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Effects of plateau zokor disturbance and restoration years on soil nutrients and microbial
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Abstract: To explore the dynamic process of restoration succession in degraded alpine meadow that
had been disturbed by plateau zokors in the eastern Tibetan Plateau, we examined soil nutrients and
microbial functional diversity using conventional laboratory analysis and the Biolog-ECO microplate
method. Our study showed that; 1) The zokors disturbance significantly reduced soil organic mat-
ter, total nitrogen, available nitrogen and phosphorus contents, but had no significant effects on soil
total phosphorus and potassium contents; 2) Soil microbial carbon utilization efficiency, values of
Shannon, Pielou and Mclntosh indexes increased with alpine meadow restoration years; 3) Princi-
pal component analysis ( PCA) showed that carbohydrates and amino acids were the main carbon
sources for maintaining soil microbial community; 4) Redundancy analysis (RDA) indicated that
soil pH, soil organic matter, total nitrogen, available nitrogen, and total potassium were the main
factors influencing the metabolic rate of soil microbial community and microbial functional diversity.
In summary, variations in soil microbial functional diversity at different recovery stages reflected the
microbial response to aboveground vegetation, soil microbial composition and soil nutrients.

Key words: alpine meadow; zokor mounds; vegetation restoration; soil microbial community;

Biolog-ECO.

o FE A 2 v B R e ME IR R AR S R B
LI R S A AR T E R B SR IR
S RS B S S SRR A A
ROtk R R BAR S B s g sh Wy ad ad 5E L HE
Tk 475 9 0SBRSBI T R

« [E 5 HRBFE 4 10 H (31370542) Fl b de i A S A BB 55 3%
PEF5FHIF AT BA B K050 H (2014NZYTDO1 ) % ).

s 3 AIRVERE . E-mail ; wanget@ swun.edu.cn.

2014-10-20 Y fi ,2015-06-08 $3%.

W AR 2 ZRGE R A 7 g B0 Bl A LIS o3 i LA K
YIS AEad 2L 4E ] i T AP sl A s
SRS AL G e i v E ) R AR T RO ™ E Y
s d B AR AR U A A A IR B R
T SR AR A ) 32 K Bl O R R
(Y FEBERAED

1 B B ( Myospalax baileyi ) J& 5 48 o~ 4
I G A Sl ), el TR D R T A, B
e FER AR FEAEEMZ ) i GE T



9 11 W] AR TR RISl B B AR B v T ) SR AN A M T RE 2 R A 2795
REMYRAMAREY, B0 E R gEET ®BEENY . RS R I ES RGN EE Y

AR B, 94 1024 kg + W HE 2 i E R+
Fr O PR A FE AR bR | A T R A - Rk
ke = R R fE A TR R AR S R G
A AN T s R B RS R EE YR,
e By BRUZE R FE R ) A S R G B M S i b o5 A 7K
R R R, A B T R B
TG Bl AR 20 S LA B R IR Ak 1oy FE R ) A R o
S (5 M) o8 R A G 28 i 5 R AT TR, E R, X T
e i ERAZ A 1 2 0 A A T SO B AE 3 A
1) “AFIR" A o i BRI i A AR Ak 1% 75 B
Z 8 TR A 27 T AR A v TE B PR R
2) e MK = b R A2 AT ek s T 4
8 R AR B PR Lk S 0o A7 b 2% 1 Ay g
3) “A g TEZ R LS B R
b RIS 7 b P AL S T Bl (g B
A v A RS IR, 24 7 IR B ( Ochotona cur-
zoniae) FIREZ A 44~52 H - hm B}, HALsh A B
TREUGERZ LESKEM T EAIR S,
T & F A 5 T SO BRI A . R U, TE A DA g
W T B0, U A2 38 RN B B AT % e FE B ) AR
BRG] Tz X AR R 5 RE 9 4EF
IESES Y g Ut A NN D OR= 51 8 !
BT —EREMNIIT, FEE P 7E & IR B sl
T FERLAAH L RRAE TS A 2 HE R A A
I EHEEFRTR | Y B R e R R
A VA Ty T ok v R BB 42 0 AT o
JRCH A Fr 6T b AR B D SRR A S i AR i)
SR YR T A RN DI RE 22 REVE S b R B G
ARG 7 T A A A

A ST W A TS R o R G B A2 B
TE B AR E A o R rh ol E EEAEH IR A
XoF - HE S5 H U R RN SR A3 451 B AR AR R
JRRUS) 3 1o s ) - A ML A3 RIRE 4 9% 43 B A K
P, IR WA il o A 28 R G v A rh R R

F1 AR EREFR
Table 1 General properties of the study sites

gy, BHEFR O A WA ST AR A K R
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XTI R o BA A& AE R W 38k (C) VR
(N) A R0 O] s AR B R AR S R Gl B M
VR AR SC LA v IR BRI 3l 5 AN [ Rl ek 2 4
B ) e S ) g I S % 42 B A1 A DL B e AR
BEVE AR, FIH Biolog-ECO Az 28450 5 + 381 AE 4y
RGHE DI RE 2 AR AL, B TR 4 B A
TV - 49 37 - HE R AR W T BB 22 R 22 R A O
R, A HE— 20 T A A 50 35 v D By BRUX) 8 2 R ) A
B RGN IR R 2E B

1 HRRESHRTE

L1 XA

e JE By BRI B0 I O O 4 PR ey R R ) i X 6 T
TR 15 DR G DU )1 BT UM 21 S L B P (31°50"—
33°22' N,101°51'—103°23" E) , Hu#v i 45 g 0] P b
R}, P 25K 3500 m, FEHLTATAR 6293 km®, (42
AT 76.8% , KHR Y& T i LA 28 Jm Kl
e JE 2 R 2 U, 4R [ K i 650 ~ 800
mm,AEERR 1.1 C, Fem AR 10.9 C, B AR R
-10.3 °C AEH R 1432.3 °C 4R 73 H I/ 2417.9
b, T AR X I 719 . 5 9 H 2 00
120~ 140 d, EZEPERAFER 5—9 A AHPT- 25
JE I 80% , foe e ML A o E IK 1) 45~ 60 om, FE IS
FERE B R DU 1| 5 ¥ ( Kobresia setschwanensis ) F1 15
5 (K. pygmaea ) , RASFE 5247 10 1| 5Y i 55
(Agrostis clavata) FIFEREBE TR FE ( Elymus nutans ) , 4%
R h 2 AR SEAE (Anemone trullifolia) | Bl 41 5 3£
( Saussurea nigrescens ) 172 2 5% J& ( Potentilla ) 5 1
FAE G DX A4 A I e S ) v BB
90 DX R by JHL AR A R e R PR A L AR 1.

Bt Hb AR K B 27/

Site Geographic coordinate Altitude (m) Dominant species

P, 32°49.802" N, 3491 WA EL Koeleria cristata + IEFEPEINEL E. nutan + R Poa pratensi
102°35.276" E + F3F Festuca rubra

P, 32°49.825' N, 3484 AL K. cristata + FEREPTRAE E. nutan + FHOK P. pratensis + X
102°35.270' E FESKBERE Scripus distigmaticus

CK 32°49.801" N, 3489 I XK Saussurea nigrescens + £33 F. rubra + BiAEE Artemisia an-

102°35.214" E

nua+ WFHEF Avena fatua

P:1~2 4E1-2 years; P,: 5 L E >S5 years; CK: X1 B8 Control.
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A (AN) Fr i, SHEE BT e kil o 3 i (TP ) &
Bk R SRR B B B L 1k I A A
(AP) ¥ it Bl R BRI -4 4 (TK) Fr &, PUR
TNERT2 I 52 1 338 AR (available potassium, AK) 7%
P I pH AR E BT S KE K.

1. 4.2 FIEFUEYIDIREZ AR I E FIiToY I
WA= REZ FEIE B9 %E 2K Biolog-ECO AR 254,
PEFE 0~10 em T 3FERE AT 3 Y S0 E . BARH:
V)52 1 Chaerun %570 318k ] Classen %5177
771k e Biolog 48 1H 545 Hh 1Y 7 2430 0 22 4k
R (average well color development, AWCD) J& -t +
A B IR RE ) 1 — > AR bR, AT ARy
TR ) R R P PR A S8 R S B2 0 %o Bl R 14
AR 878 A i ARaahs

MR EOT LA S e S U W) Z REPE AN )
J7 1. Shannon 45 % ( H) /& 52 WiV W) b B AN A3
M) REE LG T8 A5 , Z HEVE WD F 5 BE R R 4K
K s Pielou 8% () =2 HETE YA 4= 55 BE 2 — 1 1Y B2
8 ; McIntosh $8%5% (U) W2 f e + 38 v G AE W e 7%
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HEAXIT

AWCDzi(Ci—R)/n (1)
H=—2PilnPi (2)
]=(—2PilnPi)/1nS (3)
U= an (4)

K. CoNE i FLIY 590 A1 750 nm R IMOGH 2 2
Ry RFLH WG 5 n 9 Biolog T 1Y) i Y52 Aol
FBH (n=31) ;P05 i FLESARRT IR G (5 B A
AR I ' JE FL A RIS L35 S SRy 7 AR B AR 4k
MFLIELE 5, K50 @ FLIFRT IR (0
L5 sk pt

KR 1 SPSS 19.0 BAF X 8 #EAT 20 #T ,
/NREEZER (LSD 3% #EAT Z2 8 oA, oo 0
FRor AT WIH 2 J5 22 50 BT (two-way analysis of va-
riance ) | X TR YT D BE 2 FE PR AT BA DR 3R 05 22 0 i
(one-way ANOVA).H] CANOCO for Windows 4.5 %X
PEXTREFE 72 h () L IERCE Y AT 32 5805353 T (prin-
cipal component analysis, PCA ) 3 fift B A [) A 4% VK
S AERR IR W T RE R AE A 28 4k 5 B 2 M TT AR
7T (redundancy analysis, RDA ) SRR+ 8 fh M
5 H SRR YD RE 2 FEVE RS OC AR 5 20 B A A £
PR XU, RDA 434K H Monte Carlo #5555
i i PR B AR i (2=0.05) .
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2.1 )RR B B BAS IR AR B T e 2E R
BRI

B R AR B | R TR S s B R A
Yy A W E S ( P<0.05) | {H B IR Bk 3h
X HHEEK BRI AN .35 (P>0.05) (£ 2) .5
Wy BRI 1 3 SRR AT i AR T AR -
R EREN T R)Z LI (0~ 10 em) 7 H Pl 1)
DI , 4388 £ L I 2 A1 SR A AT A b ( CK)
- 48 7% T B - M2 R R SR N, v R BT PR
(PRI P,) AR+ 2 2 (80 8 35 AR Ak H 35 K
FIA—FL, S A B (CK) R B A 4~ 5 AEREHL
(P,) B3 F K o 1 SRR AI AR AT 1 ~ 2 AR D
(P) HIES/KEEERAGE (L2, E1).

J5 2R R AR 3  A R] 2R B
HAZHAEFXT TP Al TK JG i 5200, XF SOM AN Al
AK A 0 252 5 = S BT 4% 8 pH JC 3
M), 77 2R EE X TN JC 2 3 52, = SR BT P
+ R REE B EAE T AP JCEZM (P<0.05) (%
2) R B sh Xt R 2 (0~ 10 em) - HEFR{L 1
SRR TN AP AN 1 SOM &5 & i E K T 5 Akl
PeREHL, T+ 4 pH W& F CK; P, A -3 pH i
1, AP FIl AK F 00 i 2T CK TP FEHL (1A 1)
2.2 (e R BRI Bl SR S AT BIR X 1 R ) S T
AW YIRe 2R R R

IR UE R 5% 24 h, AR AL B+ 26 1)
-3 6 A8 LR (AWCD) #5305 0, HIJCH W28k,
A Py A s MEAR AR 735 5% 24 h 5, AWCD
{H LA £ 3 K A HEIE 0 FHE 2 168 h

B 1 A4, Hod PLREHL AWCD {Hfc A 1.332, K
T P FEMAY 1.193 A1 CK FEHBEY 1.192, 7EiX 144 h
P, B P ) SRR W AR BUE K BRVRIE Y
PR BRI 159581 168 h LIS , AWCD {H4k4E
W A IE R AR08 R H IR Y IR A 3
REAR, 3 AR Y T PR ARG 95 228 h A iR B B
KAH, BD P, REHE (1.3559) > P, #E#b (1.2338) >CK
(1.2326) ;2 Ji Wl 35 55 7 05 (8] (9 ZE 4, AWCD {HJF
BN R, IEE YIS YT IR AR AR A R R e A
R B R A A R B | R b - S A T A
BEKRT P, FEHA CK(P<0.05) ([ 2).

3 0, AN [a] b B A b %) 1 S i A ) 2 Rk
P 3 M 25 5. 55 9% 72 h Y Shannon $5 %L,
Pielou $5 %0  McIntosh 48§ %3 3¢ B it 4 [R] %) 28 46 K0
A H P, BEHISP, REMLSCK, P, FEM A £
FEMEFE B0 1M 3.263,0.959 Fi1 5.329.

2.3 R R B KON R R 2 AR BR S i JE R 1
B M D Re ) 328053 43 b

XoF 1o Sy BRPIE 20 A [ i R O A IR e FE )
FEHBRESE 72 h (KR JZ (0~ 10 em) +I3EE ) 10 B
FLOGAE AT F 153 504 (PCA) |, 25 R K W], F AL
43 1(PCL) X+ A= Wy Dy e 2 FF 1 1 STk % R
27.9% , EWS 2 (PC2) B BTHKR N 21.7% , Rit 5T
BN 49.6% (& 4) . PCA & Fp AR 2 AN ] b 2 A Ml
(1) T ST W RETR A3 AT T A [R) DX 3, 3 B 3 2k )
FRWRIR R RIS KT 2 M A A 22 5 v
P, P, Al CK FEHI-P-ATREAS 4341 A X 4 v 6 B 7 Dt
Wy BB S AR B % 2R)2 (0~ 10 em) HIERUEY)
WIEZ R A TR P FE A A 75— 56
R, KA o3 A 7 55 —ORN3E = 4L BR, P, AR B i 7

*2 BEEBRMIARMEFERMNLEREN TREBUERNZIMNTESTER

Table 2 Results of two-way analyses of variance showing the effects of zokor disturbance, restoration years and soil depth on

soil physicochemical properties

Wi H 3 Disturbance (Z) FJZRE Soil depth (D) 7 xD

Ttem df F df F P daf F P
#R 1 F Ratio of root to soil 2 32.483 <0.001 1 55.340 <0.001 2 26.610 <0.001
25T Soil bulk density (g - em™) 2 28801  <0.001 1 29564  <0.001 2 9.338  0.004
F 3K Soil water content (%) 2 1.008 0.368 1 5.897 0.032 2 11.668 0.002
+ 3¢ pH Soil pH 2 2.722 0.114 1 5.280 0.044 2 9.927 0.004
4% Total nitrogen (g - kg™') 2 19.827  <0.001 1 2352 0.156 2 7784 0.009
4% Total phosphorus (g « kg™!) 2 0.894  0.439 1 0.135  0.721 2 0.087  0.917
24 Total potassium (g - kg™") 2 2.545 0.128 1 3.174 0.105 2 0.106 0.900
B A Available nitrogen (mg « kg™') 2 37.665 <0.001 1 6.469 0.029 2 7.774 0.009
AW Available phosphorus (mg + kg™') 2 22.542  <0.001 1 5.056 0.048 2 1.665 0.238
M Available potassium (mg - kg™") 2 47.119  <0.001 1 84.988  <0.001 2 12.714 0.002
T IEATHLET Soil organic matter (g - kg™') 2 34.961  <0.001 1 18.850 0.001 2 13.234 0.002
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Fig.1 Changes in soil physicochemical properties under different restoration years in alpine meadow with zokor disturbance.
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Fig.2 AWCD value of soil microbial community under different

restoration years in alpine meadow with zokor disturbance.
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Fig.3 Soil microbial functional diversity under different restoration years in alpine meadow with zokor disturbance.

M7 (detrended correspondence analysis, DCA) , 15 %)
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Fig.4 PCA for soil microbial function diversity under different

restoration years in alpine meadow with zokor disturbance.

Ay : B-FE-D-FETHETT B-methyl-D-glucoside; A, : D-2-FLBEER-y-IN
fIg D-galactonic acid lactone; Ay: L-AHZER L-arginine; B, . PNERERF
ik Pyruvic acid methyl ester; B, : D-A b D-xylose; Bj: D-2- FUMH S i
D-galacturonic acid; By: L-K[T&BEME L-asparagine; C,: i 40
Tween 40; C, : 1771 A it i-erythritol; Cy: 2-F2 KL iR 2-hydroxy-
benzoic acid; C,: L- A XN A R L-phenylalanine; D, : 75 80 Tween
80; D,: D- H- % D-mannitol; Dj: 433 L K H iR 4-hydroxybenzoic
acid; Dy L-22 % 2 L-serine; E, : a- IR a-cyclodextrin; E,: N-
Z TE-D-% % M M N-acetyl-D-glucosamine; E,. y-F& 3 T B8 -
Hydroxybutyric acid; E,: L-#5 % fR L-Threonine; F,: JFH# Glycogen;
F,: D-7% B i 2 D-Glucosaminic acid; Fy: &K MR ltaconic acid;
Fy: Ha&EB-L-A &R Glycyl-L-glutamic acid; G, : D-ZF 4 — BH D-cel-
lobiose; G,: a-D-H] %5 Bi-1-B% 2 a-D-glucose-1-phosphate; G;: a-T
FiFR a-ketobutyric acid; G, : % Z & Phenylethylamine; H, : a-D-FLi
(KA EBY)) a-D-lactose; H,: D, L-a-B B2 T 3l D, L-a-glycerol
phosphate; Hy: D-3Z3RER D-malic acid; H,: JEH% Putrescine.
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Fig.5 RDA for soil physicochemical properties and soil micro-
bial function diversity under different restoration years in alpine

meadow with zokor disturbance.
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