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Evaluation on Soil Ecologic Fertility during Vegetation Succession in Antaibao Open Pit

LI Jinchuan, WANG Xiang, YUE Jianying, WANG Yuhong, GUO Chunyan, LU Ning, YANG Shengquan
(Shanxi Institute of Biology, Taiyuan 030006, China)

Abstract ; Antaibao open pit of Pingshuo is located in the northwest of Shanxi Province, where ecological environment
is fragile on the Loess Plateau. Coal mining brought about more serious soil erosion and vegetation degradation. Eco-
logical reclamation has been carried out since 1989 in Antaibao open pit, and there are 2000 acres with different mod-
els of artificial ecological reclamation. To provide scientific information for ecological reclamation under the fragile
condition, soil physicochemical properties, enzymatic activity and microbe in different restoration patterns
were tested in the Antaibao open pit. The results showed that there were significant effects on soil physico-
chemical properties, enzyme activity and microbe of vegetation types. The soil total fertility including physi-
cochemical properties, enzyme actives and microbial characteristics were analyzed by principal component
analysis. The results demonstrated that the highest soil fertility was in P. tabuli formis-R. pseudoacacia
mixed forests. The reforestation would promote soil development and improve soil quality.
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Yy mT LAAE b HE 37 9 00 B A 250K B2 R 0 b L O L 45
GHE R R RO R B 7. HATRX T
AN T7) AR ARk 8 o B R 114 AF 9 O 22 SR PR
Tk A BRAL TR AR X T 8RR AT XA [ A K R A
SR 8 A 25K 5 8RR AT A W 2 B B 1 25 5 T
W CHE . LRSI R —E R AT .
B K FCAR W RE I CROL A S W) ARUA: W) 22 1] 4 30 i [R]
HEAR R ELIE I AR AR P T B A — ORI I il
FEPE S LR AR IZ RIS T R PR e ) A K T & )
[t 55 R S ) AT AR AT M A AT o 2k B — Fh DD BE 5 RE
T3t T A AR g S A M TR 1Y A R 4y,
MR A 7= 7 i FE R R AR SC L R R AR R
S B b A TR] R AR R A 3R W S8 0 R X A WK A it
e v AR G S5 B A O M R E ) 2 R R S
FEARIEATINRE - o A AL A R S 3 SRR S R G
SR YA R R SR A0SR R A A X 2 4 A B

1 MESJiE
1.1 HREXEFER
PR DX Hb Ak B v R PR SRR R = A

e L PG 2 A BB N T 55 P M B AR AR AR 1127117
—113°30" .4k %5 39°23"—39°37"1%) | SE¥AR X & Tl

RN S e N R = AR (7 P o o R T
FEV 2 W B RKRRE KB R R K B XA
WA 8~7.8C, iR ER 37.9C, LR E N
—37.4C,HI®R2Z N 18~25C, TLRHEWH 115~
130 d. SFIH X ol P 4 5 JE 45 + 5 A + (94
iR O RV G~ U B O = 1 S N
ey B FOW
1.2 REHE

Pl R A WIN T & X2 KRR R E B
iy L SR AE b 23 ) A AR M (1992 4E R kT L CHD L
s — T B —F7 4% TR 28 Ak (1992 4E Bh A, YCN) Fil il
P — IR IR 3SR (1992 AR A A . YOO o SR A HiL 2 B
EEZE 1, EIEM B 50 cm (9 HL 7 # IB S B £ 45
RAE EFEHURETREE 7391 2 0—10 em 1 10—20 cm,
HREML DI 5 AN E A LR B AR S SR L B A
ARG R YRR, 4 B 4y, — T 4C A
A7 T 8 5K B AN B B U A Ak AN e
SR Ak 20 B R T DA R A B LR 22 R R T 5 5
— B4y W I 2 i g8 4 1R AT 5 AR T 4 pHL
AL 4 RN A DL SR L DR L2 SRk
S 22 1y S Ak Tl R R I . SRR E] R 2010 AR
10 7,

F 1 EHEREE

B 3t 25 R /% Yol /() 4R /m 2 g

CH ks 85 — 1380 112°20. 044’ 39°27. 709’
YCN AN JRIFE 7 SIR A 95 — 1370 112°19. 940’ 39°27. 844’
YC THIAR R RR VR 32 90 22 1450 112°19. 918’ 39°27. 598’

1.3 MEmMBS5Fi%

A TR R FEE 114 DN R P HRL AN 3 L B K T E
JHHE B, A DAk R 3 5% IR 0 A A s L 2 AR
FHEIL BRI Bk A 28R FH Ol A 1 ot A i 1%
SR PR AL TR 8 V6 1 IO R 9 T SR P 2 1 4 L
kb A A S I S SR T e R TR PR R 2 VR L 2
AR T 1 0 5 R FH AR = b R R R
2 AR 1 I SR R R TR AR T AOEN L Hh
HTE A REE ORI B DT IR R A
Az T8 TR < B 20T DL 0 UG 77 5 5 G A0 40 T - e Ak 40 R B
FEEE s SCAH AR A0 T - BRH Ak A TR B 7R A

i 22 B Mo-Bio % 1 8 DNA 2 HCik 7 &
(power soil DNA kit) 2 Bt + i £ %) & DNA, 2
B9 1 %3 RS KA . H Bio-Rad (ff14R) 2
Al #y C1000-Touch % PCR 1%, 5% F 41 % @ H 51 4
( 338—GC 5 —CGCCCGCCGCGCGCGGCGGG-
CGGGGCGGGGGCACGGGGG GCCTACGGGAG-
GCAGCAG—3',518 R 5" —ATTACCGCGGCTGGT-

GG 3D 1 +3erh A . SR 50 pl MR 1A &R
HH 5 ul 9 10 X Buffer,4 pl i ANTP(2.5 mM) .1 U
Taq 5195 4% 10 pmol, DNA #itif 10 ng. i 7&
) 16 S rDNA ffi F§ Touchdown ¥ A74" 14, 2 )7 &
94 CHiZEM: 5 min; 94C F 1 min,65C F 1 min,72C
3 minCGR R BE B G FRFE 0. 5 C L 3k 20 ME . B 2
55C);94°CF 1 min,55CF 1 min,72C3 min(F 10 4>
PEER) ;72 C L LEAH 10 min''™

K P EH 18 S rDNA 18 H 514 (NS15'—GTAGT-

CATATGCTTGTCTC —3'GC— Fang 5'—CGCCCGC-
CGCGCCCCGCGCCCGGCCCGCCGCCC
CCGCCCCATTCCCCGTTACCCGTTG —3") ¥ 144 - 43¢

AR . R 50 IZREHR R B 5l B 10 %
Buffer,4 pl () ANTP(2.5 mM) .1 U i Taq [ .59 &=
£ 10 pmol,DNA £k & 10 ng, H.FH 18 S rDNA p9"
W2 94 CHZYE 3 min;94CF 1 min,50C F 1
min,72C3 min(3t 40 MEF) ;72 CAZEM 10 min ',

A o B R M HR U f ) Bio-Rad 3 PR 28 AR L i
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FH 1006 5 P9 I Tk iz 58 MG o 1 g 1 F UK 28 ph R 10X
TAE, ¥ B JE R 30 %~60% (7 mol/L JREF 40%
BT B 100 %648 ), LYk B R 120V, B[]
8 h, ] SYB green I[ (1 : 10 000,{&f1 k) ZLfa 1 h,
Bio-Rad /A 7] Versa DOC 1Y %% & 4t F % , Quantaty
one 4. 6. 2 # Xt DGGE &34 #£47 7047 . f# il Shan-
non-Weiner #§ 8 H1 Simpson’s diversity 8§ ¥ 3k £ 7=
TIEHE RS 2N R A

H=—2>(P;,)(log, P) (D
D=1—2> P} 2)
Ey=H/InS (3)

K H—F RN D—F &R 2
o8 Ep—— W S G P——FE G 2 E
SRR R R Ik SR EE .
1.4 TEAMFERDWNTEMFE

N 2 508 43 O vk DA 32 4 R AR AE BT ek
FRONRCTE IS5 45 B A 39 A 0 2 B g 46 A A
DADF-H 45 B b A 38 0 A= 2 A0 Ty il 100

i LR | 40 2 L E A I DR I Lo SR A R
it | 22 M S AR L 200 DAL A T R i A A S A
TEAMBE IR T X — X B B 047 bR e Al Ab B
2ok B AT BT S BN AR TR 4 R K A
IFT 28 A5 A TR AR 1 i TFT A .
1.5 #HiEE

% H Excel 2003 5 SPSS 19. 0 X %48 i 17 45 i
Iy R

2 iS50

2.1 AEEHEREER 3T T IEEBN RN

FEASTR] A A P 2 A5 5K - A BBk L 4
C/N, Bl i A & = AR AL WL 3% 2, 3R )2 - B vh A HLak
i YC s, Hig & & F CH M YCN, T2+
o =R ) 25 5 L o YO S R . i -
SR C/N FE = Ff b i [a) th 26 B HE A [R) 45 1k
B, SR, e A A AR RO RS
YC 1 YCN & %@ T CH,HRT W % 2 7] T B 3% 2%
NN R R S R ikt <k
2.2 AEHEHERK ST T EEE RN

N T) P A A X R A 9 AN TR (3R 3D
MR JZE - HER R = Bk &2 85 2 2 [ B i 0 G
FES EETIE LS YC RBEEIE S 2 S T HE
B, IR Y 78 A 3 5 R N W] 3R 2 L
YC BTG E B 2m T CH M YCN, J5 =35 06 3%
ZH T2 RN B S, oA A TS
R W BTG Bh A L A 2 g h = R B B K

225 i 2, Hoh YC e YON el HE F 2+
Herp =R R G B 25 . 2 M A AL i A
h5 T IEN ARG G, P ERZE 5 YCON
BEMKF YCHMCH, F_ &R LREER: FTEL
e Al A R A

F2 RERME T EEBL MR

=] R 0—10 em 10—20 cm
CH 7.3340. 24a 7.96+0.17a

pH YC 7.2540.07a 7.6020.03a
YCN 7.6474-0.29a 7.9070. 28a
CH 11.044+0. 142 10.82+0. 45a
Sk YC 10.9940.32a  10.094+0. 29a
YCN  14.0440.27a  8.3220.26a

LR/ CH 23.9842.03a  6.272+0.52a
(g kg ") YC 36.0142.61b  20.63£1.04c
YCN  26.8340.87a  14.92740.90b

R/ CH 7.79+0. 55a 3.18+0. 21a
(g-ka ") YC 9.2740.69b 5.3840.52¢
YCN 7.7140.19a 4.774+0. 14b

CH 3.06+0.08a 1.9840.13a

C/N YC 3.87%0. 24¢ 3.7520.19¢
YCN  3.434+0.10b 2.96+0.15b
A L/ CH 78.22+2.34a  34.5344.40a
(mg - kg™ ") YC 87.6046.25b  55.3142.52b
YCN  82.2942.95b  52.7343.46b

B A — )2 RV 5 AR R 3R 22 3k 500 B KF . TR,
R3 TR TEREYE

i H RN 0—10 em 10—20 cm
T B it/ CH 57.1144.14a 22.8744.32a
(mg-100g ' «h ') YC 56.19%2 54a 31.4841.78b

YCN  53.6645.31la 22.06+1.60a

JUK i / CH  23.60243.26a 13.2042.23a
(mg-+100g ' - h') YC 45.2044.89b 35.50+3.31b
YCN  24.9044.23a 16.7043.71a

i A AL AU/ CH  18.4020.64b 13.3540.70a
(mg+100g '« h') YC 19.11%1.1de 12.22+0.73a
YCN  14.75240.60a 11.94+0.92a

Z 1 S ARG/ CH  6.7840.27b 5.36=+0.23b
(mg+100g ' «h!) YC 7.06+£0.20b 5.800.20b
YCN  3.614+0.52a 2.3140.06a

2.3 AEEHMREERNT T EREVHENZ N
Xof 22 R i KA A TR A k52 A% X - A
Bt iR R 2 Rh YC WA B S T
CH F1 YCN, G &M &2 7 fF P2 L =
P22 5 3 b YC fem s CH e fil, 5K
R AR AR, F 2+ YON 35 T
Hetisl, T2 LEAFRELRES TR 2. FA
TR RIS £ 200 A AE 1 )2 B v A A R A A [ S [ A
AR (B 2 TC B 3 25 s AE T 2 g R AR R
P CH W Z KT YC Fl YCN, I fi§ £k 41 B %5 )




513
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2 YC B CH F YCN, [AE, CH F1 YCN i
WA E R ES T YCA-HFRALRELS. T
FEHBEWH LR EERFGE D,

F4 TR T EMENHE

e X 0—10 em 10—20 cm
M/ CH 3.8940.27a 3.4640.12a
(10°cfu-g ') YC 14.6140.58b  12.46=1. 60c
YCN 5.8740. 18a 5.4240. 36b

HE/ CH 9.56+£0. 46a 6.65+0.45a
(10*cfusg ') YC 10.64+0. 61a 8.864-0. 45a
YCN 14.00=£0. 84b 9.63%1.02a

HAEFEAE/ CH 1.394+0. 13a 0.7040.07a
(10°cfusg ') YC 1. 6340.09a 1.3740.08b
YCN 1.5340.08a 1.2440. 10b

Ak 4w/ CH 1.8440. 16b 1.2440. 06a
(10°cfu-g ') YC 1.53+0. 10a 1.13+0. 15a
YCN 1.85+0.11b 1.29+0. 10a

i/ CH 7.26+0. 74a 5.377+0.42a
(10°cfu- g™ YC 9.5340.42a  7.9740. 44b
YCN  8.3140.42a  6.1520.27a
2.4 AEEHBEEANT LEMEDBEHEZSHFEN
= A1

16 SrDNA #" 1#4 1) DGGE 2% 47 1) 8114 43 #7 3& W]
(1A 78 3 A AT 5 AR DNA Z47
oA B TE 5~7 Z A2 Ak U B A [R] 1 A 40K 52 8
A 1Y Z RS H . 78 CH b 2500 B b
A 54,4000 AB.C.D.E, I HiX fL4~ 54 78 fr
A R A B U T X S A T R i A R R
WAL JEHT Z 5040 . AT AR S YON B4 08
BT 6 & BN EABM AN F, YCHAWECH 7 %,
RP3&hn Y GOH. 7T LA B A BV 2 R i AT

18 StDNA §"## ) DGGE 454 P 1% 43 #r 22 BH (&
2B 1E 3 AL AT 6 AN E DNA 57, 5kl B
P8 7T~9 Z I8 28 Ak S et AN TR) 4 I 52 A8 5 T
WIIREE 2. 78 CH o, S B b, R 7 4547
HJE AB.C.D.E.F. K, ARk K 24, AR FH A
FEHD YA B, U ] 3k 4 L R Ry 3% 28 A A g b R UL AR
XK, WATLIE S YC S E0E a1 9 &, BN EA B 1
54 GULOMLYCN W 400 80 9 45 35 18 9 45 i
H. T 0] WABAH S0k B TR eV AR M2 i A [

() B A ) i A A X 4 98 vl 440 R L AT )
2 REPEE S 2 Te O et ol . R S AT L, 2
VB V& 2 REPE DT AR 48 B - R AR BOR B &
WA YC deimy - BT I HE 7% 22 R 1 DN 7 AR 45 BORn =+ 3
PRIGECR BRI YON e, Meoh, = Fhke b iy
AN ELTR RIS 2RI o) B AR BB R

ARE

BHEE

YCN CH YC YCN CH YC
TE: B A ZE B AR YON,CH, YC, & B 72 & 4k i CH,YCN, YC,
1 FE#HH#+EAEH . EHH DGGE E %
x5 TAEHFMTEAE EENSHEEER

i H H D Ey
CH 2,181 0. 466 0.981
Ei YCN 3.017 0.556 0.991
YC 3.313 0.601 0.991
CH 2.864 0.535 0.991
B YC 3. 206 0.584 0.996
YCN 3.286 0.590 0.997

25 FEMEESELLEENEE N

T e LW R A0
-4 5 A DS 5 A R IO R 1
AT 52 734 T 1T U 09 3057 24V 0
REBCHBES T 19+ S 0% I8 7 0. (6 XX,
X0 A B AR A AL B BR 5 3
LS 5 L AT LT
iR

T A 5 BR824
e 200 W 0 5B AL, DA 654
ERAF RN 0, 6520 1, IO B bR 14
S X', =g e AR (= 12,3
12057 B A= 123,120 X, Iy AR L
IR R X,y W 9 B B X, 0 A b
F RIS, R R B R A
H2 IR G AT, WA T T 26
OB LR 3 A S
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Y, =0.078X,40.085X,+--40.672X,, (4) CEA AR HIRAY IR PR T EE . B E
Y,=0.398X,+0.127X,+++—0.550X,, (5) BLAr Y, FE W T R B IR A S 2
Y, =0.258X,+0.188X,+--—0.168X,, (6) AL PR bR 0 25 A A8 5 0 A 2 IR A B
HEWSMHEFESNFEE, TUER.E—F A& EH. B0 Y, B8R T FE AW
WAy Y, BB T A LR AR IR A R, A RN SR R LR A AR X R AR R
YD ECTA TR A A AN S SR A AR AR IR B — R B RN
6 TEAEVFERIRSEFESRNENR

ULEIb*/tT_; X] XZ X% X4 XS Xﬁ X7 Xé% X.ﬂ Xl() Xll X]2

Y, 0.780  0.854  0.719 0.703 —0.312  0.273 —0.279 0.479 0.638 0.795 0.816  0.672
Y, 0.398  0.127  0.151 0.555  0.704  0.722  0.464 0.303 0.258 —0.458 —0.420 —0.550
Y; 0.258 0.188  0.564 —0.275 —0.073 —0.385 0.600 0.325 —0.646 0.173 —0.112 —0.168

B S 2 bR S A VR L (IFD R B RS 2 R B 235 A 0 5 R et S
VT LB BT S FT— S A Y0, 8993 atopr, T TE R TR0 5L GUAF O FE 40 5 20 8 0 0
o 1 L BB S AR 5

A, AR T2 TORE Y, W A R
PO o ’ B 4 235 AL 15 R 585 A 05 IR 15
o T TR BTRO E gigy0 OWBHIATR STR IR TR AT
AR ML IFD R (RIEH 2 o i DO FEADS, S IUI G S E R C; 20 Rk 52
r?’ﬁjicu%%)%'j:gg YC>CH>YCN;?)§if§€T YC> %*&E%ﬁ*ﬁ%v%ﬁ%\ﬁé/ﬁ%ﬁ%—ﬁ*ﬁﬂ\éyéﬂ]
YCON™CH, 0] LLE 5], 7 [ K B4R 5 48 2 g 4 18 4 RSN N = N R e R R i R T e
ek BN BRI AR R R e TR WEHIOG FR S AR U A A A TR SR A 2 T A

B, Ko YC SR Bk PR ARG s B AR A DA 5 A Ak 2 T SR AE 2 R A
2.6 tTEBEMER.TEBEES TEMEYRS  DEEMOC AN S SR L A B W ARG
4 2 A SRR AL BT 5 WS VAR DG PR R L T e R S

ot A B M AL B L b R A g S R B S e fh i RS A AR G
PR B BOR A SR M BT 2 0] S bRy fefu e e DD FTRE S SRR AT R IR T R A K

ZOHEREAA AR (% 8. pH 5B 5 % ®7 EHBELBIENREEGE

SR s A HLBR 5 4 . C/N B i 280 4 5 85 1 2 +//em BH Y, Y, Y, IFI
TR 2 T O 5 R 5 A B 2 - Ve e
M 4 5 C/N B 2 IR 6 . 20 3 W% 5 25 10 4 VON 5213 120t —114s 2 547
o, SRR . A4 B A E T E EA, 5 20 AL CH —4.262 —0.597 —1.042 —2.266
BB U G 5 C/N 5 B 280 W% 1 3 I A O L 5 1020 YC 0.825 1185  0.528 0.743

il 525 T % 5 TR 2 190 S B 2 4 5% 5 YONTO.180 1068 1150 0.510

x8 ITREAMR.BEESREVEEMNEXE

il X X, X X Xs Xs X; Xy Xy X1 X X1 X X
X 1

X, 0.064 1

Xy —0.147 0.7217% 1

X, 0.126 0.893% % 0.417 1

X —0.026 0.9097* 0.6467 7 0.7827 % 1

Xs —0.440"  0.493" 0.484” 0.443" 0.412 1

Xz 0.259  —0.648" " 0. 711" " —0.575" " —0,519"  —0.523" 1

Xs —0.139  —0.266 0.018 —0.349 —=0.480" 0.241 —0.031 1

Xy 0.321  —0.690" " —0.661" " —0,614" " —0.601" " —0.848" " 0.756* "  0.001 1

Xio —0.008 0.248 0.404 0.243 0.152 0.662° * —0.386 0.340 —0.581" " 1

Xy —0.284 0.189 0.585° —0.068 0.102 0.5407  —0.318 0.504"  —=0.501" 0,599~ 1

Xz —0.025 0.240 0.536" 0.239 0.137 0.509  —0.403 0.320 —0.523" 0.7207* 0.5777* 1

Xz —0.134 —0.037 0.285 =0.025 —0.186 0.549" " —0.281 0.5127  —0.429 0.835° " 0.653" " 0.725° " 1

X =028 —0.384 =0.001 —0. 400 —0.508" 0.428 0.041 0.745° " —0.134 0.611° 0.638" "  0.403"  0.834" "1

¥ (P<<0.05), " " (P<C0.01),
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3 W

(D ZREBEB/RVERX T2 EM A TEE. £
e 25 My B AR L TR 20 AR B K BN E I IR AE BB
DX, A X A2 B DXORR 4 1R A2 A5 5k AT B 2 L G B O
TE 48 C 2 7F 42 KR 58 R BT 1A R B K 2 TG I 1 2
Bz — , AWEFEEE R R A R A A AR A
AE 7 e 2 B YC > CH > YCN., 5 B 31 42— 31 R
TR AS MR PR A2 35 R B A 3 A 5 AR ER A R A7 A A5
A B T O8I0 380 1% 45 SR — B0, A U B TR U s 1 38 B
55 AN R A 5 B AR I O LA — 3k

(2) ik F oo 0 45 B R & R AR g R X
B A AR AR ) 55 VRN R AR R A TR A
WA HIL B L 4 & B A 20 TR W I L A T A L LT AR
i AR AGE S, T AR X SRR L S T
T KR R KA DX AE B VK 5 R0 PP A B A i A 2 0
P LR 2= AR

(3) FEL KRR B — i il w45 X rh 1y
I e R B ik B 2 R i 3 ek, 3R B S A R K AR
THEAIRMARERA - REM. HE-4n
P8 7% W0 R - ESR AL T A LY BT R L AR HE T Y R
PEIR e m T REIE T e i T AER KT P
R DR IR . i T R,

(4) [A]E , - S98 l vi% 1 the 3% B 1 A ) 1) AR b R 3
LR AN R K £ BIOHE Bl Wk A A - A IR Tl
MR HERIER . ZRBERY TSR E )G,
- TR il R UK O 4 3 L SR 4 P B R R R
R AR A R 8 . Ak AR5 1 25
o 15 ] A S MR 5 R AE 2R I8 D0 A DT BT LUAE
Ry - AR YR R S AR P AR 2 —

(5) A 3 faf A= Wy i DR A e A = 1 48 2 O
[ 177 A7 A Sk 2 25 5%, 3R] g2 e T AS TR A Bl A =X Al
MR F AN AR [ i 35, Bosalo S5 AR 48 4 4 1
16 S rDNA () DGGE 5 8C & 3% 73 #1 » & B2 W) 1
T A5 RN [F) 5 AS () 00 e 18 A G . Al 2B KA
BEEYEY R T EE R SR E S M
ARG RABUE T T 3K — o5 A A 0 R 2 A =E B
ANFE A IR EE S E AR A K AR AR &
YkiRSARKZM. ST HEMUEY R RSN £
FEAL . T A6 A A A R T AR REL FsF ) 5 o AT X -
0 Bl ks TR R0 R AR 4 A R R
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