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Changes of arbuscular mycorrhizal fungal community in an alpine grassland

altitudinal gradient

PENG Yuelin, CAI Xiaobu "
Agricultural and Animal Husbandry College of Tibet University, Linzhi 860000, China

Abstract; Current studies on the changes in arbuscular mycorrhizal (AM) fungi and root colonization across an altitudinal
gradient have mainly focused on alpine environments; however, studies on prairie environments that have a larger area and
smaller elevational gradient are markedly insufficient, which limits our understanding of the community composition of AM
fungi and their roles across altitudinal gradients. Alpine grassland ( mainly composed of cold-resistant and drought-tolerant
perennial herbaceous plants) , is the largest grassland with the most important ecological functions in the hinterland of the
Qinghai-Tibet Plateau. The grassland is characterized by a high altitude ( average altitude of 4500—5000 m) , with a flat
terrain and relatively low elevational change. Therefore, the study of changes in the AM community composition and root
colonization across an altitudinal gradient in this extreme environment with low elevational change provides important
scientific data for predicting the roles and influences of microorganisms on alpine grasslands as well as understanding the
impact of the alpine grassland environment on global environmental change. The present study targeted the alpine grassland
in northern Tibet. We analyzed rhizosphere soil samples of colonized alpine grassland plants

collected across varying altitudes (4584, 4628, 4744, 4880, and 4956 m) and identified AM fungal spores based on
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their morphology. The results showed the following: (1) Relatively few genera and species of AM fungi were found in alpine
grassland. Four genera, including Acaulospora, Claroideoglomus, Funneliformis, and Glomus, were observed in every
altitudinal gradient. The genus Pacispora was not identified in samples collected at 4744 m altitude. The genus Scutellospora
was not found at 4744 m or 4956 m altitude, whereas the genus Rhizophagus was only found at 4584 m altitude. (2) The
abundance and diversity of AM fungal species significantly decreased as the altitude increased. No significant differences
were observed in the Shannon-Weiner index ( H) at 4584—4880 m altitude, while a significant decrease in the index was
noted at the highest altitude. The numbers and proportions of dominant species showed significant positive correlations with
the altitudinal gradient ( Funneliformis geosporum and Claroideoglomus claroideum were the dominant species at different
altitudes) . In alpine grassland, the proliferation and sporulation of AM fungi were sensitive to changes in altitude. Spore
density of AM fungi was observed to be distributed in a typical unimodal manner with increasing altitude. Spore density
significantly decreased at altitudes below or above 4744—4880 m. (3) The root colonization rate (F, r=-0.779, P <
0.01), intensity of root colonization (M, r = =0.775, P < 0.01) , and arbuscular abundance (A, r = -=0.556, P < 0.05)
of targeted alpine grassland plants significantly decreased with increasing altitude, indicating that the efficiency of root
colonization by AM fungi was restricted by the altitudinal gradient. Spore density had no significant effect on F', M, or A. F
(r=0940, P<0.01), M (r = 0.714, P < 0.05), and A (r = 0.694, P < 0.05) showed significant increases with
increasing altitude. (4) The similarity of the alpine grassland AM fungal community ( Sorensen similarity coefficient,
0.821—0.969 ) was higher at various altitudes, presenting an overall decreasing trend with increasing altitude, which
reflects the influence of common species on the AM fungi community. (5) CCA analysis showed that pH, phosphorus,
organic carbon, and altitude significantly influenced AM fungal community composition, but compared to the other
variables, altitude exerted a higher and more significant impact on the AM fungal community. Thus, changes in soil

conditions across an altitudinal gradient play an important role in AM fungal community composition.

Key Words: altitudinal gradient; composition of AM fungal community; alpine grassland; Northern Tibetan plateau
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1.1 PSS FIRE R A

A 1o D (R FEAEL ) T T 98 T 5 0 22 AP AR R AR B 5P i A ) A A ) 2 R R T Y TR (4500—
5000 m) fe e | e JEE S RAFESERE Y AR X Bz — | IR J2 P4 i e JE e J A A v A1 IX DR b A vy DT S T
B R RAMRX, 28X EE -6—-2 C AFFEKE 150—350 mm AF¥ 7% & 2000 mm A 47
Bttt 3 i B [ JE B DR T U INIEY, T B9 R BT, PO IR | AR RS 100 m A1 FE ARRIR
FE4T 3 R 0.57.,0.63 °C )| g 1) b e € w0 JE 40 A [X AR 34 Y B KT 25 e /DT ik 2.85—3.78 C, M FE R R
(8w I E A 5T b Y S RS ) R A R A T B R B AR R B (O A B R S AN 50%—
60%) . T FERLJE B AT AS b DA o 4 %) b o A IS S A A o AR 1T 400 A3 A AN (D ) R M RS A0 2R AR
( Stipa purpurea) FHBFY VPH513F (Stipa glareosa) WEHLRY  ELCEF T (Stipa roborowskyi ) Ko SIS (Stipa
subsessiliflora var. Basiplumosa ) % 88955 | T AN [ 5 iy 780 rp ) 8 R AR 400 3 o ELAE AR Bl R 2B IOARAE , PEAR A
R AR R TR, ) FE A ) o bt 780 e (AR 40 0 A A i A R T SR AR R AR B - 38 1
SRAE , DI AT A3 20kt O L AR X s AR AR B i T4

2008 ,2009 4 9 H 43 SIAEPE AL i HE S AL e BB R RE S, B T A T AR T v R i AR 2
SEARK, H 280 M A [ 855 Ry 43180, DR MR AN RV A ey T 8 114 o S R A X B 45 R AR IX.
KA BRI, N — DX A 2 | DI S R SR AR IX. 22 i 4532 DX R b AU o SR A5 AN — T 4K
o AL R R R U )L 50—70 ke [B] BRI E RAE £, Horh 4K 4500—4600 m(E,) ,4601—4700 m(E,) |
4701—4800 m(E,) 4801—4900 m(E,) .4901—5000 m( E, ) H RAEE X B fe (SFBIEFEHRAK K N 4584 m 4628
m 4744 m 4880 m 4956 m) 7K 6.7 4 4.5 4 45 KA DCRAE S (HARE> T hm? ) $t 73000 1417 4 8,
16 4~ SRFERT, 73 7645 RAE s 4K J7 ] BEALSA E H AR 1 m x 1 m A9RETT 3 A (IR 100—150 m) ; RK4E
2—30 em HEWHR LG 3 DT RIRES AL | MRS FES . FESCIR R IR RAEE 4 CokAR,
HERERAENARKNTIE &M, 158 pH (H | 1AW (P,0,) A PRI E 73592 FHHLA77 0.5 mol/L
NaHCO, %% KR A ik — Mk (£ 1) .

R1 TRBEBESEERERSH . EHEMAMK TIBEHE
Table 1 Sample distribution, dominant species composition and soil characteristics in alpine grasslands at different altitudinal gradients

AR A Bl

oy M AR Available Organic
Elevation . . pH
(m) Location Most common plant species

m

phosphorus/ carbon/
(mg/kg) (g/kg)
4584(E1) 31°48.058'—32°06.807' N %81E4F5F Stipa purpurea 8.7 + 0.1ab 6.3 + 0.7cd 8.7 + 1.0bc
86°56.168'—89°09.849" £ WA 43 Stipa glareosa
B Stipa roborowskyi
PIAEE

Stipa subsessiliflora var. Basiplumosa

4628(E2) 31°18.787'—32°23.385' N S4b4lF Stipa purpurea 8.9 + 0.8ab 54+ 1.2d 6.3 + 0.1c
89°08.613'—90°18.787' E A4 3F Stipa glareosa
R Stipa roborowskyi
PIAEE
Stipa subsessiliflora var. Basiplumosa
4744(E3) 30°57.290'—33°16.032' N 846415 Stipa purpurea 84+ 1.7b 9.8 + 2.7¢ 20.6 + 0.3a
88°22.421'—90°59.424" E
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- AR A LA
Elevati PR ARHEY - Available Organic
ation
( e\;a ¢ Location Most common plant species b phosphorus/ carbon/
m
(mg/kg) (g/kg)
4880(E4) 32°27.814'—33°19.814' N EAE4F Stipa purpurea 9.0 + 1.3a 23.9 + 3.3a 7.7 = 0.1c
88°27.770'—89°02.625' E  VbA:41F Stipa glareosa

A4 Stipa roborowskyi

PIAER S

Stipa subsessiliflora var. Basiplumosa
4956 (E5) 32°42.666'—33°22.696' N SAL4LSF Stipa purpurea 9.1 + 1.6a 19.2 + 0.9b 11.0 £ 0.1b

88°51.698'—88°55.745" E kA Stipa glareosa
A% Stipa roborowskyi
PIHEF

Stipa subsessiliflora var. basiplumosa

[FIZ AR R FRE 7R 22 5 8.3 (P<0.05)

1.2 AM LR G000
PR Z T A AT BT RZ 1 em KARES ;28 KOH - A1) 26 05 e 5, BEDLE 30 Z54R BE il A -1 200
A5 30 U T LI A= % a5 NG YL TR 2 BB RN TG PR TR 24 s iR AR B R AR AR B (0, < 1%, <10% , <50% , >50%
F1>90% ) FI N FZ = & 52 9% (0, < 50%, > 50% ) (A5 e, & X BE— Z5 MR 35 Trouvelot 25 (% )5 ik, R
MYCOCALC A H A R YR (F, %) AZY5RIE (M, %) FINKCERE (A, %) , I [R5 | P Ak 1 22
SN
1.3 AM HFEEAFYEE
HL100 g F AR B SR IR IR ST — A 2500 vk 0 A 5 2 5, OIS P A 7 1 33k v 1= (O
30% HIM IR E ), SO0 S0 2 0 FEFRRRAE | DU 967 K/ AR TR J5 LN o8 7 1 Fl i 2
R I AS B, I 25 2 TRRE Y JREBE (SRR B A 2l UG o BT i iRl s ) 45, 45 Py Bl Melzer's 305
DAL A A S el B . 25 DA I 25 58 AR 4 hittp ://schuessler. userweb. mwn. de/amphylo/ |- #9432 4
AT IR R 28 S
1.4 St
O 72 (SD) 55 100 g KAHZ EFEFORE AM B BRI TF40
QIR FE (SR) .5 100 g )2 EAEFT & AM BB AT 350, B SR =AM ELJE Fl s B0 Uk 85/ 1 HERE
QYFh ZHEVE(H) . % Shannon-Weiner f8 80 X154

H=- i(Piln)Pi (1)

ok RS T AM ERAYRPEL, POMIZAE S AM ELERD @ 090 TR A B TR E A T,

DYIFI ST EEFREL()) -

J=H/nS (2)

FH1, H 2/ Shannon-Weiner $6%%, S HHRAEX. AM E R AUFZEECH

I BIAREE (IF) 5 AM FL B8 R S AR AR S i B3 B 1R = AML B8 52 T sl i) s B R 0/
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@FEZEV)  FRME S ATE h AM ECIE & (Fh) 0950 B3R AH X 22 B 0 - 3548, B 1v= (IF +
RA)/ 2.

®Sorensen FEV%FHLIME 325(( C):

C=1/ (a +b) (3)

12 2 AR RS B AM BB Fh f B S B0 b 43500 2 AN IEHRRE B 20 AM ETE Rl
P AR, I BRI R AE AL E R 43 M A AIK (<0.20) AIK(0.21—0.40) 1 (0.41—0.60) . /& (0.61—
0.80) % (0.80—1.00) &4k

2253 B VRS HT R LSR %, M8 .CCA 4343 312k Excel 2003 . CANOCO 4.5 115,

2 MIRER

2.1 AM HEZHM
TR B Acaulospora Glomus Scutellospora %5 7 JE3: 20 F AM E B, BEIEFR FTH, AM B E AL
BETFH(r=-0.569,P<0.05) , EHFFEL(r=0.694, P<0.05) K &5 e 46] (r=0.574, P<0.05) & FH5,
Funneliformis geosporum ,Claroideoglomus claroideum JANIRIGH AR BEAR P, R A RGBS B AM 3 3
AFEZ | B b OOIIRRE R EIHE T (R 2) .
£2 BELEFEAMHEE

Table 2 Species composition of AMF in alpine grasslands

MR Elevation (m)

AM EFF AM species 4584 4628 4744 4880 4956
*7(16) *6(16) 4(9) 35(13) i5(12)

Acaulospora delicata C. Walker, C.M. Pfeiffer & H.E. Bloss +

Acaulospora elegans Trappe & Gerd. +

Acaulospora laevis Gerd. & Trappe +* +* + +

Acaulospora scrobiculata Trappe + +

Acaulospora spinosa C.Walker & Trappe + +

Acaulospora spl + +

Claroideoglomus claroideum C. Walker & Schuessler +* +* + ¥ +* +*

Claroideoglomus etunicatum C. Walker & Schuessler + + +* +* +*

Funneliformis geosporum C. Walker & Schuessler +* + ¥ +* +* +*

Funneliformis mosseae C. Walker & Schuessler + + + + ¥ +*

Glomus aggregatum N.C.Schenck & G.S.Sm. +* +* +* + +

Glomus convolutum Gerd. & Trappe +* + + + +

Glomus versiforme (P.Karst.)S.M.Berch +* + + 4+

Glomus spl + + b* i e

Glomus sp2 + + b i o

Glomus sp3 + +

Pacispora dominikii Blaszkowski + + + +

Rhizophagus diaphanus C. Walker & Schuessler +

Scutellospora calospora ( Nicol. & Gerd.) Gerd. & Trappe.
Comb ,nov. = Endogone calospora Nicol. & Gerd.

Scutellospora spl +

a JB (R B+ FoRHE AM BEETEZ A I « (RS

FER RIS R R LT, AM YR EE (r=-0.681",P<0.05) . Shannon-Weiner $§#(( H,r =
-0.537,P>0.05) ¥4 T F%  HiFk 4584—4880 m JL [l H T i 3% 22 53 (B A B i TR i B FRAIG  AM LS
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T L i o) BE RS THE A b 2 TR A1 | TR 4744—4880 m ANEUK AM B 19 555 55 7
EA ], AM HE S Z TR IR (1) .
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1 AEBKREE AM EERTZE W EE  Shannon-Weiner F5 8719 5 Eig#
Fig. 1 AM fungal spore number ,species richness,Shannon-Weiner index and species evenness index at different altitudes gradient

& R TRl AR 3R 25 573 .35 (P<0.05)

£®3 AEAEERHEZLSFRIEAM EERTZE WM EES Shannon-Weiner 1541

Table 3 Stipa purpurea rhizosphere AMF spore density, species richness and H valuein different altitudinal gradient

%73 ¥ YyFh Shannon-Weiner $5%{
Elevation (m) Spore density/ ( cfu/100 g) Species richness Shannon-Weiner index
4584 82.43 + 2.09ab 2.93 + 0.07ab 1.079 + 0.03a
4628 71.65 + 1.86h 3.06 + 0.05a 1.271 + 0.08a
4744 87.75 + 13.96ab 3.00 + 0.45a 0.596 + 0.10b
4 880 119.25 + 8.65a 2.13 £ 0.13b 1.203 + 0.05a
4956 6.94 + 0.43c 0.38 + 0.02¢ 0.157 + 0.01c

[ H AN 6] 1 e s 25 5t 1 38 (P<0.05)

[ AR AR PR AM BB B8 AEAS R B0 B vh (R AR A R AR LIRS B3R — 8 (£ 3) .
2.2 AM HEEBEEARPLIE

AN [T AR 2 v FE R AML EL A Y 1) Sorensen AL R 2134>0.800, [FIFPAE 4 (4N 58464528 ) HRPR AM
FLIAREVE Y Sorensen AHLITE R % (0.427—0.944) MIASAAR K, Toit /& iR & A Y, iR 2 R R EERFAE A, AM
LA HE VR RE AL RE AE S A - 35 3 300 L I VA AR R A T R I A A A (L [R] AD R A AR PR AML L TR B VR
Sorensen FHIME R B REIEAHXT R (F 4)
2.3 AR Y

BEvEIR T R R R R Y R YR (F,r=-0.779,P<0.01) {2YL58E (M,r=-0.775,P<0.01)
IMEFERE (A, r = —0.556,P<0.05) Y52 3 T R AR B S A AT P R A R ki (| 2) o nT I,
AM FLE DA PR ZR R YL OR SZ 1 D00 BE I T 29, X SRR L AM BLE A B R 2R R E T
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Feiash—a, BBt F oM A TR EZN YRR R BN AR R G R B AT B H S
F(r = 0.940,P<0.01) M(r = 0.714,P<0.05) A(r = 0.694,P<0.05) 5 i Z1EAH X, Wy fh 42 8 WAL M(r
= 0.783,P<0.01) A(r = 0.673,P<0.05) BA WE M,

R4 RESRHEHESER AM HERE K74 F AM HEBSE Sorensen BME R

Table 4 Sorensen similarity coefficient of AMF community, Stipa purpurea AMF community at different altitude in alpine grassland

e . Hi¥) Plant 4628 4744 4880 4956
Elevation /m
4584 SERHIY All the plants 0.969 0.860 0.903 0.837
LAEEEF Stipa purpurea 0.900 0.929 0.944 0.661
4628 FHEY) All the plants 0.853 0.910 0.821
L4 Stipa purpurea 0.816 0.781 0.427
4744 EFHY) All the plants 0.928 0.869
LALEEF Stipa purpurea 0.920 0.520
4880 FFEY) All the plants 0.938
EYiZie S Stipa purpurea 0.577
00T 2 SIS
ab
T E%%b H4584 m asl %%
> - 04628 m asl T
g o ; 4744 m asl g
S 4880 m asl c
& 40 04956 m asl
=
&
i 20
aaya
F A F
S
Root colonization
B2 ARBEBEERERE GREEMMREEE
Fig. 2 AM colonization rate, infect intensity and arbuscule richness at different elevation
P PR TRl 5203 36 7R 25 572 .35 (P<0.05)
x5 ITEERFERFEEUFEENHENEXRE
Table 5 Correlation coefficient of spore density, species richness and H value with soil factors
A T L E3is T R Shannon-Weiner 5%
Soil factor Species richness Spore density Shannon-Weiner index H
pH 0.132 -0.646" -0.521"
AL Available P -0.449 0.190 -0.299
H B Organic carbon -0.704* * 0.619* 0.055

#* FRBEEF(P<0.05) ; * « FRWEEZEF(P<0.01)

2.4 RS IR AM BRI S

CCA M R, 55— AN et — b i e 5 23301l 0 23.09%0 1 2.7% , 55—l 5245 R P K56 P<0.01,
AHEFFR P<0.01, pH {E AR08 AN HLIKE 25 5200 AM B (9 R v 2 A, (AR T B A 19K
X AM ECRRFE T B R MR B R 2 (181 3)

HHER T 5 pH EXT RN A UK H Y TC B R R SRR R TR
I H Yo E 5 (R S5) .
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T AR R 1 23 8] 43 A R T A 7S R AEl DE2 #83 A4 +ES
ARSI I % 2 RESE b wscEy *
BTG AP AR RE AR TR | I BR84S 0L, S ] X 38R
HEIRETE (0 4L SUR SH RE IR AT REAR I L AR K, BRSY ¢
Bt AM L SR A B F2 R W 0 M BN 4 T T -« 4
22 TR0 SR YR PR R T R A A A X B pH o+
SERAER IR F1 22— (BT B |- 4 A Elevation
VLI ) SA R OB IR AM LR O TV T T A
EREAEI BRI, o 2 R BE 1 5 g oh x
L, 3 S R B B /N 1 B B PR | AMD L o a v
TR AR AR B R L T T WA 712 e 7 A G a Available P
ARIEHR S E T R 1 2 225 0 10 LB 58 A7 ) - 0 N
(LS00 i B TE R B8 (1 4 B ) | R i
JEAM ELBZRE (7 J8) AR T4 R o L BRI K 4 4
HREKEBRED 0 AM HEMERERELERR O o
LI BER LT WA R, D0 25 T 28 JEUA %45 06 2.0% b0
UMY RS BE BE X AM ELT BEVE IR (R IR AR By R TR CCA
FAOWA T AM ILTE AL AR BT S LU BEE AR I Fig. 3 CCA ranking of alpine grassland plots and environmental
TR 5 SRS IO BL G | T AERS 5 AM ELE XS5 JEIFERL  variables in alpine grassland
PR RS R RIS, T RUR AR TR e A 7L B A ERELES B AL ES
TEVE X R AR B (042 ) {E REAE L M AT AML 2L
A SRS SRR ), R R EUIREE P AM LR T S B IR b T B A SR ) P M A TR
RTF B8 T 4744—4880 m 7% i 14 52 10 25 AR, 8 B AM B B % i B 9 SR R 5 1740 R it ol o, B L PR B, axX
R X P R T 1 L R 5 SR S S ] % VG L A BB (HEEAR 3500—4100 m) 75 FE B (
K 4500—4900 m ) FIE5 FER ) (HFHR 4500—5200 m) FBIBFSE & B0, A ] 285 750 5 i ) 60 %5 38 B o 4R 5 18 1 T
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