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Fig. 1- Location of Baharkish rangeland in Quchan, Khorasan Razavi Province
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Fig. 2- Ombrothermic curve of Baharkish rangeland in Quchan based on long-term climatic data
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7- Universal Transfer Mercator
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Table 1- List of scientific names of species, life forms and geographical distribution of plants in Baharkish rangeland Quchan

ol ol PSPl Gy S bl ST
Scientific name Plant family Life forms Chorology
Acantholimon avenaceum Plumbaginaceae Ch IT
Acanthophyllum bracteatum Caryophyllaceae Ch IT
Acroptilon repens Asteraceae He PL
Aeluropus littorallis Poaceae He IT, M, SS
Allium xiphopetalum Alliaceae Cr IT
Alyssum linifolium Brassicaceae Th IT, M
Anchusa arvensis Boraginaceae He IT, M
Arrhenatherum kotschyi Poaceae Ge IT
Artemisia aucheri Asteraceae Ch IT
Artemisia khorassanica Podlech Asteraceae Ch IT
Asperula glomerata Rubiaceae Ch IT
Astragalus podolobus Fabaceae Ch IT
Astragalus verus Olivier Fabaceae Ch IT
Atraphaxis spinosa Polygonaceae Ch IT
Avena fatua Poaceae Th IT,ES
Boissiera squarrosa Poaceae Th IT, M
Brassica napus Brassicaceae He PL
Bromus tectorum L. Poaceae Th PL
Bupleorum exaltatum Apiaceae Ch IT
Carex stenophylla Cyperaceae He PL
Carthamus lanatus Asteraceae Th IT
Ceratocarpus arenarius Chenopodiaceae Th IT
Cichorium intybus Asteraceae He PL
Colutea buhsei Fabaceae Ph IT, ES
Convolvulus arvensis Convolvulaceae Th SCO
Cotoneaster ovatus Rosaceae Ph IT
Cousinia eryngiodes Asteraceae He IT
Crambe kotschyana Brassicaceae He IT
Dactylis glomerata Poaceae He PL
Dianthus orientalis Caryophyllaceae Ch IT
Dorema amoniacum Apiaceae He IT
Echinops ritrodes Asteraceae He IT
Elymus hispidus Poaceae He IT, ES, M
Ephedra major Ephedraceae Ph IT, ES, M
Eremurus luteus Liliaceae Ge IT
Eruca sativa Brassicaceae Th IT, M, ES
Eryngium caucasicum Apiaceae He IT
Euphorbia aucheri Euphorbiaceae Th IT
Ferula ovina Apiaceae He IT
Festuca valesiaca Poaceae He IT,ES
Glycyrrhiza glabra Fabaceae He ITM
Gundelia tournefortii Asteraceae He IT
Heliotropium khorassanicum Boraginaceae Th IT
Hordeum bulbosum L. Poaceae Cr IT, M
Hulthemia persica Rosaceae Ch IT
Krascheninikovia ceratoides Chenopodiaceae Ch IT
Lagochilus cabulicus Lamiaceae Ch IT
Linaria lineolata Scrophulariaceae He IT
Malcolmia strigosa Brassicaceae Th IT
Medicago rigidula Fabaceae Th IT
Melica persica Kunth Poaceae He IT
Nepeta bracteata Lamiaceae Th IT
Noaea mucronata Chenopodiaceae Ch IT, ES, M
Nonea caspica Boraginaceae Th IT
Onopordon leptolepis Asteraceae He IT
Perovskia abrotanoides Lamiaceae Ch IT
Phalaris minor Poaceae Th Cosm
Phlomis cancellata Lamiaceae He IT
Pimpinella tragium Apiaceae Ch IT, ES, M
Plantago major Plantaginaceae He SCO
Poa bulbosa L. Poaceae Ge IT,.ESM
Prangos latiloba Apiaceae He IT
Reseda lutea Resedaceae Th IT,SS
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Salvia limbata Lamiaceae He IT
Sanguisorba minor Rosaceae He IT,M,ES
Scariola orientalis Asteraceae Ch IT
Serratula latifolia Lamiaceae He IT
Silene chaetodonta Caryophyllaceae He IT

Stachys lavandulifoia Lamiaceae He IT
Stipa Arabica Trin. & Rupr. Poaceae He IT
Teucrium polium Lamiaceae Ch IT,M
Thymus transcaspicus Lamiaceae Ch IT
Trifolium repens Fabaceae He IT
Trigonella monantha Fabaceae Th IT,.ESM
Verbascum agrimoniifolium Scrophulariaceae He IT
Veronica khorassanica Scrophulariaceae He IT
Vulpia persica Poaceae Th IT

A PLeglal e M glhgs — STl T g —lgyl (ES ( ibogilgn 1COSM wudy s (T weudy b (Phecudsn, S an tHE widgny S 1CT ool :Ch
i =lyles 1SS ¢ lgs it 5 :SCO sladlaio
Ch: Chamaephyte, Cr: Cryptophyte, Ge: Geophytes, He: Hemicryptophyte, Ph: Phanerophyte, Th: Therophyte
Cosm.: Cosmopolite (cosmopolitan), ES: Euro-Siberian, IT: Irano-Turanian, M: Mediterranean, PL: Pluriregional,
SCO: Subcosmopolitan, SS: Saharo-Sindian

O (S e & g0 QLS Wises o -2 Jgo
Table 2- Different plant types in Baharkish rangeland Quchan

i &S L i &ylaisl Caodle
Type code Dominant species Symbol
| Artemisia khorassanica - Astragalus verus Ar.kh-As.ve
Il Hordeum bulbosum L. - Heliotropium khorassanicum  Ho.bu- He.kh
1 Artemisia khorassanica - Poa bulbosa L. Ar.kh - Po.bu
v Stipa arabica - Poa bulbosa L. St.ar - Po.bu
® 1 DShannon-Wiener diversity HSimpson diversity WMargalef richness O5mith-Wilson evenness
5 4
T
6 -
2
" 5
-
£ 1
=
= 5
2 4
1 4
0
N 5 w E
Aspect

Fig. 3- Indices of diversity, richness and evenness in different geographical directions
(P<0.05) 35,155 (5l sinn M) )bl Jai I S jitio g syl (elbysSolio iy o L |y WSilie lne Ll g3g0s bglas
vertical bars show standard error of means. Means following the same letters are not significantly different (P< 0.05).

9> = £ g e e 3B gy & oS (o, it Bl (a3l g gl sLid ggl lagasls plie
By oliile S yliwl Clad ddlaio (> ale lalS (gldieS gois 550 dialaio )3 dgpge caliee gla)l b (Red gladsly > (slaisS
g dlaldy Caa a8 sl lis a8, wilyly 4o 5l ol s 5 (Mahdavi, 2013) (ggpe .ol o 03,91 4 S 5> adlllas
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0ol i Wlegs oy > ol (LalS Jsb 10 (oo slaaisS » dle (LalS laigs cle g 45 59y s b sme il glis)]
e el jilal b alS i go5 sl e ls polae oS ol aib g Jlad aaly )5 0l lisebl sn)d 95 pdaws
2 9P By o (Slee el ansb (e3gm0 29, bl b Lt 5 g5 e it (1w ) sy 1900 -2200)

Aad o Hlis 1) YU olelas)] Yol )b Sleden 55 5aiod pl gl b aS aisl o 1)y (glaisS

L) £ oy > (Chawla et al., 2008) .l Sen o

9 - 01600-1900 m 019002200 m x 022002500 m
1 b

Indices v alue

Shannon-Wiener diversity Simpson diversity Margalef richness Smith-Wilson evenness
Indices
Fig. 4- The indices of diversity, richness and evenness in different elevation
{P<0.05) 35,155 (5l s NS g )lol Jai I S o Gy (sl (elbysSilio i3 oo i | Lo Soloe lune Cilyol (3908 bookas
vertical bars show standard error of means. Means following the same letters are not significantly different (P<0.05).

9 2Jm mPl B8QLd

b

i
"

Indices vy alue

[ I

a_ab
A

Shannon-Wiener diversity Simpson diversity Margalef richness Smith-Wilson evenness

Indices

Sgliie glasijlu )3 (SIS g UE (g slapadlii -5 S
Fig. 5- The indices of diversity, richness and evenness in different geological formations
{P<0.05) 35,155 (5l s NS g )lol Jai I S o Gy syl (olbysSilio i3 oo L | Lo Soloe lne Cilyol (3908 bookas
vertical bars show standard error of means. Means following the same letters are not significantly different (P<0.05).
4 lato Slguy Pligusls )b Y pses (tiadsy Sal St (950 15l JIM ¢ lils o (sl
(Ghaemi, 2005) asly il slacis)ly 5 ol )l & 3heto sl QLA (gt - sl
Geological formations; Jm: Grey, thick bedded dolomitic limestone (MOZDURAN Formation)
PL: Pliocene — Pleistocene
QLd: Quaternary Loess terraces, debrise (Ghaemi, 2005)
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dumlio 13 0L glacadd jd 4l xezs S 50 1y a0l S
ol .(Badano et al., 2005) ¢l ol o5 slace s L
9 (Bl slapadls (ligs (L (S g5t lapadld
s glacud 0 oS (Ken sladsly )3 glasS  31eiS e
ol 53 il 00 03,9l B JSis )5 aslllae 390 ddlaie ) 9390
L o 15 5] i (a3 48 4 st ingy
5 SB 0k Gos sl s (g sLs 5 05— o9ild g
Bblis ay Cunsd o5 slacad p Qle pole 5 cusb) Gl
sy 45 ol uly e dlox ) 299 8B 55 Sbed
920 (e g Cnte Sl (BLS SAS jls g padiune i
Siid ol 5l i (S (S dtd o s i3]

Mirzaei, ) 3o 0 (BLS idgy cunlio il pas 5 S 0
(2006

9 0<%15

Indices v alue

AL A58 s 555 L 0 gl A s ok
9 >=9 0Pl S £95 slapadls Clyss ) p
5l 1Sy et g LS o (GlisS (gLt adls ¢y gumpases
3 plae a8 olid o) caliee (glosijls )3 gudy = Cason
clasilo  kSsS g95 .ol oaal B S5 5 ( S elge
390 ddlaie gl Olyuss b d]d‘};f)ﬁ’. JQJ.IS) 9 e
b adlles

ALS Slada oS (Fuw) £ ol b 0 glitie glacssd bl )l
) sy = ol g5 5 e (e (S 1Y) o5 laces
o Cous 4y (23165 jasld e Jg cioh olaid] s
ol ol e i Jaye8 s (6508 e I (15 -45) Lawsie

G le (SB 5 ngby cudgize ials 5l ab Wlg e s

% 15-45 o>% 45
S

Shannon-Wiener diversity Simpson diversity

Margalef richness Smith-Wilson evenness

Indices

Ggliie o Olib 53 (SIS g U g9 (slapad L -6 JSW
Fig. 6- Indices of diversity, richness and evenness in different slopes
(P<0.05) 55,l5 (6l sime B (Lol o 51 S o Gg s sl (slopSilio s s L5 |y boysSilie slae Gilioail (e3g0e Lok
vertical bars show standard error of means. Means following the same letters are not significantly different (P< 0.05).

s odlizd ({PCA) Lol cloailge 43555 oo, 5l e (slaisS
(T Jsa)

1- Principal Components Analysis

(it £ 9= Lt (SLA 9 Sl S 99 55 Jsl g Lol
ALS slads S
£ S el o (B lpy Jelse o pare s 2
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PCA
o Increase Clay

- & 1 = 2
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= = A
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-

Swailie LT 439 51 oalw! s 093 9 Jgl (saadlie (pwlul 5 (ylrgd (S )log &30 (ALS (S l8ulgy (Gisdinsy Jlag0d =T JSW
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Fig. 7- Graph classify habitats habitats of Baharkish rangeland Quchan according to the first and second components using
the principal components analysis (PCA)

Ar.kh- As.ve:
Ho.bu - Ae.li:
Ar.kh - Po.bu:
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o b S 13 e 93 ol ) dte (Sitons (AXisS2)
YU SB Josle doyd g SB JT opyS do > e g il o)
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L oad ably pyles @y 50 a5 Hobu- Aeli i b o )yl

9 o L (oo (Smen (Axis1) J57e Coyme sla Sho

Artemisia khorassanica - Astragalus verus
Hordeum bulbosum L. - Aeluropus littorallis
Artemisia khorassanica - Poa bulbosa L.
Stipa arabica - Poa bulbosa L.
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Jol adlie cepanl g ad)S 1y 0 ) glaseS g0 Wlyuss do
L yusio & bgy o @l duoy> 35/13 &S (g ygboas ol i

pod adlie (clayuiio doy bgyye lyuis oy 26/89 4 gl adlhe

..)9).

2oy 9 SB S oy plie Gl g oy 20> I
bsly 2o )3 g 039 polie 3 Jods .l byl ;> S Joske
Laadlge Clsasl glp ¢ d)b s o ol 1) laadie 51 S o
2 39 o 0dal i a5yl jlan LA 03Dy 18 Mo 059 yuolio
62/03 Waadge (pl g 18 oo 3o baslpd ! ped g Jol (slmadlhe

PCA (s, jl Jools radlio 5 S p a3 bgyjo uily jlg 0o j3 5 2529 3lie -3 Jgu
Table 3- Eigen values and percent variance of each component resulted from PCA technique

adlge 2329 ylAe owbyly s by lg
Principle component Eryenvale Variance (%) Cumulative variance (%)

1 2.811 35.139 35.139
2 2.152 26.897 62.036
3 1.473 18.415 80.451
4 0.936 11.704 92.155
5 0.513 6.411 98.566
6 0.098 1.434 100

S ysio | Jolis pgd adlio 5y, 9‘_5_17 oole (S ‘_j oS el
il o s g a5l o (gLl Cugloy o S SUl culin

NS oy |y Linjeite iy bigrpo oy Jb olio 4 Jguo
Jol adlie cculy s 3 llhs a8 adangy b om0 oyl adse

PCA b9y 53 kol swalie 1 4 52 53 ke 4 b2 yo 0329 51352 p3lie -4 Jguo
Table 4- Eigen values for the variables in each principle components

adlze
E3Ve) Principle component
Variables Jo! 09 g ok oy ol
PC1 PC2 PC3 PC4 PC5 PC6
slba 03534  0.8837 -0.06904 01355  -0.2005  0.1743
Electrical conductivity (EC) -
““?_"”‘ -0.3613  -0.3983  -0.0004  -0.8154  -0.2000  -0.0721
p
J_ oF -0.8731 -0.2474 -0.2502 0.2727 -0.1987 -0.0031
Organic carbon -
J.‘ ke -0.8702 -0.2504 -0.2547 0.2730 -0.2015 0.0043
Organic matter -
el by 3oy

4 0.0004 0.5823
Saturated moisture content -

o 0.8271 -0.1934
Clay -
. -0.5860  (0.7698
Silt —
b -0.0869  -0.9390
Sand -
b b Jleld)| 02176  -0.2932
Height above sea level -
e -0.1529  -0.1020
Aspect
o 00932  -0.3654
Slop -

-0.7336 -0.2891 0.0682 0.1846
-0.0770 0.0937 -0.5075 -0.0556
0.1206 -0.1193 0.0800 -0.1492
-0.0786 -0.1051 0.2898 0.0590
-0.0656 -0.0064 -0.0503 0.1850
-0.5521 0.2047 -0.0227 -0.2393

0.0975 0.1089 -0.1472 -0.4911

Ay dbogsye ailpe p (o) ne il bnpite ol &Sl ol 23S jastiie el g 5D 0aiS 0y Las ¥
*: The dash line below the coefficients specifies that these variables have a meaningful effect on the relevant component.
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L oS ob gl gl (Sl &0 2 (PCA) Lol slaadlye
SB I S oy 1ol Jsl adlge cal s Gllas )8 4 g
Colin sLn o : Jols pg> adlgo g o) 20y 5 el 20>
)l (b o yd i o yd (gLl ooy duo pd ([EC) (S S
Szl ailate GlaSsS g5 0 1) 8B ot cend Lo g
LS ity bis > GLbL)l ool (SgSe (ololid 900
wilaie 0 sl 5 2ol (SB o Tl cbilin ol clban s
S ) e 5 Wlgi go Lo Lyl b 3blie g adlllas 35
Eolor b 5 g (5SS )3 SujglST ilise elos
9 SS9 Jelse oo 2] 2 455 i 515 LS
2 b Bl ke e o g moens o2 (SB (glaygiSE
Jelse 5 895 o bl adlllae i iy (LS ity
OS5 8 K58 slacilny Slyicds |y S 5 Sl 5o
e S 385 (i pla e 0392 whesmgST o e oiee
905 iy @lpe Hlul o e

ysliteds 45 (PCA) Lol clbailgo 4550 j| Jobs mbs

b ol (LS by Slbpy Jalse (5l s
2 aS elae 5l SO a coenl e &l ol odims L
G gt cpl 5 Cuwl glite 558 0,8 SB s slaadlie
G (£9) Gusd doyd Bl ol id alS slacas STy
oAt 0L 2o 3 9 Gad 8 3L b g 35 e Ll o S
oialS SLE 5es g odd Paad Gl oliee (J& (5958
S92 Wlge & 2l (Shy ple (SB Gos 1L g b0
Syl s pld) S e layg 290 1,105 )A.‘L 2LS zelg> )l yazl
Olise $9) 32 oo d 13,5 olo (Rezaei & Avrzani, 2007)
Sobsze Bl po; 3,55 5 oy JSS (gl jad s « bl g dgs
OBLS ayiss BB Cogh) 595 2 1y 395 5B Gyl ol 59 35
PU SReden (595 ;2 3 ase Jalge | (S a5l e
oyt oo la LS 5L ) e I elas,l Jole ¢ Jle
el 2,135 o 15l S g aldl paitne slaybdl)S 4 oS ol
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SbisS @55 gayb opl 514 3,35 o sl ledasle ,Son Jales
Al Joote (25 p0 ianwsS| HUde 53,5 nlgs i 5 aLS
By gyt oy £ g 4lde by o I gl )] s b
2,5 Al il 5 alS (s ol &5 4 5 35 Ml
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Introduction

Biodiversity as a key factor of sustainability of natural ecosystems have been largely used in studies on natural
vegetations (e.g. rangelands) at different spatial scales. Baharkish pasture with area of 1035 hectare is situated in 60 km
distance southern of the city Quchan in Khorasan Razavi province. The lowest and the highest altitudes of the pasture
are 1740 and 2440 meters a.s.l., respectively. Long-term (25-year) mean annual precipitation and temperature of the
region is 337 mm and 9.4°C with 998.2 mm evaporation. In this study, about 200 hectares of Baharkish pasture with
moderate grazing pressure was chosen by the clipping and weighing method to study the effects of environmental
factors of plant species richness and diversity.

Materials and Methods

In order to evaluate the effect of ecological factors on the biodiversity of plant species in Quchan Baharkish pasture, at
first all topographic maps (1:25,000), geological maps (1:100,000), aerial photos (1:20000) and satellite images of
Quchan Baharkish were collected. Then, maps of altitude classes, slope, aspect and geological formations were
prepared and merged by overlapping in ArcGIS 10.2. The generated maps were coded and 13 homogenous working
units and their maps were prepared for further studies, field visits and pasture vegetation measurements. Finally, four
homogeneous vegetation types were determined for sampling based on the structure, distribution, and presence of
dominant species. Hence, in each vegetation type 35 plots (2m? each) were systematic-randomly selected and used for
composite soil sampling (0-30 cm depth) and estimation of vegetation indices. The species number and percentage of
canopy cover were estimated in each plot and the plot locations were recorded with GPS devices in U.T.M system.

Plant species diversity per plot was estimated using Shannon-Wiener and Simpson diversity indices, richness index of
Margalef and evenness index of Smith-Wilson in Ecological Methodology software. One-way ANOVA was used to
examine the components of biodiversity and Tukey test was performed for multiple mean comparisons. Principal
component analysis (PCA) was conducted to classify vegetation types and to determine the contribution of ecological
factors on biodiversity of the studies pasture.

Results and Discussion

The results indicated that altitude had significant effect on species diversity, richness and evenness and the highest
values of Simpson and Shannon indices were obtained at 1900-2200 m a.s.l. Indirect effect of soil formation and direct
influence of temperature were led to variation in distribution of plant species and rangeland community structure.
Amount and type of precipitation and consequently vegetation type was changed with altitude. Species richness and
diversity was significantly affected by slope, and lower slopes (<15%) showed the highest values of richness and
diversity index. However, evenness was higher in 15- 45% slopes. Overall, northern slopes had significantly higher
species diversity, suggesting that plant available water is drastically influenced by slope through infiltration rate and
land index. Results of PCA indicated that the first PC containing soil organic carbon, sand content and slope had the
highest effect on species diversity.
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Conclusion

In general, it can be concluded that plant biodiversity in natural ecosystems was affected by topographic and edaphic
factors particularly in high altitudes. The results of PCA showed that the PC; including percentage of soil organic
carbon, organic matter and clay and PC, including electrical conductivity and elevation, percentage of soil moisture,
silt, sand and slope had the greatest impact on species diversity. In addition, getting insight in to the relationship
between diversity and ecological, topographic and edaphic factors can be proposed as an ecological approach for
sustainable rangeland management.
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