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Functional characteristics of soil microbial community of the typical artificial shelter for-
ests in the windy-sandy region of northwest Liaoning Province, China. ZHANG Yan'?,
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lege of Forestry, Shenyang Agricultural University, Shenyang 110161, China; *Research Station
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Abstract; We analyzed functional characteristics of soil microbial community in three typical
artificial shelter forests, including Pinus sylvestris var. mongolica, Pinus tabuliformis and Populus X
canadensis in the windy-sandy region of northwest Liaoning Province, China, by Biolog-Eco
method. Soil chemical properties were measured to explore their correlations with the metabolic
activity and functional characteristics of soil microbial community. The results showed that com-
pared with Pinus sylvestris var. mongolica and Pinus tabuliformis, Populus Xcanadensis had higher
soil pH, dissolved organic C and available P concentrations, and lower C/N. There were signifi-
cant differences in soil microbial community metabolic activities among different forests. The ca-
pacity of C source utilization by soil microbial communities (AWCD) was in the order of Populus
Xcanadensts forest > Pinus sylvestris var. mongolica forest > Pinus tabuliformis forest. The Shan-
non diversity index, Simpson diversity index, and McIntosh diversity index of soil microbial com-
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munity in the Populus Xcanadensis forest were 3.27, 0.96, and 8.13, respectively, and signifi-
cantly higher than those of Pinus sylvestris var. mongolica and Pinus tabuliformis forests ( P<
0.05). There were significant differences in the utilization of the six types of carbon sources by
soil microorganisms among different forests. The utilization rates of six carbon sources of Populus
Xcanadensts forest were significantly higher than those of the other two forests (P<0.05). Results
of principal component analysis and cluster analysis showed that soil microbial communities could
be divided into two different functional groups, coniferous forests ( Pinus) and broadleaf forest
(Populus) , characterized by different principal carbon sources including pyruvic acid methyl
ester, i-erythritol, and 2-hydroxybenzoic acid. Soil pH, DOC, C/N and available P were the
main factors affecting AWCD value, Shannon index, Simpson index and Mclntosh index. In con-
clusion, the metabolic activities and functional diversity of soil microbial community in Populus X
canadensis plantation were better than those in P. tabuliformis and P. sylvestris var. mongolica
plantations. The plantation of Populus Xcanadensis is suitable for this region.

Key words: windy-sandy region of northwest Liaoning Province; plantation forest; microbial

community functional diversity; principal component analysis.
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Fig.1 AWCD changes of soil microbial communities with

incubation time.

PA. AN T Ak Populus Xcanadensis; PT: M N T Pinus tabuli-

Sformis; PS: B TP N THR Pinus sylvestris var. mongolica. T [F],

AWCD B W AR AR L 3AK, Bl S , AS R T B 4 K
TP AWCD (B BE [ 35 5% 120 7 1 T, 2B
B - SR A P A T T e, R R R 1 R 2
W (HIG KRR R, RS 3R 72 h B, &R
i 1 AR ot B U %) ) FH SR AR e v . TE 3G S 186
h B Az N MR R A N T - 398 sk A 40 %o sk D
) AWCD A E(E , TS HUEY Y AWCD (E5 77
F, R T 192 h SRR RS, AR A TR
TRIFRIG 192 h, L HERUA DI AWCD {Rik 2] 1
B, 252 N ORRE SR B A T Ak

x2 ARAIMKTHEXFER

Table 2 Soil properties under different plantation forests
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FETE ARG PR 5 2 35 22 5, b R Bl IR 1% ) g
(AWCD) KU R N TR > fit 7 Fis A TR > A
N A N TR 85 AE ) Y Shannon 45 %X
Simpson 8B Mclntosh #8504 3~ 3.27 .0.96 Fil
8.13, ¥ 3 & T A AN LARAAA N AR (P<
0.05) , #H#A Y Shannon $5 %% | Simpson $§ £l MclIn-
tosh 8B EAR , 43510 2.86.0.92 F12.91,
2.4 IERA YRR IR A R R AR

Biolog-Eco ffLAk I 31 Fifi I n] 43 pl 6 K3,
RIpESE EALIRE MRS BE2E MR RIS, RN
AR IERAE XS 6 MR SR F R WL 4,
HH 2 4 ATAT AN RN AR A S 5 A %o e 052 1 )
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ANTAR(P<0.05) o X #s N ARG A Y0 F) F ik
TR EE A R B, WA 2l ) A T 3 e (1.60) , e
U EHEIRIE (1.38) , FRZSHRIFA R AR (1.04) ,
3o X0 R P N bR - A W 0 B i B, T 2 Tl
TR A 3 B (0.77) , HRUCOA RS (0.63) |, B2

TRyl pH & A LK 2R BRA HK

(mg - kg™") (- kg™h) (mg - kg™")
M N T K Populus Xcanadensis 5.92+0.11 aA 105.46+7.81 aA 0.85+0.08 bA 9.15+0.26 bB 16.00+1.80 aA
FEF A N TAHK Pinus sylvestris var. mongolica  5.57+0.21 bA 83.42+18.42 abA  1.05+0.10 aA 11.41+0.31 aA 3.77+1.43 bB
VA N TAK Pinus tabuliformis 5.53+0.17 bA 80.10+£32.32 bB 0.97+0.07 abA 11.79£0.49 aA 3.09+0.98 bB
[ —BIA RN FRER IR 22 57 .35 (P<0.05) , AR E FRER/R 22 70 .3 (P<0.01) , Rl
R3 TEREWETE 72 h AWCD SRR
Table 3 AWCD of soil microbial communities in 72 h and diversity indices
ol 72 h PHBEARRSE YRR R AL PR £ ¥ o R
1 N TR Populus Xcanadensis 1.28+0.11 aA 3.27+0.01 aA 0.96+0.01 aA 8.13+0.56 aA
T FHA N TR Pinus sylvestris var. mongolica 0.51+0.03 bB 3.04+0.04 bBC 0.94+0.02 bAB 3.88+0.32 bB
AN N T Pinus tabuliformis 0.33+0.10 cB 2.86+0.07 cC 0.92+0.01 ¢B 2.91+0.74 cB
x4 TEGEYRT 6 MAELBBRIFERHF AE
Table 4 Utilization rate of 6 different types of carbon sources by soil microorganisms
T WA FHERE ES (2 JHie2k (72N
BT AR Populus Xcanadensts 1.36+0.26 aA 1.38+0.21 aA 1.60+0.18 aA 1.13+0.08 aA 1.28+0.31 aA 1.04+£0.22 aA
FEFAS N TAHR Pinus sylvestris var. mongolica 0.14+0.02 ¢cB 0.40+0.09 bB  0.63+0.17 bB  0.77+0.29 bAB 0.42+0.01 bB  0.18+0.089 bB
VA N AR Pinus tabuliformis 0.50+0.16 bB  0.36+0.05 bB  0.85+0.17 bB  0.49+0.045 bB  0.76+0.37 abAB 0.36+0.09 bB
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Fig.2 Variance contribution percent of 31 components.
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60.87% ,PC2 M J5 2= BT R 13.45% ,PC3 )7 25
TR 10.03%

mk 5 Fros & PC1 STk KM iRIEAT 27 7,
SRR T FORES 5 A e RS 4 TR, 2 i
25,2 PSS  Hob XF PCI BTk R e K2 D-21 4k
TBE(0.965) , TR PC2 TR K BIERIEAG 3 i,
3R 1 FREESS, S DAL HH R 5 1 RS R iR AR
BRI ;1 FRERZS, O 2- 338 H iR, Hob X PC1 ik
R KA JE 2- 2K R (0.734)

Table 5 Loading factors of principal components of 31 sole-carbon sources

IR A2 TR PCl PC2
LS D-AHE D-xylose 0.908 0.276
a-D-FLB¥ a-D-lactose 0.861 -0.286
B-FIE-D-# 2T B-methyl-D-glucoside 0.700 -0.267
a-D-FE - 1-BM2 a-D-glucose-1-phosphate 0.753 -0.390
a-FRIHHRE a-cyclodextrin 0.943 0.193
JiFWE Glycogen 0.940 0.147
D-£T4E 1 D-cellobiose 0.965 -0.128
FHLFRL LK &R L-arginine 0.867 -0.141
L- K14 iM% L-asparagine 0.961 -0.186
L- RN A R L-phenylalanine 0.741 0.195
L-22 %% L-serine 0.833 0.282
L-73 % Ji8 L-threonine 0.687 -0.408
HAEBE-L-AE R Glycyl-L-glutamic acid 0.312 -0.595
Mgz N ERER g Pyruvie acid methyl ester 0.709 0.624
13 40 Tween 40 0.712 0.190
i 80 Tween 80 0.952 0.090
D-2FFLHER-y-IN I D-galactonic acid y-lactone 0.732 -0.373
[IEES - TR EEpE i-erythritol -0.183 0.547
D-H# B D-mannitol 0.806 0.312
D, L-a-B§f2 H i D, L-a-glycerol phosphate 0.806 0.128
M 2 ZJW Phenylethylamine 0.915 0.094
JE R Putrescine 0.785 -0.506
N-Z BE-D-#j % M N-acetyl-D-glucosamine 0.283 0.245
[i7ES D-2EFUHERR D-galacturonic acid 0.804 -0.468
D-H % HEMR D-glucosaminic acid 0.861 -0.360
2-FR A H R 2-hydroxybenzoic acid 0.556 0.734
42 FIRH R 4-hydroxybenzoic acid 0.962 0.018
v-#2FE TR y-hydroxybutyric acid 0.663 0.404
K FEFR Ttaconic acid 0.822 0.450
o- T iR a-ketobutyric acid 0.473 -0.639
D-3 AR D-malic acid 0.882 0.214
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Fig.3 Principal component analysis of carbon utilization
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Fig.4 Heatmap tree based on the AWCD of soil microbial communities in 72 h
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pH:pH {E;DOC: AIVAMEAHLER ; TN A28 ; AP HUWE , W (A 3R7R DI AL e AE AR O, 21 (0 3 7 A8 4 Ay AR G A 808 iy 388 75 AH DG Mk R B 2
X LR, 581 2 58], 270 AR A 2R ) 2t o /I, AR B Al ) 05 T R A R B IE 7

A ; AWCD fH (r=-0.978,P<0.01) ,Shannon $§
$(r=-0.949, P<0.01) ,Simpson 8% (r=-0.915,
P<0.01) Mclntosh %% (r=-0.972,P<0.01) 5 C/N
5 h 2 R & AWCD i (r=0.966, P<0.01) .
Shannon $§%%(r=0.863,P<0.01) ,Simpson %4 (r=
0.811,P<0.01) . McIntosh ¥§%% (r=0.963,P<0.01)
5 BUSORE O m P EA  E TE ARG
3 i i

AR TR frbhes 25 o 2s b2 itk 5
FEFFA R AA N TARAR LG, BB N TR pH {5 5
(1), Yoshimura 25 (2008 ) (75 45 F o e 11, #34
MR - 5 SRR FIRER AR LE , BAT B pH A, 7]
REAE H T EE AR V5 ) 5 B v IR TR 5 ( Au-
gusto et al.,2002) , AN[FFRFRIEAI L8 C/N 270

F (McGroddy et al.,2004) , ABFFEH, £33 C/N K
YRR > BT B > A TR, LR I F 5% 45 St
UM AR 14 C/N B F MK ( Yoshimura et al. ,
2008) , FHUCAT L, 7E A — ISR AT, AR
TARBFPGT  RE B E B A s, G R TE
R AR 22 8], 3 AT BE 2 i A [RIAR ol ) 4= 38
A R 95 P 1) 5 FVECEE 19 R [F] (Jahed et al.,
2014) ,

TCA= PR AN [ e 8 1 AR FH T L s Rl A B g A
HIIRESRE  tmT U WA 28 R e 52 TR i 40 /)N
Ak 2 HHEE ) B E A YA b R R A
AEEZEMWIEREN (F5%,2014) , AWF5Eis H
Biolog-Eco $ AR #9812 74 Jb Kb IX AN [R] 4% Flt AT
I 47 R - 38 Bk 2 0 TR R 1 AR T R ) BE R AE
Biolog-EcofsfLk I+, 31 R i 7E 32 1 43 b (1) A
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