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Soil microbial functional diversity of different altitude Pinus koraiensis forests. HAN Dong-
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Harbin 150040). -Chin. J. Appl. Ecol., 2015, 26(12) : 3649-3656.

Abstract: In order to comprehensively understand the soil microbial carbon utilization characteris-
tics of Pinus koraiensis forests, we took the topsoil ( 0=5 ¢m and 510 ¢cm ) along the 700-1100 m
altitude in Changbai Mountains and analyzed the vertical distributed characteristics and variation of
microbial functional diversity along the elevation gradient by Biolog microplate method. The results
showed that there were significant differences in functional diversity of microbial communities at dif-
ferent elevations. AWCD increased with the extension of incubation time and AWCD at the same soil
depth gradually decreased along with increasing altitude ; Shannon, Simpson and Mclntosh diversity
index also showed the same trend with AWCD and three different diversity indices were significantly
different along the elevation gradient; Species diversity and functional diversity showed the same
variation. The utilization intensities of six categories carbon sources had differences while amino
acids were constantly the most dominant carbon source. Principal component analysis (PCA) iden-
tified that soil microbial carbon utilization at different altitudes had obvious spatial differentiation, as
reflected in the use of carbohydrates, amino acids and carboxylic acids. In addition, the cluster of the
microbial diversity indexes and AWCD values of different altitudes showed that the composition of
vegetation had a significant impact on soil microbial composition and functional activity.

Key words: Pinus koraiensis forest; altitude; soil microorganism; functional diversity; Biolog.
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(41°41'49"—42°25'18" N ,127°42'55"— 128°16'48" E) ,
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699 ~937 mJ3 A7 4 [ M- LA AR, o699 m F2 2 AR
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Table 1 Physicochemical parameters of soils at different altitudes

fb 3 o A AW A AT Bk G &S pH
Treatment Available N Available P Available K TOC Water content
(mg - kg™") (mg - kg™) (mg - kg™") (g-kg") (%)

I, 407.75 68.17 488.04 71.33 50.79 5.41
I, 372.75 50.20 554.88 59.44 43.96 5.23
I, 418.25 53.89 403.32 65.39 38.03 5.62
o, 278.25 41.20 422.52 101.05 27.97 5.35
Ir, 530.25 54.95 1027.08 77.28 57.97 5.43
I, 565.25 46.49 691.68 59.44 52.30 5.20
v, 407.75 60.24 678.72 83.22 51.61 5.32
v, 276.50 42.79 252.96 56.19 32.54 5.13
V. 318.50 52.31 278.88 89.17 34.17 5.02
v, 162.75 17.41 164.64 62.42 30.19 4.94

AR Altitude; T; 700 m; 11 800 m; I; 900 m; IV: 1000 m; V: 1100 m. a) 0~5 cm; b) 5~10 ¢cm. TOC: Total organic carbon. T[] The same

below.

Shannon F5% >,
H=-Y PlnP,
Simpson ik G
D=1-) P2
MclIntosh F5%0 277,

U=,/ z nl.2
AP CoNE  ARIEFL OD {H; R Axf RSl OD 1H,
#r C—R<0,71H 050,25 i FLAYAHXT WS BEE ; P,
H n, G EEASERC T IR G AELE AT LR

K FH SPSS 19.0 #4047 B4 43 B (PCA) il
PAR R T 2 M (one-way ANOVA) , FH S-N-K 7%
TS REERL, B EHKEEN a=0.057,
K Sigmaplot 12.5 #4242 14.
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Fig.1 Average well color development of soil microorganisms at

different altitudes.
HER Altitude: T; 700 m; T1: 800 m; I: 900 m; IV: 1000 m; V.

1100 m. a) 0~5 c¢m; b) 5~10 em. F[f] The same below.
2.2 A IRER 2R BT
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Table 2 Diversity index of soil microbial communities

Ab 3R Shannon FE%% Simpson FH%X MecIntosh F8%%
Treatment H D U

I, 3.29+0.02a 0.96+0.00a 41.89+1.58a
1, 3.30+0.04a 0.96+0.00a 41.23+3.93a
I, 3.32+0.00a 0.96+0.00a 39.78+1.89%a
I, 3.24+0.01a 0.96+0.00a 37.33x1.41a
IIr, 3.25+0.03ab 0.96+0.00a 40.40+0.62a
I, 3.13+0.03ab 0.95+0.00a 35.42+2.51a
v, 3.11+0.02b 0.95+0.00a 28.31+2.42h
v, 3.01+0.03b 0.95+0.00a 30.30+0.70b
V. 2.78+0.05¢ 0.93+0.01b 24.68+1.21b
v, 2.84+0.03¢ 0.93+0.00b 28.47+0.58b

[FF AR FZ R R on 22 7 B 3% (P<0.05) Different letters in the same
column meant significant difference among treatments at 0.05 level. T [

The same below.
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Fig.2 Cluster analysis of diversity index of soil microbial com-

munities at different altitudes.
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Fig.3 Use efficiency of carbon sources by soil microbial com-
munities at different altitudes.

1) #kKIEEHZE Carbohydrate; 2) R IEALZE Amino acids; 3) FRIR
2k Carboxylic acids; 4) Z %24 Polymer; 5) ByRZE Phenolic acids;
6) %25 Amine.
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REIETRIE RPN IREL.
2.4 AN[AIEEAR - SRR Ui i DR R FE A3 3 A
XTRESE 168 h (i AWCD (BT 1A Wit V% D g
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Fig.4 Principal component analysis of soil microbial community

function at different altitudes.
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Table 3 Correlation coefficients of 31 carbon sources with PC1 and PC2
25 BRI ERF L FRGr2 || 50 BRI A EWa 1 ERS2
Category Chemical guild PCl1 pPC2 Category Chemical guild PCl1 PC2
Bokfeapk  p-HEE-D- A 0.748  -0.151 | BEA% PR R Y 0.788 0.059
Carbohydrate B-methyl-D-glucoside Carboxylic Pyruvic acid methyl ester
D-2FFUBER - g 0.715 0.336 || acids D-pFL R R 0.131  -0.677
D-galactonic acid-y-lactone D-galacturonic acid
D-A b 0.349 0.377 TR 0.646  -0.307
D-xylose ¥-hydroxybutyric acid
iR B 0.895 0.199 D-F AT RR 0.887  -0.315
i-erythritol D-glucosaminic acid
D- 1 gk -0.234 0.328 AR 0.897 0.098
D-mannitol Ttaconic acid
N-ZBt-D- ATk 0.088 0.809 o THRIRR 0.583  —0.424
N-acetyl-D-glucosamine a-ketobutyric acid
D-£F4E - Hk 0.906  -0.201 D- R 0.704  -0.439
D-cellobiose D-malic acid
o-D- AT HE- 1-BE R 0767  -0.345 || ZEYZK 3 40 0.856 0.228
a-D-glucose-1-phosphate Polymer Tween 40
a-D-FLHk 0.9499  -0.023 i 80 0.781 0.457
a-D-lactose Tween 80
D, Lo B i 0.584  -0.387 a-FRAHIHS 0732 -0.021
D, L-a-glycerol phosphate a-cyclodextrin
RIEML LA R 0.740 0.008 JHFHE 0.874  -0.169
Amino acids L-arginine Glycogen
RPN RES i 0.447 0.280 || Bk 2- IR 0797  -0.263
L-asparagine Phenolic 2-hydroxy benzoic acid
L-AFENER 0769  -0.152 || acids 4-BRHRNRR 0.820 0.375
L-phenylalanine 4-hydroxy benzoic acid
L-2 5% 0.415 0.637 || M2k RN 0.959 0.034
L-serine Amine Phenylethyl-amine
L-AER 0.566 0.213 i iz 0.593 0.373
L-threonine Putrescine
HEM-L-A 2R 0.905 0.125

Glycyl-L-glutamic acid

AILVE 5 PC1 ARSI B A 17
Hrok G928 5 Fh ZILRIE 3 Fh R 3
Filv 20 3 Tl IIRZE 2 Bl BZE 1 Fh 5 PC2 A
WA BRI 3 F, Rk LS ZE 1
IR B BRI Fhgi B 5 pCl Ml PC2 Hf
B A M BRI S A & 0, % U TR A
UHRRIE A 3 S T A 5 LR IR 2R A A B /K 2K | (S
RIS FR RIS, M AE W) T e 22 A 1 1) e 1 b s 1
25 5 FEARIUAE X B /K 288 | 20 35 1R 28 R R S e U
PR b He A oK R I 0 A 2 .

F4 TEHEMSHEERRSELERNEXR

Table 4 Correlation coefficients of physiochemical proper-
ties and diversity indices of soil microbial community

AWCD H D U

TR A, Available N 0.484  0.538  0.515 0.483
AL Available P 0.449  0.529 0.547  0.389
RN Available K 0.460  0.548  0.550  0.480
BALK TOC -0.125 -0.047 -0.007 -0.163
27K Z Water content 0.386 0.452 0.415 0.409
pH 0.814* 0.869* 0.845* 0.730*
* P<0.05.

2.5 LHEMCAEYACHHR RS 1 AL R R Y A
PS k3

M 4 T LU i 2 RO | A
FI KRS AP A QS VRV AR R L2 IR AT
K, pH SHUEY RIS EFIRE T, S e B3 IE
FHOR, B LA 75 125 G W O A QI P R I 2
ERERVIRIIPS N

3w #

TEAHEGE | Bl A 35 5% B 1] 1 42 K, AWCD H.
T, B BEE R T E AWCD (A F R, 5
S ) 250 ot i 3 LS [ I M g (S e
AR EFIERR I g L AR e L) A Y
KL REVERIIT ST A — 2 Al ] 2 B, S 4
A A R B 37 s (] ZE K T 28 0 488 o, W) — IR 2
() AWCD {5 Bifi T 45 T i 7 220 34 A AR, SR it DR 2 - 458
For & IR & AR AT B R 1 AT RUE A
WFFERE LI 3% 50 & B B IR ) TR bR A
BLBBR AN, Bl fire S T Akl sk i B e ) B T R
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O H AWCD B 3 4> 2R M8 ot 5 0 A
SRS R A B A OG (3R 4) , i —2F
BGUE T 33755 1) 26 B A AR T A T
RETEMEZ SR N R 2 — W RO, b )20
TR e 2 SR B A R A0S0 EAR R 5T
K IR 1000 F1 1100 m T2+ 8 AWCD {H i T
24 ATREEH T 1000 A1 1100 m B i % JL-F
R SRR T T SR )N 1 R — 5 1
RS, B IR A BUA T, AT LU i 12 W
AT, TS AR P TR 24

Shannon , Simpson 1 McIntosh g %443 51| FR 1iF 1
Berh A I REIE W B R S R A R
BRI 3 DA 2T R, H&
4% 2 [8] Shannon | Simpson A1 McIntosh 5 (¥4 2% 7
0 A W - AR R TE 2R A T
EWsEm, H 5 AWCD i B 4k 19 28 Ak R — 30
X AR AE Y AT X A T A A W B BT 5
iR

- ST A X0 A [ 2 B e Y 4 R FH i B A
FE—E 255, £ P 2T AR - 530 Y 2 3 T
Pt R R et i, AR S R, E B EE LK
I TA B LK E IR L-22 2R 5 U E W sh e 2 ke
143 BT 1 25 57 EOR BRTE X a2 R R IR S
FR BRI IR A . 2 855 X UK A AR
DX 1) SR LT RAMR - SR ) R R T T AR R T
R TR) A 225 9 . I BH 25 %) 7 X6 JL 4 AR AR 18 NH,*/
NO, ™A BERRAF 1 6 A b 1) 35 07 14 F 5% v
B, NH, " HEE AR FR TS 00 B B B m i T
AR B ONH," 5 Ak S 5 2= W 19 LA i ; Vinolas
SR B, R RE S BRI P R N, B b
SR R I, AELTRA AR 3 L NH, ™ 48 %
P BB SRR N, NH, T B AR L0 A AR R i
GS/GOGAT i@ [alfb hy 2 3R, S ik Py it 17 2
FEFRISH IR TR 2, A P 3 B 1 %o i 5 ) FH
) B e T RE R IR BT A ) i A3 B

A YN 31 BB UE R FE 3 RS o M 1S
AL,5 AN, 1000 A1 1100 m kR + A M %
B B R PR SE DA AR AL (T8 4) | 3X R b B 4B )
TR AN — 2 R R 1000 m T4
ZLRARIA) = P AZ LA PR U, A b v P A o L £57)
RO, PR hy 32 B A A B VR 1 R 4 R 3 i T R
SEME LA A B3R 0T AN TR B Y 1 i AT BE S 3K
- R AR R AR e A — 5 AR 5 X e YR

TR FEY %0 o 28 RT3 3 349 e A A A 1 SR 45 ) S )
JEAECO R b AR 2 R Sl i R TR P Y
2500 R IERUE W D Re A AR FEEL . BL Ak, X
TR 2 FEPE SR BORT AWCD ST R0
Br (&l 2),700~900 m | —i2, 1000 F1 1100 m &
Fl|— , A S HE B T 2L AR B i R
Tofr ) A1) 2 %o = 383 A= P B AL I A T g 3% 1 = A T
B

2 F AR K H LA RN LR 4 S8 E )
75 AR AR B A 5k W Sl %) T b P 2 5
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