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Figure 1. Map of landform units in the study area (three-digit numbers indicate landform units. The hundreds digit
represents the altitude class, the tens digit represents the slope class, and the unit digit represents the aspect class)
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Figure 2. Distribution of wild pistachio trees in diameter at breast height classes by altitude class (a), slope class
(b), and aspect class (c)
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Table 1. Summary statistics of biometric indices of wild pistachio trees without considering physiographic factors

zb zdaw zb gl a5 glas &S el

b bl ey SIS (e (R ) (o e
ST Slenderness Crown Crown Trunk Total (e 5l)
Crown vitality . . : :
ratio area (sq. height height height dbh (cm)
m) (m) (m) (m)
1008 1008 1008 1008 1008 1008 1008 gl ol
Sample size
8.9 16.6 3.1 2.6 2.0 4.7 30.0 Sl
Mean
2.1 45 0.6 0.3 0.2 0.5 8.7 e Sl
S.D.
0.2 0.4 0.1 0.0 0.0 0.0 0.7 e ol
S.E.
4.6 9.3 1.5 1.9 1.6 3.7 12.6 4
Min.
219 34.4 4.6 3.4 2.5 5.9 56.3 N
Max.
0 .
239 27.1 20.4 12.1 10.0 10.5 28.8 (0) 55 o r2
CV (%)
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Table 2. Results of variance analysis of biometric indices in physiographic unit classes
- . alod
Sle a Egoa JOVE PO o
P-value F Slas o sol3 Sla yo Source of (T
MS df SS variation Biometric
index
0.008 5.089 397.815 2 795.629 (o) by gl Sl gl
Altitude (m)
0.852 0.161 12.548 2 25.096 (1) et
Slope (%)
0.985 0.051 402 3 12.06 @By e )
Aspect s
0.735 0.502 39218 4 156.873 et X b gl ) b
‘ SlopexAltitude (o siil)
0.483 0.987 77.187 6 463.12 @iz cazr X1y g Sl el dbh (em)
Altitude x Aspect
0.777 0.540 42217 6 253.3 bz e X e
Slope x Aspect
0.826 0.615 48.072 12 576862 AT 4T X wed X )0 gl Sl el
Altitude x Slope xAspect
CV(%)=30.3
0.626 0.470 0.116 2 0.233 (o) by a5l gl
Altitude (m)
0.193 1.671 0.414 2 0.828 (1) e
Slope (%)
Lal o>
0.719 0.448 0.111 3 0.333 ke
Aspect Js el
0.609 0.677 0.168 4 0.671 e X o gl Sl el (52)
‘ SlopexAltitude Total
0.862 0.424 0.105 6 0.630 iz ez X by gl Sl i) height (m)
Altitude x Aspect
0.476 0.931 0.231 6 1.383 lbdlir oz X e
Slope x Aspect
0.422 1.035 0.256 12 3.077 bl Sz X oed X Lo gl Sl el

Altitude x Slope xAspect
CV(%)=10.7
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P-value F Sl o soly! Sl o e )
MS | f) Sé Source of variation Biometric
indices
) L ) elis |
0.433 0.844 0.034 2 0.068 G Lo b Sl S
Altitude (m)
<0.05 4.037 0.163 2 0.327 () et
Slope (%)
Ll i
0.744 0.413 0.017 3 0.050 ST T
Aspect
0.567 0.739 0.030 4 0.120 e s gl el () 45 glis)
SlopexAltitude Trunk height
0.878 0.399 0.016 6 0.097 iz e X L)s b Sl el ()
Altitude X Aspect
0.499 0.898 0.036 6 0.218 ST ST T e
Slope x Aspect
Ll i g X o X | slis |
0.362 1.107 0.045 12 0.538 AT e et X by ghe el
Altitude x Slope xAspect
CV(%)=10
Y ) elis |
0.861 0.150 0.017 2 0.033 G ks gl Sl el
Altitude (m)
0.705 0.351 0.039 2 0.078 ()
Slope (%)
Ll i
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0.477 0.883 0.098 4 0.394 e X s gl gl () gb gl
SlopexAltitude Crown height
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Altitude x Aspect
Ll i Cag X o
0.451 0.967 0.108 6 0.646 ST T T e
Slope x Aspect
Ll o> g X o X ) elis )|
0.489 0.963 0.107 12 1088 S Sur X d X Lo gl Sl el
Altitude % Slope xAspect
=12.64 (%) CV
) L ) elis |
0.557 0.552 0.196 2 0.393 G ks gl Sl el
Altitude (m)
<0.05 3.244 1.153 2 2.307 () et
Slope (%)
Ll i
0.294 1.252 0.445 3 1.336 ST
Aspect zb mdaw
0.290 1.261 0.448 4 1.794 P X0 C"“‘” e (e )
SlopexAltitude Crown area
0.040 2.300 0.818 6 4.906 bz e X by ghe Sl ) (m2)
Altitude x Aspect
Ll i g X o
0.382 1.076 0.382 6 2.295 ST T
Slope x Aspect
0.459 0.994 0.354 VY 4243 AT e e X b ghe el

CV(%)=12.9

Altitude x Slope xAspect
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B A oel e [T
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Slope x Aspect
0.415 1.04 45725 12 54.8695 i g X et X glaw 5l i)
Altitude x Slope xAspect
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Figure 3. Results of Tukey's test for comparing the mean diameter of wild pistachio in altitude classes (a) and
trunk height in slope classes (b) (Means with different letters are significantly different)



Obws S sl o (Pistacia atlantica Dest.) 4y Lz )0 orwun; sl Sis » (B8 558 Jolse )..;L

-\

34
3.3
3.2
3.1
3.0
2.9
2.8
2.7
2.6

B

Sl

Mean crown area (sq.m)

(e 70) gl s o

0-30 30-60
(%) is et

Slope classes (%)

AB

> 60

Gy 6ls 6l eSilos) oty slodil o any Gl )0 21 o eSilos deglin gy S5 eey] domes - USS

(Al o gme BT gl s Dglaie

Figure 4. Results of Tukey's test for comparing the mean crown area of wild pistachio trees in slope classes
(Means with different letters are significantly different)
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Figure 5. Distribution of wild pistachio trees in crown vitality classes (a) and slenderness ratio classes (b)

without considering physiographic factors
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Figure 6. Results of Tukey's test for comparing the mean slenderness ratio in altitude classes (Means with
different letters are significantly different)
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Table 3. Comparison of the mean crown area of wild pistachio trees in altitude (E) and aspect (A) treatment
combinations using Tukey's test at the 5% error level (Differences are statistically significant when the
p-value is less than 0.05. Numeric indices indicate altitude and aspect classes)

Solesd S 5
EsAs4  EsAs  EsA»  EsAr BExAs BE:As E:A2 E:2A1 EiA4 EiAs EiA2 EiA treatment

combination
0.451 0.392 0.227 0.300 0.274 0.870 0.077 0.560 0.940 0.012 0.126 - EiA
0.435 0.018 0.746 0.618 0.660 0.172 0.808 0.342 0.146 0.305 - - EiA;
0.072 0.001 0.178 0.129 0.144 0.018 0.043 0.049 0.014 - - - EiA;
0.497 0.352 0.257 0.337 0.308 0.929 0.091 0.611 - - - - EiA4
0.864 0.152 0.530 0.650 0.609 0.675 0.234 - - - - - E2Aq
0.307 0.009 0.571 0.459 0.495 0.108 - - - - - - ExA»
0.555 0.308 0.296 0.383 0.352 - - - - - - - ExA3
0.733 0.053 0.908 0.954 - - - - - - - - ExA4
0.777  0.060 0.862 - - - - - - - - - EsAi
0.647 0.040 - - - - - - - - - - EsA»
0.109 - - - - - - - - - - - E3A;
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Table 4. Comparison of the mean crown vitality of wild pistachio trees in altitude (E) and aspect (A) treatment
combinations using Tukey's test at the 5% error level (Differences are statistically significant when the
p-value is less than 0.05. Numeric indices indicate altitude and aspect classes)

EsAs  E3As3  EBEsA»  EsA1 ExA4 E:As E2A2 BE:Ar EiA4 EiAs EiAz EiAd treatment
combination
0.053 0434 0.005 0.106 0.013 0.006 0431 0207 0.104 0.003 0.042 - EiA:
0.919 0206 0403 0669 0.648 0.455 0.207 0431 0.674 0.324 - - EiA;
0.277 0.026 0.880 0.159 0.595 0810 0.026 0.078 0.161 - - - EiA;
0.750 0396 0210 0.995 0.382 0244 0.399 0.713 - - - - Ei1A4
0.493 0.630 0.106 0.718 0215 0.127 0.633 - - - - - E2A1
0.246 0996 0.037 0.402 0.087 0.046 - - - - - ExA»
0.397 0.046 0927 0.241 0.770 - - - - - - ExA;
0.578 0.086 0.703  0.378 - - - - - - - ExA4
0.745  0.400 0.208 - - - - - - - - EsAi
0.349  0.037 - - - - - - - - - E;A;
0.244 - - - - - - - - - - EsA;
=098 calise 3blie jo 4y Lo a8 (S Sy

5 e Ll b el ae 1305 o s Dglis
e Lnglis ol 3l 8 o 31,55
S) S sl Sy Ogen s39ite Jalgs
o) glsmol Lulyd (2505 5 (s5eidol (os
O )0 e &l (L 5 (o Smsb, o 8,0
b B 5 (i Sy 5 0l s gl el
S o e il (Sl gloceled) gyt
g 5 0 S5 b i ot st
Syl o Calgd 5o g Cenl S50 s s o
Oylsdn D9b oo iz Gblie jo (LS ,0 cpl Hlad
Ay sy el o sadodalie glacglas (S0
5 b Jelse G SOlsS Sz sasasglad
Barnes et al.,1998; ) el 4565 ol o, 5 Sl

Maes et al., 2019; Fan et al., 2022; Anderson-
(Teixeira et al., 2022

aS ol plid an (LB s b8 msh oy

3 dmaply 8 Ly SLiS s 4 Sl on i
S el cplogle gl e 2ol FO LY. bogame
g ddlate ,0 b s jin &S cwl ol
slasy ¢ Jolie jo oyl Jl8 0l Sl J>lhe o
FO 5| ity 5 shasilo Yo 5l a8 b b lis s

ey 85S 5 Shaghy ddlaie jo A LS

VoYY el )l dals ales 1o Ll Sl
YY- U o glocod o s 51 2 YYYA
slaiyz> 4o g (4,0 FY U oo Jolr) wsyo
WA odolive Hlog ol e &gS lgieds ( oLl s>
sloasily L ailaio o 4z My, (S0 ol
Ol bt Bl )3 (—ioy Lo gy
Zahedipour et al., 2005; Negahdarsaber et al., )

2009; Davarpanah et al., 2009; Rostamikia et
9= (al., 2009; Shekarchian et al., 2020,

L assS o=l ol 6,8 5w sasmo s a5 clils
el gy (Sa35lsS Ll

dilaie )0 ey LB yo A ply a8 (5 SSle
To S5 Jelse 58,5 5 5 G sy
Couids (golnl saumoylis a5 ol 05 e Ol
Ol )3 any plis 30 A il a8 (o Siles ¢y
«(Zahedipour et al., 2005) ;o cS5lo VIV (55 5o
Rostamikia et al., ) zo il)¥/# JLzl> o
o il O JA ol—zile S li—ul jo 4 (2009
el 0ol |35 (Ghahramany et al., 2016)



Yo¥ V1o BV dmio VP F il Y 8yl qeaiin o (lpl SUS ezl (o) i il

ddhio o an (LiZ 0 vwlen) gloasles »
Ay 5l el 50 50 0uiio Y (gdme Sl alS
aS ,ob les plply (Ghahramany et al., 2016)
Slelas )| jo cdél o5 okl &y L )0 il svalin
Olyre 45 013 1,8 G yiws 5l je0 3bls 5 YL
ol S Ll o Slasl glacdss
).,ul_’ Aol g g o ol Bl S e 5d
oo gl adlad an lis e e gl S
31 s 4o a5 ol Lis Chawla et al. (2008)
5 o A Comd Lo mhau 3l gl )l o 55l s
sleasl wlwly (Chawla et al,, 2008) s,ls
di_o» Cimalovd, & Lososova (2009) i
N ihe (AL oS5 g 2SIy p S5 s
58 bl pimman ol Sglaie LT 1 o Ll
8y Sl 3 0940 Sl slacdles 4 cul
SS9 Jalse )38 150 (e Wl a3
sl 8 5wy s s ws;

Vol gaid oo L) an L3 0 olis)l 45
YAMA £55 <o po L) Ll (6,8 955 51 5aS (duo o
el )| Bl an 0250 S0 &)leds 09y (2o
Ao S0 gl wlalp () Jguz) oy bSes
G (§ iy (FIV) S el ) 51 gy ddlaio 4o
2052 2 5588 500 bl jo alie la g 4
g e oz S sl )l dhawgie jeba Laiog
ouds o,l38 (e Y/A) Js ¢ (o YIA) (655 0
Zahedipour et al., 2005; Falahchai et al., ) ool
2009; Rostamikia et al., 2009; Ghahramany et

O ghm ddlate ;o an S0 4 gl )l (al., 2016
alie Glaiegh )0 Sy onl jlade 5l 55 (e Y)
(o VYY) (635 po bl aile jauiS S0 3blie jo

Sass S99 D9 oS (6 pSetz jsba fele
S il TO 51 Gy Jl8 L asy iz e Sl
50 wlawilys e yo 5l golomss aS cl 1 )
2y s FVsb yee (has Ailis o Ll
Ao LS 0 050 0 (Ggw il aily gy
=S (o Geized g el Vel eSSl L
gl Yo L Ve (gl d sl jo Loz o
Sy9loly wah cans g wgllael Cunsg sosmsylis
3 oaie Jolge 5l 0L el (Saw 4y Lz 0
5 Cugb, 0geS wle) aore acluwl bylpl ales
Mayor et al., 2017; Panthi et ) (S5 04 .88
asile) Sladl slacdled it ol 3G 4 al., 2020
Ghahramany et ) ol (Gaw 6l 45, o <o
=2 Coxog ol .(al., 2016; Yousefi et al., 2020
E95 p o g WS o0 g |y 4 s K> (g5l
o) s cuiliS aales e 5 dilaie e
Oy Sl iogh laa 3L Lo hagi—
(Ghahramany et al., 2016; Yousefi et al., 2020)
Ml Copasdn azg Oy 5 Sl o
91l Cupndg S g Ld gl Al gla S
S o BT Gy 5l i | iS50 5!
Shelas,] s aS ols s g lel Judow ol
g, Gl L 00 O)ledy 0)ls 9925 (5l ixe
bwgie joban 55 4 (i) Jlad s s
0 4 glyson y B il e il
Wl ye il DAl (5 gt Lo (0L
S obed GlaThs 5 o8l (>lg JeSis
..\_,)L.\f).ul., Ol 0 o, ju0e3 aS ol
Barnes et al., 1998; Fakhimi Abarghoie et al., )
(Sl glacdles ( Jae Julge 09380 (2011
é,]ol._:.o).)’fz'; -BJ” :"QSM
wols; )...,L, (o LSl e yws 5o 9 Cawo iyl

) s ‘.)).3 o’)”.)‘ﬁd._g



Obws S sl o (Pistacia atlantica Dest.) 4y Lz )0 orwun; sl Sis » (B8 558 Jolse )...ab Y0

uLm.’ ‘6‘0)17 9 S dbl.u: G&:L.f U’“‘“"ﬁ"
o sy lassT g9 o Jsle g0 oyl a5 wisls
43,138 )31
llss sasas i gles ol .l e 0 2 ool
9 olal 9 Lr.‘a.«.?u 6L{bw ).j‘).g ) &‘.5)0 wsl.e.o
OMSie l slailias zU glolss jrals . cnla s lon
Morales-) el Sl sLacdlss 51 b
gy ke 5= (slaaisl .(Gallegos et at., 2023
2098 E9d90 (| g an (S0 o5 Sbla KLy
3).:_..» u_...:‘o).: l_$ _\J‘ys‘s ‘stlimasj u.._r..a .]a.").m
Jid g oo Hllo o g Jawgd (Sl By, 4 e
asls blg,l gYeb (LIl Job ;o o)l o o
.(Ghahramany et al., 2016) oL

JSs sl s o SaiaSad g0
€5 ol o515 aiile aome alides Julge 50
Q)‘Q )‘)J ol.i_.......tj) .la;‘)._m 9 )3_: L ‘SHAJMO S
5o lgs oo Se o=l (Bijak & Orzol, 2018)
e 5 (5550 losgs Sl g CudeST (b))
Jweal slrosg ;o SoiSad cu,ms .09, 8
u.:)_.a )L.\_B.o RO N d._;:‘)| Ql_’;})b ol Ms
g ieS FO jlan (lis o d s o Sansad
30 0, A o an LS Gla cpl sl el sl
el sl 5l g as S o )8 5L sl
8,5 L o L .(Namiranian, 2000) &5 )ls,95 4
Gpddaole L SaiS08 (o b puitins bLS )|
o=l o9 S>o5 «(Bijak & Orzot, 2018) ol g,
Al Wilgs o olKing,

SIS Ll o s o s il )3
A ipgim ddhie o a b LS o eoll iy,

s (= VIN) 0g,3lg> o (o < /AY=V/) Jrd>
Zahedipour et al., 2005; Rostamikia et al., ) 54

§9=5 < ,—o (2009; Ghahramany et al., 2016

—Na2 ydS 35 Qo0 VYY) Al Lo U slas )|
o)l Vo Lo sl )l ales pdas 5l Lusyo
eyl ddlate )3 an Gl je 2l eli)l () Jga2)
15 G PIY) aty 215 gLl lasgio 51 (e VIS)
Cwl , oS (Ghahramany et al., 2016) 54 ls >
3t Ol o b angliie )0 oadom) p an b5 0
Ghahramany ) z— e o YA/F 20 gl b 09 5lg>
5 Dglds a3l 65 1 (6,5 S>S U 5l (et al., 2016
Slooliivg) o an Olid o (v sbo S
s 5 SeisdsST slawslis 1 (38 wiliss
Ol e S pingge 78U 55 e (i Cublo
Tz S i Sl ails gl 6l (e
45 08 Zopie Gl | A (S0 e
Ghahramany et al., ) o—sb g Lol &5 glas )|
s glas )l yioli3l b .2016; Yousefi et al., 2020
Cilo gl A ALl (g iy slass ceas Sl
Fis (8 ey e AT )0 5 955 s w9 S
s el el e 4 0,5 Sl Gl o
T U ho) o slacad o i oL, i
(Jmole ol oy oo i 068 o cdalin (Ao,
2 an iy S 2sS gL ghw ol s
Po 3l G ol slocad 4 G o5 slaceds
L Joose joban a5 bl (ialidl.adly (ao)s
o=l s aS cadl ol pen 350 S glas,) ol
Hund oS o ol |y LUl ol 55 Gimgim
5 e Ll o adls Sgr 1 55 (2002)
45 Sy AT (nl A9 0 (owyp |y (BLS by
AU alS by o Ao ol anels g
sz s Jd slacur & s )sbar )18
sl e L lo pre S 2LS idg
=1 =2 5 = Gallardo-Cruz et al. (2009)

Sl g 95 anels S 9 byo mhaw l elis)|



Y.s VAo B fmiao D F Lol Y 5 )Led qemoin Jlo ol SLIS ezl o]l JKim dlors

g asuls ol (ols jebas o ls (13 31,5 g, 5
Ll 5 Lo a1 gl | 5 asels Cya o Jiliis
s as ol e 2B wlsg 18,5 2U mlan
S Lo a5l glis )l g anels cg blie L0
= Gl e yobas Lo mhaus 3l slas ool 4z S
R BRI R UL FPUFTIN CERRE VL R R
eyl ohgay o Loyl aS a6 L Leasdly
3O loaiS s i B il g Loy o e
Aol regie ddlaie jo a LB )0 geigald,
Jolse 4 ams o Lt Gigiy (nl (B b
...\3)13;,_‘;‘1" a0 (prwdans ) sbasled g0
5 ormb Jolse Jline o5l 1mp0 S0 sl
L siele slogiogn wbas (b » Sl
el S 55 wile 5o e ik 38,5 L 5o
25 plail JSaz 5l (65l0 0 00 A )b g adlaie
Sl Copae laaslyy a9 50 Wlgs oo el
B slwpg (nl (G g9 Lad> 5 an sl o
o 695 (6 ,900l5 dod Cans 4 a5 b ol ouhe
L i culs sl y wLin.} Sloaslioguds [V.‘a.u
$9r2 wdoe Ol oyt Jbd oSl b any s
(_gL_oaJi;_? )‘)""""‘" L S (_g‘ﬁ ‘a)")/ Jo).....» ‘_g)ﬂo\)‘
et A4S Cewl (6900 4SSl IS (olyd o
o8l bl 0 b ez bl jo aline sla ingss
US| IR PO W N PLY Y

OB tnl Gy el (2S5 5 (oS (o)
Loyo s jlelas ) (S Sengs bl 4 azgi b
A5 ol Lt gl b sy (Aels S g o
o9 Sl slacdled o nnl Jalse o958l
SLaShy o 6 pSaia b jhe Jaw calsy
o (Hmw bl ol an LS (a5 (oS
L ashaio (o zoly golaidl e Jd oo lgica
Wlgien (OS50 1 (Siedn i slagiis Jlel
e 8 il cow | LT JaS],y 5 o, glasS]
ol jardsy i Cblo p yle) Dae g 090 (A
3 il SloS 5 aTlg oo o SS9 Jsloe
Sloo | s A5y g WS Bl S0 o) b s
o) s 0 Ll (g sl Sig 50 €95
bl bl an )5k e S0 4 sl e gk
Lozl o nae o by, drwgi g (Janes
A, BaiSogasne Jelge olulid b auS S 4
Syl sl (oo poe OLl8l Hlgs o cany LS50
By 5 s adgh Gl g olSling, Cundy Soue

25 b an (kS i

& 325 A
= St Jslse LS Ghmgiy ol o
etz o e gL5550 (G s S
Ot @l A gy gatin (Lo pped sloJSix
(dele oS Olean bys a5l elas )| oS ol
el abls ay Gl a6l Jae )...,L,
A Lo mhaw el | alBIL G o jlea
o aizren Sl il Gl 5 e S0
wils L 3 gl )| L cwsSae dlail, atels
L sloaals ;o adly Lz o aS Las o) 4y s
ol gl ailaisls (g i 4 gl )l ieS ol
Jolse oy s cos 2 mhaw dles a5 ols



Obws S sl o (Pistacia atlantica Dest.) 4y Lz )0 orwun; sl Sis » (B8 558 Jolse )...ab Y-V

References
Alhamad, M.N. (2006). Ecological and species diversity of arid Mediterranean grazing land
vegetation. Journal of Arid Environments, 66(4), 698-715.

Anderson-Teixeira K.J., Herrmann V., Rollinson C.R., Gonzalez B., Gonzalez-Akre E. B., Pederson
N., Alexander M.R., Allen C.D., Alfaro-Sanchez R., Awada T., Baltzer J.L., Baker P.J., Birch J.D.,
Bunyavejchewin S., Cherubini P., Davies S. J., Dow C., Helcoski R., Kaspar J., Lutz J.A., Margolis
E.Q., Maxwell J.T., McMahon S.M., Piponiot C., Russo S.E., Samonil P., Sniderhan A.E., Tepley
A.J., Vasickova ., Vlam M., & Zuidema P.A.. (2022). Joint effects of climate, tree size, and year on
annual tree growth derived from tree-ring records of ten globally distributed forests. Global Change
Biology, 28(1), 245-266.

Barnes, B.V. (1998) Forest Ecology. John Wiley and Sons Inc., Hoboken, 773 p.

Bijak, S., & Orzol, K. (2018). Slenderness of trees in black locust stands. Lesne Prace
Badawcze, 79(2), 113-117.

Bueno de Mesquita, C.P., King, A.J., Schmidt, S.K., Farrer, E.C., & Suding, K.N. (2016).
Incorporating biotic factors in species distribution modeling: are interactions with soil microbes
important?. Ecography, 39(10), 970-980.

Callow, D., May, P., & Johnstone, D.M. (2018). Tree vitality assessment in urban
landscapes. Forests, 9(5), 279.

Cimalova, S., & Lososova, Z. (2009). Arable weed vegetation of the northeastern part of the Czech
Republic: effects of environmental factors on species composition. Plant Ecology, 203, 45-57.

Chawla, A., Rajkumar, S., Singh, K.N., BrijLal, R.D.S. & Thukral, A.K. (2008). Plant species
diversity along an altitudinal gradient of Bhabha Valley in Western Himalaya. Journal of Mountain
Science, 5, 157-1717.

Coomes, D.A., & Allen, R.B. (2007). Effects of size, competition and altitude on tree growth. Journal
of Ecology, 95(5), 1084-1097.

Davarpanah, G., Fattahi, M., Golmohammadi, M., Aghajanlu, F., Hajighaderi, T., & Tarasi, J. (2009).
Investigation on effective factors influencing distribution of wild pistachio species at Zanjan
province. [ranian Journal of Forest and Poplar Research, 17(1), 33-50. (In Persian)

Deafalla, T.H., Dafa-Alla, D.M., & Abbas, M.E. (2014). The importance of non wood forest products
for rural livelihoods: the case of South Kordofan state, Sudan. Science, policy and politics of modern
agricultural system: global context to local dynamics of sustainable agriculture, 323-332.

Desta, F., Colbert, J.J., Rentch, J.S., & Gottschalk, K.W. (2004). Aspect induced differences in vegetation,
soil, and microclimatic characteristics of an Appalachian watershed. Castanea, 69(2), 92-108.

Didehvar, M., Ebadi, M.T., & Ayyari Nooshabadi, M. (2022). An Environmentally-Friendly Method for
Exploitation of Oleo-Gum-Resin from Pistacia atlantica Desf. Trees. Journal of Nuts, 13(2), 153-165.

Esmaili, A., Mousavi Mirkala, S.R., Alijanpour, A., Hajjarian, M., & Ghanbari, S. (2022). The effect
of altitude on quantitative and qualitative characteristics and estimation of Pistacia atlantica fruits in
the forest stands in Sardasht, West Azerbaijan province. Forest Research and Development, 7(4), 653-
670. (In Persian)

Fakhimi Abarghoie, E., Mesdaghi, M., Gholami, P., & Naderi Nasrabad, H. (2011). The effect of
some topographical properties in plant diversity in Steppic Rangelands of Nodushan, Yazd Province,
Iran. Iranian ~ Journal  of  Range  and  Desert  Research, 18(3), 408-419.  doi:
10.22092/1jrdr.2011.102172. (In Persian)

Falahchai, M.M., Firouzan, A.H., Yousefi, M., Panahpour, H., & Falahchai, S.R. (2009). Survey of
some vegetative characteristics Pistacia mutica species in Yasuj forestes. (Mah Parviz local forests).
Journal of Biology Science, 3(1), 29-41. (In Persian)



YA VAo B fmiao D F Lol Y 5 )Led qemoin Jlo ol SLIS ezl o]l JKim dlors

Fan, B., Yang, B., & Li, G. (2022). Assessing the influence of local environment, regional climate and
tree species on radial growth in the Hexi area of arid northwest China. Frontiers in Plant Science, 13,
1046462.

Fattahi, M. (1995). Ecology of pistachio wild. In first national seminar of pistachio. llam, Iran, 26-62.
(In Persian)

Fu, B.J,, Liu, S.L., Chen, L.D., L, Y.H., & Qiu, J. (2004). Soil quality regime in relation to land cover
and slope position across a highly modified slope landscape. Ecological Research, 19, 111-118.

Gallardo-Cruz, J.A., Pérez-Garcia, E.A., & Meave, J.A. (2009). B-Diversity and vegetation structure as
influenced by slope aspect and altitude in a seasonally dry tropical landscape. Landscape Ecology, 24,
473-482.

Ghahramany, L., Saedizadeh, F., & Ghazanfari, H. (2016). Response of wild pistachio (Pistacia
atlantica Dest.) to resin exploitation. Journal of Wood and Forest Science and Technology, 23(4), 25-
44. (In Persian)

Ghazanfari, H., Namiranian, M., Sobhani, H., & Marvi Mohajer, M.R. (2004). Traditional forest
management and its application to encourage public participation for sustainable forest management in
the northern Zagros mountains of Kurdistan Province, Iran. Scandinavian Journal of Forests
Research, 19, 65-71.

Harper, J.L. (1977). Population Biology of Plants. New York, Academic Press.

Heydari, M. (2017). Study the effect of physiographic and anthropogenic factors on the spatial
distribution of Pistacia atlantica using GIS in Dareh Shahr forests. Journal of Plant Research, Iranian
Journal of Biology, 30(3), 560-570. (In Persian).

Hosseini, S.M., Hosseini, S.A., & Karbalace Doree, A. (2019). Evaluation of bioclimatic index in
Sanandaj. Journal of Environmental Science Studies, 4(2), 1307-1316. (In Persian)

Hund, K.C. (2002). The effects of slope aspect on environmental conditions and vegetation (slope
aspect study). California state science fair.

Kershaw Jr, J.A., Ducey, M.J., Beers, T.W., & Husch, B. (2016). Forest Mensuration (5th ed.). New
York: John Wiley & Sons, 640 p.

Kozhoridze, G., Orlovsky, N., Orlovsky, L., Blumberg, D.G., & Golan-Goldhirsh, A. (2015).
Geographic distribution and migration pathways of Pistacia—present, past and future. Ecography,
38(11), 1141-1154.

Mbuvi, D., & Boon, E. (2009). The livelihood potential of non-wood forest products: The case of
Mbooni Division in Makueni District, Kenya. Environment, Development and Sustainability, 11, 989-
1004.

Maes, S.L., Perring, M.P., Vanhellemont, M., Depauw, L., Van den Bulcke, J., Brumelis, G., &
Verheyen, K. (2019). Environmental drivers interactively affect individual tree growth across
temperate European forests. Global Change Biology, 25(1), 201-217.

Maguran, A.E. (2004). Measuring biological diversity. Blackwell Publishing, UK.

Mayor, J.R., Sanders, N.J., Classen, A.T., Bardgett, R.D., Clement, J.C., Fajardo, A., Lavorel S.,
Sundqvist M.K., Bahn M., Chisholm C., Cieraad E., Gedalof Z., Grigulis K., Kudo G., Oberski D.L.,
& Wardle D.A. (2017). Elevation alters ecosystem properties across temperate treelines
globally. Nature, 542(7639), 91-95.

Morales-Gallegos, L.M., Martinez-Trinidad, T., Hernandez-de la Rosa, P., Gomez-Guerrero, A.,
Alvarado-Rosales, D., & Saavedra-Romero, L.D.L. (2023). Tree health condition in urban green areas
assessed through crown indicators and vegetation indices. Forests, 14(8), 1673.

Namiranian, M. (2000). A study on dimensional characters of Beech species in Gorazbon District,
Kheyrudkenar forest. Iranian Journal of Natural Resources, 53(1), 87-95. (In Persian)



Obws S sl o (Pistacia atlantica Dest.) 4y Lz )0 orwun; sl Sis » (B8 558 Jolse )...ab Y-q

Negahdarsaber, M.R., Fattahi, M., Pakparvar, M., & Joukar, L. (2009). Statistical study of
physiographic conditions in wild pistachio habitats using GIS in Fars province. Iranian Journal of
Forest and Poplar Research, 17(4), 522-512. (In Persian)

Owji, M.G., & Hamzepour, M. (2003). Comprehensive study on Baneh (Pistacia atlantica)
Experimental Forest of Fars province of Iran. lranian Journal of Forests and Poplar Research, 10(1),
283-308. (In Persian)

Panthi, S., Fan, Z.X., van der Sleen, P., & Zuidema, P.A. (2020). Long-term physiological and growth
responses of Himalayan fir to environmental change are mediated by mean climate. Global change
biology, 26(3), 1778-1794.

Rostamikia, Y, Imani, A.A., Fattahi, M., & Sharifi, J. (2009). Site demands, quantitative and
qualitative characteristics of wild pistachio in Khalkhal forests. Iranian Journal of Forest and Poplar
Research, 17(4), 489-499. (In Persian)

Shekarchian, A., Khodashenas, M., Kadoori, M.R., Poursafari, B., Ghonche pour, M., & Fattahi, M.
(2020). Quantitative and qualitative study of Pistacia Forests in Kerman Province and suggestions to
improve their management. Iran Nature, 5(1), 27-33. (In Persian)

Solon, J., Degorski, M., & Roo-Zielinska, E. (2007). Vegetation response to a topographical-soil
gradient. Catena, 71(2), 309-320.

Yampolsky, C., & Yampolsky, H. (1922). Distribution of sex forms in the phanerogamic
flora. Bibliotheca genetica, 3, 1-63.

Yi, T., Wen, J., Golan-Goldhirsh, A., & Parfitt, D.E. (2008). Phylogenetics and reticulate evolution in
PISTACIA (Anacardiaceae). American Journal of Botany, 95(2), 241-251.

Yousefi, A., Ghahramany, L., Ghazanfari, H., Pulido, F., & Moreno, G. (2020). Biometric indices of
wild pistachio (Pistacia atlantica Desf.) trees under resin extraction in Western Iran. Agroforestry
Systems, 94, 1977-1988.

Zahedipour, H., Fattahi, M., Mirdavoodi Akhavan, H.R., Godarzi, G., & Azdoo, Z. (2005).
Distribution of different species of Pistachio in Markazi Province of Iran. lranian Journal of Forest
and Poplar Research, 13(1), 33-78. (In Persian).



Iranian Journal of Forest DOI: 10.22034/ij£.2025.485628.2013

Vol. 17, No. 2, Summer 2025 @@® CCBY 4.0
pp. 191-210

Research Article

Iranian Society of Forestry
2002)

The impact of physiographic factors on the biometric characteristics of wild pistachio
(Pistacia atlantica Desf.) trees in Kurdistan Province

S. Sharifi!, L. Ghahramany 2", M. Pourhashemi®, and M. Pir Bavaghar ?

IM.Sc. of forest science and engineering, Dept. of Forestry, Faculty of Natural Resources, University of Kurdistan, Sanandaj,

Iran.
2Associate Prof., Dept. of Forestry, Faculty of Natural Resources, University of Kurdistan and Dr. Hedayat Ghazanfari
Center for Research and Development (R&D) of Northern Zagros Forestry, University of Kurdistan, Sanandaj, Iran.
3Prof., Research Institute of Forests and Rangelands, Agricultural Research, Education and Extension Organization
(AREEO), Tehran, Iran.

(Received: 2 November 2024; Accepted: 30 December 2024)

Abstract

Introduction: Physiographic factors such as altitude, slope, and aspect play a crucial role in shaping vegetation
patterns and species distribution. This study aimed to investigate the impact of these factors on the biometric
characteristics of Pistacia atlantica trees in Kurdistan Province, Iran.

Material and Methods: This study was conducted in an 1860-hectare forest area in Sanandaj. The study area
was divided into 36 homogeneous physiographic units based on altitude, slope, and aspect maps. For each
landform unit, four random points (four repetitions) were determined digitally and their coordinates were entered
to GPS for positioning. At each random sample point, seven of the nearest wild pistachio trees (with diameter at
beast height > 5 cm) were selected as sample trees (totally 1008 wild pistachio individuals). For each sample
tree, the diameter at the breast height, total height, trunk height, crown height, the major diameter of the crown
and its perpendicular diameter, and crown vitality were recorded. The distribution of wild pistachio trees in the
diameter classes was drawn and the statistics of biometric indices of sample trees were calculated by separating
physiographic factors and without considering physiographic factors (total). The effect of physiographic factors
on the biometric indices of wild pistachio trees was investigated using a factorial experiment with a completely
randomized design (considering the altitude, the slope, and the aspect as the test factors). The comparison of
mean diameter at breast height, trunk height, crown area, slenderness coefficient of wild pistachio trees and
treatment combinations (after rejecting the assumption that they are the same based on the result of analysis of
variance) was done using Tukey's post hoc test.

Results: The results showed that altitude was the most significant factor affecting tree diameter. Generally, tree
diameter increased with increasing altitude. Pistachio trees showed no significant differences in total and crown
heights across physiographic factor classes. Slope influenced trunk height, with trees on gentler slopes having
greater trunk heights. Additionally, crown area was influenced by a combination of slope and aspect, while
crown vitality was influenced by both aspect and elevation. In terms of slenderness coefficient (the ratio of total
height to diameter at 1.3 m above ground), the effect of altitude is statistically significant.

Conclusion: This study demonstrated that physiographic factors significantly influence the growth and
development of wild pistachio trees. Understanding these influences can be beneficial for developing sustainable
management strategies for pistachio forests. By identifying the limiting factors for tree growth, appropriate
management measures can be designed to improve habitat conditions and enhance the sustainability of this
valuable species. Further studies in different regions with varying climatic and ecological conditions are needed
to generalize the findings of this study.
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