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Figure 1. Location of study area in Iran, Kohgilouyeh and BoyerAhmad province and Dehdasht city.

Gl sy odd Jie o Kilel 4 45 o3l
i LI @ s e O Osmdbmpw 5 43S
LSS Gbtlr S Sose b kS
e 5 A5 sl Ll S 2 ) 5 Sl eslind
G 0D s el WOl s O gmlis e
3 (Goleny Jale =l pie) 5o dall ladlg
Bl gladlg s S esliad 0y Jhie O
S, Cosen Do e s edkd Sl b
Sl geS (25015 ey 813 sl 20
b gladle ks Hskae ol Jlesl Ladles &,
B m:&..&.\i:ﬁmﬂﬁwaﬁq.uu)em

m‘«.ﬂc;m@;_; awd 5 LS el 6)L“JL€_}T

"

it syl Jlesl 5 GlaS olisbl
Sbdle S, ebicay, Sliv b gl
WIS 53 3 E s b A gele Ol 5l ol
Sz 5 (opy V0 Saslis) Wl
Las obssl (s Vo 5l iy Susis)
5 gb Al Slasie bl Ol Sl
ETWENLI SR T el Lt 2 OLESies Aoy
SLS Lms 53 5 ad oslaer Ot OF L
Sl Jolo =i jskaie a4y e LS a2S
SASL s olnbsl bk

(V) 55 edd e3ls Lasis Brenneria quercina

O

o3l O s i ls ladi sl Sl ol Jole



Ol)So 95,193 48,

B Slglie e i3S 13 s 325
Ose3l bl s Slualis 5 o Sls 05051 L L, Silee

A el Ao 55 40 Olaadsl 350 L is sl 5

Cou g

$ias sbmbl GGl a Jadr s

oo Slie S el Sl as sl olis
dadr) LAl Sl pae L5y, dlas (5,8 5 )
Slie S sl Ol 58 wﬁu aeslie Jou= (0
o5 S sy dlas (o 5 Lhs, 20
Glsgme S2alS U8 Sl 4 s O 58
OLE ang el i A (Y Jade) dils
Waaiss, Odd ates JYs 51 (1) 553 0 aadss,
Sl 45, Lsle slad she 5 Gl s
EE 08 cul S w ady; 5l A el J
S SS0shse sl Wlols 4 Jsd
Slis Sis 5 esle gl oS sl OlES 58
5 oz S S8, 5 s sl wlel asl;
o) Ldds Sl pme S sl Sl 5 ol
Slio S s Ol 5w Sl anslis Joa (8
5 o S S8, 5 s sl wlel asl;
SpaS s Sl s S, sl Sl s el
il (glsgme 28 S Sl 4 s O
5okl IS8 Sasax lpl Lo i)
sy deal il 5 sy S S S sbe
3 e gt el Aol g Ly iolssl Loas sl
Sln S 035 SSa S Jlie 53 in 55 Sl
e ol St Lae 55 B0 5 e O S
Lsges Ol (Y+40) OLKen 5 1, (&S o ar 58
(V) Lsd JSa S Sis Lulys s S
5 Quercus Acutissima <5 (s5; p axlas
SSOL Kex kls LS, S sl ol

oS ol 63l QL.:..: Sldlas JM (YA) .,\.:JJ§L;¢

Wy

Ldlg S o (ST 2508 S29) a2 )]
35S 2 S5, Sl gt 5 Ldps S Cls
e (g o3le Ol Sl Jeol= sladlg 5o 43,
Ly S5 oSk il glalas Cos &S
L Sl

Sp AS 5 oS Sl Sl sk
L Sl 5 ol S p Sabbars s dadly
s S5 Image j 1.43 ARle 5 sl eslizal b
Cdo V) g gezme 3 LS SASe3lul S 5 Calise
A 68l e il SE LS s Sl e
S b et Sl S S iaes
3 S e Sy 250 S

Wy iz SDlio g Seilll gl e
s S 5 e Ol 3 4ids 0 Sdews S
G3s 3 Sy e 51 IS G ) sl L
S35 O 3l oy 38 s (SO0 slaiy S
Gop PSS by B S I Y 5 Y
5 EX) & s L (CXYY) Juae (Olympus)
Lds gl Ko (V2 X)) air 5 (00X 510X
Sl 5 Slis Image 1zl 5 alew s U
Y Wiy S Jsb o) bl Slis ol s
b -t iy, J§ Cxlee T ks, S 5 e

.JJJ){A.})'})A.}LADU.&)P—OJA.}J'})JS

S lol Jalosi g @35
bl Sl ) bl o s s el ¢l
Lesls Jboi a5 s esliel SPSS ver. 23
oo Bl =y SsalsS Ogesl alese
Sladly gleosls Los 5 428 Sl p e - 038
Salsl Spen ol sl ks ) ol
5 okl o ¥ SL e Y) VXYY S
o s (o8 bl wo s mha Y
s JlEe 5 el S s b sl Slels



VYAV (1) )lond d¥0) s JSix 5 g2 (5908 9 pole (S sigfy & pabd

D e 5 e ol 5 O iy als
(8) 35 8 Sas Lol o sl

Dlspae iy 2,0 e S 5 oS
sls olis 5 wﬁu daslin Jyd= .(V Jsd>) 5
ol s 5l Jeols sladle s 455, o8 S &S
5 ol Sl 5 oS (e sy sl St
(V" dsdr) el b Ol s

Sl oy 2 e S ele S emas
s b 5 sy s oae ol wsly s ol
ol 5l el sladle s S ool sl
5 ol Sl 5 oS (Sl ime sy sl St
Joa Lilg o ol SV dodx) 5y Wl Ol s
@ S oSS (ool Ol § s S 55
L 5SS sladlg 25 85 o csl a5 il ol
FARRVERE SN S

O % 5 s Olee ASL iy alis Sluss a8
sl rals CBU 03 5 oy Al iy S,
S i bales ol g8l Ll e ailss
Hsas Klg o Glls sl O3y S Ll sl
L e a8 L3l S o) 00E S S
(YY) 5,05 8,85 slaws
bbbl Golols 4 Jadr b promes
oles 6\.15@;&){(5}5@);1?45:\: Ol &,
AL Ll L0 Jaae) dibsal Sl s 355
):ﬁgiawﬁ;\&m;fﬂouwﬁ
sladly 53 S8, 5 €l sluw 0us zeS Esl
(V dsdor) L U5 4 o 5L L 4l il
5 Sl i 5 (68U alie Ol Sl erasplis &S
sml 5 U v Lyl sl Wl s e 0T s
S8 say o Sldlas il oS s Six Lyl

Sl iy 5L S ol 0l e ol

R PRIy B N P PR S W T PP W B PP
Table 1. Mean of squares of variance analysis of stomatal parameters.

g slas e L3 2 3 Jsb €3, e 39 Coles Jt
Stomata pore width Stomata width Stomata length Stomata perimeter Stomata area Sour ce; of%ari ation
(um) (um) (um) (um) (pm?2) _
1.54° 9 0.954" " 52 " 7230 S|
(Irrigation)
" " 2.40 g " 0.68 " 381 s~
(Bacterium)
" ().296 17 ** ns g 93" " 6310 ool s
(Mother tree)
" 0,573 0707 0239 ™ " 123 " 16 S Sk
Irrigation x Bacterium
" 0770 ns g 20" 147* " 7064 Sy X &54‘\:‘.T
Irrigation x Mother tree
" 0.026 2 27 289 ** 15910* o3l e X s S
Bacterium x Mother tree
™ 0.316 1813 0,987 ™ 0.390 mggs b I X AL L
Irri. x Bact. x Mother
27 183 481 3117 2088 bl sl
Residual error
s34
104 104 104 104 104

Degree of freedom

*, ** and ™: significant at 0.01 and 0.05 level, and

YA

-L::va;u J‘bwﬂs ‘_)‘AL;'M v/h0 C%—w Jéﬁ ‘JBL;."‘" o/ Cik—w BL
not significant, respectively.
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Table 2. Mean comparison of stomatal parameters under different irrigation treatment.

Wi e jo e $ias soo S dsb @55, dame 4y Sl
Pore width Stomata width ~ Stomata length ~ Stomata perimeter ~ Stomata area Irrigation
(um) (um) (um) (um) (um?)

3.94+0.08 a 14.09+0.19 a 19.90+£0.29 a 58.05+0.51 a 248+6.73 a IS
Control
ol 3508

3.73x0.05 b 13.50+0.19 b 19.83+0.29 a 57.04+£0.72 a 2351591 a j

Water deficit

.L.&Lv@ JL:_.«.A aL;_ﬁr‘ + J‘ o= slael .L.T:vagc alises éLﬁAJ_}f O Jbuf."'a Q)L&b r.LD s kaasOlis g))f.-: SIS QLS\.L &J)J;’-

Same letters in each column represent non-significant difference between different species. Numbers after + are
standard error.

acdlizen (53l Ol (sl 4555 b sl Klbe anglio Y J g
Table 3. Mean comparison of stomatal parameters under different mother trees.

Wi e yo e $ias soo S dsb @55, dame 4y Sl osle oty
Pore width Stomata width ~ Stomata length  Stomata perimeter Stomata area
2 Mother tree
(pm) (pm) (pm) (pm) (pm°)
L
3.88+0.08 a 14.18+0.19 a 20.14+0.29 a 58.45+0.76 a 249+6.68 a r
Healthy
3.79+0.06 a 13.42+0.18 b 19.64+0.29 a 56.80+0.75 a 236+6.01 a e
Declined

.L.&Lv@ JL:_.«.A aL;_ﬁr‘ + J‘ o= slael .L.T:vagc alises éLﬁAJ_}f O JBL;."" Q)L&b r.LD s kaasOlis g))f.-: SIS QLS\.L &J)J;’-

Same letters in each column represent non-significant difference between different species. Numbers after + are
standard error.

S sl el bty s 5l el Sl ke - J g
Table 4. Mean of squares of variance analysis of leaf parameters.

o

3, o

S, 44
" EE N S T B B G
% jﬂ ¥ w Y E E o J i 3 %)
A T D R T A A S

s} 2 , : : 3

xc% V) 3“ _3\ 3,,‘ —3‘

’l;

V)
0.90™ 0.01™ 1.22%  11.96" 12.96% 1222* 12.96% 17  11.65° 142™  40.49™ S
0.001™  0.23®  0.60™ 5.10" 522" 527" 522"  069™ 0003° 0.23°  0.04™ sS4
0.005® 0.005® 0.009™ 0008 003 001® 003° 054° 2332° 158° 109.28" g

0.90™ 050®  1.91™  527® 351" 545° 351™  107® 129" 0.19™  0.36™ -
416™ 139 146" 469"  255™ 4857 255 190"  1.02® 120™ 5503 oot st Sis
0.002" 0.001® 0.001™ 075® 0.18® 068® 018" 025" 16.83" 3.23" 18452° o sL

‘o
0.04™ 0.008™  0.03™ 1.10™ 0.00®  1.05™ 0.001™ 0.004® 6.43™ 058  38.74™

s S
0.58 0.49 0.27 0.88 121 0.89 121 1.30 2.01 0.49 20.78 o

yvra
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Table 5. Mean comparison of leaf parameters under different irrigation treatment.

;,T 3 guaS Js éJ\L‘J
Water deficit Control Irrigation
20.31+0.57 a 21.55+0.68 a b
Area (cm?)
10.69+0.06 a 10.91+0.11 a . L
Perimeter (cm)
77.07+0.20 b 78.34+0.19 a el 4l
Blade base angle
S Jsb
6.22+0.14 a 6.13+0.15a :
Leaf length (cm)
Gl ) Cae il sl
3.91+0.11b 4.56+0.17 a - . .
Number of leaf right dentation
Coon Al 3ldas
3.94+0.09 b 4.56+0.16 a =% ° .
Number of leaf left dentation
Sl 3 Coonn ;fff\ Sl
.91+0.11 4.56+0.17 - 2
3.01£011b 560172 Number of leaf right vein
S ;fff\ Sl
3.94+0.09 b 4.56+0.16 a T =
Number of leaf left vein
2.43+0.06 b 2.61+0.08 a S b S
Maximum leaf width (cm)
2.4140.07 a 2.42+0.1a S S e U S )]
Height from tip to widest part of leaf
2.76+0.09 a 2.61+0.11a S J52

Leaf blade shape
.L.&Lv@ JL:_.«.A aL.:n:" + J‘ o= slael .L.T:Lvd alises éLﬁAJ_’f O JBL;."" Q)L&b r.LD s kaasOlis g))f.-: SIS QLS\.L &J)J;’-

oz ok F5ale sbey B (sl S sl )l Rl dmlis 1 g
Table 6. Mean comparison of leaf parameters for different inoculated groups.

ol Soale olld Jiule SsSL
Inoculated Non- inoculated Bacterium
20.90+0.62 a 20.86+0.63 a C”L‘“"z
Area (cm?)
10.76+0.07 a 10.83+0.11 a . L
Perimeter (cm)
78.030.14 a 78.96£0.25 a 4ol w515
Blade base angle
6.11:0.14 a 6.25:0.15 a S Jsb
Leaf length (cm)
4.04+0.12 b 4.41+0.18 a Sl S S5 S
Number of leaf right dentation
Caew 3l 3loas
4.06+0.1b 4.42+0.16 a s ~ .
Number of leaf left dentation
4.41+0.1b 4.41+0.18 a el Lo S 5 2l
Number of leaf right vein
4.06+0.1 b 4.41+0.16 a T S S 55 A
Number of leaf left vein
2.45+0.05 a 2.58+0.08 a S be Sk
Maximum leaf width (cm)
2.38£0.07a 2.45:0.1a S Cad 0w U S gl
Height from tip to widest part of leaf
2.69+0.08 a 2.70+0.11a S S5
Leaf blade shape

.L.&Lv@ JL:_.«.A aL.:n:" + J‘ o= slael .L.T:Lvd alises éLﬁAJ_’f O JBL;."" Q)L&b r.LD s kaasOlis g))f.-: SIS QLS\.L &J)J;’-

Same letters in each column represent non-significant difference between different species. Numbers after + are
standard error.

V€
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Table 7. Mean comparison of leaf parameters under different mother trees.

oSl V"“"' ESE| PRGICE
Declined Healthy Mother tree
20.10+0.62 b 21.73+0.60 a colos
Area (cm?)
10.6940.09 a 10.89+0.09 a Las
Perimeter (cm)
oded A:v)‘J
77.60£0.20 a 78.42+0.18 a Blade base angle
6.10+0.14 a 6.27+0.15a Seg Jsb
Leaf length (cm)
4.22+0.15a 4.21+0.14 a ol o 6153 31005
Number of leaf right dentation
4.22+0.13 a 4.24+0.13 a o o 5103 sl
Number of leaf left dentation
4.22+0.15a 4.21+0.14 a ol G S, 3l
Number of leaf right vein
4.22+0.13 a 4.24+0.13 a o G S, S5 sl
Number of leaf left vein
2.51+0.07 a 2.52+0.06 a S Ly Slas
Maximum leaf width (cm)
2.40+0.09 a 2.43+0.08 a S op S U S5 CUU
Height from tip to widest part of leaf
2.67+0.09 a 2.67+0.10a

Leaf blade shape

-L«::Lv@ JL:_.«.A aL.:n:" + J‘ o= slael .L.T:Lvd alises éL&AJ_’f O JBL;.""‘ Q)Lﬂ.v r.LD s kaasOlis g))f.-: SIS QLS\.L &J)J;’-

Same letters in each column represent non-significant difference between different species. Numbers after + are

standard error.
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Abstract

Background and objectives: One of the defense response strategies of trees against drought
and pathogens is phenotypic variations of leaf and stomata. Furthermore, a certain mother tree
can partly control phenotype of its offspring, and consequently, affect their tolerance to
environmental stress. Therefore, in this study the effects of water deficit and bacterial pathogen
on leaf and stomatal traits of healthy and dried trees, causing the decline of brant's oak in
Kohgilouye and Boyer-Ahmad province, has been investigated.

Materials and methods: Seeds of 4 healthy and 4 infected trees were collected from Khaeiz
conserved area and planted into pots to assess the effect of the mother tree. After growing of
seedlings, bacteria of Brenneria quercinia was inoculated to half of seedlings originated from
both healthy and infected mother trees. After 40 days, half of the inoculated and non-inoculated
seedlings, treated under water deficit for three weeks and the rest of them received full
irrigation. Then, leafs of seedlings were harvested and measured by Image j 1.43 software. After
that, the experiment was performed in a completely random design analyzed, and the treatments
were laid out in 2*2*2 (2 levels bacteria, 2 levels irrigation, 2 levels mother trees or genotype)
and also the mean comparisons tests were done.

Results: Results showed that the effect of bacteria is not significant on any stomata traits, but
stomata width and stomata pore width were smaller in seedlings of water deficit treatment than fully
irrigate seedlings. Also seedlings of dried trees had smaller stomata width. Water deficit caused to
significant decrease of stomata perimeter and leaf width of half-sibling healthy trees, but the number
of leaf teeth and vein of half-sibling dried trees were decreased under water deficit treatment that
they were not significant for half-sibling healthy trees. The effect of bacteria was not similar on half-
sibling of healthy and dried trees, so that perimeter, area and length of stomata and perimeter and
base angle of leaf in non-inoculated seedlings of healthy trees were larger but after inoculation
stomata area of half-sibling healthy trees were decrease and stomata length increased significantly.
Inoculation of bacteria also leads to significant decrease of leaf area in half-sibling dried trees, but it
did not have any effect on half-sibling healthy trees. Triple interaction of irrigation, bacteria and
mother trees was significant for stomata pore width, as so, seedlings of healthy trees showed smaller
stomata pore width under water deficit treatment, but bacteria has not negative effect on it. For
seedlings of dried mother trees, these differences were not significant at any treatments, but the size
of it was smaller than seedlings of healthy mother trees.

Conclusion: Results of this study showed that half-sibling healthy trees have larger leaf and
stomata traits. It demonstrated that these seedlings have more abilities to production and
photosynthetic capacity. Furthermore, the water deficit had a more negative effect than bacteria on
the decline of oak. Also half-sibling of healthy trees under water deficit condition could reduce
evaporation with decreasing size of leaf and stomata traits. This decreasing size of stomata was
observed under inoculation of bacteria, in contrary the offsprings of drought affected trees
exhibited longer stomata than controls that made them more susceptible to water deficit stress and
pathogen agent. Also it has been demonstrated that stomata and leaf characteristics can be
conducted to identification of drought and bacterial disease resistance genotypes.
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