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Table 1. Some physical and chemical characteristics of the soil used in studied

Soil characteristics Unit Content

pH 7.54

EC dsS m? 1.4

Clay 6

Silt % 8

Sand 96

Soil texture Sandy

Field capacity %W 21

Calcium carbonate equivalent % 15.83

Olsen phosphorus mg kgt 12.23

1 M NHsOAc-extractable K 171

DTPA-extractable of Cu 0.86

DTPA-extractable of Zn . 0.18

g g*soil

DTPA-extractable of Fe 1.12

DTPA-extractable of Mn 1.22
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Table 2. Mean comparison of the interaction of salicylic acid and different calcium concentrations on leaf ion
leakage percentage of pistachio seedlings of Kaleguchi cultivar in cold stress condition

Cold stress (° C)

Salicylic Acid (mM) Calcium (g I'%)

0 -2 -4
0 49.1 ¢ 52.3 def 75.0°
0 3 49.5 0 52.4 df 59.3 be
6 42.9 Mk 52.5 % 64.2°
0 47.2 M 49.4 9 59.3 b
0.75 3 36.6'™m 55.2 ¢ 61.1°
6 345™ 46.2 89.2 b°
0 42.5 hik 46.0 52.7 %
15 3 39.8 41,7 44.8 9
6 309" 37.5Km 39.9 M
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Averages with same letters in each row or column are not significantly different at level of 5% according to Duncan test.
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Figure 1. The effect of temperature on chlorophyll fluorescence index of pistachio seedlings of Kaleghuchi
cultivar
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Figure 2. Interaction of salicylic acid and calcium on chlorophyll fluorescence index of pistachio seedlings of
Kaleghuchi cultivar

L aS GlaigSa a0 5 vald 4y cod Jugs LIS
@ ol 2 52 50 eedS 0 )S5LS F 5 Y S pae
axlge cao,d TA o AV Lolidl b cud ja piagsd
e el jo Lmlidl o i ey ol Lo
1,0) Sdawcdle sl bl Grae b jiawgsd
ol &5 s )8 Jol> (Ol 30 1) pendS 5 (Vgo s
AY YL ol cwo a0 -F -V Gae gloo o o3l

g doyo YOI 4

(5»1)15 ‘_}A>Lw L .]oy).ao Lgl.@o.)‘.) u‘“L’)‘ﬁ 4.»)7u @L.:
denl slajles 30 a5 ols plas 3 (PI) sriwgsd
LQQT iSe® 1 (yizeed g Lod g S (Sl Il
i) sy sanlie bonSils aslie Jyis o
Brae peedS 5 Selacdlo sl a5 )l sy (Y
Locdl jmols miwgd L Lo pald b wys S
G s 2l e pedS (LBl (Jl>

by (s bl 0 day Sy iewgid () Sl 2 S 9 Sl dml (S0 5 (i Riloo dunng Lo - Y Jgu
Table 3. Mean comparison of the interaction of salicylic acid and calcium on the efficiency index of pistachio
leaf photosynthesis in cold stress conditions

Cold stress (° C)

Salicylic acid (mM) Calcium (g I'Y)

0 -2 -4

0 5.3 defo 3.4 M 1.7k
0 3 4.2 M 4.3 311

6 4.7 #fon 4.0 M 2.5k

0 5.9 cdef 4.7 fn 3.8
0.75 3 6.6 @ 7.4%® 3.09N

6 7.0 3¢ 5.9 cdef 4.0 o

0 6.6 acdb 4.0 M 4.6 '
15 3 7.0 3¢ 6.3 bed 6.0 cde

6 72 ¢ 5.9 cdef 5.3 defo
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Averages with same letters in each row or column are not significantly different at level of 5% according to Duncan test.
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Table 4. Mean comparison of interaction of salicylic acid and different concentrations of calcium on total
chlorophyll content (mg g* fw) of pistachio leaf in cold stress conditions

Salicylic acid (mM) Calcium (g I'Y)

Cold stress (° C)

0 -2 -4
0 16" 1.6° 1.219
0 3 1.8% 1.7m 15°
6 197 19N 1.8 M
0 1.8 16" 15°
0.75 3 19 1.8 17m™
6 2.2° 2.1° 20 F
0 199 199 1.7
1.5 3 2241 2.1° 20°
6 25° 2.3° 2.2%
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Averages with same letters in each row or column are not significantly different at level of 5% according to Duncan test.
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Table 5. Mean comparison of the interactions of salicylic acid and different concentrations of
calcium on the carotenoid content (mg g* fw) of pistachio leaf in cold stress conditions

Cold stress (° C)

Salicylic acid (mM) Calcium (g I'%)

0 -2 -4
0 041 0.4} 0.2!
0 3 041 041 0.3
6 0.6 05 041
0 0.6 ¢ 0.5¢ 0.4 M
0.75 3 0.6° 0.5 o 0.5%
6 0.6 0.6 ¢ 0.5°¢
0 0.6° 0.5% 05¢
15 3 0.6° 0.6 0.5
6 0.6° 0.6 0.6 P«
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Table 6. Mean comparison of the interaction of salicylic acid and different concentrations of calcium on
proline content (ug g fw) of pistachio leaf in cold stress conditions

Cold stress (°C)

Salicylic acid (mM) Calcium (g I'Y)

0 -2 -4
0 24° 3.0 3.2
0 3 3.2 341 4.0 hm
6 3.7k 4.10m 5.5
0 3.4 mno 4.3k 4.1
0.75 3 3.8 4.2 9% 4.79h
6 4.3 4.9%¢ 5.8 b
0 3.7 4.4°%) 5.0 df
1.5 3 4.5dh 4,999 5.2
6 5.1¢% 6.5° 8.5%
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Averages with same letters in each row or column are not significantly different at level of 5% according to Duncan test.
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Table 7. Mean comparison of the interaction of salicylic acid and different concentrations of calcium on total
phenol content (ug g fw) of pistachio leaf in cold stress conditions

Salicylic acid (mM) Calcium (g I'%)

Cold stress (° C)

0 -2 -4
0 42.5 "k 46.0 9 52.7 %
0 3 39.8 41.7 4 44.8 9
6 309" 37.8 Km 39.3M
0 472 49.4 9 59.3 b
0.75 3 36.6'™m 55.2 ¢ 61.1°
6 345m™ 46.2 9 59.2 be
0 49.1 9 52.3 def 75.0°
15 3 49.5 9 52.4 df 59.3 b
6 49.9 "k 52.5 % 64.0°
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Averages with same letters in each row or column are not significantly different at level of 5% according to Duncan test
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Table 8. Mean comparison of the interaction of salicylic acid and different concentrations of calcium on the
soluble sugars content (mg/g fw) of pistachio leaf in cold stress conditions

Salicylic Acid (mM) Calcium (g I'%)

Cold Stress (° C)

0 -2 -4

0 99.14 120.0° 152.8 ¢
0 3 137.4 148.7 Fm 157.0 9%

6 6134.6° 145.8 'mno 150.2 Fm

0 141.0 ™ 149.8 M 158.4 &
0.75 3 148.1 7" 151.8 "m 163.6 ©f9

6 148.6 ¢ 167.0 %f 193.0%®

0 146.4 Kmn 157.7 ¢! 161.8 efon
15 3 154.6 ¢! 163.7 9 169.3

6 176.5« 187.0 201.0?
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Averages with same letters in each row or column are not significantly different at level of 5% according to Duncan test.
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Table 9. Mean comparison of the interaction of salicylic acid and different concentrations of calcium on the

soluble proteins conten (mg g* fw) in pistachio leaf in cold stress conditions

Salicylic acid (mM) Calcium (g I'%)

Cold stress (° C)

0 -2 -4

0 0.087'1 0.071k 0.0841
0 3 0.105 ©fon 0.105 efon 0.101 o

6 0.109 °fn 0.109 ©f 0.109 °f

0 0.102 efn 0.100 o 0.097 M
0.75 3 0.106 ©f" 0.104 efon 0.106 ©fon

6 0.177°2 0.131°¢ 0.112%

0 0.121 0.160° 0.130 efon
15 3 0.165° 0.108 ©f 0.099

6 0.180% 0.106 ©fon 0.105 efon
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Averages with same letters in each row or column are not significantly different at level of 5% according to Duncan test.

g Wdbse Jolme e 5 (glopsd (Jljaume S catulis
5o alas cdalé gl o 28l lalS ples jo Ly &
awlis goals ol oo ials Loy 4y ol polde b
Odd bas ot cul S Lo Wl o
Loy o5 b ablie sl Joloo slaoid o annlis
V| PL- T - I W AYVRLION IR GOSN E SV SR WA
4 e a5 aalb dbjsied winlis pla olae ]
ool 09l oo Jole (sloaud a4 anulis ol s
GSlas 4y Jeloe slaaid ioli8l g Pl a4 acwlis
Sgdige Loy (25 4 (LS50 Ceglie iol8l cge
salS b ol iegh 4o (Ameglio et al., 2006)
Oeey Slemme (wgandu az 0 - 4 e 5l Lo
Loy 25 o LS 50 oty o 58 Liali8l L
ShaeaST (ET el pals b Gl b sy |,
Al b ol Sles sl Jlls pols ioghy o .cadls
G ol |y GG ePen Slyore «Sdndlo
Yhizl yol ol a5 60,5 a,md aals sl Jlyls
SalaSS,) lygme el el 3l S blay
&S a3l Loasdg S 5 JS bg)lS i (sytimstd
oo Lo llpd 50 (gtmgt Clad > 4 i
2 5 Osd o b 0B AJg 4 e izmen g 00,5
Jlosd 4 Cod g Sgdiee a5 S atwlis 3]

oo Gl el

o)1 (Pourrajabi Nejad et al., 2013) ol5 o> 9
oeals e gmals b S slousSep sloiome )5
a0 ¥ oo jo lade opias a5 GlagSa .cdl
4,0 -¥ 6Loé o uj )‘J.M u.a)..J 9 U’JW
Aol Slwdls Jles wis )55 5,158 (Taheri, 2013
Coi HoSl 3o Jeloe slaieiigny elS 4 e

A ol (T
5ealS b ogd oo camlice Vo Jgux j0 4 aigS Lo
LS anlis Hlade ¢ wgmmdw a0 -F & jans 5l Lo
@ pelS e 50 Bpae (S Wl gy, SRelS
GRlBl el (ugndas a0 a0 Gles o 5 2LS
Sk VYA 4 VEIT 5D s )3 aulis saus o £A
VO Gras bopl &5 (S 23 059 05 2 e
Ol Loyt 5 olear Seldls al Yoo Lo
a0 yho glo o b pl L o(seye £Y) el
Sl sl Zolas o 3YL Brae b Gogeds
3 e s els @ s S aslis cdale S
-F oY bo o as o I j0 pl g aew, plpg
Olie Lled red ;o dald 4 Cad wgumdew a0
S8 sl jles p iYL Glelg Brae b Sy anwlis

Wy Juoy0 A9 9 VY @y o0l

oY



7B 08 iy Sl Jledls (Tojlopu & Zunglie oS 5 Selowlls sl 3G

039 P55 3 5 o) awlild Hladie S’ iz (g Cdild 9 bl ol 1 S0 1 (aRiloo doy Lo =Y+ Jgux
oy i byl pil )0 Ay Sy (Sl
Table 10. Mean comparison of the interaction of salicylic acid and different concentrations of calcium on
starch content (mg g dw) of pistachio leaf in cold stress conditions
Cold stress (° C)

Salicylic acid (mM) Calcium (g I'%)

0 -2 -4

0 76.4 ik 73.1kK 58.7M

0 3 86.4 75.2 ik 66.7 "

6 129.0 be 107.7 ¢ 83.0"

0 919 82.7 M 71.3M4

0.75 3 92,719 81.4 i 72.0M4

6 154.1¢ 1276°¢ 111.1 %

0 124.2°¢ 112.4 d 97.3f

15 3 134.9° 124.4°¢ 109.8 ¢

6 155.72 126.7 ¢ 117.1¢
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Effect of Salicylic Acid and Calcium on Chilling Resistance of Pistachios
Seedlings, cv. Kaleghochi
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Abstract

In order to investigate the effects of salicylic acid and calcium on resistance chilling of pistachio
seedlings, cv. Kale-Quchi, a factorial greenhouse experiment was carried out in a completely
randomized design with three replications. Treatments consisted ofwere salicylic acid (0, 0.75 and
1.5 mM), calcium (0, 3 and 6 per thousand) and temperature (0, -2 and -4 °C). The results showed
that, leaf electrolyte leakage percentage increased with decreasing temperature to -4 °C, but
combined application of salicylic acid (1.5 mM) and calcium (6 per thousand) decreased this
important indicator of chilling by 47 percent compared to control in this temperature. Also, with
decreasing temperature (from 0 to -4 °C), the phenolic compounds, and soluble sugars and proline
concentration incresed 44 and, 31 and 100 percent respectively and proline concentration more than
two folds increaded compared to control seedlings. Also, the results of this experiment showed that
the chlorophyll fluorescence index, total chlorophyll, carotenoids, soluble proteins and starch
content decreased with decreasing temperature, but with combined application of 1.5 mM salicylic
acid and treatment ofcalcium (6 per thousand) calcium, the amount of these parameters increased
these parameters compared to control. So that the content of total chlorophyll, carotenoids, protein
and starch increased compared to control at 4 °C by 87, 49, 25 and 99 percent, respectively
compared to control and protected pistachio seedlings against chilling. Based on the results of this
study, in chilling conditions, the combined application of salicylic acid and calcium, by improving
the photosynthetic parameters and increasing osmotic regulators, decreased detrimental effects of
chilling of pistachio seedlings. in chilling conditions.
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