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Effect of salt stress on growth characteristics and leaf chlorine and sodium content
of rooted cuttings of some pomegranate cultivars in Esfahan region
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ABSTRACT

In this study, the effect of different concentrations of sodium chloride (0, 3, 6, 9 and 12 ds/m) on growth characteristics and
leaves sodium and chlorine content of eight pomegranate cultivars (Malas Saveh, Malas Esfahan, Rabab Qermez Shiraz,
Gabry Yazd, Gabry Torosh Yazd, Zaq Sefid Yazd, Zaq Torsh Yazd and Malas Toq Peshva) was investigated. The
experiment was carried out as a factorial based on randomized block designs with three replications. At the end of study,
growth characteristics and leaves sodium and chlorine content were determined. With increasing salinity, plant height and
diameter, branches number and leaf chlorophyll index were decreased, but the leave necrosis and chlorine and sodium
concentration were increased. Shoots fresh and dry weight were increased slightly when salinity increased up to 3 dS/m and
thereafter decreased.. The lowest leaf abscission was found in Zaqge Sefid Yazd and Gabry Yazd when treated with 6 and 12
dS/m. At 12 dS/m, the lowest leaf necrosis was found in Malas Esfahan, but at 6 dS/m, Zaq Sefid Yazd and Malas Esfahan
showed the lowest decreasing percent respectively. At 9 and 12 dS/m Malas Saveh and Rabab Qermaz Shiraz showed the
hi%hest leave necrosis as compared to the control. In salinity of 6 and 12 dS/m, the Gabry Torosh Yazd and Malas Esfahan
cultivars showed the lowest decreasing in chlorophyll leaf index respectively. The lowest chlorine and sodium accumulation
at 12 dS/m was observed in Malas Toq Pishva and Zaq Sefid Yazd cultivars.

Keywords: Chlorine, ion toxicity, leave necrosis, sodium.

* Corresponding author E-mail: Ghasemnezhad@guilan.ac.ir



e S S g e Jlade (sud; S Sy 2 6y A5 AT es 5 g YYY

S e 0 Sl Jhe eolatul Cys
Ahmad et al., 2010; Ashraf & Harris, ) a.il co
.(2005; Kafi & Khan, 2008
A 45wl g e st Jalse 5l S x5t
ans o )3 5l cow cas 4 1) LS pedslie
bl jo ohg a4 JSew ol goed (Munns, 2002)
By 5355155 sl leb Gl b pler Ko
2l d)L.:-.‘T S oged 0 bl Cy pe g (ool
(Allakhverdiev et al, ) cuil (iolidl 4 o Gcl 3
3955 el od ol o LS cons 2000
5 LISl )0 4 IS 5 maw sl wile (>
P owlol Glaanlp g 0sd e pLS slo sl
(Leshmetal., ans - 1,3 IO RO Y ICTONCT Y
slanlp ol e celb gyen w5 2010)
Spdise (shgy M)y 5 0,Slee Al ((So5ele 8
Ay els (2002) Munns (Sudhir & Murty, 2004)
oL:f 6[@&‘5 4.L<,.> )‘ ‘) oL,f o)"..\S‘ 5o wmlf 9 olﬁf
Ll o 0ge plpe (S5 6y9d SAS @
e S g Ay Gm Gemel JOlS pas (6 )9d 1S
Khan, ) 553 50 obS Sy mhaw o (oS o
32l basS o (e IS A Jesw (2001
Sloose slacglay o ai,o (58 5138 loy Do Ll
4o (Nie et al., 2011; Koyro et al., 2013) 5 ls> 34>
O35 Wby lme Gyeh i Gl L s G5)1F
Sy S mrow ezt Gliee Lol g 8l halS 4l o8,
oo)lS widze (Doulati Baneh, 2016) cdl !5l
S 5 Jsb nlS el il 5,50 5 S S
Galis j5n carge Dl G 4 maw Jldl
ooy gl (Zarei et al, 2016) wo S Coow
onels cel gyen s aS ob ol 6,500
OlS e o al o Grtwgd g o, sla,gSl
Khoshbakht ef al., ) 35,5 (S 4w 3,0 5 2,5)
SUl e wis )57 5,155 (2010) ELAgamy et al. (2015
M5 e 6,58 (25 b azlge jo | Jellane o,
IV IR (@] P [ 4] SV LIt o3,
aS &is S 5,158 (2010) Okhovatian-Ardakani ef al.

A0

IRVELRTRC I RPR 5 JCRPY U IWPRE VEP-SPW PR JO IR
3OS Gaeles PIN ggozme o el Jlily (55,0l08
@ M S Gl eiS g sl L2l
IV squx lade ol 5l aiiie (6,58 alitne Ol o
@ a5 s ool 5l ates o1 g5 S euls
sle Cosgazme Ll 5,98 2 odle LS (jsele
iy 2l Gl ® cgaiby (S (s pdydeis
o) LSe ek FIN goexe 3l Laiiis 3
JUS,l50 B v dgas Ladd (6,58 4 Mie (53,5L85
b3gaste ;0 Fus) ) ol ol clile (as,s AIY)
31 Sy eisu .(Moneni, 2010) s ady, o,
Malakouti & ) cowl (5,98 4 Mo alize Sl 0

.(Homaee, 2004
Ol cdimslis S (EC) S asdl colas
Oldsl sl jo a8 b oo S o Jelowe C)Lo‘
S Wl a2 I8 gl el 5l (S
e sl sl vl colus do 0 Ve B YO
3l e, VYO 350> yizmes (Anonymous, 2013)
oI Glsiear pledel bl (ejn; slac]
oolaiwl l,e (oIS laicds 0o, 00F/YO 5 cuwliols
Jafari & Bakhshandehmehr, ) 595 o0 (ganai b
5565 )lig Sl 5 O (IS (s5ya0l 0 528 2014
sl o aVle alss sy a5 o i)l58
Grodond sol> oo VIV bl 5l siwjp)
Geos Glaol> 5 2o )0 Vo /A b doii cas )0V A/YY
.(Ministry of Energy, 2015) el 054 0o ,0 OY/Y
Ol 3l e Gal¥l el iy slo O gl
oddy Gop 5 Sed e 5 el Vb axmys g
.(Mahmoodi <l ooy S mhaws j0 4355l (5,95
2 o)l a5 ablse o (plply ef al, 2015)
3925 )y Ygame oy slp Hed ol L )L
Ll el ozl Je S Hal jed o)l
6o dooly ghsd 4 ek slaasss S



YyY V)l ) 8,les O 850 o)l SLEL pole

by 9y 93g0

oKl ;o YYAF-IYAP la o b iegh o)
Ohisel 5 Dlidod S0 j0 aly 0 SKiws Slaniow
pleil b glad yo (ool (camb @l 5 55508
Cld LSy g (i) o9z sbbaald o8 S
PRl ool Gube gl ule ol Ul o3,
Opdhe Ely ORAFERS wresS ot
obo rotr Pl )0 Toiey sk be 9 8 E
Al gansIS oay aislis (g 0k slaayly 51 VYAY
Nl leada; g a4 B9 oSl Glacds s
bls 5 olol @wiss bld 5l ol jlis)o
3 baeld anils (18 SLSy Camdg jo (g40dS
Y-V Job as allugs slaasls 5l lais a0 slaayly
NERWIPITS VO WL b ) IR SOVRN Y I O] e
Ol gl o wus cus S s o
5 T ClS e jleadle aly ) sleaeld VY0
olo YO sl ) o Vo (Sadl slaglals o
AN ClS (e Bl Ve alas Ghd g e
Lo plals 5 ol aisn, ool aSmj pglate 4 GlalS
angB}:JUT@LUwL,;IﬁASw) oy S
D p isg odd el sl 855 5 (Slse>
SE b bt 5 (Supd Slosas
TS (VJga2) ool ol mizmen 5 (1 Jga2)

A (5 So3lail syl plaxl

5603 ombo pB1 05 polio lglpms " Sibgg o, Ul
S35 & poles 25 03 5 polie Bl 932 5 9 o5
5 2l LU Al )3 a5 8,8 A8 (pdizes aBl o0
poeelS IS poly i @y g bl S and
95 A i slaclale aS (g 5bay )5 )15 (Sis
oI 90 sl GRIBIL ALl 5 4ty )5 eely
S8 il CS an s o8, a8 ol lad bl axdl
OS5 d9ie slp @8 b el 5 0> )
Joie o)l 4S5 gl b,y b, o I JlEl 5 win
;o (Karimi & Hasanpour, 2014) cewl gl S5
oy U 50 6y & ab edls plas (6508 B)F
Di9r PEe e el cage | gllane
238 oSy g ade; Shdeg S g Jdg)lS eniliy
Gl sl 6550 slole ohe des (e
Spf5 chle Gl lel g maseie g el e
.(Mastrogiannidou et al., 2016) o.%

ol sy alez 5l U aSipl @ azg b
slal 5 o8, SLUl 09l 0 Cpaie (558 4
sebiie 4 ceslie 5 e (D5, (590 A Jexie
I8 53 Logase 588 5| 56 p)lse LralS
Sleoghie (ndy 09y 00 ek 4SS e 5 S2S
sl od, pllid 5 anmlie Gagh (nl Sl
3l oo 5590 4 Joorie

Oledol adlaie 10 Ul o8, Cutr ool o ddy, slaaald g1y iolesl 0,50 S lord 5 (b Sleogas ) Jsox
Table 1. The physical and chemical properties of studied soil for rooted cuttings of eight pomegranate cultivars in
Esfehan region.

Property Value Unit Property Value Unit
pH 7.75 - K 709 mg/Kg
FC 30 % Zn 0.64 mg/Kg

PWP 7.25 % Mg 10.23 mg/Kg
ocC 10.14 % Fe 5.01 mg/Kg
N 0.096 % Cu 1.23 mg/Kg
Silt 35 % Na 453 Meq/L

Clay 35 % Cl 7.19 Megq/L

Sandy 30 % salinity 3.24 ds/m

Tissue Clay Loam -
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Table 2. The chemical properties of irrigation water for salinity treatment for rooted cuttings of eight pomegranate
cultivars in Esfehan region.

K (mg /L) Mg (mg /L) Ca (mg/L) Cl (mg /L) Na (mg/L) pH EC (ds/m)
5.09 66 1.98 1320 770 7.45 3
12.49 162 4.86 3240 1890 7.84 6
19.66 255 7.65 5100 2975 7.90 9

25.45 330 9.9 6600 3850 8.20 12
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Table 3. Some chemical properties of lake salt were used in salt stress treatment for rooted cuttings of eight
pomegranate cultivars in Esfehan region.

Co Cd Cr Ni pb Fe Na Mg Ca K P
(mg/Kg) (%)
3 2 0 8 15 0 35 3 0.09 0.23 0
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Table 4. Water properties was used for salt stress treatment for rooted cuttings of eight pomegranate cultivars in
Esfehan region.

Total cations Na Mg Ca Total anions Sulfate  Chloride = Bicarbonate H EC
(megq/L) (meq/L) (meq/L) (meg/L) (meg/L) (meq/L)  (meg/L) (megq/L) P (ds/m)
6.8 2.8 1.2 2.8 6.8 0.6 3 3.2 6.9 0.38
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Table 5. Results of variance analysis effect of salinity and cultivar on some vegetative traits of pomegranate rooted
cuttings in Esfahan region.

Mean of squares

gf(‘)gzcriea tion df Plant Plant Leaf Shoots fresh Shoots Branches Chlorophyll Leave

height diameter  abscission weight dry weight  number index necrosis
Block 2 165.85™ 0.35™ 113.63™ 23020.24" 7664.87" 1.07™ 3.39™ 0.13™
Salinity 4 669952 69.13"  15113.8"™  186579.28"  49298.13"  1.42"7 21.47 6.77"
Cultivar 7 165597 11557 267.75 19797.82" 4703.84" 0.95" 66.85" 1.02"
Salinity x cultivar 28 634417 6.66" 339.41" 3461.07™ 7664.87" 0.27™ 27.15" 0.23"
Erorr 78

CV% 28.4 25.7 29 24.5 25.8 35 53 16.5

SIS s Dol 89 g oy Vg O Jlinl mha jo Sl s Sglis oS 5 4 ms g
*, ** ns: Significantly difference at 5 and 1% probability level and non-significantly difference, respectively.
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Table 6. Mean comparison intraction effect of salinity and cultivar on some vegetative traits of pomegranate rooted
cuttings in Esfahan region.

Cultivars Salinity Leave Chlorophyll index Branches Leaf Plant diameter Plant height

(ds/m)  necrosis (SPAD) number abscission (mm) (cm)

0 1.608" 54.87"" 2.76% 26.66" 5.25°% 51.67°"

3 2.20%E 5433 2.67°% 24.00M 6.48°¢ 56.33%

Zaqe-Sefid-Yazd 6 2.50™ 53.13>" 167 29.66" 6.90™ 56.67"
9 2.20%¢ 47.204™ 1.67°% 74.66™° 5.55% 61.33%"

12 2.70™ 50.47" 3.00% > 71.66 2.14™ 18.00°

0 1.00" 53.77°¢ 2.00%¢ 16.66' 6.74>¢ 74.00°*
3 1.60" 53.00 2.00%¢ 22.33" 3.35% 105.00%°

Malas-Toq-Pishva 6 1.608 53.60 3.00%4 25.00" 6.15%" 71.00
9 243+ 54.50"" 1.67°® 70.66™ 3.13%° 50.33°"

12 230" 54.50"" 1.00¢ 74.00"° 3117 42.008"

0 2.20%¢ 52.20% 4.00" 19.66" 5.68°" 69.33°"

3 2.20%¢ 50.27" 4.00° 37.33%" 5.13" 54.00""

Malas-Esfahan 6 2.70°* 54.63"" 2.33% 22.67" 5.99°" 59.67%
9 2.90® 4737 2.67°% 65.66°" 2.94™7 36.67™°

12 2.50* 49.408™ 2.00%¢ 87.00™ 1.007 32.33k°

0 1.40M 51.60°F 2.00%¢ 22.66™ 6.74>¢ 62.33%"

3 1.40M 55.70%° 2.00%¢ 22.00" 6.56°¢ 60.67*

Zaq-Torsh-Yazd 6 1.83% 56.60™ 3.00%¢ 44.33% 3.32%° 71.33¢f
9 2.80™¢ 57.30™ 2.00%¢ 82.00°° 221™ 33.33°

12 2.20%¢ 57.70° 1.67°% 64.00°F 3.54™ 23.67"

0 1.00° 48.43™™ 3.00%7 29.00™ 7.30™° 70.67°"

3 2.20%¢ 52.07% 2,67 39.00%" 6.64°¢ 91.00"*

Gabry-Yazd 6 243" 49.538™ 3.67% 28.00" 6.65°¢ 71.00

9 243" 46.37™ 3.67% 58.33°% .42 59.00%*

12 2.70™ 49.675™ 3.00* 63.33% 4.635™ 24.76™

0 1.00' 56.07°° 4.67* 22.66" 8.13™1 80.67™1

3 2.10°%® 50.80" 4.00" 30.00" 8.95° 66.67°¢

Malas-Saveh 6 2.70* 49.275™ 4,67 38,662 3.56" 111.33°

9 2.90™° 53.40"¢ 2.67%% 83.66™ 4,05 61.67*"

12 3.00° 48.57"™ 1.67°% 100.00* 2.35™ 29.67"°

0 1.608" 48 57"™ 4.00™ 22.00™ 4.87™ 57.67°%

3 243" 54.60"" 2.67°% 26.66" 581" 44.33%

Rabab-Qarmz-Shiraz 6 2.70* 45.53™ 3.00™ 68.00 5.18% 24.67™°
9 2.83% 5220+ 2.33% 58.66°" 3.55™" 46.00""

12 2.80*¢ 51.83¢ 3.00%¢ 69.33"¢ 0.75¢ 34.00"°

0 1.00° 51.83°% 3.67% 24.33" .82 63.00™"

3 1.60%" 50.27" 3.00™ 30.33" 6.43°¢ 53.00°"

Gabry-Torosh-Yazd 6 223 63.54° 1.33"% 35.00" 2.99™P 92.33%
9 243 43.03" 2.00%¢ 75.66>¢ 5.53¢ 70.33°

12 2.63*° 52.77¢ 1.33%¢ 89.33% 1.38°™ 32.00%°

Al ge oy O Jloso! s 5ol g Dglis g5 caiaslis g B 50 S pie gy
Means within a column followed by the same letter are not significantly difference at p<0.05.
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Table 7. Mean comparison effect of salinity on some vegetative traits of pomegranate rooted cuttings of in Esfahan

region.
Salinity (ds/m) Branches number Shoot dry weight (g) Shoots fresh weight (g)
0 1.75% 175.80° 333.45%
3 2.0° 198.59° 388.8°
6 2.04% 140.24° 290.62°
9 1.91% 113.03% 223.75¢
12 1.58° 86.93° 165.32¢

Al so wo 0 0 Jliol e jo jlo s Sglas 9gu cdimolis gt o 40 S e By >
Means within a column followed by the same letter are not significantly difference at p<0.05.
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Table 8. Mean comparison intraction effect of salinity and cultivar on shoot dry and fresh weight of pomegranate
rooted cuttings in Esfahan region.

Cultivars Branches number Shoots ((13 weight Shoots fiegs)h weight
Zaqe-Sefid-Yazd 1.66° 142.87% 281.18™
Malas-Toq-Pishva 1.53° 132.01% 253.51°
Malas-Esfahan 2.00° 122.44° 248.08°
Zaq-Torsh-Yazd 1.73 121.45° 241.93°
Gabry-Yazd 1.80° 172.77° 354.53"
Malas-Saveh 2.20° 146.04 286.46™
Rabab-Qarmez-Shiraz 2.20° 142.95% 275.87°
Gabry-Torosh-Yazd 2.06° 159.83% 30133

Wil 20,0 0 ol mhaw (o ls s Sglis 39 cdimolid gt o 10 S i By >
Means within a column followed by the same letter are not significantly difference at p<0.05.
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Table 9. Results of variance analysis effect of salinity and

cultivar on leaf sodium and chlorine content of pomegranate
rooted cuttings in Esfahan region.

Mean of squares

Source of variation df Cl Na
Block 2 289.197 1647.40™
Salinity 1 3974927  869023.46"
Cultivar 7 605.8" 11565.45™
Salinity x Cultivars 7 552.55™ 11392.01"
Eerorr 30 60.53 603.956
CV% 16.8 17.6
395 9 9oy 1 50 Jlaisl mhans )8 o gime Dgls S5 4y ms g e

IS e iglas
*, ** ns: Significantly difference at 5 and 1% of probability level
and non-significantly difference, respectively.
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Table 10. Mean comparison interaction effect of salinity

and cultivar on leaf sodium and chlorine content of
pomegranate rooted cuttings in Esfahan region.

Cultivars Salinity ha o
(ds/m) (mg\keg) (mg\kgf)
Zaqe-Sefid-Yazd 102 lgiggc 51 98 :1»3122‘jf
Malas-Toq-Pishva 102 12172;1 4112(7);:
. f
Malas-Esfahan 102 2353 ; 6° 61 87 f()lCd
Zag-Torsh-Yazd 102 23;;; 71 57 9210 br“
Gabry-Yazd 102 3;39(1965h 7187:4?hfc
Malas-Saveh 102 4? 8922)3 11162-245:
. r
Rabab-Qarmez-Shiraz 12 22&)?23“ 71 16 f98°d
0 7.24¢ 21.67°

Gabry-Torosh-Yazd 12 337.95 78.01°

b 5o o pme Dglis 995 caimslid e o 0 S i By >
Al oo doyo O Jlaxs!

Means within a column followed by the same letter are not significantly
difference at p<0.05.
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