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h TN TR R M RC AR PR 1 AR W O R R SS A A8 AL RRAE A ITlumina MiSeq il

- G X FAES a . 10 aBl1S a5 MR PR+ LR P 3 D 41 M DN A 16SHI18S rDNAJE A f 3443
K IR#ATIF, Z2UPARSE pipeline IRDP classifierfk {F 64T 2S00 M R RE . S5 SR2FT, KI Fib
T H AR S HARPR £ pH, (A2 SEURPS 4 . A3 . &% MBaSEIE. T
ERFW], AR FPAL AR BRI AC AR PR LA TR VE o ZREMETC R E B, (HE R ZHEEAEFIALL0 a
HIFC RS alih @ REAL (p<0.05) , REIRBRAN P HEE ZHEEZ PR R AL/ TR 4328
KVE, BRFFETT. BCRETT. WAFFRETT . BERERT] . SR, RbEr] . e, .
ARTE TR T LA B BT FRE A 1] . FF R TT . He 5 T 1T LU 78 A [] Fof AR A9 R A A AR B 4 48 v 9 25 i A

(p<0.05) o JEAKFE R, 2742075 8 A6 R 1 L i 4 A s (p<0.05)

I"i

B2 SRS WM RC AR P L A W A 2 2 PR AR R A S R SR AROCPE M A 5 SRR Y, PR AR R
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LB AR ), o B SR A IR B A B A0
S RE ISR AR T R
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H, TR T EBA K AKSE DT LB T EZ AR (Lycium
bararum L.) W TR A I o 5T R HLE 7™ X
TEE NN A B, B 4 35 1 R £
o FER AR RO AR b, BROE N DL TE B ik
B AR B RO b T R DT T T TR
M TAE, BUS—RINMER, 3™ & e
FE T HEBAY A . EUR, B E PR AU AT R A
FEAFBR A 3G I, AT SR S 5™ a5 R0 T 34 L AN [
JERIREAR, JE R T R R R . — SR
G4 R WM AL 5 AR BR G P 04 AR AR X A
fo e AR A T A — i s 0 il
3 A 0 Nutri Smart A2 25 8 G0 R AT L3R 5 Al 7=
U AR PR AR AR (AME ) PSR
WEOARNAEE (DSE) e A R sEHAT
MWW ALE, ety ot F LS E
AIRE D Sy B SN Y (nF RO ek /) 1) S ER N T i
Jo RN TIEAEBRGMER, TIEMAEYREE
S AL S AL AR . MR K E . MRl
/it 0T B B 2 R O RAPARIE R . Ik, AL
5 A 30 5 RS A ] Aok 4 R A A AR B 3 A 0 1 A
HMAFSATOIIE, BN TS Y 2 AR M AL A=
KEBSREHEDEMCR, Fik—D48 T4
PRI IS AR

1 MRS Ik

1.1 fARXHEIR

WA T 7 AR g Ay, e B AAD
RFVER R X 8, HA30ZAEMF R L, HarE
A TS . ZXEIER T 107 ~1 117 m,
AR RFEN R 145.5 mm, AEHZE L ET 747 mm, 4
9.1 ¢, HMFELE, BRIEZEKR, XEN1E
SR LURES £ | REEEY . [ AR o 3
A 518 H i
1.2 REHZE

I E LS a. 10 a, 15 afgM AL /E R
e (FESR HLREE E02 km) o A AL
B B AR B BLR AR (GB/T19116-
2003 ) , JEhEE A HLIE30 000 kg hm™, N 900
kg hm™, P,05 600 kg hm™, K,0 450 kg hm™, %
JEHE | B H40% . 60%, PIUIBIES 530%;
. HIRESGE 4 1 50%, #%25% Bl ik . %
JE it iF il A4 Ao fy, 3884 AE6 A T A i

17, AHUIETELOH #E4T o i AT Ty 32 2R 2 it 7
%, Y15 ~20 em, BEARZE30 ~ 40 emih, ¥30
em, JEEHETIHN, 5HEAEE .

E20144F6 H16H (55—H1) . 6J125H (5
W) L 7H4H (B L 7THI1I2H (Ei)
TR RKY, /R HCR M AAES . 10F115 aff)
FOE SR, Bl ML E 100K BE 37 I 12 A AT S SR R
&, EES5K.

TEAAL BRI (6 M Ay) , RTBMEE:,
DRI O S URE, FRME T R, AR
[ [60) B O\ 160 [R] PR 240 A 10 o ( SRA: A 283588 T it L 57
BHEA50 em) , RELHEIRE N0 ~ 20 cm, FiH
AR PR R 250 mIC w08, mEE Tk
atEfr . A, HE3R
1.3 TEEUZIRENE

BREMEFERT . 31 mm ARG, =
MR 2245 VOV B 7 R E i pH ., R T i
WE S IR o Y . R LR SR
R ERBA AR, 2ACRHYIRE A, W
il ZOR B Bk, BRI RE LAk, A
R 0.5 mol L' 'NaHCOJZ—4AER P L 03, 4
PR HICPY:, HUBCRR OB R, HiEeE:
SRR MERE
1.4 TEHEYVERFRMBEDNARBRERENE

R FREL0. 1g 24, B MoBios® J7 + 1 fik
HEYIDNARBGRF & (Power Soil™ DNA Islation
Kit, MoBio, USA) UtWI452LEE, 4ol $& O [l #
HEONTEE HFEAEDNA L 2193 5 HHE i L k)
FEDNASEENE . Mini Dorpill 2 DN A 4li i Fl i i
BEAFEHLI O DN AKE S BEALEC3 0y S IR 2T, 439l
T3 TATREAS, T-20°CH- A . & H.

1.5 PCRY RN FF

A1 TR RN L TR R M AR G B 3 DR RE R DX B
4 R W B 55 FR v R SO0 AR AR B B 98 .
U 2 FEPE I E 2% CaporasoZs U 1y 7 12,
PN 16S xDNA VAX B, 519 H515F (57 -
GTGCCAGCMGCCGCGGTAA-3" ) FI806R (5" -
GGACTACHVGGGTWTCTAAT-3' ) . HEZ
FEVE R WAL P 15 X5 18S rDNA MUITS2IX Bt
HEAT I E 43 B o BB — WA 38 S 51 F A 4 il
J5" -TCCGTAGGTGAACCTGCGC-3" 5" -
TCCTCCGCTTATTGATATGC=3" . ¥ =¥ &%
BEJG, VENER IR G AR Ak L S s, 519581
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I A5 ~GCATCGATGAAGAACGCAGC-3"
5" -TCCTCCGCTTATTGATATGC-3' ., DNA¥ %
SHHT AT I 0, P A N 98 C Hi AR 1k
1 min, 98 CAEHE10s, 50 CiE k30 s, 72 CIEf
60 s, 30NFEH, 72 CIHEAMS5 min, I F R

[Humina MiSeq-¥ “.

1.6 DNAXE S

JIT A5 G 7 51 % 2 Barcode J7 51 5 9 )5 471
JG, Z&FLASH (V1.2.7, ZHEITSH-m 10 —f
300 —x 0.2 —p 33 —r 219 =M 213, 16S rDNAJy-m
10 —=f 300 —x 0.1 -p 33 —-r 180 -M 135 ) PfEkE
JFih Tags¥iE . JRIiTagsZQIIME (V1.7.0, J&i
FEZHOHQIUMERINE, ZMhttp: //qiime.org/
scripts/split_libraries.html) o Ab PR AR 1S R
ﬁTags%ﬂ(?{E ( Clean Tags) , H5EEE (Gold
database, http: //drive5.com/uchime/uchime_
download.html ) 47 % ( UCHIME Algorithm,
http: //www.drive5.com/usearch/manual/uchime_
algo.html ) Kl & ()75, f 2R A SR
( Effective Tags ) o MllFFUREE N R R threads
MARATF AT 50 TR AT % AR ARG, FI A
UPARSE pipelineff (V7.0.1001 ) ¥4 /5751 B %
JEOTUs o S ARAT 1 S RE dh P AR W o 04 2 4

PEAE B, M Huclust X T i P 0 kAT 826, OF
FIFHRDP classifier (V2.2) L] At 5 GreenGene
B 4EJE (http: //greengenes.lbl.gov/cgi—bin/nph-
index.cgi ) FEATHIFIERE, GitBAFEAES TR
K- E R A

FIHQIIME (V1.7.0) 5 &AL E R -
R REE o 2R MR PR A
SPSS16.04K 4L #1, &l i F| H] OriginPro 87 1F -

2 4 R

2.1 FPEE RIS ARER IR R AR 0

T EARN T RRZGEMHS a. 10a, 15 a
() T M AT AR PR - 4 A p HA L 5 R 4 A 45 2R 3
. MAC R SO RE T - SR R A Ve A B R, BT
DU R 35 0 R 1 5 (HL B AR A A BRI, AAT AR B
e ERREE (£ .

HE— 20 N A AT Ml A SRR AS (1 = A A E R bR A BT
K AN, A LM ELEEER,
W B E RAEL0 aMILS affi AT H b S B
(1) o Bk, FAE1S aiAC AR PR+ 38 b 3 &
S a0 all FH S (K1), X5 QSR
B as R —2.

R1 FREMEEFRTEMRCREE L EE LR

Table 1 Physico-chemical properties of rhizosphere soil of Lycium bararum 1. relative to cultivation history of the plants

Fof A 4 R LIRSS , A - LR
E A LB KR gl G
Cultivation Electrical Alkalyzable Readily
pH Total salt oM Total N Total P Total K Available P
Year Conductivity (o ke ) (eke')  (eke) (ake) (oke) ( ! available K
gkg gkg gkg gkg gkg mg kg
(a) (uSem™) o (mgkg™) ° (mgkg™)
5 5.5+0.23a 108.4+3.2a 2.1+0.14a 21.9+1.7a 1.2+0.1a 0.9x0.la 23.1 +1.8a 136.5+3.6a 10.3+0.5a 293.3+11.5a

10 5.8+0.0la 1549+ 11.3b 2.2+0.19a 188+1.0a 1.4+0.2a 1.6+0.2b 223+ 1.1a 1452 +5.6a 73.7+4.3b 280.0 = 10.0a

15 55+0.23a 164.4+69b 3.4+0.26b 185+1.2a 1.5+0.2a 1.8+0.2b 22.3+2.1a 140.0 £6.2a 46.4+0.7¢c 246.7 £ 11.5b

T FBH = AnifE2E (n=3) o FSEHEE/NE FREAFR R R 2ZEFIBEE (p<0.05) o T Note: Means+SD (n =3) .

Different lowercase letters in the same column represent significant difference at p <0.05

22 AEMEFRMCHEREHNETL

Xk AT b A A BR 5 i 7 A AT S 2R R EE AT
3R, AERERWT, FRAE 10 af MR 2R SE AR R — 40
PR, RER IR BRI (£2) .
P15 a M AC 28 — A0 EE — I S5 R4 10 atl
A IO R 2 5, H4 = 6E R B35 4010 a
IR/ (p<0.05) (3R2) o ULWIREE P LA

BROAEN15 a, MIACHIRR ™ W4k, R KT
AESZ B R 10050 = A AT A7) A T A R A
IH P B SR i S TS E e A RC AR AR (L A
R S 00 B B 52 HOR SER/NR R, SR
SRR AN BB, DRI AT LA Ao A BR 2 35 15
alff, B0 H A MAC TR YR AR T MAE 10 a
AL o
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Table 2 Hundred-grain weight of fresh fruits harvested at four stages relative to cultivation history of Lycium bararum L.

Tl 47 B
Cultivation year

(a)

S—
The 1st harvest
(g)

.
The 2nd harvest

(g)

g3t
The 4th harvest
(g)

o=
The 3rd harvest
(g)

5 67.3 +3.4a 59.2+6.3a 70.8 £3.2a 55.4+1.8a
10 68.5+2.8a 75.2+4.7a 70.9 £2.5a 57.7+3.1a
15 68.9 +£3.2a 68.5 = 1.5a 59.7+2.3b 53.7+2.9a

W FEHE £SD (n=5) . FIVEHR G AR/NG FREERZFIXBZE (p<0.05) Note: Means £ SD (n=5) . Different lowercase

letters in the same column represent significant difference at p <0.05

2.3 HRCFME T RBR IR AR EE S A R B
KT 16S rDNAFI18S rDNA K & i & JF 45
WER, FAES afii10 aFoAR PR 40 & B % 0 & AR
TRBOR R AL, 15 B AHREAR; W10 afl15 a
FC AR B - 18 B BR B R B B R AR BOUAR TS akiAe
(6.00) , 79 H5.14F5.62 (K1) . x—455 %
BH ., BRI ST B3 0, M ACAR B - 4 TR V5 2R
PEMAR R/, 0 EL TR R 1 2RV TR

4% $9% Shannon index

FifE4E PR Cultivation year (a)

W BRRZENRNEmZE (n=3) . ARIFERHEREREE (p
<0.05) Note: Error bar showed the Standard Deviation (n=3) .

Different letters mean significant difference (p<0.05)
TEMARR LR (A) KEE (B) #k
YA AR 6 4L

Fig. 1 Shannon index of bacteria (A) and fungi (B) in the

&1

rhizosphere soil of Lycium bararum L.

2.4 HMICARFBR LIEMEMEETRITREN

MITHY 32K, MIFC AR PR - SR A A 4G
A 11T, 3 JRERAFET ] ( Acidobacteria )
TR F ] (Actinobacteria ) . #UFFE[] ( Bacter-

oidetes ) . L HE ] ( Chloroflexi) . R &I
( Crenarchaeota ) . ##:|] (Cyanobacteria) . J&
BEE ] ( Firmicutes ) . ZFHJUE ] ( Gemmatim-
onadetes ) . VFEi# [ ] (Planctomycetes ) . 28 4R TR
[] ( Proteobacteria ) FIPEMKFET] ( Verrucomicrobia )
o, BRFFEETT. BIFFIETT. B W, R |
1. AR T ACAR PR H IR LS m A (3R
3) , BEHTES a. 10 a. 15 a4 40 B2
f977.91% . 70.46%F185.34% . Xt 451 T4 i [L
B 5B A B, AN TRl iR A BR 77 B A AT AR s - 8 v 4
WK AR AW A (R3) o JRBERET] . ZF
AR TR T RS R A0 BT A L A5 it A A B3 o i i
WA AT AT IR T AR Y L )
NZH D . TEMAE L0 afy AR PR 3425 R4t
W TRFFRRTT Y HEBI4ES afill5 ald 5 RAIK, Mgk
EIRESE R URTES i

MFLER R, PHIARCAR B A 498 v S e 15 21 1)
W 2R HANTT, AT ] (Ascomycota ) |
#HFH ] ( Basidiomycota) . Bk ] ( Glome-
romycota ) FZAH] ( Zygomycota) (3) .
Horp, SR FRE TP, XA E
WTES a\ 10 a, 15 afIRC AR PR L8 23 i by FLRHE
T 1965.85% , 22.48%F135.22% ., BEAIALFIAEAE FR
WK, FRETTMEFETTO G R E R (R
3) A3 2SN i AN IR B A A R Y LA L4
WEE . UL LR o, BEAE R R EE R,
FOAR PR - B8 A= 25 22 40 v 20 O D EC TR RV 45 11 2R
1 L 43 e Atk 2 AR Ak

i — 20 & B ff BE S A A B, AN [ b R A BR
T S A ACAR R 3 v ) 4 TR R L A U 1 2 R LB
[R)FE A AR B S el s (383 ) o XS [l 4% PR 8] 1 b A
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Table 3 Changes in relative abundance of the microorganisms at the phyla and genera level in the rhizosphere soil of Lycium bararum 1.

7328 7KF Taxonomy L5 Abudance ( % )

["] Phyla J& Genera” Sa 10 a 15 a

i Bacteria A 1472 +1.12a 7.16 £ 0.45b 15.22 +0.93a
FRAT ] Candidatus Solibacter

0.58 = 0.03a 0.41 £0.02a 0.77 £ 0.03a
R 5.37+0.39a 4.73+0.28b 3.96 + 0.42b
lamia 0.17+0.01a 0.30 +0.02b 0.17 £0.01a
TS 0.00 + 0.00a 0.01 = 0.00a 0.11+0.01b
BT AR 0.22+0.01a 0.17+0.01a 0.10 £0.01b
AT ] 16.24 + 1.17a 12.25 + 1.03b 13.07 + 0.84b
A4 8.58 +0.45a 6.15+0.38b 6.16 = 0.44b
Arenibacter 0.14+£0.01a 0.01 £ 0.00b 0.02 + 0.00b
Chitinophaga 2.84+0.15a 3.07 £0.26a 2.47 £0.13a
Flavisolibacter 0.35=0.02a 0.31£0.01a 0.13+0.01b
RKEWRREIE 0.00 = 0.00a 0.00 + 0.00a 0.22 +0.01b
- HAT TR 0.15+0.01a 0.03 + 0.00b 0.09 £0.01a
W E AT 8 0.04 + 0.00a 0.03 = 0.00a 1.45 +0.09b
S 9.37 +0.47a 14.75 + 1.14b 6.69 x0.52a
R 19.24 + 1.67a 14.03 + 1.03b 12.16 + 0.83b
Candidatus Nitrososphaera 17.83 £ 1.72a 9.39+0.77b 7.08 £ 0.56b
Vi A PR 155 14T 1.26 £0.09a 3.95+0.21b 2.70 £ 0.14c
W 1.13£0.11a 0.46 +0.03b 0.94 + 0.04a
JERER] 0.65 £ 0.02a 1.54+0.12b 2.53+0.17¢
AR 0.06 = 0.00a 0.13+0.01b 0.18 +0.02b
s 0.02 £ 0.00a 0.14 + 0.00b 0.07 £0.01a
N\ ERE R 0.07 + 0.00a 0.06 + 0.00a 0.56 +0.02b
EHTRE ] 2.87+0.15a 6.22 +0.32b 5.34 +0.46b
W] 4.24+0.31a 3.75£0.47a 3.96+0.21a
Planctomyces 0.67 £0.02a 0.75+0.01a 0.55 +0.03a
Pirellula 1.25+0.10a 1.48 +0.09a 1.27 £ 0.06a
TILTT] 18.34 +2.25a 22.27 + 1.58a 26.08 + 1.98h
Aquicella 0.20=0.01a 0.17 £0.01a 0.20 £0.01a
Azoarcus 0.22 £ 0.00a 0.25 +0.00a 0.22+0.01a
Candidatus Entotheonella 0.21 £0.01a 0.06 = 0.00b 0.17 £0.00a
Ramlibacter 0.25+0.01a 0.11 £ 0.00b 0.26 £0.01a
Skermanella 0.18 =0.01a 0.05 + 0.00b 0.09 = 0.02b
Syntrophobacter 1.25+0.09a 1.49 + 0.08a 1.28 £ 0.09a
AR S 0.21 £0.01a 0.36 + 0.04b 0.43 +0.02b
212N b B 0.08 + 0.00a 0.04 + 0.00b 0.12 +0.00a
AN 0.02 + 0.00a 0.07 +0.00a 0.62 +0.02b
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432K Taxonomy He ] Abudance (% )
["] Phyla J& Genera™ Sa 10 a 15 a
4 TH Bacteria WHTE)E 0.20 + 0.00a 0.16 + 0.00a 0.43£0.01b
e B AT TR 0.15 +0.00a 0.31 +0.02b 0.42 +0.01b
L §espEe 0.05 + 0.00a 0.15 +0.00b 0.16 +0.01b
2 [ B AT 1A ) 1.02+0.13a 0.76 + 0.02a 0.36 +0.01b
TR ) 0.14+0.01a 0.07 + 0.00b 0.15+0.01a
PERAT] 2.23+£0.13a 2.15+0.13a 1.51 £0.23a
Opitutus 0.20 £0.01a 0.20 £0.01a 0.13+0.01a
HHFungi TR 44.13 £ 4.52a 17.55 + 1.25h 26.74 £2.03b
Dokmaia 2.90 £0.15a 0.42 = 0.00b 0.43 +0.02b
Gibberella 0.04 + 0.00a 0.07 = 0.00a 0.03 = 0.00a
Ilyonectria 0.35+0.01a 0.25 £ 0.02a 0.33 £0.02a
Ochroconis 0.05+0.0la 0.01 £ 0.00a 0.00 £ 0.00a
Preussia 0.08 = 0.00b 0.02 = 0.00b 0.03 = 0.00b
Setosphaeria 0.01 £ 0.00a 0.03 £ 0.00a 0.03 £ 0.00a
H A& 0.14+0.01a 0.05 + 0.00b 0.06 + 0.00b
FEflm 0.04 + 0.00a 0.01 +0.00a 0.08 +0.01b
HEAK 16 0.61 +0.03a 0.29 £0.01b 1.53+0.11¢
eI T Jm 0.53 £0.02a 0.77 £ 0.02a 1.25+0.07b
b 22 55 3.23+0.16a 3.39 +0.47a 1.81 +0.08b
& I3 25 ) 0.16 + 0.00a 1.87 +0.09b 0.13+0.01a
P/ INEE T ) 0.00 + 0.00a 0.01 +0.00a 0.10 = 0.00b
i) 0.04 + 0.00a 0.03 £ 0.00a 0.27£0.01b
IINER I T 8 0.10£0.01a 0.01 +0.00b 0.01 +0.00b
ErER 10.19 + 1.26a 0.90 + 0.04b 0.86 = 0.05bh
FITE)E 0.02 + 0.00a 0.20 £ 0.00b 0.01 +0.00a
Vit=cR: S 3.62 £0.26a 0.61 =0.03b 0.68 = 0.02b
HFIE] 21.72 +3.14a 4.93+0.37b 8.48 +0.52b
Cryptococcus 0.02 £ 0.00a 0.06 £ 0.00a 0.00 + 0.00a
Psathyrella 0.07 £ 0.00a 0.05 £ 0.00a 0.06 = 0.00a
) 0.18 £0.01a 0.13 £ 0.00a 3.35+0.25b
2R 0.11+0.01b 0.01 £ 0.00a 0.01 £ 0.00a
BRAETE] 0.15 + 0.00a 0.17 + 0.00a 0.16 +0.01a
Glomus 0.03 £ 0.00a 0.06 = 0.00a 0.04 = 0.00a
Rhizophagus 0.10 £ 0.00a 0.09 = 0.00a 0.10£0.01a
HAH 0.42+0.01a 0.00 + 0.00b 0.00 + 0.00b
i 0.28 £0.01a 0.01 +0.00b 0.03 + 0.00b
HAtbOther 32.52 +4.38a 76.63 + 5.44h 64.14 +4.21b

TE AN 2 DA RE ARG 2 B 1 IR A TR )7 9 read s MM P readsBU TS . 808 W391H £ SD (n=3) . ARIFERRZEF BE
(p<0.05) . OFFIHHEMNE Note: The relative abundance of each given group of bacterial was calculated based on pertentage

of the reading of sequences of the given group to the reading of the total sequences measured. Data shown were the means + SD (n=3) .

Different letters mean significant difference (p<0.05) . DOnly established genera were listed here
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KL, FAES at AT AR PR A o R G 0 4
WK B NS W8 ( Streptomyces ) | A4,
Arenibacter . "I B )& ( Flavobacterium ) .
Flavisolibacter ., MW FiE g ( Pedobacter ) .
Candidatus Nitrososphaera, Candidatus Ento-
theonella . 43N )& ( Cellvibrio ) . Ramlibacter .
Skermanella . 25 AT E B ( Steroidobacter)
MABNE IR (Thermomonas) o 10 akiy i AR FxR
Nlamia, 5% H & . Flavisolibacter . =& # )&
(Ammoniphilus ) . @& ( Clostridium ) ,
1IN E J& ( Bdellovibrio ) . HEw B E & ( Lutei-
monas ) . KEWFEIE . HFAMFEIE (Bacillus)
MRS L RIGE E R ( Nitrosopumilus ) o 15 a k17 FF
)@ (Arthrobacter ) . WRFRWEMIEE ( Aequorivita ) .
WIHE . BEREE (Myroides ) . FHiIFTHE
J& . S EABEFF IS (Sphingobacterium ) | HE R
& . FNSKEE (Sporosarcina ) | 8N &
( Bdellovibrio ) . Candidatus Entotheonella . I
HeiNE g ( Cellvibrio) . |WEMEIE ( Hydrog-
enophaga ) . V6¥F# & (Lysobacter) . B4
W& (Luteimonas ) . ZFAAFHEJE . PR Al
Ramlibacter .

PO s o = L VARl 1 = N T
AN [] A AR AF BR M A B T R U A L kAR W
BAE (FR3) o BEESVEIR, 5 ad MR
br A SR )R ( Cladosporium ) |
Dokmaia . W23 )& ( Geomyces ) . /NERIEH B
( Leptosphaeria ) . 258 (Phoma) . WRHER
% )& ( Thielaviopsis ) . #4% W)@ ( Rhizoctonia )
MM E)E (Rhizopus ) HEMKE . 10 aEH)
FARPR A 25w . JERER ( Humicola) |
LR JE (Rhizoscyphus ) , 15 alll R 4x)&E
(Coprinellus) . ZF4EWJE (Lewia) | R
( Cercospora) . M/NEEHE (Kernia ) . 9]
W (Fusarium ) MEEMAIE (Alternaria) . 1E
AN 5] b L A IR AR Mg A AR B 3 rp S TR AR L TR
(AFM ) BRFEE B M Rhizophagus [T &7 HL A 28K K&
R EAR . BEAR, SIS HA i AR B R A
(4 BB L IZERRRE 10 a 115 afF W8N (K3) .
25 TEBUMRESRIERRNENEEEMH

K&

AR A R W], JRRER ] . IR 5 F/
AR, 2 dE, 2408, 2 EDEEM

K, AT S FORLAE R . 4 b & 2k R 3 A
XK, MESAH ., SR EERMEE; HTHEITS
FRAEAERR . 2 oA o & s 3 OG54
PLUTE & R BB A G AT T SRR AR . 4
T A O O i S O OG s BRAT AT FARAT]
SHEMEERDENMEE, FRMETTE 20K
AR SEEEIEME (F£4) o AN, 5=
FEER AR E S HT] (p<0.05) FPEHMET]
(p<0.01) WFEEREEIEMC (F4) o FHAKH
FR] A A S E R AR R i E K (p>0.05) .

3 i

3.1 KEAIMERCRRNEDEEST L

A E PR AN RSB TEBRRG Y
1 000 hm &AM AC L, & [A]— M X8R, in=z R
FABRAEDULAR AL VR AR 2, B AR i e . £
HeRRL . HREEBITES . FI, AR AL
HR PR s e Wy U 22 FE 1 10 43 AT 32 2 i BN T
FEMAC T = AR RN o X B RS T I F 98 R 8, BLRE
IEAIR & B B AR 22 20 W 1) 22 SR U e T AR B
WL RS AR T o I A AC R BRI 7 AR
B = 48 v ) K B AR BT R R BUR PR W &
A FBER R Z — XA, JLHIEMT
MR (EFRH R R ) P2 o o 2 B0, Hue iz
o R A SR T ) L B R AT R
FAC i ZE AR b AT LAY T BB I TR K IR g
R R T AR PR SOR B, ik 26 ) S5 AT RE A A g
Wi A R 5 B0 PR A W R R A R A A
fbo AT ABRFE R, KA RE A2 0 2 52 i VE AR
PR R RETE LA T L BARAS IS AR R AL R
T A X3, AR AR A AR R A R X A
FEMR PRI A Y Z REVE RS2 ma 1 R Pk . BRI, %
B PRE DR A E R FERE R K
01t AR B 43 A LR
3.2 IREEWEYEEEMS LIETERIG

XF 1 PR AR BT A BT R, A A A
R R AR BR B K B RN, X AT RE S K it
Bt A B A 0 %o Wt 1) R SR AR AR DG o [, A S
FEMIAC FBOR PR 38 b 48k & i B T, X TR
RGN . #Ert (I8 | KEIFE AR
R UL B AR AT MRS A2 s i 5T 22 AR 4 T
FH X, ik RAMACRPR LA Lk . A .
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Table 4 Correlation analysis of rhizospheric soil microbe community structure with physico-chemical soil properties, hundred-grain

weight and cultivation history of Lycium bararum L.

I H [tem X, X, X, X, X X, X, X, X, X,
Y, 0.17 -0.27 -0.13 0.95%% 0.57 0.93%%  —0.64 —0.87%%  —0.74% —0.86%*
Y, 0.55 -0.54 0.37 0.90% 0.25 0.92%%  —0.16 -0.75% ~0.485 -0.55
Y, 0.06 0.23 0.41 -0.39 -0.24 -0.29 0.63 0.73%* 0.67% -0.60
Y, 0.02 0.16 0.04 0.79%% 0.65 0.84%*%  -0.33 -0.21 -0.39 -0.48
Y; -0.04 0.10 0.39 -0.18 -0.23 -0.15 0.49 0.55 0.51 0.55
Y, -0.09 0.09 -0.20 0.95%% 0.81%% 0.94%%  —0.66 -0.54 -0.73% —0.88%
Y, -0.67* 0.61 -0.82 0.52 0.94%% 0.49 -0.97%%  -0.24 —0.95%%  —(0.82%*
Y -0.32 0.47 -0.01 —0.79%*%  -0.27 -0.79* 0.40 0.84% 0.51 0.60
Y, -0.49 0.57 -0.53 0.31 0.62 0.38 -0.56 0.10 -0.53 -0.47
Yy -0.51 0.71% -0.14 -0.63 -0.003 -0.58 0.26 0.95% 0.38 0.50

He Xo: BRFFETT; Xy SPSTETT; Xo: WS X JERERET]; X ZFHART]; X, AARMETT; X, TRRE]; X, 9

?}%TT%TH; Xg: TB?’I%H, Xm:

AW e Y RMEER: v, 2 v AU VARSI YV 2fai; v auEi

Yoo AR Yoo BBEH; Yo SRR Yy S0 WIMACER ORI . o FOR ZR IR E (p<0.01) , *RRERLEFE (p<0.05)

Note: X,: Acidobacteria; X,: Chloroflexi; X,: Cyanobacteria; X,: Firmicutes; Xs: Gemmatimonadetes; Xy: Proteobacteria;

X;: Ascomycota; Xg: Verrucomicrobia; X,: Basidiomycota; X,,: Zygomycota; Y,: Cultivation history; Y,: Total salt content;

Y;: SOM; Y,: Total N; Y5: Total K5 Y,: Total Py Y,: Available P; Yg: Readily available K; Y,: Alkalyzable N5 Y,,: Hundred-

grain weight of the third-time harvest. **Correlation is significant at the 0.01 level, *Correlation is significant at the 0.05 level

BEAE RS (R mm TR . ALK
A WA R AR ARG, R X AR PR AR
WA SIS AR . B AnTE AN B 2 FE Y 23 B v
R, AR S A KRR . Bl e e
FE AT SRR K AR B v 2 BRAR IR AN 5 G 4 4%
i, WIS VAN T B A5 I 2 R AR R TP 45 1Y
AR o AR R AR PR 3 b R A BILER I DA X e E
{71 I T I i e 5 L A= K TR Y A R R T A R Y
RE YT .

BEZAED T MR E TR — . e+
B s, RErhR2495% L) BT R AN RE AR
WHBEAM, X EERF A NBEICE 5 15
[fCa™ . Fe  FIAI“ Ak A a0 200 . ATy
DR R, v A e B A W AR ) R 08l A
LS SIvE SR ﬁmﬁﬂﬁodriguezﬁﬂFraga[2']32
PR B AT . 27 ST BRI IR o A3 22 T AR 2 R
AR AR BE . PP ERE N B Y
EORZFIATE . A0 . S . BROCIRE K&
JHL TR 27 B R T W RE ) o DR 45 R AR, AAd
HR B I b A A Wl TR - B AT R . AR . B
B E . AT REE . R R DL AME R AR LR

BREF B M Rhizophagus . Hpr, FAES ati iR PR
2 5B Y BN E R . R i
HWE, 10 a y ZFEFFH B MEE R E , M5 all
KATRE . BT R . i) TR R R 2R AT R
AR, SRENTFAHL, TR A2
SRR 2R S RN REERT P M
2 i B R ] 39 b A RN AL B B i 3
3 2 AN (S P - A B o A AL 24
A OSSN, A3 B A AT AR B A 1 v g ) A 18 KT
A REXT AL SR S R B AR o AR OGRSt &
B, AN RS RATET . JEREET . AR
JEWETT. ZERME ] FRET]. TR A
DT L A8 Ak o 2 AE G, SR R i & i ot
RE A X U DRI S5 00 7= A R e . R TT, A
A 500l ek A8 Al 5 AR B 2R A v 4 R ) B A A
RS R E B R R A TF it — LIk
3.3 HEYF R E X AT K HA A AR R M
XA 2 AKIACZE AR S S B
HEE. BALEE. Hi50E. SaEE. hE
& ZEAEE U KRERE LT R ER, Hh ek
I6 J A R ST E o FRATTAE b R AR B - HE vt A
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P TIREE . ENEBMEERRE (£3) , £
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(3R3) . MR EEW R 250 TS5 atgfd iR br
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Bk = ANJE AL, FEAS [ P AR A B A AL AR B £
S v ARG ) Al o] RE AR RS SR . AN, R
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Microbial Biodiversity in Rhizosphere of Lycium bararum L. Relative to
Cultivation History

NA Xiaofan" > ZHENG Guoqi"" > PENG Li"*" LEI Chuanyi’ YANG Hongyan'
MA Yu' ZHAO Qiang' SHI Shuofan'
(1 School of Life Science, Ningxia University, Yinchuan 750021, China )
(2 Key Lab of Ministry of Education for Protection and Utilization of Special Biological Resources in Western China, Yinchuan

750021, China)

Abstract The rhizosphere is a critical interface where exchange of substance takes place between
plants roots and their surrounding soil. In the rhizosphere, interactions between the plant and soil microbes,
though affected by a series of factors, such as physic-chemical properties of the rhizospheric soil, genotype
of their host plant, can be beneficial to growth of the plant, the microbes or both. However, it is still not
very clear how long-term cultivation of Lycium bararum 1.. would affect soil microbial community structure
in the rhizosphere of the plant. Therefore, rhizospheric soil samples were collected from Lycium bararum
L. fields different in cultivation history (5 a, 10 a and 15 a ) in a farm of Nanliang, Ningxia, China, for
analysis of physic-chemical properties, such as pH, electrical conductivity, SOM, total salt, total and
readily available N, P and K, etc. Results showed that pH remained unchanged in all the fields, while
total salt content, total and readily available phosphorus and electrical conductivity in the soil increased
significantly with the age of cultivation. Total genomic DNA was isolated from the rhizosphere soil using
a Power Soil DNA Isolation Kit for sequence analysis of V4 sections of 16S rDNA as indicator of bacterial
diversity and ITS2 sections of 18S rDNA gene as indicator of fungal diversity, with the aid of the Illumina
MiSeq system. Results of the sequencing were assembled and clustered with the FLASH, QIIME, and
UPARSE pipeline software packages. In the end, is was found that the o diversity of the rhizosphere bacteria
community did not vary much between the fields different in cultivation history, but fungal diversity did,
and decreased with the cultivation going on from 5 a to 10 a ( p<0.05) . For analysis of changes in microbial
community structure at the phyla and genus levels, the software of RDA Classifier to denote each OUT by
species. It was found that Proteobacteria (22.2% ) , Crenarchaeota ( 15.1% ) , Bacteroidetes (13.9% ) ,
Acidobacteria (12.4% ) , Chloroflexi (10.3% ) , Gemmatimonadetes (4.8% ) , Actinobacteria

(4.7% ) , Planctomycetes (4.0% ) and Verrucomicrobia ( 2.0% ) were the dominate bacterial groups and
Ascomycota (29.5% ) and Basidiomycota ( 11.7% ) were the dominant fungal group in the rhizosphere of
the plant. However, about 55.8% of the fungi found in the rhizosphere were still unknown in the taxonomy.
Besides, the sequencing further demonstrated that soil microbial community structure in the rhizosphere
varied sharply between the fields different in cultivation history and stood out uniquely in each field from
the others. The variation between fields different in cultivation history was particularly significant in terms
of the ratio of Acidobacteria, Actinobacteria, Bacteroidetes, Fimicutes, Chloroflexi, Crenarchaeota,
Cyanobacteria, Gemmatimonadetes, Proteobacteria, Ascomycota, Basidiomycota and Zygomycota in
the rhizospheric microbial community ( p <0.05) . The protion of unknown fungal groupsin taxonomy was
much higher in the 10 a (76.6% ) and 15 a (61.4% ) Lycium bararum L. fields than in the 5 a (32.5% )

fields ( p<0.05) . The analysis at the genera level also shows that the ratios of 27 genera of bacteria and 16
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genera of fungi changed with the cultivation going on ( p <0.05) . In order to further analyze relationships
of soil community, with soil physic-chemical properties, hundred-grain weight and cultivation history,
SPSS 16.0 software was used to work out pearson’ s correlation coefficients between the data, which show
that cultural history is significantly related to richness of Firmicutes, Proteobacteria, Verrucomicrobia,
Basidiomycota and Zygomycota (p<0.05) , content of total phosphorus in the rhizosphere soil is to
richness of Firmicutes, Gemmatimonadetes, Proteobacteria, Basidiomycota, Zygomycota ( p<0.05) and
content of readily available phosphorus is to richness of Acidobacteria, Gemmatimonadetes, Ascomycot,
Basidiomycota and Zygomycota ( p<0.05) . The findings further demonstrated that the three factors,
cultural year, total phosphorus and readily available phosphorus, are the key factors affecting soil microbial
composition in the rhizosphere of Lycium bararum 1.. To sum up, cultivation history affects soil microbial
community structure more than soil microbial diversity in the rhizosphere soil of Lycium bararum 1., which
may be related to soil phosphorus metabolism in the rhizosphere.

Key words Lycium bararum L..; Microbial diversity; Rhizosphere soil
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