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Fig. 1. The effect of ascorbic acid on the leaf chlorophyll a content in olive leaf. Mean with the same letters are
not significant at level of 5% probability.
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Fig. 2. The interaction effect of irrigation and ascorbic acid on the leaf chlorophyll b content in olive leaf. Mean
with the same letters are not significant at level of 5% probability.
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Fig. 3. The effect of interaction between irrigation and ascorbic acid on total soluble carbohydrate in olive leaf.
Mean with the same letters are not significant at level of 5% probability.
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Fig. 4. The effect of irrigation on the leaf proline content in olive leaf. Mean with the same letters are not

significant at level of 5% probability.
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Fig. 5. The effect of ascorbic acid on the leaf proline content in olive leaf. Mean with the same letters are not
significant at level of 5% probability.
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Fig. 6. The effect of interaction between irrigation and ascorbic acid on total soluble protein in olive leaf. Mean
with the same letters are not significant at level of 5% probability.
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Fig. 7. The effect of interaction between irrigation and ascorbic acid on catalase enzyme activity in olive leaf.
Mean with the same letters are not significant at level of 5% probability.
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Fig. 8. The effect of interaction between irrigation and ascorbic acid on peroxidase enzyme in olive leaf. Mean
with the same letters are not significant at level of 5% probability.
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Fig. 9. The effect of interaction between irrigation and ascorbic acid on ascorbate peroxidase in olive leaf. Mean
with the same letters are not significant at level of 5% probability.

S e slacd > glls sl (eSiles gy S (APX) jlacan Tl sl 0351 2 sl Syl 5 (55l (2iSam -1 IS

A Sl (g 10 Jlaim| e o

-
O Sl a8 e g 285 18 TS 25 b 5 S b dS Gliee a5 ls plas e cnl 5l Jol> slaazs
Sylge By (Y JSi) il palS gyl sae yebas b b IS liae (ooliiwl BB ST/YY Lyl il j0) o piden (aus
@ (7 5 ) S w538 b ga Jds ISl dpute ol s ol 58 el Setysl b 55 sloleg e

Y5¥



o bS] i b ablio yo o] S0l 25

€95 5 ToSeny] TS NIl coatid 0 ( Jsiie slapdy g3, 0ud plawl slategly slaadl L ol legh
P dgdies OS] JIb sladisS a4 e &5 (S 15 (b e il bl SO0 (FYVEY) (e
(FY) sl o Jedo 5 srimmse alisen Jorlo (S5)103k 51 s 4y il (sl Connsg 51 (86 I8

sanlie wizils 18 sl Syl (T 0 )5 5 (Sits (185 36 5 o5 Shatl (oo o, (3 sladld o
JS8) ab iy (S Sad b ceslite (AL cpl 2Bl Gl (Sas 15 51 Jebre Do ST S pliee o5 08
PB B slodles 59, (M) a5 (i 5 (V1) ol 5 (B 5 (F) (o)) sloamei b Jol> slaames (F
25 OBLS o ool (glaaid 4 o] hawd 5wl w325 Jds 4y 4 ols (lad oad plonil (slogusy p 2ls Jlgsan (525
el 4 5e,le s JUisl Koo cle g atalis 525 ol cde o oS wboe RlPl Shawes S e oS24
(YD) ol 0y s oSy

SR @leS G b 5 el e o8 (50 sladles sloSy o a5 0g golse 3 K00 (Ko s Ol
2L oddan Ol eaiole ladles o i 50 )5 (e YO Sale 4 sl So Sl 5l oolisal (TF glaJSi) <85
Eirte Tl pB)l (g9, 00l plonl lataghy @i b pol> (il sleaidl ol 1al8 wals slo b b anylic
o colo Soym Jds 4 S el Ol il (Jloiml il oo gunan (VA ) (3555 TLI1g 1S 5 o850
VN7 a8l bagraigp 4328 Jodo  Conl (S b g Wl oo (3 1325 5l 625 9l> L

a5k & Sy Jslme (i Oliee U 0o el bl 55 2lpS o5 Jlasl 57 ol (lid (tegly onl sloazs
(F JS8) 29,5 5 QLS S Gefien lie SRl A e el SopsSul Sl eslanad Ll wuly alS (gl e
ol 038 IS K5 ol Ktagsy by GaLS 53 5y0d 5 (S5 sl 0 Sp Uslre oetisn ol alS
o 45 ols Lt bl alS Sas A5 5150 S eian olme T o 45 Lugl ) oad aloul sla sy (F) < Y)
YV CYF) 0)ls 0929 (coniinns abal, S (S 15 4 olS Sl 35 9 uiigy 004y o0 slaes 3l codled ol

O5eST Jld (sladiss il il 0929 olS o o3 (bl mailSe 5 W5 (o0 518 25 U 5 plalS (S5
slid 4 b g ailp asdo sl b peedglio 4 SalS s slaanl g byl doasod 4 solocnsT ol b oiles 0
S los T sl i 50 (YA VF V) cdls valgs Jlis a 1) asl e wolys [0 a5 sl ol a3l
S,z (FV) e Gl 5LS0g; (5:65l5 5 slaaslyy lacaaTyy lysSal lgann samST s aiile ooy 351
A1 55 STy SlysSl 5 5l YU slap sl a5 ols i SLegly (dome o3, o525 sladls s, o0 el
0y 4 59y (F) Ol 5 (ol sloamis b pol> gl slaazss (1 A Y ladsis ) <l (gl (Sas as
(e S5 gead (2B Gl e Bl cdlad e (iS5 lalid e o (SsyS 5 T2 (Jedie s
S8l ey VB slam 3T ol (ml3dl 51 Sl (St 5 Luls 53 g7 (55, b bl slaiags,
25 QLS aSl o oS 5aST b gl Il ade elis L sl (F) wdlbior SUgemnsinnSThsm o jlannsTy
OieeST 5 390 SenS T 4 1) ST g (6Ll 45 (V) el jBg0md SnST500 5l 09 (o0 JSts (St s
SlygSul g 5lmSTy GYBE slag 3l abows 4 ol 0dg 39,008 wenSTn Gom al> e ;0 05 (0 LS (J5SUge
SlysSol 5 jlaS T GBI lag il colled Sl (e 03, 2 ladled ) (FA) 05300 (s5leSy oSy
4 Sl Sy 98l 31 oolainl a8 awy oo a5 4y ol samline 5 0 STy (LeSL gl i Lls o laglST,
VO slachale )3 sl SoapgSul sl osliinl bl wdlion oo (3908 denSTn loShy 5o plannST 8l G lge
A 4ZlS TS 5 e (sl 1 1alS s 4y eS| 5T slap 5T e lie 5l 1 0 0 S e B0

S 5 Ao

QLS gy onl sloazms digh ol (B 5lzo by adsl Sl 0 el (Sae (i ead catS oib ol

sy 5 Oelsn e 4 oS b 0 d ulS Sy Jslre g 5 Js S Oliee 5l 2l 08 G2 1,0 a5 0l

Konservalia -# Mission -0 Baladi -f Arbequine -Y Cordal -v Nabali -\

Y20



S I y0 00,5 03538 l6S (15 25 QLS seilacnST slame 3T Cllid (i Geizes oS Wlol S S Jslore
Sl gl aS 0ges dlian g oo omlpl Wb e Bl A4S pl Cld EalS Coge dwl SujeSwl 1 solaul
Sl s 08, elital il 5 a8 e YO Gl & el SenpsSal 5 o535 ol o IS S oo sl

&3 Sl
B o gk cpl plxl an e el bl 4 leal ez gl oKiily Liwghy pyie Coglee )l dllie B aig e
ogsyn o ielaf] plol 5 (65 bl 4 55,58 00ty AL psle 9,5 5l iriren 5 bl (ol IS sl
Qijslce Jos a1y Jloyud g Sis LS

References &b

1. Agarwal, S. and V. Pandey. 2004. Antioxidant enzyme responses to Nacl stress in Cassia angustifolia.
Bio. Plant. .48: 555-560.

2. Alscher, R.G., AN.D. Erturk, and L.S. Heath. 2002. Role of superoxide (SODs) in controlling oxidative
stress in plants. J. Exp. Bot. 372: 1331-1341.

3. Amini, Z., R. Haddad, and F. Moradi. 2008. The effect of water deficit stress on antioxidant enzymes
during generative growth stages in barley (Hordeum vulgare L.). J. Agr. Sci. Nat. Res. 37 (2): 156-166 (In
Persian).

4. Amini, Z., N. Moallemi, and S. Saadati. 2014. Effects of water deficit on proline content and activity of
antioxidant enzymes among three olive (Olea europaea L.) cultivars. J. Plant Res. (Iranian j. Biol.) 27(2):
156-167(in Persian).

5. Anand, A., H. N. Gill and B.S. Trick. 2003. Stable transgene expression and random gene silencing in
wheat. Plant Bio. J.1 (4): 241-251.

6. Arji L. 2003. Effects of drought stress on Physiological characteristics, morphological and biochemical
some of olive varieties. Ph.D. thesis. Faculty of Agriculture Tarbiat Modares University, 213 p (In
Persian).

7. Argi, L., and K. Arzani. 2003. Evaluation of the growth responses and proline accumulation of three Iranian
native olive cultivars under drought stress. J. Agric. Sci. Nat. Res. 2 (10)2: 91-101 (In Persian).

8. Armon, D. I. 1949.Copper enzyme in isolated chloroplasts, polyphenol oxidase in Beta vulgaris. Plant
Phys. 24 (1):1-15.

9. Bahttacharjee, S. 2005. Reactive oxygen species and oxidative burst: Roles in stress, senescence and signal
transduction in plants. Cur. Sci. 98(7): 1113-1121.

10. Basaga H. S. 1989. Biochemical aspects of free radicals. J. Bio. Cell Bio. 68: 989-998.

11. Bates, L.S., R. P. Waldren, and I. D. Teare. 1973. Rapid determination of free proline for water stress
studies. Plant Soil, 39: 205-207.

12. Bates, L.S., R. P. Waldren, and I. D. Teare. 1973. Rapid determination of free proline for water stress
studies. Plant Soil, 39: 205-207.

13. Bradford, M. M. 1979. A rapid and sensitive method for the quantitation of mincrogram quantities of
protein utilizing the principle of protein-dye binding. Ana. Bio. 72:248-254

14. Chen W. P., P. H. Li and T. H. H. Chen. 2000. Glycinbetaine increases chilling tolerance controlled water
stress to manipulate growth of container-grown Rhododendron CV. Happy. J. Hort. Sci. Bio. 47:161-169.

15. Conklin P. L. and C. Barth. 2004. Ascorbic acid, a familiar small molecule intervened in the response of

plants to ozone, pathogens, and the onset of senescence. Plant Cell Environ. 27: 959-971.

\i2g



16.

17.

18.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

o bS] i b ablio yo o] S0l 25

EL- Banna, E. N., S. A. Ashour and H. Z. Abd Al Salam. 2006. Effect of foliar application with organic
compounds on growth yield and tubers quality of potato (Solanum tubersoum L.). j. Agri. Sci., Monsoura
University, 31( 2): 1165-1173

El Sayed M. A., O. H. M. El-Gammal and A. S. M. Salama. 2014. Effect of ascorbic acid, proline and
jasmonic acid foliar spraying on fruit set and yield of Manzanillo olive trees under salt stress. Sci. Hor.
176: 32-37.

Fateh M., T. Barzegar and F. Razavi. 2019. The effect of foliar application of ascorbic acid and calcium

lactate of growth, yield and fruit quality of sweet pepper. J. Hor. Sci. 33:1, 79- 87 (In Persian).

. Fotouhi Ghazvini, R. and J. Fattahi Moghaddam. 2016. Growing Citrus in Iran. University of Guilan Press
20.

Ghorbanli, M., N. Adib Hashemi and M. Pyvandi. 2010. Study of salinity and ascorbic acid on some
physiological responses of Nigella sativa L. Iran. J. Medici. & Aroma. Plants. 26(3): 370- 388. (In
Persian).

Gomes, F. P., M. A. Oliva, M. S. Mielke, A. A. F. Almeida, and L. A. Aquino. 2010. Osmotic adjustment,
proline accumulation and membrane stability in leaves of Cocos nucifera submitted to drought stress. Sci.
Hor. 126:379-383.

Guo, Z., W .Ou. S. Lu and Q. Zhong. 2006. Differential responses of antioxidative system to chilling and
drought in four rive cultivars differing in sensitivity. Plant Phys. Bio. 44: 828-836.

Hajan, G., M. Ghasemnzhad, R. Fotouhi Ghazvini, and M. Khaledian.2019. Effect of Regulated Deficit
Irrigation on Yield and Quality of Japanese Plum (Prunus salicina Lindell cv. Friar) Growth
Characteristics and Fruit. Iran. J. Hor. Sci. Tech. 20 (3) 265-274. (In Persian).

Hare, P.D., W. A. Cress and J. Van Staden.1998. Dissecting the roles of osmolyte accumulation during
stress. Plant, Cell Environ. 21: 535-553

Hare, P.D., W. A. Cress and J. Van Staden.1998. Dissecting the roles of osmolyte accumulation during
stress. Plant Cell Environ. 21: 535-553

Heing, B., K. Ugrinovie, J. Sustar-vozlic and M. Kidric. 2004. Different classes of proteases are involved
in the response to drought of Phaseolus vulgaris L. cultivars differing in sensitivity. J. Plant Phys. 161 (5):
519-530.

Hemeda, H. M. and B. P. Kelin . 1990. Effects of naturally occurring antioxidants on peroxidase activity of
vegetables extracts. J. Food Sci. 55: 184-192.

Irigoyen, J. J., D. W. Emerich, and M. Sanchex-Diaz, 1992. Alfalfa leaf senescence induced by drought
stress. Photosynthesis hydrogen peroxidase metabolism. Lipid peroxidation and ethylene evolution. Phys.
Plant. 84(1): 67-72.

Jiang M. and J. Zhang . 2001. Effect of abscisic acid on active oxygen species, Plant Cell Phys. 42(11):
1265-1273.

Khaleghi E., K. Arzani, N. Moallemi and M. Barzegar. 2014. Studying the effect of kaolin on fluorescence
and chlorophyll content in leaves of olive plants (Olea europaea L. cv Dezful) under water deficit stress.
Plant Pro. (Sci. J. Agri.). 37 (2): 127-139 (In Persian with English abstract).

Kameli, A. and D. M. Losel. 1993. Carbohydrates and water status in wheat plants under water stress.
New Phytologist, 125: 609-614.

Maksoud M. A., M. A. Saleh, M. S. El-Shamma and A. A. Fouad, 2009. The beneficial effect of
biofertilizers and antioxidants on olive trees under calcareous soil conditions. World J. Agri. Sci. 5 (3):
350-352.

Yoy



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Nakano Y. and K. Asada. 1987. Purification of ascorbate peroxidase in spinach chloroplast: in inactivation
in ascorbate-depleted medium and reactivation by monodehydroascorbate radical. Plant Cell Ph. 28: 131-
140.

Pignocchi C. and C. H. Foyer. 2003. Apoplastic ascorbate metabolism and its role in the regulation of cell
signaling. Cur. Op. Plant Bio. 6:379-387.

Pinherio, H. A., F.M. Damatta, A. R. M. Chaves, E. P. B. Fontes and M. E. Loureior. 2004. Drought
tolerance in relation to protection against oxidative stress in clones of Coffea canephora subjected to long-
term drought. Plant Sci. 167: 1307-1314.

Porghasemi D. Rezaeinejad A. Chehrazi M. 2015. Effect of salinity stress on some quantitative and
qualitative characteristics of Alternanthera repens genotypes: "Entine leaf "and "Undulate leaf. Plant
prod. (Sci. J. Agric.), 38(2) 65-76 (In Persian).

Roy-Macauley, H., Y. Zuily-Fodil, M. Kidric, A.T.P. Thi and J.V. de Silva. 1992. Effect of drought stress
on proteolytic activities in Phaseolus and Vigna leaves from sensitive and resistant plants. Physiol. Plant.
85:90-96.

Saeidi- Sar, S., R. A. Khavari-Nejad, H. Fahimi, M. Ghorbanli, and A. Majd, 2006. Ascorbic acid protects
soybean plants against Ni induced oxidative stress. Pajohesh and Sazandegi. 70 (4) 80-87 (In Persian)
Shafiei, N., E. Khaleghi, and N. Moallemi. 2019. Effect of Salicylic Acid on Some Morphological and
Biochemical Characteristics of Olive (Olea europaea cv. ‘Konservalia’) Under Water Stress. 42 (1) 15-30
(In Persian).

Shalata A. and P. M. Neumann. 2001. Exogenous ascorbic acid (Vitamin C) increase resistance to salt
stress and reduces lipid peroxidation. J. Exp. Bot. 52:2207-2228.

Sharma P. and R. S. Dubey. 2005. Drought induces oxidative stress and enhances the activities of
antioxidant enzymes in growing rice seedling. Plant Growth Reg. 46: 209-221.

Smirnoff. N. 1993. The role of active oxygen in response of plants to water deficit and desiccation. New
Phytologist, 125:27-58

Smirnoff. N. 1998. Plant resistance to environmental stress. Cur. Opin. Biotech. 9: 214-219.

Sofo, A., B. Dichio, C. Xiloyannis and A. Masia. 2004. Effects of different irradiance levels on some
antioxidant enzymes and on malondialdehyde content during rewatering in olive tree. Plant Sci. 166: 293—
302.

Sofo, A., B. Dichio, C. Xiloyannis and A. Masia. 2004. Lipoxygenase activity and prolin accumulation in
leaves and roots of olive tree in response to drought stress. Physiol. Plant.121: 56-58

Wassel A. H., M. A. EL-Hameed, A. Gobara and M. Attia . 2007. Effect of micronutrients, gibberellic acid
and ascorbic acid on growth, yield and quality of white Banaty seedless grapevines. African Crop Sci.
Conference Proceeding, 8: 547-553.

Zarrabi, M. M., A. Telaei, A. Soleimani, and R. Haddad. 2010. The Physiological role and biochemical
changes of six olive cultivars under drought stress. J. Hor. Sci. 24(2): 234-244. (In Persian).

Zeid, .M. and Z. A. Shedeed,. 2006. Response of alfalfa to putrescine treatment under drought stress. Bio.
Plant. 50 (4): 635-640.

Zhu J. K. 2000. Genetic analysis of plant salt tolerance using Arabidopsis. Plant Phys. 124: 941-948.

Y#A



Iranian Journal of Horticultural Science and Technology 21(4): 357 — 368 (2020)
Research article

The Role of Ascorbic Acid Against Oxidative Stress Caused by Water
Deficit in Olive Tree cv.” Mahali Baghmalek’

N. Moallemi, E. Khaleghi and Z. Jafaryzadeh !

The plant growth and development are affected by oxidative stress under water deficit
condition. The aim of this study was to investigate the effect of ascorbic acid as a strong
antioxidant against oxidative stress caused by dehydration stress in olive trees cv. Mahali
Baghmalek. In this study, two-year-old potted olive plants were exposed to three irrigation
levels (100, 66 and 33% of plant evapotranspiration) and four levels of ascorbic acid (0, 250,
500 and 750 mg L"). Some biochemical parameters and enzymes activities were measured.
This experiment was done as factorial experiment based on a randomized complete blocks
design with three replications in 2015-2016. The highest chlorophyll a content (1.3 mg g
FW) was related to trees treated with 250 mg L' of ascorbic acid. Also, the highest amount
of total soluble carbohydrates (9.5 mg g"! FW) and proline (2.17 umol g'' FW) were obtained
in plants irrigated with 33 and 66 % ET crop. Foliar application of ascorbic acid at 250 and
500 mg L' resulted in the accumulation of total soluble carbohydrates and reduction in the
activity of antioxidant enzymes such as catalase, peroxidase and oscorbat peroxidase.
Therefore, according to the results of this experiment, it can be suggested that the use of
ascorbic acid at a concentration of 250 and 500 mg L' improved some biochemical
properties and reduced the activity of antioxidant enzymes in olive cv. Mahali Baghmalek
under water deficit stress (33 and 66% evapotranspiration).
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