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Abstract: This experiment was performed to study the effect of drought stress on some physiological
characteristics of 14 sugar beet genotypes in 2009-2010. Root yield, white sugar yield,  white  sugar  content
and  antioxidant  enzymes  activity  (SOD,CAT,GPX)  were  measure.  Irrigation  factor  at two levels
includes{a1: irrigation after 80 mm evaporation from pan class A(Control), a2: irrigation after 180 mm evaporation
from pan class A} and the second experimental treatment included 14 sugar beet genotypes in randomized
complete blocks design with four replicates using analysis of split plot. The highest level of drought stress
treatment showed higher SOD (1479.74 mg protein/unit) activity and the minimum enzyme activity obtained in
normal irrigation  treatment  (1334.44  unit/mg  protein).  Cultivars  showed  significant   difference  for SOD.
The highest activity for SOD appeared in genotype (5) with 1493.6 (unit/mg protein). The highest level of
drought stress treatment showed higher Catalase (118.58 mg protein/unit) activity and the minimum enzyme
activity obtained in normal irrigation treatment (98.33 unit /mg protein). There was no significant difference
among genotypes for Catalase activity. There was significant difference between irrigation treatments for
glutathione peroxidase activity. Drought stress increased activity of this enzyme. There was also no significant
difference among cultivars for this enzyme. There was not significant difference between irrigation levels for
root yield. The highest and significant difference obtained for white sugar yield in normal irrigation (7.16 ton/ha)
in comparison to drought stress (6.67 ton/ha). There was also no significant difference for white sugar yield
among cultivars. Cultivars 5, 9 and 14 showed higher white sugar yield. Results also showed higher white sugar
content in cultivars 5, 9 and 14 significantly.
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INTRODUCTION useful for the process of screening genotypes for drought

Drought stress is one of the several environmental study of the agronomic and physiological characteristics
factors greatly limiting crop production and plant associated to high yield potential under sub-optimal
distribution worldwide  [1].  A   common   consequence of environmental conditions could be used as stress
drought stress is an increased production of Reactive tolerance indexes in future elite germplasm. A large
Oxygen Species (ROS) such as Superoxide Radical (O ), amount of the damage to plants exposed to  drought2

-

Hydrogen Peroxide  (H O )   and   Hydroxyl   Radical (OH). stress  is  owing to oxidative damage at the cellular level2 2

These  ROS  are  all  toxic [2, 3] and very reactive and [6, 7]. If there is a severe difference between the
cause severe damage to DNA,  proteins  and  lipids  [4]. production of ROSs and antioxidant defense in any cell,
To eliminate or reduce toxicity of ROS, plants have oxidative stress and damage occurs [8, 9]. Foyer et al. [2]
evolved various protective mechanisms (includes reported that drought-tolerant/adaptable species
enzymatic and non enzymatic antioxidant defense enhanced their antioxidant enzyme activities and
systems), which are effective at different levels of stress- increased their antioxidant contents  under  drought
induced deterioration [5]. The identification of attributes stress  conditions,  but  drought   sensitive   species  were

tolerance is a major challenge to plant breeder. Thus,
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unsuccessful to do so. To overcome oxidative damage experimental treatment included 14 sugar beet genotypes
under drought stress conditions, plants must have in randomized complete blocks design with four replicates
efficient  antioxidant  system [10]. Habibi [11] reported using analysis of split plot. Table1 and Table2 shows
that drought  stress  increased CAT and SOD activities of average monthly rain during growth period and 14
the sunflower. Also, increase of SOD, CAT and GPX genotypes used in the experiment respectively.
activities under drought stress in canola was reported by
Tohidi et al. [12]. However, depending on crop plant, Sample Preparation for Enzyme Assay and Protein
duration of drought stress and type of antioxidants, Measurement: Leaves from each  plant  were  washed
antioxidants may increase, decrease or remain unchanged with distilled water and homogenized in 0.16M Tris buffer
[1].Sugar beet is one of the most important crops [13]. (pH 7.5) at 4°C. Then, 0.5 ml of total homogenized solution
Moreover, sugar beet yield is determined by genotype was used for protein determination by the Lowery et al.
and environment [14]. It is also well recognized that method [16]. The activity of following enzymes were
drought stress is the main restrictive factor for sugar beet expressed as specific activity (Activity/mg. protein).
yield [15]. However, the response of sugar beet to
drought  stress  has  been  insufficiently  studied  [14]. Superoxide Dismutase Assay: For estimation of SOD (EC
The aim of this study was to investigate the effect of 1.15.1.1) activity, method of Beyer and Fridovich [17, 18]
different levels of irrigation on white sugar yield, activities was followed. SOD activity was assayed by  measuring
of some antioxidant enzymes, lipid and protein oxidation the inhibition of photo-reduction of Nitroblue Tetrazolium
(MDA and Dityrosine content) and DNA damage for 14 (NBT) at 560 nm using UV–Vis spectrophotometer. A unit
cultivars of Sugar Beet. The objective of this study was to of  SOD  is  defined  as that being present in the volume
evaluate Sugar Beet genotypes under drought stress. of extract  that  caused  inhibition of the photoreduction

MATERIALS AND METHODS (mg  protein).

Agricultural Practices: This research was carried out in Catalase Assay: Catalase (CAT) activity was determined
2009 -2010 in research field of Sugar beet Seed Institute- by monitoring the disappearance of H O , measuring a
Karaj /Iran (longitude 59and 51°of east, latitude 48 and 35° decrease in the absorbance at 240 nm [19]. The reaction
of north with height of 1313 meter above sea). The soil was carried in a reaction mixture containing 1.0 ml of the
texture of field was clay-loam with 0.091% nitrogen, 0.93% 0.5 M (pH = 7.2) phosphate buffer, 3 mM EDTA, 0.1 ml of
organic matter, saturated clay acidity 7.9 and 3.76 ds.m-1 the enzyme extract and 0.3% H O  and allowed to run for
electrical conductivity. Genotypes were sown 11 and 15- 3 min. The enzyme activity was calculated using No.the
june-2009 and 2010 respectively. Irrigation factor at two extinction coefficient 0.036 mM  cm . One enzyme unit
levels includes{a1: irrigation after 80 mm  evaporation (U) determines the amount of enzyme necessary to
from pan class A(Control), a2: irrigation after 180 mm decompose 1 ìmol of H O  per mg protein per min at 25°C
evaporation    from    pan    class    A}    and    the   second and expressed as U mg  protein.

of NBT  by 50% and was expressed in enzyme units
1

2 2

2 2

1 1

2 2
1

Table 1: Average monthly rain during growth period

Year November October September August July June May April

2009 35.8 52.2 29.7 0 3.5 2.5 43.5 42.2
2010 31.2 12 0.6 0 0.2 0 44.1 54.8

Table 2: Genotypes used in the experiment

No. Genotypes No. Genotypes

1 BP Mashad 8 (7112*261)*BPM-S2 Sucep.
2 (7112*261)*BP Mashad 9 IR7
3 BPM-S2 Res. 10 Jolge
4 (7112*261)*BPM-S2 Res. 11 SBSIDRI-HSF-14.P 32
5 BPM-S2 Semires. 12 (436*231)*SBSIDRI-HSF-14.P 32
6 (7112*261)*BPM-S2 Semires. 13 BP Karaj
7 BPM-S2 Sucep. 14 IR01MSFD1*BP karaj
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Glutathione Peroxidase:  Activity of GPX (EC 1.11.1.9) field experiment arranged in main plots during growing
was determined as described by Rotruck et al. [20]. seasons included: 80 mm (I1:as control),130 mm (I2) and
Leaves sample was homogenized in 0.4 m Tris–HCl buffer 180 mm (I3) evaporation from A class pan under surface
(pH = 7.0) and the reaction mixture contained 0.2 ml of irrigation method, 30 mm (I4), 80 mm (I5), 130 mm (I6) and
tissue homogenate, 0.2 ml of 0.4 M Tris–HCl buffer (pH 180 mm (I7: as sever drought) evaporation with 100%
7.0), 0.1 ml of 10 mM sodium aside, 0.2 ml of Glutathione volume of water requirement under trickle irrigation (Tape)
and 0.1 ml of 0.2 mm Hydrogen Peroxide. The contents method. Results of the study showed that drought stress
were incubated at 37°C for 10 min. The reaction was decreased root yield (RY), increased the activities of
stopped by the addition of 0.4 ml of 10% trichloroacetic catalase (CAT), superoxide dismutase (SOD) and
acid (TCA) and centrifuged. The supernatant was glutathione peroxidase (GPX) in sugar beet leaves. There
assayed for glutathione content by using Ellmans reagent. were significant differences among genotypes. There was
One unit of enzyme activity is the amount of glutathione a negative correlation between enzymes activities and RY.
consumed per minute at 37°C. Moreover, genotypes having greater levels of

Statistical Analysis: A split plot statistical design based Mechanisms of active oxygen species detoxification exist
on complete randomized block design was used. Main and in all the plants and include activation of enzymatic
interaction effects of experimental factors were determined defense system (Meloni et al. [29]. Moreover, activities of
from analysis of variance (ANOVA) in SAS (SAS Institute antioxidants under drought stress are very changeable
Inc., 2002) [21]. The assumptions of variance analysis among plant species (Zaman & Das, [26] and even
were tested by ensuring that the residuals were random between  the two cultivars of identical plant species
and homogenous, with a normal distribution about a mean (Blum, [28].
of zero. The LSMEANS command was used to compare
means at a P<0.05 probability. Catalase: Results in Table 3 showed significant difference

RESULTS AND DISCUSSION The highest level of drought stress treatment showed

Superoxide Dismutase: Results presented in Table 3 minimum enzyme activity obtained in normal irrigation
indicated a significant difference between irrigation treatment (82.96 unit /mg protein) (Table4). Cultivars
treatments at 1% level statistically. The highest level of showed no significant difference for this enzyme.
drought stress treatment showed higher SOD (1796.48 mg However, the highest activity for this enzyme appeared in
protein/unit) activity and minimum enzyme activity genotype (13) with 107.31 (unit/mg protein) and the lowest
obtained in normal irrigation treatment (967.24 mg activity of enzyme appeared in genotype (1). Between the
protein/unit). Cultivars showed no significant difference interactions of the enzyme no significant difference
for this enzyme. In order to evaluate the response of appeared. The correlation between catalase enzyme
antioxidant defense system of three sugar beet genotypes activity and root yield was negative significant (r = -
to drought stress and enhancing management of soil 0.816). This indicated that this plant, especially  in  the
water content, Saifzadeh et al. [33] conducted a two-years face of  environmental  stresses  such   as   drought,  with

antioxidants showed better resistance to drought stress.

between irrigation treatments at  1%  level  statistically.

higher catalase (111.90 mg protein/unit) activity and

2

Table 3: Analysis of Variance for Measured Traits
Gluthation Superoxide White White

S.O.V df Catalase Peroxidase Dismutase Sugar Content Sugar Yield Root Yield
Year 1 5690.01 114.09 13054.01 **50.96 646765.0** 1459.5**
Year*Replication 6 2710.00 103.72 58756.15 **12.71 148304.4** 885.0**
Irrigation 1 22968.23** 9138.37** 1182141.33** **24.23 135072.2** 0.019
Year* Irrigation 1 70274.91** 4168.17** 862710.21** **28.59 149719.9** 46.7
Year* Rep*Irrig 6 2683.52 30.72 37528.50 **59.92 42772.6** 3714.5**
Genotypes 13 4026.20 130.51 75024.92* **4.81 11885.3 53.7
Genotypes * Irrig 13 3468.15 236.79 50806.43 1.35 8433.8 47.8
Year*Genotypes 13 3182.15 73.37 58146.91 **2.59 14642.9 110.2
Year*Genotypes*Irrig 13 4258.13 133.52 72865.30* 1.43 26583.8 159.5
CV% 21.32 20.49 14.67 7.41 20.02 20.23
Ns: Not Significant 0.05% Significant at :* Significant at 1% level of Probability :** 
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Table 4: Comparison of Means For Measured Traits
White Sugar Root Yield White Sugar Catalase Gluthation Superoxide

Treatments Yield (Ton/ha) (Ton/ha) Content (%) (u/mg protein) Peroxidase (u/mg protein) Dismutase (u/mg protein)
Irrigation
Control 7.16 a 49.67 a a 14.4 b 98.33 b 55.17 b 1334.44
Stress 6.67 b 49.67 a b 13.8 a 118.58 a 67.95 a 1479.74
Genotypes
1 6.82a 48.46a 14.2bcd b 100.2 a 62.7 1419.3abc
2 6.57a 46.34a 14.1bcd 158.95a a 60.4 1482.5a
3 7.03a 49.43a 13.6de b 101.9 a 60.8 1310.1c
4 7.01a 49.92a 13.4de b 115.1 a 60.3 1488.0a
5 7.33a 52.28a ab 14.6 b 113.9 a 58.3 a 1493.6
6 6.75a 50.29a 14.3bcd b 95.5 a 58.4 1362.7abc
7 6.88a 50.46a bcd 14.3 b 100.0 a 60.5 ab 1452.0
8 6.87a 50.63a 13.8bcde b 100.5 a 65.2 1346.1abc
9 7.32a 51.96a a 15.2 b 114.9 a 60.4 1420.8abc
10 6.67a 47.15a ab 14.6 b 107.7 a 66.2 1380.1abc
11 6.41a 47.33a e 13.0 b 103.9 a 59.9 1441.4abc
12 6.86a 50.95a 13.7cde b 101.3 a 62.4 1369.0abc
13 7.08a 48.44a 14.1bcd b 97.5 a 58.6 1459.0ab
14 7.25a 51.50a abc 14.5 b 106.3 a 62.7 c 1273.8
Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test. 

producing metabolites like antioxidant enzymes to deal different. Correlation between  Glutathione  Peroxidase
with drought stress. Cost of this struggle will yield and root yield was significant and negative (r =- 0.617).
reduction. Therefore, it seems that the drought resistant This  shows this plant to deal with free radical oxygen
plants have not necessarily higher yield. Correlation from  stress   by   producing  antioxidant  enzymes
between superoxide dismutase and catalase were positive struggle  with  the work altogether and therefore one of
and significant. However CAT activity may increase, the  consequences,  including decreased production of
decrease or remain unchanged under drought stress dry matter yield of root will be happen. Correlations
(Zhang & Kirkhan, [25]. Manivannan  et  al. [5] reported between Glutathione  Peroxidase  and  SOD  and CAT
that CAT and SOD activities increased under drought were positive and significant (r =0.912) and (r =0.844).
stress in Helianthus annus. Tohidi-Moghadam et al. [12] This  shows  that  plants  deal with drought stress
reported that plants under drought stress showed a increase  all  their antioxidant systems. This enzyme is
significant increase in SOD, CAT and GPX activities in also one of the enzymes that in the face of environmental
leaves of canola. Different antioxidant enzymes activities stresses play an important role that gives reduced
in different genotypes could be related different genetic hydrogen peroxide using reduced Glutathione (GSH).
behavior for tolerance to drought stress conditions. Salekjalali et al. [34] reported that drought stress
However, antioxidant enzymes such as SOD, CAT and depended  on  drought  intensity, with more sever
GPX play a key role in scavenging those activated species drought  stress  creating  more  serious   effects on
(Sgheri et al. [27]. The increasing in resistance to drought barley. Water stress induced a decrease in total
stress in canola (Brassica napus L.) is  associated  with chlorophyll  and  total  protein  contents  which  was
the antioxidant enzymes  activities  (Tohidi-Moghaddam much more marked in severe stress than in moderate
et al. [12]. stress. The activities of antioxidant enzymes which

Glutathione Peroxidase: As is seen (Table 3) between the water-stressed treatments. Furthermore, the activity of
irrigation treatments at 1% level observed statistically POX and SOD enzymes were significantly high in sever
significant  difference.   The   highest  stress  level stress than in moderate stress. However, the activity of
showed 181.99 (unit/mg protein) activity and the lowest APX did not significantly change in the both of water-
level of this enzyme appeared in normal irrigation stressed levels compared with well-watered conditions.
treatments 105.16 (unit/mg protein). Significant differences They suggested antioxidant protection in barley plants
were observed between cultivars. The  interaction under drought conditions could be attributed mainly to
between cultivars and irrigation were not significantly SOD and POX.

2

2 2

include CAT,  POX and SOD were significantly high in
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Root Yield: As is seen (Table 3) between irrigation in white sugar yield was not significant. Carter, [23, 24]
treatments no significant difference observed. Root yield reported maximum white sugar yield about 11.7 ton/ha.
mean in normal and drought treatment was 49.67 ton/ha.
There was not significant differences among genotypes White Sugar Content: According to analysis of variance
for root yield. Comparison of means (Table 2) showed (Table 3), significant differences appeared for white sugar
higher root yield in genotypes 5, 9 and 14 and lower yield content in irrigation treatments. There was higher white
in genotype 2. Between higher root yielding genotype (5) sugar content (about 4.34%) in normal condition due to
and lower root yielding genotype (2) yield differences was drought condition. There was also significant difference
12.82%. Root yield mean among genotypes was 49.65 for white sugar content among genotypes. Maximum
ton/ha. There was not significant differences for white sugar content obtained in genotype (9) and the
interactions between genotypes and irrigation treatments lowest in 11.This differences was 19.92%. White sugar
in root yield. Comparisons of means showed maximum content mean among different genotypes was 14.1%.
root yield in normal condition in genotypes (9), (14) and Interaction between irrigation treatments and genotypes
lowest root yield in genotype 2 in drought condition was not significant for this traits. Mahmoodi et al. [30]
(Table 2). Results also showed in drought condition showed that the optimum soil water content for root yield
maximum root yield obtained in genotypes (5), (14) and is 70% of field capacity with 78.5% t/ha. The minimum root
lowest root yield obtained in genotype (2) (Table4). Yield yield (52.5 t/ha) was observed at 90% of field capacity.
differences between maximum 5 and minimum 2 root Irrigation at 30%, 50 and 70% of field capacity (I1,I2 and
yielding genotypes was 19.82%. Drought stress in the I3) had some effect on sugar content while sugar content
early stage of sugar beet growth reduced root yield while decreased at 90% field capacity (I4), when the available
at the end of growth no root yield reduction will be seen soil water content was at 70% of field capacity, maximum
and sugar percent increased [22]. Mohammadian et al. root yield and quality was observed.
[31] reported Mild stress affected rood dry weight more
than shoot dry weight( percent losses of root dry weight ACKNOWLEDGMENTS
and shoot dry weight were 31.7 and 19.5, respectively),
while the effect was reversed under severe stress(percent This work was supported with grants from Islamic
losses of root dry weight and shoot dry weight were 50.5 Azad University-Karaj Branch. We thank Sugar beet Seed
and 60.2, respectively). Most of the genotypes with a high Improvement Institute for assistance with various aspects
root dry weight and low shoot to root ratio before of this research. 
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