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1
1.1 FFREBR
2005- 2006 8 3729 ~ 37°45
N, 101°12 ~ 10133 E, 3200~ 3 250 m - 1.7C, 1 - 14.8C,7
9.8C 600 mm, , 80%, 1 160. 3 mm
(‘alpine meadow) (alpine shrub) ( swamp meadow)
1.2 AR Tk
1.2.1 (K. pygmaea meadow),
, 20~ 30 /m’, . . . .
R 70% ~ 90% , ; (K. humilis meadow),
25~ 30 /m’, I 60%~ 95% . :
(K. capillif olia) (Stipa aliena) (T halictrum alp inum)

; (K. tibetica of swamp meadow), , 1, 10~ 25
cm, 80% ~ 95%, , (Trollius pumilus) (Primula
tangutica) (Saussurea stella) ; (Potenttlla f ruticosa shrub),

2, 40~ 90 cm, 60% ~ 80% ,
50 m X 50 m, 1 10 50 cm %50 em ,
, : (8 )
( )
1
Table 1 Geographical position and edaphic characteristics in Haibei station
Ttem K. humilis meadow K. pygmaea meadows K. tibetica swamp meadow P. fruticosa shrub
Aspect 3736.611 N 37°41.975 N 3736.567 N 37°39.791 N
10r18.794 E 101°16. 560 E 10r19.200 E 10r 19.577 E
Slope 10°, SW 35, NW 5, E 5, NE
Altitude (m) 3196 3 398 3 386 3352
Soil types AMS AMS SMS ASM S
SW: Southwest; NW: Northwes; NE: Northeast; SMS: Swamp meadow soil; AMS: Alpine meadow soil; ASMS:
Alpine shrub meadow soil.
, 25 cm X 25 cm , (0~ 10, 10~ 20, 20~ 40 cm) ,
5 (1 mm) , , , , 87T
0~ 40 em .5 )
( ) ( - ) ( )
( )[21]

0~,10,10~ 20 - 20~ 40 em

105°C
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2005 2006 8 (25 cm X 25 em), (0
~ 10, 10~ 20,20~ 40 cm), (2 mm) 4C R
1.2.2 - (2] 25.0¢g 150 mL , 100
ml CHCIs , CH Cl; 5 min, 25°C 24 h,
CH Cl: CHCI 100 mL 0. 5 mol/L  K2SO4
,25C 30 min , (TOG 50004, Shimadzu )
, 0.35
1.2.3
tel ) ; L,
[23]
1.3
:R=S
Shannon- Weiner : H = - i;Pi]n Pi
Simpson :D=1- i:ZlPiz
. - i:ziPi In P:
Pielou 2 J= T s
L P i [( + + )/3], 8 i
SPSS DPS
2
2.1 ARAEAEAR R ZAER
0~ 40 cm ( 2, (74. 62%)
(35.78%) (38.86%) (34.64%) 0~ 40 cm
(2, (0.593 g/cm’) (0.968 g/ em)
(1.03 g/cm’) (0.953 g/cm”)
3 ( 2
2.2 NRF AR R A AL B A AT
(3 , ) , 3,
, 33, 31, 26,20
(H') (D) , > > >
1 2 , (J)
> > > ( 3
2.3 TREAEA DERE MR SHER
; ( ) 3
(P<0.0)( 4); ( ) 3 (P<

0.0)( 4 , , ,
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2 0~ 40 cm
Table 2 Change of soil physics and chemistry in four alpine meadow at 0~ 40 cm

soil layer plant communities (Mean % SD)

Community Year Soil organic Soil total Soil total Soil available  Soil available Soil bulk density  Moisture
types matter (%) N (%) P (%) N (mg/kg) P (mg/kg) (g/ em3) (%)
2003 10.71F0.14b 0.58FX0.00b 0.06%0.01 a 31.60%0.57b 9.52%0.83a 1.004£0.024 a 37.8230.04 b
K. humilis meadow 2004 10.12%0.03b 0.53%0.01 b 0.07%0.02 a 30.40F0.14b 12 19%0.30a 1.058%0.012 a 39.33%0.06 b
2005 10.3520.16b 0.5%4%0.05b 0.06%0.01 a 30.88%0.56b 11.58*0.51a 1.028%0.014 a 39.447F0.15b
2003 12.3330.81b 0.60X0.00b 0.07X0.00a 33.75%0.07b 7.54%1.30a 0.949%0.073 a 352430.03 b
K. pygmaea meadow 2004 12.19%0.30b 0.57F0.04b 0.06F£0.02a 40.30%5.37b 1206%1.05a 0.979%0.058 a 36.97F0. 04 b
2005 12.15%0.02b 0.59£0.03b 0.06X0.02a 35.86F2.35b 11.53%1.22a 0.976£0.044 a 35 14%0.11b
2003 26.1130.85a 1.26£0.0la 0.06%0.0l a 81.60%0.57a 11.03%0.51a 0.554£0.032 b 72 8430.05a
K. tibetica swamp 2004 24.10F0.99a 1.19F0.05a 0.06X0.00a 81.80%2.12a 15 18%F1.16a 0.638%0.030 b 75.91F0.06 a
meadow 2005 24.98F0.51a 1.2%0.03a 0.06%0.0l a 80.46%2.08a 13.36%1.12a 0.586%0.031 b 75 1230.08 a
2003  9.96F1.03b 0.50F0.03b 0.07X0.00a 34.50%2.12b 822%0.64a 0.942%0.021 a 34.40F0.22 b
P. fruticosa shrub 2004 11.05%0.21b 0.43%0.08b 0.07£0.01 a 29.10%0.42b 13.70%1.56a 0.961£0.017 a 3520%0.30b
2005 10.2530.20b 0.47£0.05b 0.06%0.01 a 32.46%2.55b 11.58%1.38a 0.955%0.016 a 34.3330.55b

> (DMRT ,P< 0.05)
Note: Data of same year of different community followed by the different letters were significantly different at 0. 05 levels. Duncan’ s multiple range

tests.

3
Table 3 Richness, diversity, biomass of plant community in different grassland

Ttem K. pygmacameadow K. humilis meadow K. tibetica swamp meadow P. fruticosa shrub
Number of species 31 33 0 26
Simpson Simpson index 0.959 8 0.9772 0.876 2 0.951 9
Shannon— W einer Shannon— Weiner index 3.472 7 3.5472 2.530'5 3.300 1
Pielou Pielou in dex 0.935 1 0.943 1 0.844 7 0.920 9
Aboveground biomass ( g/ m?) 280. 88 £28. 23 303.08£23.76 357.48%15. 81 247.56%13.73
Below ground biomass (g/ m2) 3023.68£204. 32 2 139.681+153.28 13 915. 04 £652. 00 2 348.91%47.71

2.4 ARIAEARREA B EEE M T L
) 0~ 40 em
3 (P< 0.05)( 1la,e),
(0~ 40 cm) 3 ( M, g b, d(P<0.05),
(0~ 40 cm) 3 ( le)(P< 0.05)

(D
2.5 DEMAMBELEHREZMN FER AHEOXRA
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, (X1) (X2) (X3) Shannon- Weiner
(H')(X4) Simpson (D)(Xs) Pielou (J)(Xo) (Y ( 5~7
, 4 (P< 0.05),
(P< 0.05);
(P< 0.05), (P< 0.05);
4

Table 4 The mean value of microbe quantity in diff erent type grassland soil

Bacteria Fungi Actinomycetes
Community types Soil layer (cm) (x10%/ g Dry Soil) (x10% ¢ Dry Soil) (x10°/g Dry Soil)
0~ 10 43.57 B 6.850 A 13.340 AB
K. humilis m eadow 10~ 20 9.71 C 1. 820 BC 5.250 A
20~ 40 4.09 C 1.080 C 4.170 AB
0~ 40 19.12 BC 3.250 B 7.580 AB
0~ 10 21.48 B 7.870 A 16. 440 A
K. pygmaea meadow 10~ 20 10.43 C 4.930 AB 9.440 A
20~ 40 6.28 C 2.870 B 5.630 A
0~ 40 12.73 C 5.220 AB 10. 500 A
0~ 10 125.20 A 0.333 B 0.167 C
K. tibetica swamp meadow 10~ 20 117. 60 A 0.162 C 0.157 C
20~ 40 37.10 A 0.156 C 0.089 C
0~ 40 93.30 A 0.217 C 0.138 C
0~ 10 36.87 B 9.490 A 8.210 B
P. fruticosa shrub 10~ 20 26.35 B 6.730 A 5.170 B
20~ 40 20.33 B 5.080 A 2.410 BC
0~ 40 27.85 B 7.100 A 5.260 B

(DMRT ,P< 0.01)

Note: Data in each column followed by the different letters were significantly different at 0. 01 levels. Duncan’ s multiple range tests.

206 BEEREMLEHENN FEHE AMWITHXAR

, s rs(rs
Spearman correlation) 0.79 0.82(P<0.05); ( )
(rs= —0.82, P< 0.05)
, rs
0.84,0.83,0. 81(P< 0. 05) ; ( ) (rs=0.85, P<
0.05)
. rs
0. 83,0.90, 0. 86(P< 0.05); ( ) (rs= 0.91,P< 0.05)
) rs 0. 87,

0.80,0,.83(P< 0.05); ( ) (rs=0.84, P< 0.05)
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5
Table 5 Partial coefficient between biomasses, diversity and soil bacteria in the different vegetation types
Community types Partial correlation Partial coefficient ¢ t test value P P value
r(y,X1) 0.999 6 58.082 1 0.000 3
K. humilis meadow r(y,Xs) 0.9999 61.049 8 0.000 3
r(y, Xe) 0.999 8 54.850 2 0. 000 3
r(y,X2) 0.999 7 43.304 4 0.000 5
K. pygmaea meadow r(y.X3) 0.999 8 51.769 2 0. 000 4
r(y.Xs) 0.999 4 29.020 1 0.001 2
(y,X1) 0.998 5 18.522 7 0.0029
K. tibetica swamp meadow r(y,Xs) 0.9975 14.127 8 0.0050
r(y,Xe) 0.999 4 15.272 0 0.004 3
(y,X1) 0.988 3 6.483 9 0.0230
P. fruticosa shrub r(y,X2) 0.9395 2.743 6 0.1111
r(y,Xa4) 0.4538 0.509 3 0.661 2
6
Table 6 Partial coefficient between biomasses, diversity and soil fungi in the different vegetation types
Community types Partial correlation Partial coefficient ¢ t test value P P value
r(y,X1) 0.9977 14. 629 2 0.004 6
K. humilis meadow r(y,X2) 0.9995 30.853 8 0.0010
r(y,Xs) 0.996 9 12.598 6 0. 006 2
(v, X2) 0.995 3 10.272 3 0. 009 3
K. pygmaea meadow r(y,X3) 0.9990 22.916 4 0.0019
r(y,Xs) 0.9889 6.650 0 0.0219
r(y,X1) 0.974 2 4.313 7 0.049 8
K. tibetica swamp meadow r(y,X2) 0.988 6 3.916 0 0.034 1
r(y,Xs) 0.9758 4.650 0 0.0419
r(y,X1) 0.966 9 4.813 7 0.0453
P. fruticosa shrub r(y.X2) 0.9353 2.1313 0.166 7
r(y,Xs) 0.9735 5.154 2 0.0411
7
Table 7 Partial coeffident between biomasses, diversity and soil actinomycetes in the different vegetation types
Community types Partial correlation Partial coefficient ¢ ¢ test value P P value
(y,X1) - 0.9952 10. 181 4 0.009 5
K. humilis meadow r(y,Xa4) 0.9712 4.076 5 0.0552
r(y,Xs) 0.984 7 5.649 5 0.0299
r(y,X2) -0.7592 1.166 3 0.3638
K. pygmaea meadow r(y,X4) - 0.9735 4.256 1 0.0510
r(y,Xs) 0.903 8 2.112 1 0.169 1
r(y,X1) 0.6783 0.923 1 0.453 4
K. tibetica swamp meadow r(y,X2) 0.5829 0.717 3 0.547 6
r(y,X3) 0.2747 0.2857 0.8020
r(y,X2) - 0.5001 0.577 5 0.6220
P. fruticosa shrub r(y,Xa) 0.876 8 1.823 1 0.2099
(v, Xs) - 0.740 6 1.102 2 0.385 3
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Relationship between plant communities, characters, soil physical and chemical properties,

and soil microbiology in alpine meadows
WANG Changting"?, LONG Rutjun’, WANG Gerxu®, LIU Wei’,
WANG Qrlan’, ZHANG Li*°, WU Peng fei'
(1. College of Life Science and Technology, Southwest University for Nationalities, Chengdu 610041,
China; 2. Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining
810001, China; 3. College of Pastoral Agriculture Science and T echnology, Lanzhou
University, Lanzhou 730070, China; 4. Institute of M ountain Hazards and
Environment, CAS, Chengdu 610041, China; 5. Graduate University of
Chinese Academy of Sciences, Beijing 100049, China)
Abstract: T his study examined the relationship between soil physical and chemical properties, soil microbial
quantity, soil enzyme activities, and ecosystem function in alpine meadows. There were obvious discrepancies
in the soil characteristics of different vegetations. Soil bulk density, soil moisture, soil organic matter, soil to-
tal nitrogen and soil available nitrogen were significantly different in the 0- 40 cm soil layer in K obresia tibetica
swamp meadow from those in a K. humlis meadow, K. pygmaca meadow, and a Potentilla f roticosa shrub.
The changes in community composition and plant species diversity resulted from variations in soil properties.
Bacterial and fungal quantities showed a positive linear correlation with community biomass in four grasslands
(P< 0.05), while actinomycete quantities showed no significant relationship with community biomass. The
quantity and com position of soil microbes were influenced by different community biomass in different vegeta
tions. Although aboveground biomasses showed significant correlation with different enzyme activities. These
enzymes ( urease, protease and phosphatase) were involved in soil carbon and nitrogen cycles. Soil enzyme ac
tivities influenced not only community biomass, but also plant species diversity ( plant species richness) and
community com position.

Key words: alpine meadow; plant diversity; soil microbe; soil enzyme activity; biomass



