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Microbial Diversities in Loess Plateau
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Abstract: [ Objective | The effects of different vegetation types on soil enzyme activities, nutrients and microbial
diversities were studied aimed to provide support for the vegetation construction in Loess Plateau. [ Methods |
According to the characteristics of the study area, four vegetation types (meadow, Caragana microphylla ,
Populus tremula and Artemisia) were selected. The differences and correlations of soil enzyme activities, soil
nutrients and microbial diversities in different soil layers within the same and among vegetation types were
evaluated with the SPSS. The corrections of soil microbial and environmental factors were analyzed with
Canoco. [Results] @ Under different vegetation types, the soil enzyme activities and soil nutrients decreased
with the increasing soil depth. The enzyme activities were the highest in Artemisia. The pH value of the
meadow increased with the soil depth, and the content of organic carbon in surface soil was the highest. The

content of nitrate nitrogen was the highest in P. tremula, and the content of ammonium nitrogen was the
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highest in C. microphylla. @ There was a significant or extremely significant correlation between soil
nutrients, and there was an extremely significant correlation between soil enzyme activities. There was an
extremely significant correlation between soil enzyme activities and soil organic carbon. There was also a
significant correlation between soil enzyme activities and soil nitrate nitrogen. @& High soil microbe diversities
were found in the surface soil (0—10 c¢cm) at the phylum level. The fungicidal community | had a positive
correlation with soil pH value, nitrate nitrogen and ammonium nitrogen, but negatively correlated with soil
enzyme activities; fungicidal community [[ had a positive correlation with soil enzyme activities, but
negatively correlated with nitrate nitrogen, ammonium nitrogen, organic carbon and pH value. There was a
negative correlation between fungicidal community [ and fungicidal community [[ and [[[. There was a
positive correlation between bacteria and enzyme activities and a negative correlation between bacteria and soil
nutrients. [ Conclusion ] Vegetation types affect soil enzyme activities, nutrients and microbial diversities. In
the process of vegetation construction, the Artemisia should be planted to improve the soil ecological
environment.

Keywords: vegetation types; soil enzyme activity; soil nutrient; soil microbial diversity; correlation analysis;

RDA analysis

A A N2 T 4% b i Bl B9 25
e o 2 5 ) - SR E g A8 b i 0l i LA e TR 2 A
FZ o WM TAEARTE A BT A AN W) 4 b
SR S | PR W (B N DO S Ry e b N
(3% 733 2% B A AN T o T 2 36 - S8 Tl 0% P A 5%
L HAE e b o A e AR S DU 22 KU 5
E AR L R R P ok AT
RS 4 S o i ) R . P BT R AT B AR ) A A
WA rad B 2 B DLRE A 47 22 EAT A9 4 T S P Y
MEALPE ™. RN R E 2 5 A HLST 43 % R 3R 4
8 B 452 AH 5C 1 A B Rz v L B E B AR . VR 205
F T b R R AT DA S A 25 R S A A AT
FRER P LR AR N 9 e 5 | i1 - 8 0 g A8 R L T
L 38 v 5 0 B8 20 ik S0 R ) R A A BT HG v A
A VL G A D 57 03 R - S A W A a8 —
RN IR AL B ke 2 BT A RS A
B BE o 55 1 ST AT B A AR D

A AU L 74 4 AL B A N T T %€ B oA A A
LR A R A L BIF S B vy JEUAS TR AR B D6 R (Rt
AR T 2% RIS D XoF - S8 Al i 4T UG R TR I L TR
il ) 1 1 | SR HE Ty A K - S Bl A W B4 R T L R
T X A ST P L - TR O3 AN AR 4 o A IR
O LU Ry iz XA gt 4R i 2 %

1 X S0F5E i ik

1.1 #HRXHR

WFFE XA T 1L 75 48 B M Tl 28 B 4 £ A iE sk
R IZIR 56 XA T 5 G AE T R R 111°28"—
112°, k45 38°44"—39°17" ik 86 s M 3K 1 400 m, B 1%

RZER AR 4.9 CAR AR 2 452 C,
1 HRE(—13.3 CO),7 AR (20.1 C), Ik
120 d A2 A7 AR R AL 478, 5 mm, KT
7.8 A HAAERKER 44. 3%, & TR KREEMES
i 4 22 57 527 PUAA R = e s ), 40T 7™ 58, B 25
s /0 s B 25 27 0 1 1k 2 KU I, SR 3 v L R
b HFZT B2, A0 T B2 a) L, R
HA.

1.2 HxRA*

2015 4F 8 H ) 1E £ 1L V8 44 T N T 28 b X
A i B Iy A T O o s U ARG . SRR X B 4
A HURE b, BB Al B B RE S L M. H A A bR R
P SRR 43 ) 40,25 a, BFSE X DLW Rl A 6 2
Yo AR SRR A S P IR R
P2 48 R, A ) R B X 50
em, A EF 10 em 25 [A] B5 BURE , 4 A BURE 5 & 200
~300 g, EA 3 W, KR — F Ho R 2B R ) £ 1
IR A YA . —iBar AR 0 T e fh2
PER I R o — 5040 R A S A1 [ 52 56 5 L ¥8
F 003 A GG A R . 0—10 em K2+
BRI SR A IR AT U Y Z R BT .

(1) HEFRHME" . 59 PUAR R H 5 % R
BE s RS R A EUH 4 A 3l R W AR 2 4 BT R
I 2 (CleverChem 380) ; + 3¢ pH {H R H 75,

(2) - BEREIE PRI Y 4 e A SRS MR
T A P B P S 5 5 = R R ISR ) 3, 5- A 3
TR AR LU €035 5 B T T R Rl R 8 L £ 3 0 7

(3) IR AW E . ZHC LR ARG L YR
HoA MRS w3847 Tllumina MiSeq 538 2l /¥



64 7k - B F e AR

%38 &

1.3 HiE4hE

B S5 2 Excel 10,1 8 PR, 5% ] SPSS 22. 0 #
P53 #1 22 5 4 35 PR RUAR G ML AL Excel 100 1 Al
Canoco 4. 5 Z: il K .

2 giR50Pr

2.1 AREEHREXBTHEREEEWL

AR IR T + RGP G R AN 1 s .
TEIE Ta B9 4 AR b, BE B2 R A B0 . 5 4R Pk &
Ml 1 % e 2 2 R RS B o AT U IS R A s B
WU & AW AT 55 FHh . R AR & B A AT 5%
AEAE 4 oy 1 M IX. 4 S i A1 S Ml 1 35 18 3R I 21k
SUBTE T S AP AT O

FEFE S5 RE L 2R 2 (0—20 em) + 3850 4 10 AUl
BERT 2050 cm £ JZ PEEEE. A7 SR A I A
LA E AT 020 em + 2. B AR Sk

22000 . 4\160-
: a -

IOD | b .

£ 1600r7 " 120}
& T i)

& 1200 []e to

% 5 80}
4 800t

& i

g 400} g 407
B #

pra)

o0 “;/7.0 2030 540 4050

+ B E/cm

2.2 AEAHEHEEBRTIEAFERNOTK
+ IR RS A R Y A KR A AU 3R T
RO TE AR B b BT R B R SR B i SO
KON BAAE 22 0 A . R 1 Rl 4 P g2k
AU 4458 pH {E Fifi T )2 VR BE A 3G AR A6 A I Bk, B b+
¢ pH {HBE 1 2 T B2 By 3G hnm 15 fm . 4 A e pH (A2
AL EITE 8. 91~9. 54 Z[a]. J& Tt -8, AR 12
T T MR 3% pH k&, 7 0—10 em 12
rh A A SRR M ) Y A A R 2R S R M R
WEFRLEZ pHME LR EMZR ;1020 cm L2,
FHh M Fr SR RIC M 25 R L E S A
5£320—30 cm 4 )2, BT Hb AT Hb (] G 10 25 M 25
S Sbr SR A R RR A 3 M 25 5 30—40 em +
J2 v T FIAZ B TR) G . 3 M 22 S A A% R b TA] L
JC M5 554050 em 42 AL H M FIAG ) G
WEMNES, S AMEE B EEER.

0/\0 N/'LQ 20/30 30/40 40/50
T+ B % E/cm

F AR FNG PR p<<0.05 KFEFERMERE. FH.
Bl MRX4FHEREBT LEREY

)2 010 em) i AL S BT T TG 0 3 22
TE 30—40,40—50 cm = J2 Ay £ F R R M [R] il
PETC I PR 25 5 . MO Ak SIS M A A
FIEREEZER.

&l 1b Xof 4 Ewk % il 1% Pk o3 B 45 SR R 1L BE )2
TR T 184 0 ol 1R 8 05 1k R S B IR A . W TR U
MR BIMIRAR U T R A A A . RITE
A LB AL BE 7 3058 . BB AT 45 L R |l ] B TR il
PETC W k22 5

Lo Xof - S8 70 W 1 0% Pk 4 BT R WD, B 1 )2 IR
B I, A P R M S MR SRR AR . BR 010,
40—50 cm - )2 Hh R M OB S PR AR Ah A R
e el o A S I PR AR T O A A R R A . B
FH R 2 A LTS R AR SRR R A
25 VR REHBAE 10—50 em  J2 ] - 3 A A 0 1k TG
BEEES.

25000

[¢]

20000

15000+

10000 +

5000}

BEBE B IE 1/ (mg < kg + h)

A B B B ) R G B 2 R AL A B
P, TE 010 em 2 AT HLBK B i A B BARAK OO
O AR AL 4 SRR IR ER AT A M 2
531020 cm + 2 f g I RAY 2% (B A5 BIL & G
FE 2R 5 R RS M ) AE AR B 25 52050
e J2 L A AR RIS b | R RN S () G M 25
o Hi 10—20 em )2 H PR B HEML T 0—10 cm
2 AP E LR ZW 72.30% M
kB 1020 em )2 HUBR & &40 b 3 1 2
/T 53.56%,43.46% ,21. 86 % . 72 B A HLGR £ B AE
RKZE+HE,

TR A A S S A PR AT A R Y AR 1
£ 0—40 cm 2 A A AR 4 AR M R AR A
BEMLER A 4050 cm 22 4 AFEHLE[ Y TC B
EMEEF A 030 em R, BHERME R S R E K
R A > T8 s > B >4 45,3040 em 2



51

A < B JEUAS (R A 4 SIS B R MR 43 T I P B R A W 1 5

65

TSR S T 2 - & i AW L R 45,4050

= A

W E ML (74, 24%) AW (73, 75%) Fr 45 (41. 90%) .

em FEMER G REILERZ LEEANENESEMEK 39,475,
F1 4MEHEEVNTEERELFZER
+E%E /cm
A= E N Bt 2 Al
fo # 010 1020 2030 3040 1050
=8 9.05=+0.01¢ 9.1040. 04" 9.1340. 04" 9.26=+0. 20" 9.34-+0.13"
H i L) 9.5440.07¢ 9.5140.11° 9.3240. 05 9. 2540. 03¢ 9.3440.17¢
P b 9.1140. 03¢ 9.0940. 02" 9.11+0. 04" 9.0440.01" 8.9140. 04°
Fr 2% 9.3340. 10" 9.0940. 02" 9.040.01° 8.9440. 05" 9.14=0.07"
i 11.7320.99° 3.2540. 20° 3.4440. 42" 2.5740.12" 2.2740.08"
B (g - ke ) L) 8.5940. 48 3.99+0. 22" 3.64+0. 31" 2.90+£0. 12 3.67+0. 22
R TR E b 9.3340.03" 7.2941. 09 4.4540. 26 3.6640. 20 3.3340. 20
4 7.5741.11° 4,2840.37" 3.8840.13" 2.5640. 12" 2.4440. 20"
i 1.52+0. 27¢ 1.1740. 05¢ 1.0940.07¢ 1.0140. 03¢ 0.924+0. 04
. ~ B 3.2040. 26 2.45+0. 15 1.9740.30° 1.2740.05 0.8440. 25
HARGE/ (g kgD e , . ] ) )
& 2.2940.32" 1.7740. 40" 1.46+0. 22" 1.40+0. 06° 0.5940.57°
4 1.05+0. 21¢ 0.8340.81¢ 0.7840.12¢ 0.6940. 10¢ 0.6140. 05
Hh 2.92+0.93" 2.17+1.12¢ 1.1540.07" 0.86+1.22" 0.44+0.03¢
% M 5.3540. 93" 3.7340.87% 3.0240. 95 1.85+0. 35" 1.30+0.13"
BAAGE/ (g kg
i 2.85+0.55" 2.5840. 93" 1.8240. 27" 1.3240. 31" 0.72+0.01"
¥r & 6.4040. 88" 4,6340.47° 3.4641. 03" 2.9241. 26 2.6241.07"
TIEEASA SR BEIRRE EE ZRE  DIES . 8 A S 0 BR R = Fh S P ) A
PG REACBEE . AR L2 WEEAPES A ERREIEAG; 113 pHE SR & 26 B EH
GERmE.0-30 cm L2 . MAESBWESASETL X AMXCRECh 0. 6L AT ESMAA AL
WEMER, FHAE MRS A SRR E W BREREG RO A A R W A DG, A O R 5

25,
2.3 rTEEBEMESLENFEREEXES T
M SRR A 5 SR o 2Z TR A AR DG 1 (5 2) )

2 0.59,0.61,0.87,0. 95; iR A 5 ot A AL A i R il
A0 0 ARG, S S AR B AR
ARSI S AT B AL R

R2 IEBEMSTEACZEGRNEXESN

8 1 pH 4 A LAk il 4 A& N it 4 Ak S W2 i T il
pH (& 1

PERIR 4 0.08 1

E & A 0.61"" 0.59"* 1

SR 0.32 0.49" 0.47" 1

it AL A 0.19 0.61" 0.68" " 0. 39 1

T 192 ity —0.03 0.87" 0.65"" 0.35 0.77"" 1

THE W it —0. 04 0.95 0.47" 0.41 0.57%" 0.87"" 1

Heox x ROREFERDE(p<T0.01); * FREFHBF(p<<0.05),

2.4 AEEHEBTIERMEYSHFG

4 FPRE PR AN R)2 T |AETKF B B
AN 2 Frzn . 4 4 e LR RE VR S5 TR ]
KR EHAE SN, FEAQRE TR
(Ascomycota) . ¥ T B '] (Basidiomycota) . T & ]
(Chytridiomycota) £ B '] (Ciliophora) .FR ZEHH )

(Glomeromycota) G B 11 (Zygomycota) , 4 AFEHY
PLF R VTR AWM EY T2 A
WERE . B A b R & DS BT R &
BUAISARE . Wi 4 398 0  B T D AR e 20
di 5900, IR A ST LBl 3800, HOHL A
AR ML 3 H R TR TP L B, 4 i

=}

A s



66 7k - B F e AR

%38 &

89%0,66%,67% . MIEL 2 BAAUKEAR & v () L A AH X
FRE PR TR TR 4 D FE M AR X B2 DA v
A« R s M R SR A T T AR A5 AR S
AERT 2 B2 i ARCA - A B s b R M A S S5 S R
4 AHE TR XS R RN AT O s b L A 4
FRAE RN R )2 R P K B an B 95 B A
W2k k8 12 AU B, ERAARERITE
(Acidobacteria) . iU A & 1] (Actinobacteria) , UL ¥1
Wi 1] (Bacteroidetes) . 2% %5 B ] (Chloro flexi) | 2 B
ME ] (Gemmatimonadetes) A L M2 HE R ] ( Nitro-
spirae) JJFE W ] (Planctomycetes) .22 W 1 |1 ( Pro-
teobacteria) JEILHE ] (Verrucomicrobia ) 2355 W & ]
(Armatimonadetes) A< JEAK T (Chlamydiae) LR ]
(Chlorobi) . ¥ ¥ 11 (Cyanobacteria) | JEREFEH [T (Fir-
micutes) LT HEFFF 7] (Fibrobacteres) ., H.-i, BR AT #
I AT ] BT R B ) AT 5 ] L BE
W) R VEIE R E S b 5 R,
T 2 SRR BT 1) i AR R e 1 1) D8 T 1) 3 00 A1 A
WM RE LT . BRAT TR T RSB W TTAE 4 4 o rh B
b H B R O 2300 FLUROR R A A 1) L AR G S B i
7 LG 18 V0 o P IR SR S 25 A 1T AH X S BE L 9
1296 FREE DA T VAR 2 B2 BT o5 L6k 904, 25 B T 1]
ARG =5 B LA SRy 5 00 o il A4 WERJHE TRT 1 R ok T 1] A X
FRERT N RN Ry 3%

100 %

]
(=]
T

(=)
(=]
T

S
=)

EEHESEE%

[
(=]

0

B i Fr 4 L) [-::)

COBTHEY COFER ERETHE] ERLEHRK
[ % 5[] ED4E]] CEEIREHE ] [ Rozellomycota
AN EEZSHE] EeHk

2 ATERTRELIEPIIGEKFERHEFMRSS

2.5 AEAEBREXETRELIEREMESLERSM

Bl i M AR M

A= P O TR 7 S5 F AN L2 LR W) I R B R . L
FEAEBNRMAFEN T A LR, RIEHED A
TR RE 5 24540 5 R BT Y 7 1 RDA 43 #7 (&l 3), Al LL4E
EREMET N 3FECT LMD . A RDA 737 [&] 25
355 DR 1 7 Sk B 3 A R L B B 0 TR T A TR D Sk
fRJ A AT LU H BR85 IA 1 0 T LR RE IS S . 2R

I #% W 8948 7 18 '] (Basidiomycota) 5 pH {H . i &
RVEES RS A, M5 i A Ak UG | 0 9 1 | 6 b
fif A ML 2 T AH 55 58 1T #E N &F B 1] (Ciliophora) |
RER T (Glomeromycota) G B 11 (Zygomycota)
SR o A S R R A OC, SIS AV ES A
A LB pH B 5 OG5 55 T N A B 1] (Choytrid-
iomycota) . FHEW [T (Ascomycota) . 22 J& 11 2% (Cero-
zoa) 5 FENE I A HLAK 2 EAHOC. 5 A AL A B . pH
HOESAZNMHCXR, FIHESEL. MEELA
HEVE R 2 A R .

1.5
I
<
=
]
~
é: WHAR
1
g pHEE HTHEN
i P LB
£ aﬁ"@w&z@ﬁ’&
Ik
'
N
® m
1.5 - - - -
U5 it 2O B MO O M B(RDAL 74.6%)
VTR P S Sk A L Sk LK
B3 HEHES5HEETF RDA 4
1.5
. ® ¢
7 ‘%@, AFHIET]
o B
< pHfA \1\ |
% iR, ?./%%iﬁt
i
% i JENR
""""""""""" » W]
B
» 1) B
% z\x ) Vot e ﬁ
g | Wit
il * A
Q 5
& i
-1.5
-1.5 1.5

B0} 41 B B VR B0 AR B B(RDAL, 65.0%)

4 MERHESHEETF RDA S



51

A5 v SRS [ A A 2 X SR T T R W B 67

R A8 358 0 200 T R 7 4 A 5 BRI - 19 RDA 43
(& 4), JERER ] (Firmicutes) . %25 & [ ] (Chlo-
roflexi) . 28 40 & |1 (Actinobacteria) . %% B & |
(Armatimonadetes) 75 W [ ] (Planctomycetes) 5 fif§
SR I AL S R B S IR AR OG5 A LR Y i R
Al 3 5 & AT B 1] (Bacteroidetes) . 22 T2 W 1]
(Proteobacteria) 5 i A AV B W R Tl | FEE AR 7 A L
BREEIEM GRS pH HVHER SR L
KRKF W] (Cyanobacteria) 5 WE R 1 . FEWE G A
Pl ZIEA S, 5 pH H S A S A i AL
fifd 52 10 AH OC ; ZF B R 7] (Gemmatimonadetes) 54 #l.
e VSR VSR pH HEIEMKK R, Hid A
ik Il T A TR W R 2 A AH OC s E U ] (Verrucomi-
crobia) HEALIRTE B [T (Nitrospirae) 5 pH {H il A&
AVEAS A AR A OG5 LR o R I
REWH 52 00 AH OC . AR W) 4 T R 9 4 f 5 BRI
T RDA 43 #r v id ] L&y 8 BE TR 1] (Firmi-
cutes) .55 B[] (Chloroflexi) . UL M B 1] (Acti-
nobacteria) JEW @ ] (Armatimonadetes) . 7 % # ]
(Planctomycetes) [0 IEM R KR MH ST (Cy-
anobacteria) i A KK FR .

3 WHsie

3.1 TEBEMSTHEAFEER

e ST I 4 v I AT LA S o AT ) 3 E B —
ANEEEbR . AP T R A AT A B A
AR B 2R B R+ HERG TG M. 7E 4 SRR ML A+ SR IE
PEARRE - 7 O BE B 1Y 2 B R A B — )R
R A B o R TS M e AT 22 . DR 1o
TG P 0 e M sz B ) 2 R 2 . b AL =
[N NS IR U e R e o ST S DS
Ul B e Sk S L R R I L D R R A E AT S
W A EA R E L — M B — e e A
SEPEOC 2R Bl 26 A — 2 T2 1 B e = HEAE T3 7KK 1
R

TR X 39 0 - 9 b B R R TR W R R
SEVE T - 6 W 9 P S AT ML B () AT A I R O G
R REO 0,947, L e EORE G VERAE T L1
AU EL R 5 20 Mk e AL LR o 4 AR 3t vl 0
I P BRAR U 8 b B3 AT A5 . P
v - SR A LB B R0 A B A b R TR O
X A0 SR 5 4% 1 19 2 f B ABORK . B AT I S L i i
LY P T T - AT DL R AL e T L T
P R il T P iy o SR L A LR R B .
Sl AR 23 M n] s Ay pH &AL 2 T

S v R TR oA O PR AR K. b b S O M R L
I3 e T HAD L R IR AL R i T 20— AR
M BAAE W) A L PR ) R AR B v 2
DA W o o ik SORAL ) RE 68 R T A SR 20 9 T
I o> i T4 e 1 b v R

3.2 tEREYSHEES

TE A S R G U Y S 1 W) oA 3 A e
RS BB S5 0 IR o 0 6 A R A e
PENC, B RGO M R AR 2 I A Bk
THERM SR RS AM L pH AL . AR
FhT T e 0 R P AN (R A T A B A S 2 i
SRR T e AR W TR A I RO | A T SR A A
BUReb s A,

AAFEHL R AN B AE ] 2K ERA
BORZ A 40 T R0 0 2 R ] I v T R (ELAE
HAFEM TS B —EER. HRHRENE
L2 MR REAR NG o H E AR R . 40 T R v 2 A
pH {H AR B AR A AL S B R L AT P
ARFIEAIC . T 3R 5 8 A3 I o Gk R
BT R A ) AR A R E L T AR W ) O B B . 22 0%
6 EEE 22 (1 e SRR o DA T A B RE A AOM T R
FRIT

e S 5 P AR IR R A
AR S W5 b ST T R A R i DR R
TG P & 0 S B A W 22 R L X MG b A S 3R
3 A e RS A R S, AU R e R
5 TR WA G R WL b SR S L BT
Tl MR W B A LR L A Y R R IR A OGS
RDA 745 8 R W, B S R i A& A pH H i
S I I TR it 5 v A R RS A IE A G R R
FUR eV 12 252 W IR g REWE B L pH (LAY 2 M . JIr LA
AE At 2E - AT BIL Ak AR 2 SE0BR BRA FAE 1 o i B
e B e A e ST A TR T M R AR AR % T [ I
PR MR R R Z AR N TR A R i
T F RO B RO B A A A IR

[ 3 % x o ]

(1] ZRAAHE. HHE2AIMO. dbat . qRolk 1 R4, 1983:276-279.

(2] XIE =% K &R®E, % 7 XA R AT+
B WURL 5 R AE [T ], 5 3t X Al F 55 2007, 25(6)
201-206.

(3] REEIEHRAF, BMEA, 5. R FF A 0% 6+ 7
BRI B iy s ma [T 0. 7w Aol K2 4 A AR B2
2003,25(5) :467-470.

(4] BEREDE, BRIA IR, XUAB AL, 5. =k & X /1N 9t 380 + 3t F1)
J A N 7 e [ ], AR AR PR, 2005, 14 (1) : 99~



68

7k - B F e AR

%38 &

(5]

L6]

L7]

[8]

(9]

(10]

101.

Chen Liding, Gong Jie, Fu Bojie, et al. Effect of land
use conversion on soil organic carbon sequestrationin the
loess hilly area, loess plateau of China[J]. Ecological
Research, 2007.22.641-648.
Green D M, Oleksyszyn M. Enzyme activities and car-
bon dioxide flux in a sonoran desert urban ecosystem[ ] ].
Soil Science Society of America Journal, 2002,66:2002-
2008.
Boerner R E J, Brinkman J A, Smith A. Seasonal varia-
tions in enzyme activity and organic carbon in soil of a
burned and unburned hardwood forest[ J]. Soil Biology
&. Biochemistry, 2005,37:1419-1426.
Zhang Yongmei, Zhou Guoyi, Wu Ning, et al. Soil en-
zyme activity changes in different aged spruce forest of
the east Qinghai Tibetan plateau[J]. Pedosphere, 2004,
14(3):305-312.
Balota E L, Kanashiro M, Filho A C. Soil enzyme activ-
ities under long-term tillage and crop rotation systems in
subtropical agro-ecosystems[ ]J]. Brazilian Journal of Mi-
crobiology, 2004,35(4) :300-306.

U o = O S 7 £ 7 T I\ O e | A 2P N E S A 0
2010:30-156.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

K T B, 0 BH A R R AL AE RN 2 K OE MR XT
SRS M e SR A ng s o (). B0 AR A 4, 2014, 25
(11):3191-3196.

FAE 2 T B AR5, A5 O R 8 35 AT 2 Ou) 5 S 2R [l
RO A YRR S P e [ ], PR bl A
2015,24(7) :69-74.

A A a0 3l 0 R 0 A R R A B ik 2 [T,
R A K 2244, 2012,35(5) 1 147-153.
ERAETHE IRAEE A KM A T X A F A S G
TP RARSC B R W s ma [T, A= & FR 3%, 2007, 16 (1)
191-196.

PR B SO 2 SRR 45 K IS X 203 K R 1 W NIR
B I3 A P RGO P 1 S [ ] 0 P A 2 24 41, 2008,
19(1) . 71-75.

JEVEE L R 1) A R AR AR AN TR) 1 HER T 28 B A
s L) ], R R, 2008, 36 (15) :6415-6417.
Wu Minna, Qin Hongling, Chen Zhe, et al. Effect of
long-term fertilization on bacterial composition in rice
paddy soil[ J]. Biology and Fertility of Soils, 2011,47
(4):397-405.

WA G207 K B, S5 A A [) it I o ke ) A o
THCEE W A e R R R R R A T S L. o P AR
AW, 2010,21(8):2078-2085.

[21]

[22]

(23]

[24]

[25]

[26]

(L35 61 70)

RSB, M B O AT 2k (M. b 5 Al R A
1986.

WL Aol K 2. #8355 0 R CMO. db gt i B A0l
R AL . 1988:268-269.

Mife 5, 254 b A% FbtE IR J 3 5 e g [ M)L db st rh
A H R A 1983 :185-186.

THEMAETR. Zong it IM]. db et P E g
WAt . 1999 :166-170.

JAEE, B A R B S R B E X A AL T R 1
WAL SR AR AT B 5% ) [ . o [ ik B 2, 2007, 40 (9)
1973-1979.

TRBL, I 22, AR AR AR R e ok A 2R
PR 52w Y BIF 5 aE R [T ). #lk B} 2%, 2007, 43

[27]

[28]

[29]

[30]

[31]

[32]

(10) :77-82.

TAZS ok AR 8 AR, = R A 1 A Bl R R
T[J7]. B34, 2001,38(4) :584-589.

MAR A, T, RS F B R R R H R AT, 4
#7,1990,21(3) :140-143.

ST, A B BRI LML b s Bl 2R R AL,
1976 .24-36.

N T LB AT R RS R B R R Y B AR B H A
HFFEL]]. T 54 X HF5Y . 1988,5(3) :51-52.
WHA R R85, F 04 (KR R - R K PR Y
e [J]. K AR 42, 2003,23(6) : 44-46.

kARG L A 2 B S SRR R R - A
P TR E K R Rl R B R & B AR g L) ], T R b
X A A 5T, 2014 ,32(4) :140-144.



