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# 5 4 AR O - B 1 TR B BEE B REMERT 5
— ' R LRIFE A G

A F

5O W

(PGACARAMBE R 2 MR B, BRVI R e 712100)

wm =

O T ik B D A PR B S T I R R R K A AR S T TR TE B B A

R DXl P AR B 8 R e W R 8 2 T T R S 4R A ST O T, O SR T B X PCR-E P B BE I K
(PCR-DGGE) i ARBFFE T M MR PR 13 v HOR R 2 A o 25 2R 3 W1, T2 Ml DXl F AR s 350 181 T 9% AT UL 1 4
i (EL 2 B ) AR R MK S B N B A i £ TR R A S R, R [ RE XY LRV 22 R R SR O A A
P25 o MAA MR BR A b MR % 14 149 3 50 1 0 TOURE: b w8 T B0 A 3t 7D T A0 s o I TR 3, 6 DX B 55 R 3 oy
SRAE IR [A] T bk v B o, T 0 A A T HL A AR M 2 8] 5 3 & JE (S) |\ Shannon-Wiener 45 % (H) \ Simpson i %{
(D) WS BEFRE(E,) ST R W, 3% DX kit A AR P - 8 B0 BE 9% 22 48 k3 A R A0E 5 8 15 1k 40 A i AE A — 20
AASCHE BT R, R S AL A RS , AR P 2 ) DL b 5 R 2R PR B 3 IE M O (p <0.05) s L&
JK bt 5 UG 20 R PR R R TR BR 2 B AL A 4 2 B2 IE ARG (p <0.05) 5T 8 pH 5 4% Fh EIE 1 2 7]
WRIB R EMHKAKF(p>0.05) . LIS KGR P IZH X L EHEZHEES DEBNE T ERRZ—.

KR
mESES S718. 81 3k AR IR D
WAS ( Pinus tabulaeformis Carr. ) i 3 | fif £ | ffif
TR L R B KU K R R Y
Bt S B B A 25 B AR ( Ectomycorrhiza ) )
FiC2 o BEMRARIR B, X i A MR B S 9
R K A T S, ok R
BIOLOG Jy W 58 3= W1 Bk B 1 i AN BRI 22 28 A [ A=
AR AL T AR AR PR A S B W R TR AR A B
N S R A R |87 AR 2 X il 31 R
PHAR B DA A B8 AR EL & ( Arbuscular mycorrhizal fungi,
AMF) ZFEPE KR R 00 5+ 8 X7 19 5C &%, B e
2450 SR P A S IR A BE K 22 &5 4 ( Terminal re-
striction fragment length polymorphism, T-RFLP) J5 ik
SR WK B bl 8 A A AR PR AMF ¥
T ZAE R X A0 T RE K 2 AR VR B3 S R, ) IR B
AR S s AR B S T B 0 A XA )
P U R AR AME 79 23 [1] 53 A5 b e 55 AR B 3 g 45
T TR R o H I, OC Tl AA AR PR A 59 O

B e I AL S BRI 4 ELR VR 2 A1 5 #i50 PCR-DGGE
A

5 AR PR L TR R VR 22 R M 0 0F 5 e DL HGE L T R AN
[F) iz 437 4 98 4 J5it R 33 T 5% 23 7 B AR b i AR b Y
FEANC, 3 A SRR TR e A A 22
Xof YA R B A 5 i R T RS L BT ) R R ) 5 T v G
RS T o PRG , AR SCOR TSR 50 PCR-72 1 6 12 B
i 7k ( Nested PCR-denaturing gradient gel electropho-
resis, PCR-DGGE ) £ A X # + 5 J5t 8 e 1L AR 37 A [
A AR R AR AR B BT R v AT TR ST, IR T
MRBRECTE RE % 5 L SRS M 2 B O R . N IR
AR - R O R A WM AR D 4R A G
e Hh

1 MRS E
1.1 TEHRXE

SR Ry B VG 48 B e B8 e 1L TR SE R AR A
TR 1L g B (AR 4 110°027 |, db 4k 35°327) , i 4k

MRl 2> 25 PEAT M BT % 028 82 351 H (201404217 ) |6 52 [ SR B} 24 3 8 550 H (31170567 ,31270639 ) FlK 1.2 # 1 1) 37 A1 BA 35T H (IRT1035)

gl
T I AE# , E-mail ; tangm@ nwsuaf. edu. cn

YR A AR U e (1988—) B3 IR B T B L 5 2k, BN SRR AR A 90 7 T 52 o E-mail : chux]77@ 126. com

Wk H 1. 2013 - 12 - 30 W E 5 2kcfig H 1 :2014 - 02 27
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963 ~ 1 784 m, J& T Wz iy > {9 o 5 2 XU,
HEBRER I 612 mm, £ 8 8. 6 °C, A iy d i/ <
i 36.7 C L RAR IR -22.5 C, IR+,
TR R W LB — Il RS AR TR 2% D R A
( Betula platyphylla) AU#A ( Platycladus orientalis) | 1l
1 ( Populus davidiana) .35 %< ¥k ( Quercus liaotungen-
sis) U ( Hippophae rhamnoides) | R ¥ 1 ( Ostryopsis
davidiana)/‘i—,“?[”o THERAE L, FEAREFEN
FEEE b IR SR BN A PR 1132 g kg &
%0.552 g kg ' B 0.142 g kg T

2009 4 9 J R A T IEAE S, SRAE X BTE AR X B
55 R DX I T 35T R 33 T B T 3 TR 3 IS i A A
DRSS g0 L 38 S S RESh IS g s 1#.24.3
#.4# S#, AR BEPLE R 3 BRHAE 20 em 24
A AL E R T, 0 R 0 e ATy
] 1] 1 42 4 20 ~ 40 em SRAE K FEE 7R AR R R Y
T T A BT RSB R 1 min, /E AR PR
1 AR AR DU AN O 1) R AR IR AR 20 100 g A
PR A ARARUGS Bm 0 BT Ve R &, Al S A
FEX 3 AR 15 AR, BA AR S AR
5, — A - 20 CyKAE - 7, #E 17 DGGE 43
B, 53— #8200 5 A S8l 3% P % K R pHL
AN ST 2R LR 1,

F1 &G
Table 1 Environmental conditions of P. tabulaeformis

Carr. forest studied

FE 3 4 = R AR H S ik - 2 g A2
Sample code Sampling sites Elevation(m) Diameter( cm)
RIX 5 55
1# 1 000 18.6
Roadside
I3 T 344 )i
2# 1110 24.2
Foot of shady slope
I3 T 43¢ Tt
3# 1 390 23.9
Top of shady slope
IPF T 43¢ 5
44 1320 23.8
Top of sunny slope
IR T 3 i
S# 1 050 19.3

Foot of sunny slope

1.2 WBE#SHwENE

11 pH Fj PHS-3B RUNE % pH 11 & (/K £ 1k
M5, RS OKER M TR E S, AR
B3 AEE

IR TR 15 1 ) 00 s R T 1 B €92, Wl TR I 1)

N SR FH W IR R 8 L 012, 2 iy 4R 1 TS A 1 0
R FHAR AR = L 80, do 40 A S0 M i I o >R FH i
SRR . A4 NH,-N mg g7 h '
PhOH mg ¢™' h™' .Ph (OH), mg g~' h™' Fl KMnO,
ml g~ h ™A R A S S N R R
TR TR AR 4B R 43 M A 0.02 mol LT
HRIRPIEAR R . BRI 3 N EE

2 I8 T W A5 e ok v A 3 b SR MROBUE
Py DNAT L DNA KU 2858 1% S5 08 W I vl Tk
KO $2 B DNA J5 , SR b a0 RARAE AL RHE A IR
w) IR MEBEE DNA [l Wi 5] & (DP209 ) X H k47
aifk. difb)sRAFT -20 C,

H30 PCR 19« LAlifb iy - 53 A4 ) & DNA fE
SJRE R, SR 519 ITS1F A1 1TS4">"° ' #¢ BIO-RAD,
S1000™ Thermal cycler % Jt [F 3§ 54 4% 3 47 55 — Ik
PCR [ ; LSS — K PCR 7= WA Ry B A, i 51
ITS2 il GC s -ITSIF' " 47 K PCR I 45—
BBk % 50 pl AR, ddH, 0 33.8 wl, 10 £ 52 mifg
5 ul, MgCl, (25 mmol L") 4 ul, dNTP (2.5
mmol L™") 4 pl,Taq (5 u pl™") 0.2 pl, E FiEg19
F 1 pl, Bikl DNA T pl, 58 W WK FR R 50 pl
PRFR,25 wl 2 x Taq Master Mix (24 &), ddH, O
22 ul, RIS N 1 pl, 85— PCR 724 1 pul,
PCR = W) 1] 1% 9 35 i B B I A3 9k 0 A7 A 0, LA
DL2000 fE >}y DNA Marker ( & 5725 ) . PCR [ 5%
1 94 °C #iAF M S min 94 °C A5 30 5,55 ‘CiR k30 s,
72 CHEff 30 s, 4 30 NMEFR, 5 72 °C ZEfH 5 min,

PCR S0 7 W) A2 P68 B2 BE I HL UK (DGGE) K
Y :DGGE 218 Li 4 ) (%) 7 00 T Ak, PCR
F1E DGGE HL Pk 3% ¥ (BIO-RAD) | 47, PAGE
(RN LG BEIE ) B E N 8% (w/v) , 21k R A
J¥ 4 30% ~60% , MR 4, A TAE 5 1 x TAE
) R A R A 58 C i, AR FLAINEE 35 wl, 7 120
V.58 CHMTHIKT h, 5E5 )5 H EB 4444 10 min,
ORI PRSI AR AU AT IR A
1.3 HiESH

{i | Microsoft Office Excel 2003 F1 SASS8. 1 #
Fr8 9 8 it 20 M, B 4% DGGE &1 3% 3@ i Bio-Rad
Quantity One 4. 41 5 {F P47 807 10 A0 2], AR 48 251
4 BB 2R ok ST U B . DL AR AR YOG B
VB ) ol AR XoF = B2 0k o3 B LB 2 RE P F S AR
Shannon-Wiener #§ %% ( H) . Simpson #8 %% (D) . ¥ %]
JERRB(E, ), F 6 B (S) H 4 Uk H H B 254 5L
KRN o
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D = i/#
E, = H/H,, =H/InS
A, n AR A ko b R I 2 B A5 B, S ROR
DGGE &3 4 A [7] 2% 4 B i S A, P3RS 4 — Tk
SRS S P A SURT L R e - S|
9 o i

2 4 R

2.1 AEMEBTEBEESTESKE

JIT N RE 4 b e S8 I 1 A AN ()R ) 72 Al
BB —E(£2), ¥ 3# b ke de i, S# L HE R,
3#FFERT 24 4F 4# AR R T S#AAE 2401 3# 1
FER T 44 St b 34 FE 0O iR 1l Al 4201k
SRS VE R F R T 2# 14 (p <0.05) 44 - HE Y IR
6 PE 0 35 R T S#EAE(p <0.05) 2450 3# - FEHY
o 1 0 22 By A AL Tl TG M R R T 4# SH LR (p <
0.05) o 5 B 3¢ T £ M€ il 375 1k K T B, B e R T
FRTE o 1# b RER A T AR X 55, 4% L eI IS PE A T

A M 22 1]
2.2 MmRBREEBHESHEN

A T AR A B R P BB R B I LYk (DGGE)
AP 1 s B2 5 PKGE 23 A I LSS 8 JKaE
i R, H A YGE 42 I8 55 HC A B0 B2 DA s A R 910 7k
TEE T FIES . WIEL L Rl LUE 5 A4
15 iy L RERYELR ITS J@ 51 22 DGGE Jr B, 22 BL il
AR L o A DA DX T) B A A [R] 9 257, L A7 4%
RS B0 2%l BT 5 A X B A A [R] F) B B o
I BAT A E IRE Y R BRI o AR B S B
FLHAR R R 2T L R LR R A AT 4
SEPE i, UL LR 4 BT AR I BRI AR i
et o VKGHE 2% LA R — , X N AE DGGE fig I
f10 %5 B R/INANTR] B R, D) 2% 5 oL 5 o B2 /N,
SRR MUK ARA (9 Z2 /0 T L U A R e R
AL BEE M SR R UL L
BEPEB Ao 5 A RE DX b AR P L AR R
22 ~ 29, GLHA b AA AR B 1 ) LB AR R B
MACAT A Bt 5 B RN 45 07 T AT DL R B
v AL 52 iy, (ELAS [ R b T Y i 28 L AR 4
ZRAEAT

R2 FARAFEMBEESTESKE

Table 2 Enzyme activities and soil water contents in different sample sites

o M 5

Sample code

Jig it

Urease

W R
Phosphatase

Z T ALl

Polyphenoloxidase

i S L S

Hydrogenperoxidase

EE SRS

Soil water content

( NH;-Nmgg™'h™") ( PhOHmgg ' h™'") (Ph(OH);mgg ™' h™") (KMnOymlg ' h™") (%)
1# 0.020 0. 002b 0. 168 £0.009¢ 0. 628 0. 040b 0.209 £0.013b 10.27 £1.76b
24 0.025 £0. 002a 0. 189 0. 006b 0.912 0. 064a 0.304 £0.021b 12.88 £1.39a
3# 0.027 £0. 002a 0.220 0. 008a 0.944 £0.061a 0.315 0. 020a 13.70 £2. 14a
44 0. 020 0. 002b 0. 183 0. 006hc 0.700 £0.041b 0.233 £0.015b 9.99 +1.35b
5# 0.011 £0.001¢ 0. 138 £0. 006d 0.564 £0.039b 0.188 £0.013b 6.43 +1.27¢

P« pifER . AP BER R SRR 22 53 B % (p <0.05)

same column mean significant difference at 0. 05 level. The same below

2.3 EHE &% FE E E.Shannon-Wiener 5 .
Simpson {5 £t 5) E

3BT 14 ~ 5# K1) B3 F & & Shannon-Wie-
ner 45 % Simpson 4§ 0 ¥ 5 BE 9E 47 J5 2 o3 M & B
(F3),1#~5#F+ MW EEF & EIRN S Shannon-
Wiener 5 80 Fl1 Simpson $§ ¥ B i 9 — Bk, S#+
FEELTE T & B AL JF B 2480 3# A B F
BERT S#LFFNEREFEE (p <0.05) 34+ A
B KT 1#AE (p <0.05) , HARFEHE -4

. FTA] Note: Means * Standard deviation. The different lowercase letters in the

LW A B EEES (p>0.05), LI
e %t B Z R — i s . EUE L AT LUE
HOR [RIRE 1 A BC B =F R[], Hovh 3# - R 24 4 4
K A4 RERE S#E R 2400 34 AR AL 44 S#HFER,
i AT THUAE P R S VA M 22 B T R b ¢ B
TR 22, b DX % 55 A b L TR F 8 R b, R b )
Shannon-Wiener 454§ i) 25 16 1% 0 5 3118 F & A8 1k
T OUIEA — B, S#EFRRRAR 24 3# 4# LA E KT S
#HFE(p <0.05) 3# MR EFRT 1#LF(p <

http : //pedologica. issas. ac. cn
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0.05), ULAHIMANAR PR BB BEVE M 2 fe i 5 H K
BEE S 80, FEHLIE] Simpson $§ $AE Ak 15
W 5 AN AR B B 2 & BE L Shannon-Wiener 45 ¥ A
L AAERUE b A 22 5, U0 I I P AR BRI TR A 7
VR RS HE A B S M

B 240 AN LA RE M B 24 ) BE 2 B 35 R T LR M
MIXISIHE, 3# AL REE RSB FH R T 142
# AR A, S# R U B 2 50 g LA e R I R
2o X AIAESE thTORK DX B O R S B A2 K
o [ AR FABE I Bl HE B R Y S

9 10 11 12 13 14 15

1 AN [ e SR i B0 2 P J3E 5 i L vk (DGGE ) 73 B 1B 3%

Fig. 1 DGGE profiles of different soil samples

1+ 11
24 12
34 13
44 — 14
51 15
64 16
7T 17
8l +8
94 —_ 19
104 110

1 —— —— 11
%:: -T- —— -1 12

T —_1 — 114
151 —— 115
16+ 116
171 —1 117
184 118
191 1
20T —I— — iy
211 —1 15
27 122
234 123
241 124
254 125
261 — — — 1%
274 = — 127
281 -1 128
291 —— 129
301 130
3T —— 131

8 10 9 11 7 5 6
100.0% 872% 843% 778% 162% 154% 14.6%

3
73.8%

4 2 12 1 13 15 14
4% 685% 656% 631% 606% 522% 49.8%

TE:l ~3 N S#+3E 4 ~6 Jyd#t 3 7 ~9 Jy3#+38 10 ~12 Jy2#+3 13 ~ 15 Jy 1#+ 3 Note: No. 1 ~3 are of #5 soil; No. 4 ~6,
of #4 soil; No. 7 ~9, of #3 soil, No. 10 ~12, of #2 soil; and No. 13 ~ 15, of #1 soil
2 DGGE &3 13k 18 5 #r
Fig.2 Lane analysis of DGGE profiles of different samples

http : //pedologica. issas. ac. cn
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* 3 HERE#F#%ETEE . .Shannon-Wiener $5£] . Simpson I8 A EHNHFEN

Table 3 Variance analysis of Richness, Shannon-Wiener index, Simpson index and evenness of fungal communities in different sampling sites

E Hb 4 FEE Shannon-Wiener #§ %t Simpson 5%k Y4 g
Sample code Richness Shannon-Wiener index Simpson index Evenness
1# 21.22 1. 66bc 4,226 +0. 314bc 0. 899 +0.021b 0.930 +0. 132¢
24 23.83 3. 36ab 4.838 0. 151ab 0.930 0. 010ab 0. 943 0. 005be
3# 26.92 £3.75a 5.181 £0.081a 0.957 +0.003a 0. 963 +0. 008a
44 22. 88 0. 66abc 4.768 +0. 132ab 0.916 +0.011b 0.965 +0.010a
5# 16.80 1. 76¢ 3.924 0. 378¢ 0. 867 +0. 024¢ 0.957 0. 007ab

2.4 +TEMBEH.PH.EKESEESHEMERE
x M
SRR T AT W (R 4) .5 />R s IR 35 4 5
HAZ RS B 3% IEA 5 (p <0.05) , 0 9 Al 15 1k
2 3 S AL Bl R SRR 22 R S A R I A OG
(p<0.01) i %1k U Mg B 15 1 5 0 2 R R Gk
BFEKF(p>0.05); LHEFKESHEHZHMERE

WFEIEMK (p <0.05) , 15 JIk il I 74 7 2 41 Ui
TPk 8 IR A G (p < 0..05) 5 W 1 I 15 2 52 A
WEIEME (p <0.01), 5 2 By % (0 B 6 R 15
F K- (p >0.05) 5 B A AL g Sh 45 T g P 2
[ ik 8 2 IE ARG (p < 0.05) 5 + 58 pH 5 H W £ 4
P A5 R 1 2 T B R GR ARG (p >0.05) .

x4 ITEBEEPH.EKESEFESHENEXRY

Table 4 Correlation analysis between soil enzyme activity and richness of fungus

T H Item Y X, X, X, X, X, X,
Y 1. 000
X, 0.940 1. 000
X, 0.963"* 0.965"* 1. 000
X, 0.974 %" 0.908 * 0.888 " 1. 000
X, 0. 835 0.796 0. 800 0. 840 1. 000
X, 0. 638 0.735 0.551 0.764 0. 628 1. 000
X, 0.901* 0.928 " 0.962*" 0. 822 0.887" 0.524 1. 000

e Y R X IR X, BRI X, . W em; X, . AL EmE; Xs. pH Xo: RIEF KA,

o RN Z ] AR AR

Fet(p < 0.01), = FRMEZEEEEZEMEM(p < 0.05) Note: Y. Richness of fungus; X, : Urease; X, : Phosphatase; X, : Polyphenoloxidase;

X, : Hydrogenperoxidase; X5: pH; X : Soil water content. # #* Correlation is significant at the 0. 01 level, # Correlation is significant at the 0. 05 level

3 i

AN T3 437 A 198 B P Joi K Bl A= W o AT I 22 5
B R T b S ORI 39 T R o 7 R AR ol o
R B TG T R AR R ok T A R
P A R R T IR, X Al BE 5 Rt e 1 A2 1k
A Ko BEAN ARPRIE I SEAE R YR 2R HZ AR A R 1
AP IX BB, o A R R Y BT, S A TR
I A ROJCE HESh 1, DA O 2 MR I e 3 25
(oA gt "t DR, AT R A AR B A G )
Yy A = 2 60 JE W) VR R 3 B T aih A AR P
Bk & ERT YR, LS A ERE

1, G ROk B A, R
+HEAS S TILT A I R e
T A MR AR ) AR R A
Hh 25 ol o S TG P ) 2 B S TOURE Ml e T IR R
b5 P TR AR 7 T B TR 5 bR DX 8% 55 R T 9
I T HABRE M 2 18], 31X 5 AR B 5 2 A A 0 A R AR
e — B T A AR B 2R W 2 MR S el
WVEY T YOR, 5 e SR O 1R B R A A
(], F STl I 1 7 39 - 38 149 2 A I B AT A T IR
KAMBREER ST X T 5 Lok
VR A 2 R HE N O IE 9 AR A Y T R
PR A /NESE A KR, LS KEEFET
SR DX ) 29 R B A AR AT — R B A G
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PR, H 2 5 0K W A0 P W R i, Gk B T B 3 K
U2 AR ST RE M T I VG 4 ik B JE T R IR
2 2 5 R KU, T I % o O 1 B 2 T AR
AT 5 59 B K oK 38 W 35 AR OC A, A i I PR 3
5 R T oK B AL 3 T AR OC, HE b R R TR il T
AR EA DG, AN, A WA IR R T e s R
AR B o S8 A Sl T 0 X U T i R R
Rt 5 P 3 T v T 3RS B TR v T R TR Y D A

RIS P 5 A 2R Tk AR DG M 43 B 45 2R
FHT, I 0 il % P b B SR A SR AN, HA 3 R TR
HHESERZHEE R EEMIK, XFEZHEN
TN R AR T O AR AR T R
ST T O TR U TR A 20 M A R VR I 1
PR R b A RS BT L B & R
F w0l I A B B . B o A AR S
Ab LA G M 2 1) 5 3 TE N OG, 4% R db 12 1 pH
TE 6. 62 7oA, Ml 22 AN K, A S 5 IR - 98 il 37 A A B
[EZRE iRV E S

TR Y e A R G A
AR U Y R B S R Wb i Rk
BELEB R ER MY EEHR . A SO
B LA R DX P AR PR L R VY AUF R 4 R 3R
B, AN [R) AR 3 B TR 10 B 7% 3 & /& Shannon-Wiener 35
B Simpson 58 BOHNIY 5 BE A7 18 22 5, A7 LEFF b [A] 1k
BN R EKF-(p >0.05) o I TAE byl A5 AR PR LR 2
REPE v T RCRE b, T 18R b 7 P AR PR L TR 2 R P
o T B T A Ml 3 AT RE 5 AR AR BR GO A G T
PAAR PR FL A F 5 B 5 T A AR B 1 4 5 K A Ok
TR BEREEES F S KE 2B E FEMEX
KFR(p>0.05), VEUITE 1 5 4tb X Ih AR B £ %
VI =N SIS SN £ N1 B VA 128 7 = S TR R VN
AR B Ak R 45 1) A B 5% e A 1 i — 20 T

4 4 g

B L TR S X R AR B T A TR AL
B AHZ S R K o BN B i 2
PR B SR, AN [ RE IXC 0% T A i 22 0 1 0 il
WVEAATE 22 S o SR I 5 1 20 2 B0 R S IO v T 3
JBE IS T s T H T B A R B, 5 RO R VR 2 R
Oy AT LR B R EbE . S K R R R X
M X B 2 B | R RIS P ) R R R

2 & X B
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SOIL ENZYME ACTIVITY AND FUNGAL COMMUNITY DIVERSITY IN RHIZOSPHERE
OF PINUS TABULAEFORMIS CARR. GROWING ON LOESS PLATEAU
—A CASE STUDY OF HUANGLONGSHAN FOREST FARM

Chu Honglong Li Sha Tang Ming’
(College of Forestry, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract Chinese pine ( Pinus tabulaeformis Carr. ) is widely used as a pioneer tree species in the Loess Plateau of
Northwest China for windbreak and sand-fixation, soil and water conservation thanks to its high tolerance of cold, drought
and soil infertility and its liability of forming ectomycorrhiza. The formation of mycorrhiza has some important influences on
soil enzyme activity and soil microbial community in the rhizosphere of the host plant. Rhizosphere refers to the interface
between plant roots and soil, and is a complex and dynamic microecosystem developed in the process of plant growth.
Study have shown that significant differences exist in rhizospheric soil microbial community between Chinese pines growing
in different ecological condition. However, little has been so far reported on effects of the variations of soil properties and
microbial distribution caused by the redistribution of soil properties and soil nutrients during the process of rainfall erosion
on slope land on soil enzyme and mycorrhizal fungal community in the rhizosphere of pine trees. In order to understand soil
enzyme activity and fungal community diversity in the rhizosphere of Chinese pine in the Huanglongshan Forest Farm, the
nested PCR-DGGE ( denaturing gradient gel electrophoresis) method was used to determine fungal community diversity at
different slope positions in the forest farm, and relationships of fungal community diversity with activities of urease, alka-
line phosphatase, polyphenoloxidase and hydrogenperoxidase, were investigated in an attempt to provide a theoretical basis
for revealing interactions between vegetation, soil microbes and soil enzyme activity. Results show that all the soil enzymes
displayed a trend declining down the slope in activity, and from shady slope to sunny slope. As sampling sites along the
roadside differed in environment from those in the forest so the enzyme activities therein varied in-between those in the
sampling sites located in the forest. Analysis of the samples for Richness, Shannon-Wiener index, Simpson index and
Evenness indicates that fungal communities in the pine rhizospheric soils were quite high in similarity, but varied some-
what in Richness (S), Shannon-Wiener index (H), Simpson index (D) and Evenness (E,), suggesting that the fungi
varied with slope position in species, biomass, diversity and functional diversity. The distribution of fungal diversity and
the distribution of enzyme activity were quite similar in characteristic except for E,, both displaying a trend of declining
down the slope and from shady slope to sunny slope, and the distributions in the sampling sites alongside roads ranged in-
between those in the sampling sites in the forests However, the distribution of soil nutrients in slope land was quite differ-
ent from that of pine rhizospheric microbial diversity and soil enzyme activity and characterized by losing from the slope
and accumulating at the foot of the slope. The distribution of soil enzyme activity on slope is closely related to source and
biological properties of soil enzymes, and microtopography and more likely to microecosphere of the rhizospheric microbes.
Correlation analysis of fungal richness, soil enzyme activities, soil water content and soil pH shows that positive correla-
tions existed between enzyme activities and fungal diversity (p <0.05) , except for that of hydrogenperoxidase; between
fungal diversity and soil water content (p <0.05) ; between enzyme activities and soil water content (p <0.05) , except
for that of polyphenoloxidase; and between the enzymes per se in activity (p <0.05) , except for hydrogenperoxidase; but
not between soil pH and enzyme activities (p >0.05). All the findings indicate that in semi-arid regions, the higher the
water content in the P. tabulaeformis rhizosphere, the higher the abundance of the fungi. Therefore, it can be concluded
that soil water content is one of the major factors affecting soil enzyme activities and fungal community diversity in the soil.

Key words Loess Plateau; Pinus tabulaeformis Carr. ; Enzyme activities; Fungal community diversity; Nested
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