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Abstract: In order to study the characteristics of soil microbial functional diversity in mid-subtropical forest and their
changes along an altitudinal gradient, Biolog microplate analysis was used to investigate into the functional diversity of
microbial communities under three vegetation zones in the National Natural Reserve of Maoer Mountain. The vegetation zones
were_evergreen broad-leaved forest ( EBF) , deciduous broad-leaved forest ( DBF) and coniferous and broad-leaved forest
(CBF). The results showed that the functional diversities of soil microbial communities were significantly different in

different altitudes. The average well color development ( AWCD) of soil microbial community which reflects the utilization of
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sole carbon source is taken as an important indicator of soil microbial activity and functional diversity. The AWCDs in
different vegetation belts increased with culturing time and decreased gradually with the altitude in an order of EBF>DBF>
CBF. Soil physical-chemical properties in different vegetation belts along an elevation gradient were significantly different.
Soil pH and total K were monotonic decreasing while soil water content was monotonic increasing. Shannon diversity and
richness indexes of microbial communities in EBF were the highest, followed by DBF and CBF. No significant differences in
evenness index of microbial communities were found in different altitudes. Carbon source utilization was significantly
different in different altitudes, where EBF and CBF were the highest and lowest, respectively. Amino acids, amines; and
esters were the main carbon sources. Two factors of carbon sources were identified using the principal component analysis,
explaining 40.42% and 15.97% of the total variances, respectively. The two factors were separated mainly due to carbon
sources of esters, amines, and amino acids. Correlation analysis was used to evaluate the correlation, of soil) physical-
chemical properties and microbial community functional diversity. The results showed that the Shannon diyersity indexes of
the three vegetation zones were positively correlated with TK at the most statistically significant level of/0.01, negatively
correlated with soil water content at the most statistically significant level of 0.01, and negatively correlated with TOC, TN,
AN, and AP at significant levels of 0.01 or 0.05. The correlation between soil physical-chemical-properties and microbial
community functional Shannon index was significant. We conclude that soil physical-chemical properties and microbial
community functional diversity along an altitudinal gradient showed some regularity. Different TK and water contents in soil

could be the main reasons for the variation of microbial community diversitysin the soils under the vegetation zones.

Key Words: Biolog Microplate; community diversity; altitude; soil microbe
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1.1 BF5E XAEL

R H A T PEHE I 1A 90 DOREAR T 2 22 EL AR LI 1R 2 9 A SRR 711X (25°48'—25°58'N, 110°20"—
110°35'E) , FIEHER 2142 m, 2 DX & A 030 20 000 5 AR 24l 12.8°C P37 A e (R e e itk o0
549 2.0°C F1 21.8°C s AEEIRHXHE AL 92% , ZAFEAEHIREAK 5 2509.1 mm, /K F 2L 78 5—6 1, AL
PRI 1 26 K A O EAR RO A8 AL I . YRR SAAA R UK Sy i S R bR ¢ 6 W ol YR S bR i
TR AZ AR o LU MR LU TOTP8E e AR o St S 28 A0 Sy v Ly by 1 39 DALy 213988 32 il A6 1 5 KUk
.
1.2 BT
121 RIEEEACRE 540

2014 4 8 A, ZMREZ M AT W ARE LY/T 1952—2011""" 4351 18 BUH 5 3% Ak ( evergreen broad-leaved
forest, EBF) 7% M-I JEAZHK ( deciduous broad-leaved forest, DBF) Fl4l &R A MK (coniferous and broad-leaved
forest, CBF) 3 FivAACERAE M MARE BT 7R MR BCE 3 1> 200mx20 m A, BEMIEAE AL ILER 1, 78
FEAFERL R FHMEAE 5 ST REMBTETE T 0—10 em 138 RGN T4 18E 28 A S DA S vk
FIORIRAR o B L AEA PISC IS % 5408 2 0, 1 i 2 mm 0 5 TR 49C VKRS ORAF , FH T L3RR W I e AiE
W2 ;55 1y ARRTIEE 2 mm Fi , T 3EHA0 M e
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Table 1 Basic condition of plots

oI

HBH HhI AR

. MR /m . Y/ (°) etz &y TR
Vegetation . Geographic | Stands . ) .
Elevation . Slope Soil type .. Conditions of vegetation
zones coordinate origin
, T ATE Manglietia chingii AT Schima
foesdinl 110°29'11"E - - X .
}T[;fl At 1138 25952/54"N 18 11 b P 158 FARAR argentea IR Castanopsis faberi | Ak
HY Rhododendron cavaleriei %5
SN 2k X Cyclobalanopsis multinervis
Yt 110227'57'E - i o
;ﬁ j:l*; gBF 1562 259541377\ 29 Ll by B 4 PR 2151 RY Rhododendron haofui .
e WA Liquidambar formosana 55
Bl #AZ Tsuga chinensis
£ FTR AR 110°26'01"E s s S Cyclobalanopsis oxyodon
2042 3 IR 7 K ) . A
CBF 25°53’48"N s P e - WA T FH#-BY Rhododendron farrerae |

BT Fo argesia spathacea &

EBF. ¥ SR evergreen broad-leaved forest; DBF; P& MR ZEAK deciduous broad-leaved forest; CBF: %1 IR 3EHK coniferous and broad-

leaved forest

1.2.2 R O

ok R T 5 2 B L 2 4 1 R RO Ak 2 4 AT iR ) O R R AR N R A AR A ol o o
LY/T 1210-1275—1999) 2" | 43¢ pH {H FH/AKIR PR AL (K FHe Ry 2.5:1) 5 38 & 5 7Kk ) 2 2R 4t -+
25 TISA LK (TOC) M5 2R FH E AR TR AP AN IS ; 2R (TN) 2R FHE i Bl s AR (AN) SR HTTs i 4™
O s 20 (TP ) FIA 28 (AP) SR AARBR BT L35 280 (TK) FEEALET (AK) SR KL,
1.2.3  TIERA RIS D RE 2 R Bl e

FREL 10 g Hrfif HAE AT 100 mL 0.85% JCFE NaCl iE A9 = AR, 310,180 r/min, 28°C %% 30 min,
#E 2 min, BT 2 mL A 18 mL 0.85% JCH NaCl % b, it F A Fike 1 vk, 145 1:1000 A2 BURK
B 150 pL iz b BR324 AR i B — LD S A A ar (AR BT 28°C I TH R IE F2 48 Th 3% 3%, PR 24
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N T BRI RN AT 22 5 AT R AR 7 96 h (688 BRI R AT 5 B3 0 M M g B A 2 R
T&EITHT, Gt oM R Excel #1 SPSS 17.0 #47

2 HRE5HH

2.1 AR[REIGRAE G T EREE

W5 R0 B LT, 3 Rl by S B A M o R B S TR) A AR AL R 3 (3 2) T B pH B 1Y
TR U R A T 3 K R R (R B NIRRT i Al A T 2 e
o1 TOC TN AN TP AP Fl AK By 506 B I FH3 2 35 R 5 Lo 35 TK R 3 i i #a %, ToC
TN AN AP AK 2R 4L LA AHT] , B CBF>EBF>DBF

R2 ATRIBHGEEES LETSEAER

Table 2 Soil physical-chemical properties in different vegetation belts along an elevation gradient

R EPS SR 2N 2P 2K AN HRL P HAK
Vesetation helt pH Water TOC/ TN/ TP/ TK/ AN/ AP/ AK/
egetation belts

# content/%  (g/kg) (g/ke) (¢/k) (g/ks) (mgkg)  (meg/kg) (mg/kg)
TR AR EBF 4.37+0.50a 39.19+3.43b 108.12+9.63b 7.82+0.69bh 249+0.15a 28.72+0.19a  633.47+81.16b  4.13+0.81h 129.90+17.98b
P& IR ASH DBF 3.84+0.12ab 39.80+3.29h  51.91+13.48¢ 3.87+1.14¢ 1.05+0.20¢ 24.15+2.02b  496.43+165.05b  3.67+1.55b 78.17+6.88¢
ETFERESCHK CBF 3.57+0.06b T1.22+224a  39274+1143a  20.34+0.42a 2.03+0.08b 5.26+0.10c  2095.50+93.45a  38.67+2.59a 200.73+12.02a

[l — &t TR R R 22 57 83 ( P<0.05)

2.2 AR SR Bh S R 1.00 .

2.2 AR Y R4 RO 2 A L | e
THIFAAS LR AWCD) W SR R Xt -

s BRIRIG R ) e LR s e e 82 0

FERER T 4R ort 1 AT R AR AWCD 53 040 |

R OEE TR, B IR BRI ) % oo |

BV AR RN S A B . 648 b IERE 2

Wt PESE N e B2 221, 48 h J5 T iR RIS, £E 96— #4420 9% 120 144 s
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ANTRITEESROAE AT 4 b SRl A= W 0 B8 — i 5L RE 3 I Bl REERS I RRENHEOFHRe TR

J—‘? j:l .EBF>DBF>CBF, Fig.1 Average well color development of soil microbe community

e — N in different vegetation belts

222 AIRPEYA FIBBRA RS AT NG /J\E?ﬂlﬂ?%ﬁﬂ%( P<0.05) ; EBF : # Z¢ Bk evergreen
AL PETORE Eoo B L 31 FMBIRTT I 6 1 1eaved forests DBF, 5 5 18 1 15 5 B deciduous. broad-Jeaved

X KA G EIEIRIE TEIE . S MR RIR  forest; CBF. 41 FIRASHK coniferous and broad-leaved forest
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FHRRIE A g e, i3 3 nln, BEE R BT B T 2 BRI IS, AN TR AE ity S ol A= Wy ok
FiAty 4 SRR IR AR 22 57 3 . AN TR BEATT e AR My 0 A [a] di DA T3 S B — A9 ML, B EBF >DBF>
CBF, EMRUL, ZIEMRIE IR N A L TR Yy 32 2R, YO K AL & I FR IR,
(e INpAIPIE S S\
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Table 3 Carbon source utilization by soil microbial community in different vegetation belts

TR Y R ES AR fif2s [[FES &S RIS

Vegetation belts Carbohydrate Amino acid Ester Alcohol Amine Carboxylic acid
W2k K EBF 0.780+0.116a 1.270+0.219a 1.106+0.094a 0.654+0.061a 1.213£0.153a 0.800+0.044a
P& FE IR A AR DBF 0.591+0.067a 0.926+0.336a 0.758+0.155bc ~ 0.483+0.178a 0.697+0.420b 0.560+0.014b
£ FTRAE M CBF 0.576+0.088a 0.925+0.067a 0.677+0.136¢ 0.622+0.021a 0.51420.066b 0.549+0.006b

[R]— 3 Bl R Rl 520 36 R 25 573 .35 (P<0.05)

2.3 HIEMCEVIRES DIRES AR BT

B FH B 2 5 B2 220 BE M 2 R SRR MO TR R e B AR — B T L0 Bk S RUE Wit v A1 ]
RIS AR , WSO T AR e B D RE AR . ARG TSR 96 h i) AWCD {ELVH5 A5 2K [R) A ity 3 ol A=
PITETE Y Shannon $R8K F & A HORIY S AR (R 4) o SRR BEE S - Tt 25 HHHT Shannon $5 4K
46 AR RO S 3, M A IR R A B

R4 TREHELEMEMRFE SHEIEES

Table 4 Functional diversity indexes of soil microbial community in different vegetation belts

L BEH Shannon F5%% FhEIE B R AR
Vegetation belts Shannon index Richness Evenness
LRI AR EBF 3.0720.03a 20.00+3.46a 1.02+0.04a
P R A DBF 2.97+0.04b 12.00+5.57b 1.29+0.34a
BRI ZSHR CBF 2.61£0.05¢ 12.33+0.58b 1.14£0.01a
[ —Z B R [ 52 RE 3R R 2 57 ik 3% (P<0.05)
2.4 HIERUEYREE G IIRE A o b 20
HURHEE 96 h (19 AWCD fif XPARRIGR R £ 1) s M S
SR ot B — B IR P AR R E AT R s L O . 4 SHAIRZH
2 WA 5 G SRR O d0.420 B2 & 5 OO .
WIS 15.97% WP RS Rtk T 5 O ;
7200 56.39% . 15 PC1 Oy AR AHAF ARG T | ] .
W 5 5, EBF 7 TR, 43 0F RAE 0.75—1.81 2 | o
6] ; 1] DBE MNGBF 35 47 F 5 0, 45 50 REAE 0.01— . N
—0.923 [i] (A PC2 F7 1], EBF 75 IF 3t il 4 3 39 4 43 -15 -10  -05 0 05 10 15 20

PC1 (40.42%)

A, DBF 2907 T 4713 , 1 CBF 4307 T 135, 4 3 AL
IR RS TR AWCD [ESOHISE T, 76 31 f B2 RESHEEEES T RS OR R ERS S 47
@%(}E EF' 5 PCl & %*ﬁ % E/‘J ﬁ 17 /l\ , /ﬁ\: ':F' 16 /l\ ;3:.5 F )FH Fig.2 Principle component analysis for carbon metabolism of soil
3‘% ’ EE% 7% EE‘ % i ;%Ai@ﬁ % \@ % %ﬂ ﬁ?)ﬂdj( ﬁ(, % % % ﬁ;‘)ﬂ( //ﬁ\ ) 5 microbial communities in different vegetation belts along an
PC2 B EMCHIBRIEA 5 4>, W IEAHSC, 2N &Ik
Rk, T UL, A3 A S TR P R ek R IR,
2.5 HIERACTE RS A Y DI RE S TR R A G B

TIPS IR E W AR R BNE SR Z A SRR IR R . O TR e AR S A R

elevation gradient
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ZAEMEZ A OC R AT 1 3B BT 5 U Wi v 22 REPE A DGR3 BT (3R 5) o iR 5 T, ik
YIHETE TN REZ HEE Shannon F8405 3 pH TP Al TK Z [H] B2 1IFEMC KR, 5 & /K& . TOC TN AN AP Fll AK
FRMMIEICRE, H, Shannon F850 5 TP A1 AK LAFM 8 Ath - 58 Ak J5T 22 1] (1) RH S 138 3] Jnd 2 sl b dnd
FKV o FE R BONI S FEFR B T IRAPE BT Z A GV AN 2 . AT UL, IR B S -
A=W HEY% Shannon $8BC% VIAHOC , S 38 A [Rl VAR Wy T3 2R Wi vk 2 ek 22 i BB

R5 TEBEUMRSHEMEEDESHENEXES R

Table 5 Correlation analysis of soil physical-chemical properties and microbial community functional diversity

A~ N=N
N N w 7 N [ [ iy
il S RERER B G R s aN &P &K REN REP  HRK
Functionaldiversity indexes p ate TOC TN TP TK AN AP AK
content
Shannon $§%{ Shannon index 0.822**  -0.859** -0.772* -0.740" 0.185 0.905**  -0.822** #=0.850** -0.648
£ 5 EFEH Richness 0.519 -0.360 -0.254 -0.196 0.587 0.501 -0.289 -0.362 -0.021
Y5] FEEHE %X Evenness -0.228 -0.088 -0.131 -0.176 -0.559  —0.093 -0.101 0.045 -0.302

* P<0.05; * * P<0.01

3 e

3.1 IR AR SRR AR TR R

B2 R B 1 T R 2R A S A R DR -t A e, A It B TR A R IR (0 25 RO R B —
BB ABIFTEH, AN TR) T 3 B A 5 A I &5 SR W, BB M A0 1% T, pH R TK 3 B 36 sk 114
BT HEE K R W N A R, K A R TR TR R B A DR M O, Rt AR T B
T SRR TR R AR N W K R R B A R A A, TOC TN (AN TP AP FIl AK Bifiiff
WRRRE BT RIS TR LT Ak 3, HoAe AR 3R gy 19 A8 fb B AL A H] , B CBF>EBF>DBF, TOC
TN AN AP AK %+ 3520 & e e e M AN e 1, 1T B S5 1 AR A0 R 9 s A 560 HLAZ i B 1%
Wi 27 B TR A ARG, SRR A A TS SN ARSS |, PR TR W B AR NS TR AN T 3R R AL R
3.2 IR IR MR DI RE AR A5 MR

MR R T R AEMRE SRR R AR Z iBSOE rh — N EBE RN R IR R AR
b R S ARSI BT IR Ftl & A i, b T 5 L L 3 W TR 2 REVE R S SR A2 P8
TR T LLAS [T B 179 = R 3 M A W e R 6 M A TR 9T, 2 30 - 3 A A 0 ke i VA 344 o ot B
SIS, N A S G BT B XS N AT, 235 S 2 PR B I 44 T i 328 il 1 A 7 2 AR S e A 7 R Rl X
Sk A DR S A M BB R T, AR AR R AR SRR X - R A VT OB 1 AR Ak
FPWF5E , 2 B0 L3000 P A 0 e W VA 100 TP o T S 1, i VAo 5 T 8 v A8 Ak ) - B8R B pHL A HILA
MAe RS HE R A T, AP as R LN, AR LT, 2RV BEE N AWCD [EZ #0525
T3 S P ARG AS SR — B, HIERUE WY Shannon 48 8, T E RS B A $ 2 EBF i, DBF IR,
CBF fefiX, BIEIRIS G2 A S A By 3 A W %) =2 U5, HUCOA oK b B 2R R RS B 25 1)
FITIEEN . SOIRF AR B PIAS 3 8005 B RE MR A8 1 7 22 1Y 40.42% 1 15.97% , 7% 3 805353 85 ke &
FEGTAR MRS B SR IS RIS R . TR 2SR 5 LA ORI 2 MR 1 A b (14, iR 2R HAR i 1k
() =Y, SR A ML EE B A R 4y, SR AR R 1] RN B R TR AL I 2
— U0 MR AR AR, R ZBUR R IR IBR A A . AR AEC BRI T AL IR RIS M Rl 4l
B VR S5 A8 B R 2 BRI R B A S R, 45 SR 2 B 1350 m DLW A i B R 2o R R S B B 5 1
TR HR AR B 1 1 T T R e A, L r R A 3 T8 OB [ X R 5 1) 2 RN 2R S e SR R R UL R
FAR Ak 5 | A SR (R el AR | SE MR AR AR 2R 1) 50 W) , 5 35 SR M T ke A i, a3 ) - R A W RV
[ZEZE 2 EIpaes AN
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3.3 BMEFRILERRS R MR T RE AR R A e

e A WIS AR S R A TR TR A D6 S ST X B LA TR R B Y
T IRE MRS Z R TSR, R I A SRR A0 B B T ARORE B T T U, R i A [ AR SR R
KL FE 22 R INE R, AT Ss R LM, BE R L TF pH A1 TK 52 RS A Y TE 2 RE
Shannon F8%05 TK 4% 2 3 IEA 5, 5 & /K& TOC TN AN AP 22 [8] (A0 S M i 3 st 8 38, H o i
Ko FE EEFRBURY S AR S A R HERAL M B 2 (] A DG MR S AN B2 S K R 5 ) S EOR v 1 A
ST SEMTRE IR T AR S H IR S E i TE Y L BEE T R LIRS R A e Y Sk R
Fhiass, JuHAT FRTR MO 1= 356 A L1 M TR U8k |, R R] A 1 5 R T fal 2 g O W R A 4 1) AR AEG,
5 A Y REZREME AR . 18 TK T2 s B P E 1, Deng 254 Xk 1 $iy b [X 21 HE A1)
YIRS S5 R DI BE 2 RE MR A TR SR, 2R AR A B 25 = i ) FH D7 SO0 S P8y i IX. - 390804 P s 1 53 T
B, BT T SR X SR A Y b e A 1 2 ) A A R, & Rk S A TR B R
AN > S B > ELEA T AR R AN R AR 1 R T, AR TR R R R TR 2 £
HZE WA I H TSR, 3 TK & 88 &K 8 S5 5E Y #EE 281 Shannon 18502 2
ERIIEIER AT, 48 TK B 8 K & n] AR AN RV R - S SR W RIS DIRE 2 1 25 S i) R 2 JR A

25 LR BEE VR R T, - PR A I o R - SR W TS D R AR AR R I T — o A
T IEGRE YIRS AWCD {8 BlVESRBR BE BN, Z R T8 B S A 3% EBFSDBEF>CBF, 78 3 43 43 125 Hhle
FE TR AR R IR IS BRIt . 38 TK Rifivgdk b H 52 F B3 S R W iE & Z 8% 1Y Shannon F5 %41
Z ) AR IR ARG . 4 TK BV T Im sk , v RE R A R R R R Th e 2 22 5
M FZRE , FIEMEYE A TE R HE Z R, RN S R E B N5, WF5E HIEHE YRR
Z R REEARS BE AR A B e 7, X T8 s AR ) REE ) Z [T SC R LR, ABEFEAUFI T Biolog f°F-
MREEAR AT HT T 5 25 1) £ R VA D e AR M Bl PR AR AL R | SR 20T LAZE B o T 2 A - 3
filg=A 5 5 2% B BTt — 2548 7R vh 3y AR TS R a8 U E WV AR (L LB N ) A S 20
Be 7 2 (Rl A AH 1

Brigh RGP LR PN AR 28 L SO R A 00 R B x5 A 3 B Sl P e AR an B S HOR
F B R BRI AE Biolog AT -4 T 15 B
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