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Community, diversity and distribution of culturable bacteria in rhizosphere of
Crocus sativus
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Abstract: Objective To explore the rhizospheric bacterial community of Xihonghua (Crocus sativus) and analyze their correlation with
physical and chemical properties of C. sativus rhizospheric soil and growth characteristics of C. sativus. Methods Rhizospheric bacteria
were isolated from C. sativus rhizospheric soil collected from Zhejiang Jiande, Shanghai Chongming, and Shaanxi Chengcheng by the
traditional coating method. Diversity and bacterial community were analyzed and their correlation with habitat factors and growth
characteristics were studied. Results A total of 2 450 strains of rhizospheric bacteria were isolated and divided into 65 taxa belonging to 4
phyla, 6 classes, 17 families, 28 genera, and 31 species. The most dominant phylum was Firmicutes (RF =66.76%) while the most dominant
genus was Bacillus (RF=57.71%). Habitat and physical and chemical properties significantly correlation with the diversity and community
of the rhizospheric bacteria in C. sativus. The diversity index of Shaanxi Chengcheng 2 (H'=2.590 1) was the highest. The correlation
coefficient of the diversity index with available phosphorus content shows a significant positive correlation (»=0.910, P<<0.05). Organic
matter is closely related to community structure, whose correlation coefficient with RF of Ochrobactrum is the largest (r=—0.956, P<<0.01).
The longitudinal diameter of C. sativus corm significantly correlation with the diversity index (»=—0.806, P<<0.05). Corm fresh weight
significantly correlation with the rhizospheric bacterial community. The corm fresh weight had the largest positive correlation with the RF of
Bacillus (r=0.793, P<<0.05). Conclusion There are abundant resources of culturable bacteria in the rhizosphere of C. sativus. Physical
and chemical properties and corm fresh weight significantly correlation with the community and diversity of rhizospheric bacteria in C.
sativus, and the higher abundance of Bacillus may play a beneficial role in C. sativus corm growth.
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WA RS REEFLILREIELAAE Crocus
sativus L. AEL, BAWEMALHE. SR
AR LA I Th AL, W FEMEE . = Em. i
BERBE. MRARSER . RN AR
KGO BRAPUMAE . PONALS. BB IR 2 BRI
SRR, ImPRAUR A4,

PHLLAEM RO = AN FEARD, HetiEd v
AR TSI, — PRk ZEH BT 4~6
246, BRI 110 000~170 000 Z=4E 4 BEU3E 1 kg
TR PELLAEAE KO, P2 BRI, KEMBIE .
PELLAEBRZE M T AR KA FE 11 ARSHE S
H, HICHRBREDR RO ERZE A KA B £ KE
B, AR R, MRERGNE AT DOE AR A KR
W20 W BESEAERU), (REFEMM K. R EFA
0o, EEE SR IARBRA B Klebsiella sp. PS5
VEAR AT AR DAL AE By i 6 5 & 35.12%0 MEAL, HRBR
YT TR 22 B R A TR 5 R 1) o T DA S I A 3 B
YL LR EE S . A KA T2, Hou
SR 5 R PR Bt L 67 FddZ O B A T DA HE UL
MITE TS FAEKEAE s L hum i, i
116 FhI A LRG58 T 00 rE I P0 PR AN T 3% 3
A, RUPRBRAFEHEHPITRERGZR. 7
W AR B AR ) 22 B 14 R0 TR B 5 40 5 D R IR O R0
RV GIR, PR32 R 2R B Kz =

AW T LA L AEAR b Lo AU %, ST P40 qE
BRI BT 8. Atk 5% 5%, WP EiseS
ZREME, TS BREERNIM SN, NJE
BRI D RE B R BRI S E KR
1 #RI5{EE
1.1 M

PHLLAEERZER B WA @ Rl X
Bevi Ay e, & 24, Halgs 1. 2. SWLH
RARNFRITAREENSREFFALE C
sativus L.IFJERZE
1.2 RFIS5EE

YA 3[R 2H DNA FEEUGTE [RAR AR (A
5 HIRAF]; 2XTaqMix (+Dye) (GEGVAEYIRL
FAMRAT) ; Regular Agarose G-10 (BIOWEST,
R PRAF) 5 DL2 000 DNA Marker [ 5 HEA4)
AR (s ARAT]. FA2204B B Jj4r2 —HT
RF (HERFERPABFEIRAFTD 5 YP10002 ZLHL
TR CHERMEMER AR ARD 5 YXQ-LS-75S
I BT SR 78R K # R (EIRFRRSR A TR A FD

LM 1-100 MEREREFRA (LRGSR SRR A
7)) 3 MC-100B ZYS7 A UEHRFEIR (LRI AL
HIRAF]) ; GenoSens 1850 MK g /i 248 (L
WFEFIRFAEAA IR AT 5 1300 Series A2 B2
A (32 Thermo Fisher Scientific A &) ; Veriti 96
Well Thermal Cycler & PCR {% (3£[E Thermo Fisher
Scientific /AF]) ; Centrifuge 5427R B! & X EiEA 4
B0 (FE[E Eppendorf AF]) 5 F-500 B K@) G T
(T AR AR A F]D 5 SpectraMax 190 B4 K
PR (3E[E Molecular Devices A H]) o
2 &
2.1 HIREBUEFNE

F R R G SFUO v, BUPELLAEERZEMR bR 1. 7K
b5 12, PIKCHIREER, KA pH 1tHl5E 11 pH;
KA B TR A A e HIEANUR S &N R
Olsen VAN E 3G RS SR bRHERRI & k2
TR s SR P KA FE T TR0,
2.2 BREEKMKANE

MERMERIARZENS ., e, HBETFR
SN P LA BR R T . A B ER 2R T A T O
SR WL 1 (BREETE<25g) | WL
2 (BREEEFIE>30g) « LS 1 (BREEEER
m<25g) . LM 2 (BREEEEFTE>25g) o Bk
PUVEIE | (BREZEEERE<10g) . BRPTWE, 2 (BkZE
fEfiE>15g) , B4 50 4.
2.3 IRFRAEMI T ESHAKE

R HEACKARBR L EC A% 0.1~1070 WAL
PIRE, AT T I 75 Lo SRR e, NA
BFRERAT EEEME, AR&EIK 1 SHFREN
T BT -
24 {AE 16S HTEE

W B AS B B — BRI R T T SRR
RS Bt T8 M, #7098, ORI
BT S HUTE DNA. K 16S 1DNA #5147
27F ( 5-AGAGTTTGATCCTGGCTCAG-3> ) #0
1492R (5°-TACGGCTACCTTGTTACGACTT-3")
#E47 PCR ¥4 . PCR K H 50 uL & &, 645 25 uL
2 X Taq Mix, 21 pL ddH,O, 2 pL #itk DNA, EF
W8 1 pll2, 35 R4 19%50 Ta bt i FE Ik
BAEMIE, HAETAEY TR (B BRhARA
" AT E . P45 R T NCBI #£4T BLAST
LEXF, KH MEGA 7 HESLR AR BN, e
R PR IR 7 AT
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2.5 IRBRZAE ZHE M R LB AR 5 4
oy BSAEE LLAH XA (relative frequency, RF)

T, AR B I SR B I B AR AR o B R
R PR E ) 70 2 A3 A Camargo $R%(1/S)
B, WARIE— BRI AR > 1S, WA
A2, K H Shannon-Wiener 838 (H') 7¥T
R RN A 2 FEPER4 . R A Pielou ¥ 5] R %L
() AR I AR SR ER. RH
Maragalef $880 (R) RN ¥ = R,
2.6 BRI

KH SPSS BAFXS PHLLAL LB 7. BRZEAK
PR SRR B RF. 2 FFHEREAT KR IEMAE SN 53
BT, SERLAHRRE (1) FIR,

3 ER55H
3.1 FLERFRIEREF

AN 7 s P 4T AEAR PR 3 AL IR P E R
(P<<0.05) (F 1) o BV IEHR x50 A
25§ 77.011~245.431 mg/kg, Ferh T g4 2 o
fRE SRR, 15245431 mg/kg, BRPGEm 1 Bk
BN, FRERSBUCN 77.011 mg/kg., 3 80
BIME RN 354299 mg/kg, ZFNEN 76.448 ~878.290
mg/kg, ARHRECN, WiTLHEME 1 EH A& & (878.290
mg/kg) BUAERNK, LR 1 EAHSE (76.448
mg/kg) FE /DN, WILEME 1| @SS ELA N B
BRI 1 & B 11.51% . 3% pH AB1E N 5.20~8.33,
AR /N, Ferh B PUVE I 1 (1) pH B i K, i 8.33.

£1 FE~MELERFLEREUET (x+s5,n=3)

Table 1 Physical and chemical properties of C. sativus rhizospheric soil from different habitats (x+s ,n=3)

RAEHE pH HHL/(gkeg™) R/ (mg-kg ™) A U/ (mg-kg ™) A/ (mg-kg ™)
WLl 5204013 19.134+1.092 26.072+0.416 200.94945.910 878.290+15.559
Wril@dsi2  6.2240.15 21.489+0.629 12.215+0.862 245.431+12.552 611.921+8.063
R 7.6240.06 22.1724+0.087 25.625+0.850 156.363+10.018 76.448 +5.227
iR 2 8.0540.12 24.10040.209 33.08741.018 113.663 £5.992 83.18347.686
BepbiEi 1 8.33+0.06 11.37140.078 51.22041.296 77.011£7.998 231.828+10.952
BevbiEin 2 8.32+0.03 11.25140.083 55.39041.275 127.01748.351 244.125410.596

3.2 AOHBREEKMIK

AR e E K IR ES (P<0.05)
(£ 2) o HHATELLIEER 220 7 BT MRy 8.50~32.05
g, “PHEERR RN 21.17 g, iy sl 2 BREEAE
JREBE R, 15 32.05g, BEPGESL 1 BRZEH/D,
P E UM 8.90 go BREEFEZ T IIME N 3.88 cm,
M 2.90~4.59 cm, WIRRA, LigE20] 2 Bk
REAE(4.59 emD HUE 5K, BEPERE S 1 BREERE12(2.90
cm) HUEHD, L/ﬁ;ﬁﬁﬂﬁ 2 MR L RBRPE IR 1 1
R 1.6 fi. BREEHILAMEA 1.90~3.07 cm, V3
fH°N 2.55 cm, ,\EPE)T/IL@ PP EAE I K, 18

2 ALHEBKEEKMR (x+s,n=3)

Table 2 Growth characteristics of C. sativus corm
(; +s,n=3)

FEH 1813 /cm Hf2/cm i J5 5/ g
WM 1 3.624031¢ 2.55+£021° 17.39+3.42¢
LS 1 4.03£0.16° 2.52+0.15¢ 21.8242.04°
BeiayEsi 1 2.90+0.269  1.904+0.20¢ 8.50+1.934
WL 2 450+028 3.07£036*  32.05+5.75

R 2 45940190 29340190 31.07+1.44°
BRepbvE 2 3.641+0.23¢ 2.30+£025¢  16.20+2.68°

AR FRFRRZES R, P<0.05
Different letters denote significant differences, P < 0.05

3.07 cm,
33 IRFRHEEMALSEE

e % FIFGLLACAR PRGN B 2450 #k, HA NA
Re R I B BIRPRAN B 1274 £k, AR mIK—5
i%%‘%ﬁ,m %’H?U*EFT?HHI 1176 # o K IR AR bR
XI5 R 275 MEARL. BN 65 MNP, M
BT 4401, 6, 8ANH, 17408 2818,
318 (B 1) o HAERER ] (Firmicutes) o5 ML #x
K, RF N 66.76%, ZEHHE ] (Proteobacteria) {X
2, RF 1K 25.27%, 65 MNHEE K 16S 7513 3258
F| GenBank #(f ., ¥ %58 MZ026391 ~
MZ026455.
34 A TIERUEFSHEREEFENMZHE
MERIHE X M S A

7 5 - 45 A DR 52 e P 2R AR B A TR 22
FEVE SR BEEE M, 22 R PR B = 10 D Bk 76 8
(H'=25617) , L#lgEN (H'=2.1751) KX,
AR & (H'=1.987 4) , WE 3. -
AN T 5 P AE MR bR gl B 2 AR PR R A O,
Hh Z RIS L O & & 2 A K IEAE G
(r=0.910, P<0.05) (% 4) ; L¥ESRHRAHTL
AR TT N ERER [T, 1 B IR AT RN
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JEREE TR ] LS 2 MmN EE %Y, H53MEE RF 2R KM% (r=
RF {EZ) BRI 2 /) 2.1 £ (£ 3) . L3 —0.914, P<0.05) , S5ATHJE RF £ KIEH
WIRF 51, BRSESIRFAEERS R % (r)=0.962, P<0.01) (k4 .

Paenibacillus sp.

- - - T~ o - -~ -

239199 263222 111130 177 215 198 208 134 280 MK 114 294 202 118 125 117227 204 179 133 121 189

Bacillus lensi. Arthrobacter oryzae ); 1 sp.

MK-Marker, 5 F 7 NE RS S5
MK-Marker, below the bands are strain number

1 RFRZAE 16S rDNA FHIRKE (A) 57 BRI RIFEE (B)
Fig. 1 Agarose gel electrophoresis of 16S rDNA sequence of Rhizospheric bacteria (A) and Some rhizospheric bacteria isolated (B)

x3 TE~HALERFARES S ERRBR SR

Table 3 Comparison of high RF and diversity of C. sativus rhizospheric bacteria from different habits

PRy DEE (RF>5%) H J R
TS | FHAREE (65.46%) « KFHTHEE (18.18%) « BEMER (7.27%) 18419 0.7181 2.9945
Ll FHAHEE (66.67%) « BARFNER (7.02%) « KHFHITERE (7.02%) 21143 07058 4.6994
BRGvE, 1 FHFFRIR (45.63%) « GANEIE (32.04%)  WHEIE (8.74%) 23616 07883 40995
Wi 2 FRFEE (75.00%) « BERFHHEE (10.71%) « RFRFEE (536%) 17243 0.6939 27327
LI 2 FHFFHE (7333%) « RIFHEE (8.89%) 1.8696 0.7084 3.4151
B, 2 ERFFHIR (35.00%) « BANEE (2833%)  BHFHEE (10.00%) . LEFEE (8.33%) 25901  0.8508 49049

*4 ALERMREEZFNE. EHEHSRBCET. REX NIRRT
Table 4 Correlation analysis of C. sativus rhizospheric bacterial diversity and community with physical and chemical
properties and growth characteristics

b R R
pH BT EERL: TARA WS AFRE A Piz
RS -0.535 0.951" -0.914" 0.581 0.221 0.793" 0.752" 0.823"
GATHEE 0.619 -0.956™ 0.900" -0.666 0280 —0.767° -0.773" —0.832"
RFMHEE -0.880" 0.463 -0.582 0.585 0.719 0.125 0.132 0.312
AT R 0.827* —0.794 0962  —0.822" 0.549  —0.578  —0.546  —0.692
R 2 AT B -0.577 0.518 -0.861" 0.854" 0.375 0.523 0.475 0.573
TR 0.249 —0.744 0.625 -0.124 0.052  -0.380  —0.335  —0.359
RN 0.423 0.593 -0.087 -0.302  —0.627 0.611 0.653 0.477
Leclercia J& 0.606 0213 0.190 -0.691  -0.756  —0.030  —0.018  —0.190
SETR R B 0.724 -0.501 0.641 -0.401  -0.545  —0.094  —0.030 —0.212
1B 5 e e -0.604 -0.201 0.058 0.279 0.711  —0.321  —0283  —0.122
H 0.712 —0.843" 0910  —-0.682 -0478 -0.724  —0.658  —0.806"
J 0.561 -0.917" 0916  -0.564 —0234 —0.677 —0.634  —0.713
R 0.737 -0.503 0.689 -0.617 —0.690 —0.513  —0.404  —0.627

FoREEME, *P<0.05 *P<0.01

significant correlations are marked with *, "P < 0.05 **P<0.01
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3.5 BREXNNSHEEFEHMSEMREXME
SR

BRZE K/ 5 R o 4 T T 45 R 22 A 1
K. BREMEE SRR BRI 5% O G
(r=-0.806, P<<0.05) . FEAH[E=Hurb, Wrilgt
1 MR S A LA 2 1) 3.4
5 (R 3D o BEFEESL 1 R 8 A 2 A e
G EMEE. BT EE, LAt EE e
AR B 4 o o ) 70 A1 5 o B S 35 A O (r=
—0.767, P<<0.05) . WiiL@f® 2 A1 LigsRa 2 1otk
WE N AT e, SRR e 2F AT R AE T
FETE 2 (1) RF L NBRVGTEIN 1 09 1.6 fF, ZF AT s
FE PG LLAEAR PRt 1 h 0 0 A1 5 PUZLAEER S i B
WEIEMR (r=0.793, P<0.05) (&4 .
4 TIig

PHZLACARBRTT B R Al R IR 0, SEor i 2
450 tR4HE, VAT 4 M1 6 L 8 ANHL 17
ANEE 28 ANw, 31 M, b ERER ] B AR A
m, EEUGFMTEE AT, RE5RFHFEDE
AR o 1 A ) 4 SR — 3500 AR TR A 1) A 1 o o 8 2
o JE N SRR B R, 2R Al H AT D aRkiE A
AP RAEFDIRE. Mo, RBFET 28
J&, HH Cytobacillus J&N— 4 P NI 71 @120,
VR R A A R 1 70 B0 R R B DA e+
by BHRIE, FPEEAT s . BRI R
AR BRI R B132), A R B fe A SR B,
AW TE IR AN 3L 31 M, o 4 Ry
BRI R B ARR], 53l & Agrococcus
versicolor ~  Cytobacillus firmus « Paenarthrobacter
nitroguajacolicus « Sphingobacterium puteale, 3
Agrococcus versicolor [N AE N —FfiH: b it 4k 1 M -
TR B BIO IbAh, BRI IR L4
W o> B 1S 24N Paenarthrobacter nitroguajacolicus,
2 B AR TE X 7 2 Al B A B R AR A BT

7T P LR B A T T R 45 A4 A 22 RV E A7 AE
M, ZAETEIRE: BRIGE I > EHESEE > W
8, PRy et R R, G BT R E A
FEI & RF T A4, YRR PGREIIA LH E -
A 37 K8 S5 BRR Y B MR I 07 R 5 AR 23 B 1 AN [ s
KT SHRERAEY), AEA R 1 1)K 5 SR Pk
AW MR SRR ZE R . R BAL A 1
5 VUL AR O 4 i T R S5 R A 2 REPE BB ARG, AE
AT, o Hras R EREAE R A S

FAEGUDR, W] BER 2 AT B Jm 4 1 B (e it 4
TER RSB TG R ThRE, XUMEESIBE R B, e
0 Z AT R — AR R NG A Y B R AL,
TR E . AL, AR ERE Bl A 5 R e
WA BAT IR N, X5 F B
WBr4ITE 16S rDNA 3 #E 47 336 X B 3 #r
(canonical correspondence analysis, CCA) FITUAR
3T (redundancy analysis, RDA) HJ45 5 —F,
Y SR EYIfAAER BB R R, —
Ji, MEYNEE A m Y, e SAEK
RE . REnRE S it 5—7
[f, HEYNME YR AR BRI R R P, I
IRETBOA [F] (AR R 3 I N A iR I 5%, SR
FEAREREY RS R 5o A4, AT R
LIAEERZE NN SR B b s A S A UIAHOS, 29
BT A AE DU ZLAE AR Bt 1 v ) 0 AT S5 RS i 2 2
LIRSS, 2B i = B A0 25 PR 1 Jee 4 o ) e X 7
IAEBRZEARK AR . AT AR B 2 AT 1 s
WEARADIRE, AR . TR s ST
R EURZFAIFT B« WRUEH 28 fOAT B A 2 R 328 1
FRE S RARCE A e AR, H 2 Ay B
AR AR R A AR AR 43951, (R B0HF B AR
PRAA B REAT 1 DhRETRIL, JFIRAS T — AL IRE IRk,
WS 2R 3 PRARPRAA A SR163. SR253. SR375
XL A B L AR AR, HAh T RETR 8 IEAEHE
17 BRI R . HIRIBEE 2
IS AE BRI T R AR T S
FBAFR ALY FRARGEF G R
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