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1- Osmoprotectants



YAV o508, am (K 5o0g a0 9 (039999590 S S 39 (B3 2 (Sbd (i il ()

iged Cdam obj)l 550 digas Cla/uald diged dafx Voo
(W doles) Jbed LS5l o 50 Ao ys = (dalis

3y90 Lo S iy 0aShe dulie 5 bl 4 jo0 ploxil sl
L Lo ysSlee dungliio .5 o3lizsl A gy IMP 1581 533 51 ¢ ooy
N33 2y 5l Lylagad oy (sl 5 (S5 cosol ) 5 oozl
i edlazwl Yo VY (g EXcel

las jlplas a0 Jlu Bl imgh opl bt ol y
g Lapdy ;0 oud (6,503ll Glao olod Do jld bixe aalllas 550
Do s gxe by S el e jd gy calisee (gla e
= iy Slime 3§ g by e slagdaw 9 63, lite il
() Jgis) i )by gime dioyd S Jlois] o )0 Slas plo j3 g

Lo C9]a_w )_:I I u:l 5 W Cawdy (":)L\J L)“’L"" 2
O G i8I b gy cuglae w8y 5 S gdaw 4y diy o3
Sl 5 FBL slanS) an baye el Rl i (e
Lsgie 35 )l 55 D¢ (pewlo AF/FD 5 ADITYA 5 &) dubas
b 45l 08 g (stewlw YEINY) op i sl 558L o8,
Dl o 0 0 (rewlu VEIVY) glasy) iol38l o eS (gl
(ol ANY) gy £i5)) Gl 31 s (S5 08 35
e o3l 531 i) Gl g 332 5505 B 59 & o
S 4l 5 (S8 08) 35me (lal Yo )3 (itmen 355 5
£15) Gl (103 VA) 5255 5 (33 YA/B) (i o
(@Y JSs) sl wad (55 Hlewd 4 G |
Jlesi 53 (g 25 M il o8 4 bgsype (FO/VD) lawgie i
18) 999 v5) Cnl 4 borpe (VAUNY) Sy 2lasd (o a8’ b (5
S 9 ()3 FIYF) (i o 4 b il 5 (S5 8,
Ll Las S Hles ) Caws |y Sy dlas (il381 (0> Y/0)
(¥ Jg=2)

O Bl -l jlai 5l gl (gme gl bawgie (15 jless 5
8y e &kl 5 L i slayless 3 (Jg i odmlie )
B e 268 s ahes dilan o) 9 e b (6 Ss
(Y J5..\>) Ldg adlw

Ladl 055 (g by 5 4t gtpoyio oo Vo= oy ool
b b e sl 10 Sy S w035 s (W)
yobis celw ¥ se 4 o5 59 g olKiinlojl Laslyis )5 ylade
Lol s § )6 shatio Ul 51 Sy (l0aSG o ] 1 oy i
Lagl obel (3 by 9 St (632K Jlatod dlowsgy )]
VO slod y3 caslin YA Gto & adiged o 5l dw o0 s (Wr)
(W) Lagl s 59 9 5 03> 1,5 0l 55 5, Sl a5y
i oty 51 S o O (g tme 5o s g 2 48 S
(V) A dwlxe
(%) RWC = [(We -Wo) / (Wr -Wp)] X100 (1)
J0) SPAD ol 1 olitl b Libs, IS Laslis g 5ol
Cots (g ySeilasl cgs s 5 s (502-Minolta-Japan
03,5 43 (s ool & Sy e 5 1) Lncilg i)
ol 31 am s ool yly 8 s date o 2 e Ve (gl Byl >
4 0l )8 o, Kb do o Fr (glod 10 4dB0 Ve ko 4y adiges
o5 1 odlaiul L Lgl EC 5U51 (clood j3 oyad Spm 3l o g
ples ) aiges uuw (C1) 15 (65 0jlnl (S xSl i colan
aliwg g o o3l <ylys a8 VO e 4 3 Kl ax Ve e
3 o (C2) A5 650310l ] EC (S0 Sl i ol olSiuwd
(FV) ol oty g il s o> o5 Jgesd )b
(%) EL = (C./C;) x 100 (v)
sloo)luas 4 (S Jole (ssS jee (55500l jolatoas
Yoy A JoUl i (o Ve olpan 4 Sy p)S < /0 5l o>
ol gled aidy V- Jlesl 5l g 5 a8l 09).'3] Gz yid (Lo
(V) 23,5 <8 jagll 2V 290 Jsbo )3 598 0l Gline (o>
105l Jeols ojlas 5l gl (e ¥ iodgn Olise one Sl
YL o) ¥ Soladlosdlgw duwl i) (Lo Ve 5056 Sy p)S
AL Sl sl yd (oo Vg cpde (0B Bpre i (o
odld )8 g Ol ples 3 el 6 @ite 4 g 01035 bglske
T Job > B9 1 y9 Ol (e (P (39581 Sl e 9 A
Jd y0lie (B) A 13 yegidg xSl olSKuwd lawgs yiogil AY
ool S g 5 by L (LS olaae slaaisas 5 IS
(7F) 355 555
e Voo JLd sl S0y o 55 e )b (oSl sl
A plosl o> 3 S L s as 5 i o5l 5 enle o5
Jo-towe 5l y=dgySam Av e Ly (2L Blad Jglowo I bl jlade
byl DPPH (1-diphenyl-2-picrylhydrazyl ,Yse o
byl o ads Yo ladiges &S )l g )58 ol (30 g 03500
1005 B gl O gy Jyb > 50 (5085 (S
dlone poj atal Sl eslatwl Ly Jlb sldSosly oo 55 cd o
(V) w3



osle 4,45 1A

&boo g pole) SLeL

e

(8329

[P g JRVE 2

IYAF Ll ¥ o,

A1oA1122dSa1 “[OAS] %] PUE %G J& JUBdYIUSIS JueonIugis-uou pue
16 Ee ard fmpce o o om0 o o e g 6 clor

su @

su

10117
0 81°0 yTL 88°0 e e (4534 60 660 ARl wo 10°L 1489 99 .
§To LTO §9C L00 06’1 65T w90 $8°0 L9l rl'e 81°0 98l §Te 9 o
su su su su su su su su su su su su su ijﬂm.& XA)VI«J
€00 S0°0 69°C LEO 96’1 (4N} 9€'9 ¥$°T IL'1 ¥0'C €0°0 90°1 8¢9 € S
su su su su su su su su su su su su su JjX%
; . : : ; 2 : : : : . : 2 IxA
w610 «0€°0 wu0EY «0T°0 wlS0 wCl'0 wuS8'T w6170 w9ET su66'6 0170 w 10T suC0'L 4 ‘
L xs¥
axo
PCVee 60, 17°SLay 009, 869, LOSE,, Sv'Cl, 889, 61°Ll,, 80°8C, 90T Cl€l,, 8E7T6C,, 9 (@ s
(@) wsnoiq
6L9L1,, €0V TL'S88,, S€ Ve 9 EVTen 6'9€1,, 17°SS lew 1TELS,e LTYSYee  SELO69L..  SI'8T,  6S6Sl.. 9LLTLT,, € o
(0) seAnIND
101 1., LT Ve 1€16C,  LLET,, SEPIL,, L6l LT6S,, 8'78,., 8878, St8EL,. ST 6001.,  19766S.. [ (9
200 66°0 LLOT 860 ¥S'¢ w1l oF'11 0¥°0 9¢'1 Ll 8C°0 €0y 189 9 Lot
syl
. : . y : ; ; . : ' ’ ' ; (&) reap
w100 sull'l 96T 'S80 uSCE 8T sul€'L 90 sul 'l «00'8 swlS'1 sl 170 wuEl'V I "
ITHIELY
YoM %
punodurod Lyanoe Jegns ageyed| O 2N | xaput b: Lip i Jdqunu Y319y
e el wayg ysa.ay JdjouIRIp p
ougoag  dMoudyg  juepxonuy  dqnjos  ALNR[Y S X [idydoroyd T e Eﬁw. Jeary sseanowp o
60 o P I T 1 SO S (4 Mgy o gty 3 ol ‘A'0'S
5 3 s g ) = v T
f5m e era? oD eefp e s O ko« ovie R0 o o
¢ 6o s

saaenbg uevay
g frme

*$S9.1)S JYSNOIP 0) dsuodsal ur SIBAD[ND duiAddead paIpnjs 3a.11) JO S)EI) PAINSEIW JUIIIPIP JO VAONYV -1 21qEL

b0 - ol b e K< omym jovifo 457 e of e (g9 (gl obCc oxqper pom FK e e



YA 950 08w (o599 58 9 (S 5el9590 GBS Rg 5 2 2 (Sid (15 pil (g

(FV) 22 (o o (o) 43

= St i il slagdaw 136 (ke dunlio ol
i s Gl Sl gl S Sl g el
Gl ddo a5 6 Sue laed) JolS o)l los 3 ab e
239 Jdg)lS jadls jlude (g a8 ()3 (Sl 03) 9 (it
0L e o s )l (6)Sms 15y (o] slayless pl
295 I (ine (5Ll 135 5l Lo By oy oglis Jg 392 i 1S
g ol 53 KiS glej 5 45 3] Jlb (Sais Y g
4025 Sl 2 9 (SHwgd i 055 G Wlg 0 0D
RS G5 S 53 Jdg)lS gk (ials (Y0) wed Jig kS
(33315) g 8 0855 36 3]l 3l 4 3 o
{YF) 2L b,

09 e oyt (63 6ylel sl o oolo3 55 (S58L 3,
bgio (25 jlogd 53) 39 Bl SiS (g 9 S St g
O e 3 (a5 oamlie Sy SS9 ) (45 (xe gl
9 5 (19 slbe (pyieS (Sl Mbw Sl g (oS o) LD
dg- 4l SS9 o yteS G M all 08, 9 S SS
(¥ Jg)
LS glals L 9 )9Sl ) L (5155 olal
o=l 53 90 (ke 3L gy (sl pad L 1 gk 5> Cagh,
(FY ¥ XA ) ud sdalie polie shdos jo iagh
b g adly LialS i slge s lise aul dgaS Ll o
ohalS Sygo o ol BT g Wb o SRRl olS w5y g JS jigs
S G5 (YR 9 V) AS o0 Jep aduy g 2lsm plul SiS 5
Sleoly gy Lials wa ) Sy sl 4l Sy plaw s &

(F9L) axlla 3,50 49Nl o8 ) duw 4> Culg PSUI Sl g Jadg 5 (S LS ¢ gy (S S hag (At 2 (Sl LT SR 1 1Y Jgar

(g5 9 i il
Table 2Interaction effect of drought stress on some growth characteristics, Electrolyte leakage and chlorophyll index of three
studied grapevine cultivars (Yaghooti, Bidane sefid and Askari)

o sbles Iak gl s SHFok ok SOk g s
2955 gl o) : - Leaf il S . Culg S
sl Sy Stem Judg IS
Grape di fresh  Stemdry Leafdry Electrolyte
; Water Leaf lameter ; . X chlorophyll
cultivars treatment number  (Mm) weight weight weight index leakage
@ (@) (9) (%)
%100 FC 91.75b¥ 9.05bc 55.85a 18.39% 16.5a 33.09bcd 18.10f
S8k %60 FC 41.12¢f 8.85hc 26.29c 11.00cd 6.36¢ 32.55bcd 22.02cde
Yaghooti %30 FC 35.129 7.29def 18.17d 8.41ef 4.92c 30.36de 25.74ab
2okl a7a7fg 732def  19.23d  9.84de  5.69c  333%bcd  20.13f
Re-watering
%100 FC 109.12a 10.36a 49.96ab 15.39b 11.57b 35.86ab 19.68ef
KV AW %60 FC 45.75d 8.26c¢d 19.69d 8.02f 5.65¢ 33.53bcd 26.49ab
Bidane %30 FC 29.37i 6.97f 9.24e 3.33h 1.86d 28.24¢ 28.02a
sefid okl gg1oni 7.07¢f  9.65e 3.5 203d  343%c  23.91bcd
Re-watering
%100 FC 61.12c 9.92ab 44.86b 12.56¢ 12.8b 38.46a 18.21f
s %60 FC 42.62de 8.96bc 21.86¢d 6.85fg 5.89¢ 34.06bc 20.96def
Askari %30 FC 33.5ghi  8.15cde 8.30e 5.7¢9 2.34d 31.14cde 24.99bc
. d’L".u“ 34.5gh 8.35¢cd 9.34e 6.82fg 3.1d 36.14ab 20.04ef
Re-watering
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tMeans with the same letters in each column are not significantly different by Tukey HSD test (p<0.05)
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Introduction: Most plants have developed morphological and physiological mechanisms which allow them
to cope with drought stress. Almost all the studies conducted on grapevines (Vitisvinifera L.) responses to
drought conditions have focused on physiological responses such as stomatal reactions, photosynthesis and
osmotic adjustment, and biochemical responses like carbohydrates and proline. According to these studies,
physiological and biochemical responses of grapevines to water stress are quite variable. This variability could
be related to cultivar, time of the year, previous water stress level, intensity of stress, and environmental
conditions. Osmotic adjustment in terms of compatible solutes accumulation has been considered as an important
physiological adaptation for plant to resist drought, which facilitates the extraction of water from dry soils and
maintenance of cell turgor, gas exchange and growth in very dry environments. Acting as compatible solutes as
well as antioxidants, a significant rise in proline amount was observed in grapevine leaves under water stress
conditions, suggesting that this amino acid has a protective role against the formation of excessive reactive
oxygen species (ROS). Plants, in order to overcome oxidative stress, have developed enzymatic and non-
enzymatic antioxidant defense mechanisms against scavenge ROS.

Materials and Methods: This research was conducted to assess the effect of different levels of irrigation on
some characteristics of three cultivars of grapevine (Yaghooti, Bidanesefid and Askari), as a factorial based on a
randomized complete block design in two years with four replications. The experiment started in June 21, 2014
and 2015. Water treatments were applied in four levels including: control plant (100% FC), moderate stress
(60% FC), severe stress (30% FC) and rewatering treatment after severe stress treatment. Increase height, leaf
number, stem diameter, leaf fresh and dry weight, stem dry weight, chlorophyll index,RWC, electrolyte leakage,
soluble sugar, antioxidant activity, phenolic compound and proline were measured at the end of the experiment.
JMPS software was used to test the significant differences among the treatments and the interactions. When there
were significant differences, means were separated by Tukey HSD test at the probability level p<0.05.

Results and Discussion: Results showed that drought stress had significant effects on most traits at statistical
levels. The effect of year on measured traits was not significant differences. The results demonstrate that the
three investigated grapevine cultivars showed a clear difference in their response to water stress. Increase of
height, leaf number, stem diameter, leaf fresh and dry weight, stem dry weight, chlorophyll index and RWC
decreased as soil water content reduced and increased again after rewatering. The greatest increase height (9.12
cm), leaf number (35.12), leaf and stem dry weight (4.92 and 8.41 g respectively) in severe stress was in
Yaghooti cultivars. Drought stress induced a significant decrease in leaf relative water content (RWC) of all
three cultivars during the drought period. The RWC of Yaghooti (85.49%) was significantly more than that of
Askari and Bidanesefid at severe stress. Bidanesefid demonstrate a higher decrease of RWC (12.3%) compared
to control. Resistance of plant to drought is related to its ability to maintain high RWC in leaves under stress.
Water stress treatments resulted inlower chlorophyll index in all three grapevine cultivars, so that a significant
reduction in this variable was observed in stressed grapevine compared to the control. Electrolyte leakage,
soluble sugar, antioxidant activity, phenolic compound and proline increased in all the cultivars as drought stress
levels increased. Significant differences were observed among cultivars in terms of electrolyte leakage. Water
stress treatments caused an increase in electrolyte leakage. Bidanesefid showed greatest electrolyte leakage than
the other cultivars in all treatment. Under water deficit, cell membranes undergo some changes such as an
increase in permeability and a decrease in selectivity, which can be viewed through the increase in electrolyte
leakage. In moderate stress treatment, the highest amount of soluble sugars accumulation was recorded in Askari
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cultivar but in severe stress treatment, no significant differences were observed among the cultivars. Significant
differences were found in the antioxidant activity and proline content among cultivars and watering regimes.
Under the severe stress conditions, the highest antioxidant activity (45.3%) and proline accumulation (11.12
umol g™ FW) was registered in the Yaghooti cultivar, and no significant differencesexisted among two other
cultivars. Plants accumulate compatible solutes, such as soluble sugars and proline, in response to stress to
facilitate water uptake.

Conclusion: Of all the cultivars, Yaghooti had the lowest decrease in growth characteristics and RWC and
greatest increase in antioxidant activity and proline. In the present study, based on the responses of cultivars to
different levels of drought stress, it can be concluded that Yaghooti seems to be a more resistant cultivar to water
stress compared to Askari and Bidanesefid cultivars. Based on the results, it can be said that Bidanesefid cultivar
has the lowest resistant cultivar to water stress compared to Askari and Yaghooti cultivars. Further research
especially under field conditions is needed to support this statement.

Keyword: Growth characteristics, Leaf relative water content, Proline, Soluble sugar



