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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.
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[ @ rastlo 3 S wemSlss JsasSoe WUEL) Sy (s Gl Spae oS -0 Jso )5 wenSTss J5e5,500 (WUE)

E) G, - CllCref) o 4 slai5s) 05 )5 90aS16s S —Jsoshos (C1) (614555, 05 )5 90aS163 S il )3 @ope e
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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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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
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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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Table 6. Correlation of gas exchange parameters in Q. brantii

<L S .s......'ﬂkso
Sy sl yel Colan _ Colan ity S Ol e oaSTigo "
. Fwgid ) ) - . 8 oS
dalllaa 1439, o ez oldpas IS oS i,
Sr 14559, °
Characteristics . . WUE  WUEL ; .
of study (9s) (A) (AJCi)  (Cilgs) (A/E) (Algs) (B) (Ci) (Ci/Cref)
A 1
gs 0.576" 1
A/Ci 0.988" 0.609" 1
Cilgs -0.381"™  0.111"™  0.152™ 1
WUE ns ns ns ns
(AE) 0.384™  -0.345"™ 0.335"™ -0.088 1
WUEL 0.461™  0.258™ 0.452"™ 0.756  0.056™ 1
(A/gs)
E 0.574° 0.979” 0588 -0.048" -0.311™ -0.469™ 1
Ci -0.171™ -0.265™ -0.274™ -0.054™ -0.180™ -0.493" -0.386™ 1
Cilcref -0.241™ -0.500" -0.344™ -0.062™ -0.085™ -0.587" -0.595" 0.714" 1

DSl g0 o Sxe NS (o cxe o[+ 0 haw ;o 5 lo e /o) mhaw o
*, ** ns: significant at 5%, 1% level and not significant respectively.
Shdgre Colan —ail )3 wpeyie p 528 SmSlss JsegSen (A) siwgid —asl ;0 myere » ol Jsadeo (@S) )y, Solan
Sl Gpan SIS -0l Jsaden 50 Jgo | 4l 50 goyarie 50 Jgog,Se Cilgs) Sbsre @S —adl 0 me e o0 Jge (A/Ciy
[ areragibs )3 ()8 3enSliss JsagSoe WUEL) S50 (2o O Bran IS =0T Jgo 2 00 aenSTiss Jg05,50 (WUE)
) 3,5 - CIlCref) e 4 614555, 05 )5 wenSlsd S = Jgaisben (C) (slaijg, 05 0,8 SenSTss Comnim 4l )5 mpo e
el 5o myerie 2 ol Jyeshs
Stomatal conductance (gs) mmol H20 m??, Photosynthesis (A) pmol CO2 m?s?
Conductivity mesophilic (A/Ci) molm?s™, mesophilic of Performance (Ci/gs) pmolm?s™, Internal leaf
water use efficiency (WUE) pmolco,mol H,0™, internal water use efficiency of leaves (WUEL) pumol
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,O m?s™).

O 4y Camnd 4395 90 () ol uSe iy ol

[ Downloaded from yujs.yu.ac.ir on 2025-07-12 ]

S50 Oley g0 o 5 bully als gl (Sas
ol Hlid laisl awslio Ll el alice (5,505l
225 255 Jass b amalie o Sl bsl 45s5 a5
Sl Grae QLS g siwgd alls 250 Gym g
oS @ i Gy malS ol o e (6 0eS
Comnic & ) sgi o ol Gpas S5 5 jiwgis
89y &S (omy 0 0 590 b 5l (Massacci, 1996

S S Al 9 S

A Cuoglie ;o 5o slo,gSs Slull 4 wlg oo
‘QUS.@ 9 o\)JA MBLS““") ..\.5 &AS u.u.».! u;‘
e pl 5l oael Cansay i 4 azg L.(VYAY

Om bl Sl me oS ol las bl 5L
325 ol 2gmeS 1 e g loj isS Jole aw


https://yujs.yu.ac.ir/jzfr/article-1-38-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-12 ]

Yo

SRl Sl s, Colie o wad SKas
s Syoe ials (Wong et al., 1979) wb
OBl Az g iy, o Ay corge Sy
Chartzoulakis et al., ) sgi oo slasjs, colon
sl v, (Pinheiro et al., 2004; 2002

=

Spod (Sl 5 G (nl )0 B SO 90
5 Slsy Calae iwsid o gl 5 S
S5 Lald 3 aiman 0y G55 59 b 48 5,0
Sl sl (25 weSls (e (S
hdore 9 Slig, Culaa fals alaulga jiiwgis
SOY e 5 50,5 00) Wb o talS
G5, 05 G0 SemSlgd Cad pals Koo Bk
o5 b o (CilCref) Jlase )5 oSlgo 4
0ph ol baas el Wl oo iulejl ol jo (S
adllas ol o (Hajiboland & Amirzad, 2010)
Spol Grae QL L s Joess 455 50 s
byl (ame 45 439, n5 ()5 denSles S
Ol edsmolas cpl ol Hlas 1) gyl piae g B
S Ol S97s b oy 45 0 &5 el
Gl 5 ol Gras QL s B e it
Olime oS ol Jl jo ol g ails (gl s
sl opl a8 axBls Gl Glaize, 05 (05 SenSlso
31 a5 Bk PSS 1 058 Jdo 4 Wl
oolitul (o954 ol po Al mexd (S SeuSlsd
Pamg) 4557 B8 cum Soled )0 45 d9h e
Oezeed (\YAY (e 5 0050 dwg o) 99,5
O e 5 St (SKheren Gdod (nl o
sdalice dgS 93 ;2 ;0 (ldgre Colaa g jiiwgs
Sy o lid ol dgie colue ol
7S COz 55,5 ik 295 a5 el a8 igid
odd (555 eizred Bl o badijg) 0 slS &
Lo omlBl b powgd als oS 5)90)8 o5 Cul
Olgi 0 cail ol yom (gl (4,0 CO2 clale il
Frwgid oS ogame (slizg,pd Jolge a5 S
elple (OYAY () 5 000 dwg ow) Silen

90 ;3 Slijg) e Cudgazme aS 39 lo (g o

Laurus 4 Q. ilex 45 g0 ;o juwgd ol
o odalive b plml | Sis Ll i s NObilis
P I R g O
9 09 i L. NODIlIS 4545 4 coes Q. ileX a6
Arena et al., ) cusl geglie Sis a4 ams jo
G55 dw 59, g &5 ladlas o pimen (2008
o,90 Q. ilex 4 Q. pubescens Q. petraea
a5 Ol Brae ohl5 ol a5 ols lis 55 cé )8
Wil e (Siad 4 Bl 4 SO a5 Q. lex
4 cplple «Epron & Dreyer, 1993) s4 5YL
@3k bl (S sbar Jsss 4555 4 w00 i
Sl bk 455 & Cond (SiS @y iy Cueglie
oS by aS sl plas bl s Bkl el
Colas pod (5 S ol plej )5 598 RalS L (Sas
28l Rl Ol Gras LI Ll als sl
5B 45 0l s Lol 5 655 ez (55, » aalllas
b 55 Gl 4 (St oS 0 Shee p (Si5
p adlas yomen (Quero et al., 2006) ol

Ol o (S 5 s Quercus suber s,
o o az o5 5 o aT ol plas oS 5 YU e

Gmegid e (b A5 Sl 0 4z S5
by 45 4 Cond ol Brae SIS 5 lasje, colan
G5 9 05 g P 0 pbLS &Bly 3 og S
Aranda et al., ) wog i cov i Ol 84S
cud b Q‘)'.:.o iy Sl dl N (2005
03,5 a0l ye8 y0 &S og ol 5o (g
opl b «Ellsworth & Reich, 1999) o Jele
sy Wl s (Grom! el aile  olopendlSe
09 Olee b laluze o YL (grgd o8l
Abrams, 1988; Kloeppel et ) o4 pudas yiioo
.@l., 1993; Mendes et al., 2001
ol 0geS 135 a5 o plas mls Ko Bk
(oo 5 sy, Culwe Glegd Glals el
4 Glieyn) onS weSles ol Bras Sl
@ob; 9> B Fiagid (lie ad 55 5 e

Sl i o ogara Wil oo i)y, ,U8, 5,5,


https://yujs.yu.ac.ir/jzfr/article-1-38-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-12 ]

\id

el ) boly 4368 90 50 635 ©YOLT p Scis (i w3l 1g,lEalIgd g o1 St o

o g 515955305 (05 Sl 80 Lo b ingid
Sl a4 laiie s ey deSTied
o U"‘ Lol ‘Mbgsp L;iw} Jg‘).g 5 J.o?u.c 4.:;
68 b awglae o Jlpl bely 45e8 a5 el Jb>
Sras 25 g Fiwsd (§,05 9 S 2551 Jsss
O S ddd G0 Sos (658 SYols sle il
25 & ullts w03 s Sl Lk sS4 J
Jsss 55 & o ] Lshs 55 5
WS e oolaiul (Sl Clis sl iy
@ olgres (S 25 lald o Jass 455 Ll
5800 pl bl I e e dalol 0e lingid
Wlgs oo Jass 435 az 51 a5 050 blaiul plg oo
shlo as” w815 bl il asile oeasds Loyl jo Ll
oalS Cely el o cainn Yol S ad
S5 e sl 53 2 adllan 08 o1 leos
G55 sloleg o5 o5 St o o 5 oS5 sk
Slooady 1 K0 w4 50 4 Cas JSlpl Lol
L oaizeen (VY0 ¢ cou,S) aiid 10,65 10 6 5V
aS gloy ol o sxe g cudasS e 4 ax g
a5 sl 5 R Bk 5l g ag 595 e b o
Jelos i imte Olsar Cugby 5 Lo LS o 58
(Quero et al., 2006)

oo st Sle @lagilesl a5 ol sl s
skl 6l (idgr g6 Oliae b g Dol e &
ok plil w81y o bolh alixe (sladiss

% 3,8 wgid als tel (Sas A )0 48
5 Sl Jelse 4 Wlgioe jwgid tals oy
Del Blanco et al., ) s4s ools Cos lai)g,,me
Colia g e Ssles 2l LI <2000
Sl iwsid 55 (glaijg,; Cudgasme alavlya slaiss,
Lyl s o iy, colaa uals (Austin, 1989)
dij, o di e a4y dalllas (ol jo ool s
Lilyh Gl Cod piadd 392y pizen Wbl
L 68 OgmldenS] iy 4z 58 dedo Slge
Halder & ) S, sl aulpdl wwusdly,ls
5l el olge g ol Lax als 4 (Burrage, 2003
Gl e Soled 50 a5 wiS e el 3 ) Laay,
.(Verona & Calcagno, 1991) wo 5 5,

2 Gk 5l Jlcas Blie ys bsb ol5
SaS 4 Jod g (Sad 5l olia] sl g0
#,l (Epron & Dreyer, 1993) aus oo oolatul
S 5l ol pilse ) Buee (Sas o ol
O b 5 Iyl )0 aS (g sbay s wieo
9 whoo a5 §y5 g pemS £y iy dadijy,
@ pglie 5 pglindes pB)l o5 cul Jpo ol
St 4 Joo pudle 5 (St Baae Sas
ole olaressls LOYAY (35 5 elip) awsl o
Gl e @ (Sfelgnid Slpds o5 oS
5 P EP g Fegtd el g g, Saeglie
Sas Gl oliz! Glaeeile 2 5,0
ol pls «Machado & Paulsen, 2001) aosb o
5 AV Sp ol Gpae LIS Lk L Jsisy 45

A lesime g e (Shawed S92 uiged

&l

02 AVO oy oRiils ol el pl slaasis o 5 iz )0 o Ko NYVY 7 b

AN VY (TNF e5,5LaS qolio g pole aloma WS ¢ ae 30 Laylys 45 il 0,Shae b bapy] bl | 5 paiS

Soislsire gl Sl eolizul b Lyl bsl slal SiS 4 Caglie wyp AYAY L s, lidllgd
102 WY e S o8I g lalSim (6555 0590 asbibly (J5se 5 (olooabion «(S3s) 5508


https://yujs.yu.ac.ir/jzfr/article-1-38-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-12 ]

Yv

IFAY bcwo) 9 3l /090 o loss [ Jol Jlw [/ w515 sl Ko wlidiny alxo

0dsS J S slaize,me 5 slaiyg, Jelse ATYAY = woljpal pl g .S (g 8 (el g 0050 dwg o
AY V2 OVD ol nl (65,5l pole alome paiS pl )l 50 (St 4 Cuaglie b oy bl | g itgid

(8 g8 ul-ué’gm P e GRS )..JL Ava) £ ppars 9.7 ‘6:1...' e ‘cs‘")'@d “& ‘szél_.‘ P (SO, ia
Lus o (Cicer arietinum L.) ssso cilisee clocas 535 b b JISol, e codyls 5 b olaS s
DAYV (VY (IS S 938 § pole .ol

Quercus brantii sla o oloriisn 5 Suislsid «Sislsdre GladodllpSe ooy AT o gk
gl olBails iyl b IS aslibl . Sas 25 4 cews Quercus libani 4 Quercus infectoria
e VYA

Abrams, M.D., 1988. Comparative water relations of three successional hardwood species in
central Wisconsin. Tree Physiology, 4(3): 263- 273.

Austin, R. B., 1989. Genetic variation in photosynthesis. The Journal of Agricultural Science,
112(03): 287-294.

Arena, C., Vitale, L. & Virzo de Santo, A. 2008. Photosynthesis and photoprotective strategies
in Laurus nobilis L. and Quercus ilex L. Under summer drought and winter cold'. Plant
Biosystems-An International Journal Dealing with all Aspects of Plant Biology, 142(3): 472
- 479.

Acherar, M. & Rambal, S. 1992. Comparative water relations of four Mediterranean oak
species. In Quercus ilex L. ecosystems: function, dynamics and management. Springer
Netherlands, Pp: 177-184.

Aranda, 1., Gil, L. & Pardos, J. 2005. Effects of the interaction between drought and shade on
water relations, gas exchange and morphological traits in cork oak (Quercus suber L.)
seedlings. Forest Ecology and Management, 2(10): 117-129.

Barutcular, C., Genc, I. & Koc, M. 2000. Photosynthetic water use efficiency of old and modern
durum wheat genotypes from southeastern Turkey. In Proc. Seminar on durum wheat
improvement in the Mediterranean region: New challenges. Series A, Pp: 233-238.

Blume, A. 1986. Breeding crop varieties for stress environment. Critical Reviews in Plant
Sciences, 2: 199-238.

Chartzoulakis, K., Patakasb, A., Kofidisc, G., Bosabalidisc, A. & Nastoub. A. 2002. Water
stress affects on leaf anatomy, gas exchange, water relations and growth of two avocado
cultivars. Scientia Horticulturae, 95(1):39-50.

Cornic, G. & Massacci, A. 1996. Leaf photosynthesis under drought stress. In: Baker, N.R.
(Ed.). Photosynthesis and environment. Kluwer Academic Publisher, Pp. 347-366.

Del Blanco, I. A., Rajaram, S., Kronstad, W. E. & Reynolds, M. P. 2000. Physiological
performance of synthetic hexaploid wheat—drived populations. Crop Science, 40(5): 1257-
1263.


https://yujs.yu.ac.ir/jzfr/article-1-38-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-12 ]

YA

el ) boly 4368 90 50 635 ©YOLT p Scis (i w3l 1g,lEalIgd g o1 St o

Epron. D. & Dreyer, E. 1993. Long-term effect of drought on photosynthesis of adult oak trees
(Quercus petraea Liebl and Quercus robur L.) in a natural stand. New Phytologist, 125(2):
381-389.

Ellsworth, D.S., Reich, P.B. 1992. Water relations and gas exchange of Acer saccharum
seedlings in contrasting natural light and water regimes. Tree Physiology, 10(1): 1-20.

Fischer, R.A., Rees, D., Sayre, K.D., Lu, Z.M., Candon, A.G. & Saavedra, A.L. 1998. Wheat
yield progress associated with higher stomatal conductance and photosynthetic rate, and
cooler canopies. Crop Science, 38(6): 1467-1475.

Gessler, A., Keitel, C., Nahm, M. & Rennenberg, H. 2004. Water shortage affects Water
shortage affects the water and nitrogen balance in central European beech forests. Plant
Biology, 6: 289-298.

Halder, K.P., & Burrage, S.W. 2003. Drought stress effects on water relations of rice grown in
nutrition film technique. Pakistan Journal of Biological Science, 6: 441-444,

Hajiboland, R. & Amirazad, H. 2010. Drought tolerance in Zn-deficient red cabbage (Brassica
oleracea L. var. capitata f. rubra). Horticultural Science, 37(3): 88-98.

Kloeppel, B.D., Abrams, M.D. & Kubiske, M.E. 1993. Seasonal ecophysiology and leaf
morphology of four successional Pennsylvania barrens species in open versus understory
environments. Canadian Journal of Forest Research, 23(2): 181-189.

Lawlor, D.W. & Cornic, G. 2002. Photosynthetic carbon assimilation and associated
metabolism in relation to water deficits in higher plants. Plant, Cell & Environment, 25(2):
275-294.

Lawlor, D.W. 1995. The effect of water deficit on photosynthesis. Pp: 129-160. In: Smirnof, N.
(ed.). Environment and Plant Metabolism, Flexibility and Acclimation. BIOS Scientific
Publisher. London.

Machado, S. & Paulsen. G.M. 2001. Combined effects of drought and high temperature on
water relations of wheat and sorghum. Plant and Soil, 233(2): 179-187.

Mendes, M.M., Gazarini, L.C. & Rodri'guez, M.L. 2001. Acclimation of Myrtus communis to
contrasting Mediterranean light environments effects on structure and chemical composition
of foliage and plant water relations. Environmental and Experimental Botany, 45(2): 165—
178.

Meszaros, |. 2007. Responses of some ecophysiological traits of sessile oak (Quercus petraea)
to drought stress and heat wave in growing season of 2003. Acta Biologica Szegediensis,
52(1): 107-109.

Pinheiro, C., Passarinhoa J.A. & Ricardo. C.P. 2004. Effect of drought and reatering on the
merabolism of pinus albus organs. Journal of Plant Physiology, 161: 1203-1210.

Quero, J.L., Villar, R., Maranon T. & Zamora. R. 2006. Interactions of drought and shade
effects on seedlings of four Quercus species: physiological and structural leaf responses.
New Phytologist, 170(4): 819-834.

Schmidt, J.W.1983. Drought resistance and wheat breeding. Agricultural water management,
7(1):181-194

Verona, C. & Calcagno, F. 1991. Study of stomatal parameters for selection of drought resistant
varieties in Triticum durum DESF. Euphytica, 57(3): 275-283.

Wong, S.C., Cowan, IL.R. & Farquhar, G.D. 1979. Stomatal conductance correlates with
photosynthetic capacity. Nature, 282: 424-426.


https://yujs.yu.ac.ir/jzfr/article-1-38-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-07-12 ]

29

Sisakht Neghad & Zolfaghari: The Effect of Water Stress on Gas Exchange in Two...

The Effect of Water Stress on Gas Exchange in Quercus brantii and
Quercus libani

Maryam Sisakht Nejad !, Roghayeh Zolfaghari >~

! MSc, student of Yasouj University, Yasouj, Iran
2 Associate Professor, Department of forestry & Natural Resources and Environment Institute,
Yasouj University, Yasouj, Iran
" Corresponding author, E-mail address: zolfaghari@yu.ac.ir

(Received: 2014.10.21 Accepted: 2014.12.26)
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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