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1.2 ,
1.2.1 2~ 30 em 2° 14 38 ~ 29027 47'N
( ) ( 885713~ 9144 09 E, 29 40 33 ~ 29 45 36 N
3 ), 9r27 23~ 9r55 45 E  29°41 25"~ 29°48 07'N
( 1) GPS 9158 35 ~ 9220 43'E
1
Tale 1 Sample sites at different types of steppe
Organic Avail P Spore Infe ction
Steppe ol matter Host species density rate
types (gkg " (mg kg™ ) ( 100g" ) (%)
8.6 3.3 8.4 Imperata cylindrica var. major o %. 7
8.7 4.0 7.8 Poapratensis 4 9%. 4
8. 4 4.2 13 4 Medicago sativa 40 8.3
U pland 8.1 3.6 577 Caragana versiola 46 80. 0
brushy 7.6 0.9 622 Carex praeqpara 17 93. 3
grassland 8.8 2.9 9.8 Ouytrpis miaghylla 4 %. 3
7.6 1.8 36 2 Tamartc chinensis 2 0
7.6 1.0 306 Stpa bungeana 27 86. 7
7.4 0.8 59 7 Fagyrum esailentum % 0
7.2 1.3 88 2 H. vdgare 1. var. nudum Hook. f 31 %. 7
8. 4 3.8 101 Poa annua 2 %. 7
8.3 7.5 138 Stpa glareosa 36 9.3
8.0 4.6 222 Agrostis hugoni ana 6l 100
8.1 4.8 297 Festuca rulra 29 9%. 7
8.7 5.5 36 8 Poa annua 26 %. 7
8. 4 5.9 317 Medicago sativa 29 %3.3
7.7 1.7 44 8 Poa annua 16 0. 0
7.5 1.2 595 Sdlsola nepalensis 14 0
85 19.6 48 9 H. vdgare 1. var. nudum Hook. f 27 0. 0
8.3 2.6 927 Poa annua 20 100
8.4 1.9 76 2 Imperata cylindrica var. major 30 100
6. 7 9.9 172 8 Poa annua 30 73. 3
Meadow 6.9 9.0 337 Poa cdlipsis 29 86. 7
6.5 15. 1 10 4 32 0. 0
Poa amua/ Carex capillacea var. linzensis/ Potentila chinensis
6. 4 35.7 115 K obresia humilis 21 %. 7
6.0 36.0 6.7 Cyperus conpressus 2 %. 7
Frigid 6.0 54.6 5.3 Cyperus conpressus 11 100

meadow 6. 4 16.4 59 6 Avena satwa 33 100
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1.22 AM (P20s)
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1.2.3
, 1 em , KOH—
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Table 2 Spore dersity, solatbn frequengy, reldive abundance and mportance value of AM fungal genera n seppe
n
AM
Isolation Relative Importance
AMF genera
Spore density frequengy (% ) abundance( % ) value
Acaulospora 3.50%0.95b 2.9 107 26. 8
Gigapora 0. 46 £0. 20¢ 17.9 1.42 Q7
Saute lospaa 0. 14 0. 8¢ 10.7 0.41 56
Entrghospora 0.25%0. 18¢ 7.1 0.77 39
Glomus 28.251+3.35a 8.3 86 7 8. 0
1) + H (p< 0.05, ) Mean®SD;Data with different letters in the same column are signifi-
cantly different(p< 0. 05, The same as below)
3 s AM 100% , ;
> > , Acaulopora Gigapora
5 AM , Acaulopora AM , Glomus
Gigapora Scuellospora , Acadopora 2 AM ,  Glomus
; Entrophopora ; Acaudogpora 3 Glomus Acaulospora
Glomus ,
, , Glo- , Glomus

mus Acaulospora  Gigapora,

, Acaulogora
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Table 3 Spore dersity, solation frequency, rehtive abundance and mportance value of AM fungal genera n diferent steppe types
1)
AM
Steppe ty pes AMF genera Spore Tsolation Relative Importance
density frequency( %) abundance (% ) value
Acauopora 1 90%0.82h 28.6 53 16. 7
Upland brushy Gigaspora 02401 9.53 a7 51
grassland Glomus 33 B3E3.57% 100 94 0 97. 0
Acaudopora 7. 00+3.7% 66.7 231 4.9
Meadow Glomus 23 331+3.3% 100 76 9 8.5
Acaulopora 9 25%2.87a 100 48 1 74 1
Frigid meadow Gigaspora 2 00%£0.71b 7 10 4 0.7
Scutellospora 1 00X0.41b WAl 52 40. 1
Entrophospora 175103 50 90 2.5
Glomus 5.25%5. 25ab 25 273 26. 2
1) + M ean £SD
2.2 AM s
2.2.1 . AM
AM [6, 8, 13] ’
(6.8 10] R Glanus
AM (r= . ;
0.152 3, y= 74. 373 4+ 0.267 3x, n= 28) , Glomus
[6.7.9.11.12], AM
, AM
(r= - 0.3147) (r= 0.243 0) [16]
, ( )
AM .
R AM :
83. 9%, AM , s
, 0% , AM
81.5%( 3 4, AM 6%
AM
[6] , . AM
)
) ( AM
3.9 g kg™ l) , ( Kobresia humilis)
, R ( Gyperus compressus ) (b,
s AM AM
[6]
)
[13, 14]
( 4, 2 Glomus Acaulospora Gigas-
pora ,
[6,8,15]

; Glomus
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Table 4 Effects of climate factors on diversity of atbuscular my corrhizal fngi in Tibet
Steppe types
Climate features
Upland brushy grasdand Frigil meadow
Climate types ' @
Elevation(m) 3 500~ 4 000 4500~ 5500
Anmual mean temperature( C) 3~ 8 ~6- 0
Mean temperature of the hottest month( ‘C) 9~ 17 0~ 6
20°C 20°C accumulative temperature 1450~ 2 956 500~ 1000
10 an Anmual mean soil temperature at 10 em in depth( C) 10 5~ 13.7 4.6~ 6.9
10 cm Mean soil tanperature at 10 em in depth(‘C) in the hottest month 152~ 21.1 85~ 11.8
Annual precipitation(mm) 250~ 350 300~ 600
Sunshine time(h a™ ) 1 500~ 3 98 1339~ 2475
Sunshine percentage( % ) 37~ 71 33~ 69
( 10g™ ! )Spore density 35.5 193
Infection rate( %) 80. 1 98 3
' Semi-dry climate of phteau temperate zone; @Semi-humid climate of plateau frigid zone
2.2.2 (1 (2) pH , pH(x) AM
: AM (y1) (r=0.4777 , yi1=
5 , 40.463 6+ 9.506 Ox ), (y2)
AM > (r= 0.072 6, yo= 63.597 1+ 2.535 8x) pH< 7
> Glomus A caulop ara pH> 7 . AM pH
, Glomus . pH , AM
> > > ) 6 )
pH6.0~ 6.7 ,AM ,
100%  Acaulopora 5 AM , Glomus Acaulospora
Glomus ,
)
Glomus ; , ’ . Gigas-
Glomus
i pora  Scutellospora  Entrophopora
, Gigapora
pH7.2~ 7.7 pH8. 0~ 8.8
> , > , » AM ’
Scutellopora Entrophopora Glomus > Acaulospora
. Entrophogpora > Gigaspora . Glomus pH

Scutellospora,

6.8l , Acaulospora  Gi-

gapora Scutellopora
, Gigapaa
Glomus A caulopora

pH

Glomus Acaulospora Gigaspora

; pH

pH , Glomus

, Acaulospora  Gigaspora



4 AM 647
5 AM
Table 5 Spore dersity, solation frequengy, rehtive abundance and mportance value of AM fungal genera n soik different in soil texture
1)
AM
Soil textures AMF genera Spore Isolation Relative Importance
density frequency( %) abundance( %) value
Aadopora 2 2940.84b 57.1 95 33.3
Heavy sand Gigapora 0 2970.29¢ 14.3 12 78
Glomus 21 57£3.2% 100 89 3 %. 7
Aaudopora L 83%1.83% 16.7 39 10. 3
Silt Glomus 45 17£9.32a 100 96 1 %. 1
Aaudopora 2 3E1.60b 22.2 64 14. 3
Sandy loam Gigaspora 033%0.33 111 09 60
Glomus 33 %612 8% 100 92 6 %. 3
Al opora 8 33%2 54a 83.3 36 8 Q. 1
Loan Gigapora 1. 3%0.61b 50 59 2.0
Scutellospora 0 67£0.33b 50 29 26. 5
Entrophospora L 17£0.75b 33.3 51 19. 2
Glomus 11 17%5.10a 50 49 3 409. 7
1) + M ean £SD
6 pH AM
Tale6 Spore densiy, isolation frequency, relative abundance and importance value of AM fungal genera in soils different in pH level
1
AM
pH AMF genera Spore Isolation Relative Importance
density frequency( %) abundance( %) value
6.0~ 6.7 Al opora 8 29%2. 14a 85.7 345 Q. 1
Gigapora 1 14%0.55h 42.9 48 3.9
Scutellospora 0 57%0.2% 42.9 24 2.7
Entrophospora 1 00£0.65h 28.6 42 16. 4
Glomus 13 0t 1.34a 57.1 54 1 55.6
7.2~ 7.7 Aaudopora 2 2910. 84y 57.1 96 33. 4
Gigapora 0 29£0.23¢ 14.3 12 78
Glomus 2130%3. 1& 100 89 2 H. 6
8. 0~ 88 Aaudopora L71E1.17% 14.3 42 93
Gigaspora 021%0.21¢ 7.1 0s 38
Glomus 41 30t4.3% 100 953 91. 7
1) + M ean £SD
(3) , AM
AM [6] ,
AM () (9 ““ "
(%) ,
(r= - 0.353 7,y 1= 36. 967 44— 0. 470 3x ) (r , AM 8]
= 0.256 8,y2= 77. 53 9+ 0.59 2%) \ 0.9~ 19.6 g ks , AM
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: Glo- 0.9~ 19.6 g kg~ '
mus > Acaulopora> Gigaspora , Glomus ,
35.7~ 54.6 g kg ! , AM i
, Acaulospora , , AM
Gigaspara  Scutellospora L6l
100% , ; En- AM ,
trophopora 5 A caulogpo- (417 Clomus
ra Gigapora
7 AM
Table7 Spore dersity, isolation frequency, relative abundance and importance value of AM fungal genera in soils different in organic matte content
0
AM
Organic matter Spore Isolation Relative Importance
AMF genera
(g kg™ 1) density frequency( %) abundance( %) value
09~ 19.6 Aadopora 2 4810.8% 36 71 21. 6
Gigaspora 0 20%0. 14¢ 8 06 43
Glomus 32 8%2.92a 100 923 %. 2
35.7~ 54 6 Aadopora 8 33%3.85a 100 56 8 8. 4
Gigaspora 2 67£0.33h 100 18 2 5.1
Scutellospora 1 33%+0.33b 100 91 4.6
Entrophosp ora 2 BE1.20b 66.7 159 41. 3
1) * M ean £SD
(4) , , AM
(x) AM (y1) (y2) ;
- 0227 0 y1= 40.194 8 - 0.186 3x
- 0.189 0 yo= 89.418 5- 0.155 4« 3
AM
5
AM , Glomus Acauogpora
, Gigapora Scutellospora , En-
( ) trophospara ;
AM [18~ 20]
Glomus > Acaulospaa> Gt
AM
o gaspora > Scutellopora > Entrqphospora,
8 , (22.2~ 48.9 mg kg™ ') (57.7~
172. 8 mg kg™ 1) 3 AM - AM
, Glomus A caulopora  Gigaspara; N > , Glomus Acaulospora
-1
(5.3~ 13.8 mg kg ') ) 3 AM 3 , Seutellospora  Enirqphospora
, Scutellopora Entrephospora,
Glomus Acaulopora Gigap aa , AM
AM
Glomus > Acaulospora> Gigaspora ; Glomus A~ , AM

cadlopora Gigapora
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Table 8 Spore dersity, solation frequency, rehtive abundance and mportance value of AM fungal genera in soik different in available P
AM
Avaiable P Spore Isolation Relative Importance
AMF genera
(mg kg ) density frequency( %) abundance( % ) value
53~ 13.8 Aaudopora 4 90%1.5% 40 127 26. 4
Gigaspora 0 80%0.42¢ 30 21 16. 1
Scutellospora 0 40%£0.22¢ 30 10 15.5
Entrophospora 0 70%£0.47¢ 20 18 10. 9
Glomus 31 80£8 70 70 824 76. 2
2.2~ 489 Aaundopora 2 8E1.58 33.3 92 21. 3
Gigaspora 0 33%0.33¢ 11. 1 11 61
Glomus 27 11%2. 65 100 897 A9
577~ 172. 8 Aaudopora 2 67%1.34p 44.4 94 2.9
Gigaspora 0 22%0.22¢ 11. 1 08 60
Glomus 25 413.6% 100 89 8 A9
1) + M ean £SD
AM lands: Kluwer A cademic Publishers, 1995. 47~ 62
2
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AM FUNGI DIVERSITY AND THEIR ENVIRONMENTAL FACTORS IN ALTIPLANO
GRASSLAND IN TIBET

Cai Xiaobu' Peng Yuelin' Feng Gu? Qian Cheng'
(1 Department f Agricdture, Tibet Agriaultura and Animal Husbandry College, Linzhi, Tibet 860000, China)
(2 College f Resources and Emvironment, ChinaAgricdture Uhwesity , Bejing 100094 China)

Abstract An investigation was conducted of the altiplano grassland, which was the important agricultural and animal hus
bandry base in Tibet. Soil samples with roots, 2 kg each, were wlleded from the rooting zone of 22 dominant plants at a depth of
2~ 30 cm and each sample had three replicates. Then the soil samples were air dried, sieved through a 2 mm sieve and stored at
4°C. The root samples were rinsed with tap water, soaked in 10% (w/v) KOH (30 min, 90 C), acidified in ladic acid ( 10
min) , and stained with 0. 5% tryparblue. Thirty 0. 5to 1 an root fragments were examined per sample for their arbuscular
mycorrhizal status under a compound microscope ( X 200). A hundred grams of soil were taken from each sample and wet
sieved. Then AMF spores were counted on a grid pattern dish under a binocular stereomicroscope. Spores of AM fungi isolated
from the field soil and trap cultures were mounted on glass slides in polyvinyklacte-glycerol (PVLG) . Then spores exanined m+
croscopically and identified according to current taxonomic criteria (Schendk and P r z,1990) and internet information from IN-
VAM (http: // invam. caf. wvu. edu). The results show tha the investgation of resources and ewlogical distribution of arbus-
cular mycorrhizal fungi( AMF) were contributive to the study on diversity of AM fungi in the altiplano grassland in Tibet. Five
genera of AM fungi were colleded and identified in the sampled soils. In tems of spore density, isolation frequency, relative
abundance and importance value, they were in the order of Glomus> Acaulospara> Gigapora> Scutellopora> Enirqphopara.
Glamus, but they all were of prominent genus in the investigation area and Acaudopora, Gigapara and Scutellopara were of
common genus while Enirqphospara was rarely found. The appearance and distribution of AMF are related to regional difference,
soil factors and plant hosts. Among the five genera, Gigaspora, Glomus and Acaulopara were distributed widely in the target ar
eas, while Scutellospara and Entrqphogpora were only found i altiplano grassland. The diversity character was similar in most ax
eas, only Acaulopora appeared more frequently in frigid meadow. Under different meadow types and soil texture, the diversity of
AM fungi was in the trend of frigid meadow> upland brushy grassland> meadow, and loam> sandy loam and heavy sandy soil>
light sandy soil. AM fungi were the canmonest in the soil with pH in the level of 6. 0~ 6. 7, olsen Pin 5. 3~ 13. 8 mg kg™
and organic matter in35. 7~ 54. 6 g kg”'. AM fungi colonized well in the plants of Carex prae@ara, Kobresia humilis and
Cyperus compressus, but not in Fagpyrum esculentum. Tamarix chinensis and Salsola nepalensis, commonly recognized as good
host, were not colonized, either. It was also found soil pH was positively correldive to spore density, but not to colonization.

Key words Arbuscular mycorrhizal fungi; Biodiversity; Altiplano grassland, Tibet



