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ABSTRACT

In order to study the relationship between activity of antioxidant enzymes with drought tolerance, an experiment
were performed using 8 different cultivars of Canola with different degrees of drought tolerance in a randomized
complete block design with three replications in three level of drought stress (Non stress or 100% field capacity),
moderate stress (75% field capacity) and high stress (50% field capacity). Traits measurement was carried out in
three stages, with an interval of about 5 days. Data analysis was conducted as composite in environment and time.
The experimental was measured in pots of 35 cm diameter and a depth of 38 which amount of plant available water
was by weighting method and based on the extent determining of FC (Field Capacity) and PWP (permanent wilting
extent) using plaster blocks device. 10 seeds were planted in each pot. Plants were sparse after a three-leaf stage
and remained 5 plants per pot. Tensions began when the plants had five leaves. This experiment was performed as
greenhouse at Ardabil city in the summer of 2012. Enzymatic extraction was performed by method of Sairam et al
[1]. Superoxide dismutase activity was measured by method Giannopolities and Ries [2], and was calculated the
method of Asada et al [3]. Results of variance analysis showed the difference between genotypes was no significant
at all stress and stages levels, which this experiment agree with results of some studies and were inconsistent with
several other studies. Mean comparison showed that with the passage of time increased enzyme activity. Stress
intensity was not affected on superoxide dismutase activity. Enzyme activity in susceptible cultivars in more severe
stress was higher than resistant cultivars.
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INTRODUCTION

Canola (Brassica napus) is a plant belonging togdeus of Brassica and the family Brassicaceae hwhic
considered one of the most important oil-producpignts. Canola is an old plant and the informataom
documents of the cultivation of this plant indicaténdia two thousand years before Christ. Theotanil was used
as lights oil, edible oil and forage plant in fefed livestock. Oilseeds are the main crops thatpdaeing in second
row of agricultural products in terms of the im@orte. Oilseeds besides providing of the requireroaiotie supply
fatty acids and some essential vitamins neededutnah and animals. Nowadays, one of the most impostaurces
of edible oil is Canola that due to the types ofirgp and autumn, and intermediate, it has well &sthpo
environmental adverse conditions such as cold aadgtht. Today, much of the world's Canola produciacur
under dry land conditions and therefore plant raspe to water stress is considered as major prddlefasically,
Canola during germination and at flowering and gdedelopment stage is sensitive to drought [5]. Dhtus one of
the major factors limit production of crop in wonlile [6]. In addition arid and semiarid areas ok laainfall,
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distribution of rainfall varies from year to yeamdatherefore it is difficult to predict the exteand distribution.
Under such conditions, the grain yield shows déférfluctuations in successive years. Thereforeification of
advanced cultivars for arid and semi-arid only lejestion has not been much successful for graild \fig 8].
Drought is one of the main factors in the produtid reactive oxygen in plants. Closing of stonfarawater store
minimizes CO2 of the leaf inside and is reducedaarassimilation for oxygen optical breathing. Trecess of
stomata closing and reinforcement of the electransfer to oxygen produce the reactive oxygen sge@OS)
such as superoxide radicals, hydrogen peroxidesiglet oxygen [9, 10]. Photosynthetic electrangport system
is the main source of reactive oxygen productioplamt tissues [3], which have the potential toduee singlet
oxygen and superoxide. These toxic oxygen spedeshi@ghly reactive which in the absence of protexti
mechanisms, normal cellular metabolism disruptsough oxidative damage, including lipid peroxidation
membrane damage, degradation of proteins, inaetemtymes, pale pigments and DNA damage [11, 12].

The bulk of the damage resulting from non-biologgteess with oxidative damage is related at caflidvel, which
one of the primary purposes of many oxidative sgssare cytoplasm membranes [13, 14]. Supremesptantain
active oxygen scavenging systems are includingogidthint enzymes such as superoxide dismutase (SOD),
Ascorbate peroxidase (APX), catalase (CAT) andagfione reductase (GR) and some antioxidants withrion-
enzymatic molecular weight [15]. Super oxide disasetwas identified for the first time by Mann aniéikn [16]
and during that time was thought to be a storaggepr. The enzyme was originally known erythrocupre
indofenol oxidase and tetrazolium oxidize untildtgalytic role was discovered by McCord and Fridoy17]. It is
known that superoxide dismutase, catalyses disiontatiperoxide to hydrogen peroxide and oxygen]. [A&er
understanding the basic concepts, it is interegtrknow the common issue to all biotic and abietiwironmental
stresses is production of reactive oxygen spedi®s 20]. An issue that is sometimes overlookedlants in the
study of environmental stresses is that the aei&rms of oxygen analyze proteins and nucleidsaend these
are reactions can be very dangerous [21]. The gerpd this experiment was to investigate the charige
superoxide dismutase in the seedling stage ofawtemd sensitive to drought cultivars of canola.

MATERIALSAND METHODS

The experiment were performed using 8 differentiwails of Canola with different degrees of droughierance
(Table 1), in a randomized complete block desigth wiree replications in three level of droughessr (Non stress
or 100% field capacity), moderate stress (75% fielpacity) and high stress (50% field capacity)aitsr
measurement was carried out in three stages, witihtarval of about 5 days. So the time factor aatered test
and data analysis was conducted as composite inoement and time. The amount of plant availableewavas
measured by weighting method and based on the ted&@rmining of FC (Field Capacity) and PWP (panerd
wilting extent) using plaster blocks device. 10dseeere planted in each pot. Plants were sparse athree-leaf
stage and remained 5 plants per pot. Tensions bsgan the plants had five leaves and leaves werglately
developed. Leaf sampling for measurements traite werformed day before irrigation and superoxigendtase
activity was measured and while determination gfesior varieties were determined traits relatiopshith drought
resistance of varieties.

Table 1- Canola cultivarsused in the experiment

Row Cultivar Reaction against drought Row Cultivar Reaction against drought
1 SIm046 Enduring 5 Modena Sensitive
2 Orient Enduring 6 Talaye  Sensitive
3 Es Hydrome  Enduring 7 Oper: Sensitive
4 Es Betty Enduring 8 Zarfam  Sensitive

Extraction and measurement of antioxidant enzymes

Leaves were powdered in masonry mortar containiitgo@en and then enzymes extraction was performed b
Sairamet al method [1]. Measurements were performed ion(NNtress or 100% field capacity), moderate stress
(75% field capacity) and high stress (50% field axdfy) and after the cultivars were five-leaf wamducted in
three stages. For extraction of superoxide dismeutasd catalase 0.5 g powder was stirred in 10 mtodd
phosphate buffer 0.1 M (PH=7.5) containing 0.5 mBITA. For extraction of ascorbate peroxidase 0.5ogdqer
was stirred in 10 ml of cold phosphate buffer 0.1(RH=7) containing 0.5 mM Ascorbic acid. This miduvas
filtered using a soft cloth and then were trangférto micro tubes containers micro tubes for ckrge (All the
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above procedures were performed in the refrigeratmiended solution was centrifuged at a powe€ £0000 x g
for 15 minutes. The clear liquid of supernatant wsed to measure enzyme activity.

Superoxide dismutase

Superoxide dismutase activity was measured by Giaolities and Ries method [2]. 3 ml reaction migtur
containing 13 mM methionine, 75 micro mol nitrobke¢razolium Chloride (NBT), 2 micro mol riboflaviB0 mM
phosphate buffer (PH=7.8) and 0 to 50 micro ligfrthe enzyme extract. The reaction was initiatgdusning on
the fluorescent lamps. The reaction solution wased below two 15-watt fluorescent bulbs with aghebf 20 cm
for 10 minutes and the reaction was terminatedubying off the lights. Then the reaction solutioasmvrapped
through the black cloth to measure absorption. Atrmuce were measured at a wavelength of 560 nm avith
Spectrophotometric SHIMADZU Model UV-120-02 madeJapan. Enzyme did not added to one of dishes asd w
created the maximum color. One of the dishes wadsirrediated with light and not made any color amds
considered as Blank. One unit of SOD activity weomsidered as the amount of enzyme required for 50%
preventing of photochemical revival of Nitro Bluerazolium Chloride and was calculated by Asada [8].

UnitSOD = ! -1
\
In which:
V = is the absorption rate of a reaction withoutygne (maximum response).
v = is the absorption rate of the reactions coimigienzyme.

RESULTSAND DISCUSSION

The results of combined variance analysis of tlaé tire presented at (Table 2) in three stages. effeet of
environment (drought stress) for the traits studiexs no significant at the 5% level. There weresignificant
differences among cultivars. The interaction oés$rx genotype was no significant at the 5% ldVelsignificant
genotype x environment interaction for superoxidemditase trait can be due to low intensity [7]. &opide
dismutase (p = 0.06) had a tendency to change tawer The interaction of stress x time superoxidenditase
showed a tendency to significance (p = 0.091). fesns that the characteristic response than tiasedifferent in
three environments without stress, stress 75% &f¢l field capacity. The interaction of time x gemq#ywas no
significant at superoxide dismutase trait. Theraatdon of time x genotype x stress was signific&uefficient of
variation (CV) was low in all parameters tested avak showing acceptable accuracy of experiments|@md
experiment error. So test failure could not be wered reason for their non-significant. ANOVA disers only
large differences between genotypes but if diffeesmare subtle and accurate it will not be sucakssfletect them
but will show in mean comparison themselves [22].

The results of mean comparison showed that withptiesage of time increased enzyme activity (Tahl&Bess
intensity was not affected on superoxide dismutastvity. The third stage had highest value of sopiele
dismutase enzyme activity. Results showed thasstnas no effect on the activity of superoxidethinresearch of
Bartoli et al [23], Superoxide dismutase and caglactivity was not affected by drought. Non steysg@ronments,
75% and 50% field capacity with separation of eatdp showed that drought stress did not changénen t
superoxide dismutase activity at first stage witleréasing stress. The initial increase in the #gtiof these
enzymes can be due to excessive accumulation ofiveaoxygen species in the starting stress [24f $econd
stage of sampling did not change increasing stresaperoxide dismutase activity. In the third stagmeasurements
of superoxide dismutase activity increased withiéasing salinity.

In the grouping investigation of this trait was ebged that there was significant stress betweestags cultivars
and susceptible varieties apart from the 75% faapacity (stage 3) at all levels which indicatedet#nce between
resistant and susceptible cultivars (Table 4). it fstage, the amount of Superoxide dismutasevictin
susceptible varieties is more than resistant vagefAt second stage in the serve stress 50% fewel, lthe amount
of Superoxide dismutase activity in resistant ‘&g is more than susceptible varieties that tlusddion is
governing in the third stage (Table 5). This ishegis a strategy that resistance cultivars in n@sstcondition
spending grows without energy to produce Enzymesb mmoduce enzyme in the necessary conditions kageth
conditions is opposite in sensitive cultivars. $eland Khanna-Chopra, stated that the resistartiespdor
adaptation and more deal with drought raise thelle¥ superoxide dismutase activity [25]. Therefove can
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determine the drought resistant varieties in tlierdint crops with determine the level of this emeyactivity. The
results of these researches are similar to obtaimdts in two stages (stages 2 and 3).

Table 2- Results of variance analysis of superoxide dismutasein reproductive stages and genotypes

MS
cv superoxide dismutase
Stress 2 13.77™
Error 1 6 0.0034
Genotype 7 3.879™
Genotypex Stress 14 9.568™
Stage 2 174.86™
Stagex Stress 4 16.49™
Stage x Genotype 14 2.98™
Stage x Repeat 4 0.0048™
Stage x Genotypex Stress28 7.4
Error 2 134 0.00¢
CV (%) - 2.16

ns, * and **, respectively, non-significant and significant in the 5% and 1% level

Table 3- Mean comparison of traits between the two stress conditions and without stress at different measurements stages

Time Environment superoxide dismutase
First stage -- 2.65C
Second stag - 3.76 E
Third stage -- 5.72A

100% field capacity 3.63 A
75% field capacity 4.008 A
50% field capacity 4.502 A
100% field capacity 24 A
First stage 75% field capacity 2.38A
50% field capacity 3.17A
100% field capacity 419 A
Second stage 75% field capacity 3.33A
50% field capacity 3.75A
100% field capacity 4.29B
Third stage 75% field capacity 6.31A
50% field capacity 6.58 A

Means with a common letter do not show significant differencesin the each column

Table 4- Analysis of Variance of the orthogonal comparisons between resistant and sensitive cultivarsin thetraits of superoxide

dismutase
superoxide First stage Second stage Third stage
dismutase Stress level Stress level Stress level
) 75% field 100% ) 75% field 100% . 75% field 100%
Sov DF 50% fu_ald capacity field 50% fu_ald capacity field 50% f'eld capacity field
capacity . capacity . capacity .
capacity capacity capacity
Orthogonal
comparison 1 1.47% 0.35** 3.16** 0.07** 0.38** 10.02** 23.71* 0.03ns 14.68**
Error 13 0.0008 0.0009 0.014 0.00077 0.0013 0.0009 0.001 0.0017 0.0008
Table 5- Mean Comparison of theresistant and sensitive cultivarsin terms of the superoxide dismutasetrait
superoxide First stage Second stage Third stage
dismutase Stress level Stress level Stress level
Group 50%field  75%field  100%field  50%field  75%field  100%field  oop o0 100% field
capacity capacity capacity capacity capacity capacity capacity  capacity capacity
Enduring 2.92E 2.26 E 2.037E 3814 3.21E 3.55E 7.57 A 6.27 A 351E
Sensitive 3.42 A 2.50 A 2.76 A 3.69E 3.46 A 4.84 A 5.58 E 6.34 A 5.07 A
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