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Geographical Distribution of Arbuscular Mycorrhizal Fungi in the Grassland

Ecosystems of the Tibetan Plateau

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

Abstract: The Tibetan plateau is a unique geographical unit that plays important roles in the formation and evolution of
biological species. On the basis of spore morphology, we preliminarily investigated arbuscular mycorrhizal ( AM) fungal
communities in tropical tussock (TT), warm tussock ( WT), temperate desert steppe (TDS), temperate desert (TD),
alpine meadow steppe (AMS) , alpine steppe ( AS), alpine desert (AD), and alpine desert steppe ( ADS) environments
in southeastern to northwestern Tibet ( altitude > 3500 m; mean annual temperature difference > 20 °C ; mean annual
amount of precipitation difference > 800 mm) , including plateau tropic, subtropic, temperate, subfrigid, and frigid zones.
The results showed that the community similarity of AM fungi in different types of grasslands was generally low, and the type
of environment had an important effect on the AM fungal community. Community similarity of AM fungi in different types of
grassland demonstrated a decreasing trend from southeastern to northwestern Tibet (Jaccard similarity coefficient decreased
from 0.52 to 0.20). Changes in the composition and structure of the AM fungal community increased gradually. AM fungal

community similarity for the same plant species (including a broad spectrum of species and species endemic to the Qinghai-
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Tibetan Plateau) in different grasslands was also different. With a gradually aggravated degree of cold and drought in the
grasslands along the environmental gradient from southeastern to northwestern Tibet, the abundance of AM fungi species,
especially the number of species, showed significantly decreasing trends, according to the Shannon-Weiner index (p < 0.
05). At the same time, spore density demonstrated dramatically increasing trends, and the proportion of dominant species in
relation to the Shannon-Weiner index also showed a tendency to increase. This indicated that although the diversity of AM
fungi showed decreasing trends, their survival and adaptability to the environment tended to improve. The effects of altitude,
soil pH, effective phosphorus, and organic carbon content on AM fungal communities were significant, whereas the effects
of altitude on the hydrothermal environment determined the changes in the soil environment. Therefore, AM fungal
community composition was determined by the comprehensive effects of a dramatic increase in pH and soil organic carbon
and a dramatic decrease in effective phosphorus content due to the gradually increasing altitude and degree of cold and
drought. Our results have an important reference value for the further understanding of the production and maintenance of

organism diversity in the Tibetan Plateau.

Key Words: AM fungi, species diversity, geographical distribution of organisms, grassland ecosystem, Tibetan Plateau
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F2 FELBEMAMEAER
Table 2 AM fungi in different types of grasslands

AM EH T W T T 11\\4 A g A AM HE T W T T ﬁ A g A
AM fungi T T S D S S S D AM fungi T T S D g S S D
A. bireticulata + - - - - - - - G. halonatum + - - - - _ _ _
A. capsicula + - - - - - - - G. intraradices + + + + + - + +
A. delicate - - - - - + - - G. luteum - - + + - - _ _
A. denticulata + - - - - - - - G. manihotis - - - - + — - _
A. elegans - - - + - + - - G. microaggregatum + + - - - - - -
A. excavata + - - - - - - - G. minutum + - - - - — — _
A. foveata + + - - - - - - G. mosseae + + 4 + + + + -
A. laevis + + + + o+ o+ + +  G. rubiforme + - + - - - - _
A. mellea - - + + - - - - G. scntillans - + - - - - - -
A. rehmii + + - - - - - - G. tortuosum - + - - - - + +
A. scrobiculata + + - - + + + - G. versiforme +* + + - + + + +
A. spinosa + + + + + + - - G. verruculosum - - - - - - - +
A. tuberculata + - - - - - - - G.sp.l - + - - - - - _
A. sp.1 - + - - - - - - G.sp2 - - + - - - - -
A. sp.2 - - + - - - - - G.sp3 - - - - - + + +
A. sp.3 - - + - - - - - G. sp.4 - - - - 47 - - -
A. sp.4 - - - - - + + - G. sp.5 - - - - + - - _
Ar. leptoticha + + - - - - + - G. sp.6 - - _ _ + _ _ _
En. infrequens + - + - - - - - G.sp7 - - - - - + - _
G. aggregatum + + + + + 47 + +  G.sp.8 - - - - - + - -
G. canadense + + - - - - = = Paci. dominikii - - - - - -4 -
G. callosum - + - - - - - = Paci. scintillans - + - - - - - -
G. claroideum +* + - + + o+ + +  Para. occultum - - - - + - - -
G. constrictum + + - - - - - - S. calospora + + + - + + - -
G. convolutum - - - - - + - - S. erythropa - - - - - - + _
G. deserticola + + - - - - - - S. pellucida - - + _ _ _ _ _
G. diaphanum - - - - + + - - S. spersica - - + - - - - _
G. dominikii - - - - - + - - S sp.d - - - - + _ _ _
G. etunicatum - + + +* + 4+ * +  +% S sp2 - - - - — + _ _
G. geosporum +5 0+ + + + +%  +* 4"  FHU Species number 26 24 18 11 18 20 15 10

+ FRH AM EE AR IZ A P Sign (+) indicates the AM fungi occurred in this sample site; * 3 Fh Dominant species of grassland types

(MJaccard %K.
R=a/(a+b+c) (2)
K1, R A Jaccard REL, HLAMEE 2 VR IR ISR OC R sa 48 2 DRFIESLRNLIR LAY AN AL H 56 ¢ 48 2 T
A B B YRR Z R, I I R B VR R A 2R 2% O RN A ARG (<0.20) (I (0.21—0.40) |
(0.41—0.60) .5 (0.61—0.80) 5 (0.80—1.00) 55 5 ML,
# 5 B EMATR A LSR 1, AT . CCA 4307143 512K F Excel 2003 . CANOCO 4.5 #1455,

2 EREH

21 A[FZERIG L AM ECER R4 b AR AL
P eSS (RIS TR R M AML ECERT R R I BT U R A A, AN RIS R R M AML EC R B R A T
2—5 B 0], JE AR Ak = B ML | PRIE 2% 25 SR AR A I P e A5 g R T e ) T e T v
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B AM TR APECE AR R 2 A S 2T [ A S BE TR A SR ] A T R Y R I e TR
PEEN BEVEEN(E 1-A) . A8 (Acaulosporas . Glomus ) ¥ AM ELEEFREC Rl it = B 15 B 2520, (H 452K
B Glomus J& BRI BE T o5 LU B8 K T Acaulosporas J& . [R1HF , B R /8 B8 PH b , Glomus Acaulosporas
J& LAY AN [R) B R b i o L 0 R0 s B A B X AML L TR VR A S R R X A
/N 1-B),

MW Acaulospora W Paraglomus [ Glomus

o frgEE  w R B Pacispora Entrophospora
7. - 30 B Archeospora [ Scutellospora
a a
2 6} a T 125 . AD ]
= s| §v Wb b 2 £ ADs =
F be be 120 £ 5 g H
§ 4 = &
2 g 2 aws
a0 | s B ™ |
# 2 g 3 T ]
= FoEgowr EE]
0 0 T I
TT WT TS TD AMS AS ADS AD 0 20 40 60 80 100
LA Steppe types % IR 2 BT o L0

Species richness percentage of AMF genus/%

B1 BEEMAM EEWHE. HHEE
Fig.1 Number of AM fungi species and species abundance in all types of grasslands
TT: Tropical tussock, WT: Warm tussock, TS Temperate steppe, TD; Temperate desert, AMS: Alpine meadow steppe, AS: Alpine stepp, ADS; Alpine

desert steppe, AD; Alpine desert

VU5 5 S AN [ S AR R b [] AML L R R BV AR BB o IR (3R 3) VR AL AR A A K . DB AR i 3] P
b, BEEREE 22 S AR A RN 5B B ] Y Jaccard REER 2 NS LI AM L X A5 AR
AR BEER BE 22 ST I e 2 M S5 R AR AR R R, AT L B PR X AML BT A RV 2 B
SO, H R B PR 25 SRR AM BCI Jaccard R EGERAIT,

R P AEAS [ B e i AM L RR AV AR RUBE AN ] A () et 7 7 3 v i e A S 45T 55 (18] 2-
A) JTIERUD AR AR (] 2-B) 3R B0 B A R T L SE PR R A, AM B VR AR DL R SR G
FABRT B g ) R B BB B HE AR X AM L RS 52 R
2.2 R[RIZEHIRIHL AM HE A7 S B RE ) S AR R

16195 BE R RAE AM B BFE A APIRAS W ERR bR . POl B AR RN AR ZE RS Bt b AM EL T 1
T2 i 2 N ] AR AR i 320 96 PG b R AR e B A [ R 3 1) T a3, - DA R b v 9% o) e i v SE B LA T
B Fe K T BE R PRORN FE SRR BE A IR, 2 5 P b e FE R VB i | 1 T B AR 4 R B s T 2 R B (A
3-A).

AT EBEEE , G TE T Glomus JEEIRLHEE , Acaulospora J& WAL KK 53 FE b AL & 5 Scutellospora J& I,
F 6 UL, IR ELAOR PR EEIE W AE T 5 LA @ Y O T 1—3 28R kh, , PRBEE N g ) 55 a4k 55 (181 3-B)

*3 AEARSEARRELEEFEM AM EH Jaccard R
Table 3 The Jaccard coefficient of AM fungi in different types of grasslands of the Tibetan Plateau

5 2K bk % 14 R i [ [ FHETE [

Ste ?; o A LW R Fei a) R =N/ TR R Tl
Ppe ypes T wT TS ™ AMS AS ADS AD

P TT( Tropical tussock ) 1.000 0.515 0.294 0.233 0.258 0.243 0.281 0.200
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s bk Ik M T [SEL I [SESSi [HE
R L - - ey o e - ey
Slenne s LN CVN i BitLd ) B 5 TR T 15
Peppe ypes TT WT TS ™ AMS AS ADS AD
BB ZE A WT( Warm tussock ) 1.000 0.273 0.296 0.300 0.257 0.393 0.308
TEL B 5 TS ( Temperate steppe ) 1.000 0.450 0.333 0.267 0.269 0.273
HRMETEIR TD ( Temperate desert ) 1.000 0.381 0.292 0.368 0.429
1R FE R B AMS( Alpine meadow steppe) 1.000 0.407 0.375 0.333
B FEHE AS( Alpine stepp) 1.000 0.346 0.304
FFETCI AR ADS( Alpine desert steppe ) 1.000 0.563
B FEFEI AD( Alpine desert) 1.000
0.5 08 r
LAESF Stipa purpurea T - VWAL Stipa glareosa

g T

= 04+

35 0.6}

S

T 03} T

Q J__ T

2 04}

= i

& 02f = .

&

E 0.2

< 3 L

§ 0.1}

0 I I ) 0 1 1 1 1 1 )
AS-ADS AS-AD ADS-AD TD-AS TD-ADS TD-AD AS-ADS AS-AD ADS-AD

B2 AEEMHESHESREEMELSF JIEMIDELF AM EEFHEELNE
Fig.2 Community similarity of the AM fungi endemic species Stipa purpurea and the broad—spectrum Stipa glareosa in different grasslands

of the Qinghai-Tibetan Plateau
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0 g T o B iﬂl.[ﬂl ﬂk il:ll_ L

TT WT TS TD AMS AS ADS AD TT WT TS TD AMS AS ADS AD
FHIZER Steppe types EHIZER Steppe types

3 FAEXEEMAM EHETFEE BN S ENS EHE

Fig.3 Spore density, relative abundance and isolation frequency of the AM fungi in different types of grasslands
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ik, MR A RIVE M TR | Shannon-Weiner 15 20 fix 15 [ 2 f A% , Z e B 5 AN ) 2 B2 A9 ol AEL 8] - i
i B by € SRR A IR T T B (1] 4-A)

HHEX AM B YR 2 B E B 5TEk, St R M, Acaulosporas . Glomus J& Fh 4 Shannon-
Weiner 78 £35S0 8 & 1EAHC (r 205104 0.794 7" 10.890 ") , Acaulosporas . Glomus J&# X} 22 £ ] 55 Shannon-
Weiner $8 8043 71| S W 5 28 15 AH G AR OC (r (43510 0.869 7 . —0.888 " ) . £ ZKE ML | Glomus J& ELIH
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Table 4 Effect of environmental factors on AM fungi species number, species abundance and Shannon-Weiner
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