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ABSTRACT

To study the effect of different concentrations of Fe-foliar on the biochemical characteristics of sunflower under
water stress, an experiment was conducted in Varamin in the agricultural year of 2013. The experiment was
conducted as split plot in completely randomized block design with three replications. Main plot included three
irrigation levels (normal irrigation, irrigation stop at flowering stage (8 leaves) and irrigation stop at grain filling
stage (8 leaves and 16 leaves)) and sub-plot included three levels of Fe-foliar (pure water foliar, Fe-foliar once, Fe-
foliar twice). stopping irrigation at different growth stages increased the amount of antioxidant enzymes. Also, Fe-
foliar increased the antioxidant enzymes.
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INTRODUCTION

Sunflower(Helianthus annuns L.) is one of the most important crops in Iran anthsaworld so that it is considered
as one of four major oilseed crof¥s The sunflower seed is consumed for extracting, @ilit consumption, and
feeding the poultry based on oil level and seee élz During growth and development the plants encauate
variety of environmental stresses that dependintghersensitivity and growth stage of plant spee@sh of these
stresses can have different effects on their growtatabolism and yield. The environmental stressesh as
drought can have a bad effect on the percentageaaiity of sunflower oif¥!. Any action that can reduce the bad
effects of stress can increase the percentageualityopf the oil. The results of recent studiesoaindicate the role
of Fe-foliar in reducing oxidative stress causedbiplogical and abiotic stresses, especially drowgtd salinity.
Under salinity and drought stresses, the concéotratf harmful free radicals and active oxygen sgem plant is
increased and causes the oxidation of biologicainbmanes. In contrast, some elements such as inase cthe
deactivation of radicals and the reduction of otiidastress in the plants by increasing the agtioftantioxidative
enzymes such as superoxide dismutase. For thisrrekg-foliar increases the plant tolerance todimught and
salinity stressed.

The role of iron in nitrogen fixation and the advof some enzymes such as catalase, peroxidakeyaochrome
oxidase has well studiéd.

In studying the way of anti-oxidation enzyme adtivn several barley cultivars it has been shovat 80D activity
increases due to the effect of drought stféss
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The major cleansing mechanisms in plants includeesixide dismutase, ascorbate peroxidase, per@xidad
catalase. The balance between the activities arsufme dismutase and ascorbate peroxidase oamsatal the cells
is very important to determine the steady-stateltesf superoxide radicals and hydrogen peroXide

An increase in SOD activity could be due to thedéase of superoxide radical and the defense mesrhaagainst
oxidant stress in the plarifs

Blreported that the activity of the enzymes of asatErtperoxidase, peroxidase and catalase is reduuet the
condition of iron deficiency.

The spatial distribution of enzymes such as supéeoxlismutase in membranes could partly be imporitan
establishing resistance to drouftht

91 7o study the effect of drought on biomass, proteintent, lipid peroxidation and antioxidant enzgriresesame
cultivars of Darab 14 and Yekta, observed thatstheere stress increased the activity of dismuadesuperoxide,
catalase and polyphenol oxidase in leaves and,pattcularly in Yekta cultivar.

MATERIALS AND METHODS

The superoxide dismutase enzyme (SOD): To calctitésefactor, three leaves were removed from eathlsaf
from the field in the morning before warming weathghe leaves should be are quite young and bMadput the
leaves into a labeled nylon and put it into theb@e with the bottom covered by ice and transportoitthe
laboratory. The amount of changes in this enzymdeigrmined by the method of Misra. First, the bidfer
solution (containing phosphate, D-sodic, pH= 7.2hvi.3 mM EDTA, and 0.1 mmol monosodic carbonate a
prepared, and then the epinephrine with the coratgant of 0.25 mM is used as substrate and theradekethe
prepared solution to it, the changes in the ligfgoabance resulting from the oxidation of epinephiis evaluated
as the enzyme activity and the standard and pdrdiezyme is used for standardization of resultsiteaunit can
oxidize 0.5 mM epinephrine in one minute.

Catalase enzyme (CAT): to measure the catalasenenay leaves, the first and fifth lines of eachtphall be
considered as margin and the first and last hatemef each line in each plot will also be consakeas margin.
Then sampling is conducted randomly from three imédl and also from upper part of the plant withaeimg three
leaves from three lines of each plot. The leavestaced into nylon bags and the ice and immediated moved to
the laboratory®™™ measuring CAT activity was conducted by redudimglight absorbance of,B, at 240 nm and
by using a standard curve. The test solution ireuthe potassium phosphate buffer (25 mM, pH= &)
hydrogen peroxide with the concentration of 20 md,) 2. By adding 50 micro liter of enzyme extract to a
final volume of 1 ml of the mixture, the reactianstarted, the change in absorbance at 240 nmadféeminute is
calculated and evaluated by the standard curvezmee activity and is expressed in terms of mgeinot

Glutathione peroxidase enzyme (GPX): at first #mves moved to laboratory will be washed with listiwater,
immediately entered the tris-phosphate buffer @GV with pH= 7.5 and then crushed and homogeniZéén it
will be allowed that the cell wall and membraneedition process is carried out in presence of theesalume of
the same buffer containing digitonin and diges@iveyme. At the end, 0.5 ml of homogenized solutigih be
removed to measure the amount of protein and tlmuahof its protein was determined based on mghygemhen
according to the method &7 the amount of glutathione enzyme will be meastirethe remaining extracted
solution. The extract enter a buffer solution coritey monopotassic phosphate of 0.56 M (pH=7.5hWi2 mM of
EDTA and 1 mM of NaN®@ and 0.2 mM of NADPH. Then 0.2 ml of restoratioutgthione with 0.1 mM of
hydrogen peroxide will be added to it. Immediattdg amount of NADPH oxidation will be determined tne
amount of absorbance change at 340 nm at 30 °Cpegt®photometer (model u- shimadzu- u- z100) and
simultaneously a blank solution containing all abawaterials without the extract will be used toreot and
eliminate the possible errors. One unit of glutatiei peroxidase activity, equivalent to an amoun¢r@yme that
can catalyze to 1 micromole of substrate NADPH inithne minute, was considered. For standardizattien
standard sample of glutathione peroxidase enzyréevused.

Experimental design
This experiment was studied as split plot (oncé gibts) in a completely randomized block designsunflower,
Azargol cultivar, with three replications.

The main plot includes three levels of irrigation:
I1: Lack of drought stress
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I2: stopping irrigation at flowering stage

I3: stopping irrigation at grain filling stage

The sub-plot includes three levels of Fe-foliar:
F1: purified water-foliar application

F2: foliar application once (8 leaves)

F3: foliar application twice (8 leaves and 16 legve

RESULTS AND DISCUSSION

As identified from Table 1 of variance analysise fimple effect of irrigation at the level of 0.afhd the simple
effect of foliar application at the level of 0.0h ¢he superoxide dismutase activity were significa8ut the

interaction of irrigation on Fe-foliar was not sifigant. The simple effect of irrigation at the &hof 0.01 and the
simple effect of foliar application at the level@D1 on the catalase activity were significantt B interaction of
irrigation on Fe-foliar application was not sigodint. Also, the simple effect of irrigation at flesel of 0.01 on the
activity of glutathione peroxidase was significdmit the simple effect of foliar application and tinéeraction of

irrigation on Fe-foliar application were not sigo#nt.

Table 1 - variance analysis of the effect of Fe-fial application on morphological characteristics
Change source Degree of freedoam  superoxide dismatayme (SOD catalase glutathione peroxidase
Replication 2 . 5.56"¢ 1.81¢
Irrigation 2 326676.92** 34205.87*4 19508.1**
A error 4 8.27 1.08 4.54
Foliar application 2 15514.11* 4348.38* 133496
Irrigation * foliar application 4 957.12 193.75° 2.18"
B error 12 1254.58 502.83 21.438
Change coefficient 7.74 14.85 15.42
NS*, ** insignificant, significant at the levels of 1% and 5%, respectively

Superoxide dismutase enzyme

In the mean comparison of simple effect of irrigation the activity of superoxide dismutase enzy8@0) it is

clear that the highest amount of SOD enzyme agtigitrelated to stopping irrigation at the begimniof grain

filling stage and with the amount of 922.78 umfsinternational activity per mg protein and it§felience with

other levels of irrigation was statistically sigo#nt and the lowest amount of SOD enzyme actisgitelated to the
lack of drought stress and with the amount of 334units of international activity per mg protein.

In the means of the simple effect of foliar appiiwa it was determined that the highest amount ©©Senzyme
activity is related to the level of Fe-foliar apgation twice (8 leaves and 16 leaves) and withatiheunt of 783.64
units of international activity per mg protein whiits differences with the level of foliar applicat once is not
statistically significant, but its differences withe level of without foliar application is staiestlly significant and
the lowest amount of SOD enzyme activity is reldadrrigation stage in accordance with the regiomvention
and with the amount of 701.61 units of internatlawivity per mg protein.

Also, as identified from Figure 1 of mean compans@f interaction on superoxide dismutase enzyn@D{Sthe
highest amount of SOD is related to the stageagjsnhg irrigation at the beginning of grain fillirgage and when
Fe-foliar is conducted twice with the amount of @&Lunits of international activity per mg proteind the lowest
amount of SOD enzyme is related to the normal atign stage when Fe-foliar was not conducted artl thie
amount of 521.65 units of international activity peg protein.

Also, considering Figure 1 of mean comparisonstdraction under normal irrigation, the highest antoof SOD
enzyme activity is at the level of Fe-foliar twi¢®@ leaves and 16 leaves) and with the amount of6b@6its of
international activity per mg protein that there@sdifference between the numbers of Fe-foliadiegpons and all
are at one level. Under stopping irrigation at bleginning of flowering stage the highest amoun8®D enzyme
activity is related to the level of Fe-foliar twige the vegetative and reproductive stages and thighamount of
822.66 units of international activity per mg pintehowever, its differences with the level in winisunflower is at
the beginning of flowering stage when foliar apation is conducted once were not statistically ificant but its
differences with the level with no foliar applicati was statistically significant. Also, under stoppirrigation at
the beginning of grain filling stage the highestoamt of SOD enzyme activity is related to the leskFe-foliar
twice in the vegetative and reproductive stageswatidthe amount of 961.65 units of internationetivdty per mg
protein; however, its differences with the levelhich sunflower is at the beginning of flowerirtgge when foliar
application is conducted once were not statisgicaignificant but its differences with the leveltiino foliar
application was statistically significant. Also,der stopping irrigation at the beginning of grailtify stage the
superoxide dismutase increased 26.58% comparednaithal irrigation and also under Fe-foliar appiiza twice
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the superoxide dismutase increased 136.62% compatiedhe condition without foliar application urdstopping
irrigation at the beginning of flowering stage asdo under Fe-foliar application twice the supedexdismutase
increased 9.26% compared with the condition witHoli&r application under stopping irrigation aetheginning of
grain filling stage.
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Figure 1: mean comparison of interaction of irrigaton and Fe-foliar application on superoxide dismutae

Catalase

In the mean comparisons of simple effect of iriiggaton the activity of catalase enzyme it is clieat the highest
amount of catalase activity is related to stoppirigation stage at the beginning of grain fillistage and with the
amount of 213.37 units of international activigrpng protein and its difference with other lewva&lisrrigation was
statistically significant and the lowest amountafalase enzyme is related to the lack of drougbss and with the
amount of 90.1 units of international activity peg protein.

In the mean comparisons of the simple effect ofafohpplication it was determined that the highasiount of
catalase enzyme activity is related to the levefF@ffoliar application twice (8 leaves and 16 lejvend with the
amount of 172.13 units of international activityrpmg protein while its differences with the level foliar
application once was not statistically significamtt its differences with the level of without faliapplication was
statistically significant and the lowest amountafalase enzyme activity is related to irrigatitage in accordance
with the region convention and with the amount 28.25 units of international activity per mg protei

Also, as identified in Figure 1 of mean comparisafisinteraction on catalase enzyme, the highestuamof
catalase is related to the stage of stopping tidgaat the beginning of grain filling stage andemhFe-foliar is
conducted twice with the amount of 242.86 unitsndérnational activity per mg protein and the lotvesount of
catalase enzyme was related to the normal irrigatiage when Fe-foliar was not conducted and \withaimount of
74.36 units of international activity per mg protei

Also, considering Figure 2 of mean comparisonsntéraction under normal irrigation, the highest amntoof
catalase enzyme activity is the level of Fe-fotisice (8 leaves and 16 leaves) and with the amotih02.46 units
of international activity per mg protein and it$felience with other levels of irrigation was sthatially significant.
Under stopping irrigation at the beginning of floueg stage the highest amount of catalase enzyrieitads
related to the level of Fe-foliar twice in the veaggeve and reproductive stages and with the amoftii71.07 units
of international activity per mg protein; howevéts differences with the level in which sunflowes at the
beginning of flowering stage when foliar applicatice conducted once were not statistically sigaificbut its
differences with the level with no foliar applicati was statistically significant. Also, under stoppirrigation at
the beginning of grain filling stage the highestoamt of catalase enzyme activity is related tolével of Fe-foliar
twice in the vegetative and reproductive stageswatidthe amount of 242.86 units of internationetidty per mg
protein; however, its differences with the levelnhich sunflower is at the beginning of flowerirtgge when foliar
application is conducted once were not statisgcaignificant but its differences with the leveltwino foliar
application was statistically significant. Also,der stopping irrigation at the beginning of flowegistage the
catalase increased 59.39% compared with normalatian. Under stopping irrigation at the beginnipfggrain
filling stage the catalase increased 41.57% congpaith normal irrigation. Under Fe-foliar applioai twice the
catalase increased 25.59% compared with the conditithout foliar application under stopping irrigpn at the
beginning of flowering stage and also under Feafolipplication twice the catalase increased 24.60%6pared
with the condition without foliar application undgtopping irrigation at the beginning of grainifily stage.
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Figure 2: mean comparison of interaction of irrigaton and Fe-foliar application on catalase

Glutathione peroxidase

In the mean comparisons of simple effect of irigaton the activity of glutathione peroxidase eneyinis clear
that the highest amount of catalase activity iategl to stopping irrigation stage at the beginrohgrain filling
stage and with the amount of 177.59 units of mddonal activity per mg protein and its differene@h other
levels of irrigation was statistically significaahd the lowest amount of glutathione peroxidasemezs related to
the lack of drought stress and with the amoun86f56 units of international activity per mg protei

In the mean comparisons of the simple effect ofafohpplication it was determined that the highasiount of
glutathione peroxidase enzyme activity is relatethe level of Fe-foliar application twice (8 leavand 16 leaves)
and with the amount of 145.95 units of internaticectivity per mg protein while its differences tithe level of
foliar application once was not statistically sfipant, but its differences with the level of withtdfoliar application
was statistically significant and the lowest amooinglutathione peroxidase enzyme activity is mdiato irrigation
stage in accordance with the region conventionwaitid the amount of 122.20 units of internationdindaty per mg
protein.

ba a
200 ba
he bac
150 C
100 | 4 d

50

I1F1 11F2 I11F3 12F1 12F2 12F3 I13F1 I3F2 I3F3

Figure 3: mean comparison of interaction of irrigaton and Fe-foliar application on glutathione peroxdase

Also, as identified in Figure 3 of mean comparisofsnteraction on glutathione peroxidase enzyrhe, highest
amount of glutathione peroxidase is related tosthge of stopping irrigation at the beginning digrfilling stage
and when Fe-foliar is conducted twice (8 leaves d@ideaves) with the amount of 187.52 units of riméional
activity per mg protein and the lowest amount aftathione peroxidase enzyme was related to the aldrrigation
stage when Fe-foliar was not conducted and wittatheunt of 72.73 units of international activityr peg protein.
Also, considering Figure 3 of mean comparisonsndériaction under normal irrigation, the highest antoof
glutathione peroxidase enzyme activity is the lefdFe-foliar twice (8 leaves and 16 leaves) anthwhie amount
of 96.21 units of international activity per mg f@im but there was no significant difference betwtdee numbers of
Fe-foliar application and all are at the same lelglder stopping irrigation at the beginning ofWkring stage the
highest amount of glutathione peroxidase enzymigigcts related to the level of Fe-foliar twice the vegetative
and reproductive stages and with the amount of Qli54inits of international activity per mg proteinithits
differences with the other level was not statislycaignificant. Also, under stopping irrigation #ite beginning of
grain filling stage the highest amount of glutattégperoxidase enzyme activity is related to thelle§ Fe-foliar
twice in the vegetative and reproductive stageswaittuthe amount of 187.52 units of internationetidty per mg
protein but its differences with the other levelswet statistically significant. Also, under stopgirrigation at the
beginning of flowering stage the glutathione pedase increased 55.70% compared with normal irdgatUnder
stopping irrigation at the beginning of grain fillj stage the glutathione peroxidase increased %43 ®&#npared
with normal irrigation. Under Fe-foliar applicatidwice the glutathione peroxidase increased 15.¢®%pared
with the condition without foliar application undstopping irrigation at the beginning of floweristage and also
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under Fe-foliar application twice the glutathiorergxidase increased 12.43% compared with the donditithout
foliar application under stopping irrigation at teginning of grain filling stage.

Iron is an essential element for the productiosugferoxide dismutase and in a condition that we lzawvirrigation
stop in reproductive stage we have the highest amot producing oxygen free radicals and plant iise
antioxidant system to deal with them and we semamase in the activity of this enzyme and whenhaee Fe-
foliar application twice, the amount of superoxitiemutase enzyme increases because Fe is a ngcelsaent
and increases the activity of superoxide dismutasd superoxide is considered as a defense mechanfisne
plant. The catalase in chloroplasts in cooperatith superoxide dismutase plays a key role; iroarnsessential
element for making catalase and in a condition tathave an irrigation stop at reproductive stagehave the
highest amount of producing oxygen free radical gmedplant use its antioxidant system to deal wi#m and we
see an increase in the activity of this enzymewahdn we have Fe-foliar application twice, the antmfrcatalase
enzyme increases because Fe is a necessary ekemdeinicreases the activity of catalase and catédasensidered
as a defense mechanism of the plant. Also, witlfiokar application the amount of glutathione adiis increased
that is consistent with the results of (Balakrighegal., 2000) and (Saet al., 2006). Superoxide dismutase (SOD)
is considered as a vital factor for being alive antlvity of living organisms. The metalloenzymdlects the toxic
radicals which are constantly formed as aerobiadypets. Under drought stress the superoxide coraténir
increased compared with the normal irrigation bseain the drought condition the plant increasesatiheunt of
superoxide enzyme in their cells to cope with thendge biomarkers that the superoxide enzyme fidjatSree
radicals. Under drought stress by increasing oxyfyea radicals on glutathione peroxidase as anosdant
enzyme compared with irrigation, the level of itdiwty increased and increases in the plant tbtfigee radicals.
When oxygen free radicals increase, a chain oftimacbegins. In this regard, superoxide dismutaseert Q to
H,0, and Q and glutathione peroxidase (GPX) catalases thactieth of hydrogen peroxide by using restored
glutathione and therefore protects the cells agaiamage caused by oxidation. In fact, the glutethimetabolism
is one of the necessary and oxidative defense mexrha against. The results of this experiment ansistent with
the results of experiments conducted by (Johresaad,. 2003), (Acaret al., 2001), (Sharma and Dubey, 2005),
(Thipyapong, 2007) and (Fazetial., 2007).

CONCLUSION

The stopping irrigation at different growth stagasreased the amount of antioxidant enzymes. Afgsfoliar
increased the antioxidant enzymes.
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