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Abstract

Background and objective

Gypsum habitats create a stressful environment for plant and the establishment of plants is
affected by ionomic toxicity. Shrub plants as nurse plants can safeguard their understory species
in the harsh conditions of this habitat. These plants are more important in extreme
environmental conditions because they use particular processes to modify the microhabitat
conditions and assist the development of subordinate species. This study attempted to explore
the biotic effect of Artemisia diffusa shrubs on its subordinate species in an altitude gradient in
the gypsum habitat of Semnan province.

Methodology

For this purpose, four habitats with gypsum content above 40% were chosen based on their
altitude gradient. These habitats include Talkheh, Sorkheh Down, Rameh and Sorkheh Up with
altitudes 1302, 1358, 1431 and 1544 meters above sea level, respectively. In each habitat, 20
twin plots were established under a canopy of A. diffusa and their nearby open spaces and then,
their percentage of cover was measured within the plots. The sampling unit is the shrub, which
is considered as a patch. To investigate the response of the plants, they were divided into four
functional groups: annual grasses, annual forbs, perennial forbs and shrubs. To analyze the soil
parameters in each habitat, ten soil samples were collected as pairs under canopy of A. diffusa
and their nearby open spaces and physicochemical properties including pH, EC, gypsum
content, CaCOgs, sand, silt, clay, phosphorus, organic carbon, nitrogen and sulfur were
examined. The difference between treatments was examined using the generalized linear mixed
model, and means were compared using Tukey's HSD test. Soil properties were examined using
multivariate PCA analysis. All computations were performed with R program. The relative
interaction index was developed to measure biotic interactions between plants.

Results

Based on the obtained results, 22 plant species from 16 families were recognized. The findings
revealed that the altitude and location of the species under the patch and their nearby open
spaces have a major impact on various ecosystems. In Talkheh (7.7+1.9), Sorkheh down
(13.2+2.36), and Sorkheh up (12.75£5.3), the percentage of total cover of species under patch is
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greater than their nearby open spaces. Additionally, in Talkheh, the percentage of annual forbs
(5.3£1.2) and at Sorkheh down annual grasses (8.3+2.3) and annual forbs (5+1.06) under patch,
also in Sorkheh up shrubs (7.5£3.5) and annual grasses (3.15+0.84) were more abundant under
patch than in their nearby open spaces. Also the results showed that the biotic interaction of
A.diffusa facilitates all species in all environments, however the intensity decreased with
increasing altitude (F=2.95; P<0.05).

The study found that annual forbs facilitation declines with increasing altitude (F=10.01; P <
0.001), while shrub species only experience facilitation at high altitude (F = 5; P < 0.006). The
model's results demonstrated that altitude, position, and their interactions had a considerable
effect on soil properties. In the Talkhe habitat, the amount of sulfur (4.57+1.21), phosphorus
(2.1+0.3), clay (17.12+2.24), silt (31.78+1.61), and carbon (4.17+0.78) was much higher under
the patch than in their nearby open spaces and the amount of sand (71.8+3.22) and gypsum
content (56.93+3.47) was lower than the nearby open spaces. In general, lower altitudes had less
gypsum and higher acidity, while the opposite was true in the upper environment.

Conclusion

In general, Artemisia diffusa plants in Semnan province's gypsum ecosystem have enabling
effects that decrease as altitude increases. Because as altitude and gypsum levels rise,
environmental conditions grow more severe, increasing competition among plants for limited
resources. Given that gypsum ecosystems feature unique and endemic species, it is critical to
understand the types of interactions so that, if necessary, appropriate nurse species can be
employed to restore these places.

Key words: Altitude, Facilitation, Semnan, Competition, Functional group.



...... b;.....u"L;.bJolﬁ._éJ Yo-

< SBppcw ) (LWHl cwl Jeb 4 Artemisia diffusa Krasch. ex Poljakov g j $al9y Oy
(Olow Ol 288 390 dxllian)

YAdrian Escudero , "Arantzazu L. Luzuriaga "Sara Palacio *' cule coge . Sy amis

Ol g ot S Sl (b @L;.a 0azils (gl e 0y S (5 5S> (g pmtila—
mehdi.abedi@modares.ac.ir : sy S o o) 2l 55 (rode Can 5 JLsils (b @L;A 0uSzsls ¢ (glams e 05 S HLtsls o Jstae sty 5 — Y
3-Instituto Pirenaico de Ecologia (IPE-CSIC), Jaca, Huesca, Spain
4- Area de Biodiversidad y Conservacion. Universidad Rey Juan Carlos, Tulipan s/n, 28933 Mostoles, Madrid, Spain

AARAVARZA RN SRR AARAVARVAVIERCIVSR gL

oS

Sae g adlu

I3 b ot QLS el s G spms s 4 s S alnl QLS Gl 1 i e (oS ey,
il o8tys) ol i Tl 4l 50 553 sl GbasS Sl il e Sl ol Glsie 4 Glas oIS 58
Lla b aSe olind ols glanl s 5l ol Ly wls i cuedl S o Lila 55 sl ol LS
5 Artemisia diffusa e 5U s Gan b addlae ) a8 S8 St 5 oS dne g a5 ools i |, ey ss >
ol e plied 28 o8ty s; 5o oli) it K s o] sl 5 bk S

b S 5ol

W sl Jels LelSltyyy cpl ad olsasl Sl et oLl 5 aos B UL CS/ Ol b o&ts, ¥ ookt cul sl
s ol Yo By, a s g bss g 51 e NOFF 5 AFYY AYOA AYY s a plisl L UL as e 5, ol
S A gaame 53 0 35500 Lol (ids doss e s s ol sl 5L sl 5 Adiffusa ke, 855 el )
oblS Fb mon Sl st e w8 ks a0 S lsis 4 48 ol W g (6510 i gad Anly Ll s ey Al ) o
Jelos sl S )5 balagy 5 Ao wim o8 e Wl o8 e Wl planS Jols oo Shas o5 S Ll 5o gl
5 ad il ol sl 5 sl 5 Adiffusa oSl 5 s 5 Coson S s Ve oBiys, e SB bl
or 258w 5 03555 S b s o (8 S O S e (o8 el Jolt bt 558 Olo pas
s S

S ol 4z sl HSD (S5 o550 51 aliad b b0l acglio 5 aly eans oS5 s Jios) bjleg o sl
3 0lS sty s S o310 (s a pll R 131 o5 55 Slialows ol 5 Jolos PCA Lol a3 06T 51 oolisd
A eolizel gy oy, i s s

Combgn s sl &S ol plas s wias lalis sl sl V8w glate LS 88 YT gaame 55 sl s by s ol
a8 JS AL it doss 3l ilise eltys; 5o olalime 1 Hslane 5 sl 5 0 sSl 5 0 S 5 )8
ol 5o 505 5L sl 5l ey OsSal L5 50 (VY/VOES/Y) UL as v 5 (\Y/YEY/YE) ol as o (V/VEV/Q) 4l 5o
Al 5ledS ol s e L3 dO/TEV/Y) AL o8 e it doss 4l s wolle a4 .clns g bolas sl 4l
53 (PO /AT Sy olaad 5 (V/OY/0) bigls s U a3 OFV/-F) dlacs ol om 5 (WTEY/Y)



YON

¥oooled ¥V s 0l 0ble 5 @0 Olados ke ay i

IS Gl atss s dal, Loy s Pl Ls aSals s cﬂ\-u orzed X35 (LS 4l olne 5L sl 5l ey O Sl 5
Olsn &S 330 255 sy £ 15 0 LS Sl )y Jal 5 55 e se 5 ol e 1 L oSl 5 s S
LSy 0 e oo oS sl ol adllan ) (FEY/A0; P < /+0) cutls (g bslimn (208 plis) Gl 31 b ol Joges o
33,0 1y s 8 8y e S s FEV /0N P < /00 0) e 28lS (Lo o 512 VOFF) gl ) ) 3
Sl caige 5 gl Bz 515 camipe gl ols olas Jow 5l Jols ol (F205 P <e/08) 558 e oloul UL ¢l
b (F/OVEN/YN) Ssilgn ol oblime Lob 4 sl o&any, o amaly S ol gl mlbl 1, (s)lsliae
i oSl s (YR/POEO/VE) Sl 5 (F/AVE/VA) 00 S (¥ V/VAEN/PN) o (OV/NYEY/YE) oy (Y/VE-/Y)
2 S Ol S s 4 s (A Al sl 5L sl ) 1S (OF/AYEY/FY) 5 5 (VI/ARY/YY) b ol 5 5L slias |
i anlie ams opl GuSe UL ol8laus) 53 5 05 it el ol 5 S ol Olels)

S e

SO - B R M i WG - e P S C e oy, o Artemisia diffusa oS JS b 4
@L'-‘ Ry B T K NG R T Y R TIC U ME Y cf e t\iﬁ)‘ ORI A L5 s e wllS ol
S8 ol 5o Ly, 5 cils A a5 5 21> a8 Shls 28 GlaelBlay s, 4ol a an 5 b oS o oy 2 3l 5 s
ozl Lol bS5k Sl s S 51 ble ol bl Gl 25U om0 53 b Sl sl s uanl ) el
K%

ISP QGO SR OO W ‘th’ﬁ)\ 1608 sl

330 5ms 25 @bl 5o i Jeged oS Sl s
G 25 Gidy 26 5 o ke fas b olelS
Bertness & ) Xsi e 35> oler sa S )l
1994; Raath-Kriger et al., 2019;
S LS cwd 4w> 3 (Bahalkeh et al., 2021
(Vaa¥) Lo s 5L ol (Stress Gradient Hypothesis)
o a8 sl plas 5 as CJLA Bertness & Callaway
o Bl ol UL e il S e e
Sty A8 o Iy i Jged & 29, 5l L S
Casby-Horton et al., ) azea J ol 51 @ 8
ol 5l o L sl L LS ) (2015
Sl G ) Gl Glap s UL chile 5 as
ssame ol (6,10 (Ruiz et al., 2003) uxS o bl

Callaway,

b e Sidaeg 5 S gl s ol Ll s Lol e
S ) sl ol sas 2 as ol
W}Wﬂﬁ-bﬁrw\rvmﬁg\é@\eﬁg
Guerrero-Campo et al., 1999; ) wloas aslic r.5
S S s &S SlS (Bolukbasi et al., 2016

Ao o
5 A anls Glis 0o e LB ) Ll
cute 5l Sl cpl aS e sl LS e jes
Van Andel et al., ) cul e (Culs)) it b ( Jogess)
2006; Brooker et al., 2008; Vandenberghe et al.,
i Ll s ,S.(2009; Bahalkeh et al., 2017
Sidans 5 Sz bl wsle o e g 52
a4 Cad S5 adsl Jole 5o LS 15 anes @‘)
Escudero et ) wxwa phcaw! Sl Jae b as
al., 2015; Mohammadabadi et al., 2019; Ning et
PP S S O N K b (al., 2020
Pugnaire et al., 1996; ) sas . s |, S
o (Holmgren et al., 1997; Raffaele &Veblen, 1998
2 oosle lss e ol en Gaa S Sl El s oo s
SLa S Spam 5 ek b Jelss (i) Jelse
.(Johnson & Miyanishi, 2010) s,1i8 ,» sk sl
olS a Lals,s £ o 53 0 e 5 ok Julse
o2ls plas Qi s ol 56 gl 2815 008



...... wj&\_uolﬁ.ji

et Job o WS Lly, Ol i adlas s S sanlis
shls ol Ol s b Loyl Sl 4 an g b elis )]
Ly, ol Olaw ) o by dmes Coenl
R OV~ SR S W U SO U B E S-S0 ) I R SRS
Ol e g,-’g iy, o ol cws 5o olls cw\v
S b Gun el sais i) 5586 ol s Ly,
sbasS sy dlgy 5o Ay galS oLS S gfv;i-’
&4 KL R V- B K QT sl

el By

L gy 9 dlgo
A&ILL.A b‘)j.é AEL.ZA

2° @5 d‘-ﬁrﬁw.j 55 andlae 55 ol
o saul 5o gl ol whas @l Glew ol
R R JCH PRI R Bl 5 slee S
Shle s slon 5 ol Qll cpl o 58 s Sl sy
3k &S oolee bols gl il 28 ssms e w sl
G | aikie sladl 5 sas gose e el S o
uimj sl Cf S el cle 4 o onnisy
ol 422138 b S o Laly, s S

5! Artemisia diffusa Krasch. ex Poljakov 4,8
NG| PAp 655 cpl sl e bl ) A s S
o3l 4 Glate 5 o3g e ile Vo 5l S el L owy
2 o) cblcanl s 68 ol .zl . Asteraceae
<l sy 4 olal Gt Jhd 5 b sl 5o o
Cwl amg BB el il Gl s i
Rechinger et al., 1986; Jalili et al, )
5l aw,s > .(2015;Mohammadi et al., 2017
ol ol o) Sas aas 5 Sas bl g sbag
a5 ol S a8 b bey bl
S35 S oads plas oS ol sas sy S i)
(Abedi et al., 2007) el Gble opl ;s
AU iy Sl 5 &ty s, QL]

Yoy

L oablis ol ) s sl aal 5l ans cab a8 e ‘;v\ij
S sk a Jas anl S Jesd Liyssis
B T N R
V‘:“JS U chle cull ‘wﬁéé olS S sl
oUlst C‘f sl S 55 ‘\-Mf;z 23 s s
5 oSS bl Gas a QLIS 1, p-“‘*’ls
@bl > (Escudero et al., 2015) s p5lie 5 S
ol 1 obLE s By, Ses a5 Sas
5 Sl ose bl LSl Sl sl
5 Sepd e UL gl ol s same e gy =S
3gaome |y LS BOF 5 M S ab o ol
Moore et al., 2014; Escudero et al., 2015; ) .S .
bl Lyla 5 &S LS (Cera et al, 2021
o 4 Jeo (g3 S Cio Ly b (s, ols
Grime et al., 2000, 2008; Escudero et al., ) sxws
525 SbS s S alS (LS e 5 (2015
85 » oyl S o Olosas 4wl s,
Palacio et al., 2007; Luzuriaga et al., ) s,ls vﬁw
sl 4 pslis 5 UL Gla g 455 olsen a3 (2015
Db Damine Siddad 5 S 2l 0
Fb Ly, 3 .(Ahmadian et al., 2022)
P P N [ PSP eI R OWVA I POt
WE&)*ﬁJﬁ@bx\ﬁ@*;&ﬁ&
5 Bahalkeh — (Y-¥\) _ai= b .555 saslis
e SHL s s 485 &S WS saelas oS
Lo ads o s i S bl waa ol S s ol
s n S s S aBass & Ll s
Sy oS buge e Bla s 5 sl 5
S 53 Ngdn slan A S Jugus slml s
Sl cos bl s oL, 5 Michalet (Y-10)
@bz slagul Sl 55 sla S o s S sl
s Bal e Jls o ddss 5o aab bag ol 5 4
by Ol o | wolaw Ol i (YY) o,

et lazel 5y oSl eSS 4 ca



Yoy

Los g 312 VOFF 5 VPPN AYOA AY-Y s
FRA-YVAY ) L&y, o) alle Sl asl .

N/ e Al Gles Sl ol e e e
e J\;gﬁ\u a5 YA/AY

Yoooles ¥V s 0ol 0bly 5 w0 Olados ale 4y i

Artemisia diffusa oLS oo o) Jolws s lp

2O IS 5 Jsa) il o8y, ¥ alacan LS
Foosll S 28 ol 5 Lo pha Sl pla) ol
e sl Jols W&y, o) s Ol ass
b &y, ol glal s U as e 5 l) ol

Lo sz e hee) Il (Siok don e (s g 5 20) gl el Ly allae 3 50 Lol s, olakie o s =\ Joia
el olasu 5 (4o )s) 6? Slade ‘(:lfgﬁhﬂ) Sl sles

Table 1- Description of the characteristics of the studied habitats based on altitude (meters above sea level),
average annual rainfall (millimeter), average annual temperature (centigrade), Gypsum content (percent) and

geographic coordinates.

Habitats Altitude  Mean precipitation Mean temperature ~ Gypsum content Geographical coordinates
Talkheh 1302 193 17.27 459 N 35°22'01.0", E 052° 58’ 14.6"
Sorkhehdown 1358 191 16.60 62.72 N 35°28'1830", E 53°05' 9308"
Rameh 1431 208 18.84 63.84 N 35°21"41.3", E 052°42' 13.3"
Sorkhehup 1544 348 16.84 76.66 N 35°28'6638", E 053° 05" 1202"
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Figure 1- The location of the investigated sites in the studied area
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Table 2- The list of Neighbor species in the studied habitats. Functional group AG = annual grasses, AF = annual
forbs, PF = perennial forbs and S = shrubs.

Family

Species

Functional groups

Amaryllidaceae

1 Allium fibrosum Regel. PF
Asteraceae
2 Jurinea radians Boiss. subsp. Radians. PF
3 Koelpinia linearis Pall. AF
Asphodelaceae
4 Eremurus luteus Baker. PF
Boraginaceae
5 Arnebia decumbens (Vent.) Coss. & Karlik. AF
6 Lappula spinocarpos (Forssk.) Asch. AF
Brassicaceae
7 Neotorularia torulosa (Desf.) Hedge &J.Léonard. AF
8 Strigosella africana (L.) Botsch. AF
Caprifoliaceae
9 Scabiosa micrantha Desf. AF
10 Scabiosa olivieri Coult. AF
Caryophyllaceae
11 Gypsophila pilosa Huds. AF
Chenopodiaceae
12 Salsolaa rbuscula Pall. S
Ephedraceae
13 Ephedra sarcocarpa Aitch. &Hemsl. S
Euphorbiaceae
14 Euphorbia gypsycola Rech.f. &Aellen. PF
15 Euphorbia sp. PF
Poaceae
16 Boissiera squarrosa (Banks & Sol.) Nevski. AG
17 Bromus tectorum L. AG
18 Eremopyrum bonaepartis (Spreng.) Nevski. AG
19 Eremopyrum orientale (L.) Jaub. & Spach. AG
20 Loliolum subulatum (Banks &Soland.) Eig. AG
Ranunculaceae
21 Adonis sp. AF
Resedaceae
22 Reseda aucheriBoiss. PF
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Table 3- The results of the GLMM model to investigate the effect of altitude and position of species on the

percentage of total coverage of species and functional groups. F values indicate the level of influence as well as

the significance level at the level of 0.05. Bold text indicates a significant effect. AG = annual grasses, AF =

annual forbs, PF = perennial forbs and S = shrubs

Altitude Position Altitude x Position
Df F value P value F value P value F value P value
Total species 63 5.04 0.003 24.03 <0.001 2.55 0.064
AG 72 7.95 <0.001 22.27 <0.001 6.43 <0.001
AF 72 11.45 <0.001 26.84 <0.001 6.74 <0.001
PF 72 1.50 0.22 0.33 0.57 0.41 0.74
S 72 4.91 0.004 3.76 0.056 3.76 0.014
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Table 4- Compere mean of the effect of altitude and position of species on the percentage of total cover of species

and functional groups. Capital letters indicate significant differences between groups in different positions and

small letters indicate significant differences between groups in different habitats.

Position Talkheh (1302m)  Sorkhehdown (1358m)  Rameh (1431m) Sorkhehup (1544m)
. Patch 7.7£1.9Aab 13.3+2.36Aa 0.75+0.05Ab 12.75+5.3Aa
Total species
Open space 0.7£0.5Ba 2.1+0.72Ba 0.0£0.0Aa 1.95+0.89Ba
AG Patch 2.2+0.9Ab 8.3£2.3Aa 0.0£0.0Ab 3.15+0.84Ab
Open space 0.3+0.3Aa 0.5+0.2Ba 0.0+£0.0Aa 0.45+0.22Ba
AF Patch 5.3+1.2Aa 5+1.06Aa 0.5+0.5Ab 0.5+0.5Ab
Open space 0.4+0.4Ba 1.2+0.5Ba 0.0£0.0Aa 0.3+0.2Aa
PE Patch 0.2+0.2Aa 0.0+0.0Aa 0.25+0.2Aa 1.6+1.5Aa
Open space 0.0£0.0Aa 0.4£0.4Aa 0.0£0.0Aa 0.7£0.7Aa
S Patch 0.0+0.0Ab 0.0+0.0Ab 0.0£0.0Ab 7.5+£3.5Aa
Open space 0.0+0.0Aa 0.0+0.0Aa 0.0+£0.0Aa 0.5+0.5Ba
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Table 5- The results of the GLMM model to investigate the effect of altitude on the relative interaction index of

total species and functional groups. F values indicate the level of influence as well as the significance level at the

level of 0.05. P values indicate a significant effect. AG = annual grasses, AF = annual forbs, PF = perennial forbs
and S = shrubs.

Total species AG AF PF S

Df 3 3 3 3 3

F value 2.95 7.42 10.01 1.39 5
P value 0.05 <0.001 <0.001 0.26 0.006
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Figure 2- The results of compare mean of relative interaction index of total species and functional groups in the

studied habitats. Different letters indicate significant effects. Functional group AG = annual grasses, AF =

annual forbs, PF = perennial forbs and S = shrubs. Statistical points show the biotic interactions significance

using one way t-test.
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Table 6- The results of the GLMM model to investigate the effect of the altitude and position of the species under
patch or nearby open spaces the shrub and their interactions on soil parameters. Different letters indicate
significant effects. F values indicate the level of influence as well as the significance level at the level of 0.05.
Colored values indicate a significant effect.

. Altitude Position Altitudex Position
Soil parameters

Df F value P value F value P value F value P value

pH 28 16.86 <0.001 0.78 0.384 2.52 0.078
EC 28 2.61 0.068 4.46 0.043 3.34 0.031
Gypsum 28 17.36 <0.001 6.54 0.016 2.56 0.068
Sand 28 6.82 0.001 3.67 0.066 7.26 <0.001
Silt 28 4.79 0.008 3.02 0.093 6.90 0.001
Clay 28 12.53 <0.001 2.80 0.104 481 0.007

P 28 23.77 <0.001 21.01 <0.001 5.74 0.003

C 28 12.52 <0.001 7.32 0.011 1.89 0.151

N 28 11.21 <0.001 53.44 <0.001 5.16 0.006

S 28 7.89 <0.001 9.53 0.05 4.26 0.13
CaCO3 28 8.45 <0.001 2.9 0.096 1.11 0.365
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Table 7- The results of compare mean the soil chemical parameters in the studied habitats. Different capital
letters indicate a significant difference in different positions and different lowercase letters indicate a significant

difference in different heights.

Soil parameters Position Talkheh (1302m) Sorkhehdown (1358m) Rameh (1431m) Sorkhehup (1544m)

oH Patch 8.20+0.04Aa 7.98+0.07Abc 8.12+0.03Aab 7.85+0.04Ac
Open space 8.14+0.07Aa 7.92+0.01Ab 8.05+0.04Aab 7.96+0.02Ab

EC Patch 2332.12+27.90Ab 2436.40+78.04Aab 2510.80+35.62Aa 2354+40.29Ab

Open space 2397+12.44Aa 2364.60+20.85Aa 2348.50+11.25Ba 2318.40+6.47Aa

Gypsum Patch 35.06+6.92Bc 54.03+3.09Ab 62.70+4.02Aab 76.17+2.62Aa
Open space 56.93+3.47Ab 62.72+5.75Aab 63.84+4.29Aab 76.66+1.05Aa

sand Patch 51.10+3.60Bb 68.89+3.01Aa 64.29+1.55Aa 52.96+0.61Ab
Open space 71.80+£3.22Aa 66.25+3.36Aa 60.43+1.32Aab 54.68+4.64Ab

Silt Patch 31.78+1.61Aa 18.65+2.85Ab 22.27+0.93Ab 26.45+1.08Aab
Open space 19.88+1.51Ba 19.98+2.45Aa 25.98+0.89Aa 24.63+2.25Aa

Clay Patch 17.12+2.24Aab 12.46+0.55Ab 13.44+0.74Ab 20.60+1.02Aa
Open space 8.31+1.86Bb 13.78+1.02Ab 13.58+0.71Ab 20.69+2.48Aa
P Patch 2.10+0.31Aa 0.58+0.25Ab 0.64+0.08Ab 0.30+0.07Ab
Open space 0.78+0.10Ba 0.48+0.14Aab 0.20+0.05Aab 0.06+0.04Ab
c Patch 4.17+0.78Aa 1.56+0.14Ab 1.40+0.06Ab 1.17+0.15Ab
Open space 2.22+0.78Ba 0.98+0.13Aa 1.11+0.15Aa 0.78+0.03Aa
N Patch 0.13+0.01Aa 0.07+0.01Ab 0.08+0.00Ab 0.09+0.01Ab
Open space 0.06+0.00Ba 0.05+0.00Aa 0.05+0.00Ba 0.06+0.00Ba
s Patch 4.57+1.21Ab 7.631£0.61Aa 7.181£0.29Aa 9.26+0.46Aa
Open space 8.32+0.28Ba 8.31+£0.54Aa 7.88+£0.38Aa 9.20+£0.27Aa
CaCOs Patch 24.6515.76Aa 10.20+0.79Ab 5.36+0.59Ab 6.33+£0.32Ab
Open space 14.58+5.82Ba 6.47+1Aa 4.94+0.66Aa 5.99+0.31Aa




...... ey il sy Ol s

Sb slad 4 e @\5 e g CU 25 0% obla
31t 4 0558 Ol rzen il (LS L 55l
Ga g3 0 Ko s, ¥ oo ol 4 e &ty
D3 e b9 ) ke

sz oS aas e 0Lt s ite wim LTI ol s
2233 NS 255 ol sgme 5 doys TA/Y Jsl Lo
sl ol Home s o plas |, S b )b Ol s
ol sme 5 sl 5 )5l 65 e sla bl
5 é—m O A MSQL%JSJ S b b pss
Y Jss) el

PCA - Biplot

25-
®
CaCo?\

:53 D0—-=========mmmmm e m— - W AT -
o
®©
=
i
]

25-

-6 -4 -2 0
Dim1 (48.2%)

Yg-

u,-'\-w-w d\-"’j&b\i ugv‘-w A lia ) J«é\# c\-u

2l oslme 5L slas 5 olS sy b 5 om S
o\ a4 ol ol Gl sael&yy, 5o aLS
2l el 5k slad 5 s U ) e )bl
)ﬂr Q\}:‘ ololiae )31’ 4 b °\§-‘b..ﬁ) 02 bﬂ
OVAYEY/YE) oy (Y/NE/Y) o (F/OVEV/YY)
ol S 5 (F/AVE/VA) S YV VARNV/#Y) el
5b elas 5l i oSl ny oo (YF/£0H0/VE) (ol
(OF/AYEY/TV) &S 5 (VY/AEY/YY) (2 ol e 5 ssloe
Ol omed 5 S Al sslre 5L lad 5l xS

ol amly s&auy,  (YONS/ACEYO/EY) s
Locality
Rameh.open

£ Rameh.patch
~~  Sorkhehdown.open
> Sorkhehdown.patch
> Sorkhehup.open
% Sorkhehup.patch
| Talkheh.open
< Talkheh.patch

Ny -

SB ol b el o peine Kz Judov 5 a5 i Y S
Figure 3- Results of multivariate analysis of soil chemical parameters
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