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Table 1. Geographical and climatic characteristics of provenances
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° ! o ' o ' QSJL"B‘)’} e
30° 40 30° 13 30° 34 Latitude
L ) elas |
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Altitude above sea level
: Wl S,k el
817.1 628.6 712.3 (ashe) b ‘;.“f‘ “’&
Average annual precipitation (mm)
75 12.8 9.8 () bl slos Jola (Siln
Average annual minimum temperature
226 205 20 (0 b slos 51 e Silee
Average annual maximum temperature
15.1 21.1 14.9 (0 Sl slos i

Average annual temperature
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Table 2. Chlorophyll fluorescence parameters and their equations

aalge awlis aoleo
Parameter Symbol Equation
Maximum quantum efficiency , (Fm-Fo)/Fm
of PSII I gt o Sloe ma S Fv/Fm
Maximum efficiency of PSII P s (S50 5 Sloe o (Fm'-Fo')/Fm’
Fv'/Fm

gsiub

Electron transport rate

®PSII x PPFD x (0.5)

Photochemical quenching olantgis Saials P (Fm'-Fs) / (Fm'- Fo)
Non-photochemical quenching s it s NPQ Fm-Fm’/ Fm
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Table 3. Analysis of variance on relative water content and electrolyte leakage rate

Codg S s # Codg Sl s # o s (g5 O o (g5 FESN
a8l Sy IA'B'L,; .sj)..v sol3 s aolie
Stem Leaves Relative water Relative water ~ Degree Source of variations
electrolyte electrolyte content of Stem content of of
leakage rate leakage rate (%) (%) leaves (%) freedo
*k Ak Kk ~l.;
1600.80 1436-85 1173.47 599.28 2 oI
Provenance
L .
2226.11 3554-86™ 330.78 ™ 1139.08 2 s lest
Cold treatment
ox x o (5 5L
3532.18 3349.27 882.70 271.62 ™ 1 S
Cold acclimation
oo Lo x (il
% ns ns ns [C A dPhes [Sadd P
246.68 102.97 183.66 11421 4 Provenance xCold treatment
ns ns * ns stlf)l‘w - WL’S)J
71.57 4231 473.84 128.77 2 Provenance & Cold
acclimation
ns ns ns ns G x gled Lo
214.62 53.07 77.19 258.02 2 Cold «Cold treatment
Ls)lf)'La stlLo.) )LQ..\.I X L)“JUBJ'.!-
146.36 " 138.29 ™ 88.31" 137.60 " 4 Provenance x Treatment x
Cold acclimation
Lol cllas
4905.73 4795.00 7844.14 5471.34 - wE;r(;;r

**: Significant at 1% Probability level, *: Significant at 5% Probability level, ns: Non- significant.
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Table 4. Mean comparison of traits at different provenances

aBlo ey, Sl s 75 S p ey il eass 55 alo O oo lgima Sl o Slgiome s
. . [Sas¥
Stem electrolyte Leaves electrolyte Relative water Relative water Provenance
leakage rate (%) leakage rate (%) content of stem (%)  content of leaves (%)
38.24+1.77b 49.38+2.67¢ 68.13+2.23b 86.53+1.89 a Margoon
52.23+3.20a 63.21+2.85a 79.50+1.59a 79.6+2.45b Noorabad
40.85+3.38b 55.70+3.44b 69.61+2.94b 77.95+1.85b Yasouj

il ol olasl £ 51 g olael bl g0 il o o sire Dgldd pac oaias Lis i ;o 50 LSy By >

The same letters in each column indicate no significant difference between the provenances. numbers
after the + are the standard error.
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Table 5. Mean comparisons of traits at different cold treatments

Parameter ,.l,L

g sl cus

qu].SﬂwC).\ _ ABL“‘-’T@“-‘LSB“’“’ jﬁgTwL;‘}Zm
. (o)0) S
(do,3) a8l (ao,0) [EWPRY) L Lo
Leaves . . wbes e
Stem electrolyte Relative water Relative water content
leakage rate (%) electrolyte content of stem (%) of leaves (%) Cold treatment
leakage rate(%)
1,5 ol
35.97+1.91c 43.12+1.97c 69.34+1.90a 73.7142.48b ud 6‘; OC“?” '
(Celo ) a5 - -
43.44+2.04b 59.62+2.74b 73.91+1.90a 84.08+1.38a .
-20°C (1 hour)
(RO PESCAR
54.21+3.61a 65.73+2.84a 74.28+2.39a 86.28+2.09a

-20°C (2 hours)

bl o @liBie sljlens o pixe Dgldd pac sniaslis gt Ho 5 LSS By >
The same letters in each column indicate no significant difference between different treatments. numbers
after the + are the standard error.
S5k dl 0 90 30 (o) 20,90 sla el (2 Slos anslie S —F Joua
Table 6. Mean comparisons of traits at different cold acclimation

g] (s 6‘5;’“’

W PICIY| FORAFCN: _ Bl Ol g (55 ¢
= = Sy cepSll i gy T e S Sy &5k
b Leaves electrolyte Relative water Relative water Cold
Stem electrolyte oay g6 rate (%) content of stem content of acclimation
leakage rate (%) (%) leaves (%)
Jsl 6,55k
50.88+2.54a 63.10+2.46a 76.00+1.42a 83.85+1.95a First Cold
acclimation
P> 5,15k
37.57+1.90b 49.22+2.18b 69.42+2.27h 79.46+161a  Second Cold
acclimation

il o b olail £ 5l g slael aldl go lag )5l s lo pme Dglas pac saimslis et o j0 LSS By >

The same letters in each column indicate no significant difference between the cold acclimation. numbers
after the + are the standard error.

o S0 £ 85
1] @
5] 70+ — Margoon %= 80~ —— Margoon
'% ) a — -Noorabad & = — - Noorabad
%? 60 s’ Rl :e\i 754 == Yany
X b 3 @
2 o ok E: g 70+
£ Dk o | o2 4
& ™ 40 -~ -1 “be > Yt ]
2 c L’//'bc g °
g 304 cf S 60
g @
“ 20+ = 551
1 1
4 delg)ee -20 Jegee -20] degree First Haxdening Second
one hour two hour Hardening
s g5 Gle gl sles g mlisy RSy S UKD O s Glyime lp 55l 5 milisy GiSen s Y UKD
a8l g sl a8l
Figure 1. The interaction of provenance and cold Figure 2. The interaction of provenance and cold
treatment for the relative water content of stem acclimation for stem electrolyte leakage rate.
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Table 7. Analysis of variance for chlorophyll fluorescence of Pistacia atlantica from different
provenances in two stages of cold acclimation

Jedg IS sae ol az o Sl s aolie
NP ETR FV/Fm'  Fv/Fm =
Q P (SPAD) df) Source of variations
Kk Kk *k .U
1.39 598.9™ 0.008" 0013  0.87 659.03 2 olsn
Provenance
K%k K%k K%k Kk b’Lw
0.32™ 1133025 0.435 0.141 0.212 673.52 1 S
Cold acclimation
2 &85k x uilig
ns ns ns ns *K ns
0.01 7173.3 0.044 0.018 0.058 67.67 Provenance x Cold
acclimation
losT ollas
17.66 779550.77 5.79 1.703 1.005 6839.24 103 WE)rr(;sr

**: Significant at 1% Probability level, *: Significant at 5% Probability level, ns: Non- significant.
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Table 8. Mean comparison of fluorescence parameters of chlorophyll seedlings in two cold acclimation

3 3 ™
NPQ ETR Pq Fv/Fm' Fv/Fm oSt e Cold

(SPAD) D
acclimation

Jol 6,685l
0.64+0.04a 216.9+9.9a 0.63+0.025a 0.66+0.01a 0.83+0.002a  41.84+1.28a First cold
acclimation

90 5,5k
0.52+0.05b 149.4+10.2b 0.50+0.029b  0.59+0.018b  0.73+0.017b  38.59+1.51b Second cold
acclimation
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The same letters in each column indicate no significant difference between the Cold acclimation stages.
Numbers after the + are the standard error.
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Table 9. Means of chlorophyll fluorescence attributes and SPAD value in Pistacia provenance

Jedg IS sae olsn

NP ETR P Fv'/Fm' Fv/Fm
Q a (SPAD) Provenance

0.67+0.06a 186.7+13.2a 0.565+0.03a 0.65+0.01a 0.82+0.006a 43.33+1.70a Margoon

0.42+0.03b 183.6+13.01a 0.566+0.03a  0.62+0.01a 0.74+0.01b 37.99+1.48b Noorabad
0.77+0.09a 178.7+11.9a 0.59+0.03a 0.61+0.02a 0.80+0.008a 44/07+1.44a Yasouj

The same letters in each column indicate no significant difference between the Provenances. numbers
after the + are the Standard error.
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provenances
Provenance obsn
Chi2 Sl gre s zb °u)5’. o5k b S5
Significance level Yasouj Noorabad Margoon Traits
62.43 0.000 0.80+0.008a 0.74+0.01b 0.82+0.006a Fv/Fm
12.88 0.025 0.61+0.02a 0.62+0.01a 0.65+0.01a Fv/Fm'
12.27 0.031 0.59+0.03a 0.566+0.03a 0.565+0.03a Pq
20.50 0.001 178.7+11.9a 183.6+13.01a 186.7+13.2a ETR
20.94 0.001 0.77+0.09a 0.42+0.03b 0.67+0.06a NPQ
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Figure 3. The interaction of provenance and the cold acclimation for Maximum quantum efficiency of
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Abstract

Background and objectives: Plant species with wide geographic ranges, exhibit high
tolerance to cold stress. Trees in temperate regions must cope with freezing
temperatures, especially in late autumn and winter. One of the mechanisms to tolerate
cold stress is through decreasing photoperiod and temperature during acclimation. In
addition, provenance of a species could be one of the main factors contributing to cold
resistance. Therefore, in the present study, the effect of cold stress on physiological
responses of Pistacia atlantica seedlings from three provenances was investigated in
southern Zagros to select the most cold-resistant provenance.

Material and methods: Seeds of three provenances, namely Margon, Noor Abad and
Yasuj, from southern Zagros, were collected and planted in pots. After germination of
seeds, induction of acclimation was carried out at two stages for four weeks. This was
accomplished through the simulation of temperature and photoperiod of Yasuj region
from September to November. Following that, the indexes of photosystem efficiency
and chlorophyll content were measured. After each acclimation stage, leaves and
stems of seedlings were exposed to three levels of temperature, +4°C (control), -20°C
for one hour, and -20 for two hours. Then, relative water content (RWC) and electrolyte
leakage (EL) of stems and leaves were measured. This study was conducted as a
factorial with three factors of provenance (three levels), cold treatments (three levels)
and acclimation (two levels), adopting a completely random design.

Results: The results showed that EL increased with decreases in temperature and this
increase was the highest in the case of the Noor Abad provenance. In addition, the stem
RWC of Yasuj and Margoon provenances decreased in the second cold acclimation
stage. Chlorophyll content, photosystem efficiency and electron transport rate were
lower in Noor Abad provenance, compared with other two provenances. Moreover,
except the electron transport rate, all fluorescence parameters significantly decreased
during the cold acclimation.

Conclusion: The results showed that measuring EL and fluorescence parameters could
be a useful indicator for identifying cold-tolerant provenances. The seedlings of Noor
Abad provenance exhibited the least and Margoon provenance showed the highest
resistance to cold stress. This could be due to high altitude and cold climate of Margoon
provenance.

Keywords: Pistacia atlantica, Fluorescence Chlorophyll parameters, Provenance,
Acclimation
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