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Abstract: The functional diversity of soil microbial communities was studied in order to investigate the effects of black
locusts and native species on microbial community diversity under different vegetation types. The soil microbial community
was compared in areas with different vegetation zones that were inhabited by black locusts and native species. We used the
Biolog technique to study soil microbial functional diversity. In this study, we found that introducing the black locust into
different vegetation types generated a large variation in soil microbial functional diversity. The trends for the Average Well-
Color Development (AWCD) and the functional diversity indices in areas with black locusts were similar in the steppe and
forest zones. The values for AWCD and the functional diversity indices, including the Richness index (S), the Shannon-

Weiner index (H) , the Simpson index (D), and the Mclntosh index (U), for the steppe and steppe-forest zone soils
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containing black locusts were larger than those for the areas with native species. However, the opposite trends were observed
in forest zones. Significant differences in the utilization of carbon sources were evident, particularly carbohydrate and amino
acid utilization. A Principal Component Analysis ( PCA) indicated that the number of carbon sources loaded on PC1 was
24. Carbohydrates, amino acids, and carboxylic acids played major roles in separating the principal components. The soil
microbial functional diversities were affected by the soil carbon and nitrogen contents, and carbon source utilization patterns
were influenced by temperature and humidity. The effect of the black locust on soil microbes varied depending on the

region, and this must be considered when evaluating its effects on soil ecological processes and functions.

Key Words: functional diversity; soil microorganisms; Biolog; black locust; vegetation zones
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Table 1 Basic introduction of experimental sites

RS B RN g oS 327 et T B
Sites Size/m Longitude Latitude Altitude/m Position Main vegetation
2 JE X il 10x10 109°03'E 37°04'N 1318 gk AL RAE T
Steppe locust( SL) 10x10 109°04'F, 37°06'N 1317 T W AT A BT
10x10 109°03’E 37°09'N 1321 7 T TR 28 B
10x10 109°03'F, 37°09'N 1325 rhgl W S
10x10 109°20'E 36°51'N 1213 3 BRAFE
HRIX S HHEY 2%2 109°03'E 37°05'N 1327 TP IS NS ES
Steppe native 2%2 109°04'E 37°06'N 1313 i T 7RIS
species (SN) 2x2 109°03'E 37°09'N 1314 B3 T B WG
2x2 109°03'E 37°09'N 1317 gk KR R G IR SE1E
2x2 109°20'E, 36°51'N 1201 3 IR SR B R Z8 M I AE
AR 5 X AR 10x10 109°15'E 36°49'N 1353 B TH FIAD FTEH AT
Forest-steppe 10x10 109°15'E 36°45'N 1154 bk FPm A R R AT
locust (EL) 10x10 109°15'E 36°44'N 1248 i BT KORSE e
BMREIX S 1 AEY 5%5 109°15'E 36°49'N 1354 il ARIF R BR e
Forest-steppe native 5%5 109°15'E 36°45'N 1142 g TR BRAT
species (EN) 5%5 109°15'E 36°44'N 1231 LR BT
ARARIX AR 10x10 109°31'F, 36°26'N 1324 I SR B R R B A AE
Forest locust( FL) 10x10 109°31'E 36°25'N 1382 7 BORIE B B
10x10 109°16'E 36°29'N 1411 3 ORI PR
10x10 109°17'E, 36°29'N 1367 k)7 LT FTH
ARIX S Y 10x10 109°31'E, 36°25'N 1391 3 1T et & e
Forest native species( FN) 10x10 109°31'E 36°25'N 1381 bk T EFEERE B
10x10 109°16'E, 36°29'N 1391 3 M BT &
10x10 109°16'E 36°29'N 1396 k7 P ER YT

K2 TREHERFES S TR T REFER

Table 2 The chemical properties of black locust and native species under different vegetation zones

‘ S S i THOREE Ak
PR Total Carbon /( g/kg) Total Nitrogen /( g/kg) Total Phosphorus/ ( &/kg) Soil Voisture
Sies 0—10em  10—20cm  0—10cm  10—20em  0—I0em  10—20 cm  temperature/C  content/%

SL 7681652  4.81:057a  0.42:0.08ah  030£0.03a  0.56x0.0la  0.54x0.0la  22.22:0.76a  0.04x0.0la

SN 701:2.082  4.92:144a  038+0.11a  0.28:0.08a  0.58:0.04ab  0.53:0.03a  25.91x0.48b  0.05:0.02a

EL 154586952  7.33:124a  0.88+0.36ab  0.46:0.04a  0.63:0.02h  0.59£0.02a  21.69+0.94a  0.07+0.0lab

EN  2025:7.54a  11.59+538ab  1.10£0.40b  0.7040.35ab  0.59+0.05ab  0.55:0.07a  23.19:2.64a  0.08+0.02ab

FL  14.01:377a  852:2.53a  0.82:0.10ab  0.510.11a  0.61x0.003ab 0.58£0.002a 21.10:0.88a  0.13+0.03¢

FN 42.49+12.49b  19.15+7.21b  2.08+0.54abc  1.03£0.31b  0.61x0.02ab  0.58+0.04a  20.72+0.73a  0.11+0.02be
RIS R/ING TR R 225 3% (P<0.05)

2 RS

2.1 EHERUE YRR ACIRE A LR R
AWCD ] ARG AL fR A WA ) R A A QI 30, 2 SR W 15 1 B R v D RE 22 e 1) B 2015
Fobn . ABEFERW], AR X S & HAEY RS AWCD (HA8 1k 22 50 (181 1) 76 13 d I EE SR, B
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B, FERFE X BRI RS AWCD B35 KT & HAEYBEE AWCD {5 ; 7ERRMR S IX JREAS # B 75 AWCD
52 +HPHEE AWCD {822 FAR/N (B FEFRAR X, ML P BE S AWCD 218 /N T & LY HETE AWCD
., HETERZLE B2 1020 cm 3 AWCD 2SR BE BRI, FIRE AT DL 53 s R X+
St A ARG P, X R R IX - R A G R R (AR AR X - S AR S R B R T
T AEYITEE
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12} 12+
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<2
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B1 AREEHERAESSEY 0—10,10—20 cm THEREY AWCD &R 55 B AL
Fig.1 AWCD changes with incubation time under different vegetation zone at 0—10 cm and 10—20 cm

22 HIERUEYIRER DHREZ REIE SR B

MRS 4 KA AWCD (B TF 55 4 398 ol 2B W F 9% 19 =F &7 B2 48 4. Shannon-Wiener 35 %4, Simpson 1 £ 0
Mclntosh $880( 5% 3), 45K, R)Z 0—10 em T A W #E 7% 09 3 & 1 48 5L, Shannon-Wiener $8 %8 .
Simpson $8 %A1 McIntosh FBAEARI G X 2 WA B 227 (BEANFRYF Z A GFEREEZR . AT
JREAR L I W BT ) = & B 45 %0 Shannon-Wiener 8%, Simpson $8507E 55 X MR F R IX K F £ +
YIRS, HAE R IX 25 57 0 2 (HIERRARIX HI/INT & AP RE T, 3R RIE b 25 4 2 J X - S8 9 D
PR, LA 0 35 4 i S U W) 2 e (BT R AR X RCR I AR o TSR AR L S8 ol 2 W A % 114
Melntosh $EEC7E R 5 X 8 2 KT & HAEYIREE  TERMERIX 5 & TAEYREE 2 7 AU R HZ27ERMRIX A
WE/NT S AR, 2 W R Sl 25t v i DXt Y0 ) R PR B2 (ELZE R AR XX s Y8 1) R FH R B ol . %
JZ10—20 em TIEHAEVITFE DI REZ PR UM A A 5 ER)Z 0—10 em ZBIEHEE—2 HIZ)2 1M
HEWIEEYE BY Shannon-Wiener 841 . Simpson 5501 Mclntosh $8E07E A [RIAH 9% X A9 Fh 2 (0] ERAS A AE 1 25 1 22
5, HAERRARIX IR 2 T e e o b IR AR 80U I ETS Melntosh #5405 & THYIRER 257 A %,
XA REE TR TR BRI, A B O, FLBR R ), IR Y2 BIAG YE W RS R S /N SR
PR 22 Sl A8 /)N S B SRR W e TR T AR B 1) 22 BR8N

LR 4 Fh ZFEVEREBRE T 2 UL I S e SR Wy D Re ARSI . DORIBRAE I RE I R | MG TR
Ty e R B 0 (NE S DX B BRARDC) | RIBRAE IR 7% + SR GUE W) T RE 2 FE TR IR A 35 84 AR — 2,
B5 2 RS LU R 0 2 e 1 R X SR E W D e 2Rk, ZDRRAR T ARARIX I A M D g

http ; //www.ecologica.cn



6 S % 38 &

FEbE.
*3 FEEHEXFRS S TENTEREDSFEER
Table 3 The functional diversity of soil microbial community under different vegetation zones
oy 0—10 cm 10—20 ¢cm
Stand H S D U H S D U
“SL 2.69+0.22h 11.91+5.89b 0.91£0.02b 3.16+1.58h 2.47+0.43a 10.62+4.11b 0.88+0.07a 3.08+1.08h
SN 2.24+0.50a 3.17£2.55a 0.84+0.07a 1.16+0.77a 2.29+0.63a 3.17+2.48a 0.82+0.13a 1.35+0.80a
EL 2.71+0.23b 11.86+5.15b 0.91£0.03b 3.10+1.43h 2.57+0.16a 9.78+2.49h 0.90+0.02a 2.39+0.42ab
EN 2.57+0.32ab  10.71+5.68b 0.89+0.04ab  3.09+1.18b 2.39+0.25a 8.29+2.06ab  0.88+0.03a 3.50+1.52h
FL 2.79+0.24b 13.8+6.29h¢ 0.92+0.03b 2.96+1.03b 2.51+0.41a 10.50+6.40b 0.88+0.08a 2.80+1.30ab
FN 2.97+0.17h 19.64+4.72¢ 0.94+0.01h 4.99+1.27¢ 2.66+0.27a 10.22+5.09b 0.91+0.03a 2.60+1.59ab
b fh 2.73 0.97 5.19" 0.00 0.37 7.96 " 0.53 0.82
HHIX 9.91*** 17.88*** 9.30*** 12.05*** 1.35 3.94" 2.02 2.12
Wy = AKX 5.75*" 11.24*** 7.81%* 14.89 *** 0.98 475" 2.10 7.57%*

a FREHE T ZEER b TR WA Z T ENER, a FRGIAR/NG FRFRER B (P<0.05) ;b H o+ FR 0.05 KFBEESR, « = Fm 0.01 KF
BEER, « « = FR0.001 KTBEES

2.3 HIEGUEYIRE S IR TS B b

SRR AE AN [ AR B XX - S AR e v B U5 R P 7 2 B S e AN [R) (BT 2) o I A A 9 A b 6l Al 9058 70 AR FH LG
B R AR , B CH(#E2E Carbohydrates ) >AA ( ZFEHRIE Amino acids) >CA (FRRZS Carboxylic acids) >PL( £ %
Y125 Polymers) >AM (%2 Amine) >SMM ( Z 128 Polyhenols) o BRI 5, WS R R IS0k IR 2 45 4 45 1 35
TR WA Y S 2

RIREAE Y RE T R, BEA T i | e R e 0 (B S DB ZR AR X)) | M RR AR Y 7 L3 ) =
I A B 5 S 78 DA i X ARSI | sk U0 380 AR i DX R AR AR X 2R N SR R S, X T[] — A B X, i
DRIBRARAN & - AE Y RE T8 330 W S SR PRSI, SRR AR -3 B ) i DA SO B i i T & AW
RETS s RO X AR ARAN & AP RE 78 S SR W08 1 SR PR N B 2K, ELRH R 5 i) ) T SR I A
25 s ARARIX IR AR - S A ) 2R TR FN = IR, 1T & T AR 7% £ 2RI TR H 2 TR
7T B IR A FH AR B s T N IR

2 FEEHRFRS S LEY T EMEMRIRER A

Fig.2 The carbon source utilization by soil microbial community under different vegetation zones
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2.4 HHERUE YRR B USRI FH I 3 RS b

FIFRE TR 4 KIG W fLGE B (VAT E 00 (PCA) SRR 7 A~ F a4, B simkR s 5] 79.
549% . H ST KA (PCL) BT Z Tk %N 39.06 %, 5 — 4 (PC2) T £ 5Tl R K 15.22%, &4
[ Rk IX ) 2 JR A543 O 5 2220 Wr 2 B, L PG PC2 X485 A BRAE R, I X A3 8 5 1) A T2 0 B T A el [
3 AL PCL A3 fEE B 3 25 55 (P=0.004) , PC2 1R ANFAE I E 25 5 . 7€ PC1 1543 I, SN F1 SL SN #
FN Z B 7E 35 25 5 Hh 4 b B2 IR A W5 25 5% ) 76 PC2 1940 b, S AL Z MR ETE b 25 57

PC1 #RAHE R T 0.8 BUBRIE S 3 Fl ZIERR2E 4 Fh JRIRZS 1 B, e2e 2 Fb | - BRRIER FH S0 b
F EFRIARIRSE , PC2 A KT 0.8 MYBRIF -FHE2E 2 B, EZRRIEAH RO . Br L, 76 2 5

43 PP R AR A MR R
2.5 SRHII T B P RETE TR 2 RE M R R 15
P YEN XL N
X4 4 R ITHB G AWCD (.S HDU osT
SEREEE TR I 4 BOR B 8 f 1 .
BRI S L e e n D0 bt W
K b 19 2 PR 2 TE ARG 2R, 5 - 4
SR A RIEEF, P A S A R 45 50 sl
b R SR RE 2 18] A S 1k B K FCLG9.1%)

-, Bk McIntosh FEEIM A 4 D ZFEMEFEPR SH FIR m3  REE® R R85 S + 9 + 5 B B 4
JERBERIC, AWCD (M F & B80S LIS ka9

I‘E_IJ *H 9@,@ ﬁ% EE Jﬂjﬁf 95[] j:i%é? ﬁﬁf}% j:ig %/E + j%/ﬂ%'l Fig.3 PCA for carbon source utilization of soil microbial
E 3 ﬂ’ T i%ﬁ%;’( EE % %‘:1? 7§ ljJ ﬁﬁ g Flé‘[ﬁ E /‘J %ﬁ " ﬁ iﬁf j( T ig /H’\7J( communities under different vegetation zones
TR T IERE Y T

R4 IERENSHEEERSHERFHEAXXR

Table 4 Correlation among soil microbial functional diversity index and environmental factors

N . , TS KR ; ; B
H R i 2 2 SRR weme e .
Correlation coefficient Total C Total N Total P i Temperature Humidity

content temperature

AWCD 0.397 0.438" 0.202 0.485" -0.545"" 0.400 -0.610""

S 0.523"* 0.528 " 0.403 0.460 * -0.657"" 0.503 " -0.806 "

H 0.456" 0.442" 0.399 0.339 -0.637"" 0.395 -0.677""

D 0.438 " 0.427 " 0.270 0.217 -0.451" 0.313 -0.639""

U 0.488 " 0.485" 0.367 0.238 -0.401 0.309 -0.711*"

* , P<0.05; * *, P<0.01

IR PR IR A FH S Y S PRI A A S X R AT (CCA ) S5 RANIE 4 Frzs  BEISRIRIEORI - et 2
IR R IEAOCOC R, 2 A AR IR B Ry, W A Y T, S R R 2 R 22 A 7 T R v 1 [ A A
i R IR AN e 2 2R MR IR, 20 AR IR R R O, R ek SR e R e
JERHI AT R R/ R DAY ST PR Rt L AT s T A AR A DX, AR DX 5 K R R L 3 R
e T HABAR DX, ph R B K Bl I R R R B R 2R B A AR

3 it 54R

HIAAR ) AT L3 1o 1 e T4 14 A RO - S W R v 2 H) , R T S WA B R A A S R S B 3 S
RERHFE AL R X AR A R G M 5 TR AR T BN, AT R T MR SR W, IR LA ) BR S5 B0 B (A
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Fig.4 The relationship between environmental factors and substrate
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Fig.5 The change of temperature and humidity under different environmental gradient
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