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Plant and microbial diversity in the riparian zone of the Liao River mainstream , China
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(College of Environmental Engineering, Key Laboratory of Regional Environment and Eco—Remediation (Ministry of Education ), Shenyang
University, Shenyang 110044, China)

Abstract: To understand the current status of biodiversity restoration in the riparian zone of the Liao River reserve in China and to promote
the healthy management of this ecosystem, the plant and microbial diversity of 23 sampling sites in the mainstream were determined
through field investigations and high—throughput sequencing of soil microorganisms. The results showed that the average Shannon—Weiner
diversity index of the 23 sampling points was 1.227, with an average vegetation cover of 74.19%. The Shannon—Weiner diversity index of
soil microorganisms in the riparian zone was 9.55, and there were 11 phyla, 32 classes, and 40 genera of bacteria whose dominance was
more than 1%. Disturbance from human activities, grazing conditions, and land—use types were the key factors affecting the plant and mi-
crobial diversity in the riparian zone. At present, the recovery of riparian biodiversity in the Liao River reserve is in a good state, but in-
creases in human activities negatively affect biodiversity restoration. Therefore, the study recommend the reduction of human activities and
grazing in the restricted area as much as possible, so as to accelerate the restoration of plant and soil microbial diversity in the riparian zone
of the Liao River reserve.
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Figure 1 Distribution of sampling points in Liao River reserve
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Figure 2 Shannon—Wiener diversity index of riparian zone vegetation in Liao River main stream
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Figure 3 Simpson diversity index of riparian zone vegetation in Liao River main stream
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Figure 4 Pielou index of riparian zone vegetation in Liao River main stream
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Figure 5 Vegetation coverage of riparian zone in Liao River main stream



20209 B

YRis , 25 AL TR Al AR ) B E ) 2 BRI SE 2053

L] 3T A S AR W Y °F- 24 Simpson 2 A 1
R4 0.995 5. WEFELE K], 24 AL R OTU %L
i1, Shannon—Weiner Z2 #FP: 4 £0 35 v T HABCR A £,
Wi W] Z4 0] LI RUE Y 2 AR T AR R A
FEAZRAE RS AR RAT SO F s /0, Tl
i s NRTE S T b A gl ab 1 A SRk 52 AR
Ao FEILIW TR i X3k 723 Cle 1 ) RAE 50T 3 PR
FETATBCHCIE 0 10 2 R R 2 - BRS A AS [R) FEJE
eI MR 5 AR T B I LA RAT A, S BOZRAE £
BT ) Z AR T B3l LA RAE i AT DL
5 DU FIAE B 22 A S S e o] 2 3B A ) 2 A
OB BN R 722 RFE S A4 Y) Shannon—Weiner £
FEEFE 200 8.90 Chao 148 50N 2 661.98, % & T
223 RAE A5 (B IR T HACRAE S 0 222 F1 223 Rkt
15 1) Shannon—Weiner 45 50l Chao 1 #8805 Ik, %
B3 T A SR A A1 00 T R S 5/ A ) 22 P A
Mo 722 F1 723 5K R BRI B , 1532 3 IX 5 3 i
T 0] R IS 2 K, I B
- S P A At b DX, DRI A0 R A0 I

722 55 723 Fef i AR, TR 2 1K
SENA K, TELLTA] 3t o] oy - g vh | R I T Bl A
A W) Z AR, Z AT B A R R A LU
35— ER R U K 0 A, W
DX A R 30 O v, A SE A W) B T R E A8 N BB TE
IZ X N AE S DRI AR 1 22 R P R R 3 o g
I 5 =02 2 M B 5 M A VA K DXl s R A X
L RAT: AU AR, AP 2 100 A — BB A W 3 1 L T e
Wl I D AR A 5 — R 2 AR R, 222 FN 7223 3K
FERHE ) Z2 R AR T AR SRAE 5 A RO A B
ot AR P 5 4 T e, AR A R TS
s BT R D RO ) S A ) 22 ) A
FEPRENE R AP 0 AR BR AT DL R S A M B AL 5 R
JoT AR T P R B 5 A DR IR X A R A
S AR SRAT: SR A P B A b
2.2.2 TIEANEREIE S Z R o b

TLV] T - S A VR AE T 1 ACOF B 43 L
BIUNPE 6 Jr /s o 23 A SRAE LA BE 114N 1K 1 2
o IR S — L H T 124 Actinobacteria (i £k
BT 55 ZARH0 10 Proteobacteria (ZEJE T ]) , LIk
7 Chloroflexi (¢ Z5# 1 ]) o Actinobacteria -1 =F FF
H 37.86% , o B A e A IAE Z6 RAFE s AL e R
JE R 58.12% , Al s BRAE 21 CRATEDE ), /Ry
26.96%. Proteobacteria )1 ¥4 5 &~ 27.95% , Hifx

RAFFEHBAEZ8CARIR ), 2h 36.05% ; die/NF J& 1 BE
TEZ6 KHFEr , 8 19.18%. Chloroflexi (405 F [ ]) 19 F
J# I T Actinobacteria #1 Proteobacteria, “F- ¥ Jy
11.33%. 53 4h, 7€ 222 1 723 K ¥ 55 1) Bacteroidetes
CROUFF B 1) 2 18 43 31k 14.919% F1115.75% , B & & F
HARAE A5, X T SRAT s A T v X, S Vi A 1Y)
PS8 10 3 A L5 6 0 =7 L K B Bacteroidetes [ 1Y
Tl W B R P i 2 0 R 9

SURTI RS BRI s L Rk S R (TR R |
THUR o 234 RFE s FE N E A 324,
FEARAE BT AT SRAE i AR LA R 5 R TR A IR Actino-
bacteria (it £k B4 ) . Alphaproteobacteria (a—"Z JE AT T
W) . Acidimicrobiia(BR S E ) \Thermoleophﬂia( FE Hh
TR 29 ) | Betaproteobacteria (B—"Z JE B 24X ) Al Gemma-
timonadetes ( ZF BRI A2 ) , V-3 3= 5 53 51 by 18.65% .
16.05% .9.33% .6.11% . 5.61% #F1 5.18% . Actinobac-

® 1 DATRARS TIEREY ZH IR
Table 1 Soil microbial diversity index in riparian zone

of Liao River main stream

i R "y FUR
. . Shannon-Weiner ~ Simpson
point number Chaol % diversity index diversity index
Al 2398 3647.56 92.55 9.83 0.997'5
) 2527 376237 92.27 10.00 0.997 7
73 2024 308042 93.45 8.94 0.9915
74 2682 398049 91.64 10.10 0.9977
5 2468 3805.85 92.03 9.84 0.997 4
76 1891 2783.04 94.08 8.74 0.989 0
77 2138 301946 93.99 9.57 0.996 6
78 2102 3360.71 92.74 9.01 0.991 9
79 2396 3517.74 92.67 9.82 0.997 4
710 2624 3898.16 91.70 9.96 0.997 3
ZI1 2494 376474 9222 9.90 0.997 3
712 2318 352789 92.73 9.49 0.9942
Z13 2432 342032 92.95 978 0.9957
Z14 2547 3697.02 91.99 9.80 0.996 3
Z15 2230 329001 93.05 9.59 0.996 8
Z16 2447 3680.13 9221 9.77 0.996 8
Z17 2655 4097.67 91.29 9.92 0.996 9
Z18 2315 3556.53 92.52 953 0.9957
719 2480 3768.88 92.02 9.82 0.9972
720 2090 324943 93.57 951 0.9967
721 2336 3397.09 9291 9.68 0.996 2
722 1781 2661.98 94.62 8.90 0.993 0
723 1283 183479 96.54 8.24 0.990 6




2054

URIEINCX ity 53965 98

teria 762 RAEHL 1 5 A BRM AL, Kl R+ H
40.30%, i BLAE 26 SRAF 55 e /NE O 9.64%, i BE
w71, HkE Alphaproteobacteria, 1% # 24X B9 iz K =F
JE HH BUAE 78, 1 24.46% , 1M 221 (BE G 3 BRAR I R
FE R T2 B2 24.43% , BEAIR T 28 SR A &1 5 Alphapro-
teobacteria i fix /N JE A 10.22% , H BRAE 73 RAE A5 .
Acidimicrobiia, Thermoleophilia, Betaproteobacteria #/l
Gemmatimonadetes 758 R AE ST (5 LA 14157 5 1
Sk, B #l 7 AT LU Y, Cytophagia (W 21 4E 7 24 ) 75 222
FNZ23 R LS W oy T AR A A, 7E 22240
(I 13.4% A5 223 RAE TN 11.55% , K W]
LN AT RE SIS TR R PR A G

M p_Acidobacteria
p_Gemmatimonadetes
M p_Bacteroidetes

M p_Actinobacteria
M p_Proteobacteria
M p_Chloroflexi

100 = =
« (FNENNE
(5]

2 80F
=
(=]
=
= 60r
E
= 40}
o
#
4 20+
.’D?
=

Z1 72 73 74 75 76 77

U R D=k e Se= 45 2D =0 & ol UK 7/ B 207
A He A an 1 8 s , F2 B R T 1% BB & AT 40 1, %
A8 A S TR 8 TR RS B 7 A R , 23 S RE B Y
KN B R 2 R 58.19% , KB T iR K
HIAEYBEIRA TR, TR RN, A1
Xof = 5 K B J& MK IR N Pseudarthrobacter ({15 FF 5
J& ) .Nocardioides (25 FIE ) \Rosey‘lexus(ﬂ%%%
J& ) F1 Sphingomonas (¥ S -5 0 1 & ) , AR XS 2 &
53 2.15% . 1.87% . 1.66% 1 1.63%. 1€ 1L T ¥
B KA SRR A BN X 5 ABTE 28 KA 5 Acido-
thermus (V&R R TR )& ) 322 09 13.81%, W ik 1= T 1%
b A 2 TR, L2 A T A A SRR ) 2 B 2 i R

M p_Firmicutes M p_Planctomycetes
M p_Nitrospirae

M p_Saccharibacteria

B p_Cyanobacteria
B Other

78 79 710 Z11 712 213 7214 715 716 717 Z18 719 720 721 722 723

KA 4 Sampling points
E6 1K FE BRI T LB R 5 AT

Figure 6 Species composition analysis at phylum level
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Al BB Z8 SRAE S A B SR A 56 5 7E 223 RAE:
S, Pontibacter (5T T8 & ) AHXS £ 54 8.09% ,
B TIZRAE A A TR R 12 A R A A RAE S
F= BB AT 223 RAE A, KW Pontibacter T RE B
TS EER B IR BRI X AR

3 iFig

FE B 1) Shannon—W einer Z2 #1145 £ B8 0% S5 LA
PIREVR B 250 5 T g i 52 2 PR 03] - o] Ry
FE % Shannon—W einer Z2 414 45 £U7E 0.636~1.786 71 [F]
N 5 PRI ST FE R R B T — A HL X A5 P RS % B
ST RS ST RR B, AL S WA ) P R R ) A R L
P4 L2 MR P 30T T 0T 23 A4 SR A5 A
Pielou ¥ 2] iF 35 50U 1 0.445~0.837, H 728 bk ta $4 &5
Shannon—Weiner Z AP E A —F, WL T3
R AE YIRS 6 R S A T Sl SR A, oA
KA IR R AL RS A 2 Fh S A IR A R 3, i
S T I S SR A SR ) W R A R D K A R (e
A5 R FEIR A b R S SO T B X ) R 22
FEPEFR B AR . AR FE 4 Shannon—Weiner Z A 1E 45
K Simpson ZFEPEFE 5L L Pielou Y41 5] & 18 BOFIAT 9 75
w3 BEAT LIS b T B AR (R3] el 52 N TE BT
Yo AR S BERE v R 32 BRI, R I AE P ) A

Foud B A R AR B T2
7 E 1) DX T e R 2 R BRI 00 o TR Al AR
P R T 7 A ) T 8975 G 2 R o o 1) A s 2 ) 7
A BRI o NI BT RO B LA R A A
ST 2 5 W) 3L 0] 37 0 A K IR A Y I
T

AW Chao 148 %0 #1 Shannon—Wiener Z #£4 5
oy R RS TSR YR 1Y & R R £
REPE AR B i 2R B A W e T 0 1) F e B sy
/LU E L PR ECeu R el L i = SER T
DA XN AFTE SR 22 OHCRE 00 L 7 1 I XUy 7
JHCHAC™ B %) SRS TR R A A 2 R B A [ A
JEMIR , ] iy L SRl i O AR 2, DT SO 1 )
FEAlE LSRR D REVR A RHAE , P BRI P A
RV AR, T 52 AN TE 8 T30 OU B HIGTCOs
BLIT s A I SRS, e A D RS R 7% it A
FERBUEY Z IR SRR R R 2 VR
W2 REPERE RO 3 5 e EAR RIS R B, 2
Vi 7K A 5 M) P49 T e S R RN v R EE AR
SE TR K B i A ) ARG, S BEE T K X
IR 8 P A ) Z AR, A R
N JE By R AT DL Y AN [ 3 A A0 1 R AT
3522 5 T RE S R AL R ) Z R A TR L R 1] -



2056

URIEINCX ity 53965 98

SRR ALY B IR AFAE2E 5 n] LS B
PO B B0 LA AR 22 e 1 22 W] s - R
XL A ) SR R A R . FEAIR
WFFE R e B, LA ]l L P A 2 58.19%
20 R 8 AR WEFUA , FR B TLT I Tl 8 B AR
P IEAT FHR R,

AL T A A R S8 A LD R AP X B DOk 2
ARRAR L BRI, 0 2115 AL ) B Bl A I SRS R
U A Z R S R A PR R & (A H AT,
TR N AT SR A A 57 i) 1 BEL RS AR 0 FRARAE ) 5 2k 5
AR, I ARG 3 T HUHORS B 206 PR X
AR BRI 7 T 0, 6] L S PRI A RS 5 RO BT
BCRBEIR , 5] 38 Fp (ol A ) B9 TE TG 2l SO AR
A R VR 2R T e R S B 2 B v
SRl LRy U T R A R Y A 2R AT
B ERUE Y YR Z R R AR
SHE S ASCAI SR AL 9] PR DT e ) A B, (9] 2ty 4 A
Yy B WA M REAS [0 3 RLAF Y B SRR SRS, A1 1 Tm]
JEalr DI RE A IE A A, [ e 2 R mn i AV T

4 £t

(1) AE 3L30] T G 52 4 v, 7 2441 9% Shannon-
Weiner 45 200 1.227, 1 9% 5 75 B2 35 5] 74.19% , 38
IR X SR I T LA SN T 5 Ak 4 A A S2 it , 10 7]
PR3P XN A4 T3 B SRR s ZE TR Al AR rp
KIR, N6 TP RS D LA B = H A A 2 X
TR A 2R HAA S

(2) L3 Y 23 AR AR 0 i T3 i
A R R S A, L KT 1% 40T ]
KA 1A HAKFEA 324 B AKEAE 404, ANl
YRR 2 IR R A B e . R
AW ZAENE S NS S T GRS B | - R LA
J 1 22 R 2 VA O

(3) i 58 LT~ gt ] e ] DX I PN A 3L, 2
G5 SR WA R Dk i % s B U N 1 PN 7 W <
I PR T R A DX R AR B R A 1 2 R 1
YRS HERR i s Tl el AR A T RE I R 4

SE k-

(1] %, EBE, T4 R RS ek e 5 e B ). AR AS3EE
#f, 2013, 22(5) : 879-886.
HAN Lu, WANG Hai-zhen, YU Jun. Research progress and prospects
on riparian zone ecology|J]. Ecology and Environmental Sciences, 2013,

22(5):879-886.

[2] JAl By, W, P B 2L, A5 T D AR DR B S RG], T
IKFNHO AR 2= B4, 2019, 31(4) :6-11.

ZHOU Ming-hao, QIU Jing, HONG Chang-hong, et al. Riparian zone
function and its protection and remediation measures[J]. Journal of Yel-
low River Conservancy Technical Institute, 2019, 31(4) :6-11.

[3] ¥t . ANIa] b ) P2 BT ) 2 i B AR TRV 45 4 B G e K]
(D] M AL H R, 2015.

ZENG Yan. The effects of land use on herbaceous community structure
in the riparian zone[D]. Nanjing: Nanjing University, 2015.

[4] ZEAREL, FTmA, S0, 55 U S 1 DX T AR P R TR rh
ZHEPERYAL]. A IR, 2014, 33(7) : 1741-1747.

LI Lin—xia, WANG Rui-jun, GU Bin, et al. Changes in biodiversity
during the succession of plant communities on the rocky slopes of mine
in islands[J]. Chinese Journal of Ecology, 2014, 33(7) : 1741-1747.

[51 59 W . T o ot A B s [ T S ) P PR 5000 5 52 A
D). Abat: P EFREBER, 2013,

GUO Er=hui. Effects of riparian vegetation and its spatial configuration
on soil environments and recovery management measures[D]. Beijing:
University of Chinese Academy of Sciences, 2013.

[6] Patryk C, Marcin K D, Jagodzinski A M. River regulation drives shifts
in urban riparian vegetation over three decades[J]. Urban Forestry &
Urban Greening, 2019, 47(2) : 1-41.

[7) MBS, £ 252 i Rl 2R AW S R AR AT )] R
2 3T, 2019, 27(20) : 113
QU Xiao—han, WANG Xue-yan. Ecological restoration and vegetation
reconstruction in Dalian riparian zone[]]. Technology and Economic
Guide, 2019, 27(20) : 113.

[8] WIME, 2 SCTHr, X 1L Yl A X T i A S T e 5 T fUF 7 ik

[ HREEMOL B, 2015, 42(3) :233-239.
HU Bin, ZHAI Wen—jing, ZHAO Jing—wei. Progress in researches on
the influence of riparian vegetation on river ecological functions|J].
Journal of Fujian Forestry Science and Technology, 2015, 42(3) : 233-
239.

[91 BIEE L, 53/INAle, Be— L, 35 WS (V5 B ) T U AR W E VA R AIE B
LGSR TFI5C R )] b FERFR, 2016,27(7) :2111-2118.
MIN Meng—yue, ZONG Xiao—xiang, DUAN Yi~—fan, et al. Community
characteristics in Qingyihe River basin of Xuchang section and their re-
lationships with environmental factors[J]. Chinese Journal of Applied
Ecology, 2016, 27(7) :2111-2118.

[10] Dietrich A L, Nilsson C, Jansson R. Restoration effects on germina-
tion and survival of plants in the riparian zone: A phytometer study[J].
Plant Ecology, 2015, 216(3) :465-477.

[LL] SEGUAE . 5] e by j2 5 A 0 R 9 T R DD B S WF AR [D). K
I FRIN R, 2019.

CHAI Jian—xiong. Study on plant community allocation and functional
improvement in the riparian zone of the Qingyi River basin[D]. Zheng-
zhou: Zhengzhou University, 2019.

[12] Wang Y C, Lei B, Yang C H, et al. Heavy metal contamination from
sediment and soil in the riparian zone of the Three Gorges Reservoir,
Chinal[J]. Applied Mechanics and Materials, 2014, 675/677:371-376.

[13] 5KHBE, XUARBH, Ted, &5 . L0 g X A 3 n] BE 57 FLE 2 RE 43
FrlJ] LT MOl RHE, 2014(6) :7-13.

ZHANG Qun, LIU Chun-yang, YU Xiao—dan, et al. Study on the di-



20209 A

WRRZ , 45 - L0000 ] 2 el AL ) S ) 2 RV 2057

versity of soil —cultured fungi in Liaohe reserve[]]. Liaoning Forestry
Science and Technology, 2014(6):7-13.

[14] =g, 1T, EBE, S5 T nm B i 52 B R A v 2
PERFSE). R S5 H AR, 2018, 41(12) : 148-157.

LI Jin-rong, HOU Hu-ping, WANG Chen, et al. Soil bacteria diversi-
ty of reclaimed soil based on high throughput sequencing[J]. Environ-
mental Science & Technology, 2018, 41(12) : 148-157.

[15] Wise M J. A field investigation into the effects of anthropogenic distur-
bances on biodiversity and alien invasions of plant communities|J].
Bioscene, 2017, 43(2) :3-14.

[16] Chen F, Lu S, Hu X, et al. Multi-~dimensional habitat vegetation resto-
ration mode for lake riparian zone, Taihu, China[J]. Ecological Engi-
neering, 2019, 134:56-64.

[17] #7335, TKEE, EAW], 45 . T i G0y i s R ZLAEAR B L4
ANGREE RO T PUE A0 AR, 2018, 45(11) :2429-2438.
YANG Mei-ling, ZHANG Xia, WANG Shao — ming, et al. High
throughput sequencing analysis of bacterial communities in Yumin
safflower[J]. Microbiology China, 2018, 45(11):2429-2438.

[18] Zhou W P, Xiang D, Hu Y J, et al. Influences of long—term enclosure
on the restoration of plant and AM fungal communities on grassland
under different grazing intensities|J]. Acta Ecologica Sinica, 2013, 33
(33):3383-3393.

[19] B H A . LT PR3 X AR BEM AT IO AR BIF S8 (D). K3 K il i
K2, 2018.

CAO Li-juan. Evaluation of habitat restoration in Liao River reserve
[D]. Dalian: Dalian Ocean University, 2018.

[20] XM, F i, BIEA, 55 . KOG AR FRARE T AL B2 FE X
b A LR L (52 I ()], AR AR BRI, 2018, 27(9) £ 1610~
1616.

LIU Lin—xin, WANG Jian, YANG Xiao—jie, et al. Forest plant commu-
nity and organic carbon density in Da Xing’ an Mountains|J]. Ecology
and Environmental Sciences, 2018,27(9):1610-1616.

[21] RPFK, hanm, SR —, . MR g TR ARE AR LR &
MR FEPEIEFEL ] ZE5R2, 2019, 38(3) : 71-79.

WU Rui-xin, MA Hui-qiang, ZHI Tian—-yi, et al. Study on soil im-
provement and vegetation diversity of two kinds of young trees under
remediation[J]. Ecological Science, 2019, 38(3) :71-79.

[22] R . I A AR AR BB AT A A SRS A i B AR TS
EEATTPNID]. KA ARABIE R, 2014,

LUO Jian—hu. The diversity analysis of riparian vegetation, butterflies
and ecological comprehensive evaluation under the near—natural eco-
logical restoration[D]. Changchun : Northeast Normal University, 2014.

[23] W . TSR R T 45 R T[], BiAll, 2018(13) :4-6.
YANG Jing. Vegetation evaluation and result analysis in Qinghe
River basin[J]. New Agriculture, 2018(13) :4-6.

[24] W3k, 5K IEE, HhEle, 55 . 16 rRNA it 1 I WFE 42 7 K v
TR v 4 S 2 R ). BRI, 2017, 38(4) 1 1704-1716.
YANG Hao, ZHANG Guo —zhen, YANG Xiao —ni, et al. Microbial
community structure and diversity in cellar water by 16S rRNA high—
throughput sequencing[J]. Environmental Science, 2017, 38(4) : 1704~
1716.

[25] 25025 . 7 LU DX TRUAR A0 AR 2R 0 R 0 R FOXT 338 97 3 Rl st A

MIZHAERIE D] M  PUALRBRBHE, 2016.

LI Ya—yun. Effects of typical plant roots decomposition on soil nutri-
ents and soil microbial diversity of southern area in Ningxia[D]. Yan-
gling: Northwest A&F University, 2016.

[26] fil A . 37 B YL b1 U T 2 A R S AR ) 2 REVE B 5T (D). TR : P R
K2, 2019.

HE Song. Study on vegetation and plant diversity of riparian in the
middle and lower reaches of the Jialing River[D]. Chongqing: South-
west University, 2019.

[27] FLERAL, A5 i, BT . AU s PR LI f2 el i 40 2 A 1 S ) ]
ForHI] BHESR, 2017, 35(24) :57-65.

KONG Qing-xian, XIN Zhong-bao, XIA Xiao—ping. Riparian vegeta-
tion diversity and its influencing factors of Huaijiu River in Beijing|J].
Science & Technology Review, 2017, 35(24):57-65.

[28] fT I, S HHAF, BIARAE, S5 SO T IR nhi) L 1S S A 2

FEVER)C R BFFEL]. WA K AR, 2019, 31(1):26-31.
HE Cong, WU Shi-xiang, HU Cui-hua, et al. Study on the relation-
ship between soil moisture content and plant diversity in the gully of
the Yuanmou dry—-hot valley[J]. Subtropical Soil and Water Sonserva-
tion, 2019, 31(1):26-31.

[29] Bates S T, Clemente J C, Flores G E, et al. Global biogeography of
highly diverse protistan communities in soil[J]. The ISME Journal,
2013, 7(3) :652-659.

[30] Schloss P D, Gevers D, Westcott S L. Reducing the effects of PCR am-
plification and sequencing artifacts on 16SrRNA-based studies|J].
PLoS One, 2011, 6(12):e27310.

[31] BB, FhER A8, b, 55 . T n) G AP DX 2 Y b e Rl A WA v 2

FEAEL]. SRRl CAARRMFR ), 2016, 28(6) :457-463.
GUO Na, SUN Li—na, MENG Yue, et al. Soil microbial community
structure characteristics of riparian zone in Liaohe River conservation
arealJ]. Journal of Shenyang University (Natural Science Edition),
2016, 28(6) :457-463.

[32] B4, ALAHE, TR, A5 . HE T e A I B AR 2 Ao AN [

Hu DX R e TR BURUES Tl 2e WRE TR 2R TR 2 a5 A Tl
2019,45(21):221-228.
WU Ya—ting, DU Mu-ying, HE Huan—huan, et al. Microbial diversity
analysis of natural fermented chili sauce from different regions in Xin-
jiang by high—throughput sequencing[J]. Food and Fermentation In-
dustries, 2019, 45(21) :221-228.

[33] Wi or, B9 4, dak iy, 55 . B0 4 Fe b KGR ARC ML Foxs 1- e 40

TR OS2 L)), PRI, 2018, 39(4) £ 1824-1832.
CHEN Meng-li, ZENG Quan—chao, HUANG Yi-mei, et al. Effects of
the farmland—to—forest/grassland conversion program on the soil bac-
terial community in the loess hilly region[J]. Environmental Science,
2018, 39(4):1824-1832.

[34] A, 8 Hedk, BT, 45 JE Tl I A R A e

V& ZRERE S T(T). KRR, 2017, 36(3) :419-424.
ZHU Lin, ZENG Chun—lin, LI Yu—qing, et al. The characteristic of
bacterial community diversity in soybean field with continuous crop-
ping based on the high —throughput sequencing[J]. Soybean Science,
2017, 36(3) :419-424.



