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Soil microbial properties under typical halophytic vegetation communities in

arid regions
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Abstract: Soil microbes play a key role in material recycling and energy conversion in arid areas. Currently, research on
soil microbial community diversity mainly focuses on environmental change and human disturbance, and not on natural
ecosystems. In Xinjiang, a variety of halophytes develop in arid areas, and play an active role in the balance of desert oases
ecosystems, but there are relatively few studies on soil microbial community diversity in different halophyte communities.
The difference between soil microbial diversity and carbon source utilization under different halophyte communities needs to
be elucidated. Therefore, a field experiment was conducted to quantify changes in the functional diversity of the soil
microbial community under six halophyte communities ( Nitraria tangutorum, Seriphidium kaschgaricum , Karelinia caspia,
Bassia dasyphylla, Tamarix ramosissima, and Haloxylon ammodendron) using Biolog analysis in the alluvial fan area of the
Manas River watershed. The objective of the present study was to determine 1) the effects of different halophyte communities
on carbon source utilization, 2) which halophyte community has stronger activity and microbial functional diversity and 3)

the relationship of the ground vegetation diversity and soil microbial community diversity. The results revealed that the
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average well color development (AWCD) increased with increasing incubation time, and there were significant differences
among different vegetation communities, in order of H. ammodendron > K. caspia > N. tangutorum > S. kaschgaricum > T.
ramosissima > B. dasyphylla (P < 0.05). There were significant differences among substrates used by soil microbial
communities in different halophyte communities ( P < 0.05). The substrate used in H. ammodendron was the highest, and
that in B. dasyphylla was the lowest. The carbon sources most used by soil microbes were carbohydrates and amino acids,
followed by phenolic acids, polymers and carboxylic acids, and the lowest was amines. Principal component analysis
(PCA) identified two factors related to carbon sources explaining 4.51% and 25.35% of the variation. Carbohydrates and
amino acids were the two main carbon sources separating the two principal component factors. The Shannon and Simpson
indices of soil microbial communities in B. dasyphylla were significantly lower than in other communities (P < 0.05) , the
Pielou index of soil microbial community in N. tangutorum was significantly higher than in other communities (P < 0.05) ,
and there were no significant differences between other communities (P > 0.05). The Margalef, Shannon, and Simpson
indices of vegetation communities in S. kaschgaricum, H. ammodendron, and T. ramosissima were more dominant. There
were significantly positive correlations between the indices of vegetation richness, diversity, dominance, and soil microbial
diversity and dominance (P < 0.05), showing that richer vegetation diversity was related to richer soil microbial diversity.
Overall, different halophytic communities have important effects on soil microbial communities in arid areas. The soil

microbial community of H. ammodendron has the highest microbial activity and functional diversity.
Key Words: arid region; Biolog; community diversity; halophytic vegetation; soil microbes
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RIRE AR A A B RIS IR B AR M W A S H R RE I 22 S S R
R PRV D00 o e, 0 T R e (R s 0y 2R AR RUOB BRI AT DL oF T R R DX AN [ A A o %ot
R W T SRR A I A TR RE RS AR AT T AR S ) ARG TR A R R G R R E S
WRIZ S PEBIRARIE 7 TIERUE Y RETE ZREVERI BT 72, Biolog Z0 AT VAN W BIFFE - S GIUE WURE IS S K A1
DIREZAEPE R —Fh AT b FL R R o7, 40 s i vk P — e R b R ek B R A RN - R
Y ARG O, 912 08 T T S B MR 7 22 MR AN [ A 58 728 A 1) e 157 7 T

LRI, [ A AT S ) 2 R PR B 5 8 AR rh e IR AR (A A T8 05 T, anAS [l R PEASE =R | it
JEALER EREETS YL R S iAE AR A RGO I R, EAMBA R T (R A A ST
B FEENERMESRGE ™, AIF5EHR B R R R R Y 2R
R BT TR AT BE R AR i AR R ISRy UMY R R AR A 2R R IR RAE R AR
WAHBFEAE Y VTP IR RLTHE 4 Fh N TR0 E WX i DR T RE ) b 25 2 5, v i TR S Mk TR
HHRE ) it , Ui ITEIR AL 33 AR, T DAL S 2% IR R SS bR . e TR 3EIX, HRix AR ES RS
T A MRS B s MR = Y ORISR AR R A I W 22 B D R UER 22 S P
it — LR

o 2 S ] 2 5 DX YRGS % 73 b e R ) ITREAT , 52 S0 I R E IR S5 1A 52 M, PN S (] s B 3 70 A2 A
ErERTA] o D g 2o B TR AR 11 R R E Y EREN AR R T REE R
R R ) X SR BT TR X SR A E S R G T A 2 B VR S SRR A T 4R 1Y
WIS 54K, 2K 2B IEAS G 3R 45 SR P S0 AR AR AR g H 83, A 8R30S O AT
FE L. AT 5 LA FD ey dul v AR B i O BT 1K, 5 25 I A i i BT AR KOTE I IX R I ( Nitraria
tangutorum Bobr.) 457 ( Seriphidium kaschgaricum ( Krasch.) Poljak.) fE4E%E ( Karelinia caspia (Pall. ) Less.) .
VK EE (Bassia dasyphylla ( Fisch. et C. A. Mey.) Kuntze.) . 12 #2 ( Haloxylon ammodendron ( C. A. Mey.)
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Bunge.) &M ( Tamarix ramosissima Lour.) 6 FsLilEh A=A YIREVE M T AR ShAE A HEVE T 3R P it
TEUIREZAEYE BRUEUR FH 25 55 LA S A B RS A Y 2 B AR G R,  T % X 3 1 3R
BORBL TR b LA ) o3 A1 5 - SR MR I 2 A RN D R 22 1) 7 O R R AR A | o A2 IX el A A
PR T HIRE SRR

1 #MRERE

L1 S XA

TP 5% DX AN B 3 KB 7, 3t BV T 7R 28 86°03'—86°08", AL 44°64'—44°71" iz X Jad Ty KBt
TR T BRI, B LR MR, HIA R, TROWER A, P HRIR 6—7 C 2, fiom =
WRAE T B REE 24—36 °C, 5 IR BETE - 18——19.5 C ;40 FZ LI b &, 4R /K i P35
140—180 mm, ZEENHE 4—5 H . ZAETHZE K EN 1521.43 mm, 8K FRENTE 4—9 A AR &
) 88% . % IXHL T /KA, B AN, 10 22 RER L RIS £, S AR R A2, MRS IXAE
Yk =z HAKE, DLRAE A TSRO0y e B L 03 A Vs 09 =2 o Ul 4R AEAE
e ZZUKEE AR M 3% 5 (Alhagi camelorum Fisch.) /INWH83E ( Suaeda microphylla (C. A. Mey.) Pall.) |
A AR (Halocnemum strobilaceum ( Pall.) Bieb.) . /INi& % (Aeluropus pungens ( M. Bieb. ) C. Koch.) . X &%
( Petrosimonia sibirica ( Pall.) Bunge.) . £k JXJR ( Kalidium foliatum ( Pall.) Moq.) . %I ML %% ( Limonium sinense
( Girard) Kuntze.) %%,
1.2 FEMBBEE S RFE T ik

TR 38 35558 2kt FEF 20 47 LA b B R SR R B b, AR AR A M A M VR R SR R TR 2R R AL RN
TR L5 SRR BEPE T 3 Im) B33 R o AR — B0 ) 288 AEAE 48 (55 VK3 R FITRRAID 6 o il 7Y
ERAAYIRETS . SRR B (B BEISBEE 3 1 20 mx20 m AYRETT ) X 6 NREVE UEATAE B R AT, VR AT AL 45 A
PiFhs bk iR AR AR AR IR SRR LR 1,

K1 TREHED TSR R

Table 1 Description of plant species in the different sample

NE?, 7 A T;T NE?, S A AP
PR LR L) DL R ES UL RieF S
. L. .. . . Average height of Average canopy of
Sample types  Species composition( Order by the degree of dominance) . i . .
dominant species /cm dominant species /( cmXcm)
N FOR i Bt B /N B R AR 62+10.32 134x152
éu% u b x I ﬂ 1 /r‘-v I - i<y
S VEI?\/J\ IR e N E RN L N P S 5.48.44 13x12
ILE0
K FEAELE F AT /N AE | SR TE | R 32+5.54 38x47
B FEAL TTUR AETE5E 3x1.51 —
H MR EHUTUR LB /NS 815K 76+13.52 150x 110
T FEM EAESE /R 57+10.81 110x80

N: F#fil| Nitraria tangutorum Bobr. ;S: 267 Seriphidium kaschgaricum (Krasch.) Poljak; K:f£465¢ Karelinia caspia (Pall. ) Less;B: %5 %32 Bassia

dasyphylla (Fisch. et C. A. Mey.) ;H:## Bassia dasyphylla (Fisch. et C. A. Mey.) ; T: &Ml Tamarix ramosissima Lour,

F 2013 45 5 A wa), 0 BIHES A BEEFEHL N R 3 4> 20 mx20 m AUREDT  fERDRET BN 7.5 em
B EAELL S B4R HIRAE 5 0y 4 ( 0—20 em) FEATIRA, 38 AT A1 A K E B AR TR A 47 [T S0 6 2
i 2 mm G5, — I RAETE 4 CHTRUEMREE DI RE 2 A, 50— KT e T e e e . +
eI ATRAL R R LR 2,

http ; //www.ecologica.cn



4 A E = 36 &

x2 HMTEERELER(0—20 cm)
Table 2 Soil physicochemical properties of plots (0—20 cm)

o TKE AFE RS LB e Bl g A AL
FEHBZRAL  Water Bu?k PH Electri.ca.l Organic Totalnitrogen/ Alkali-'hydrolyzable Available Avail:able
Plot type content/ density/ conductivity matter/ (e/ke) nitrogen/ phosphorus/ potassium/
% (g/cm) ('s/m) ( g/kg) (mg/kg) (mg/kg) ( mg/kg )

N 6.43be 1.38a 7.94d 1.67¢ 7.22¢ 0.36d 30.89a 8.19¢ 387.87c

S 5.99be 1.42a 7.97d 1.84c 9.05be 0.38d 23.11b 9.40be 381.02d

K 6.28be 1.01c 8.86b 6.96a 10.22b 0.50be 18.08¢ 13.50a 387.87c

B 7.33b 1.42a 8.53¢ 3.36d 9.90b 0.48¢ 18.67¢ 14.04a 445.10b

H 12.07a  1.15b 9.08a 4.65b 13.04a 0.52b 18.13¢ 10.27b 467.31a

T 4.80c 1.37a 8.15b 1.68¢ 13.22a 0.57a 27.75a 12.93a 337.55e

R —3 R P A FE R R 2E R BE (P < 0.05),

1.3 S5k
1.3.1  HEsfb R

158 pH (R FH R AR R I , A ALK (SOC) SR FHE B RR 8 AR Ak - S In Akl 2 , 220 (TN) SR AT
S VAR , DA 2L (AN) SR BOR ISR DN A2 | 308 (AP) SR NaHCO, $2HC-ER BT i (- 58 1 o ol
JE RN AE |, AR (AK) SR NH, Ac JH48- 50l !
1.3.2 A YT ae 2 A

SR MR IR 22 REVE SR T Biolog AR SR (ECO) ISE . FREUVA S T 10 g Mt 4 5 A5 6f AR A
WA 100 mL JoR# 2% i 7K ( Nacl :0.67% ,KH, PO, :0.024% ,Na,HPO - 7H,0:0.086% , 1 pH {8 ) i =, fin
TCHEARAEZE , 7F 200 r/min F4R3% 30 min, 4% 1:100 Ho AR B Rl A A5 0, 3R 0 150 L, 5 42 Fh
IR M SR IS R 28 C L%, £50% 12 h i BIOLOG [ hi%Ck B 176 595 nm N &£ 3 144 b7
1.4 Bdukb 35k

A W A T T RE 22 R e LR B UEUR FH BE 0 R i i, LR SE I (6 A8 fE R ((Average well color
development , AWCD)) J5z B i) ff A 0 S AR TG R,

AWCD = Y. (C - R) /n

A, ¢ HEEFLIEYI OD {8, R xSl OD {H, 24 C-R N H(EHIHE A 0, F 7R %Ry L A0 i P ik TR 1% A %
R

T A Y RE 2 AR E S A S TP BT E A SR], FE EERR R (S) SRR T R S H
RV AR A ALK, D6 BE (R 0.25 JR B A (L AR BIME . ARSI .

F 5 B HCR ] Margalef $850(M) . M = (S - 1)/InN

Z R FE BCR H Shannon-Weinner $58%50(H) : H =— 2 (P, x InP,) ;

P EFEHCR A Simpson $58%50(D) . D =1 - 2 Pl.z;

YIS IR BCR F Pielou 8%0(E) : E = H/InS

K PSS i LIRS BE(E 5 X BRFL IO BEH 2 22 SO AR B A fLIOC B BE S 22 W Le (B, B P, =
(C-R)/ Y, (C-R) ;ML . P,=N/N, N NFEHAE Y B S NoRE D s R Y
HEE, PONEEAH L], S b YL

A5 R AWCD {HAE 96 h A T3 Biolog A rh iU 2E WY HEVE AR ZE AL, ik 57 48 80 nyiH 4 | = Al
35T (PCA) FRFM IR S o015 0 RE ARG/ 45 . MBS AWCD {423 0.6, 3X FE AT LA LA Bl £ 48
U R IEAAM FE BT Biolog MR ARR IR A BB , 1A% [E IR A R B 22 5221 LT SPSS 1.5 84 X34
P77 225387 ( one-way ANOVA) , Ff-H LSD vEiE1 722 57 B 2 MR 5, FIIH Pearson #H ¢ R EOTAN A 8] K+
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eSS
2 BRENNR 5 g Lo —
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20 BRI REE SRR TG 3 IR :j,j N e

PRI IR (AWCD) fERRCE IR i 55 | Y
HOAT bR . AWCD A7 fl ot (413 AR Rk %i N
B AWCD {E B T IR A —BRIB I B 5
REJ1. WK1 FrR, & RIS £ AWCD {5 ¥ Bl & B[R] < O b 84I9x6_'_1’(;8.120.132.144.
BRI T 5, e 2t A BN F R, WS R 1L Il Incubation timel
A B > AL A 58> R > 45 5 > BRI > 25 vk 3, 3 3ot B 1 RIS AWCD T
Xﬂ‘ 9% /J\Hﬂ‘ AWCD ﬁﬁ%ﬁ*ﬁ‘( %% 3> ’ ﬂﬂfﬁfﬁﬁ?ﬁﬁ Fig. 1 AWCD dynamics with incubation time

N H$ Nitraria tangutorum Bobr.;S: 28 Seriphidium kaschgaricum

F T HABRETE 0 0.59, HUCRAEAESERETE , ] 034, (Kuasch.) Poljaks K: /E4E5E Karelinia caspia (Pall. ) Less; B %05
TR, 288 RS LR AR E  FUKEERVE T F i ¥ Bassia dasyphylla ( Fisch. et C. A. Mey.); H: B 12 Bassia
IE(P<0.05) . HHILHT I, K[ RERS 2 I g ] cooriote Pkt € A Nea) T BERY Tamarte rmosisine
RS2 50 6, FoP M B B L R R R e
98, HAURACAL SRR T 55 VKEREREVR 5555 o
2.2 TIEMAEYIREE 2R T

XA YRR 96 h RIS A FH AR B B 1T Z AR R 03, Shannon 484 (H) AT LURAE 3 i
R Z R, Simpson F8E( D) 7] LAZRAE 38 vh 3 Wy BE 75 DL 345 | Shannon #6480 (E) AI LLSRAE -3 o fif
AEYIREIR A EE R 3 AT UL 7 2R R TR BORAL S E 48 8 I, B 55 vKZERE 7% 10 35 IR T HAB A & LU Ak (P<
0.05) , HAHE 7% 22 5 oA i 25 (P>0.05) , UhHH 1 BRS5 KRV , AR VR X LB RS2 R K, 7R85 BE 4K
b B W TR O 1,794 AR Z 0] 25 5O 36 (P>0.05) , BRI T BRZE S REVR ARV TR RE
AT

R3 TEMEMREESHEER

Table 3 Soil microbial diversity index

THIB %

i 23 ZREETREL PEsh B Fa 5L Y5 AR AL
Community type Average well color Shannon index( H) Simpson index(D) Pielou index(E)
development( AWCD)

N 0.182+0.054c 2.330+0.494a 0.856+0.073a 1.2750.170b
0.12120.003cd 2.625+0.358a 0.8970.038a 1.7940.299a

K 0.3400.066h 2.0120.124a 0.8600.026a 1.11420.164b

B 0.025+0.025d 1.277+0.733b 0.5810.268b 0.833+0.314b
0.568=0.112a 2.646+0.144a 0.917+0.010a 0.959£0.017h

T 0.074+0.005cd 2.771%0.121a 0.929:0.009a 0.8220.421b

2.3 IERCEYIRES MR IR A2 B

Fe Al PR A IR FORE AR A5 AR B 1Y 31 R 1AL 6 28, Sl 2 SR IRE ok AL S W28 Rm2E R G
FRMEE, P 2 A0 RS [RRL RIS SRR M Xt 6 SRR 25 5 B35 (P<0.05) o BRALZE  RARIEVE
A X A 5 FhBRIEUM] FH A2 2 e TR (P<0.05) s EAE SR v LRI E WX RS B IR
e TS R AR R 5 RN ZE 8 VR N SR8 W R AR K AL 5 W 2R 34 151 5 25 DK BE RN M RE V% 3ok
Pixt 6 Jeh IR A AR B Rk (P<0.05) o Horf Wt ffive HIEMUE XTI RS W28 ke P2E .
PRIRS | AR 2R M T30 ) 2 25 VKRR TR 1Y 3.3 % 2.5 A% 5.1 4% 3.9 f&% 3.8 A% 2.1 %, htwl
UL 7 6 R b RIS L S B 0 SR BRI A A R A5 LR AEAE S | AR IR 55 VK22
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VS O AR A AR, SR AR R AWCD (UL AR — B, BRI S , ok AL & Wy 2 PR R IR 2 2 45 #
Wit T RBAE Y 0 2 IR, OO R | RS W ARIR | e S RRIE A A FH A A 1K

1.4

1.2

1.0

0.8

0.6

FHBIEAE R AWCD

0.4

0.2

Fig. 2

ON
BB

Os LK
BH OT

FEFE A Community type

2 FEEYEEX LEBEMETE 6 KRR AERNZN
Effects of different vegetation communities on substrate utilization by soil microbial community

L, @iz L, Baw; I, Bokieaw; IV, Bk, V, Q&M% VI, Mk

R4 FEDREEWETELTEELE PC1FPC2 LHEBES

Table 4 Scores of all samples in the PCland PC2

FSr VAR 5y P < 0.05
Principal component ~ Community type Score

F4r 1(PC1) N 0.044+0.086 b
S 0.107+0.012 ab
K -0.073+0.064 ¢
B 0.134+0.052 ab
H -0.061+0.006 ¢
T 0.153+0.039

F T 2(PC2) N 0.125+0.061 b
S 0.093+0.013 b
K 0.102+0.061 b
B -0.060+0.009 c
H 0.212+0.020 a
T -0.020+0.031 ¢

2.4 HEERUEYIBRIE R FH Z R 0 8 AT

B A Y 2R S T RETE AR AR AL (ER RE S s A PR TE AR A PR AN B O R R W Xt
R IEBR IR A FHRE 7 022 5%, A B T 50 S i b 1 ik ol A 0 BRI AR T BE AR L 2 32 4323 ( Principal
Component Analysis, PCA)7E 31 Ff P72 By 2 A~ = Rsr B+, fE 3 a0, =05 1(PCL) o] LU BEPT A
AT 2 41.51% , F 53 2(PC2) W] LUSRRE T A7 A8 15 5 25 1 25.35% , RIT DTk Fik 5] 66.86% , & 3 4%
FEIETE PCL I PC2 LA B0, Uk 1 & BE TR i A 22 R 0K, PCL RN PC2 AR BB IX A3 A IRl Al P
T TR W REVE AR, FR AR 4 n Ll XS [RI RS ) VR IR E e PCL RN PC2 RS b AT O 25
3BT TE PCL b BRMIRE IS 1540 38 5 T HUBBEYS (P<0.05) , FAHI, 48 8 R 25 vk RE I8 A5 /0 A HL25 R 13 3%
(P>0.05) , MAEAE SRR I I8 W20 T HoM B V% (P<0.05) . 7E PC2 I MRREFE /3 & & T HALRE &
(P<0.05) , 55 UK FIAE MR 7% 25 Il (P<0.05) i HoAd i v 22 18] 22 57 A W 3% (P>0.05) . |3k 5 Al L, it —
G 557 RS BBl AWCD (EASOR DG 7 BT, BEBRAH GBS AR U, 76 31 A, 5 PC1 A

10 —e N .
—-©- S
—4— K A
05+ < B °
Q ——H
® T ©
&
w 0
IS o
[\l X
O
(=]
_0.5 —
_10 -
| | | |
-1.0 -0.5 0 0.5 1.0

PC1 (41.502%)

E 3 AEHEEYEE DIEREYMBIERNBIRS S
Fig. 3 Principal component analysis of carbon utilization of soil

microbial community in different vegetation communities
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KA 17 A4, oK EY2E 6 A, BRI 5 A, @R BB IRES 2 1, BREWRMMELRL 14, %)
PC1 &4 FAE B EERIFE MK LG, 5 PC2 MHEMA 16 4, FIEFRIE 5 4, KL EWR BEY
KRS 34, e RIS 4 1 AN, % PC2 2 AR B9 = 2a i 2 2 iR s, Ui T 78 =i o0
o DTERAE F 2 i K AL A WD R S R A T

x5 1TEHR5PC1FPC2HEXBENTERIE

Table 5 Main soil carbon sources with high correlation coefficients for PC1 and PC2 in PCA

FHAF 1 . F Y2 .
PC1 PC2

KA &H Carbohydrates KA &H Carbohydrates

a-F EE-D- AT a-Methyl-D-Glucoside L -0.579  o-FHE-D-HIFEH a-Methyl-D-Glucoside L -0.719
D-A W D-Xylose 0.746 D-H # s D-Mannitol -0.673
iR BERE T i-Erythritol 0.629 a-D-FLBH a-D-Lactose 0.520
N-Z Bt 3-D- I A-Acetyl-D-Glucosamine 0.938  FHMIE Amino acids

D-£1 4 — 4% D-Cellobiose 0.884  L-KAMWLEMR L-Asparagine 0.526
a-D-FUHl a-D-Lactose 0.752 L-Z N %R L-Phenylalamine -0.825
IR Amino acids L-22 %R L-serine 0.876
L-AEZ R 1-Arginine 0.765 L-7R & L-Threomine -0.703
L-Z P 2R L-Phenylalamine 0.565 H & WE-L- 5 E MR Glycose-L-Glutamic Acid 0.778
AW Polymers AW Polymers

a-F IR a-Cyclodextrin -0.991 ik 40 Tween-40 -0.758
FRARZE Carboxylic acids i 80 Tween-80 -0.866
D-EFLHE y-PI A D-Galactonic Acid-y-Lactone 0.954 JiFBE Glycogen 0.660
D-2EFLBHRERR D-Galacturonic Acid 0.749 FRRZE Carboxylic acids

v-#23 TR y-Hydroxybutyric Acid 0.662 D-2FFLHERERR D-Galacturonic Acid -0.528
K EEFR Ttaconic Acid 0.540 2-FREEFHH R 2-Hydroxy-Benzoic Acid -0.559
D-3ERER D-Malic Acid -0.876  4-FFFEH R 4-Hydroxy-Benzoic Acid 0.636
H&Z Amines HeZ Amines

K LK Phenylethylamine -0.754  JE W Putrescine 0.884
22 Phenolic acids I A2 Phenolic acids

PIBRER IS Pyruvic Acid Methyl Eester 0.523 TR B B EE Pyruvic Acid Methyl Eester 0.700
D, L-o-Bf2 H i D, L-a-Glycrol Phosphate -0.916

2.5 A[FEERA RO 2R

iR 6 FTLIE 2 AR FIAE NIV (Y - 5 BEAE RO 25 T AR TS (P<0.05) o 1R ZHREPERSECH
P EERR R b, PO 2506 R R IR VR 1 22 5 1 B 35 (H B35 v T HABRE T (P<0.05) , TEX 2] EEHE 4L
b FRLR S T AR (P<0.05) AR Z M1 22 5 235 (P>0.05) . MEWAR LA, 455 I8, 2R

x6 TRBLEEMEFESHEMEIEY

Table 6 Diversity indices for different vegetation communities

HEVE A F TR LR R E Yo R
Community type Margalef index( M) Shannon index( H) Simpson index(D) Pielou index(E)
N 0.691+0.224b 1.002+0.314a 0.563+0.325a 0.723+0.224a
S 1.171+£0.324a 1.052+0.325a 0.518+0.223a 0.479+0.315b
K 0.693+0.224h 0.679+0.225h 0.306+0.344h 0.379+0.224¢
B 0.420+0.311¢ 0.569+0.221h 0.286+0.3224h 0.411+0.223b
H 1.090+0.335a 0.949+0.322a 0.474+0.223a 0.488+0.322h
T 0.857+0.322a 0.917+0.223a 0.469+0.224a 0.512+0.221b
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X (P<0.01), K5l 0.851°", 0.877"",0.738 " , 5 +- 3R A= W L 34 3 45 BB A I8 35 1B AH S, M 0.786 # #
VL T R E Y 2R E S 2R R IEA OGO R U TE— BB BT Y 2R s, R
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Table 7 The correlation analysis between soil microbial AWCD or diversity indices and community diversity indices

it H F R EETREL Z R MR Yo BEREL
Items Margalef index Shannon index Simpson index Pielou index
AWCD 0.428 0.170 0.0789 -0.077
L G
ZHHHE 0.8517" 0.877"* 0.783"* 0.375
Shannon index
NP
i 0.786"* 0.772° 0.659" 0.294
Simpson index
Yo R

0.541 0.579 " 0.492 0.204

Pielou index

#P < 0.05; =% P<0.01

3 Fig5itie

FHRE IR SR P v T REERE A 2P ) e SRR . P56 AR K3 (AWCD)
BELE F7 I A SEATTZ RGN, R/ NUPAR IR AR > FEAESE > RIS @ SIS 25 0k EE , H2E R B3, AR
LR 7 1 AU P vd S BB IR A B 3 5 A — B, U] TR MR ARV LS E eV T 1, A
LA FRE S 08508 . 6 ZRBIE D Bk AL & W) 2R N BRI 28 02 6 FhAE w L S Ak Wy i = B IR, o
B IREWRARIRZE MR R R Al . M0 R 1, %) PCT A PC2 273 S A 1 A 32 2 U
BB YRR ZIEIRSE . Ui T RKAL S PR M SE RIS © i Vs (0 T A= W i 722 1l i UK
BRI, IR EIRETSAE Shannon 454K, Simpson $8 40 b, BR55 VKRERER , HABRTYIREVS (9 L SR BUE Y 2 B
ZESEARWINL  7E Pielou 8% L BREFEIEG AL 0 M E YRR A A B8 ), RIS R W R, 20
PSR BN S FE BCR A AT R, B0 2R AR MBI P B 3, MO A 3R W AR = 2 A
PEE AR RS IR E LR R RO B B IEASCSE R (P<0.05) , U] 1AM 2 R R
W, DIEMUEMZ R . BHOREE, T 5 DOR R R AR 0 IR MR 2 R B RS
Horp AR R T 1 B0 R T HA BRI U W) SR TE VEFI DI REZ AR I . Bk AL B R I Z LIRS 2 6
AR R A RO A v A A ) e TR

ABEFE R A FRIREE PRI AR (AWCD (8) RANBF R : AR > AEAE 58 > 1 > 45 8 > M > 55
UKEE, UL T BRI IR WIS T, LU Rt DM T RE 320 . AR SRBIF ST I, M W BRI A v .
BRI L " 0N, FL -3 L 2 e A DX [ 3 AR AR B AL R I (55 2) o nT LU
THERA B R (R AU SR, AN B TR T B e IR A A RS R ik
LRI R R R IR AR 20, ZRAHUREE S S0 LRE . TRERMIREE L3 A
BB G AR, 3 U4 SR Wy nT A B IR D | B LRI S AR R Wy DR M T BE 0 8 . Rt A
FEMu IR AT L (36 1) BEMDREE IR/ SR AR, TR AR BE PR RIS e IR, A PR A REE
A= AR R R S MRS R AR SR e AR KRB — B IE R GG AR, T L, 4R
PR RRUA A I RE ) 205 T AR MRS, o T 25 DKEERE TS 9 AWCD (AR, X J2 IR O i e v AL AR IR /DN, W 7o o
—, HO—AF A BAAHY) |, R ) T S A R BR IR | T LA PR v T PR AT
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& LI YIRS AR BRIE ORI, BFSERI R IR AR T LSO M a8 X 45 B s B AR TR 1Y
HIFIRE ST, 2R sk SE R IRAE AN [RIAR 28 38 P AR AN — | Jim 2 BB R T (ol A ke v v R0 R SRS i U )
AP AR, ARBETE R KA B YIRS 6 R v 9 25 S IR, R AR 0 R ¥ 722 1 Y UK
BiIE UL T IR AL S W0 I AT AR HLRE A e A AR G AR A B DR 288, 4 2R 1) - S v i ke
U2 E U A MUV A S FIDIRE . MR 1 I fRl A W 0 ) P R A, A B I v, i ] 1
I SAL S Wyl RE S RARME, WA 5 R IR 2 | TR RO SR i A R M R e 1) S LR
R A WA A5 2R IR AAE RS [ 5 RS 1) 5 FEAE ST I E WX I IR | AL RIS 2R M A T AR 85
e, UL T XS4l 5 W vl RETEIX L8 e rp S R A | nT REJE Ll b AR S 2 X el B ik A\ L
5 VKEEFVEEMIIE 7% LS A= MU XT 6 ZRBRIE A A PR 25 e A, U] 17 X AR 7 L BB ) ST PR AT
Xt A5 A IR A%

WFFERII S AEPIRETE 1 57 T v] 0 3 O A IR 4548 . ) Shannon 45 CRT Simpson $58UZ AT
TEVE WA B L AR 7 A 35 ) REBE Y 28 B 3 b, 2 H TSI R |z RV SRR PRI R — o TEARDTSE
th WHDR A AR ME A SRR E M Z R . Sl AR SE P BT R I T A R v B R, R A 2R
PhA SR RO B R R R R IR S ES | 2 (AR AR BT - SR MR TR T P 9 4
ELZ  SECERIE TGN, IR AT R BRI R IR R W E R B Ty, SR
WFFEEE S8, FHYRETS 2 LG W LA A= A7 10 78 SR TN R SRR, R A T R S R 5 4T
AR SRR R W IEACOC R (HR XWX Rl . DFI0 T AR R BEVE 10 I W3 T HE
FESEREVS R D AR 22 5 IR IR B — A K, 7ERTTE R, T4 AWCD {E S Y Z PR G EA
B3 UL T U YRS SRTE TE R Y 2R TE G, 3 AWCD (St T 3R WiV 1 SR IR
HHAE P, AR HAE YRR Z /0 TR AR | R MR i 2 (R A —E L
FEMIRE TR R AWCD [E- S R 1) b S A R B A BT R B R IR e B T
WA BB Bk, DS S B R BI AR G, b e mT DX 458 AWCD H I 10 75 N 2 #2555 18 T A B
SRR Z RN, AR A R SRR ECS BOKOR AU 2R 2 2 R IEA
KRFZ A WL L HESR I Je i LS E MR SRR Z N R, AP0 LR R E BT R (36 2) B
EVE SRR IRAR A HEOR, BARA YT & SRR  (H i Z (KB ) T e BEEE R, AR Xt i 9 14 4 P e
FEARRIEAR, U AWCD fHEAR, BATRERYCY | LAY 2 BS503R I, 1 4
PSR 2 (6] IS B 0 IE A OGS AR, U W] - M 7% 55 2B W AR L R e A W i v 2 e o]
UL ARICHIFE AR I, IR MR SRR Ry OKERRDL 8 v W AR 2R 23 WA 45 R 3R £ 5 A R 45
SR 5 MR S A S NS TR B AR UIAR O Rk AR ) 2 R I B T N2 A R

AWFTEACHI ] Biolog 308+ 5 X AN [F] R AR AR ARV SR W) SR BRI A 22 57, U T — € 4%
R o AR 7 1 X e U AR DI S5 P oh I AR PR BE AR VR 45 78 b M P B IR A A7 P R R AR A A0 25 5
{HIE  Biolog ¥4 HAERAE - e b PR A K B S IR A W0 1, ASRE B e - 38 b 2R R A8 1 B A= W 1k, B
T E I A YRR A ARG B0 ARSI, SRR A RETS T (0 SR 0 SR AR A 45 A it £k o
WEER BRI, BE S G B W B, LA KRS S5 R e B 7 iR it — A0 O i SR E e v
AT, RIS, U S B X e rh B AR AR W o e, T S AR AR A I8 - S A 454 B0 3+
HELE R AN LN Iy AT R A AR EAN TR 38 T SR A b A W RS 1 43 A AR H AT SRR
BERITFORE i — 20 45 - e DRLZE R R AR A WA v o0 AT B 22 SV SRR TS TR R A A i H S MR AR rh ik
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