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Table 1 Soil properties of the monocropping field and control

EER IR T e AR HAA R
ISt 2HTN . S TP EAMEAK L §REC
TOC B AN NHi-N  NO;-N . . B pH
Treatment L. (gkg) . » L. (gkg) . (mgkg') (pScm™)
(gkg) (mgkg") (mgkg') (mgkg) (mgkg")
. 9721 09%£0.2 46.7x1.7 13920 30.3x4.8 09+0.2 489%x52 260.7+21.0 199.7+14.4 52+0.6
Monocropping
%f#EControl 12.9+5.3 0.8+0.1 30.1+81 13.7+14 206+4.3 0.8+0.1 123+4.1 309.1+100.5 1006+261 6.4+0.1
plEp value 0.39 0.72 0.03 0.88 0.82 0.001 0.46 0.006 0.02

. PHME = FRifER (n=3) Note: Means=SD (n=3).TOC, Total organic carbon; TN, Total N; AN, Alkalyzable N; TP,
Total P; AP, Available P; AK, Available K; EC, Electrical conductivity
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SR A TR RS RV o 22 RE IR AE R [ R i ] G
EAb . TEIR—FEHL N, MR AEAR R 4 b ) A0 T
PR % m THRPR 3 (p<0.05) , {HAX R
B H ) AR AR B AN B RS o 2000 3 S T AL
PR 4 (E1) .
2.3 EEXMMRRRAERESEHNEN

Xof 0 P 255 5 118 3= AR BR 08 ( Principal coordinate
analysis, PCoA) &I, AE A EFE bk AL EAR
B - G W e TR G A AR DL, (HLE AR A AT AR
B - SR 40 D B 5 4 5 X FR R AR HE 22 Ak,

HH A I o A XS AR A AR B - ST 2E W R 7 435 4 1) 52 i)
BAEMRPR LM R (K2A) o BESVrdit
—UESE AR AT BEAE M AT AR B A 398 40 1R B
5 IR LS ey, I A i AC AR s - R 441 TR 7
it 5 HAM LA R R K (E2B)

XA b PP AR B O TU R T4 28R B, Jr
A PUHE A OTU 31244, teAh, #E AL
F AL AR Br/AR AR B L3 vh 23 S 2R R R OTU 4761
325>, Xof BEURE Hu DU 73531 Dy 287 M13584 (K3
24 OTUFEAENKFMENK

XPANTRIRE RS TR T ) B R, MO AR B
AR BRARXS = BEHEAA AT A PL AR BT 15350 R AR T 1
[T (Proteobacteria ) , HZF ] ( Actinobacteria ) .
ZFHME ] ( Gemmatimonadetes ) . AFFE ]
(Bacteroidetes ) . BR¥TFH ] ( Acidobacteria) .
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*p <0.05; **p<0.01, F[H Note: RM, Rhizosphere of Lycium barbarum L. in Monocropping field; RC, Rhizosphere of Lycium
barbarum L. in Control; BM, Bulk soil of the Monocropping field; BC, Bulk soil of the Control. * and ** represents significant
difference at 0.05 and 0.01 level, respectively. The same below
K1 AR Br/ARR PR IR RE R A (A) Koo ZREVESRFR (B)

Fig. 1 Number of soil bacterial species ( A ) and shannon index ( B) of the rhizosphere of Lycium barbarum L. and bulk soil
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Fig. 2 B diversity analysis of the soil bacterial communities in the rhizosphere and bulk soil
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Fig. 3 Venn diagram of the OTUs of the soil bacterial communities

in the rhizosphere and bulk soils

W#E] (Cyanobacteria ) . JEEER] ( Firmicutes ) .
PE R ) ( Verrucomicrobia ) . 285 (] ( Chlorof-
lexi) PAK7FE® ] (Planctomycetes ) . X241
TR A9 AR XS EE 81 o 45 i B 51 8K 93.8% ~ 96.1%
(2) o HARIXBLYN TR (YA AT 3= BE EAS [F AL Al
(HEZME ) K, (A2 PRMEE ] FE 5 R
I TR A X = 5 7R AN (R AR ol e AT AR o 3 A A (R
2) o Hrh, HEAEHAEARER LR
Xof = B 0T I 2 BRI
2.5 OTUFEHEREKTFRZN

TEFTA MR b, AT 32 R A A T i R
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Table 2 Relative abundance of dominant bacterial phyla in rhizosphere of Lycium barbarum L. and bulk soil

X #%/EMonocropping %t B8 Control
TR ] — — — —
LitgN AR B PR AEMRPr
Taxonomy
Rhizosphere Bulk soil Rhizosphere Bulk soil
A | IProteobacteria 56.5+14.7 51.8+14.3 48.2=1.6 39.6=2.5
R T 1] Actinobacteria 19.1£15.7 10.9+2.9 15.3+1.5 17.0+5.6
ZEHAM B[] Gemmatimonadetes 3.4+0.5b 8.0 +3.2ab 4.6+0.4b 11.3+1.5a
AT H [ Bacteroidetes 5.2+4.3 8.3%1.7 8.6+1.7 9.0£2.0
2 ¥ 1 | ] Acidobacteria 40+3.3 55+2.2 2.9+0.3 3.7+0.6
Wi %1 ] Cyanobacteria 1.3+£0.4 0.6+0.2 4.2+3.0 0.6+0.1
JEBERF | Firmicutes 2.8+0.8 2.2%0.7 45+£1.8 42+1.4
PER 1] Verrucomicrobia 1.1+0.4 2.7+0.8 25+1.0 2.6+0.4
4725 11 ]Chloroflexi 1.8+1.5 2.5+1.0 1.6+0.2 2.7+0.8
F# W JPlanctomycetes 1.0£0.3b 2.8+0.7a 2.8+1.0a 3.0+0.4a
H A Others 3.9+1.1 4.8+1.8 4.8+0.5 6.2+1.0

W P = FRER (n=3) . ARIFRRRZEFEE (p<0.05) Note: Means+SD (n =3) . Different letters mean significant

difference at 0.05 level

SN ABI A EJE (Acinetobacter) . REAME
J& ( Pseudomonas) . WIEBH JE ( Rhizobium ) .
W WIS (Cronobacter) | 28T 1A &
( Paenibacillus ) . ¥ E)& (Bacillus ) . 4
WA R (Mycobacterium ) . 2 I 40 1 &
(Sphingomonas ) . REMOCHEMWEE ( Pseud-
oxanthomonas ) UL X & BEATEJE ( Sphingobac-
terium ) , IXECANTE &7 BT ON A0 S 10.4% ~
23.2% . GEitorprRM, AE BTN B 5794 4
WE Y, A 400 J8 B9 AH X 45 BEAE A [ FF b ]
RAEWFUWAE (FR3) o Hr, EFEAAALRPR

HAzohydromonas . Variovorax. Caenimonas .

Hydrogenophaga M Azospirillum WA XF 3 & &
X REFE M 3 88 0, i Mycobacterium . Phyllo-
bacterium . Blastocatella, Altererythrobacter

Devosia. Pir4 lineage. Brevundimonas . Nitri-
liruptor . Algoriphagus . Thalassobaculum . Legio-
nella, CL500-3 J1-8 B AHXT 4= BE ) & 35 B AR (3%
3) o MAEMRPRANE M, ZEAEH P Woodsholea

Adhaeribacter. ParapedobacterfNocardiopsisiHH
X = B REAE b g S W8N, T Euzebya . Nitriliru-
ptor. 1-8. unidentified SK259Flunidentified SAR11
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DIRIFEREITSARBTER B EAMXER (£

4) o TEMACAEMR PR L, ZEAMERR ] S5pH . A8

BRI SMAR G B R EEME, ML

HpH., #5288, 85HINS5%5AH

OGRS MAA SR, WIS ey,

JEERE TR ] 5 A A o ) DU A A 2 A O (3R

4) o WA, HHEA RS R SRR E ]

TCt E AR

Rk — 20T i i A el - 1 3 A M BT AR Ak X A
T AR B/ AR PR - 59 40 TR Vi A R B2 e, A
Canoco 5.0 #4773 FHEE M ITAR5HT (db-
RNA) o Z55RW, Mofche 1 58 3 28 P A g
fie BEARC AR B 240 B A 75 19224k (p > 0.05, K5)
{5 - 38 p HANA 2000 2 122 000 43 3 i e 1 M A AR B
- AN R RIS AR 0 41.8%F135.4% (p<0.01, £
5) , HAbKHE 2w Iigsitaem L, X —45 R
Ui, RS IR ALK B 1 AT A AR B 4 T
TR (AR, T A Xo) A FCARS Bos 248 T % 10 52 il ]
A T B3 3 5 ) P AR AR AL A G DL R A A AD 5 -
1 TR 8] ) B AE I S B

F4 TEBUMRSWRRNIERRABARE T EENBXRY

Table 4 Pearson correlation coefficients of relative abundance of the dominant bacterial phyla in rhizosphere of Lycium barbarum L. and

bulk soils with soil properties

[ FFactor pH EC TOC AN NH-N NO;-N TP AP AK

B X1 -0.73  -041 -0.35  -0.19 0.32 0.71 0.50  —0.18 0.49  -0.18
Rhizosphere X2 0.22  -0.17  -0.04 0.29 0.17  -0.82% -0.16 0.29 0.14 0.09
X3 0.93%+  0.78 0.52 019 -0.65 -0.22  —0.64 0.19  -0.93%  0.09

X4 0.16 0.59 0.18 057  -0.62 042 027 -057  —0.40 0.42

X5 0.14  —0.24 0.06 0.31 0.27  -0.74  -0.02 0.31 0.21  -0.03

X6 0.47 0.47 0.65 012  -0.24 0.44  —0.05 012  -0.72  -0.43

X7 0.37 0.38  -0.23  -0.31  —0.40 0.08 -0.44 -031  -0.58 0.23

X8 0.57 0.72 0.79  -0.08  -0.53 0.33  -022 -0.08 -0.75  -0.08

X9 0.32  —0.07 0.17 0.33 013 -0.75 -0.14 0.33 0.02  —0.01

X10 0.75 0.84%  0.74 0.00  —0.70 0.09  -0.45 0.00  -0.83*  0.10

FERRBR X1 -0.89% -0.59  -0.07  -0.49 0.61 0.62 0.85%  —0.49 0.68  —0.30
Bulk soil X2 0.75 067 -022 -0.01 -0.81 -0.60 -0.97% -0.01  -0.61 0.74
X3 0.85%  0.58 0.39 054 047 -032  -0.59 054 -0.76  -0.05

X4 0.46 0.46 0.36 0.34  -0.48  -0.33  -0.43 0.34  —0.24 0.28

X5 -0.13  -0.57  -0.29 0.80 0.55  -0.38 0.16 0.80 0.39  -0.42

X6 -0.24 0.25 0.22  —-0.94%% —0.28 0.22 0.11  -0.94% 0.12 0.51

X7 0.74 0.66 0.62 0.30  -0.48 0.12  -0.38 0.30  -0.84% -0.20

X8 0.25 -0.23  -0.38 0.50 0.18 -0.69  -0.28 0.50 0.02  —0.03

X9 0.58 0.33  -0.23 0.38  -0.48  -0.84* —0.78 0.38  —0.22 0.57

X10 0.55 0.07  -0.34 068 -0.11 -0.51  —0.54 0.68 -0.39  -0.07

He X1: ZIBWIT; X2: W] X3: MR, X4: HUFFRTT; X5: MRATIITT; X6: ##E]; X7: ERERET]; X8: I
WETT; X9: SBRWIT; X10: FHEEI ], »*EREFWEE (p<0.01) , *XAREFEE (p<0.05) Note: X1: Proteobacteria;
X2: Actinobacteria; X3: Gemmatimonadetes; X4: Bacteroidetes; X5: Acidobacteria; X6: Cyanobacteria; X7: Firmicutes; X8:

Verrucomicrobia; X9: Chloroflexi; X10: Planctomycetes; **Correlation is significant at the 0.01 level, *Correlation is significant at

the 0.05 level
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Table 5 Effects of soil properties on composition of the bacterial communities in the rhizosphere of Lycium barbarum L. and bulk soil

+HEPF Soil Factor pH EC TOC TN AN NH;-N NO;-N TP AP AK
HEBR & BERE % of variance 20.6 26.8 16.2 11.3 21.0 33.0 9.3 11.3 29.4 4.7
Rhizosphere explained
p 18 p-value 0.32 0.21 0.74 0.71 0.36 0.11 0.72 0.71 0.08 0.92
e B R BEE % of variance 41.8 29.7 10.8 28.0 27.7 25.3 33.6 28.0 35.4 14.4
Bulk soil explained
p 18 p-value 0.006 0.15 0.82 0.23 0.20 0.23 0.14 0.23 0.008 0.70
3 9 i O SO D TR O B R

AT el - 398 B 45 2 M AT — 1 398 — 1= 3 A W 4 R
MRFIRIAOA ST . Zead ZAFEBE, AR ARW AT |
TR ST e 25 4 = o BN T/ 3, DA RO AC AR 3R
Iy AT IE M A LB IERAE E —ER A L
B, WhSR VR 25 ) 25 A AC T - HE 1 B Ak RN G
EVREVE R . R M AL I - i R TR T
Urge s fk, T 48 7 M Al 3% 7 Fe ag L A
5T = X,

30 EEXMARRETIEEBECEFRTIEAREEE

B %2 el

Wrog e W], LgE sk D0 g g
fiE L BREE U Rk AR U e
AN R R2 B B 422 5 [A) 422 b 52 i) - S 1 A 0 1) B T
¥ Horp, A EpHBE A 2 T b - E A
PR REN T2 — " R EENE
HEA B I REVE AR 1 L ARBRIE O RE HL A TR 1
WA, SR p AR A SR m i X B> —
HF g pHE R . HESHRERK, Fffd
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Effects of Monocropping on Diversity and Structure of the Bacterial Community
in Rhizosphere of Replanted Lycium barbarum L.

NA Xiaofan' ZHENG Guoqi’ XING Zhengcao' MA Jinping® LI Zhanhui' LU Junhui! MA Fei®f
(1 School of Life Science, Ningxia University, Yinchuan 750021, China)

( 2 Institute of Environmental Engineer, Ningxia University, Yinchuan 750021, China)

( 3 Institute of Wolfberry of Agro-forestry Science, Ningxia Academy of Agriculture and Forestry Science, Yinchuan 750013, China )

Abstract [ Objective] Owing to the limitation of soil resources in the traditional wolfberry ( Lycium
barbarum 1..) production regions, monocropping of the plants has become one of the major factors affecting
sustainable development of the industry of wolfberry production and causing serious economic loss every year
in Ningxia. It is, therefore, of great theoretic significance to sustainable development of the industry to
explore effects of monocropping of the plants on evolution of the soil microbial community in the soil ecosystem.
A wolfberry plantation, the Nanliang Farm in Yingchuan of Ningxia was selected as the subject for the study.
The Illumina MiSeq sequencing technique was used to analyze the effects. [ Method] Soil samples were
collected form rhizosphere and bulk soils of the monocropping wolfberry fields and control ( non-monocropping
field ) for analysis of diversity and structure of the soil microbial communities, and plant samples were,
too, for characterization of plant growth. Total genomic DNA was isolated form the rhizosphere and bulk
soils using a Power Soil DNA Isolation Kit. Then V4 sections of 16S rDNA were sequenced with the aid of the
[1lumina MiSeq system and soil microbial communities in the rhizosphere and bulk soils were analyzed for
diversity and structure with QIIME. [Result] It was found that soil available nitrogen and phosphorus were
significantly higher in the monocropping field than in the control, while soil pH and electric conductivity
exhibited a reverse trend; that monocropping significantly inhibited growth of the replanted wolfberry.
The barcoded pyrosequencing data revealed that in the monocropping field, the number of soil bacterial
species in the rhizosphere significantly decreased ( p <0.05) and the soil bacterial community structure
substantially altered as compared with the control. However, no much difference in bacterial community
diversity and structure was observed in bulk soil between the two fields. Proteobacteria, Actinobacteria,
Gemmatimonadetes, Bacteroidetes, Acidobacteria, Cyanobacteria, Firmicutes, Verrucomicrobia,
Chloroflexi and Planctomycetes were the most dominant bacterial phyla in all the soil samples, accounting
for 93.8% ~ 96.1% of the total taxon tags. Planctomycetes in rhizosphere significantly decreased in relative
abundance in the monocropping field as compared with the control (p < 0.05) . The analysis at the genera
level also shows that 40 of the total 579 genera of soil bacteria obviously varied in relative abundance between
the two treatments (p < 0.05) . Pearson’s correlation coefficients analysis also shows that in the bulk soils
significantly positive relationships were found between soil pH and Gemmatimonadetes and between nitrate
nitrogen content and Proteobacteria, whereas highly negative ones were between Proteobacteria and pH,
between Cyanobacteria and total nitrogen content, between Chloroflexi and ammonium nitrogen content,
between Actinobacteria and nitrate nitrogen content, between Cyanobacteria and total phosphorus content,
and between Firmicutes and available phosphorus content, while in the rhizosphere, positive ones were
found between soil pH and Gemmatimonadetes, and between electric conductivity and Planctomycetes,

whereas negative ones were between ammonium nitrogen content and Actinobacteria, between available
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phosphorus content and Gemmatimonadetes, and between available phosphorus content and Planctomycetes.
Furthermore, distance based redundancy analysis ( db—RDA ) indicates that soil pH and available phosphorus
content were the major factors affecting structure of soil bacterial community in the bulk soil, explained
41.8% and 35.4% of variances (p <0.05) , respectively, whereas none of the soil properties was found
responsible for the changes in the soil bacterial community structure in the rhizosphere. [ Conclusion] All
the findings in this experiment demonstrate that monocropping of Lycium barbarum L. has caused serious soil
problems, which in turn affect activity and composition of the soil bacterial community in the rhizosphere of
the replanted Lycium barbarum L.
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