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Extended Abstract

Background: Arbuscular mycorrhizal fungi (AMF) are a crucial component of soil microflora,
forming symbiotic relationships with approximately 80% of plant species. These fungi play a
significant role in enhancing plant nutrient uptake, improving soil structure, and promoting
ecosystem health. The present study aimed to identify the morphology of arbuscular
mycorrhizal fungi across three distinct habitats—Shanachir, Ilam, and Malekshahi—each
characterized by different climatic conditions. Additionally, the study focused on two aspect
slopes, north and south, within the oak forests of Ilam province. Understanding the diversity
and distribution of AMF in these varying environments can provide insights into their
ecological roles and the factors influencing their populations.

Methods: To collect soil samples, a total of 20 mixed soil samples were taken from each
habitat, ensuring representation from both north and south aspect slopes. This resulted in a
comprehensive collection of 60 samples across the three habitats, all obtained through a
completely random sampling plan from a depth of 0-20 cm during the spring season. The
extraction of AMF spores was conducted using a method that involved sieving and
centrifugation with sucrose, which is effective for isolating fungal spores from soil.
Identification of the mycorrhizal fungi was performed based on morphological characteristics,
utilizing identification keys and reliable online resources. The abundance percentage of each
fungal species was calculated based on the proportion of spores belonging to each species
within the total sample. To analyze the similarity of fungal species across different habitats
and aspect slopes, a Venn diagram was employed. This visual representation allowed for a
clear understanding of species overlap and diversity among the sampled areas.

Results: The study identified a total of 39 species of arbuscular mycorrhizal fungi belonging
to 11 genera across the three studied areas and two aspect slopes. Specifically, 36 fungal
species from 11 genera were recorded in the Ilam habitat, while the Malekshahi habitat yielded
37 species from the same number of genera. In contrast, 34 fungal species from 10 genera were
identified in the Shanachir area. The genera Acaulospora and Glomus exhibited the highest
relative frequency across all habitats and aspect slopes, indicating their dominance in these
ecosystems. Among the identified species, Glomus nanolumen and Acaulospora lacunosa
were the most abundant, consistently showing high percentages of fungal species abundance
across all habitats. The analysis of species similarity revealed that 30 species of mycorrhizal
fungi, accounting for 76.92% of the total species identified, were common among the different
habitats. Notably, one endemic species, Glomus macrocarpum, was found exclusively in the
Malekshahi region. Statistical analysis indicated a significant difference in spore density
among the study areas (p=0.000). The highest spore density was recorded in the Malekshahi
and Shanachir habitats, surpassing that of the Ilam habitat. Furthermore, the average spore
density was consistently higher in the southern aspect slopes compared to the northern slopes.
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Specifically, the average spore density varied from 111.20 spores per 100 grams of soil in Ilam
to 140.25 spores per 100 grams in Malekshahi. Among the aspect slopes, spore density ranged
from 105.60 in the northern Ilam to 150.90 in the southern Malekshahi.

Conclusion: The results of this study demonstrate significant variations in the diversity and
distribution of arbuscular mycorrhizal fungi across different habitats and aspect slopes. The
number of fungal species, their distribution patterns, and spore densities varied considerably,
with the highest spore density observed in the southern aspect slope and the Malekshahi region.
These findings underscore the importance of environmental factors, such as climatic
conditions and soil characteristics, in shaping the composition and abundance of mycorrhizal
fungi. Understanding the dynamics of AMF in relation to their plant partners is essential for
improving ecosystem management and conservation strategies. The presence of endemic
species highlights the need for targeted conservation efforts in specific regions. Future research
should explore the functional roles of these fungi within their ecosystems and assess how
changes in land use and climate may impact their populations and the overall health of forest
ecosystems. By fostering a deeper understanding of arbuscular mycorrhizal fungi, we can
enhance our ability to maintain and restore the ecological balance in these vital habitats.
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Table 2. The relative abundance of arbuscular mycorrhizal fungi in different Slope Aspects and habitats

(1) s Sl
Relative abundance (%)
Genera Species (Shanachir) y>aid (Malekshahi)  alisle (1am) e

o Jes B e Jls  F e Jus K
south north Total south north Total south north Total

A. capsicula 2.70 3.23 2.96 0.13 - 0.1 0.77 1.04 0.90

A. gedanensis 4.38 5.91 5.12 10.34 9.72 10.1 5.05 331 4.23

A. koskei 0.88 0.79 0.83 0.46 0.77 0.6 0.60 0.66 0.63
Acaulospora A. lacunose 14.68 13.56 14.14 11.07 9.10 10.2 18.84 20.83 19.78
A. mellea 0.44 0.87 0.64 0.46 0.77 0.6 0.26 1.42 0.81

A. paulinae 5.92 5.05 5.50 3.91 2.24 3.1 2.23 2.46 2.34

A. thomii 1.83 2.44 212 2.58 3.32 2.9 0.94 1.99 1.44

Archaeospora Ar. Schenckii 0.15 0.08 0.11 0.13 0.93 0.5 0.17 0.19 0.18
C. etunicatum 4.82 6.23 5.50 3.71 154 2.7 3.34 3.98 3.64

Claroideoglomus C. lamellosum 3.73 3.39 3.56 2.52 1.47 2.0 111 1.61 1.35

C. walker 0.07 - 0.04 0.20 - 0.1 - - -

D. arenaria 0.07 0.63 0.34 0.13 0.15 0.1 - 1.14 0.54

D. aurantia 2.99 2.92 2.96 5.04 2.24 3.7 5.05 4.17 4.63

. . D. eburnean 0.44 0.39 0.42 0.40 2.08 1.2 1.88 0.19 1.08
Diversispora D. gibbosa 0.15 0.47 0.30 - - - 0.09 - 0.04

D. spurca 0.29 0.16 0.23 - 0.31 0.1 - - -

D. versiformis 2.70 3.15 2.92 6.96 3.63 54 2.57 4.17 3.33

Dominikia Dom. Minuta - - - 0.46 0.85 0.6 0.09 - 0.04
Entrophospora E. infrequens 131 252 1.90 0.93 1.39 11 0.51 4.73 2.52
F. badius 1.02 0.79 0.91 2.78 2.78 2.8 4.28 1.52 2.97

F. caledonius - 0.16 0.08 - - - 0.60 0.57 0.58

Funneliformis F. coronatus 5.62 4.73 5.20 3.91 8.18 5.9 1.54 3.13 2.29
F. geosporus 0.15 0.39 0.27 0.80 - 04 1.63 0.09 0.90

F. mosseae 3.29 2.29 2.81 2.05 247 2.2 1.97 3.03 2.47

F. verruculosus 0.07 - 0.04 0.07 0.23 0.1 - 0.38 0.18

G. fuegianum - - - 0.99 0.08 0.6 0.26 - 0.13
G. nanolumen 20.60 17.82 19.26 15.51 14.74 15.2 20.12 14.96 17.67

G. macrocarpum - - - 0.27 0.23 0.2 - - -

Glomus .

G. microcarpum 0.22 - 0.11 0.60 3.16 1.8 0.51 - 0.27
G. pustulatum - - - 0.13 - 0.1 0.09 - 0.04

Glomus sp 7.38 8.75 8.04 7.42 8.64 8.0 9.08 10.23 9.62
Pacispora Pac. scintillans 1.53 1.58 1.55 0.13 - 0.1 0.09 - 0.04
R. aggregatus 0.29 0.16 0.23 0.46 0.39 04 0.94 1.23 1.08
Rhizophagus R. clarus - - - 0.20 - 0.1 - 0.09 0.04
R. fasciculatus 1.24 0.71 0.99 2.05 0.69 1.4 0.86 0.28 0.58
R. intraradices 3.29 2.05 2.69 1.79 1.00 14 0.60 1.14 0.85
Septoglomus S. constrictum 6.94 8.36 7.62 8.55 10.65 9.5 12.41 10.89 11.69
S. deserticola 0.44 0.39 0.42 2.52 6.25 4.2 1.46 0.57 1.03
S. xanthium 0.37 - 0.19 0.33 - 0.2 0.09 - 0.04
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Table 3. Morphology Characteristics of fungal species

SRS oSy sy
et ol Ga Gien S5 o (ingSn) youol 01 sl 5, slas b
(520954) Hyphal hyphae shape Spore Spore size (um) Spore color B
Hyphal wall layer layers
thickness (um)
_ _ _ sloged 508 U (slogad ()l i
3 (180) 279 (380) Orange brown to red brown A. capsicula
- - - 2 (55) 65 (75) csrsed 2,5 U sy ) A. gedanensis
pale yellow to lemon yellow
—B By o5 sl oged=3);
o5 5l o5 151 o5 (5l o583
- - - 3 (120) 187 (240) &, A. koskei
Pale yellow-brown to dark
orange-brown, most pale
orange-brown
b eyd  hle )i b o)5
o35 6l 0508 (5,5 e slosed
- - - 2 (80) 120 (130) Selton o o yello A lacunosa
orange-brown, dark orange-
brown
50 )b b esyy )05
56 (loged b syaS (logad
- - - 3 (90) 120 (140) % A. mellea
Pale yellow to orange, pale
orange-brown to darl
orange-brown
- - _ oy K5y 0)5 b (gladed i
8 (60) 72 (99) Hyaline to pale yellow A paulinae
- - - 3 (150) 185 (240) Slegd & blo 25, A. thomii
Brownish orange
- _ _ sladad i
3 50 (64) (80) Completely hyaline Ar. schenckii
phatal (Sul elailgiol ied b conly 355 B o S5y )5 f
22 2 Straight or curved, slightly irregular cylindrical 2 (75) 95 (135) Pale yellow to yellow C. etunicatum
B eyl (o185 plaial Sl b (slalzal S b
51 3 ) Sy sl ] 3 (60) 100 (140) S5y 05 2,56 5 C. lamellosum
Straight or crooked, cylindrical or slightly cream to pale yellow
irregular, sometimes cylindrical, rarely concave
Khys 5 gl b USE id By elanels W o L e, S .
21 2 Straight or crooked, often irregular, rarely funnel- 3 (55) 81 (95) V\;;JI{S i;’ ;ié L;if;w C. walkeri
shaped or concave paie ys
R Syg 5 sy By slalgzl S b cal, Slogd 35 s yuSs )
11 3 Straight or crooked, cylindrical, rarely concave 3 (55) 97 (120) Gray, yellow, brown D. arenaria
Sby08 ()13 b5 qabanels (Sl (glailgzal g b co, T )
11 1-3 Straight or crooked, slightly irregular cylindrical, 3 (70) 98 (120) S e D. aurantia

rarely concave Yellow orange




&5 = 903 el Loy caljpe Sl by 20l

BL e 0 e VY 1Y o)l [l Jlo ol oS wlidps:
Continued Table 3. =Y Jgde ol
B9 75 5 B, plaial Sl b slalgzal S b cu, : s
16 2 Straight or crooked, cylindrical or slightly 2 (92) 108 (146) Brﬁ{fvr:i)ti :0‘*";‘;; ?f;im D. eburnea
irregular, rarely concave 9 P
il a5 lalgil @S b cul, Gl
i i i - 99 205 b sladed i
16 3 Straight or crotgl;ﬁ%dsr?g?umes irregular 4 (70) 93-115 (140) hyalineto light yellow D. gibbosa
5y 0,5 b gl
Sllgial S b sl 0 3y )5 U S
! 2 Straight or crooked, cylindrical 8 (75) 86 (110) Subhyallng to pale yellow D. spurca
ot bS] cladlsnal @ L el 55 ok sz 5555 P
18 2 Straight or crooked, slightly cylindrical or irregular 2 (80) 106 (150) Pale yellow to dark yellow D. versiformis
1 2 K98 bl Ly el (S el 2 (18) 39 (65) sl Dom. minuta
slightly irregular cylinder, rarely with a depression hyaline
b oMo s);
loged (25)b b loged (29
_ _ _ 085 (290 Coow 4 iy 0y .
4 (95) 135 (175) Goldan to Light orange- E. infrequens
brown to dark orange-
brown, most toward the
darker orange.
_ Sloged b slogad & blo (25l
4.4 2 il (Sl (ol gl @S L s, 3 (35) 55 (65) o 4 ble F. badius
Straight or crooked, sllghtly irregular cylinder A
Orange-brown or brown red
Sbya b ey by i By 5 lailyil @ b el 2); 6 S8 >|»‘ @ bl (28l _
19 4 Straight or crooked, cylindrical and rarely funnel 4 90 (224) (370) slosel F. caledonius
or concave Pale orange yellow to
yellow-brown
s (2ol b Sl b
2.6 2 - 2 (80) 160 (220) F. coronatus
Funnel shaped Orange to brown to dark
rown orange
Mgzl b i S b Glo (120) 176 (240) T
45 2 Straight or crooked, funnel to cylindrical 3 Yellow orange F. geosporus
S A3 0y sloged b oS
24 8 Funnel shaped 8 (80) 185 (280) Straw to dark orange-brown F. mosseae
56 2 LB aS S bl 3 (100) 171 (240) b F.
Straight or crooked, funnel to almost cylindrical Yellow to orange verruculosus
Sibg b ol gl a5 (JK5 Lad S b e, @ Jlozo slogad by )35 .
2.7 2 Straight to crooked, funnel- shaped sometimes 2 (20) 47 (60) 555 G. fuegianum
cyllndncal with a depression Pale yellow to brown yellow
Subas e gl A
- . 5y; L
_ JS5 (b oo b el 2554
2 Straight or curved, funnel-shaped 2 (13) 36 (43) o ) G. nanolumen
hyaline, Whltltle yellow pale
ye
S By platel Cuows &y (glailgiul odped b conly
6.4 2 X958 2 110) 115 (120 5 C.
Straight or curved, cylindrical to irregular, rarely (110) 115 120) Yellow macrocarpum
24 2 (solaiol Cuans @y (gllgial e(ghoaged b cusl 2 (23) 39 (55) eMb 556 3)5 . G
Straight or curved, cylindrical to irregular Yellow to golden yellow microcarpum
waial b gl @ b cul, oy (200
13 2 Straight or crooked, cylindrical or irregular 3 (85) 100 (110) dark orange G. pustulatum
} gl o adiie g (35) 50 (75) oy o B o e
25 3 Constricted, cylindrical 23 1%0-2§7 White green to jade green Glomus sp
Sibya b g (S8l Bl (sllgi wied (S L cu, i bl ]
lass Pac.
15 1 Straight or sllghtlS Ichtrl\/;zgoﬁg[Iil\ngrlcal sometimes 3 (70) 107 (165) Hyalmeufg)orange White scintillans
5 gl A0l o8 T B glglyzal  iomio b sl Wl
o b pygio 5,6 o,y;
143 3 Often straight or curved, cylindrical to moderately 3 (40) 86 (150) Yeili:j or:nge R. aggregatus
funnel-shaped. Spore base rarely swollen or !
contracted
Sy 05 05 b glogad 2)5 b e
i b 1yl odsel b o, LSS 0 lesd b
133 3 Straight to curved, cylindrical to funnel-shaped 3 (70) 106 (150) white to yellow-brown, with R. clarus
many pale yellow to pale
yellow brown
Sllgiol waed (SWIL cwl) oy y Ky 3)3 :
86 2 Straight to slightly curved, cylindrical 8 50 (105) (130) pale yellow R. fasciculatus
Ly @y0 4 cplatel (Sl L slalgnl osed b col
P Sy i S S LS e (40) 93 (140) 2,5 B oy S5 25 sl . .
10.2 3 X }J;;)ﬂ . ) 3 Orange-brown to dark R. intraradices
Straight or curved, cylindrical or slightly irregular, brown
rarely concave
Qb Cuaw 4y Caade (b, 93 Yoone ool b c, Slogd b (slogt3 & o 20,
6 2 e 2 (100) 160 (220) oy S. constrictum
Straight or curved, usually a marked depression Orange-brown to dark
towards the base of the spore
_&),gb)»‘)&uwpb.abawbw\) 565 ok p 5y 545 .
26 2 Straight or |rregu|ar|¥é:;rrevsesgafunnel-shaped rarely 2 (70) 89 (115) Pgl?:yellovﬁo or)ange S. deserticola
058 shls By sl S b el 058 3,5 b (pdg) 355 i
56 3 Straight or crooked, cylindrical, rarely concave 8 (23)50 (19) Light yellow to dark yellow S. xanthium

Bl 0 s bl ) cldlles plo pols .l o 03l
(DaSilvaetal., 2014, Liu et Glomus s> cuJle b
Mirzaei et al., ) oK g o) 5L 0 al., 2017)
2 2 rasS b Cunjer gyl ow)p > (2017
& Bdwy auS cpl 4 g cuiile ol cbles adlis
3, adlllas 3550 dilaie 31y Slalyé oy yiiio GlOMUS s
olgls  slus j S gleea Glomus s
SV Syl 32y9Sue slag B oy yi8g,ee ;I Glomeraceae

P el e Sl Job s el

Oyt 035 glolid iz V) e ) cdllas 350 3bolis
YoAY SVYY L Acaulospora s g0 4 3laie Sloly
5 2liSle 5 pM) ¢y ais oK) ;0 i 4 YV/OF 4
M) oBiiugy 50 YVIVE (ou Slolyd L Glomus i
2 2o YOI Jlolyd g pn aid o8idug) yd duoyd YV/YY
IS5 0 (Y USs) oy [olainlags a1y alise oK s
obts e slacaa > (2)B claguir Sl 50 ¥
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Figure 2. Relative abundance (%) of mycorrhizal fungi species in the study areas
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Figure 3. Relative abundance (%) of mycorrhizal fungi species in both north and south Slope Aspects in the studied
areas (SS -SN, MS- MN, IS - IN —indicate the south and n_ortlh)aspect in Shanachir, Malekshahi and llam habitats,

respectivel.
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) Figure 2. Images of some identified fungal species B )
a? A. capsicula, b) A. gedanensis, c) A. koskei, d) A. lacunose, €) A. mellea, ? A. thomii, gg C. etunicatum, h) C.

amellosum, i)
mosseae, p) F. verruculosus, q

. walker, j) D. arenaria, k) D. eburnea, 1) E. infrequens, m
f G. nanolumen, r) G. macrocarpum, s) G. pustulatum, t) Glomus sp., u

F. badius, n) F. geosg)orus, o) F.

R. aggregatus,

v) R. clarus, w) R. fasciculatus, x) R. intraradices, y) S. constrictum
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Figure 4. Average spore density in the studied areas
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Figure 5. The average density of spores in different Slope Aspects in the studied areas
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