%50 & o 4 )
2013 4£ 7 A

+

B o 4k
ACTA PEDOLOGICA SINICA

Vol. 50, No. 4
July,2013

DOI:10. 11766/trxb201210100404

KB TR R

X

e
=

=]

KHEZ EWH

FEE EH 1R By Kz
9T e

(VYR R A Bl 2 S EOR 2 BE R 610041)

wm =

S T A B KRN - B B i A R o T 9 ) R AR 9 i B, 2009 2010 45 ) R R AR 2% K 55 T
i A ) R A ) R AR R R v A A 4 AR AEBY BERY R R LIRS BRI HEAT T T IR A

4

SR AW v TE R B TR A B B O R S 5l W A 9 ) S R AL BRI B R A AR 22 S, ELAR AR AV A X e 2
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AT e = i NSO L T R 11 B < T
KU IR AL SRS R RV B
FAT R AW B, AR EW LIESY
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0.7°C . H[FW & 600 ~800 mm, H it 86% £ £
FeT 4 HMAZ 10 A 4E 2k 1232 mm,
AR H MR 2 389 h AH #E LA THE PR AR DR e AR A N
T8 AE B D0 35 Fh A7 K B B ( Carex mulien-
sis) . & B & B ( Carex lasiocarpa ) ., & Hi & ¥
( Carexmeyeriana ) \J& = 5 ( Kobresia tibetica ) % , 75 fi)
T LA & 55 J& ( Kobresia spp. ) \ 2 J& ( Polygonum
spp- )Y N F L ARAR LEFEFE A -2, +
gLl JE g+ R R R R ek o R
RS Ay Roin: IR ReS TR Vi RUp I = e o
1.2 MRFE
1.2.1 FEHiZHE 2009 4F 4 A F 2010 45 10 H
), 7675 7K 55 L 3 o AR 9 4B 00 B T 2E A 55 RN
- RS A e B AT ) 5 A R Al T ) A
UL R A 4 b LAY A B A0 VR Sy [ E A M, R b R /)
50 m x50 m [IETTIE o A& A Y 1 3 2 AL ) i
PIRIERE Ju N T SN o ol 1 70 SO (R S LT L)
FEAEY R A - T AE AT (Elymus nutans ) |5 5
£ E ( Ranunculus tanguticus ) . K 2% 5 ( Leontopodium

nanum) ¥ 23 ( Polygonum viviparum) i 2N 9% ( Ta-
raxacum maurocarpum ) | 42 5i ( Aster tataricus) . B R
R4 FE AL ( Trollius ranunculoides) 3} F f€ ( Primula
malacoides) . HS KL ( Geranium pylzovianum ) %5 , 5 &
10 ~30 em, 5 B 90% LA b 55 5 ) 1) 32 2 Fh 26
K 3K 2EF ( Festuca wallichanica) VU )1| & % Kobresia
setchwanensis o Ji B HE & 27 ( Carum carvi) JR 7
( Stellera chamaejasme) F.H & & ( Anaphalis lactea) .
2R SEAE (Anemone trullifolia ) | %% 4 3 4F ( Trollius
Sfarrert) (TEREPE 5 5 H FL 2R ( Poa pratensis) | ik
2 ( ()xytmpls Kansuensis ) %5, = & 20 ~ 40 cm, 35 &
90% LA L= o a8 1 ) 3 2O 3 Y 2 e R
ansrina) 5% 5. ( Kobresia bellardii) | ¥% 7 %% & ( Ligu-
laria virgaurea) /AW HREEBE S E, 5F 0
VW~M%UL0”%$@%£EE%
AP, BT, S 0 ~20 cm, 35 E 10%
Lﬂ%44£%M&WE%W%JPW§ﬁi%ﬁ
POPE BT BEA R O AFTE—E 225 (R 1) .

=% ( Potentilla

~5 cm,

x1 TEBUMBERHERER
Table 1 Characteristics of plant communities and soil properties in different degradation phases (n =6)
Mo b A bR A W) i "
B AL B . THEAE TR A HLBT
HH W) Fh 25 Aboveground Below-ground
Degradation Bulk density pH Water content SOM
Plant species biomass biomass
phases . . (gcmis) (%) (%kgil)
(gm™") (gm™")
BB g © 15a 244 +72b 1796 +666h 0.5+0.1c 6.1+0.2b 80.4 +8.3a 145.1 £10. 2a
B @ 14a 494 +165a 3512 £1755a 0.9 +0.1b 6.0 +0.2b 29.4 +8.2b 69.5 +8.0c
B Ak B ) © 8b 216 +65b 437 £289¢ 0.9 +£0.1b 7.1+0.1a 35.8 £6.5b 102.7 £6.9b
YA X 2c 103 £4lc 164 +94c 1.4 £0. la 8.5+0.0c 5.1+0. 8¢ 4.3+1.1d
BALH B , . - )
2 A TN 4 TP 2P TK HACA AN A X AP HAH AK
Degradation . . . . . .
(gkg™) (gkg™) (gkg™") (mgkg™") (mgkg™") (mgkg™")
phases
TARE R ] 6.4 +0.5a 1.1 +0. 1ab 14.4 +0.2b 181.6 +5.9a 8.6 +1.4b 152.2 £55. 1b
L JE B ) 3.6 +0. 3¢ 1.2£0. la 18.6 £0.3a 98.7 £9.6b 7.1+1.2b 361.4 £164. 4a
B Ak B ) 4.4 +0.4b 1.0+0.1b 18.2 0. 4a 113.4 £7.2b 21.2 +5.2a 503.0 £15.7a
Ak ) 0.3+0.1d 0.4 +0.0c¢ 11.8 0. 6¢ 22.7 4. 4c¢ 3.0+0.2b 35.8 £2.4¢
1) W E H A Swampy meadow , B 5 % f] Grassland meadow , iB b % fi) Degraded meadow , 70 fk %% fi] Desertifying meadow, 2) [a] — %] tp 52 £

AR R FERZE R FH (p <0.05) Different letters in the same column indicate significant differences at 0. 05 level

1.2.2 T+ EESYH A LS TE B A b P B
HLIEHL 6 4~ 50 em x50 cm HYFETT , 4 FE J5 18] B BE
B5m At MBS IZHIRE 0 ~15 ecm JWHE N K
+ 3, FAR R U S R HEEh W, IF A 75% K
VRN ARAE . 2009 4F 4 F % 2010 4F 10 A [, % #5

IR FERAM AT 7 WO A, LA R+ S
FEJ7 168 4~ (4 BB x 7 Wil x6 MEAR) .

SCH A AR P S MR R R ) T
PRI BE (Olympus SZX16) T Xof A -+ He 5y ¥y ik
TTYE o BRADBERTESN, KRB s 4 3B,
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1.3 HiESMAE

HE V& S AL 23 A < AR B0 47 R o A AR B )
PR ) 45 S TR i 25 G, A VR B R T 4l AR
10% DL E& ML ERE, 1% ~ 10% %5 O # W2 HE,
AR 1% 35 A KR

ZREVE AT R R R IS Y T .
J# ( Richness ) , 3 34 %8 & % /8 3 & ( Abundance ) ,

Shannon 5%t H' = - z PInP, FRMXF ZREM:, 2

LS R PONES | RBER T AT L .

RESHE R e b th T AR T B2, 1 el &
ZAT AP B 6 A5 10 18 A BUHE 258 LRI O
B FoW G TE H Ay 25 B ot Lok R 1 2 ) 4 R 2R
FEARCR HEAT ST, I BR A B 1 Y HL P 2 %% A
T4 A4 m T RAT R T 0 E E sh P nT
DAz e R A - 3 2l Wy 1 v B9 R AR 0 SR LA
43 #7 ( Principal component analysis, PCA ) FlIAH 3¢ 437
WFSEA R IR A By B - e sh Wy e v 4 4 22 5 e L
W71 5 2, 0 M i 8 v X 58 AT 1g (2 + 1)
¥, A Canoco for Windows 4. 5 A4 347 43 #7
AR

Gt o b x5 IR N IE 45 4 A 1 Bcdis , A &
2 A %R BY J7 22 5 # ( Repeated measures ANO-
VA) FEL P 2 97 2 43 BT ( One-way ANOVA) 43 51 %f
AN R AR [ B 2 71 8] 4 3 S W R T 2 e PR Y 22
S FE PR IEAT R I, A 2R 25 S W E W AT LSD i (U5
Z 554 ) Fl Tamhane’ s T2 % (F Z A7) 7 L &H
FLEE oM o X TR IR DA IE 25 43 A 1 808, AL 1g («
+ 1) B4, an SR AT A i DATE 25 43 A, WA Kruskal
Wallis Test(H) i 47 S H0G 50 o 53 B 4b 3846 1)
EXCEL 2003 #1 SPSS 15. 0 4,

2 4 R

2.1 BERESERAABTENYBEAN
2009 2= 2010 4F ] 7 45 7K 5 ey € B ) 2L AR K
RS 117 26,508 T 6 4020 H &=/ 90 Bl (%
1), PL#KBEA A 5 KR ( Paradoxosomatidae ) | 42
H B} ( Curculionidae ) %5 H F1 F 4 & ki Bt ( Dora-
todesmidae) , 73 B 5 B 4 3K = 1Y 30.46% .23.19%
A 15.33% , 3L 68.98% ; i WK REA 4 fa R
( Scarabaeidae) 4fy By, . 22 I} B i B} ( Sciaridae ) 4 H |
i Bl ( Chrysomelidae ) 4 81 Wi B} ( Muscidae ) 4 Ht |
5 WOIR ( Tetramorium ) F1 5 BF A 6 26, 4k

17.58% ; fii A7 26 RF 2 111 28, {05 & &8 K
M 13.44%

FEMN 5B IT I, LR B 49 (Tnsecta) Y Ff 25 il
MEERZ A 11 3 74 B3 28 AR g
53.47% ., Fvp ,#54# H ( Coleoptera) 5 31 F} 41 2%,
i 4B MARHY 40. 63% 5 XU H ( Diptera) 18 # 18
2,15 6.94% ;38 H (Hymenptera)2 £} &/ 14 25,
2.10% ; % ¥ H ( Lepidoptera) F /> 4 F 10 2§, 4
1.66% ;4% H (Hemiptera)7 £} 9 2%, /5 0. 68% ; H:
fZEfE=A 7 0 11 R IL 26,1.46% . HIR N2
2 (Diolopoda) , A7 1 H 2 B 2 2&, i B4 E
45.87% . 36 N (Oligochaeta) 4 H 5 B} 5 2, &
0.52% , Wk 99 (Arachnida) 2 H 5 B 5 2%, §
0.11% ., J&JE 4 ( Chilopoda ) #1144 44 ( Symphyla )
W1 H1R 2,494 0.08% F10.02% , i Fp
KA BORE |, B2 45 R 3 e JE 7 ) K
R+ S S W) () A N o
2.2 RETEFYHRESHEDTS

4 IR By R A 4 3 3 ) S A DL R Ak
o) ey, IR R D e ) RV T ), U Ak R ) A I
(B TA) . BB REERE 4 2= 7 A MY 25 hnE
e M7 210 H )0 2 R # s 47 (R) A2 £k i Al
Al W 2E R AR AL (F =54.77,p <0.001)  Z=5 728
B (F =8.58,p <0.001) K85 x = 2 HAE M (F =
1.85,p <0.05) B xJ S HEHA 1 25 52 el ; Hrp i PR T
i e ) LR A ) )RR B T A
i, 2R A WERERER TAEMA) (A
1A) o RBFEEh SR, m 98 5 f) p) iR AL N 2= 5 28 1k
XF AL - S S ) i W) A A R

VR % A 4 IR AL B Be l|] 7R 2 90 9 12 28 4k
(EI1B) o BR 2009 4£ 4 H (10 J 41, 1B 1k % ) 1Y 2%
FE ¥ T A 3 A B B, VH 15 B ) R R ) ) 2
FEASACAR T BN o WAV I ) 0 R K R R AE 4
1210 J [6) 322 7 15 0, 4 18] 728 4k 4 — 305 5 B
fa) (R RE V& %5 FE7E 2000 4E 1Y 4 H 2 10 H M FF2L T
FE,2010 4E 4 F 22 10 H 18] 2 i sl v A2 4k iR AL 75 )
£ 2009 4 & H 43 18] 5 % 20 £ 728 46, 2010 45 ) 45 £
Rapno JrEa A R R RIS WL 5 2B (F =
163.45,p < 0.001 ) fil &= 4545k (F =9.18,p <
0.001) A5 x ZEW AR HEAEM (F =4.26,p <
0.001) By 52 Ml , 1B Ak o) 1Y %% B 35 v 7 Y R )
LR (2009 4F 4 (10 HERAM) , H=8H &
He TR A (K 1B),

& 2009 4 4 F F12010 420y 4 H .5 A 4b, HE
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2.3 BEERBUNKETEHYEZNZM

R o3BT (PCA ) X K 4 3 2 ) 1 % 19 HE
JE4E R ULIE 2, PCL Al PC2 5 HE T bk K R+ 38 5
Yotk ve oy 3 A, TR R ) AR R A O — 2 IR Ak
B ) RV A B ) 4% Sy — 2, 3R B i R b R Ak K
YA R A - e 5 Wy B v 4 R A I 2E R R TR
) D Al e ) T - M Bl A v A R ) 22 S
B T A B AR AN ]

=
21°
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I 25028 18
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O
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Fig.2  Principal component analysis of soil macrofauna

communities in different phases
2.4 TERUMREEZELXBENEEDS

R+ S P e v 19 13 A~ 32 2R AR A A
[l IR AL B B 8] 77 7 22 5 (K 2) o XU H %)y U LA

TR B B, 953 i R R RS A 5 R LA
L Ji ) B B e, i Rl L B Al R 6
H &y H025 9 AR ) %5 15 DL IR Ak = fa) B B e s,
A JERER R B DL Vb Al ) e AR . BR O H (Or-
thoptera) Mk H ( Araneae ) A1 47 1% #4 H ( Lithomor-
pha) &b, HAU SR 00 %5 B2 76 4 > 18 1k B Be 8] 24 77 7
BHEZR(p<0.01 B p<0.05), MNZHILKL
(F2) I, vy € B ) 1 b B2 AR Ak mT (3 o+ 3 )
Y2 mE , JUH A B ki B RS 3 B 4 don) %
Hafm(p <0.05) ;3B A (BN Y> A ) D) fef 418 352 1
B R AR (p < 0.05) , W UL RE ARG A 26 HF
HEPNS
2.5 REFAFERBETEHYENXER

FHOC P BT 2R (52 3) R W], R A - e s iy 26
FERC S YA (p <0.05) | 3 PRARPE i (5 7K &
BRAM) A R FZMRKER (p <0.01) s BEvE 5 Z 54 L
Bt A AR A RO A A R R A
F#(p<0.05 8 p <0.01) ;Shannon £ ¥:PE45H N 5
YA (p <0.01) b b AEY i (p <0.05) Fil 4 1
Fror (AR A 2 BFIEAMH K (p <0.01), 5+
BEREM pH 2 BFNAK(p <0.01), 7E 13 413
TR H O A ah U S ML T AEY)
AR B E A K (p <0.01 5 p <
0.05) , Hy S #5388 H g He, Al S8 7 10 % 3 5 R 05
R AR DGR 8 . SR R SR B IR 7 b A R0k
FBCH 0 & 55 KRB RIS YRR RN
), M ORA L IE S Y i H R S 2 B T
AL

£2 TRBUMBRETENMEERLBNTE

Table 2 Densitiesof the major soil macrofauna groups in different degradation phases (ind m~*)

TR
Major groups

THE R

Swampy meadow

) 5

Grassland meadow

B AL A

Degraded meadow

W1k 5 ]

Desertifying meadow

Significance

a7 Lt H Polydesmida 0.29 +0.29b 0.00 0. 00b 174.29 £43.51a 0.00 0. 00b H=121.23,p<0.01
538 H 4 Ht Coleoptera larvae 38.48 +6.47ab 27.81 +8.52b 60.95 +9.41a 0.95 £0.38¢ F=57.87,p<0.01
K H 4 B Diptera larvae 21.71 £15.83a 3.33 £0.76b 5.71 £0. 86b 0.00 £0.00c H =44.87,p<0.01
84598 H R Coleoptera adult 3.43 £1.03a 4.10 £1.15a 3.62 £1.40a 0.29 0. 16b H=15.42,p <0.01
i 48 [ 4 1 Lepidoptera larvae 0.19 +£0. 13b 1.71 £0. 58a 4.68 +2.05a 0.10 +£0.01b H=19.03,p<0.01
i< H Hymenptera 0.38 +0.23b 5.71 £2.19a 0.29 +0.21b 0.00 0. 00b H =28.76,p<0.01
[]3 H Homoptera 1.33 0. 60ab 0.19 +£0. 19bc 2.57 £1.20a 0.00 0. 00¢ H=10.24,p<0.05
23 H Hemiptera 0.38 +0.23ab 0.38 +0. 18ab 0.95 +0.47a 0.00 +0.00b H=5.07,p>0.05
TEH] H Lumbricida 0.00 0. 00b 0.10 £0. 10b 1.14 £0. 48a 0.00 0. 00b H=17.85,p<0.01
/NI ZE Microdrile oligochaetes 0.00 0. 00b 0.10 £0. 10b 0.48 +0.24a 0.00 0. 00b H=8.84,p<0.05
Hi# H Orthoptera 0.00 £0.00b 0.00 +£0.00b 0.29 £0.21a 0.00 0. 00b H=6.04,p>0.05
£ 15w H Lithomorpha 0.00 = 0. 00 0.10 0. 10 0.19 +0. 13 0.00 = 0. 00 H=3.71,p>0.05
Wk H Araneae 0.10 £0.01 0.00 +0. 00 0.10 +0. 10 0.00 +0. 00 H=2.01,P>0.05

EOPFE +hrdEiR, HERESHKBE, RATEIER AN FZRERZ R T (p <0.05) Note; Means = SE. H denotes non-parametric

Kruskall - Wallis test and the different letters in the same row represent significant differences at 0. 05 level
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Table 3 Correlation indices between soil macrofauna commmunity and environmental factors(n =28)
R bRt . . .

Soil macrofauna community PS AB BB BD wC SOM TN TP TK AN AP AK pH
Z K4 Diversity indices
RN Richness 0.40" 0.31 0.10 -0.44" 0.32 0.56"" 0.59"" 0.73"" 0.69"* 0.48"" 0.61"" 0.74"" -0.53""
5 Density 0.00 -0.09 -0.22 -0.20 0.11 0.40" 0.38" 0.35 0.44" 0.29 0.74"" 0.56* " -0.12
LR35 %L Shannon index 0.58" " 0.44~ 0.33 -0.51"" 0.36 0.50"" 0.55"" 0.76"" 0.66"" 0.50"~" 0.31 0.57"" -0.70" "
FESHE Major groups
i Bk H Polydesmida -0.15 -0.13 -0.25 -0.01 -0.06 0.17 0. 14 0.13 0.30 0.09 0.57°" 0.41" 0.06
5% H 4 # Coleoptera larvae 0,38 0.15 0.36 -0.36  0.29 0.46" 0.49"" 0.50"" 0.51"" 0.38" 0.44" 0.47" -0.41"
X H 4 H Diptera larvae 0.22 -0.09 0.03 -0.28 0.28 0.34 0.37 0.27 -0.02 0.38" 0.07 -0.10 -0.28
53 H L Coleoptera adult 0.34 0.19 0.05 -0.33 0.23 0.33 0.40" 0.477 0.35 0.30 0.19 0.48"" -0.39"
%3 H 4 Ht Lepidoptera larvae -0.08  0.00 -0.18 -0.04 0.03 0. 14 0. 14 0.15 0.28 0.07 0.48"" 0.35 0.00
%3 H Hymenptera 0.24 0.29 0.11 -0.02 -0.09 -0.07 0.03 0.27 0.29 -0.05 -0.14 0.39" -0.26
[A]3# H Homoptera 0.06 -0.10 -0.10 -0.13 0.05 0.17 0.15 0.15 0. 08 0.14 0.10 0.15 -0.11
238 H Hemiptera 0.08 0.08 -0.12 -0.19 0.12 0.25 0.27 0.29 0.25 0.20 0.40" 0.32 -0.16
IEH| H Lumbricida -0.07 -0.13 -0.17 -0.03 -0.06 0.14 0.09 0.16 0.34 0.06 0.47°  0.427 0.02
JINBEIZE Microdrile oligochaetes —-0.08 0. 14 -0.13 -0.06 -0.01 0.16 0.15 0.19 0.29 0.09 0.52**° 0.30 -0.03
Hi# H Orthoptera -0.07 -0.11 -0.19 -0.02 -0.04 0.09 0.06 0.14 0.17 0.01 0.16 0.32 0. 00
£115 4 H Lithomorpha -0.01 0.23 0.02 -0.03 -0.05 0. 10 0.07 0.21 0.30 0.05 0.28 0.22 -0.12
ik H Araneae 0.23 -0.14  0.02 -0.35 0.35 0.35 0.33 0.21 -0.03 0.34 0.05 0.03 -0.21

WK, + p<0.05, % *p<0.01 Note; Two

- tailed test, and * and #* * represent significant difference at 0. 05 and 0. 01 levels
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RESPONSE OF SOIL MACROFAUNA COMMUNITIES TO
DEGRADATION OF ALPINE MEADOW

Wu Pengfei Zhang Hongzhi Cui Liwei Zhong Hongmei
( College of Life Science and Technology ,Southwest University for Nationalities, Chengdu 610041, China)

Abstract Zoigé alpine wetland meadow, located on the eastern edge of the Qinghai-Tibetan Plateau, is degrading
under the impact of global climate change and the increasingly heavy burden of livestock in recent years, demonstrating
four typical phases,i. e. swampy meadow, grassland meadow, degraded meadow and desertifying meadow in the process.
From April 2009 to October 2010, seven investigations were conducted of soil macrofauna communities in the four phases
for analysis of impacts of the degradation on soil macrofauna. Results show that differences existed between the phases in
taxonomic composition and dominant groups of the soil macrofauna communities. Statistical analysis shows that the impacts
of the degradation on richness, density and Shannon diversity index of the soil macrofauna communities were extremely sig-
nificant (p <0.01 or p <0.05) in the last two phases. Principal Component Analysis (PCA) shows that in the phase of
graded meadow, Polydesmida and Coleoptera larvae increased significantly (p <0.05) , while in the phase of desertifying
meadow the dominant groups decreased significantly in density (p < 0.05) and some common and rare groups disap-
peared. Correlation analysis shows that richness, density and diversity of soil macrofauna communities were closely related
to species and biomass of the plants and physical and chemical properties of the soils (p <0.01 or p <0.05) , especially
available phosphorus and readily available potassium, in the meadows. And soil macrofauna communities also responded to
changes in season significantly in abundance and diversity, and the responses varied from phase to phase of the degrada-
tion process (p <0.01 orp <0.05). All the findings indicate that moderate degradation of alpine meadows may increase
soil macrofauna community in diversity, whereas severe degradation ( desertification) significantly reduces the diversity,
and moreover, seasonal dynamics of soil macrofauna communities varies from phase to phase of the degradation process.

Key words Zoigé alpine meadow; Soil fauna; Plant community; Soil physical and chemical properties; Degrada-

tion; Desertification
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