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Table 1. Results of analysis of variance (mean squares) of traits
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=9 R < _ e
Sy ] shw
$l459,05
Sources of . . WUE WUEL . .
Variation (gs) (A) (A/CI) (Ci/gs) (AJE) (Algs) (E) (Ci) (Ci/Cref)
Between
groups
Water stress 0.003™ 59.9” 0.001™ 48.2" 482" 94584.9" 26" 1.98" 0.001™
Species 0.001" 003"  6.1x10% 623" 62.3" 134550™ 2.1 0.02 1.36™
Species 47x10%" 54 34x10%° 175 17.5™ 2989.3® 057" 0.36™ 0.0
Water stress
Error 0.001 35 2.4x10-5 18.15 12.65 7154.54 0.84 345.33 0.001
Within groups
Time 0.002" 4.4 5.18™ 1.59™ 78.7" 12692 0.015™  533.6™ 0.003™
i 3
SF’T‘?;T'S 0.001"™ 7.8™ 7.14™ 29.8™ 29.8™ 223712  152™  6L.20™ 0.001"™
Wat?r'i;ﬁgess 0001 311" 313" 19.9" 19.9" 27685.8® 058"  355.12" 0.002"
Water stress *
Species* -0.001"™ 7.14™ 5.8™ 23.7" 29.33™ 20970.8™  0.83™ 75.2" 0.001"
Time
Error 0.001 5.1 3.7x10° 12.52 14.86 10159.24 1.75 229.23 0.001
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*, ** ns: significant at 5%, 1% level and not significant.
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(E) 32 - (Cilerel) aoms 4 gl 05 25 9mSlisd S ~Jsoishen Ch) (155,05 25 30aSTsd Commdm 4l o oy e
by mpeye ol Jsaishos

Stomatal conductance (gs) mmol H20 m?s?, Photosynthesis (A) pmol CO2 m?s™ Conductivity
mesophilic (A/Ci) molm?™, mesophilic of Performance (Ci/gs) umolm’s™, Internal leaf water use
efficiency (WUE) umolco,mol H,O, Internal water use efficiency of leaves (WUEL) pmol CO2
cm’/m?s™, The aperture ratio of carbon dioxide (Ci), mmol. The stomatal ratio of carbon dioxide to the

environment (ci/cref), Transpiration (E) mmol H,0 m?s™).
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Table 2. Results of mean comparison of traits in different species
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wes s Py - oo @bl O pan <l Brae B oS oS
sl sy . .. ) L
<! Sy Cieuzs W)
sl G
Specie . . WUE WUEL . (Ci/Cr
I R N R TN = T < S /ol O B ) A

Q. 0.019+0. 5.2+0. 0.014+0.0 21343.3+333 5.7#1.0 268.5+248 2.1+0. 370+3 0.940.0
Libani 004a 75a 012a 6.76a 4a .09a 2a Aa 04a

Q.Bra  0.030+0. 4.8+0. 0.013+0.0 1000.22+138 3.38+0. 158.59+23 1.6+0. 37044 0.9+0.0
ntii 006a 73b Ola 9.76a 73b .09a 3b a 04a

Al go Jloe oldlE 1 Gy slasl il oo alire sloaisS o g Solas pas saaslis gt o 0 LSS g,

Similar letters in each column indicate insignificant differences between species. Numbers after + are the standard
error.

hdsre alae —ail )0 mpere n S weeSld sas S (A) jrestd a0 qpere p 0l Jsaishe (@8) slays, ol
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[ @ rastlo 3 S wemSlss JsasSoe WUEL) Sy (s Gl Spae oS -0 Jso )5 wenSTss J5e5,500 (WUE)
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Stomatal conductance (gs) mmol H20 m?s?, Photosynthesis (A) pmol CO2 m?s™, Conductivity

mesophilic (A/Ci) molm’™, mesophilic of Performance (Ci/gs) pmolm?™?, Internal leaf water use
efficiency (WUE) pmolco,mol H,O™, Internal water use efficiency of leaves (WUEL) pmol CO2

cm?/m?™, The aperture ratio of carbon dioxide (Ci), mmol. The stomatal ratio of carbon dioxide to the
environment (ci/cref), Transpiration (E) mmol H,0 m?2s™).
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Table 3. Results of mean comparison of traits in different times

QS lgo QST g
. . . = S pan 2,5
ol sy, cele iegd hdgie colae (Lgie oIS T L 35 oS oS
(=) d}.a.c J).) &‘é u‘
sl439,55 @ slaize, 05
N
. . . WUE WUEL . .
Time S A A/Ci Cilgs E Ci Ci/Cre
(99) (A) (ACi) (Cilgs) NE) (N (E) (C)  (cilcref)
1 0.03+0.005a 5.6+0.8a 0.01+0.002a 1404+2218.2a 3.1+0.4b  180.8+22.9a 1.8+0.2a 364.5+3.1a 0.9+0.004a
2 0.01+0.005b 4.3+0.5a 0.01+0.001a 18978+3675a 6.07+1.2a 191.1+66.6a 0.9+0.2a 374.7+4.5a 0.940.002a

A3l oo Hlae ol E 5l Gy slaelail oo alire slo)la cr Sl g Dolas pae saiaalis gt o s LSS Gy

Similar letters in each column indicate insignificant differences between times. Numbers after £ are the

standard error.
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B) 35 - CI/Crel) e a lasjg,05 00 30mSlss o = Jgaishon (CI) (5155505 258 3emSlsd Comnim 46 53 gy yie

el o gpeie ol Jya e
Stomatal conductance (gs) mmol H20 m?s?, Photosynthesis (A) pmol CO2 m?s™, Conductivity

mesophilic (A/Ci) molm’™, mesophilic of Performance (Ci/gs) pmolm?™?, Internal leaf water use
efficiency (WUE) pmolco,mol H,O™, Internal water use efficiency of leaves (WUEL) pmol CO2

cm?m?s™, The aperture ratio of carbon dioxide (Ci), mmol. The stomatal ratio of carbon dioxide to the
environment (ci/cref), Transpiration (E) mmol H,0 m?2s™).
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Table 4. Mean Comparison of traits in different soil water status

- . . " g“so - . .
@.-‘)L(
R R R @US . aSlso >
slos Sy, celae o puegs (dgne cule (g LIS - ol B pan &% ‘
ol G pae _ ) > SRUTTS
Jﬁ le>lo
439,55 e
. . WUE WUEL . .
Treatment S A A/Ci Cilgs E Ci Ci/Cre
(99) A) (A/C) Cigs)  wE g | ©® (€D (Cicren
94100 FC 0.03+0.007b 7.9+0.7a 0.02+0.002a  1863+4006.2a 2.2+0.6ab  300+5.2a 15+0.4b 365+3.1a 0.97+0.004a
%70 FC 0.05+0.006a 6.1+1.1ab 0.01+0.003ab 1599+1649.5a 2.2+0.5b 137+24.6a 2.7+0.4a 374+4.2a 0.96+0.001ab
%50 FC 0.01+0.004ab  4.5%0.6b 0.01+0.003b  2146+3676.4a 6.2t1.1a 200+42.5a 0.9+0.2bc 370+3.4a 0.95+0.005ab
0430 FC 0.004+0.002c  1.6+0.4c  0.004+0.004c 1600+2748.3a 3.4+1.3ab 123488.9a 0.4+0.1c 367+4.8a 0.94+0.002b
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Similar letters in each column indicate insignificant differences between species. Numbers after + are the standard
error.
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Stomatal conductance (gs) mmol H20 m?s?, Photosynthesis (A) pumol CO2 m?s?, Conductivity

mesophilic (A/Ci) molm?s™, mesophilic of Performance (Ci/gs) pmolm?™, Internal leaf water use

efficiency (WUE) umolco,mol H,O?, Internal water use efficiency of leaves (WUEL) pmol CO2
cm?/m?s™, The aperture ratio of carbon dioxide (Ci), mmol. The stomatal ratio of carbon dioxide to the

environment (ci/cref), Transpiration (E) mmol H,0 m?s™).
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Table 5. Correlation of gas exchange parameters in Q. libani

Jass 655 10 65 sla el )b (Kiveon -0 Jau
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e S QeS|
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3,90 o yal,ly Colas Colas <L <L ol GBan dSTsd 5
_ . . - . . o
asllls lass, - shedoe shdore  Sldyas b = oS e
_ 4 S0)9,0)
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of study (95) (A) (AICi)  (Cilgs) AE)  (Algs) (E) (Ci) (Ci/Cref)
A 1
gs 0.767" 1
A/Ci 0.995™ 0.787" 1
Cilgs 0.382™  -0.860"  0.130™ 1
WUE ns ns ns ns
(AE) 0.095 0.442 0.075 0.015 1
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* ** ns: significant at 5%, 1% level and not significant respectively.
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efficiency (WUE) umolco,mol H,O, Internal water use efficiency of leaves (WUEL) pmol CO2

cm’/m?s™, The aperture ratio of carbon dioxide (Ci), mmol. The stomatal ratio of carbon dioxide to the
environment (ci/cref), Transpiration (E) mmol H,0 m?s™).
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Abstract

Drought is the major environmental stresses that it can have a negative impact on plant
growth. The study of gas exchange under drought stress can help to identify factors affecting
stress resistant. Due to this fact that Zagros forests has Mediterranean and dry climate, with the
aim of this study was to assess the impact of drought on leaf gas exchange in two oak species
(Quercus brantii and Quercus libani). Water stress consisted of four levels of water stress
(100%, 70%, 50% and 30% FC) in the greenhouse situations. Those seedlings were intended for
water stress weren’t irrigated to reach to the desired field capacity (70%, 50% and 30% of field
capacity), but control seedlings were irrigated every day in order to soil water content at field
capacity shall be kept 100%. Results showed that water stress treatment has a significant
reduction of stomatal conductance, photosynthesis, conduct mesophilic, carbon dioxide
emission, and transpiration. Also Quercus libani showed higher level of photosynthesis, water
use efficiency and transpiration than Quercus branti. Overall, results in both species, showed
stomatal and non-stomatal limitation would cause of photosynthesis reduction. Also, due to
higher water efficiency and lower gas parameter variations, Quercus libani would gain better
mechanism of waster stress and Quercus brantii would gain the use drought avoidance
mechanism.

Keywords: Oak, Water deficit stress, Zagros forests, Photosynthesis, Stomatal and non-
stomatal limitation
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