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s i 65w 1wk > Chardinia orientalis s Bromus tectorum

Sl 8 G338 5l ey 8 el S50 5 e ale (535w 5T 4 5ls 0L )t G il s S A

k:»..w‘ ol L5_:\JJ"\ lajl.: LSLAJ(.\} u‘)g.:v\ J") L;LLQ Mﬁ L A.SLM-.,\.‘Q-

w;b éL&Jin} Lu:...u") C‘)‘J LSLQUA}L:' LRDA efx:.d Ju.} J:JLJ Ldf.\;- LSJJANL),:JI ."_;J:J: dg/j’j

S ST Ll S Ll eade DLkl oy
206 350 el 4 bt SIS Dls past
OA) sils Slsls i ol JelSS 5 sll s,
bl sl e Sl Olssa BT ) pas
Jele G Olsear (5T.10) L e 6l bt S|
AL S Sl 5o Sk adaes Hlle s
LSS sl g e sbiy ) ulS e sl
Sy e b e Ql/,fl.? (s S| 8 0 dins
Sl b mbe Copde Sus oS Syl
STl Ol el b 0154t 5
Al 5 8 LSS e 4 e R ST S
Olpea @l s 5T skl (A) ol & sline ol
Ol Ollswi e w53 ol gan ( (ol gy S
oS (TN el o3 s oS 5 G 3 50
Slp 8 ol Slm Sl o (p S
Sa st il 5 el QLS 05w ) 5 xS
S e 5 5m ST ($355LES 53 355 m 03
2SI s ol e sladde Gl s e
s 5 ol Lol 6,8 8w =l
@ s OalS Sy bl (F) sl ol an
Cunde Sl Sras ol 3 Ol (sl
g5 b Sk 5l S el alS iy
S pde 3 Sldal o ege 31 SO Ol e s
S Jhli..f;.ij) 5 oodd sl Al LgLanijﬂm.z

S5 PS) ol sl (VU aen s g sl

Aodo
)Jé@.ﬂ‘l{ﬁ)o,\ﬁﬁwﬁ\&dﬁq-
oo Lol gen O sdas oS85 liml b Il
A Jf.\;- e Lyl 13 del Sl s
O 53 dslize 3981 Ll o 5l asls foue
5 adeen K 5 0bLE Ll cul asl
S S s b el (2
ML [ s S e Jols S
Sy L Sl 0 o o il (55 e 5T 2L
et oty Wl (s b k) O
Sy S 5 S plend 5 (S5 Sl s
AU Gk oKy kS (s e D) 30
Ohslr 5 Ok s S s pla (S iy
DLl g b 25T Sl s (8) A3k asls 3 S
AL mle ns 5 I 68 0sls i Ol
53 4S5y sba o IS s ).JL? b St S1 5
i Al dim 0LedtS (55w 51 ey sladle
s Skl Candge s 4 ) Al
23l 3 S 5L e s S OLLS oyl
G OV) dS o Conslin (g5 s 5T ol 5
L gdelas wuy Gl 5 oo OIS falS L
S Gl oSGl OlS B xS 5 A gl
(FE 5 YA) AS o ealp cdimes OladS L
S ek 5 Jele Olpea TS L

)\ LSJL:“‘“" ‘u’"‘ 249 L: (VC\) J‘)JL;G ODJ.:AL.: JALS



o) e2 g anilos M

() L3S b yme st LSS 5 Sy S
3 h s pammie GG g5 L st bk ol S
R e 3 ddaie alS Clﬁ O3 ls 9 34
(V) g o D gmime Ol b Slapicn 5]
i G655 5 (S5l S 5 il U
25 DS b Gl J 01 5 s LS
pls gl dise b sl Sl sl oo S
O cl sl (0L Sl eis Sl 6))“&51 B
23k 3l oS G K s (g ST
b Snp S daxly g s 4SS Okl sla K
S 1 Okl coles 3l e Osde S
5 0kl 5 586 5 Shes 5 (Saw Dsba L o
ooy sy ot e 0blS 8 K
Lyl o 4y aeg oS 35 0 IR Llos S |}
ngj).duiﬁ SRS, adbie oLdl s 5 el
2 Sl JBT alS hiy e s s s Ol
AU adles ey Gl 3l e S
Sle LS g 5 S5 sasmosT
Bl Slel bk slasls S K s Sl 5
Ol g 05 55 N5 Cbli= Co ailie o
Sl 53 WA Ul 3 oS 23 8 &y gm ol g
R o U g CCE G W% o
5 00 5l gend 5 e gl sl ki 5 G3
B PS SRS SU-c1 B PSR VX SN PN PN
2 AS wler Gl g s S5 S Gl
o3 Jolge STy ames Ll 8 i L Oles Jsb
sl gladdlss Jl s ol sl S all
lalllee o plandl pl by S o ek anb b
Condy 3550 53 Sledbl U das o 1) Ol -l
gPs 3 A s OLLS il g5 5 oSS
sedhe 3b onl 5 0l B T csay (g5 5 35T
03 adkie (gilusl HUlLs Ol ceg S5 Dl s

.J)au. DJJTJ'f b de el.?jS

S oMb Ll e alel
05 o 35 S by e B el linlie
el 0dis S s g5 alS el OB lee 5
S s SE olles ol 5piS s
A i el 055 5 oS5 g Sasm S
G a4 Olg e Ol cpl Sl ol 4B 8 s
Sosmoml 5 (Y1 8) OLKan 5 ol ot
O o 5,5 Ll Dlp e adla 0 815 sla S0
Sla S Koge sbé Laxls e L ozl
ey Lg)'yufﬁf aibie 3l xiy dall adee > e
0l g5 slaparls Sl Bl 5l b
35 o FHIESS 5 Bl L O s 5
Gl gme OMatl Aals 5 edd (5 gm i dilaie
(YY) OLea 5 (635315 0 (V4) Bl 345 g
ol s St bl L;LAJ(;;— 03 o5 asllas s
S i g s3s 0l SISl ey o3
2 ALS b ed 4 e S3sm BT S LS
Gl o b o b5 LSS a5 Ca
S L5, B8 5 (Vo) Slal 5 a5 (Y0)
ailaie S1ye w5 3 e Jle 93 Oleg s
OVAY 3l il OledS alS sl S Jlels
dops AT w (S ol 2d g 4 o) Ao
s Sle slo g alS e S 5wl sl
Yoa (s JALS g Ced) o3 YE/AY
(VoY) 0L 5 (6,55 (YY) dsl, & as s
5 ikt S i Tl o
Sl 0 338 5l e 0ldS e SUL G5
ORIl 4 4 b WS Ol g3t g
5 0kl ol gl Sl ense S alS slaas S
O b 81 asr A sbaS el
e SIS L g 53 0I5k (g pane Ol s
gl o Oeemen tdly I Sl A e (S e
rlis (6 Ol e 1 OLedS D I (Gados



IFAT(F) 0l (VE) s Ko 9 g2 (559U g pole (S iRy sy 4 puid

Aol VYTl o (S ST g5 3 =
© Slas e adbn ) g S L/K.\;- Lol
Sl ot 4 S s Y ospus coles
RSPV IY OI&.&?L&JJJ){ wﬂjl 33 <.5'<‘:")‘”
S yasie 3 odd (Gisw il Llrs dtes
S dals adeie js 55 ol e (allis ) shtes
Sl s 3 el (g5 sw i ik Ooyslome s
Sl s Cer ) Ay Lkl L
sl 3y OLSG 0T L ALS iy 5 (oo e
L odals 5 el djyufﬂdla;aﬁﬁw.,\i:ﬁ
garh ahii b e 0vx0n Gls bl &l sl
g:,..,:jé\.gc\_)\.g‘ e Ve W Slalad 5 sl
Cils p skea s S u.ﬂL.LbK.\;- Sl gast
70 0 el digai anlid a5y dle RS
e V%) :u{\@oiaﬁ,%”sf,;aﬁub}
58 ¢5 5 cals g (V8 54 A) (Gjaj.:a )
33 03 faeme 3 Al ol PPN WP
andad 5 Voo slias dald 5 el L;j}..uujﬁf@
Ly (Wged anbd )y Vo wdlie a0 3) 4
Lossrge a8 sbaa S s 8 135 5,85l
Db 3) Ol (S5 5 il in b 31 3lital
OLan 5 gau) Ol sl 5 (YOA-VYFVY
OF ) w8 5 Sl 5, OTWV-1YFAS
Ghuail s 3l OLLS e IS en S
Slaib ia, ol s () ad eslial IS,
Jos 5 delisl Juad 0108 o5 (55, 31 OLaLS
W Jle s ddy Wae gladlr 8513
shuarb sy opl bl Asd e sluarb
bodals oy il o8 T 4 OblS
g by acdyn S el S e
dosd amlie jslea Asd e ghuarb il
e S s g sbarle 5 by gL

5 e ﬁbtojﬂﬂ S dbe s slaesls gl aLS

W sdg; 9 dlge
6LAJ<;>: 35 Gt O'.’-\ an)lan 3,90 akais
Cbli> o adlae 5o W8l Sl bl slerls
Ol g o pdled (g eskS YO s S
4l A a@ds YV 5 455 0) odgdome 53 g dal s
Yo o S5 Jdsb adb A ad3s V8 5 ey 0\ U
YV aids &Y g a> o Ve U asB Ve ailds £F 45 a> s
sl C]a“ Skl Al el Ss o ,e 4l
ol s T xe Yoo UOYACY dibe
Aos Yoosgde cod b 5 oo s
ol adlie ol Caxy s AL e
bl oKl (1YVO-ITa) il Vo el
2ope aiaie 4 olidlpe ool o 00 5) sl
MUYV Ul SoL Lwge sl Ol (axdlas
bose Wl glos g (pomen e e
YA 5V 08 e b Sl s Blas
el ol dile a8 sl ey
S b Sosen sl K s el
Bt s St sle b ol en S g
5 Goled Ls_ﬁﬂ Lk 1 chla.d):.i.ﬁ)esﬁ
byl 658 1) adhaie oy b ol 4 S
G S e BT L ol oS esls LS25 Sl
0Ly oS5 (oSS dile glaet s 5 (250
ol 58 e edalin wlls 5 05 (b (SiaeS
S5 s K il b sl Jow ailans
s e Arr ssd= clas LOYAT ULl
Yo syd> &S oy ¢\> sl Skl 83 5 cble-
Sdeas VWAL Jlu slasls o VT 55 adleis ol 5l LK
dalps 5 U1 oS ds e (655w 55T Slrs 5 )
OLES laames )3 5 Obbs 45 (55, p S s
sl 03 S L;)'JMUL“JT (B Ll 3l aS sl e
G ol :dh\.:f s sesls Clls
e £ 0les 5o e OLLS [ids slaesls il



o) e2 g anilos M

Bromus tectorum 5 Bromus danthoniae
dald aiese j3 5 iy CL? Loys i lls
Aegilops Crupina crupinastrum la«s S
Loys o i lols Vicia ervilla , cylindrica
O dsdsr) Loy by Cl}
o 3l s ol b osasl Sl el ml
GOl gme gl 655 WV alS il slaw S
ailie 53 Sgysbay A2l (3w i 4 e
Bromus glaa S il doss (g3
Chardinia [Bromus tectorum.danthoniae
Hordeum glaucum Galium sp. .orientalis
ledifolium.

Scleranthus  [Helianthemum

Vaccaria Teucrium polium .orientalis
Zeravschanica membranacea , pyramidata
slag S UjMZﬁCU doyy Jals a3
Chaerophyllum Cirsium sp. Agropyron sp.
Crupina  crupinastrum  macropodum
Iris , Muscari neglectum (Euphorbia sp.,

() Js4=) 3 i sisyrinchium

s o sl S b sbels sl
alwe g LS el (Mann-whitney)
Shaslllan 550 adlaie 53 53 s ¢ 55 Sla el
Dle s 3 aesls JJUT g 5 PAST isdle
23S Fol e g A edlind SPSS 19
ST Lo il (5 gmt5T 4 alS sas S S
Jsb 05 i3S el 0L3lS Jb (DCA)
ST Sl s el s ¥ zeS 0Ll S
SIle 553 L3l cpl s eslizad (RDA) S5

s S &0 Canoco 4.5

=W
4 glesS Gl A mal 5 Gl S
Sk 8 VY sl adlas cpl 3 g gm 5T
65 W s pluls gba S IS 5las pluls
ol aikaie ;3 4,5 00 5ol (g pm i1 adlate o
ST S £ sl pl gl e
23 | pasis 54 szyujﬂdkﬂ)s | o
93 o Side 45 8 5 LA el Jals dilas
ailae 53 .(V Jsds) s g Aals g (g5 g 55T adlane

Aegilops cylindrica  slaa S (55w 25T

Aald g odd (65 gm 5T 3ble 3 Gl bk b K 3 G Kal 5 ke DBLE il g Ao ys anslie —) Jgdr
Table 1. Comparison of canopy cover percentage of herbaceous species in the understory of Persian Oak forests in

the fire and control regions.

s, m,fwl;(u 6)#_;,51 el toul Pl

Row Scientific name Fire P value
1 Aegilops cylindrica 2.26 1.57 1.394 0.165™
2 Agropyron sp. 0.14 0.554 3.38 0.001
3 Aristolochia olivieri 0.011 - - -
4 Allium scabriscapum 0.011 0.025 0.668 0.505™
5 Allium sp. 0.006 0.011 0.924 0.36"™
6 Arrhenatherum kotschyi 0.104 0.055 0.994 0.32"
7 Bromus danthoniae 1.695 0.613 3.53 0.001
8 Bellevalia sp. 0.016 - - -
9 Bromus tectorum 1.123 0.515 2.448 0.015~
10 Cirsium sp. 0.106 0.365 2.8 0.006
11 Chardinia orientalis 0.406 0.238 3.176 0.002
12 Chaerophyllum macropodum 0.036 0.236 3.217 0.002
13 Ceratocephalus falcata 0.123 - - -
14 Crupina crupinastrum 0.348 1.156 3.99 0.001™
15 Chardinium sp. 0.018 - - -
16 Erysimum repandum 0.046 0.032 0.505 0.61™
17 Eryngium billardieri 0.102 0.043 0.426 0.67™
18 Euphorbia sp. 0.032 0.187 2.37 0.018
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19 Filago desertorum 0.021 - - -
20 Gallium setaceum 0.004 - - -
21 Gladiolus segetum 0.011 - - -
22 Gypsophila bicolor 0.006 - - -
23 Galium sp. 0.612 0.054 4.68 0.001™
24 Geranium tuberosum 0.006 - - -
25 Gallium aparine 0.059 0.125 0.95 0.34"™
26 Hordeum glaucum 0.284 0.018 3.255 0.001"
27 Helianthemum ledifolium 0.197 0.011 3.124 0.002
28 Iris sisyrinchium 0.04 0.289 3.279 0.001
29 Lathyrus sp. 0.046 - - -
30 Linum strictum 0.032 0.011 0.408 0.83™
31 Lallemantia sp. 0.011 - - -
32 Linaria sp. - 0.025 - -
33 Muscari neglectum 0.006 0.264 4.44 0.001™
34 Medicago sp. - 0.025 - -
35 Onobrychis sativa 0.018 0.032 0.631 0.48™
36 Onopordon leptolepis 0.036 0.092 0.19 1.31"™
37 Orobanche sp. - 0.029 - -
38 Pimpinella eriocarpa 0.018 0.078 0.114 0.588™
39 Pterocephalus canus - 0.018 - -
40 Psathyrostachys pragilis 0.036 0.125 1.705 0.09™
41 Pimpinella sp. 0.013 - - -
42 Ranunculus sp. 0.006 0.033 1.296 0.196™
43 Robeschia schimperi 0.018 - - -
44 Ranunculus arvensls 0.006 - - -
45 Silene longipetala 0.006 0.006 - -
46 Scleranthus orientalis 0.119 0.006 2.352 0.02
47 Scariola orientalis 0.006 0.011 0.312 0.75™
48 Salvia ceratophylla 0.022 0.038 0.502 0.62"™
49 Sisymbrium sp. 0.006 - - -
50 Silene sp. 0.011 0.018 0.33 0.74"™
51 Sinapis aucheri 0.011 - - -
52 Silene conoidea 0.043 0.032 0.327 0.74"™
53 Stachys inflata 0.068 - - -
54 Scabiosa rotata 0.158 0.054 1.813 0.071™
55 Solanum sp. 0.011 - - -
56 Spergularia sp. 0.011 - - -
57 Scrophularia sp. - 0.036 - -
58 Torilis leptophylla 0.326 0.427 0.822 0.41"™
59 Taraxacum syriacum 0.006 0.427 1.02 0.32"
60 Tragopogon longirostris 0.006 - - -
61 Tuilpa sp. 0.224 0.013 0.238 0.81"
62 Teucrium polium 0.039 0.032 3.02 0.003
63 Tragopogon sp. - 0.134 - -
64 Taraxacum sp. - 0.221 - -
65 Trigonella sp. - 0.018 - -
66 Vicia villosa 0.219 - - -
67 Vicia ervilla 0.208 1.048 1.279 +0.202"
68 Vaccaria pyramidata 0.343 0.201 2.02 0.045
69 Xeranthemum annuum - 0.069 - -
70 Ziziphora tenuior 0.024 - - -
71 Ziziphora capitata 0.043 0.029 1.767 0.079™
72 Zeravschanica membranacea 0.075 0.011 4.58 0.001
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Table 2. Average values of canopy cover percentage of herbaceous species groups in the understory of Persian Oak

forests in the fire and control regions.

Pl t I gt dals A laes S
P Value T Value Fire Control Plant groups
0.001™ 4.05 8.01 3.31 Annual Grasses JL.S a8
0.001" 3.34 0.3 0.84 Perennial Grasses all..d  okS rA
0.04" 2.01 5.47 3.67 Annual Broad-Leaved Sl S g g
Broad-L d dlows S Growth
- road-Leave : .
0.001 5.94 2.15 5.64 tEesok Form
Perennial
0.011" 2.39 2.44 3.97 Hemicryptophyte = sz, S ea F
" f
0.001 3.28 15.16 8.44 Therophyte .5 5 L
[Caan ¥
0.07™ 1.76 0.3 0.53 Cryptophyte .3 5z S Life
0.77" 0.31 0.029 0.03 Chamephyte < sels Forme
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Table 3. Average values of canopy cover percentage of plant families in the understory of Persian Oak forests in the

fire and control regions.

Pvalue P .. T Valuet jlui. The average of canopy cover P “5%7‘5
Fire ;5251 Control dsls Plant families
0.009™ 2.62 1.49 2.58 Compositae
0.002" 3.55 9.01 491 Gramineae
0.002" 3.07 0.05 0.28 Iridaceae
0.001™ 3.23 0.08 0.32 Liliaceae
0.001™ 3.33 0.51 1.21 Ranaunculaceae
0.001™ 3.42 0.71 0.18 Rubiaceae
0.001™ 3.96 0.44 1.21 Umbelliferae
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Table 4. Average values of diversity, richness, and evenness indices of herbaceous species in the understory of

Persian Oak forests in the fire and control regions.

Pl t I ST dali sl
P Value T Value Fire Control Indicators

0.3% 12 133 1.38 Shannon Wiener diversity ;s -0 5L ¢ 53
0.06™ 0.85 0.66 0.68 SIMpSON diVersity & s oc ¢ 55
0.66" 0.60 1.26 1.29 Margalef Richnnes _ii§ L sLe
0.62"™ 0.68 1.01 1.04 Menhinick Richnnes g slé
0.10™ 2.06 0.82 0.85
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Figure 1. Bi-plot of species and environmental variables in Redundancy Analysis (RDA).
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“ Fire and control regions are shown with triangle symbol. In the bi-plot, the first two letters represent the genus
scientific name and the second two letters is the species name, marked with arrows. The full names are presented in

Table 1.
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Abstrcat

Background and Objectives: The Zagros forests, mostly located in semi-arid regions, are not
safe from fire hazards, and fire affects these coppice forests continuously. Studying the change
in the composition and quantity of vegetation in the areas exposed to fire can determine the
extent of damage, and the potential of the region for reclamation. The aim of this study was to
investigate the composition, diversity, and response of understory herbaceous plants to fire in
the Persian oak forests in the Tulgahi region of Kohgilouyeh and Boyer-Ahmad province.
Materials and Methods: The fire took place in the summer of 2010. Four years after the fire,
the characteristics of herbaceous vegetation, including composition and biodiversity of plants,
were measured. Sampling of herbaceous plants was carried out within each main plot of 1000
square meters (designed to measure the forest parameters with systematic random sampling in a
50 by 100 meter grid), five subplots of one square meter were sampled in the center and four
angles of main plots and the species type and cover percentage were recorded. In total, 200
subplots were measured in the fire and control regions (100 subplots at each region). The
diversity indices were calculated in the PAST software, and plant species response to fire was
determined with redundancy analysis (RDA) using Canoco 4.5.

Results: The results showed that out of 72 herbaceous species identified, 22 species were
exclusively found in the fire region, 9 species exclusively in the control region, and 41 species
were shared between the two regions. The results of mean comparisons showed that among the
study species, 17 species had a significant response to the fire in terms of canopy cover
percentage. The fire caused the canopy cover percentage of Rubiaceae and Gramineae to
increase significantly compared to control. The results of biodiversity indices revealed that no
significant difference was found between the two regions in terms of biodiversity indices. The
redundancy analysis (RDA) results showed that herbaceous species had different responses to
fire, so that canopy cover species of Onobrychis sativa, Orobanche sp., Hordeum glaucum,
Pimpinella sp., Bellevalia sp., Bromus donthoniae, Bromus tectorum and Chardinia orientalis
were increased in the regions where fire occurred.

Conclusion: The results of this research showed that fire was an important and effective factor,
causing to increase of grasses and annual forbs significantly after four years of its occurrence. In
contrast, the presence of perennial grasses and forbs was decreased significantly by fire in the
understory of Persian oak forests.
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