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Lht LYE KEE HEH A
(TR HEmBARE, BI 750021)

M OE AR A SRR SURGE L X ST IRBR ], A RRT O SO ] 2T B AL T ek
KRN EZENRZ —, PEOTEREFHHRMASE, AreTTeRy, SRS 2 2 R PR 1
ST BT SR Z AR, (HLEE VX BT R R S5 A AT RE A S F TN AN AE o A SR IS 9 e B
PCR il I FPHoAR , AFFEIEAEXT AR M ACAR PRECE TS R M ZREERRE . SEI 9O ERE B PCR 20T
KW, SXTIEREHORA LE, PR R AR A ACAR P S AR L e b 20 R ML BRI A E o (HE AT B i
PEFE I R T, S BT/ A L A, PR R AR Bn B AR AR P - SR E W BRI G 1) T LR Y
XM PSSR AT R B, BN A s rP A ACAR s S AR B L e b i L3 LR ] 0 D B 1] L FH TR T
AW, B T BRBER ], P A AR RCHR PR 12 G T AR X 2 BE RO IR 5 A, i
TR 1T FRPFDXT = B U i 253484 ( P<<0.05 ). FUNGuild B 2 RE TN AL IE S 2 A 5 350 ) AR A AT AR B - S ARG
PR IAXT . (P<0.05). FETHIE IR (db-RDA) 48REM], HHE pH. BT, MHEEAM
AR R R A A AR PR S ECIRTRE 7 AR A 2 1 (P<0.05), T k- A 2 RURIA S50 7 i U2 fie
FERR PR L B R AR EE P T (P<0.05 ). X S5 R IT it FH A AE AT RE 2 28 S A b P AR AT AL AR
P b LB T A A SR - R AR SR R B RN R Z — o XSS5 RO B A R VR B s A 1R BHIL ]
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PR A ACAR B - R0 PR AE 75 0 o At R B, AR
0 PR AR AT AR B A AN R 2 R S 8
TR RV 245 P % A i S AR AR Tk S 5 35 R A K
R ET, MAD e SR A T A 1A
IEE 09 10 PT g2 T SR AT % 1 e i 1 2R
AR FHALE B A TE R

ER EIEMAEY X R EZ N, HEARYS
HAAEY — RS 5 54 R 50 Y 06 3 1 Rg
s B AL, FRBRE BE g it B B
A E BB IR S W ORI A 1 A5 2R i i A A
YIREIE B 2R R U BRILLASN, HHEECR R
REASIE o [ 0 . R o0 . R L B 4 AR
MBS A Y 2 R R A A A R R
ICAF 9% 18 EC PR TR 22 Rk B R A, X TR R
- HE T R R it S AR A B 2 Se
AT I T 17 30T 5 A b P AR AT AR P - R A0 B R
EHHFSE , vE— AR FH 2 9 2 5 PCR My il &
WP H A, 3 AT AR X PR A AT AR B /A AR Fr 1 358
R V% T2 B e ZREVE R RZ IR, A BR O R AL AR
B AR B B2 UL BT Y B 15 B .

1 MRSk

1.1 ARXER

RGO AR N TTAERE 20 km MR RA Y, %
Hb DX B ARSI hi A TR AU, RS
79~8.6CZIH, BRIEZEKR, FHHEW LN
145.5 mm, TREWALE 129~177 d Z /6], FEh+ 3k
R+
1.2 REiEit

S50 DX BEGE SRS 10 4 A F A FE AN
JG AT A Sl A it A b FH M, 43 DR L R i
Y BT BEFEHb 3 A SOnT RE R AC el 1 e L it 2 Ak P
AR . pH A 51A 5.2 Fl 6.4; K 199.7
1006 uS-em™'; AHLEK 9.7 Al 12.9 gkg'; &% 0.9
F10.8 gkg'; BHMHA 46.7 F130.1 mgkg'; AR
13.9 f113.7 mg-kg™'; WA 30.3 F120.6 mgkg ';
L% 0.9 0.8 gkg™'; A RLHE 48.9 A1 12.3 mgkg ™
R 260.7 #1309.1 mgkg ',

R EAERE A AT , A SO REAE M 28 S
T 2012 4 4 AR —4EAEMREE (TR 15), 17

B3 m. PREE | m, FEJ7IERL 666 m®, HAC H a4
PSRRI — 2, 2016 4F 8 H R T EMIFCAR
P, JEMRPR EHEREA (Fs — A AL R SRS ).
S A BENL E 3 M (10 mx10 m ), B
JrNBERLZEER 10 BRAAD, R 47 iR B A il 25
20 cm bR AE 0~20 cm IR E 3 ; [FIAHHZEMACAR
(HA/NF 2mm), BEFLERATRHELE . &
FER—HFET7 N AR PR £ R AEAR PR £, B Tk & A7
PR 2t 2 mm R Z2 WIS, B L ¢
fif +F-20°CIAFH T2 DNA; F& ERELKA
J T HEEAE M B A A AR BR 4 BER 4/ L
(01 7 vk 345 . 13 DNA # B Power Soil™ DNA
PRI B 150 LI T4 DNA 28350 IR W 6 12 Hh Uk
Kol &4 5 53 =, — M TR P55 16S
tDNA V4 X B i o, — 4y i F A A 5% v B R
ITS2 KB, —MIREHE-20CHT gqRT-PCR
M7 16S rDNA F1 18S rDNA JE[H R
1.3 HE ITS2 RESEENF REED T

R A B VAT R Y 1TS2 X B A 7474,
BBy LRI WP 915308 5-TCCGTAGGTGA
ACCTGCGC-3'Hl 5-TCCTCCGCTTATTGATATGC-
3 PGP R E TS 20 R O AR
S1W 543 9 K 5-GCATCGATGAAGAACGCAG
C-3'fil 5-TCCTCCGCTTATTGATATGC-3', ¥ 144
F59: 98°C, Atk 1 ming 98°C, 7ZEPE10s; 50C,
B 30s; 72°C, ZEM# 1 min; 30 MG, 72°C, FEf
5min, PCR #3455, WA Illumina HiSeq 2500 J&
HZH A3 HT -5 0 LR N TTS2 X BEIHA TN .
14 ZERRHEEEZ PCR

i+ E KL ZH DNA H 16S rtDNA (475 ) il
18S rDNA ( ER# ) £ M FEEFH ] QuantStudio™ 5
Bt E %t PCR &4 ( Thermo Fisher Scientific,
USA) i#47. T 40514 Eub338 ( ACTCCTAC
GGGAGGCAG CAG )#il Eub518( ATTACCGCGGCT
GG), HFE5¥ R Ful8sl ( GGAAACTCAGGTCCA
GA ) Fll Nu-SSU-1536 ( ATTGCAATGCYCTATCCC
CA ). PCR AR RN 20 pL, a4 SYBR
Premix Ex Taq ( Takara, Ki%E, JE) 10uL. LT
HF51945 1 uL (10umol-L™" ), DNA 54 2 uL, ROX
0.4 uL. JCTH 2B 7K 5.6 uL. 4078 W 174"
B, UHRRIT O 95 CHIARYE 30 s, 7E 95CARPE S s,
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60 CiR K FGEf 34 s, A =0y 4, ¥
BEREFFAR . 95°CHIAE 30s, 95°CAEME S5s, 50C
Bk 30s, 72°CHEfH 30s, fEFR 40 YK, 405 A E
Vs i i 28 4% IR QuantStudio 5 S2F 38 E A R 5%
BRINFEF 8. 95°CAME 155, 60°CEME 60 s, 95°C
215 s, %% 16S rDNA F1 18S rDNA FE[K H Bty
FHA TR DNA BEEEFGRE, 50 5 LA A A i 45
16S tDNA F1 18S rDNA KNP HiprifEdh £k, 118 +
8 DNA FEA R 7 & DR % 246 % 5 4k o
1.5 Sitsan

A [ it () 5 1 i 25 M 53 B il SPSS (122.0)
W LR R 7 22 BT S ( Turkey test, n=3 ), ELJH
FEFE TN FH FUNGuild £ R 347 % e &2 1
T e N 5 I R I A AR A O R A
Canoco (5.0) HIETFHEEAITA M (db-RDA )

S5ER. VERIHEF Origin 9.0 84
2z R

21 TEWMRRRR/AERRAEEFMERFEEE

1 BY e Nz

SERF G RE it PCR 25 R W, B AVEREHBAR PR A
AR AR B S A0 DA R TR B 430 S 3 R TGS R
PR M AEMRBR 148 ( P<0.05, F 1), Hrp, #Eke
b AR A AR B 200 B R I A = B2 43 i) Sy o HEURE b P
MEAFCARPREY 4.8 £5F0 7.3 4%, T AEAR b B0 43-51]
X 2.1 £ 5.9 F5 (£ 1), Lo RIM,
Xof FE R 1t AR B R I AR B - M A9 40 R/ R R T
TEAVERE L, F L 1 40 R St BEEE LAY 1.5 F5( P>0.05)
2.7 4% (P<0.05, £ 1),

1 LRRAEEE PCRZESHTMICRIF/ERIFAFMEFTEET b

Table 1 Abundances of soil bacteria and fungi in the bulk soil and rhizosphere of L. barbarum detected by real-time PCR

Kb M4 Bacteria / H. Fungi/ M/ E
Treatment (x108g™) (x10"g™") Bacteria/Fungi
HFR Rhizosphere Xt & RC 7.0 +3.6b 3.6+ 1.6b 19.0 = 1.8b
#/E RM 33.7+13.2a 26.5+0.9a 12.6 + 4.6b
FEMR PR Bulk soil x| BC 2.9+0.3¢c 0.5+ 0.2¢ 67.5+22.0a
#AE BM 6.3 +0.9b 2.7+1.1b 25.0 £ 7.6b

e PR MR 2E (n=3 ). FFVEHE AR TR R 25 B3 (P<0.05), RC, WHEREMIMACHRES +58; RM, ZEEMACHR
PR+ 38 ; BC, W EAEH A AT AR MR BR 38 ; BM, #EVEMAFCIEAR PR +3 . T 6] Note: Means + SD( n = 3 ). Different letters in the same column

mean significant difference at 0.05 level. RC, rhizosphere of L. barbarumin the control field; RM, rhizosphere of L. barbarumin the

monocropped field; BC, bulk soil of the control field; BM, bulk soil of the monocropped field. The same below

22 KEHZEENBETEMCREREER S o %

TR B R SR R

XF ECBE ITS2 DX B 119 o i 0 S 45 SR R B, AR
AR R A 1 EC B RE VR 00 =F BRI — B R EO & T
FOARPR 138, (B 55X REREMAR E, 21 I RS2
FEAACAR PR M ARMR PR - S E R RIS 1Y o ZHEPETREL
(P>0.05, Kl la. Kl 1b). Z4ER 54 (NMDS)
FOH, AR M X FERE M A T AR AT AR PR KA
HRPR 4 98 0 B VR YA AE W I 22 5 o (B 550 R
AR LY, 3 VR R b FA 7 A RS AR B L I 454
AR PR 3R Y 22 S B AT (I 1o ).

23 KHZEENBEWRERERERRAEBER
FERZ

W25 5L R0, il e S it v 8 0 35 LR
I8 3R T 2% 1] ( Ascomycota ). +H T ]
( Basidiomycota ) . ¥& ] ( Zygomycota ) . 4 [#
I'1( Chytridiomycota ) . BRZEH ] ( Glomeromycota ) ,
X BT (5 AR BT AR 99.1%~99.9% (£
2) o Geit ok, B W EE AR PR
- g v AR R S RO BERE 1 S ( P<0.05,
2 2), AEBRAE A 1] A A X 3 B2 D) 2 3 FAIR( P<0.05,
*2)
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a) b) 9 04 *  Stress=0.049 [* RM
8 3 A o9RC
3400 = T A BM
= = — 2
2 . g im0 * [*BC
- £ g [at °
2300 B :. L7 1é o
E L wn 2 9
= 3
: 1L
e = o -
& 200 X3 02 *
& e
-04 . —_— r T
RM RC BM BC RM RC BM BC -08 -04 0 04 08 1.2
MDSI1
a OTU number b Shannon index of fungal community ¢

Non-metric multidimensional scaling NMDS analysis of composition of the fungal community

K1 PHEMACHR BR/ARR PR L e R R 2R b

Fig. 1 Diversity of the soil fungal communities in the bulk soil and rhizosphere of replanted L. barbarum

x2 BEACRERAERRABEFRFHEEANEETL

Table 2 Relative abundances of the dominant fungal phyla in bulk soils and rhizosphere of replanted L. barbarum

HPR Rhizosphere HEMR PR Bulk soil
432% Taxonomy
X IR RC 4 RM X} I8 BC #1E BM
T2 Ascomycota 94,75 +3.12a 86.72 £ 5.70a 88.97 +5.45a 89.73 +5.18a
H#F B 1] Basidiomycota 421+3.11a 2.73+ 1.64a 4.16 + 0.94a 7.51+4.15a
AW Zygomycota 0.18 + 0.08b 1039 +4.21a 0.80 % 0.66b 1.41 £0.59
Az [] Chytridiomycota 0.09 + 0.08a 0.05 +0.02a 5.01 £5.05a 0.36 + 0.40a
ER#EPE ] Glomeromycota 0.07 £ 0.03a 0.01 £ 0.02b 0.36+0.28a 0.08 £ 0.07a
HiAth Other 0.01+0.01a 0.09+0.01a 0.68 +0.33a 0.90 + 1.16a

HE— DX ARXS FEREHEA T 30 BYE BT R AR RE b PR A A AR B R /sl A AR PR - S T B T T
P, GEMERERUE T MR PR R BEIR A R . AR RO LD SR R A X T Y
Gibellulopsis WJAHRTFE (P<0.05, 3% 3 ). o, FXFREREHL, (HE5RA R (P>0.05, &3 ).

x3 BEMCRIRIERRABEEEFELTK

Table 3 Relative abundance of dominant fungal genera in the bulk and rhizosphere of replanted L. barbarum

HF% Rhizosphere JEARBR Bulk soil
/2% Taxonomy
XFIE RC #AE RM Xf i BC #AE BM
HEAL IS Alternaria 33.36 + 16.38a 27.64 +10.80a 18.76 £ 6.30a 13.98 £ 12.16a
I W )E Gibberella 20.69 + 19.44a 1.96 + 0.89a 16.50 + 18.95a 10.09 + 5.38a
WEJIHJE Fusarium 435+4.41a 15.60 + 8.00a 7.26 £ 10.41a 12.89 £ 6.39a
LR R Metarhizium 2.61 +4.48a 0.02+0.01a 0.02+0.01a 0.04 £0.01a
BT ® Microascus 0.02 £ 0.00a 0.06 + 0.04a 0.03 +0.02a 2.70 + 4.40a
BB Paecilomyces 0.01 +0.00a 0.08 £ 0.10a 0.01+0.01a 2.46+4.17a
2 & Scedosporium 0.07 + 0.05a 0.13+0.13a 1.65 +2.04a 0.09 + 0.03a
W7 Zopfiella 0.77 + 0.58ab 0.04 +0.01b 239+ 1.35a 0.06 + 0.02b
EHED BT Cymatoderma 1.16 + 1.96a 0.01 £0.01a 0.03 £ 0.03a 0.02 £ 0.00a
TN EE & Stemphylium 0.09 + 0.02a 1.79+ 1.37a 0.02 + 0.00a 0.12+0.11a
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Zik
AR R Rhizosphere FEAR BR Bulk soil
412 Taxonomy
X RC #EAE RM XI I8 BC #AE BM
E5C)B W Chaetomium 0.78 £ 0.50a 0.61 +0.86a 1.09+0.17a 1.13+1.18a
R B Pseudogymnoascus 0.28 +0.36a 0.20+0.15a 0.88 + 1.36a 0.28 +0.23a
T B Scopulariopsis 0.22 +0.35a 0.05 + 0.02a 0.32+0.42a 0.81+1.21a
ML E R AU ® Clonostachys 0.02+0.01a 0.89 + 1.15a 0.23+0.38a 0.21+0.31a
/N & Kernia 0.03 +0.04a 0.02+0.01a 0.01 £ 0.00a 0.70 + 1.07a
AR AR Ulocladium 0.55 + 0.69a 0.08 + 0.03a 0.04 + 0.04a 0.01+0.0la
WIAFE)E Emericellopsis 0.01 £ 0.00a 0.12+0.05a 0.01 £ 0.00a 0.64+0.57a
ERJE Mucor 0.11+0.08b 0.74 +0.22a 0.02 +0.02b 0.05 + 0.06b
R Penicillium 0.02 +0.02a 0.00 £ 0.00a 0.38 +0.49a 0.01+0.01a
L& Acremonium 0.11 £ 0.06a 0.08 + 0.03a 0.22 +0.14a 0.50 £ 0.41a
WY Lecanicillium 0.21 £0.22a 0.09 + 0.08a 0.40 + 0.42a 0.08 £ 0.07a
FIEER Actinomucor 0.00 + 0.00a 0.07 +0.08a 0.30+0.27a 0.10+0.17a
WEEHE Ochroconis 0.01+0.01a 0.03+0.03a 0.19+0.32a 0.09 + 0.08a
Thelonectria 0.00 £ 0.00a 0.04 £ 0.03a 0.00 £ 0.00a 0.45+0.47a
Bahusakala 0.01+0.01a 0.01+0.01a 1.03 +1.78a 0.01 £ 0.00a
Geosmithia 0.23+0.36a 0.01 £ 0.00a 0.65 + 0.98a 0.02 £ 0.00a
Gibellulopsis 0.03 + 0.03b 0.40 +0.13a 0.01 + 0.00b 0.30 +0.08a

24 EENBEMTCRKREARINEEEEXEE W (5R4). iRy, EEb AR b -
=g B v DA DR R L A 19 = B AT R P AT A A AR B
BMF 25 RS FUNGuild BB AT I BRI EFRAL (P<0.05), Hofth 1T A8 B B (14 A X

Xt, FEME R TA HERE AR h RN IIGE R FENCRERL (K 4),

x4 EERMBEETBEMRCRFERETRGEEEMENFEETK

Table 4 Relative abundances of soil fungi in the bulk soils and rhizosphere of replanted L. barbarum relative to functional group and treatment

HRF%= Rhizosphere JERBR Bulk soil

HHYJRE4 Functional group

Xt RC #AE RM Xt BC #4FE BM
T 495 BT Plant pathogens 29.86 +20.01a 20.99 +0.20a 24.75+17.82a 24.11 +3.70a
B3 A LI Animal parasites 37.93 +19.56a 28.75+9.94a 22.30 + 6.85a 16.58 + 11.65a
J& 4= BB Saprotrophic fungi 4.80 +4.23a 14.94 £2.58a 10.62 £ 5.61a 16.31 + 6.69a
MR ELH AM fungi 0.07 +0.03a 0.01 + 0.02b 0.31 +0.34a 0.08 + 0.07a
T 27 4 B Mycoparasites 0.12+0.14a 0.13 +0.08a 0.39+0.51a 0.11 +0.04a
HSMETAR E T EcM fungi 0.00 + 0.00a 0.01 £0.01a 0.21 +0.33a 0.02+0.01a
HiAth Other 1527+ 6.20a 25.22+9.87a 6.06 + 2.35b 2.14 + 1.39b
I#ER Al Unmatched 11.95+7.41b 9.95+6.11b 35.36 + 10.98a 40.65+ 10.84a
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2.5 EEFEM B 0 1% R XS M AT AR BR/E AR BR

TEEREEMNZN

FHRPE ST R, WA AR PR R R G R
AR XT3 B 5 A el S ORI S A 3 R O
M55 78 R00%% & & 1 35 TEAH OG5 A 1 1) By A R = B
HArEeu s R, BRER A F
JE SRR S i W IEAEDC, TS5 A A5 & it i 2 Uk
K (P<0.05, F 5). AFARPRAIEPOLE BT T AAEXT
FEE IR PRI TR EHIEER (P>0.05, £5),
MEEIIRE S MURCAR PR - 358 R AE A6 I A A A X
F RS Al O i S O G A LR AR R
55 g rE TR ARG i I TURE DG s VR RTAR L TR
ARG = B SRS B i S 2 B A OG5 A5 1% i
T HADCE  IAEAEAR R v, A e B A A X =
B 5 A PR & i 2 TEA DG (P<0.05, 3R 5).

i — LRI TR TR (db-RDA ) &
W, HEASESE. BeR. HRAEE L pH
o7 00 i B T T B M A AR B - B TR R v AR A
33.7%. 30.0%. 27.1%#126.7% ( P<0.05, F£ 6) .
A SN A S B R T T A AL AR AR
PR 4398 B RE TS S AR 34.1%F1 29.3% ( P<0.05)
HAth IR 7T E#m (FR6) .

3 0 @®

3.1 EEHELBEMRTRERFIERER L T E

EEEERERNTEXR

SN PEEE T PCR B4 ARUESE , 1A Hb PR )
RO AR BRI AR s - 358 v 240 T R0 L I 1) 2 B8 4 S 5
TR (R 1), X—SPRUIIE SRR T K
IR AR A AC BE NS 1 25 fle F - A W e 1) BT
FEX SRR ATREA LT =i B, K
Jiti FH A B A AC 756 1M 20 ik - HE RE A% 1 3 $ (48 3R A
BUR . VRS S C/N LU e s - SRR A5 T Uk
P IR MRS I A KR AT K, Bouskill
SFUSE S L, AL B R 1 i - A M A
v X e SUIAR [ R BRS39Sz 4 o 20 ARG
JE [0 VP, MR I 1 AR ) B 3l A AL AR PR
WhE, dEmifEA AR PR R R ER. AL,
AT - S TR S A R R AR R A K R LA AR
A MR RS SRR EAE R,

S B AT AR X MR PR b I G A W B4 i g R A i A
MRBRISA: ek B BB o % AR A AL AR B /AR AR B LA
RETE A I A3 T A I, 32 A A A R o 7R
7% SARMR PR B AR A B AL (I 1C) |, HIESE
HEAEFTRESS AL T FEAF M AC AR 28 0T - 9 EL R Y R PR A
FH o SR A Qe 5% me A A 55 b S8 A5k A 4 18] 1) AH
HAERAL A RARSE

H T - SR R A L R VR TR R T D RE R
A Y 26 57, TR 17 30 T ol 2 AR T A0 I 0o R B A8 4
P 23R AN [ g g 17 AL A9 4 SR R B
HEAERT FEAR M AT AR /AR AR B 18 L R VR A A AR
FH TR, 5 350% 1 o AR AR R AR B A AR PR -5
FH A B/ LT 0 LU B A T X B A (R 1), i
FEAEAACAR PR 1 SR MR B s 1) T HL A, i,
Grosso Z5ff 5 % P 43 pH AR YE P 1 C/N 2
SO0 IR A A B TR A F R R, o, iR
pH FliE C/N ¥AFTHEA K, Fit, KBHA
JIEL 3501 48 pH RRAIKL, AT RE S FE AR R M PR A AT AR
PRANIEAR PR - HE4H B/ HL R LU A Y 2 22—
32 EEMFIBEMERELEAREIRER

(BR|EE] ) HENEE

A B AR B ( Arbuscular mycorrhizal fungi,
AMF ) J& B3R oAl T 2 i — R H W, ERER S
2y 75% Bl A R A A R A AR, LR
AR UHERCA . #EEETR . SEE Y AR
FT 525 AR W) KA A I aE AT 52 M S D Re T A2 31
ZREPP B A, AR U ARk
W1, A BT R BRI R AR
HRECRR P24 IS I 2 L T D) B T 25 S
BRAETAT )AL R AR L TR AT = BE AN ] SR AC
IR FE B (R 2 FIk 4) o H—Doth kI, &
A b P AR RCAR P 1 r DS PR B B A A X T B
XTREMEHD D ERRAR (3R 4) , HHEESHAAS &
WEFIEADC, W5A RS =D ERAE (R5),
IXHEZE LR, KA AT RS I T AL AR FLTR
FRAEMIACAR REI A LA G R . FHEDY, AR TR AR
PR BE 98D AT R — L5 ) 1 PR AR AT A= ) A
AW IEE B APE AT S B AE R AL A R
33 EENBEMERRTEAEYREEEERN

A

PSS ) b A A BR A RC AR P S A W e v
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Table 6 Effects of soil properties on composition of the soil fungal communities in the bulk soil and rhizosphere of L. barbarum

FRF% Rhizosphere

EHR BT Bulk soil

¥ Factor MR % P{H TR % P{E
variance explained P-value variance explained P-value
pH 26.7 0.036 21.2 0.072
Hi 3% EC 30 0.032 20.6 0.08
A AN 27.3 0.014 15.5 0.12
A% NO; -N 27.1 0.084 29.3 0.018
kAP 33.7 0.038 34.1 0.002

. AR EA B ) 32K F Note: Only the soil properties that have significant effects are listed in the table
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Effects of Long-term Monocropping of Lycium barbarum L. on Function and
Composition of Fungal Community in Rhizosphere of Replanted Lycium
barbarum L.

MA Shaolan MA Caixia XU Pengxin ZHENG Guogi NA Xiaofan'
(School of Life Science, Ningxia University, Yinchuan 750021, China)

Abstract  Objective Owing to the growth characteristics of wolfberry (Lycium barbarum L.) per se and the
limitation of soil resources in the traditional wolfberry plantation regions, long-term monocropping of the plants has
become one of the main factors hindering sustainable development of the industry of wolfberry production and
causing serious economic loss and potential eco-problems. Previous studies found that monocropping could
significantly affect diversity and composition of the bacterial communities in the rhizosphere of replanted L.
barbarum, however, they did not deal much with responses of the fungal communities therein to the long-term
monocropping. Method Soil samples were collected from the topsoil layer (0~20 c¢m) near the plants in the long-
term monocropping wolfberry fields andrandomly in the control (no wolfberry cultivation history) with a soil auger
(n=3). In order to haveenough rhizosphere soils, root segments from at least ten individual plants were collected.
Rhizosphere soil adhered to the roots were collected by washing with 10 mmol-L™" NaCl solution and centrifuging.
The genomic DNA was extracted from 0.1 g wet rhizosphere and bulk soil sample using the PowerSoil DNA
isolation Kit, separately. The ITS2 region was amplified and sequenced with the Illumina HiSeq technique. Then
metrics of a diversity (Shannon index and OTU richness) and weighted and unweighted UniFrac distances were
calculated with the aid of QIIME. And real time PCR was used to quantify abundance of the bacterial and fungal
populations in each DNA samples. Result Real time PCR found that monocropping significantly increased
abundances of the bacterial and fungal communities in both bulk soil and rhizosphere of L. barbarum as compared
with what was found in the control fields (P< 0.05). However, the effect was much higher on fungi than on bacteria,
and hence disturbed the balance between bacteria and fungi in ratio, thus making the microbial environments in the
rhizosphere and bulk soil tend to be fungal dominant. Sequencing analysis discovered that Ascomycota,
Basidiomycota, Zygomycota, Chytridiomycota, and Glomeromycota were the dominant phyla in all the samples, and
that the relative abundance of Zygomycota in the rhizosphere of replanted wolfberry was significantly lower than that
in the control, whereas an opposite trend was found with Glomeromycota (P< 0.05). And FUNGuild predication of
fungal functions demonstrated that the relative of arbuscular mycorrhizal fungi (AMF) in the rhizosphere of
replanted wolfberry in the monocropping fields decreased significantly relative to what in the control fields (P< 0.05).
Non-metric multidimensional scaling analysis (NMDS) revealed that the fungal communities in bulk soil and
rhizosphere of replanted wolfberry were quite similar to each other in the monocropping fields, but not so in the
control, although they did not very much in diversity from those in the control. Furthermore, distance based

redundancy analysis indicated that soil pH, electrical conductivity, and contents of nitrate nitrogen and readily
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available phosphorous were the main factors affecting soil fungal communities in the rhizosphere of wolfberry, while
contents of nitrate nitrogen and readily available phosphorous were the ones explaining changes in soil fungal
communities in the bulk soils (P<0.05). Conclusion All the findings in this study suggest that long-term
fertilization in the monocropping wolfberry fields might be one of the major causes driving the succession of soil
fungal communities in the rhizosphere of replanted wolfberry and altering the interaction between wolfberry and soil
fungal community. Therefore, the study may shed some new light on mechanism of the forming of the hazard of
long-term monocropping of wolfberry to sustainable development of the industry of wolfberry production.

Key words  Lycium barbarum L. (wolfberry); Monocropping; Rhizosphere; Fungal community; ITS2
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