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Abstract: Problem statement: Drought stress as a major adverse factor can lmaémater potential,
leading to reduced turgor and some other respansdsiltimately lower crop productivity in arid and
semi arid zones. Sunflower is one of the main @ddscrops in Iran, where drought stress is the most
limiting factor. Drought stress tolerance requitde activation of complex metabolic activities
including antioxidative pathways, especially Acta@ Oxygen Species (AOS) and scavenging
systems within the cells which can contribute tatoaied growth under drought stre8gproach: To
evaluate the effect of limited irrigation systemsdgootassium fertilizer on grain yield, antioxidant
enzymes and lipid peroxidation biomarker (MDA), ttep was sown in the Research Farm of College
of Agriculture, Islamic Azad University, Karaj Brelm in 2009. The experimental treatments were
arranged as split plots based on a Randomized GtenBlock Design with three replications. The
main plots were allocated to three different irtiga regimes. The irrigation regimes comprised of:
Full Irrigation (IR)), Moderate drought stress g)Rand Severe drought stress {lRThe subplots were
allocated to four potassium chemical fertilizer @&sium nitrate) consisting of k& 25, K = 50, Kg
=75 and K = 100% recommende®esults: Plants under drought stress and potassium |leleised

a significant increase and decrease, respectie\sOD, CAT and GPX activity and MDA in
compared to control plants. In this context, plantth higher levels of potassium showed higher
resistance to drought stress conditions and higfeld and dry matter allocation to grain filling
process i.e. harvest index. Results of this studygssted that drought stress leads to production of
oxygen radicals, which results in increased lipgdgxidation (MDA biomarker) and oxidative stress in
the plant.Conclusion: The scavenging of AOS by the scavenging systeraoigfy by SOD, CAT
and GPX was done well and damage to membranes oA MBs controlled at higher levels of
potassium.
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INTRODUCTION increasing enzyme activity, improving synthesis of
protein, carbohydrates and fats, translocation of
Adequate water and nutrient supply are importanphotosynthetic, enabling their ability to resissfeand
factors affecting optimal plant growth and succelsf diseases. Potassium also plays key role in inargasi
crop production. Water stress is one of the severgrop yield and improving the quality of produce
limitations of crop growth especially in arid arehs-  (Tisdaleet al., 1985).
arid regions of the world as it has a vital rolepiant The limitation of CQ assimilation in drought
growth and ~development at all growth StageSressed plants causes the over-reduction of

(Shamimet al., 2009). . . . :
Nitrogen, phosphorous and potassium are majOphotosynthetlc electron chain. This access of rieduc

elements essential for plant growth and developmenPOWer determines a redirection of photon energy int
To date use of chemical fertilizers has been ceafin Processes that favor the production of Activated
mainly to the application of nitrogen and phosphro Oxygen Species (AOS), mainly in the photosynthetic
and due attention has not been paid to the potassiu (Asada, 1999) and mitochondrial electron transport
Its role is well documented in photosynthesis,chains (Moller, 2001).
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Drought stress invariably leads to oxidative stres The aim of this study was to investigate the
in the plant cell due to higher leakage of electron influence of drought stress and different levels of
towards Q@ during photosynthetic and respiratory potassium on antioxidant enzymes activities and on
processes leading to enhancement in activated axygeMDA level in sunflower. We hypothesize that
species generation (Asada, 1999; Bareblal., 1999; potassium could minimize the oxidative effect oé th
Stepien and Klobus, 2005). The AOS such as B0, damage following a period of drought stress.
and OH radicals, can directly attack membrane ipid
inactive metabolic enzymes and damage the nucleic MATERIALSAND METHODS
acids leading to cell death (Oucttial., 1990). Being

toxic for cells, AOS are efficiently eliminated lmpn- i L. )
enzymatic  @-tocopherol, B-carotene, phenolic The experiment was initiated in Research Farm of

compounds, ascorbate, glutathione) and enzymatiEOllege of Agriculture, Islamic Azad University, kg
antioxidants (Noctor and Foyer, 1998: Smirnoff, 299 Branph_ Iocated_ in Karaj/lran during summer _200_9.
The enzymatic antioxidant system is one of the<@raj is classified among the temperate climatic
protective mechanisms including superoxide disneutas€9i0ns in the country with average rainfall of 266
(SOD: EC 1.15.1.1), which can be found in varioats ¢ P€' year. The soil physical and chemical charastieri
compartments and it catalyses the disproportiowof ~ ©f the experimental site is presented in Table 1. ,
O, radicals to HO, and G (Hegeduset al., 2001: The experimental treatments were arranged as spht
Scandalios, 1993). 4@, is eliminated by various plots based on a Randomized Complete Block Design

antioxidant enzymes such as catalases (CAT: Eé\’ith three replicatio_n;. T_he ma”? plots were_a!tedg
1.11.1.6) (Hernandea al., 1999; Kono and Fridovich, to _three dlffer_ent irmigation regimes. The irrigat
1983; Scandalios, 1993) and peroxidases (POX: EEEYIMES comprised of.

1.11.1.7) (Gareaet al., 2003; Jablonski and Anderson,

1982) which convert HD, to water. Other enzymes that Full irrigation (IR;) (control): The plots in this
are very important in the ROS scavenging system antteatment were irrigated at weekly intervals upthe
function in the ascorbate-glutathione cycle areend of the growing period.

glutathione reductase (GR: EC 1.6.4.2), monodehydro

ascorbat reductase (MDHAR: EC ' 1.6.5.4) andy;oderate drought stress (IRs): The plots in this
dehydroascorbate reductase (DHAR: EC  1.8.5.1}oximent were irrigated at weekly intervals upthe

(Candan and Tarhan_, 20_03; Yoshim@taal., 2000).  gart of the R5 stage, after this stage irrigati@s cut
Moreover, AOS are inevitable byproducts of normal

cell metabolism (Martinezet al., 2001). But under

normal conditions production and destruction of A®S ) )

well regulated in cell metabolism (Mittler, 2002)hen ~ Severe drought stress (IR;): The plots in  this

a plant faces harsh conditions, AOS production willtreatment were irrigated at weekly intervals upttte

overcome scavenging systems and oxidative stres wstart of the R2 stage, after this stage irrigatia@s cut

burst. In these conditions, AOS attack vital bioesoles ~ Off- _

and disturb the cell metabolism and ultimately te# The subplots were allocated to four potassium

causes its own death (Sakihaenal., 2002). chemical fertilizer (Potassium nitrate) consistiofy
Malondialdehyde (MDA), a decomposition product K1 = 25% (25 kg.ha), K, = 50% (50 kg.hd), K; =

of polyunsaturated fatty acids hydroperoxides,been ~ 75% (75 kg.hd) and K, = 100% recommended (100

utilized very often as a suitable biomarker foidiper  kg.ha™).

oxidation (Ballly et al., 1996) which is an effect of Seed bed preparation was done in early autumn.

oxidative damage. Nonetheless, lipids are not thlg o The cultivation rows were 60 cm apart in each gt

targets for MDA action; in fact MDA damages DNA, 10 plants rh density). Weeds were removed by hand

forming  adducts to  deoxyguanosine  andand plots were irrigated as required through the

deoxyadenosine (Marnett, 1999). growing season.

Table 1: Soil physical and chemical properties)xgfegimental area

Depth Sand Silt Clay Soil E.C Organic Total N Aable Available
(cm) (%) (%) (%) texture PH (ds™ carbon (%) (%) P (ppm) K (ppm)
0-30 61 20 19 Sand loam 7.4 3.64 0.49 0.05 7.8 192
Optimum loam 6.5-7.5 2.00< >1.00 1.0> 10-15 00-300
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Sampling: After drought stress treatment, three leaveof distiled water. An equal volume of 0.5%
of each plant were removed. The samples were washédthiobarbituric Acid (TBA) in 20% trichloroacetic it
and then frozen in liquid N2 and then stored af@0 solution was added and the sample incubated at 95°C
pending biochemical analysis. for 30 min. The reaction stopped by putting thectiea
tubes in the ice bath. The samples then centrifueged
Preparation of extractss Leaf sample was 10000xg for 30 min. The supernatant removed,
homogenized in a mortar and pestle with 3 mL iclekco absorption read at 532 nm and the amount of
extraction buffer (25 mM sodium phosphate, pH 7.8).nonspecific absorption at 600 nm read and subtlacte
The homogenate was centrifuged at 18000 g for 30 mifrom this value. The amount of MDA present calcedat
at 48°C and then supernatant was filtered througlirom the extinction coefficient of 155 mMcm .
paper. The supernatant fraction was used as a crude Enzyme activity and MDA content of samples
extract for the assay of enzyme activity. All ofgienas ~ were recorded with duplication.
were carried out at 48°C.
Statistical analysis. Data were subjected to analysis of
Assay of antioxidant enzymes: Catalase activity was variance. Mean comparison was conducted using the
estimated by the method of Cakmak and Horst (1991)Duncan’s Multiple Range Test (DMRT) at 5% level of
The reaction mixture contained 100 crude enzymeprobability.
extract, 500 pL 10 mM H202 and 1400 pL 25 mM
sodium phosphate buffer. The decrease in the RESULTS
absorbance at 240 nm was recorded for 1 min by
spectrophotometer, model Cintra 6 GBC (GBC The statistical analysis of data showed that there
Scientific Equipment, Dandenong, Victoria, Aus@ali was a significant difference in grain yield prodant
CAT activity of the extract was expressed as CAifsun and harvest index due to different irrigation regam
per milligram of PROT. Superoxide dismutase agctivit (Table 2). The highest grain yield of 3.477 t/haswa
was determined with the reaction mixture containedbbtained from control plots while the lowest grgield
100 pL 1 pM riboflavin, 100 pL 12 mM L-methionine, of 1.449 t/ha was produced in cut off irrigation Ra
100 pL 0.1 mM EDTA (pH 7.8), 100 pL 50 mM Na2 stage. Alza and Fernandez-Martinez (1997) explained
CO3 (pH 10.2) and 100 pL 75 pM Nitroblue that the significant difference in grain sunfloweeld
Tetrazolium (NBT) in 2300 pL 25 mM sodium at different limited irrigation regimes was due to
phosphate buffer (pH 6.8), 200 puL crude enzymedifferent irrigation intervals. The severe redugtiof
extract in a final volume of 3 mL. SOD activity was grain yield in irrigation regimes of HRand IR
assayed by measuring the ability of the enzymeaektr indicated the plant sensitivity to drought streds a
to inhibit the photochemical reduction of NBT glasst  different phonological stages. grain production
tubes containing the mixture were illuminated with decreased about 36 and 59% i HAd IR treatments
fluorescent lamp (120 W); identical tubes that werecompared to control, respectively.
not illuminated served as blanks. After illuminatio There was significant difference among potassium
for 15 min, the absorbance was measured at 560 nrfertilizer levels on harvest index (not grain yield
One unit of SOD was defined as the amount of enzyme  Plants under drought stress showed significant
activity that was able to inhibit by 50% the photoincrease in SOD, CAT, GPX activity and MDA in
reduction of NBT to blue Formosan. The SOD activityleaves compared to control plants. With increasifig
of the extract was expressed as SOD units pepotassium levels at all irrigation regimes, plants
milligram of PROT. Peroxides activity was decreased the antioxidant enzymes activity and MDA
determined by the oxidation of guaiacol in thebiomarker. In this context, plants with higher levef
presence of kD,. The increase in absorbance wasantioxidants, either constitutive or induced, h&een
recorded at 470 nm (Hernandet al., 2000). The reported to possess SOD eater resistance to these
reaction mixture contained 100 pL crude enzymestress conditions and higher yield and dry matter
500 pL HO, 5 mM, 500 pL guaiacol 28 mM and allocation to filing process i.e., harvest éxd
1900 pL potassium phosphate buffer 60 mM (pH 6.1)(Table 3). HO, can be removed using the ascorbate-
POX activity of the extract was expressed as POXglutathion cycle ascorbic acid (ASA)-GSH cycle
units per mg. which APX and SOD are key enzymes in this cycle
Malondialdenyde (MDA) was measured by (Pasternalket al., 2005). In this study, drought stress
colorimetric method (Stewart and Bewley, 1980).and low potassium levels led to a significant iase
About 0.5 g of leaf samples were homogenized in 5Smin the GPX compared to the respective control IErah
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Table 2: Analysis of variance for experimentaltgai

MS

Treatment Df Grain yield Harvest index SOD CAT GPX MDA

R 2 0.430° 21.000° 14117.44% 72.694° 133.027° 2.043°
Drought levels (D) 2 12.504 212.250 3543393.861 15087.861 21114.111 8225.807
Error 4 0.120 1.875 13470.860 15.819 103.194 4,976
Potassium levels (K) 3 0.4%1 44.851 623354.324 3212.666 4546.477 2588.804
D*K 6 0.011" 8.101° 71976.046 420.638 751.333 573.997
Error 18 0.156 9.990 1486.056 49.925 51.768 10.959
CcVv 16.500 10.700 7.900 4.800 2.800 3.700

ns, * and **: Non significant and significant aeth and 1% levels of probability, respectively

Table 3: Yield, harvest index, antioxidant enzyrard MDA affected by different irrigation regimesdgootassium fertilizer levels

Irrigation Potassium Grain yield Harvest SOD CAT XGP MDA
regimes levels (t.hd index (%) (u mg@ protein) (umg@ protein) (umg-protein)  (nmol mg protein)
IR1 K1 3.17F 33® 1625.6 117.3 223.0 99.1
K2 3.460 34 1605.3 117.0 222.0 62.3
K3 3.53F 34 1201.7 96.3 205.3 43.3
K4 3.74% 35 1213.3 97.3 208.0 44,7
IR5 K1 1.934cd 23 2423.3 165.3 293.00 112.8
K2 2.259% 26" 2129.3 142.7 250.3 97.2¢
K3 2.376° 27 2261.7 143.7 247.7 93.5
K4 2.460 28cde 1605.6 119.3 213.3° 60.1
IR2 K1 1.248 24% 2675.7 202.6 322.3 118.9
K2 1.324 25% 2697.6 201.0 319.3 124.6
K3 1.556° 30 2450.0 167.7 292.3 105.F
K4 1.669% 3c 2108.3 141.0 259.0 109.8°
For a given means within each column of each sedtitowed by the same letter are not significauiifferent (p<0.05)
The diverse responses of GPX, CAT and SOD enzyme DISCUSSION
activities in the plants subjected to drought ctinds o _
suggest that oxidative stress is an important ofight The result indicated that there was a negative

stress (Turket al., 1980). These results are in relationship between SOD, CAT and GPX activity and
lipid peroxidation or MDA content. In this studyO®
ctivity increased with increasing drought stressl a

532:1(_)9) gvho have ?rotr;]o?rlﬂed that GT.X’ SOD barlog_ec_rgased wit_h increasing pota_ssium IeveIs._ WheID_SO

action suggests that the more active ascorba eact|V|ty was high, AOS, especially superoxide radlic
glutathl_one cycle may be related to Fhe deVEIOpme”%cavenging was done properly and thus, damage to
of relatively higher drought tolerance in canolag¥e  membranes and oxidative stress decreased, leagling t
results may point out that low potassium levelthe increase of tolerance to oxidative stress. §inbu
provokes antioxidant enzyme responses (Table 3). stress increased the superoxide level in cellshi

MDA content increased and decreasedradical is not scavenged by SOD, it disturbs vital
considerably upon drought treatments and highebimolecular (Mittler, 2002). Moreover, it inactivest
potassium levels, respectively. Our results suggiest ~antioxidant enzymes which are very important foOH
drought stress directly or indirectly leads to preiibn ~ Scavenging such as catalases (Kono and Fridovich,
of oxygen radicals, which results in increaseddlipi :\233‘?'aarﬂgnp?2rg)(§lg)?sl\/l(al?:ifr?;jIZTI ?1200258075)03?%2?32
peroxidation and oxidative stress in the planft. Ugyhtt (1993): Sen Guptet al. (1993): Zhacet al. (2006) and
stress may also lead to stomata closure, whichcesdu

A S Esfandiari et al. (2007) had similar findings and
CO, availability in the leaves and inhibits carbon expressed that the increase in SOD activity and

fixation. This exposes the chloroplast to excessiVejecrease in oxidative damage were closely related.
excitation energy, which in turn could increase the  aApjotic stress, such as drought stress cause
generation of free radicals and induce oxidativesst molecular damage to plant cells either directly or
(Johnsoret al., 2003). Results of this study showed thatindirectly through the formation of AOS. In the peat
potassium decreased the activity of antioxidantstudy, the plants exposed to drought showed a
enzymes and MDA content maybe by elimination ofsignificant increase in CAT and GPX activity and a
free radicals. significant decrease in CAT and GPX activity with
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increase of potassium levels. The enzymes assaged &Bartoli, C.G., M. Simontacchi, E. Tambussi, J. Beib
scavengers of free radical species. Hydrogen paeoxi and E. Montaldet al., 1999. Drought and watering-
is converted to oxygen and water by CAT and GPX, dependent oxidative stress: Effect on antioxidant
which use ascorbate as the hydrogen donor. In content inTritium aestivum L. leaves. J. Exp. Bot.,

conclusion, the results of the present study ctearl 50: 375-383.
showed that there was scavenging enzymes in http://jxb.oxfordjournals.org/cgi/content/abstr&ct/
sunflower under different drought stress and high  0/332/373

Cakmak, I. and W. Horst, 1991. Effect of aluminum o
lipid peroxidation, superoxide dismutase, catalase
and peroxidase activities in root tip of soybean

potassium levels.

MDA is regarded as a biomarker for evaluation of
lipid peroxidation or damage to plasmalemma and
organelle membranes that increases with envirorethent (glycine max L.). Plant Physiol., 83: 463-468. DOI:
stresses. Lipid per oxidation is linked to the \attiof 10.1111/1.1399- 3054.1991.tb00121.x
antioxidant enzymes e.g., with the increase of SODCandan, N. and L. Tarhan, 2003. The -correlation
APX, GPX and CAT. Oxidative stress tolerance is between antioxidant enzyme activities and lipid
enhanced and MDA is decreased. In this study, the peroxidation levels inmenthe pulegium organs

amount of MDA in plants increased with the increake
drought stress, but it was decreased with incrgasfn
potassium levels. According to this experiment giita
increase in the concentration of MDA in higher dyou

grown in C&", Mg®*, C/*, Zr** and Mrf* stress

conditions. Plant Sci. 163: 769-779.
http://www.elsevier.com/wps/find/journaldescripti
on.cws_home/506030

stress and lower potassium levels due to the loviEsfandiari, E., M.R., Shakiba, S. Mahboob, H. Alyar

activity of SOD and GPX or CAT was a critical facto

for the damage of oxidative stress.

CONCLUSION

and M. Toorchi. 2007. Water stress, antioxidant
enzyme activity and lipid peroxidation in wheat
seedling. J. FoodAgric. Environ., 5: 149- 153

http://www.world.food.net/scientficjournal/2007/is

The sum of the above results showed that AOS sue1/abstracts/a_bstract31.php :
plays a key role in the functionality of sunflowgants Gara, LDd M.C. Pinto and_ F,‘ Tomma5|,_ 2003. The
subjected to drought stress conditions. For subfuless antioxidant  systems - vis-a-vis - reactive oxygen
scavenging of AOS by a scavenging system, some species during plant-pathogen interaction. Plant

i ; Physiol. Biochim. 41: 863-870.
antioxidant enzymes must cooperate with each other. _ - . o
Moreover, there was a positive relationship between r11t2tg.é/cat.|mst.fr/?aModeIe—aﬁlcheN&cp5|dt—1516
antioxidant enzymes activity such as SOD, CAT an .

X zy vity Su egedus, A., S. Erdei and G. Horvath, 2001.

GPX and MDA. The repairing of damage due to

oxidative stress, generated by drought stress, was
associated with a different antioxidant response in
plants grown in optimum potassium conditions.

Comparative studies of H202 detoxifying enzymes
in green and greening barley seedlings under
cadmium stress. Plant Sci., 160: 1085-1093. DOI:
10.1016/S0168-9452(01)00330-2

Hernandez, J.A., A. Campillo, A. Jimenez, J.J. édar
and F. Sevilla, 1999. Response of antioxidant
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