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The symbiosis between plants and soil microorganisms contributes to soil preservation
and plant species stability. Arbuscular mycorrhizal (AM) fungi enhance plant
reproduction, growth, health, and resistance to various environmental stresses. The
overturned tulip (Fritillaria raddeana) represents both a valuable pasture plant and an
important genetic resource in Iran. This study investigated the symbiotic relationship
between yellow overturned tulip and AM fungi, while examining correlations between
spore abundance/root colonization and soil physicochemical properties. We collected 30
soil samples with accompanying root systems from F. raddeana habitats, followed by
comprehensive soil analysis. After root staining and spore extraction from soil samples,
we quantified root colonization rates and AM fungal spore counts. Subsequent analysis
evaluated correlations between these fungal parameters and soil characteristics. Results
showed the habitat soil was silty loam, non-saline, slightly alkaline, with moderate
organic matter content and adequate N, P, and K nutrient levels. Microscopic
examination revealed various fungal structures within roots, confirming AM symbiosis
(mean colonization = 50%) and demonstrating F. raddeana's mycorrhizal dependency
under natural conditions. A statistically significant correlation (p<0.01) emerged
between spore density and root colonization. However, no significant relationships were
found between root colonization/spore numbers and soil physicochemical properties.

Cite this article: Akbari Mohammadabad, N., Sadat Azimi, M., Yeganeh, H., Khoshhal Sarmast, M., Malekzadeh, E. (2025). Study of some soil
characteristics and arbuscular mycorrhizal fungi symbiosis with the yellow fritillaria (Fritillaria raddeana Regel). Journal
of Range & Watershed Management, 78 (2), 159-172. DOI: http//doi.org/10.22059/jrwm.2024.376990.1765

© The Author(s).

Publisher: University of Tehran Press



mailto:azimi@gau.ac.ir.
mailto:azimi@gau.ac.ir
https://orcid.org/0009-0004-9765-8198
https://orcid.org/0000-0003-4176-6814

(F) VA 0593

I)' : 'I_ . ou o
PEPF-VY 90 15SwigiSIl Ll SIS 9 &0 e

b )Y gl 52,050k (SE B s job g SB gla Ty (A anlllne
(Fritillaria raddeana Regel) 5,; 15559 &Y olS

Yol 3o plod! | ¥ oy Jlowuigd  sibruco | YK oy | 1) coulie sl B 50 | Y dlTsesme (g ST pi3U

azimi(@gau.ac.ir :a.bl,
AR08 S B S b @lio g (659l pole olSiils ((ALS W5 0uSily o (5L2S 5 (SLEL (ki g pole 095 Y
Ql)il <Ql§)§ <Ql§)§ @..Jo égL'uo 9 d)’)guf 95.\& oKy (S 9 g,;l (swNR suSishy « S8 5)919.4 9 d},\;'cl.ob 05; As

S Wlie csleYb!
dL"’E)La '”;d" L;"’L'f dL‘”‘\i; 9 Sk d)l'\%lf} 9 L 4 e SB durv—**r"lf)b)g‘:“’ L‘ QL‘DLS (2 jo | 9 &9.0
I3 e 5551555 ol &y o |y oS Calio s oM i S5 45155 g0 (AM) VS 3,550 ingss Alie

st jon dbaly 3929 oy (gl Sl B sl S diad)l (S8F B3 Sl g (e (LS oS Sly Y i
S Oluogiad (S b sy 552050k gl il g gl Slglh8 (Simen 9 AM slag B L 3)5 55ly Y
S Shy Fr g Soslanr 255 53y AY oy, 5l A olyan 4 ST Wigad Ve pslate (s 29 SB olierd
5 addyy OamoliolS e «SB cladiges | sl zlyscil o ads ) (500l 5l Gus 03,5 (65505l S VEX/ev)e 5 el s b
ol 2 SB e 5 (N3 Slogad (B (Siwsen dall) prizpan 1 Sl g8 ol jopl Cumer VTV 15 S5L &6
2 31y T osle Lawsie (glyima b b8 b 0195 ik o) olRiag) S5 .8, )8 e 390 ()8 Jole VT 0 U
daily 2,5 0551y Y i) 5 ()8 ilisee sla)lislus oanlio b dg: coslio puaslty 5 j0ud (g (2 jolie RGN et <P
bylys 53 olS (g5uy55le (Siusly S0l g cl 3929 0lS b AM (glag )l (/0+ (el siigls’ baogio) (i jon
g1 slacsime /o) s )3 (6l 1Ll ) (igmealiighs 200 b @)l sgpel SlolE G (Staar ]y 30 oK)
sdnlibe (53 dne dal) S plerd 5 (S5 Slaoguad b jorl Slold 5 aud) (gealigls 3o )d (o (wionen

] (o jlguls
ShpsSile (e jor

iy gl ieisls”

pe obS

olKiyy, SB

S2a95ele slog B Ltjon 5 S sl Shg b dllan (VF+F) plall 2o3liSlo ¢ il Koo Joudgs ey 1415, oS fe $sarkie Sl (5} Sblaamme (s 51 13 Uikan!
AOANYY (Y) YA oo ]  mive 4 puiti (Fritillaria raddeana Regel) 5,5 ;653lg AY ol b 1Y ¢S]
DOI: http//doi.org/10.22059/jrwm.2024.376990.1765

BY NC



mailto:azimi@gau.ac.ir
https://orcid.org/0009-0004-9765-8198
https://orcid.org/0000-0003-4176-6814

11 a5 bliaxe 651/ 35 5o Y oS by Yooyl 950l lag B o 5 ST cslo Sy (50 aollos

donio .
555 085 o AN Lol (s 58 5 (S5 53 J e o kiS4 ] e i osS] S pe
9 il e luis alS G5 pl cuwl ol S5 pBBD 5l Miedd )l 5w (o sodisS | S (Fritillaria raddeana)
oSy gl &8 s cpl @ el jouiS” (olyal lad (5 cladisS s3> ¢ 5,1 b LS S oy alawlie .ol Liliaceae o3lgls ;|
J5 BB ggw g U5 by (e (55 Gl Jolse I Slie 655 ol (slaolityg) CudS g a8 nizean g 0351 (5390000
8 mlie oy ee | SB ol SB ghodols bas 210 slapiwnwsST phe 3,5 1 S il oS (S5 08D
33,5 o0 LS o ddy g (29550 55 9 Culld coge SB CudS g 0Bl oo L)y S0 5 GlalS llg (Ll
Ol plo S 395 g0l e oy Gldgnge o sduzn balsy diejl sldy (gl b (slapiuwawsST (Yang et al, 2017)
9 0LS w2) 43)bgd £95 I (s o dlaly ((FgleST Cunenl g Slgli3 a3 Sl Ladlg cnl o 53 o401 92y i (s jen Ll
53555k oz )B o S vre sla s job 51 S (Feng, 2002 & .Sajedi, 2011) Cuwl Cuanl Bl piing (5 0 29w 2,8 o
33,5 o el olS 5L3 3 y90 (i lge I isu 2, lacin Bkl o)lal amjen cpl p3 el LS L (AM) )Y S
Gl g LS o Sglate I3l ai sl o 0 5 s SL oz, B Jols a5 SB slayuuslS)lg Seo (Dotzler et al, 2009)
@ olge &yguor 1) lalS 5l Juols )8 15 aitn IS 51 SB clawlaS JSLts 5 oeditino e ysbo 41 32550l (slag )8
oo o 4 JleglS (Tao and Zhiwei, 2005) d9— oo ;0S5 da S Glyd o s caw yol cpl a8 08 o Jaiie S
Sz B jaas 5 SB codw gl yadli jI S (Aumtong, 2010) 65,5 e ol ady ioli8l el plie yole Cls 5,k
@ LS il )8 bys odilS pudal oy diue p olaisd 5550l slag,l8 (Madani, 2012) cowl SB 4loglS jlade 56l
22l .(Zhu and Miller, 2003) uiiS" 8 puno |y (LS lauwgi o0l s (10)S duoyd Vo JIF Allg5 oo 1y Bgad oo gumne S

Cewl 53550k b olS i jon 51 o NeP ¢S <K Mg «Ca ¢Mn Fe yole Cls yiolidl sniad Lis 98 U adls jl olddss
sa950le (slag B 4 oa i odgll lalS > (Sid i 4 coglio sdimy s S0d (slajimgh gl uicmen (Jeffries, 2001)
i Slgo 5 48 o ablol 395 (claciun St L |y olS dutyy Bl 51 amwy 4l 3155k clog, B .(Azaiach, 1995) L5l o
S ygwl Jlolyd g 52565l lag )8 jiiSTy )5 (gdaxie Jolss .(Hayman, 1982) 5138 o ybime olS jLisl o ], S Saxe g
Fazlollahi, 2016 & ) 15l o S5 sherss 5 S Slooguns 5 JLuSits ¢3S 5185 coalil ¢ oalS 4165 g5 Jolis a5 IS
E9 popt 9 SB ledlo g b glsl cogby ¢ Jdlge Jade plas S Slewd 9 (S Olwwgas (Rasmussen, 2018
Sglize 32)50le slagyB gl ilisee glga g Of Ll o a5 b cplplly ol IS 51w jon dlail; s g 5259500 £,8
ol &S cwl o )15 LS L 5,65l slag)lB i jen gadge (63b) Cldllas p> eiST L (Liu et al, 2017) 3gy Jales
S 5 S G (i S5 ol > & o Canglin iz oL e lyn 5 ol b il Sil o
9 (So5eleST slaylid cov oS able ) 5,60l oz B L LS i wsjes ( Zhang, 2017 & Cornell, 2022) + i 0
by yimos 2ol .(Razouk and Kajji, 2015) 33,5 o (2LS aelss dswgi 5 (6 )Ml e )ieSS 3bj jhun pil coge coul (S5
g yimd) (Sdna dge ool Qo (I3 )b ] ygSole (Slag)lB L odod Co o LS o0 4B g 03555 il jél erima L
Tadesse, C. S. and A. T. Fassil, 2013 & ) ol (paS gumw g9 oy pun copanS T dlas 510y (sla 50 )90 AJgs picmon 5 (5950
Zhang et al, ) A_db o 555k 5 b glow gleil blis o LS cladlxs g B pl K> Sl (il iscen (Wang, 2023



))"?‘;Vo}lwb‘;mjJ[zriao)j):‘;)b)p@/’,éf)a \PY

g oSS el g )8 ol (Varma, 2018) cusl oads 15))55 alS cladisS jl oo d Ar b 35,05l (claz B o jon (2017
Sl yorwl Jlglyd 5 aruwlisolS Loy LS Calise slaaisS 4> (Muthukrishnan, 2018) s alsS & aiuwly 555 SW;
2l IS5 ragsan ballyy ol 595 22 (S5 Sy S B b ol ey 5 ol Sl Sl San Ly sl it )15
oy AM (sl yl5 yml sl g 05 anllaa oan b lads] yliol ool oS 0 cblis dibaia )3 imgly (Feng, 2002)
odizd Lt (glel sl il 5 4525 cizmed g 392 00 (5 paiged (sladiiy) (ooled ()b 0335lS oimd Lt @l oS €S
Sl Shy U5 o)y (cdngk ST (Moosavi, 2023) 351 jgel (Slsl )3 5 Siysale (gl islS Luo)d (i Custe (Sissen
sl ysele (258 ol 9,Slas 5 oS 5 51 (2T sl 0ats ol AM (slag B L 35 (15Sls AY (ajad 5 olSityg) S&
Y rwjon daily 3929 (o gk ol J Bue (plpls S8l (6)908 el b SlapiuasST )3 s ol Lais
o3l 5 ol U bl go @) basgi sy Cigesliisls 5 5l Slsld 2 Yge S o Shg cEL 5 AM lag B L o)) 055
2 By 5 b S Slgis 4555 Sl Y Lol s sen (6] 4 oS g gl 00 AM (28 ladisS gLl L

25,5 ludl o sl g s 4 5,81 5 e

lbgﬁ,)sé‘go Af

axdlla 9 yg0 ailaio N —Y

Bos® N )" LLdlie claise jo )kSe VY a4 o5 il ggomme b (V JS3) Jlos ol p bl (aed o8
JS5) ol o0 @Bly a3 b yad (6 yteghS Fe dgan 13 s (o,e YYE A YL LYV NS " g 55 ok "08 WY YY"
dibate (—digy (g Olowad 4 d2gi b ol 1o VAVD dal (o iy 53 9 e Wie e dlad (p iyl 53 byd a1 las)l (Y

Aibn G = Fpl 40 cjr s

VoY O.J.J)9)é dy) U;)lﬁ Y 0@9) ).:9.45 -‘ ‘Js.\:’

©ygmots 4l cpl ladiss el (Llag) p)d allige (Sl 2geeS g SeiS Juad (g (SYob 4l pl 5L sl Sy
(BB ol byas gl dles 5l Sluags cov pdl sl w3 o8 _iyg) cpl (Panahi, 2019) ¢ wl cutols 5 cudgin S on



VY Ol 5 Sbliao (4517 3y 5551 AY olS b ) YsSun)] 1y5S0le (clog )8 Lt jon 3 SE (slo Shy 5y 4l

03 5lee 3ol U 50l Lawlgl 5l Yl (gl yo)b g4, .(Islamzadeh, 2010) aibl o 0508 5 (SSAg picrod 5 Faw 5 J5 il y
daoyd FO ddlaie s Cugby lawgie izmed Gl o o YAF/Y aVls 45)b 16Skee g 01,3 il Vo /A &Vl slod 1Kk o
J(Panahi, 2019) cusl yuxio 31350 g (63 (ol )d yio Juo YOOV o ¥Y jio Lo po i jlade g

56 56 57 57 58 45 50 55 60 65 70
1 1 1 1 1 1 1 1 1 1 1
Legend N
®
-4
=
-
-
-
&

Legend
5] B 1100 - 1300
71 1300 - 1500
[ 1500- 1700

4 B 1700 - 2,117

od Gl g il (ad o5 155 )5 55 3ls Y oty Cunbse T JSd

G 121 by Y=Y
sl g )lol 5 (R3] il g 55 (g Wiged 5 il plaleny Sgo 4 Gl ool il B,

PRk )T 30T g 510 paiged N—Y—Y
aled; Yo 2 4)9.‘5.2.41 e .Qé)f O yguo sszLo..w OL&‘)} UﬁA&DM u]éabiilm.a}] VF-Y L’)).))a).é ) ‘_5)‘.3): 439».} ﬂd&?}) L’)Jl »
S dgds diduy 13 anl gyie il Yo U v Gos 5l (LS dged o (gl 3,5 placl (g)ldy digad yio Yoo 799» al ol L
ol il ploal gl cla b gyl pdiges 0lS 4 o] Oy Bl & jelaiedy 9,5 ‘_;)91@:} olS sladiiy, o S p 5ol
3w g odid 48,5 oud b dldy ) diged 0lS Faw 4wl iy (g g 00 035 ,LS olS LI S YL ey b oS @0
2 Jbsy 0 el (gilwlis )l U SB cadiges Gao pl (b 50 000,85 oa gy S L olS GBlybl saore «SB diges (535

AW d)lAQS.; uo)}:.««.l«) 4> ¥ ‘_5‘.0.)



)f‘f{f&/u:MﬂJ[ﬁiﬁ0)})%;)/))},?@/’}&3}0 \Yai

)”ﬂ‘ uﬁ)m 9 c‘ﬁw‘ J-Y—Y
qbouo>)‘¢g‘\gs\£ﬁ§a\a—\~Q.\pc\gdlu;.ﬁ_‘:s@la_wggglglf)lmhdeﬁgQ)sﬁuaw}lfﬁm45
(X30) S5 25 2990 (slo)lS gl 5 o jgrasl slas 5 0h (6)0S5 (652 By 3 5 gutitand lid] S8 @ Wl oo
B (s 3 Jie (53l e O iyl 4 4 oyl 5 S5 3, 5 Jul e Foe S (55 oo Bl Sge 3,5 led
Jolote 53 0ud el isu ¢ dd diduy (630 AL SO B 4 oYb mle L0 Faat xSl 4B 1D 490 O sy b aidd
L Jelore oY molo ad ous sl dBiBd ;D j93 Yoo oy L adBd ¥ (glp g 2ol)d ygmuilngu g 4 dusy> 00 5,5l
u&lo\c" S &9y oJJLou’_ng J‘}o MWUTL))KM Gl d]ﬁ9m415q)&o\c" Y 69)):.‘_};9'&),@ é.\Lo ol)o.!bd.)

b S e e g Ar YD clacSll ok b lasd (sl pgpul ass ggacne §l oa)S B+ diges Ko

S 339590 Ay ) & gl plS W0 38 (o g 4y 5 5 el K Y'Y Y
ol sladlgl )3 g 0 03l guiitnd Ol b adye ¥ JIY ity ) b Cali (VAV) 7 O+ il )3 g 05 0k (60 5wy clalad o
G Jolwo 0)lasd 13,8 1L yeShe Joloe e cpl (o 50 .0 03 )3 baee (glod 0 Celas VY o 4y duo > Ve KOH. Jolono
oo ol by 13 5 g Ll |y ey By 31 & S5, 3585 sam oy 15 5 208 sl J ot 5 Mgt (sl 35
e Yo NaOH i Lo ¥ Jold) 056 ol 4331 OT Jglomo )3 9,8 0d a9 (o055 (sl ppadiis (gldiiy (sladiges
505 gutiancd O b Jolote ol 51 0 o 5 sly e 9 (65055 48D Yo e 4 (Jgeme Ol jid e OFY g dus > 03H202
903,5 JB 1y ol dals) )3 565 6 p S5 oolel B acs o0l 8 0o yd ) Sy IS il Joloe 53 4ids B e 4y JBlis ndiges
s e Jolis (5, oo 55 (085 Lame (5lod > sl VY 5 s bl (5, Jgons Lo sy 1 o1 b it 55
Joloe aalsl )3 59 Jolis 1y Ol 2 paaned 1SS Yool 1 V0N o s 1 0 S5y Jglomo gr 0 5y Jglme j3 doyd +/+0
Jold ()8 Glaphil s 1 S5) 5l g o a5y by g9y 32 Sy Jglore ((BLSI S5y Bl jglain 4y 5 w55 1) ()
(Bl yobo 4y 005 (652015 (glaaiy ) aaad Vo s b ndnliio BB (655 sSangSin o5 50 o J5Sis g e ¢ JSsgy)]
00l 03l abolite bolas oluwy 5 (b bglad abla hg)) cd )5 1,8 5oy 0adh (gaiaSuh emIx eml dlal & &8 630 B)b g9y
[Norrif et al, 1992; Schenck and Perez, 1988) 15,5 ‘yuss youml555lS Ao jd 9 (ke (X30) IS g0 dluuwg 4

S o g S Slwogad g g F-T-Y
35 055 3lg Y olS 5l g 2 il (gyie Bl Yo U e Gos jl SB diged Yo o SB oliond 9 (SU58 sl Sho oy jolaie &
P SB S S colan culild 9 pH (s yi0gy0ub ooy b S ol (She dd (g,u505ll 5 luliwl sla yogy Budo 5 0 as

I Gerdemann and Nicolson
2 Jenkis
3 Kormanik and McGraw



V70 IlSan g obltero (5417 )5 555l Y oS b, VoS j2)sSole (slog B gt 5 SB (slo Shy S aellle

elail Cogby duopd S il a3 YO (slod o Jluzed (SO Sl graw Colin oSiws g yio—pH jl edlitwl b ey 4y gludl o)las
Ol 9 Syl Al b odigud (3 dlge (13,87 (3 (g & Jolae mandS Ol S (Hillel, 1980) (g, & (ol <)l
by lo BB jad (Sl ooy b I 035558 o8 Glales] Gogy & SB T (08 303 s anSTg0m L (LS sl
cprogiby Sl oS s jl ool ol b stogil FA oo Jgbo > il S5y a9y 42 g Jloy /D mass S0 b gpSo)las
099 4 (529,50 e 9 (5t el oS Loy 5 (PH=T) Jloys S pasigel il 15 o)lae b ol S ol

[(Carter and Gregorich, 2008) 1 (¢ ,.5s;l! (Anderson, 1982)

T iyt 28 DY
A.».))f ).JLT SPSS 16.0 )l)s‘{:).’ 20 O M LJ?“’)] u.al.wl 2 W Pl?u‘ uu.&y9).»

&32 6““& or

)”‘ U:)"":’ @tb .\—\"

oo gl ()lesd g (jlusli ploxl ¢ oed dilate 3)5 (155 Slg Y oKl Jlodd (513 iged GBS digad sy b
393 S Aiges 5 Be 3 (¥ USK3) yaml 308 WE— BT i o8 5565 £33 51 a5 oy AM )5 (sl ppl oo 03,5

I8 Y
—
o
S

60
40
20

1234567 89101112131415161718192021222324252627282930
bl

oL (63 Wiges Laliste bl ;> jgml (Jlgl s .Y JSWS

238 Bl )Ll svaliv g Bady y oo TS, Y-V
JS5) B osmlitio 35 55lg Y oad (500155 (slmaty) 55 S99 9 JoSamgn)] i gl pla (2B il (sl s
ol siien (S8 Sl ity o Woplul (ul jps &S Kidgs d9250 (sl kSl o ghite (28 slacien ¢ o JoSin)l (F
bl AM (slag )6 L oS

YAIVY JI¥ 0 00,5 (asc e (ygewljslS Ao > posi 53,5 455 5lg dY ddn)y 0 (2,8 calisee (sla)lis L saalin b
(O USE) Cowl 0 055618 badily y Juo yd



”‘"‘:ro;w:&‘&})m OJjJIJ)/J):.’J}:&/’jé/“}A \Yed

D)5 05§519 Y ouds d).uo’l Sy gads, J&l) AM B dlﬁfl_\j] ¥ Jﬁw
B lacin 3 iz gl 1 (2B el oS ) S g g v v ol jon o b sali Ay i



VY Ol 5 Sbliao (4517 3y 5551 AY olS b ) YsSun)] 1y5S0le (clog )8 Lt jon 3 SE (slo Shy 5y 4l

¥ UG aeld!

90

80
70
60

50 -
40
30
20
10
0 |

123 456789101112131415161718192021222324252627282930
bl

g gls” 2y

ol (613 diges ciliseo Ll 4> gl jiglS o ys WO JSKud



)f‘f{f@)“:&k&ﬂ)[ﬁiﬁ0)})%;)/))},?@/’}&3)& \EA

SE Slbowi 9 K9 3 Oluogas F-F

il ghly (gred adlaie )5 (455 3ly Y olSing) S IS pobo 4y dmd o (Lt 1y (155lg Y 0ling) SB s @l ) Joa
MAY B VY o S L;T oS daoyd Olyuss aleld a8 oy L S pleowd 9 (SO dLa:}:)lﬂ 2 () o) 29 i po)
ondid Oy deld g adao > VY Lo b N U /Y o S 59505 duopd jlade Ol s dield o )0 VY'Y (10ke b ds
Dy o yd YN ol b Y/ VY om SB 59,8

Galiseo bl jl osd (gl y diged gl SB digel 4 o5 ls .Y Jo

~ 2,
: 3 : S S § E:
3 5 03 5 2 9 %1 5 4 03 3 3 7 =
E R 23 3 9
Y ooH w )
((mg Co 2/ grsoilday  ((ppm ((ppm (%) (%) (% (%) () () (%) (%)  (dS/m - .
Lg);o}\xl
\FIY ¥eA oIy A VY Yvy WY/ V¥ N \Vd \rd +[AN VIV oS
YY¥/Y VWO YV/-Y AN VoY Yy AR YA Y Y. ¥¥ \VArd YIVs O ki
Va/y SAY/IA \FZAN AN VYN YA WY \a/s IN7Atd YY/ay Ya/vy AN YIVY obe

Ol gl o 39 9 736 Sl b TB Ologad (Kiued v yo F—F

(+/+3) s 5> s)lol 55 51 guanlzigls’ o) b )6 gl (Slghhd 3 (Sismsod amd o L5 (Y Jga) )3 el cwd & b
ity ol iglS g poml SIglh3 b 09,See s g JT 08 oS 0595k (=5 byl Cogboy s g b Ao 390 o giaa
orwolly 9 yiand ¢ olre dS Sl S ooy bl Cagboy EC pH (slayasld ()b jl 050 )l pie Jg ccute (Siwusor (4l)b
Slebs b yd Gl LB praly g eadS ©lupS g oy dias Jlade @bl Cugby do)d> PH g adly) (gmuljosls diopo b ol LB
Al i o stme (glel i oS il ghie (Stunsen gl

355 0553y WY oS Aty ygmsl534lS 0y g yomsl Jlglys b SB clo Shy (Stred oo ¥ Jgia

. iy . < cadls oS Loy s
oS " " D98 o ) Slolys Loy
JE Js o © o el o) S o by EC pH C
9,5 . . K S i sl sl
Gl [ERES a5 50 Joleo gbal
EW-3h}
-[-¥0 —+IYAY EIANE ANA <I\YA ALY —/0 AR <IYYD Nitas —-/yfa EZAM EARRY [5EYE \ )‘
Opesliisls
Sl
AN EARM <Yy I¥YY o[-0 RTALYN —-\50 —-/\¥a —+/\F AT ¢ —+[sYY RAYNS —efesY \ |
2o

b e et gylel blod 5l Jg e | St Cuto dlae] g e (Siuned e el il o )l (ime +/+) praw pous Bl go o[+ D paws )3 5 nett



14 a5 bliaxe 651/ 35 5o Y oS by Yooyl 950l lag B o 5 ST cslo Sy (50 aollos

& 54 g cony . F
AM (slag B Caliseo (sl )bidlu g 239y 00 05568 AM (slag B L awyp D590 355 555l Y (cladiyy olod psls dalllas jo
oanliie 3,5 9550y AY duiny clcdl 10 503 wa L b g 5ome ygun d nyguunl g I JoSojg o JoSangs)] daciun .50us oamlie
Js525s g 1292 355 0551y Y 0dh 033518 (sladity )3 00 nliie (25 slayliils o 5lolS L JsSusgy)l 5 lacin 50
)’.;.)95\3'1.9 L;Lb@l_@ Al ke )...»L Lﬁl)b ul_bl..f 5)919.;)‘3 slecdls dgibl ) (pSred g 0y YL u"a""" L;Lbum., ).gl).g
03,5 (st oi o] ol Ay sl Sk (190 & oS sloplil 3k by 5 Ll |y olee oL 395 (sl U g
Cuodl Pl Jolaie slayaio ] AM slag )8 (Tadesse and Fassil, 2013) a8 o Gdo 1y Lo )50 dlge 355 slacan S L
s o (50)l)> img}y (Begum et al, 2019) k)b SB S pm50S olie dlge Cla > slohg Cucdl g B pl i
Shirzad and Ghorbany, ) 59 AM (slag BB bwgi sy arwliuisls Silo e Lol 3 ] o sy ol LAM glag,l8
sz B L (Astragalus squarrosus, Astragalus effusus, Astragalus podolobus) -5 4is5 dw 3> L5 K> idg} (2015
adny onwliselS o0 b jarwl Jlglyd ool Lis , sl imeh aols (Kamali et al, 2021) Aiibly (i jon 525550l
Sl oy G 4 omnd)y ddbaie ) 45 imgh b odel Cawd 4 ol 0yl g3 (+/+)) s 1 (gl Sxe g Cute (Siumed
JY> (Aminiannasab, 2021) 5l cisllas g (55 550k slag,B cllad b ybie s SB ol 565558 Sl ogiad (b8l
IS 51 8150 S s S0 bl 3 oLS i 5 ol b el ] 5 (ol s 5 55T 555 7 sl
oS 3 oSN alaie byl S (g5 050le (Siuly (e oS (Sojslen oS elyl 5l le AM (slag B L s jan il
ol ol ( Jakobsen et al,2002 & Wu et al, 2009 ) a_db o (dug) 5 (Juad Olpusi b ¢ o8l Olyuss (g8 65 5 £95 i
S5 5l g Il edle Lawgio (slgime b (ol s )od pué o il pgd @Bl chyld 5,5 65 5lg Y o8iing, S oy LS yimgh
SB 8l 53,50k slag B ad) o (b yiwd eaiS 9w Jelos (S ail o cwlio prwlis o pawd (5,0 olie yolie
il ) gl iools 1ao)d g joml (Slgld b ST o) jlade (o (site (Sttaen 3> LS 5 Siaog nl @l & (5yeb 4 bl e
Syl S Shy cnidine p jl (S 29800 4lS fjsole lag)B L ada) GgrwlisslS Jrusly g ol Slgl8 5l S,
g o (Simod dulyy arwl35olS Mo )d g ot (Siwed joewl Slolyd g S jaud o ol LS ;b iasd gl (1997
ady 0aiS dgdme Jele o lgicdy Wl o limen S yand olise bl g5 ) gxe (gyl] Ll a4y (Sower ol Jg 9,5 29>
ohg SB (giodols il b asm sl LS goaxie sla yb)l35 .(Bohrer et al., 2004) cowl odd i)l58 aliyy arwwl juiglS
sl (98 Jole & (Qin et al., 2020; Higo et al.2020) LU o yidlS 2B youwljuigls «SB 50 Joloo o clale
Lsé.bo M u}.\...)l)»}ts do)yd g )9.“.:1 U,bl)s L) L_J.\> JJIB W““’l“" S CJL} U‘)L‘"‘ » (Vll’llChuk, 2010) .\....:L:uﬁ W“""L‘" 05
55 gl (29 ol Aty igralipgls o) § ST alerd 5 (s Sl Shy (Siawen Giagh b gl ol &5 )
byl 50 (5050l i job 4 (g i (Siwly olS > o LS gk (ol ol oplply (Ramak et al, 2016) o)l cdsllas
Sinsots 'S Jl o3l (Safari Sinegani and El yasi Yeganeh, 2017) 5,15 o5 (ol b S ¢ o oo



)f‘f{f@)“:&k&ﬂ)[ﬁiﬁ0)})%;)/))},?@/’}&3)& VY.

PH (o ol Limgh 03 (Jg b o S pH 53,65k (slag BB g olS iy woe Jolse 51 (S5 g (VoY) o), Se 5 0008
Sluogad 150 (g5 » (o @IS Cudld S99 (o )lol Jlai 1 )l dno 1o g (ko ably gmsliiislS Aoy g sl lgld L SB
oyl aul (Avazzadeh-Mehrian and Sadravi, 2017) g ol (pl Sillee AM (slaz B L ;650 g cuw s jod pp SB ol
3l 3959 Cuto g (o dlaly i Ay jouml Slgld g dulsy yaauwljelS o 3 L EC i ol by J(Abubacker et al, 2014)
S8y sl 3l 0y50 (S5tungd Slge b 5 g AM gy (slacinn ) g (Sl (6y9ab LRl b iy Bl (VWAF) (g9)iu0
Gl 028 (S5 55 )98 S 13 )6 ol jpts pis 5 j9dn (S9US lagiagh 5> andl b oo AL (S jen
AM oz, o jen Joily 9 Sl L S sla Shg o (g)b e (Sued ingh pl b 4> )5 (Bhaskaran, 1997)
5k Lo 35 g5 e sanldl cln Sy o b S clawises o8 2 b wlgi e yol ol &5 s ssmliie 3,5 5553l Y ol
Slog )b turjor Jruilty p (LS Lidg (il b Gl LB jaud ofip S (ghdols ) gl sl pasuie 4l Lol
Iy 3y50ke (i job 4 olS  Siunly Jaoro seluel byly & cov ol (ids bas blas )0 90, Lt 1306 olS L AM
ORRo3 3y90 Ay (ygmaliglS Auo)d 9 seel SlghE L SB sla STy (S o (SNwen i 305 (] )3 e300 Sl
o B 51y oS 5y 5 o 3 S5 35 cgloie oS < BT s5 ol elas | S Jole o o 3 .008 3
39558 2,8 kas S0 9 Cute umjan Sliwl) 53 il Coanl g 52)5ile (slag B ofag oSule 4 dr g L sl SIS 51 550500
2 Sl o Gimg ol (laaidl .ol pho o5 ! lwlod g (wyy (dame g yid 4 Uao] Caoglie yinl38l 9 \b3ue olS
ol 550 5 Jd sladissS oLwlid Lo )3 o dleidiuy pismon 0l d)5 55 5ls Y o8 ing) 3)50 10 5 JolS” wldios sliwl,

213,148 odlaul 3590 &lpe bl (¢l el wlo Cygo s g ST 1) Ll clag 18

References

Abubacker, M.N., Visvanathan, M., & Srinivasan, S. (2014). Impact of pesticides on AMF spore population and diversity in banana
(Musca spp.) plantation soils. Biolife, 2(4), 1279-1286.

Anderson, J.P.E. (1982). Soil respiration. In A.L. Page, R.H. Miller, and D.R. Keeney, Eds. Methods of Soil Analysis, Part 2—
Chemical and Microbiological Properties, 2nd ed. ASA—SSSA, Madison, WI, (pp. 831-871).

Avazzadeh-Mehrian, Z., & Sadravi, M., (2017). The effect of chemical properties of soil on symbiosis of apple and grape with
arbuscular mycorrhizal fungi. Journal of Soil Management and Sustainable Production, 7(1), 115-125.

Azaiach, H.A., Romheld, V. & Wittenmayer, L., (1995). Effects of a vesicular arbuscular mycorrhizal fungus and other soil
microorganisms on growth, mineral nutrient acquisition and root exudation of soil grown maize plants. Mycorrhiza, 5(5), 321-327.

Aumtong, S., Sirinikorn, P., Susingsa, P., & Maungjai, N. (2010). Glomalin-related soil protein influence on soil aggregate stability in
soils of cultivated areas and secondary forests from Northern Thailand. P 21-24, In: 19th World Congress of Soil Science, Soil Solutions
for a Changing World.

Begum, N., Qin, C., Ahanger, M.A., Raza, S., Khan, M.1., Ashraf, M., Ahmed, N. & L. Zhang. (2019). Role of Arbuscular Mycorrhizal
Fungi in Plant Growth Regulation: Implications in Abiotic Stress Tolerance. Front. Plant Sci, 10, 1068.

Bhaskaran, C., & Selvaraj, T. (1997). Seasonal incidence and distribution of VAM fungi in native saline soils. Journal Environ. Biol,
18, 209-212.

Bohrer, K. E., Carl, F., Friese, J. & Amon, P. (2004). Seasonal dynamics of arbuscular mycorrhizal fungi in differing wetland habitats.
Mycorrhiza, 14, 329-337.



WA hlKon g sbliame 5351/ ) 555 Y ol S L, YsSr)] 1)550le (clag )l iy ot 5 S (sla Sy 5 dlla

Carter, M.R. & Gregorich, E.G. (2008). Soil Sampling and Methods of Analysis. 2nd Edition, Canadian Society of Soil Science, Taylor
& Francis Group, LLC, Boca Raton, 1, 1891-1894.

Cornell, C., Kokkoris, V., Turcu, B., Dettman, J., Stefani, F. & N. Corradi (2022). The arbuscular mycorrhizal fungus Rhizophagus
irregularis harmonizes nuclear dynamics in the presence of distinct abiotic factors. Fungal Genet Biol, 158,103639.

Dotzler, N., Walker, C., Krings, M., Hass, H., Kerp, H., Taylor, T.N. & Agerer, R., (2009). Acaulosporoid glomeromycotan spores
with a germination shield from the 400-million-year-old Rhynie chert. Mycological Progress, 8, 9-18.

Fazlollahi Mohammadi, M., Kooch, Y., & Said -Pullicino, D. (2016). "Slope gradient and shape effects on soil profiles in the northern
mountainous forests of Iran. Eurasian soil science, 49, 1366-1374.

Feizi Kamareh, T., Matinizadeh, M., Shirvany, A., Etemad, V. & Khoshnevis, M. (2011). Arbuscular mycorrhizal symbiosis of Acer
cinerascens and effects of season variation on some rhizosphere Case study: Bazoft, Chaharmahal-o-Bakhtiari. lranian Journal of
Forest, 3(3), 213-221. (in Persian).

Feng, L. X., F. S. Zhang, C. Y. Tian and C. Tang. (2002). Improved tolerance of mazie plants to salt stress by arbuscular mycorrhiza
related to higher accumulation of soluble sugras in roots. MycorrhizaJournals, 12, 185-190.

Fokom, R., Teugwa mofor, C., Nana Wakam, L., Ngonkeu Megapche, E.L., Tchameni, S., Nwaga, D., Rillig, C.M., and Amvam Zollo,
P.H. (2013). Glomalin, carbon, nitrogen and soil aggregate stability as affected by land use changes in the humid forest zone in south
Cameroon. Appl. Ecol. Environ. Res. 11: 4. 581-592.

Hayman, D. (1982). "Influence of soil and fertility on activity and survival of vesicular -arbuscular mycorrhizal fungi. Phytopathol,
72,1119-1125.

Hillel, D. (1980). Applications of Soil Physics. Academic Press, Toronto, ON, Canada.

Islamzadeh, N., Hosseini, S. M. & Murad Y., H. R., (2010). The study of the habitat of Laleh Vajgoun with Ellenberg's table, Journal
of Sciences and Arts of Natural Resources, 1(5), 83-93.

Jeffries, P., (2001). Achievements in the past and autlook for the future of AMF. Research School of Biosciences, University. Of
kent,Canterbury ,kent CT27NJ,VK.

Kamali, N., Matinizadeh, M., Nori, E., Sori, M., & Dehghan, R. (2021). Analysis condition arbuscular mycorrhizal three species
Astragalus. Journal of rangeland, 15, 411-420. (In Persian).

Kormanik, P.P. & McGraw, A.C. (1982). Quantification of vesicular-arbuscular mycorrhizae in plant roots. In: Schenck N.C. (ed.).
Methods and principles of mycorrhizal research. American Phytopathological Society, St. Paul, MN, (pp. 37-45).

Liu, M., Zheng, R., Bai, S., Bai, Y., & Wang, J. (2017). Slope aspect influences arbuscular mycorrhizal fungus communities in arid
ecosystems of the Daqingshan Mountains, Inner Mongolia, North China. Mycorrhiza, 27, 189 -200.

Loeppert, R.H.,& Suarez, G.L. (1996). Carbonates and gypsum. In D. L. Sparks (ED.), Methods of Soil Analysis. Part 3. 2th Ed.
Chemical methods. Madison Wisconsin, USA (pp. 437-474).

Madani, A., Lakzian, A., Haghnia, G.H., & Khorasani, R. (2012). The effect of cadmium, zinc and phosphorus on glomalin production
by arbuscular mycorrhizal (AM) fungi in symbiosis with white clover. Mashhad, Journal Water Soil (Agricultural Science and
Technology), 4 (26), 864-872.

Moosavi, N.S., Sedaghati, E., Khodaygan, P., Alaei, H. & Hatami, N. (2023). Study of the diversity and colonization of arbuscular
mycorrhizal fungi in Kolah'ghazy protected area, Isfahan Province. Environmental Sciences, 21(3), 31-48.

Muthukrishnan, G., Gopalasubramaniam, S. K., & Perumal, P. (2018). Prospects of arbuscular mycorrhizal fungi for heavy metal-
polluted soil management. Microorganisms for Green Revolution, 2, 91-113.

Nobis A., Blaszkowski J., & Zubek S. (2015). Arbuscular mycorrhizal fungi associations of vascular plants confined to river valleys:
towards understanding the river corridor plant distribution. Journal of plant research, 128(1), 127-37.

Norrif, IR., Read, D.J., & Varma, A.K. (1992). Methods in Microbiology Techniques for Study of Mycorrhiza. Academic press,
London.

Panahi, P., Karimi, L., Kamali, N., Hassannejad, J., & Safarzadeh, A., (2019). Khombi Reserve, North Khorasan Province, the largest
habitat of yellow tulips in the country. Nature of Iran, 4, 111-127.

Ramak, P., Torkashvand, S,. & Razavizadeh, R,. (2016). Arbuscular mycorrhizal symbiosis of Thymus kotschyamus Boiss. & Hohen.
in relation with soil elements during spring and autumn in Noujian Watershed (Lorestan province). Journal of Plant biology of Iran,
28, 31-46.



)f‘f{fd)u:MﬂJm0)})%;)/))},?@/’}&;}0 \\a)

Rasmussen, P. U., Hugerth, L.W., Blanchet, F.G., Andersson, A.F., Lindahl , B.D., & Tack , A. J. (2018). Multiscale patterns and
drivers of arbuscular mycorrhizal fungal communities in the roots and root- associated soil of a wild perennial herb. New Phytologist,
220(4), 1248 -1261.

Razouk, R., & A. Kajji. (2015). Effect of Arbuscular Mycorrhizal Fungi on Water Relations and Growth of Young Plum Trees under
Severe Water Stress Conditions. Int. Journal of Plant Sci, 5(5), 300-312.

Safari Sinegani, A., & Elyasi Yeganeh, M., (2017). The occurrence of arbuscular mycorrhizal fungi in soil and root of medicinal plants
in Bu-Ali Sina garden in Hamadan, Iran. Biological Journal of Microorganism, 20, 43-59.

Sajedi, n. A & Rejali., F. (2011). Impact of drought on the application and mycorrhizal inoculation on nutrient uptake in corn. Journal
of Soil and Water, 25, 92-83.

Schenck, N.C., & Perez, Y. (1988). Mannual for the Identification of VA Mycorrhizal Fungi. p. 241. IN:Vesicule Arbuscular
Mycorrhizal, 1453 Fifield Hall, University of Florida, Gainesville, Florida, USA.

Shirzad, H., & Ghorbany, M. (2015). Survey of Arbuscular Mycorrhizal Fungi symbiosis with cotton root in north khorasan province.
Iranian Journal of Cotton Researches, 2, 1-12.

Tadesse, C. S. & A. T. Fassil. (2013). Arbuscular mycorrhizal fungi associated with shade trees and Coffea Arabica L. in a coffee-
based agroforestry system in Bonga, Southwestern Ethiopia. Afrika Focus, 26 (2), 111-131.

Tao, L., & Zhiwei, Z. (2005). Arbascular mycorrhizas in a hot and arid ecosystem in southwest China. Journal Applied Soil Ecology,
29, 135- 141.

Varma, A., Prasad, R., & Tuteja, N. (2018). Mycorrhiza-Nutrient Uptake, Biocontrol, Ecorestoration. Springer: Berlin/Heidelberg,
Germany.(pp 533).

Vinichuk, M., Taylor, A.F.S., Rosén, K. & Johanson, K.J. (2010). Accumulation of potassium, rubidium and caesium (133Cs and
137Cs) in various fractions of soil and fungi in a Swedish forest. Science of the Total Environment, 408, 2543-8.

Wang, M., Wang, Z., Guo, M., Qu, L. & A. Biere. (2023). Effects of arbuscular mycorrhizal fungi on plant growth and herbivore
infestation depend on availability of soil water and nutrients. Front. Plant Sci, 14, 1101932.

Wu, Q. S. & Zou, Y . N. (2009). Mycorrhizal influence on nutrient uptake of citrus exposed to drought stress. The Philippine
Agricultural Scientist, 92, 33-38.

Xiao-lin, L. G. Erchhard., H. Marchner & Jun-Ling., Zhang. (1997). Phosphorus acquisition from compacted soil by hyphae of a
mycorrhizal fungus associated with red clover (Trifolium pratence). Can.J.Bot, 75, 723-729.

Yang, Y., He, C., Huang, L., Ban, Y., & Tang, M. (2017). The effects of arbuscular mycorrhizal fungi on glomalin-related soil protein
distribution, aggregate stability and their relationships with soil properties at different soil depths in lead-zinc contaminated area. PloS
one, 12(8), 1-19.

Zhang, H., Wei, S., Hu, W., Xiao, L. & M. Tang. (2017). Arbuscular Mycorrhizal Fungus Rhizophagus irregularis Increased Potassium
Content and Expression of Genes Encoding Potassium Channels in Lycium barbarum. Front. Plant Sci, 8, 440.

Zhu, Y.G., & Miller, R.M. (2003). Carbon cycling by arbuscular mycorrhizal fungi in soil- plant systems. Journal- Trends in plant
science, 8,407-509.



