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1 [7,9]

Table 1 Geographical and plant characteristics of the study sites in K. pygmaea meadow

Ttem Normal steppe (NS) Light degradation (ILD) Moderate degradation (MD) Heavy degradation (HD)
Location 34°30.405" N 34°29.957" N 34°25.229' N 34°21.937' N
100°05. 897" E 100°07. 432" E 100°21. 055" E 100°29. 697" E
Altitude (m) 4000 3910 3892 3972
Slope and aspect 5%, SW 15°, SW 15°, SW 10°, SW
Soil type AMS AMS AMS AMS
Above-ground biomass ( %) 100 70~85 50~70 <50
Coverage (%) >85 70~85 50~70 <50
Proportion of palatable herbage (%)  >70 50~70 30~50 <30
Soil hardness (kg/cm?) >4 3~4 2~3 <2
SW: Southwest; AMS. Alpine meadow soil.
2 PLFA
Table 2 PLFA composition in K. pygmaea meadow
Fatty acid Marker Fatty acid Marker
14.0 Bz 18:1w9c FL30-32]
150 B33l 18:2w6.9 Fls0-32]
160 Bl29 i14:0 G*t, Bl
170 Blssl i16:0 G, B2
18:0 Bz i17.0 G+, B3L:36]
190 BLz] i18:0 G+, BTl
cyl7:0 G~ , BL363sl al5.0 G+, BsL.36l
16:1w7t G, Bb3L.36] al7.:0 G*, BbsL.36]
16:1w9t G, Bi3L:36] br15:0 G*t, BB
18:1wdc G, B3] brl7.0 G*, BB
18:1w7c G, B33zl br18.0 G+, BB
B. Bacteria; GT ; Gram-positive bacteria; G~ : Gram-negative bacteria; F. Fungi; The same
below.
2
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) NS<<LD<<HD<<MD,
MD<HD<CLD<INS, 4 o ,
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) PLFA . G* PLFA )
G~ PLFA PLFA , PLFA ,
« b,
3 ANOVA (0~20 cm)

Table 3 ANOVA for soil enzyme activity in the 0 —20 cm soil profile under different degraded successional stages

Factors df Urease Protease Invertase Polyphenol oxidase  Alkali phosphatase
F P F P F P F P F P
Treatment 3 8. 302 0.002 199.598 <C0.001** 4,955 0.014 267.383 <C0.001** 721.087 <C0.001**
Depth 1 164.831 <C0.001** 19.139 =0.001** 53.694 <C0.001** 0.068 0.797 504. 460 <<0.001**
X Depth X Treatment 3 0.918 0. 456 1.508 0.253 2.660 0.086 0.224 0.878 11. 388 <C0.001**
* % (P<<0.0D),

* % indicate highly significant correlation (P<Z0.01).

4 PLFA

Table 4 Pearson correlation analysis between different microbial PLFA content and soil enzyme activity

PLFA PLFA PLFA
Enzyme Ttem Bacterial PLFA Fungal PLFA G* PLFA G~ PLFA Total PLFA
Protease Pearson Pearson correlation 0.761** 0.890* * 0.843** 0.751** 0.912**
P Sig. (2-tailed) 0. 000 0. 000 0. 000 0. 000 0. 000
N 23 23 23 23 23
Pearson Pearson correlation —0. 080 —0. 380 —0.571** —0.512* —0.422*
Alkali phosphatase P Sig. (2-tailed) 0.709 0. 067 0.004 0.011 0. 040
N 24 24 24 24 24
Urease Pearson Pearson correlation 0.019 0.104 —0.039 —0.037 0. 008
P Sig. (2-tailed) 0.929 0.628 0.858 0.863 0.970
N 24 24 24 24 24
Pearson Pearson correlation 0.671** 0.803** 0.877** 0.718** 0.872**
Polyphenol oxidase P Sig. (2-tailed) 0. 000 0. 000 0. 000 0. 000 0. 000
N 24 24 24 24 24
Invertase Pearson Pearson correlation 0.456% 0.304 0.143 0.022 0. 281
P Sig. (2-tailed) 0. 025 0.148 0. 505 0. 920 0.183
N 24 24 24 24 24

* (P<C0.05); * % (P<<0.01),

* indicate significant correlation (P<C0.05); * % indicate highly significant correlation (P<Z0.01).
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Changes in the activities of soil enzymes and microbial community structure at different degradation
successional stages of alpine meadows in the headwater region of Three Rivers, China
HU Lei', WANG Chang-ting' , WANG Gen-xu*, MA Li', LIU Wei*, XIANG Ze-yu"
(1. College of Life Science and Technology, Southwest University for Nationalities, Chengdu 610041, China;
2. Institute of Hazards and Environment, Chinese Academic of Sciences, Chengdu 610041, China;
3. Plateau Biology, Chinese Academic of Sciences, Xining 810001, China; 4. Northwest
Institute of Key Laboratory of Aquatic Botany and Watershed Ecology, Wuhan
Botanical Garden, Chinese Academy of Sciences, Wuhan 430074, China)

Abstract: An analysis was carried out on the soil enzyme activities and the soil microbial community structure of
alpine meadows in the headwater area of the Yellow River, the Yangtze River and the Lancang River at four
successional degraded stages (NS: Normal Steppe, LD: Light Degradation, MD: Moderate Degradation, HD:
Heavy Degradation) using the colorimetric method and phospholipids fatty acid (PLFA). 1) The species and
quantity of soil microbes did not reduce with degradation of the alpine meadow and they reached the highest lev-
el at MD. 2) The soil microbial structure at MD was the most complex one among the four stages. 3) The soil
microbial diversity in the 0—10 cm layer was richer than that at 10—20 ¢cm, which made the microbial commu-
nity structure better adapted to the changes of ambient environment. 4) The activities of all five enzymes de-
creased significantly (P<C0. 05) with soil depth and the activity of alkali phosphatase decreased considerably as
the alpine meadow degraded (P<C0.05). The maximum activities of protease and polyphenol oxidase appeared
at MD, with the minimum in NS, but the activities of invertase and urease (P>>0. 05) seldom changed in any of
the four stages. Enzyme activities responded differently to changes of the ambient environment. Alkali phos-
phatase, protease and polyphenol were more sensitive than invertase and urease. 5) There was a significant cor-
relation between soil enzyme activities and soil microbes at successional degraded stages of the alpine meadow
(P<C0.05). Soil enzyme activities and soil microbial community structure could be comprehensive indicators to
show the stage of succession and the degree of degradation on the alpine meadows in the headwater areas of the
three rivers.

Key words: alpine meadow; successional degraded stages; soil enzyme activities; soil microbial community

structure; PLFA



