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ABSTRACT

To study the effects of salt stress on some physiological parameters of grapevine and the effect of foliar application of
potassium silicate and zinc sulphate in alleviating saline effects, a pot experiment was conducted under greenhouse
condition. Rooted sapling of two grapevine cultivars, ‘Rasha’ (salt-tolerant cultivar) and ‘Bidaneh ghermez’ (salt-
semi sensitive cultivar) were subjected to different NaCl concentrations (0, 50 and 100 mM) and foliar application of
potassium silicate (0, 150 and 300 mg/l) and zinc sulphate (0, 2 and 4 g/l) in hydroponic conditions. The experiment
was conducted using a factorial design (cultivar, salinity levels and foliar application as factors) based on randomized
complete block design with three replications. The results showed that relative water content, photosynthesis,
stomatal conductance, transpiration and chlorophyll content decreased with increasing salinity level. The reduction of
physiological parameters in ‘Rasha’ was less than ‘Bidaneh ghermez’. Foliar application of different concentrations
of potassium silicate and zinc sulphate increased relative water content, photosynthesis, stomatal conductance,
transpiration and chlorophyll content in both cultivars. The most effective treatment was potassium silicate 300 mg/I
+ zinc sulphate 2 g/l, so that at the highest salinity level (100 mM) relative water content, stomatal conductance and
photosynthesis in this treatment was 13.75%, 91.14% and 47.56% more than no foliar application treatment,
respectively. According to the results of this study foliar application of potassium silicate and zinc sulphate can be
used to alleviate salinity effects in grapevine.
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Table 2. Variance analysis of cultivar, salinity and foliar application effect on physiological traits
MS
S.ov df Rvevlge'\r/e Stomatal ~ Transpiration Net Chlorophyll  Chlorophyll Total
conductance rate photosynthesis a b chlorophyll
content

Block 2 2.068™ 35.31™ 0.664"™ 0.518" 0.166"™ 0.027™ 0.281"
Cultivar (A) 1 808.914™  3584.78™ 47.30” 52.247" 32.32" 0.655™ 42617
Salinity (B) 2 8190.96™ 54658.08" 187.65™ 378.15" 21.290" 22.886" 85.793"
AxB 2 505.26™ 46.90” 1477 15.19” 21737 1.854" 7.912"
Foliar application (C) 8 1381.83" 75.88" 177" 2.225™ 0.427™ 0.129" 0.522™
AxC 8 6577 132" 0.227" 0.075™ 0.031™ 0.050™ 0.027"
BxC 16 236547  14.183” 0.321" 0.279" 0.135" 0.085"™ 0.144™
AxBxC 16 60.65™ 0.491™ 0.049" 0.046" 0.095" 0.143" 0.044"
Error 106 404.73 2.938 0.028 0.059 0.035 0.053 0.024
C.V. (%) 2.69 3.73 3.10 3.65 4.14 10.28

2.29

Wy ) 50 Fahaw )0 o pxe gl poe A

ns, * and **: non-significant and significant at 5 and 1% probability levels, respectively.
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Figure 1. Mean comparison of cultivar and foliar application interaction on leaf relative water content
Means with similar letter(s) are not significantly different using Duncan’s multiple range test.
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Table 3. Mean comparison of salinity and foliar application interaction on some measured physiological parameters

Treatment Leaf relative water Stomatal conductance Net photosynthesis Chlorophyll a
content (%) (mmol m?s?) (umol CO, m?s™) (malg fw)
NaCloxFy 82.13a 75.66 a 9.43ab 5.18a
NaCloxF, 82.15a 76.43 a 9.56 ab 5.02a
NaCloxF3 81.63a 76.53 a 9.59 ab 5.04a
NaCloxF4 80.89 a 76.40 a 9.24b 5.36 a
NaCloxFs 82.27a 76.52 a 9.60 ab 520a
NaCloxFg 82.18a 76.53 a 9.57 ab 514a
NaCloxF; 82.29a 76.40 a 9.43 ab 5.06 a
NaCloxFg 81.82a 76.92 a 9.68 ab 5.18a
NaCloxFg 82.77a 76.97 a 9.80a 520a
NaClsoxFy 68.02 cde 44.29 f 5.33e 4.20 de
NaClsoxF, 69.63 bed 46.37 ef 5.73d 4.19 de
NaClsoxF3 69.82 bed 47.39 de 5.89d 4.37 b-e
NaClsoxFy 70.45 bed 45.94 ef 5.77d 4.33 cde
NaClsoxFs 71.10 be 48.90 de 6.08d 4.37 b-e
NaClsoxFg 71.57 be 49.61 cd 6.14d 4.33 cde
NaClsoxF; 70.16 bed 47.75 de 5.96d 4.49 bed
NaClsoxFg 72.52b 52.15 bc 6.64c 4.62 bc
NaClsoxFg 72.73b 52.74 b 6.63 ¢ 470 b
NaClygoxFy 60.20 h 9.26i 3.49h 351¢g
NaClygoxF, 61.88 gh 11.24 hi 4.06g 3589
NaClygoxFs 63.37 fgh 11.24 hi 4.26 fg 3.78 fg
NaClygoxFs 62.30 fgh 10.79 hi 4079 3.78 fg
NaClygoxFs 65.70 ef 12.25 hi 4.40fg 3.85fg
NaClypoxFg 66.97 de 13.60 hi 451f 4.08 ef
NaClygoxF7 65.28 efg 12.31 hi 4.30fg 4.08 ef
NaClygoxFsg 68.48 cde 17.70g 5.15e 4.26 de
NaClygoxFg 69.88 bcd 18.21¢g 5.05e 4.24 de
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The means in each column followed by similar letter(s) are not significantly different using Duncan’s multiple range test.

565 89y S Az 15l S Ol (o Slyime
5 Sooled Bi (S5 50 Sl ate S plsiedy
o)la 6“’“""“"50:?‘.?-’3 ] sl slalas ‘5§.>)Li:
G yls o (Cakmak & Marschner, 1988)
ol g sl slas bS5 2als (g9, 35S
Ly @ Ol p Sl (Ko 5 slie (603985

(Cakmak, 2000) 5,135 3G olS 5l T 75,5

2 Ol e lgme L Ul

pely 23z Gliee (yed Sl Gl ooyl
Loy, il a9 5k o] 1,0 5058 lagy 2alS
ol 5 Lis alply wsdse Pl s 5
DRl g S 8l @ by (SB le
S ol s lgime Sl alox 5l 5,98 b
Qlgs oo oalol LY (Marschner, 1995) sois o
Lax o ) penly O 05 S5 &



A-Y B 89y Sl 5 el DL (b Jslre 30 1l Ken 5 (65050

adizg, (5 G (S 9 laizg; Colaa palS L
(Levitt, 1980) wiiS oo 5,5 sl> 3ye5 by ploxl
Lyl 0 ol (1998) Khan et al. i 155 ol
g pladl 053 ol Caxdy bix slited (5)50
el SOlST 1 S e sl Ceaglite a5
5 loasl Gelol o (el BaSeas plsiea,
clale b8l el ouls aBlil ladyg, 4o ohgd
ool Qi el ag, glbash o pely
el JLed 2l by ond (yselm claansl
5 baje, ol 4wy, glansl (Lwile))s)
dgdi o prie ydoy Cobuygi 5 5 slaals ploxl
51 S (1995) Sharma et al. (Marschner, 1995)
ol ol 0 1y gy, e mie Gl
L lp 1) s, B 5 00,8 IS sla,
iy, bblre glaasl o pewly YL cbile
lplal § el doasl )0 (55, 3925 Wols uses
e cn hanel Sy il cdled il el
S cal gy sl slempl 5l el Sas
5 oS deSles Jl o Slul o pege S
sblae 5 Gzl g9 5 05y0 slolad o laggisn

(Tavallali et al., 2009) s,1s (S5 5u) 00

G

o33 e Sl (V Jgu) (il )ly &35 gl
5 08y Jlite I il slne «sy9b o, b
Flae S hbdslme 5 o8, blie Sl 5,50
5 (o) ) Jliol mhw (0) L5k el=e 5 5 98
P sl 5 s o8y A Jlae i
@l e cwl G0 Gl 2 (o) O e
S5 o3y Jlite Sl 4 Lo slonSilee dunlis
o8 &l o 08y S el il )0 (AL Jgloe g
900 6y9d ok jo Lol ole (gytin 305 Glie
&lo o 5l ydan by 08, 3,05 Olime GYae Lo Ve e
lo b Jslne 3l (o) 3 Cizmod 3g a8
chle Gl Loo8, g0 e 0wl asde
2 ohst 5 Ol oslatal 3y (sl slne
28l Gl Ysedeo Voo g B0 (5,58 gok
(Y Jgoz)

a5l pslSoinl ;Kils el & slo ity
Sl 25 5151 (G0 (GBlg b plp 5o lagl Jeos
89y pais Lud Klgi oo opl 9 (Khan et al., 1998)
SaShl  gleaslln cdled s o
o255 6 L aslsy 58 oS (SaSImD
Las a0 g glasl gblie p oallST o
S 5l S ol blae b 55,5 5 codle
29 el Gdo G 3l e (65, 500
Slyme Lis cely daasyy, Colled J,uS axs

{(Ronaghi et al., 1998) s5i o 5 5 Ol (oo

Sla3g) colas
w8y 558 (V Jsaz) milly &3 @l &L »
Pl 9 Sogd 9 08 Jliie Sl cib Joloee o559
lasgy el n (SBhsbre 9 s)ed Jlite
Sl 039 (o) N Jleisl mhaw j0) s Jxe
S5 5 8y e 1 & bgryo sloeSilbn s
ah Lialidl b as ST as aas e olid (V US5)
Rl 08 95 0 layy, Culae Gl 55
Tolhw den 0 Al o8, Ll el a8l gyl gse
i SplS ol 65V sldig, Colan (60
G oyl Jliml 508 &ls o 03,y slaije, colus
A5 s ez 5l (coms lagy Siden ges S
L&:uj).g 00 o (_nguy é"-’” ..\.M.vla l.%gj).: o
Spise ol Bkl glad 5 Sy o (35 laols
dwlio mbs &L, (Shanon & Grieve, 1999)
5 Gops bl Floa Loy sbSle
Dolds S g Lalpd )0 o1 Jgu) (5L Jglone
3 il sbe Al ol o s foisiee
6 los 1o Lol .ol sezg slaiys, Culan il
iee 45,54 slaJolre clale glidl L i
okl el s cdl G lay, cole
9y Sllgw g penly DGk (55 lajles
O 4 olS gl e 5l (Ko o i
oeals bl ol glasse, colae ralS (5,90
HlS (50 b Sas S ,0) S ol Jewils



VWAD (liee oF 85l (FY 850 o))l SLEL pole A-¥

9o Swggy Al o) o slaysh JSas
Lulyl 0 G5 (lpe a0 g 0ad Cugh, laa>
Romero-Aranda et al., ) oS oo log ili8l (6)e
oMy 5 S 2 45 B 5 ey (2006
S Ble Gl g 3,5 melas 4 Wlgs oo 3l s,

(Marschner, 1995) 45" oS ylals o o

90 -

80 -

70

60 ~

50 A

40 -

30

20 +

Stomatal conductance (mmol m2 s

Rasheh

by e85l cod Sl s G els

Sl oad )58 55 (2010) Sivritepe et al.
Lul s o o5 G2alS o1 Jlis & g loaijg, ey
SErae ol osxadro 10 (555 g5l (59 B
Levitt, ) <ol JLib; slaps @iz 9,5 sgue

5 @5 bl 5l o meadew id (1980

B0 mM
Q50 mM

8100 mM

Bidaneh ghermez

Cultivar

Sla59; Salas (e 2 558 9 08, Bl il (Sl duglie Y S0
A 5SSl Osﬁ}] Sloolainl by lo gme S oy (luar slald > sl slo . Kils
Figure 2. Mean comparison of cultivar and salinity interaction on stomatal conductance
Means with similar letter(s) are not significantly different using Duncan’s multiple range test.
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Figure 3. Mean comparison of cultivar and salinity interaction on net photosynthesis
Means with similar letter(s) are not significantly different using Duncan’s multiple range test.
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Means with similar letter(s) are not significantly different using Duncan’s multiple range test.
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Table 4. Mean comparison of cultivar, salinity and foliar application interactions on transpiration rate and chlorophyll

Transpiration rate

chlorophyll b Total chlorophyll

Treatment (mmol H,0 m?s™) (mglg fw) (mglg fw)
Rasheh xNaClyxF1 7.55 a-d 2.61 b-k 8.07 abc
Rasheh xNaClpxF, 7.37 bed 2.73a-h 7.85b-g
Rasheh xNaCloxF3 7.42 a-d 2.82ag 8.05 a-d
Rasheh xNaCloxF4 7.35cd 1.97 m-p 7.78 c-h
Rasheh xNaClyxFs 7.33cd 2.68 b-i 8.19a
Rasheh xNaCloxFs 7.33cd 291 a-e 8.16 ab
Rasheh xNaCloxF; 7.29d 2.63 b-k 7.87 b-f
Rasheh xNaClyxFg 751a-d 2.75a-h 8.09 abc
Rasheh xNaCloxFg 7.48 a-d 2.77 a-h 820a
Rasheh xNaClsoxF; 5.34 ghi 2.60 b-k 7.35j
Rasheh xNaClsoxF, 5.54 fg 249 e-l 7.451j
Rasheh xNaClsoxF3 5.64 f 2.34 h-m 7.48 hij
Rasheh xNaClsoxF4 5.45 fgh 2.58 c-k 7529+
Rasheh xNaClsoxFs 5.59 f 2.81a-g 7.61e-
Rasheh xNaClsoxFg 6.03 e 2.66 b-j 7.64 e-j
Rasheh xNaClsoxF; 573 f 2.63 b-k 7.60 f-j
Rasheh xNaClsoxFg 6.15¢e 2.52d-k 7.73d-i
Rasheh xNaClsoxFg 6.12e 2.34h-m 7.64 e-j
Rasheh xNaClygoxFy 4.17 op 1.76 opq 5.64p
Rasheh xNaClgoxF, 4.48 mn 1.95m-p 5.88 nop
Rasheh xNaClygoxF3 4.73Im 1.88 nop 6.16 mn
Rasheh xNaClygoxF4 4481 1.72 opq 6.03 no
Rasheh xNaClygoxFs 4.76 Im 1.73 opq 6.12 mno
Rasheh xNaClygoxFg 4831 1.69 o-r 6.31 kim
Rasheh xNaClygoxF7 4.68 Im 1.43 g-t 6.19 Imn
Rasheh xNaClygoxFg 5.19 hij 1.72 opq 6.53 k
Rasheh xNaCljgoxFg 5.13 ijk 1.67 o-r 6.49 ki
Bidaneh xNaCloxF; 7.14 ad 293 a-e 7.85 b-g
Bidaneh xNaCloxF, 7.36 bed 3.00 abc 794 a-e
Bidaneh xNaCloxF; 7.53 a-d 317a 8.04 a-d
Bidaneh xNaCloxF4 7.40 a-d 292 a-e 7.83 b-h
Bidaneh xNaCloxFs 7.68 ab 2.96 a-d 7.86 b-f
Bidaneh xNaClyxFs 7.55 a-d 2.78 a-h 7.81c-g
Bidaneh xNaCloxF; 7.48 a-d 3.04ab 7.93 a-e
Bidaneh xNaCloxFg 7.65 abc 2.87 a-f 7.90 a-f
Bidaneh xNaClyxFg 7.71a 2.84 a-f 7.82c-g
Bidaneh xNaClsoxF; 360r 2.06 I-0 571p
Bidaneh xNaClsoxF, 3.75rst 2.65 b-j 6.08 mno
Bidaneh xNaClsoxF3 3.79¢g-t 2.21j-n 5.82 op
Bidaneh xNaClsoxF4 3.64 st 2.20k-n 5.91 nop
Bidaneh xNaClsoxFs 4.14 0p 2.379-m 6.17 mn
Bidaneh xNaClsoxFs 4.26 no 2.42 -1 6.11 mno
Bidaneh xNaClsoxF; 4.08 opq 1.88 nop 5.91 nop
Bidaneh xNaClspxFg 4.93 jkl 2.33 h-m 6.37 kim
Bidaneh xNaClsoxFgy 4.85 Kkl 2.27i-n 6.37 kim
Bidaneh xNaCl;ooxF; 2.01z 1.07t 422t
Bidaneh xNaClgxF, 2.55 xy 1.18 st 441 st
Bidaneh xNaClgoxF3 2.72 wx 1.32g-t 4.60rs
Bidaneh xNaClygoxF4 2.28yz 1.26 rst 4.52rs
Bidaneh xNaCligoxFs 2.93 vw 1.41 g-t 472r
Bidaneh xNaCligoxFg 3.30u 1.33 g-t 481r
Bidaneh xNaClygoxF7 3.09 uv 1.25 rst 4.67 rs
Bidaneh xNaCligoxFg 3.92 p-s 1.59 p-s 5.29q
Bidaneh xNaCligoxFg 3.97 o-r 1.59 p-s 5.27q

i 5SS 05l 5l eolanl b Slo e M a0y ciygim o 50 Glusn slacd > slils sla i Sile

The means in each column followed by similar letter(s) are not significantly different using Duncan’s multiple range test.
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