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AN TRV AR W AEE T 1Y 1 T2 22 S 0 X M P AY LT
>TRL T > A, Fe e WA > B > KR (R
2) o AL, HIBAE R L SOC HC 4 )= 22 5 K i 4
AR 1), B IR R TR R B L a3
PRI, AN TR]ER 285 e 3t ot 2 0y 0 7 e ) B L P
BN A 580 X SOC HC 1B 5 Fa e
HA R B R0 o IEH B ,0 ~20 em £JR
SOC HC 7 # B2k R BT BCHE 1 38 o 23 Ji1) 52
B T R IR AL R M U A S, SOC  HC % & Fifi 1 4

HO U HOR A R B i S A R R R L B
X — i B B AR Al ) E D W o 9 AR X
SOC \HC Fy 52 M i 55 BB/ (3R 3) o o 8 W B B
e, IE R D SR AR WX SOC HC (1 52 i)t 35 2
FR > RTE > A5, IR LR W 7E Bk R B
WERCLRR > HOE > S T,
APyt v Xt SOC HC i AR S I LR AL 7 1) HoA
B o IR SN R A B i s 00 R e A
Lot SOC HC B b5 e Ak i 52 Wi AN [a] 55 R e A
AT B LA 1 R W R R A LA
PR B3 i 5 5 A

R2 BEEREREVEE REVEVERMTERSBEEG

Table 2 Microbial community, microbial biomass carbon and cellulolytic enzyme activity in alpine steppe soil

. . b AR YRR A 4R R T
Bl FLTH Jilt 48 T o .
B S T+ 2 Microbial biomass Cellulolytic enzyme
Bacteria Fungus Actinomycetes
State of steppe Soil layer( ¢cm) carbon activity
(10% cfu g™ 1) (10% cfu g™") (10* cfu g™") 1 1
(mg kg™") (mgg " 72h™ )
TF 2% 2 4y 0~10 5.19 1. 10a 3.70 £0. 67a 4.44 +1.91a 35.82 £2.90b 54.51 £4. 44D
Normal steppe 10 ~20 5.52+1.87a 2.04 £0.55b 3.11 0. 71b 64.58 £6.06a 96. 40 +12.56a
T BE AL b 0~10 7.81 =1.86a 1.81 0. 40b 5.44 +0.92a 45.68 £5.35a 51.85 £2.83b
Slightly degraded steppe 10 ~20 3.00 =0.92b 3.33 +1.40a 3.78 £1.38b 48.34 £6.45a 69.79 £10.59a
R AL 0~10 4.81 +1.37a 2.96 +0.78a 2.67 0. 60a 39.41 £5.38b 59.68 £5.17b
Severely degraded steppe 10 ~20 3.24 +0.70b 2.37 +0.94a 2.93 +0.90a 56.99 +8.32a 90.07 +11. 64a

ECFE £ ARUEE (p < 0.05)  FFIAR/NEG FREFORE —REEM +Z 257 B F (p<0.05) Note:Means + SD(p < 0.05). Different

lowercase letters in the same column mean significant difference at 5% level

£3 0~20em T EREYHEELEANGRGERBREXME(r)

Table 3 Relationships (r) of microbial community with soil organic carbon and humus carbon in the 0 ~20 cm soil layer

IEH R

R A R J R A R

ISP = W)
LA Normal steppe Slightly degraded steppe Severely degraded steppe
Soil microorganism
SOC HC SOC HC SOC HC
21 7% Bacteria -0. 046 0.017 -0.022 0.330 -0.332 -0.390
H Fungus -0.920"" -0.839"" 0.242 0.282 0.715" 0.624"
T # Actinomycetes -0.356 -0.365 0.576 " 0.687 " 0.823"" 0.792""

VE R A B 1 55 — 3k Oy X, MBC Je HoAs
165 13 A= Wy Ak 2 ok AR 85 D AH OG0 AN [R] AR 285 2 b
% 12 MBC 1431 52 M5 SOC HC JEA —
FH(F 1), 0~20 cm +ZH,S0C HC & & FE MBC
(R4 fin £ X SR 0 W 35 4R L {2 MBC Xf SOC % & (1)
S AR X AL R (& 2) . MBC XF R [RR A HE 40 0 ~
20 ecm+ )2 HC/SOC o fH . PQ H Ay Wi A H ., 1IEW
M ff MBC #4341, HC/SOC [ ] & 2 359

R 0 PQ E 02 e . IRfLE b, MBC Xf
HC/SOC H{H \PQ {E /Y 52 it B A0 W], Hovp, 52 %
IRfEH H HC/SOC ]\ PQ fHFE MBC & & 1y 3 i
PR — e B AR R, B 1 MBC S A 8 A Ak R
JE 0 HE v B T T B B B — S AR R
J AR Rl ) R S e, MR A LR R
B 5 b O B MIBC 2 Sk 1) 188 Jn 349 % B0 O[] R 2 1Y)
TR
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Fig. 2 Relationships of microbial biomass carbon with organic carbon, humus carbon, PQ and HC/SOC in the 0 ~20 cm soil layer

AR H s CEA () 4+ JZ 40 A the g T HX0 ~
20 em + 2 HC JEHJE SOC JE A5 R 2R 11 b 2 {2 itk
ER(F 1, 3) . NEAKRF , CEA XA [A] R 5L
HC/SOC A . PQ {H 1 52 Wi #a 34 3L 7% [6] MBC, U %
JEIR L b HC/SOC [ fH oK 52 CEA A5 4L 1) 52 Wi
(E3) . AT, @R FE R AT R AR RDIR S 5 i
CEA Xt HC JE 15 F 8 4 7B H K F soC, LU
# HC/SOC H B[R R BE Y T [ {H CEA X AR [R] AR
A PQ (B AR MR AN H] , 1E 5 5 B AR b i
BE S I B CEA 338 i 359 52 A4S ) 2 B A 4 vy, ™ 3R
e ) A SR

R IER AR, 1 HE MBC Xf CEA HLAA R K
B, 0 ~20 em + )22 CEA [ MBC 4 & (134 it
SR E S, B MBC X CEA [ 52 i £F — % F2 )
R E R R M > R IR R M > IF R
M RE > KRB (K 4), UL EHOREAR
M TR, MBC % CEA [ 5% 0 2 B8 A A, 25 4
BT BB — a8 A B 1A 3F T T2k ) R 2T A R Oy
fife T 1) 53 06 o

3 U ®

5 JE 5 HC/SOC H il Ik F — it 4 L A
PQ fH(HAC/HC) R &, X E 25 T2 EE .

ARSI AR I N A K R A AT
HAC B 5B L R A W% FAC R Bt 1)
HAC B {1k 1 A= 42 01 200 464 56 oAb, 228
TR FA R 285K, HEE & /N, Dis HA/FA 48
Wt KT IR RS R R 2 — . BiHh SOC % I 4
I TR R0 R & ™ — ek
TR, L EMAEY W R EYE S ALKk
U N0, s0C, HC i AR R
RO 9 R DR e ) A AR R AR
R 2 55 ¥ i, 7 S PROAS () = 2 AR R AR W £ 9 A
Xt A T R B R R R AT R TR
It RUBRAE AN S5 0 R A BT A i) 120
KT R IR L, HxF SOC # A F 52 B 9% 14 2 1 5%
JITIE S, SOC — il Fifi 25 iy 1B Fh o ) i o 35 R R
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Fig. 3 Relationships of cellulolytic enzyme activity with organic carbon, humus carbon, PQ and HC/SOC in the 0 ~20 cm soil layer
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Abstract
(HC) , humic acid cartbon (HAC) and fulvic acid carbon (FAC) in the surface (0 ~10 cm) and sub-surface (10 ~ 20

cm) layers of alpine steppes different in state ( normal, slightly degraded and severely degraded) in the Northern Tibetan

Based on repeated sampling in a number of areas, variations of organic carbon (SOC), humus carbon

Plateau as well as influences and effects of soil microbial community, microbial biomass carbon (MBC) and cellulolytic
enzyme activity (CEA) on SOC, HC and HAC. Results show that the soil in cold and acid alpine environment is very low
in HC/SOC ratio, but very high in PQ value (HAC/HC). On the whole, the contents of SOC, HC and HAC and the pro-
portion of HC/SOC in steppes different in state declines to a varying extent with soil depth in profile, while PQ value in-
creases to a certain extent. Relative to normal steppes, the increase in SOC declines slightly and in HC (HAC, FAC) ri-
ses dramatically in the surface soil layer, and both drop drastically in the sub-surface soil layer. In terms of contents of
SOC, HC and HAC in the 0 ~20 cm soil layer, a decreasing ordeer of normal steppe > severely degraded steppe > slightly
degraded steppe is found, and in terms of HC/SOC ratio and PQ value, a decreasing ordeer of severely degraded steppe >
normal steppe > slightly degraded steppe, and of normal steppe > severely degraded steppe > slightly degraded steppe is re-
spectively, which means degradation of a steppe promotes formation and accumulation of SOC and HC (HAC and FAC) in
the surface soil layer, and also “stimulates” mineralization of the sub-surface soil layer, and especially decomposition of
organic debris in severely degraded steppes. However, quality of the humus is not improved correspondingly along with the
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increasing degree of soil humification. The highly homogenous distribution MBC, CEA, SOC, HC and their components in
the soil affects and decides the above-mentioned process. Steppe degradation is conductive to decomposition and transfor-
mation of organic debris in the soil by fungus and actinomycetes, especially in the sub-surface soil layer.

Key words Soil organic carbon; Humus carbon ;Soil microbe; Alpine steppe; Tibet Plateau
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