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Soil Bacterial Communities Under Different Vegetation Types in the Loess

Plateau
LIU Yang, HUANG Yi-mei” ,ZENG Quan-chao

(Key Laboratory of Plant Nutrition and the Agri-environment of Northwest China, Ministry of Agriculture,College of Natural Resources
and Environment , Northwest A&F University, Yangling 712100, China)

Abstract: In this study, we collected soil samples from four different arborcommunities and four herb communities, which represented
two vegetation ecosystems in the northwest of the Loess Plateau. Our objectives were to determine the diversity of soil bacterial
communities and the affecting factors with the method of 454 high-throughput pyrosequencing technology. The results showed that the
structures of the microbial communities differed in terms of both the predominant phylum and the relative abundance of each phylum. At
the phylum level, the dominant phyla were Proteobacteria, Actinobacteria, Acidobacteria, Chloroflexi and Planctomycetes. At the class
level, Actinobacteria, a-Proteobacteria, Acidobacteria, [B-Proteobacteria and Planctomycetacia were predominant. The relative
abundance of Actinobacteria in grass vegetation ecosystem was more abundant than that in forest vegetation ecosystem. Proteobacteria in
forest vegetation ecosystem were more abundant. Soil pH was significantly correlated with the relative abundance of Actinobacteria. Soil
organic matter, soil total N and soil total P were the key factors affecting soil Proteobacteria. These results will provide useful
information for the diversity of soil bacteria and guide the practice of vegetation restoration in the Loess Plateau.

Key words: Loess Plateau; 454 high-throughput sequencing; different vegetation types; soil bacteria; environment factors
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Table 1  Description of sampling sites under different vegetation types
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Table 2 Soil biochemical properties under different vegetation types
— A — — =

P T Y L L L ——
Gl 8.22 0.08 8.96 0.57 0.48 83.02 10.75

G2 8.18 0. 06 8.49 0.54 0.49 229.43 10. 12

G3 8.26 0.04 7.78 0.42 0.45 171.37 9.96

G4 8.13 0.12 12.18 0.88 0.53 257.38 13.35

F1 7.84 0.15 49. 89 2.55 0.62 612.18 46.93

F2 7.86 0.24 44.77 2.06 0.52 693. 15 50. 14

F3 7.90 0.16 26.31 1.52 0.51 422.67 30.20

F4 8.14 0.15 18.34 1.13 0.57 350. 83 18.67
5 8.20 0. 06a 0.07 0. 03b 9.36 +1.95b 0.61 0. 19b 0.49 +0.03a 185.30 +77.02b 11.05 +1.57b
PR DY 7.93 0. 14b 0.17 £0.04a  34.82 +14.95a  1.81 =0. 62a 0.55 +0. 05a 519.71 £159. 76a 36.49 +14.75a
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Table 3 Sequence slatistics and diversity indexes of soil bacteria under different vegetation types
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OTU Ace T8%L Chao 545 5 Shannon $§%% Simpson F5 %%

Gl 10112 2833 4083 3921 0. 89 7.29 0.0015

G2 10 640 2817 3903 3792 0.90 7.30 0.0015

G3 9435 2780 4113 4015 0.87 7.34 0.0013

G4 7373 2244 3380 3237 0.87 7.13 0.0015
EYE 9390 +1432a 2 669 +284a 3870 +339a 3741 +348a 0.88 +0.01a 7.27+0.09a  0.0015 +0.000 la

F1 10 405 2382 3383 3339 0.91 7.01 0. 002

F2 8500 1969 2731 2734 0.91 6.76 0.003 5

F3 8 601 2435 3591 3452 0.88 7.15 0.001 6

F4 9306 2363 3469 3340 0. 89 6.94 0.0029
SH5(E 9203 +878a 2287 £214a 3294 £385a 3216 £326a 0.90 +0.01a 6.97 £0.16b  0.002 5 +0. 000 9a

1) ANJR) B 2R AN R R IS 2 ] 22 S o 2

2.3 BERASIL r B

WA 1 (a) s, @it 454 =5 80 & B+
e AN AR R 2SR R B I A I B ) 1A
i 2 W ] ( Actinobacteria ), ¢ JE ]
( Proteobacteria) . FEAT 5] ( Acidobacteria) . 4725 I#
I"J( Chloroflexi) . 7% %% i | ] ( Planctomycetes ) , 2 H.
it B 1 ( Gemmatimonadetes ). 2% H B [7]
( Armatimonadetes ) 5. R[], MBI, BRFTF
W, SR FEE R R S F A
AR, 29 & B0 T TR TR ST 80% ~85% LA
. 7E R ARHE 9% X Actinobacteria 19 22 1k Y5 Bl A
12.66% ~19.15% , #]{f & 15.83% ; Proteobacteria
AR R 29. 40% ~37.90% ,351H K 33.86% ;
Chloroflexi FYZEALIEE N 9. 25% ~14.67% ,¥I{H N

11.25% ; Acidobacteria [ 28 b 7 Bl 4 8.51% ~
20.21% ,i’/ﬂﬁj\j 13. 19% ; Planctomycetes AR Ak T
FBlH 7.99% ~10.02% ,¥I{H M 8.89% . 7 HH #
[X. Actinobacteria M54 F R 25. 02% ~29.15% ,
YI{H K 27.41% ; Proteobacteria [ 28 1k 70 [l
23.72% ~30.57% , ¥} 27.19% ; Chloroflexi ]
AL YE N 9.49% ~ 13.43% , ¥I{H N 11.55% ;
Acidobacteria FZE 4k 24 5. 66% ~ 8.54% , ¥I{H
4 7.33% ; Planctomycetes 1478 {LIEFI N 8.33% ~
9.71% ,¥J{E 4 9.01%.

WA 1(b) Fros  7E 4473 287KF b AR X
RO S RV W T 1 B B G2 R B
( Actinobacteria) . a-FFE 1 29 ( a-Proteobacteria) | 2
T ( Acidobacteria ), B2 ¥ W W ( B-
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Fig. 1

Composition of bacterial community

at phylum level and class level

Proteobacteria) ., %% i 49 ( Planctomycetacia ). itk
FF 5 44 ( Actinobacteria ) 75 FRMAE 8 X 1Y 228 A6 70 Bl Ry
12.66% ~19.15% YA 15. 83% ; FERL AL X
$925.02% ~29.15% Y{HK 27. 41% , FJFAE 47 X
BEE TR (P <0.05). aBIEH N (a-
Proteobacteria ) 7E FRAAE B X 19 AZ K75 FE oA 15. 00%
~24.11% , {8 K 18.35% ; 7F B J5 4l # X Ky
15.61% ~22.06% ,YJ{E N 17. 80% , BiA-AH 4 X 22
FAEE (P >0.05). BRI (Acidobacteria ) 7F £k
A B X 2 AL JE R 8.51% ~20.21% , Ml K
13.19% ; R IX R 5. 66% ~8. 54% ,¥I{EH N
7.33% ,FFAEGE X S R E F AR E (P >
0.05). B-ZFIE 1 4 ( B-Proteobacteria ) 7 Fx MRAH B X
(AL IE E hy 4.61% ~ 11.68% , ¥I{H K 7.20% ;
TERJF AP X 4.00% ~8.45% ,¥I{H N 5.61% ,
AR X S R MAE Y 22 F R B E (P >0.05). 7%
75 18 44 ( Planctomycetacia ) TEARAMAE 1% X (125 16 v [
H4.38% ~5.36% ,YIE N 4. 96% ; 1 FHLJFAE B X
H3. 7% ~4.66% ,FIMEN 4. 11% , )5 R X 2
FLT AR 2E R (P <0.05).
2.4 IREEIR R YIRS (1 R

Nk 4 Frs MM Hr 22 B | Actinobacteria Y
AR B S - pH (2 B E I, 5 &K
ROANE, A5 B FENTASE. Proteobacteria
H5EHEAeu 24 AR R EMIEM +%
FKE LY Acidobacteria FAXT 5 B 5 B 3 A9 A
x, 5
Cyanobacteria FUARXS 5 B 5 W& AU IEAHDC. 3%

Actinobacteria Armatimonadetes

R4 TEEXMRSTEEREBENBENEEEHAXES T

Table 4  Correlation between soil properties and the relative abundance of soil bacteria phyla at the phylum level

A pH SM SOM Total N Total P
Actinobacteria 0.711" -0.888 ™ -0.736" -0.753* -0. 663
Proteobacteria -0.682 0.674 0.759 = 0.801 " 0.917*
Chloroflexi 0. 501 -0.316 -0.451 -0.46 -0.221
Acidobacteria -0.725* 0. 858 ** 0. 695 0.633 0. 087
Planctomycetes 0. 305 -0.452 —0.438 -0.44 -0.504
Bacteroidetes 0. 138 0. 106 -0.067 -0.188 -0.516
Gemmatimonadetes 0. 141 -0.007 -0.27 -0.167 0.133
Armatimonadetes 0. 655 -0.760 " -0.776 * -0.775" -0.696
Nitrospirae 0. 080 0. 198 -0. 065 -0.001 0.356

1) * FRIFAE L FAMI(P <0.05) , = = TRELER BEMRE(P <0.01)

A ML i, + ¥ 4 & 5  Actinobacteria
Armatimonadetes FYAHXT 3= 5 B 5 ik 25 9 £ RH OC.

JIT AR i DR B A5 DR 3R A [ T SR 2R B 4 15 1 1
DL, NI 2 PR RRIEAR B F =2.5 Bl 1 il 2

B3 RN 4 PR IR AR Y A OC R B4 i S 0.94
0.97. 0.87 F10.99 5% 4 1 B34 P B =
86.2% . IBEAR & (B Je f AR TR E s o A G
KFR. FRMARE DL DR R JFAR Y DX A Sk P k22 5
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Fig. 2 Redundancy analysis (RDA) based on soil bacteria

community at phylum level and environmental factors of the soil

W 3 frs AN [a] Y SR P v 2 1 S

JRBIFE M A —3X. Actinobacteria ENSHE + 1 F1 55 K]
TR REAR Y 90. 4% , For - HEIK 7 1Y fife e A8
55,1731k 77.3% (P <0.05). Proteobacteria HE % #%
T F R RE R 99. 8% , Hivh 1 Sk 1Y)
R I, T35 85.3% . HLUKk O MBC (8.7% ).
Chloroflexi BE % B 1 3 ¥F 355 A 7 1) fiff BE R N
62.3% ,Hirh 3 pH Fl MBC 2 500 H A0 A iy 8
SN Rl Acidobacteria fE % 8 1+ 1€ PR 55 X - 1Y) i
RN 99. 49% , Forf K 73 1 i B R B =, b
72.9% . H:¥K K MBC (16.6% ). Planctomycetes HE
Bl T BI85 K T 1 R Rl 63.5% , Horh 3%
pH 5 - 38 G 0 10 i R SR A, 3 3 14, 6% AN
25.5% . Bacteroidetes RERS# 1 8 PR BT K 1 1) fit B
RN T3% , For 1K o3 5 A S R A A R AR A
5,550 R 16.7% F1 27. 6% .
ﬁg?ﬁiﬁgﬂfﬁl?ﬂﬁﬁ@ﬁggﬁ 97. 4% , Hrb 138K
N . MBC B fif B R B, o0l R 42.6% |
25.5% , 17.6%. REAZ Bl + HE IR
K ) fif B 22 78. 9% , Horh H 1K 73 85 ey, g ik
69. 4% . Cyanobacteria BEf% 4% + 138 PR35 K+ 10 fiff Ff

. 4|
Gemmatimonadetes HE

Armatimonadetes

F499.2% ,Hrh 3Ky pH, SOM | TN fif B

B, 0k 58.3% . 10.4% . 9.6% . 9. 1%.
Bl Unexplained Bl TN = SM mm MBC
= TP BN SOM B pH

100

80 H

60 H

FEFER %

40 H

E

Actinobacteria
Proteobacteria § =
Chloroflexi
Acidobacteria |.
Planctomycetes
Bacteroidetes
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Cyanobacteria
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B3 FEITKE LR R A B
Fig. 3 Individual contribution of each significant parameter to the

proportion of variation explained in soil bacteria communities
A \A
3 g

B A 5 AR R AT O 2% - B Y B A R 7 A
TR, R BRI R A BEAT AL
Mo e R AU S R R R M X R
L) fR 3k 1 1Y) T SRR TR 1, 2 v 3 1Y)
FasrE b 7R 25 IR 55 D) B J T ke % 7 1 A .
TP A A R IR S S I
KBy, 20t Z4E R s R A2 R A . 3
E¥EgRE T EERZEL ERECZREM
SRR I A W S R s T o R
SMEA S B 2R R

REAE R i S 2 R R Y S 2P 43 o + 4R
BEFRIr. DRMRAE DL X 4 FhFF ARMR 1 Actinobacteria
I HUAE R E 12, 66% ~19. 15% 22 18], 5450 A
Tk 3 o — 3™ . 7E Proteobacteria 1], a-
Proteobacteria J& fix F 2 19 W [, H &k & -
Proteobacteria .| ], %‘i%*ﬁﬁi%ﬁﬁ*ﬁ%ﬁ[@? b
B15331H 43% ~64% | 13% ~34% , 3% 5#E W
%mxﬂﬁmjwﬁ%mmai%& iMi Roesch 2§ °
Zhang %570 SR FH v 8 0 O vk S A A K B B-
Proteobacteria 1Y 3= & B K T a-Proteobacteria. 2%
I R IABTE AT ] (BT | B-RTE N

AT TR AN 8- T 44 ) 2 b il - S ) T A
Zliﬁﬁﬁﬁ'? AERIG T R EE LA, iz X

Actinobacteria
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TR T W T AR B ] S et g Py
FEPCHRETE. T4 AP I Do AT R 2
JETER 1] (Actinobacteria ) , HAR X 32 B 5 3 & T
BMAEBEIX (P <0.05). REWFFE LI pH 250
TR RE TS M B R R X 5 AR g —
. pH EZ52 W Chloroflexi [ ] Planctomycetes ¥
SR, Liu 55452 P v 3 A 0 e AR 9 A BEE ) AR
B A AN T A ) B A O A ) OB PR 2 pHL

1307 N o= U D & w1 321150 7T N [ e e = £
AR RO AR SR AR B 1 22 0. ARARAE 1
TGP, SR BB BUEY R R R R
=T B A gl 1 , M Acidobacteria, Bacteroidetes
AR AR =5 A 2 s T B LR B - 0, T BB SR
ST BN, AN, LA B
Proteobacteria 434 i) EE R T, it B 514 85. 3% .
Liu %5 W58 & BUAE AR IS 0 1 AR bRk 3 b, + 3%
W% it R R L SR W AR AL B — > E Y 2R
BRI T AER AN T2 52 M P B bR B S A W A T 1Y)
FEME. Cleveland 55 75 T4 I Ak HL th %% X+
Sk RS I U MR R A A Y L
WA DI RIS LA 2 B 5l T AR Ak
Wy A A A (0 R R AR R R AR
IR LR S 8B (P <0.05) , {HJE RDA 43
S5 R WA DU TTAS S S 122 X Il T S A0 TR V%
A EBEA R T SRR SR 5 R B et A
PR 1 E R X 5 Zhang %5 ABFIE —
ORI T, 3K XF Acidobacteria 1) ff B R
Bk 77.3% , %t Acidobacteria FYf#RBER M 72.9%
A + 58 K 4y W & 2 W Gemmatimonadetes |
Armatimonadetes . Cyanobacteria 73 i [ £z 3= % i) 31
. R T R IX 1 K 532 5% ) 240 1 53
AT EEEAE R

H i, AR 22223 O e T 5 3 A i Ak
Py FR Ao AR R R MR R S
TR FERE A 26 B2 i 22 S i 224k, A7 I
SR I E M A A R R R A H
WA AR &5 i R i R B R A
WFFE R R T DXL IS, 26 B AR A AN S5 W) - 398 200 A
MR FEEN R, B R R A A R G
RIS AU E S RGUE MR, Rk HIERUE
WREVE o3 A 1 U, H T B2 X H I )
AW BT AT R WTSE  IRITB AL AR S R G L0
T W 3R O3 A, XoF VA 88 4 v D 10 A 25K A 8K
i 5 AL AR HAT R B A L

4 i

(1) 454 238 55 0 s 2 A e 45 SR BE A% 42 T 1Y
J e A HERE S A AR IO A R S S k. AR B
F W B A WY ST 2 R s T AR MR T .

(2) P 8 DX 3P A DL 3T T T o 2R I TR )
( Proteobacteria) . U2k | ] ( Actinobacteria) | & FT
BT ( Acidobacteria) | 2825 1 ( Chloroflexi) | V¥ %% I
I"J( Planctomycetes ) , 3222 A A1 8B 4R A il 48 AT i 40
( Actinobacteria) . a-ZF B 4 ( a-Proteobacteria ) | R
FF # 49 ( Acidobacteria ) . B-%8 B W M ( B-
Proteobacteria ) | 7% 4 44 ( Planctomycetacia ) .

(3) AR 40 RV 52 - e DR 1 1) 52 0 A —
F, £ K4 &2 Acidobacteria Fll Actinobacteria
AR B o N, b e R
Proteobacteria 737 [ SC 8 7. BACk &, £ 48K
G J BE v D A TR TR A A ) E LR R
SE N
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