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ABSTRACT

The role of ascorbic acid as a key molecule andiamt involved in biotic and abiotic stress has beeti described.
Thus, in order to study the effects of ascorbid axi drought tolerance and some morphological angsmlogical
characteristics of safflower (Carthamus tinctoriu3 under drought stress condition an experimens wanducted.
The experimental design was factorial with two dastarranged in a completely randomized design (ERith

three replications. The first factor was droughress on 5 levels (control, -4, -6 , -8 and -12 b#nat was carried
out by PEG 6000 and the second factor was asceatiit solution on 4 density (control, 55, 110 and 16n). The
results showed that with increase in drought stregggmination percentage, shoot length, root lengtedling
fresh weight, seedling dry weight and vigor indgmiicantly decreased whereas catalase and pesmsedactivity
increased as compared to control with enhancemérdrought stress. In general, priming with ascorlaicid

significantly relived the harsh effects of drougitess on seedling growth, catalase and peroxidagevity of

safflower and it seems that ascorbic acid was &blenhance the tolerant ability of the plant to uight stress.
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INTRODUCTION

Safflower as an oilseed crop is resistant to drougharid and semi-arid regions of the world, bhistplant
germination and establishment phase is sensitidedoght stress. One of the major problems in @a#l seedling
emergence and establishment in arid regions isrwatatage. Despite, water is one of abundant comg®on the
earth and 2/3 of earth surface is covered by whtdryater shortage is limitative to produce adtige products in
the world. Drought is one of the major physical gmaeters of environmental, which determines the esgor
failure of plants establishment [10]. Drought i€ thhost important limiting factor for crop producti@and it is
becoming an increasingly server problem in manyoregof the world [23, 24]. The plants under dryndition
change their metabolism to overcome the changelosmeental condition. The complexity response @& fhants
to drought stress could be justified. Seed gerriands one of the most important phases in thedifele of plant
and in highly responsive to existing environmenidought decrease germination percentage and agegilowth
[10]. As well as under different condition partiatly environmental stress, reactive oxygen spesie as super
oxide anion radicals, hydrogen peroxide and hydroagicals, are generated , reactive oxygen speesirslamage
essential membrane lipid as well as proteins ardeiwacids [20]. To counteract the damaging effeift ROS,
plant cells possess an antioxidant system congisifnlow-molecular weight antioxidants such &&arotenes,
ascorbic acid(AA),a-tocopherol ¢-Toc), reduced glutathione(GSH)( non-enzymatic cuidiants), as well as
antioxidants enzymes such as superoxide dismuBPBY), catalase (CAT) and peroxidase (POX) [20].\Atgt of
antioxidant enzymes with detoxification and elintioa of the harmful effects of reactive oxygen speaeduces
the severity of oxidative stress [17]. Increaseltutza levels of ascorbic acid as an antioxidant oeduce oxidative
stress by reducing reactive oxygen species. Ascadid is an antioxidant molecule that acts asragy substrate
in the cyclical pathway for detoxification and rmlization of superoxide radicals and singlet oxydeo0].
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Ascorbate has been shown to play multiple rolggant growth, such as cell division, cell wall erpon and other
developmental processes [25]. The present studyceagucted to asses if the application of ascoabid could
ameliorate the adverse effect of droughtcanthamus tinctoriuplants. For this purposes some morphological and
physiological characteristics were measured.

MATERIALSAND METHODS

The experiment was carried out at the physiolodamabratory of Faculty of Agriculture, Islamic Azashiversity,
Saveh Branch. The cultivar of safflower was golda3ihe experiment was a factorial method with twetérs
arranged in a completely randomized design witeeheplications. The first factor was drought stres5 levels (
control, -4, -6, -8 and -12 bar ) that was carried by PEG 6000, the second was Ascorbic acid denbity (
control, 55, 110 and 165um ). For ascorbic acidttnent, seeds of safflower were sterilized for Bute in sodium
hypochlorite solution and in ethanol for 30 secamd then rinsed by distilled water. Sterilized dseevere
transferred in to sterile petri dishes contairefilpapers and were added 10 ml ascorbic acid soltdi each petri
dish. Seeds of safflower were primed for 16 hourd5’C and dark conditions. Thereafter, the seeds tleatth
ascorbic acid solution rinsed with distilled watEnllowing this, the primed seeds were dried betweeo filter
papers. Primed seeds were placed in petri disimes, layer of filter paper. Twenty five seeds wel@ced in each
petri dish, the petri dishes were moistened withl®f PEG 6000 solution at water potential of @, -6, -8 and -12
bar). The petri dishes were placed in germinatbe $eeds were kept under aseptic condition foryg aa16h/8h
light/dark cycle with a light intensity of 350 pmofs®and a relative humidity of 45% at 25°€. Seed germination
was recorded daily up 7 days after the start ofethgeriment. A seed was considered germinated wheical
emerged by about 2mm in length. Moreover germimagpiercentage was determined in the end of testni@ation
percentage was calculated with the following foranul

GP=100(n/N)
N = Total seeds number n = Germinag=tisiumber
To determine the radical and plumule length aftetays, radicals and plumule produced in each péth were
separated from the seeds, their length were maasvite millimeter ruler. Seedling dry weight andedéng fresh

weight were measured after the specified humbetagk. To deter mine the dry weight, seedlings vaeied in
aerated oven at 76 until constant weight. Vigor index as describgdbdul-baki and Anderson. [1] .

Germination percentage * Seedling lenght({cm)
100

Vigor Index =

The remains of seedlings were frozen in liquicaNd stored under -80 until biochemical analysis.

Extract Preparation:

Seedling (0.02 gr) were homogenized in a montdr@estle with 3ml of ice-cold extraction buffe6(RIm sodium
phosphate buffer, PH 7.8). The homogenate wasifteged at 18,000%g for 30 minute al@and then supernatant
filtered through Watman paper. The supernatantimaevas used as crude.

Catalase activity
Catalase activity was estimated by the method d&i@k and Horst.[3]. The reaction mixture contaid®®dul of
crude enzymes extract, 500l of 10 Mnxland1400uL of 25 Mm sodium phosphate buffer anddé@ease in
the absorbance was recorded at 240nm for 1 miQat@lase activity of the extract was expressedatdase units
min‘mg* protein.

Peroxidase activity

Peroxidase activity was determined by the oxidatibguaiacol in the presence of®} The increase in absorbance
was recorded at 470 nm [11]. The reaction mixtuwatained 100ul crude enzyme, 500G 5Mm , 500pl
guaiacol 28Mm and 1900pl phosphate buffer 60Mm (BHPeroxidase activity of the extract was expreésse
peroxidase units mitmg'protein.

Statistical analyze

All data were analyzed using SAS software SAS fuii Inc.[29]. Each treatment was analyzed in three
replications. When analysis of variance (ANOVA) sleal significant treatment effects, DunsaMultiple Range
Test was applied to compare the means at p<0.05.
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RESULTS

Tablel: Analysisof variance of thetraitsunder study

SOV Df Germination Seedling Fresh Segdrl)l/ng Shoot Root Vigor CAT POX

T percentage weight Wei length length index activity activity
eight

PEG 4 263.861** 18082.68** 325.838** 1026.72* 2070.79* 52.876** 288.92** 772.15**

AA 3 406.166** 3092.27** 162.055**  437.556** 368.37** 19.302** 333.81** 597.47**
PEG*AA 12 1.217¥ 14.8130** 2.968 5.119* 4.802* 0.073 3.027* 21.846**

Error 40 1.030 2.482 2.5270 1.152 2.185 0.056 1.030 1.244

CV 1.241 1.766 8.249 3.896 4.738 4.815 6.546 5.195

ns=Non significant, * and** significant at 0.05 artd01 level of probability, respectively

Analysis of variance ( Tablel) indicated that dltraits under study including germination percgetaseedling dry
weight, seedling fresh weight, root length, shamtgth, vigor index, CAT and POX activity were siggantly
influenced by drought stress ( p<0.01). The evehllidtaits also were significantly influenced bynping with
ascorbic acid (p<0.01). The interaction effects-tmay (seed priming* drought stress) were significtor the
studied traits except germination percentage, viigiex and seedling dry weight.

Table 2: The main effects of polyethylene glycol on the studied traits

PEG Germination Seedling Fresh Seedling Dry Shoot Root Vigor CAT‘aCtI\{IEy POX. actl\_/lrtly
(bar) or centage weight (mg) weight (mg) length length index (‘units min (units min
p 9 9 9 9 9 (mm) (mm) mg* protein)  mg? protein)
0 87.67 144.83 25.29 39.30 46.09 7.5F 9.6 10.42
-4 84.99 112.78 24.36 34.0F 43.54 6.62 12.53 17.08
-6 81.45% 75.3% 16.72 26.40 26.52 4.35 15.18 22.57
-8 78.67 60.98 16.63 21.74 24.38 3.67 17.84 26.1%
-12 76° 51.92 13.57 16.27F 15.45 2.44 22.37 31.10

Difference between averages of each column whiele sammon characters are not significant at prdibalevel
of 5%

All of the traits under study including germinatipercentage, seedling dry weight, seedling frestghteroot
length, shoot length and vigor index decreased vanenght stress level were increased from 0 tobdr2whereas
CAT and POX activity increased when drought sttegsl were increased from 0 to -12 bar (Table2).

Table3: The main effects of Ascorbic acid on the studied traits

; } CAT POX
AA Germination Seedlln_g Fresh Swdlmg Dry Shoot Root Vigor activity activity
(um) per centage weight weight length length index  (units min mg*  (units min* mg*
(mg) (mg) (mm) (mm) protein) protein)
0 75.68' 71.34 15.48 21.79 25.43 3.66' 20.63 29.80
55 79.24 84.3F 17.63 24.43 28.72 4.29 17.92 22.58
110 85.24 97.24 21.36 30.32 34.96 563 13.48 18.19
165 86.84 103.62 22.59 33.63 35.68 6.09 9.9¢ 15.29

Difference between averages of each column whiele sammon characters are not significant at prdibalevel
of 5%

In seedling that were treated by ascorbic acideimsed germination percentage, seedling dry wesgktling fresh
weight, root length, shoot length and vigor indexeveas decreased CAT and POX activity as comparedritrol.
The best results were obtained from the seedstteeth 165um ascorbic acid (Table3).

Difference between averages of each column whiele sammon characters are not significant at prdibalevel
of 5%

Priming with ascorbic acid showed a significaneef§ on seedling fresh weight, shoot length, rength CAT and
POX activity under drought condition (table4). Timaximum seedling fresh weight was achieved whedlisgs
were primed with 165um ascorbic acid under nornagld@tion and maximum shoot length and root lengdrew
achieved when seedlings were primed with 110 argifi6ascorbic acid under normal condition. The Minim
seedling fresh weight, shoot length and root lewgthe observed in seeds untreated with ascorbicaaa -12 bar
of PEG treatments. The Maximum CAT and POX actiwgre observed in seeds untreated with ascorbicaaad -
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12 bar PEG treatment and minimum CAT and POX dgtivere achieved when seedlings were primed wiuhé
ascorbic acid under normal condition.

Table4: Mean comparison of the drought stresslevel* seed priming interaction for thetraits under study

Seedling

Shoot Root CAT POX
l(Dbi?) (ﬁg) v';éiﬁqt Length  Length . _activity _ . _activity _
(mg) (mm) (mm) (units min-1 mg-1 protein) ( units min-1 mg-1 protein)
0 0 128.5d 33.45d 41.70c 14.53¢g 16.69k
0 55 140.2c 35.71c 43c 11.52hi 11.741
0 110 151.3b 43.72a  48.85ab 7.55j 8.58m
0 165 159.2a 44.34a 50.79a 4.83k 4.65n
-4 0 94.24h 29.12e 38.42d 16.77ef 21.47gh
-4 55 110.2g 29.81e 40.64cd 16.16efg 18.71j
-4 110 121.3f 36.54c¢ 47.22b 10.41i 16.42k
-4 165 125.3e 40.58b 47.87b 6.79 11.721
-6 0 58.30 19.89h 20.79hi 20.49¢c 29.78d
-6 55 69.39I 23.07f 24.63g 17.82de 22.369
-6 110 83.79j 29.8le  29.30ef 14.62¢g 19.54jj
-6 165 89.92i 32.83d 31.38e 7.79 18.36j
-8 0 45.21r 15.67i 16.35j 23.63b 36.53b
-8 55 52.31p 20.77gh 22.77gh 19.53c 27.51e
-8 110 69.17I 21.9fg 30.61e 15.49fg 20.89ghi
-8 165 77.25k 28.62e 27.80f 12.71h 19.68hij
-12 0 30.46s 10.85k 9.87I 27.75a 44.52a
-12 55 49.38q 12.81j 12.56k 24.60b 32.57c
-12 110 61.47n 19.64h 18.82i 19.34cd 25.54f
-12 165 66.40m 21.78fg  20.55hi 17.79de 21.78g

DISCUSSION

Drought, salinity and temperature stresses areedsed germination percentage [30]. Demir and Vai &wer. [5]
observed that drought may influence germinatiordégreasing that water uptake in watermelon. El-Midat al.
[8] reported that root and shoot growth signifid¢amtecreased by osmotic stress at -0.6 Mpa andeabmuced by
PEG 6000. Murillo-Amador et al. [19] also founditiseedling growth of cowpea inhibited by both Na@dl PEG,
but higher inhibition occurred due of PEG. Also lMarAmador et al. [19] observed that seed germaratnd
seedling growth in legumes decreased under dragyidition. Okcu te al. [22] has found that -0.@aviosmotic
potential decreased pisusativumseed vigor. This is in similar result with Murilldmador et al. [19] . Gamez. [10]
in his investigation on pea, find that decreasemigation percentage by increase of drought stresPEG),
increase average time necessary for germinatidayndecrease radical and plumule length, freshdapeveight of
radical and plumule. The decrease in seedling drowtder drought condition, maybe due to supprassfccell
expansion and cell growth that is in response t@ forgor pressure [13, 21]. the drought stresseases the
production of reactive oxygen species (ROS) [18nPcan detoxify ROS by up-regulation antioxidanzymes,
such as SOD, CAT and POX as well as some non- estiy@ntioxidant compounds. It is evident that higtels
of antioxidants are related to plant water defiolerance [28, 35]. The CAT and POX activity incsed under
drought stress when compared to control plantsil&imesults reported under drought stress in wiigdf and
tomato plants [27]. CAT is tetrameric heme contagnénzyme that is abundant in the glyoxysomespid ktoring
tissues[9]. The combined action of SOD and CAT ents/the toxic @ H,O, to water and molecular oxygen,
averting the cellular damage under unfavorable itimmdsuch as drought stress [4, 26]. Like CAT &@D the
activity of POX increased under water stress. P@aygp a key role in decreasing,® content accumulation,
eliminating MDA resulting cell peroxidation of menaime lipids and maintaining cell membrane integfits].
Ascorbic acid is one of the most extensively stddiatioxidant and has been detected in majoritylarfit species,
organelles and apoplast and is synthesized in fteelnondria and transported to the other cell comepds through
a proton-electrochemical gradient or through featdid diffusion [34] also it is one of the bestentlfied non-
enzymatic compounds as antioxidant that plantsifigds increased to oxidative stresses [33]. Ibgiays a
protective role against ROS that are formed dubingic and abiotic stress. Ascorbate is oxidizedolygen free
and dehydroascorbate is generated [20]. This léads decline in antioxidant activities. Ascorbiddacan also
directly scavenge reactive oxygen radicals, thusigdimg membrane protection [36]. DolatAbadian diddarres
Sanavy. [6] reported that priming with ascorbicréased germination percentage, length of shoot@wotdtheir dry
weight and seedling total dry weight in sunflowerdarapeseed and decreased CAT activity signifigatithn
control treatment. One of the remarkable rolessabebic acid in seed germination and cell growthris-oxidant
activity, rather than its possible utility as aig@anic substrate for respiratory energy metabolista.have found that
ascorbic acid increased length of root and shotreisited seeds. In fact increase shoots and mogthdy ascorbic
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acid might be due to the cell division and diffdration of meristem cells [16]. Ascorbic acid orapt survival is
associated with the partial inhibition of a fewerdctions in reactive oxygen species production. [Bamad and
Hamada. [12] observed on their experiment on wkeatls, priming with ascorbic acid reduced harnifigices of
drought stress on root and shoot fresh weight. @abkadian et al. [7] reported that salinity increR€AT and POX
activity in leaves and roots of rapeseed whileapplication of ascorbic acid reduced the activityhese enzymes
in salinity condition. Drought combined with asciorlacid improves the biological status of rapesdidlogical
improvement is related to reduce production of Halreubstances [2]. Ascorbic acid as an antioxidasduced
catalase activity in pea under stress conditior].[PScorbic acid has antioxidant properties thah camove
superoxide ion and prevents the production o hyelggeroxide, thus CAT and POX activity is reducedause
these enzymes play a key role in removing hydrqugnoxide. Generally, it is concluded that ascodsi as an
antioxidant, can reduce the harmful effects of akice stress and improves plant growth in stresslition [7].

CONCLUSION

According to theesults obtainedjrought stress decreased germination percentagdlirsg fresh weight, seedling
dry weight, shoot length, root length and vigorerdind increased catalase and peroxidase enzyindtescand
priming with ascorbic acid significantly relivedetiharsh effects of drought stress on seedling droeétalase and
peroxidase activity of safflower.Totally, primingtivascorbic acid significantly relived the hardfeets of drought
stress on seedling growth, catalase and peroxigetsaty of safflower and it seems that ascorbiagas able to
enhance the tolerant ability of the plant to drdwgifess.

REFERENCES

[1] A.A Abdul-bakiand, J.D Andersorop Scj 1973, 13, 222- 226.

[2] R.P Barkosky, F.A Einhelling,Bot. Bull . Acad . SirR003, 44, 53-58.

[3] | Cakmak, W HorstPlant Phisio| 1991, 83, 463-468.

[4] K Chaitanya, V.D Sundar, S Masilamani, A RaimaadraPlant Growth Regul2002, 36, 175-180.

[5] | Demir, H.A Van De VenterSeed Sci. Techndl999, 27, 871-875.

[6] A Dolatabadian, S.A Modarres sanavBgt . Hort . Agrobot . Cluj, 2008 ,36 (2 ), 61 — 66 .

[71 A Dolatabadian, S.A.M Modarres Sanavy, M S$iaAgriculture Sciences and Natural Resourc2’l0,
13(47B), 611-621.

[8] M El-Midaoui, H Serieys, Y Griveau, M Benbell&,Talouizte, A Berville, F Kaarklelia, 2003, 26,1-16.

[9] R.F Fornaizer, R.R Ferreria, G.J.G Pereira, &Molina, R.J Smith, P.J Lea, R.A Azave@ant Cell Tissue
Org Cult, 2004, 71, 125-131.

[10] O Gamze, D.K Mehmet, A Mehmaturk. J. Agri¢ 2005, 29, 237-242.

[11] Ghanati, F.A Morita, H Yokot&lant Nutr 2002 , 48 , 357-364 .

[12] A Hamad, A Hamada;SIRO Publishing2001 , CSIRO Publishing S15 — 005 .

[13] C.A Jaleel, P Manivannan, G.M.A Lakshmanan, @®émathinayagam, R Panneerselvabulloid Surf B
Biointerf, 2008a, 61, 298-303.

[14] C.A Jaleel, R Gopi, P Mnivannan, M Gomathiaggm, R Sridharan, R Panneersev&ulloid Surf B
Biointerf, 2008b, 62, 312-318.

[15] Kukreja, S.A.S Nandval, N Kumar, SK Sharidd)niv, PK SharmaBiol . Plantarum 2005, 49 , 305 — 308 .
[16] R.G Liso, A.M Innocenti, A Bitonti, O Arrigu, New Phytol1998, 110, 469-471.

[17] B.D Mc kersie, S.R Bowley, K.S Jonédant Physiol1999, 119 , 839-847 .

[18] R Mittler, Trends Plant S¢R002 , 7,405-410 .

[19] B Murillo-Amador, R Lopez-Aguilar, C Kaya, Jatrinaga-Mayoral, A Flores-Hernandeiz,Agron. Crop. Sci,
2002, 188,235-247.

[20] G Noctor, C.H Foyer]. Agron. Crop. S¢il998, 49, 249-279 .

[21] C.L Ogbonnaya, B Sarr, C Brou, O Diouf, NOWp, H.R MacauleryCrop Sci, 2003, 43, 1114-1120.

[22] G Okcu, D Kaya, M AtakTurk J Agri Fot 2005, 29, 237-242.

[23] J.B PassiouRlant growth Regulation996, 20(2), 79-83.

[24] J.B Passioural. Exp. Bat2007, 58(2), 113-117.

[25] C Pignochi, C.H FoyeRlant Biol 2003, 6 , 379-389 .

[26] A.R Reddy, K.V Chaitanya, D SunddrSeri Sci Jpy2002 , 69,169-175.

[27] E.S Sanchez-Rodriguez, M.M.R Wilhelmi, L.M C#ga, B Blasco, J.J Riso, M.A Rosales, L Romerd/ J
Ruiz, Plant Scj 2010, 178, 30-40.

[28] B.C.A SankarJaleel, P Manivannan, A KishorekunmR Somasundaram, R Panneerselv@uiloid Surf B
Biointerf, 2007, 60,229-235.

[29] SAS Institute INcSAS Users Guid&tatistical Analysis Institute Inc. Cary, North ©éna, 1997, SAS Users
Guide.

3988
Scholars Research Library



Azadeh Razaji et al Annals of Biological Research, 2012, 3 (8):3984-3989

[30] F.M Shakirova, D.R Sahabut dinovBlant Scj 2003 , 164- 317-322.

[31] H.B Shao, Z.S Liang, M.A Sha@plloid Surf B Biointerf2005a, 45, 7-13.

[32] A Shalata, P.M Neuma@Q01, J . Experim . Bof 52 ,2207- 2211 .

[33] N Smirnoff,Annals of Bqt1996, 78 , 661 — 669 .

[34] N Smirnoff, Current OpinionPlant Biol, 2000 ,3 ,229 — 235 .

[35] H Tahi, S Wahbi, C.E Modafar, A Aganchicha’dSerraj,Plant Biosyst2008, 142, 550-562.
[36] C.E Thomas, L.R Mclean, R.A Parkar, D.F Ordder, Lipids, 1992, 27, 543-550.

3989
Scholars Research Library



