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Abstract: In order to study the effects of cadmium contamination on soil bacterial structure and diversity in rhizosphere

soils of broccoli in coastal reclamation area,and to find out the cadmium-resistant bacterial which were beneficial to the
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remediation of cadmium contamination, high throughput sequencing method was used to analyze the effects of cadmium
stress on bacterial community and diversity in rhizosphere soils of broccoli in coastal reclamation areas of Taizhou estuary,
Zhejiang Province. The concentrations of cadmium were set at 0, 3.5, or 60 mg-kg™', respectively, and were marked as CdO,
Cd3.5, Cd60, correspondingly. The results showed that cadmium stress could cause changes in both bacterial diversity and
community structure. There were 35 phyla, 97 classes, 205 orders, 315 families, and 506 genera in the rhizosphere soil of
broccoli in this studied areas under different gradients of cadmium contamination. Low cadmium stress might raise the
Chaol index and Shannon index of soil bacterial community and high cadmium stress might reduce the Chaol index and
Shannon index of soil bacterial community. With the increase of Cd stress, the relative abundance of Actinobacteri and
Planctornyces in the soils of broccoli showed a downward trend all the time, while the relative abundance of Bacteroidetes
and Gemmatimonadetes are on the increase all the time. The relative abundance of soil Proteobacteria and Patescibacteria
decreased first and then increased. The relative abundances of Acidobacteria, Rokubacteria, Errucomicrobia,Nitrospirae and
Firmicutes in soil are increased first and then decreased. Proteobacteria, Bacteroidetes, Patescibacteria and
Gemmatimonadetes are the dominant groups in high Cd contamination. With the increase of Cd stress, the relative
abundance of Pseudarthrobacter, Muciaginibacter and Rhodopseudomonas in the rhizosphere soil of broccoli showed a
downward trend all the time, while the relative abundance of Flavobacterium is on the increase all the time. The relative
abundance of soil Rhodanobacter decreased first and then increased.The relative abundances of Sphingomonas in soil were
increased first and then decreased. This indicated that low cadmium stress might stimulate the growth and production of
cadmium — sensitive bacteria, which made the community structure more complex and diverse. High concentration of
cadmium significantly inhibited bacteria, resulting in the extinction of some species and the decrease of diversity. High
cadmium contamination could induce cadmium~— resistant bacteria such as Rhodanobacter to become dominant groups, and
the community structure tended to be stable and single. The bacterial community structure had obvious response
characteristics to different cadmium pollution stresses and could be used as a sensitive index for soil quality evaluation of
cadmium contaminated fields. There were a large number of Rhodanobacter, Gemmatimonadaceae—unclassified, Massilia,
Candidate—Adlerbacteria—unclassified, Chitinophagaceae—unclassified, Alphaproteobacteria—unclassified, Flavobacterium and
Duganella in the Cd60 group, which could be used as a reference for microbial remediation of cadmium contaminated
broccoli planting fields in coastal reclamation areas.

Key words: cadmium contamination ; bacterial community structure; high throughput sequencing; broccoli
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SERIFRAE , LA A TE 0 As V5 Y 1A B R BURR B R BL , 78 As VR R 400 mg - kg™ I A7 76 K a2 A (B
i & F} (Pseudomonas ) , 1] A7 As 15 YL i b G A P01 2 SR AL 2% o HOCT Cd 5 Y451 R i vk [ B
IX. - S A0 T B S5 M R AE AT o RE RN Z L

V4 2246 (Brassica oleracea var.italica) Nt FARI 222 f/gh =, F R =M B RO . (ERSk, RH O
BRINRE VB IR A RS2 TH B B VO A AR TR E R E PR T b LA 38 4 1 g S R R
VERWHTAR R B3, B AEWT LA T IENELR BB R X . AR Miseq I 6 >R FH = i &
WP HE ARG M A TR R B Cd T35 Y 5T V5 T M gk ot b ] B2 X PG 22 AR s - 9 40 51 V% 5 W AL Bl M &2
FEMEAE BB ALRAE  BFST Cd T35 Gt T3 AN B REVE S5 R sg i i R R A T Cdi5 B = Pt Cd 41
PR BRLAEE , LA U) SRy 8 Rl VsV Uk b G 2 A6 T 4 8 5 U Rl 6 R AR A
1 MB5RF=E
1.1 g E

G T - SR AWV AS I 1 Tl b S A B PG 22 A6 AR SE M+ 38 (R )2 0~20 em), IR W B
Vevb i, i B B BRI IR Y . 38 pHAE N 7.48, F ML (Organic matter) & & 4 15.52 g-kg™, £
e Ay A BN 0.11%, 2R (Total N)0.98 g- kg™, £ % B (Available P)105.13 mg- kg™, # &4 (Available K)
257.05 mg-kg'o SEABERE ARG T, FEEAT R, 22 2 mm JE e . 10 kg BAEE FRFRE N KK
ARG R : N A2 44 em, JIRAE 32 em, /5532 emo FEBEE 3 CA TS YLk EERREE , 435112 0,3.5,60 mg kg™,
MR FRIC N Cd0.Cd3.5.Cd60 4, B 24 CdCL,-2.5H,0 #% 18 0,3.5,60 mg- kg™ Ao BE RS 2 (U
PLali Cd 1T, Cd PR 46 Wk B 275 B K AR 0 i — Jbn ) L K S W, ¥ S) el T4 L h (B il
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W Cd3.5 M3 E 2 4 Ja V5 e M B IX 39 Cd V5 YLk FE (Y, T 202244 A 10 H BERUE K
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BN AP
12 TEAERSEENF

¥ H E.Z.N.A.Soil DNA Kit i %] £(D5625,0mega,Inc., USA )42 I R0 2 DNA, i/ R 51943
51K 341F (5'-CCTACGGGNGGCWGCAG-3')F1 805R (5'-GACTACHVGGGTATCTAATCC-3'), ¥} 168
rDNA LK F(V3-VAFEFT PCRY . PCRY™ 1™ 3 18 2% B NRWEEE B vk 24 TR , % B A% | BL ik
AT I I, AR B AXY GEN 28 /] A 58 I IR SRR & o % 7E Hllumina Miseq PE300 V-5 _Li#47.
1.3 £YiEELE
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WA R LU R T 71%., 691K JE 7E 400~500 bp 1 300~400 bp A543 51 5 99.90% F10.08% , i
TR TF99.98% 4565/ HigesK .

Rl AEREBRECITREAZRRETEARTIFIEHROTUSE

Table 1 The sequence readings and OTUs of soil bacterial of rhizosphere of broccoli under different gradients

of cadmium contamination

Cd e i GBI 91 B BT INEA A RUFILLB/% OTUs ¥
Cd concentration Raw—tags Valid-tags Effectively The number of OTUs
Cdo 55 805 47012 84.24 1 065
Cd3.5 86 836 75 037 86.41 1687
Cd60 82079 58 939 71.81 419
é’éﬁﬁ%ﬂ%%ﬁﬁé\ﬁiiﬁ , @ﬁgjﬁgir?—ﬂ L 97% 2 JELE Cd60_vs_Cd3.5_vs_CdO
M) — 5 RIS OTUS, £ 4 B Kkt BEZH 1) OTUs 2 €doo €35
5 419~1 6874, 43+2 5774, HidLl cd3.5 B0 cd
WeJE N 3.5 mg-kg HURES OTUs Bt £, 4 1 6871, L
XS B AE S, OTUs %8 10654, 117 LA Cd60 2 ;]
ZHFE AR I OTUs B b, HAE 4194, X =& Z [
1) 22 5 438 2 7KF (p<0.05) o o

AR Cd ¥R B2 75 9L F 7Y 22 AR AR PR - 3 4 TR AT
1) OTUs B 96 4, i S B 3.73% 5 Cd3.5 24
B A0 OTUs Bh 12164, 15 5011 47.18%:;
Cd60 ZHAE Fh A I AN OTUs B0k 2294, 5 A8
1) 8.89% ; M X HEZH CAOBE i R A B AN & OTUs 10k
634 1~ , i BB 24.60% ., Cd3.5 ZHFE i 1 HE AN B
A OTUs B H X TR 1 191.80% , 1117 CA60 ZH K s cdo
I REA OTUs %5 L B s/ 63.88% (161 1) .

+ 354 ¥ Chaol $8 5UA1 Shannon $8 BUH ke %
NHEFEMEENE, mR20H, AR C
{?%Xﬁﬁéﬁi*ﬁﬁ?ﬁi%éﬁ] Chaol %‘%[%D Shannon in rhizosphere soils of broccoli under different gradi-

E@E‘]?ﬁ I][rﬂ %:'EEEEZ: Iﬁ] E,:J o Chaol i"é‘@(*ﬂ Shannon ents of cadmium contamination

F&EL I LA Cd3.5 b 2R o B e, HLAE 53 0l R
1 623.31 F119.26, FEXFREAYG 1 .029.12 F18.37 43 5381111 57.74% F110.63% , 1fi] CA60 AbHELH # & ) Chaol $5
#F1 Shannon 545 T F& 22 403.02 F16.93 , 73 51| Lb X BEFEAIX 60.85% F1 17.21% , 3 > Ab BRI 25 57 7 B 343K
27K F(p<0.05).

27 308

634

Bl ETOTUFEMARRECITRZHTE=ZER
PRt AR B R TR 4 R

Figure 1 Venn diagram of soil bacterial communities

R2 AREBEECASHEAE=LRERTIEMEAlpha B FE IR
Table 2 Alpha diversity in soil bacterial communities of rhizosphere soils of broccoli under different gradi-

ents of cadmium contamination

st L Chaol 1554 Shannon #5241 5%
Treat Number of species Chaol index Shannon index Goods coverage
Cdo 1012 1029.12£10.22" 8.37+0.02¢ 98.21
Cd3.5 1579 1623.31+12.32° 9.26+0.05° 97.01
Cd60 396 403.02+9.98° 6.93+0.03" 96.09

S+ IR NG R 4 R R A B 22 5k AT
Note: Data with different lowercase letters indicated significant difference(p<0.05).
22 CASHEME=TRETIEMAREZEMTETKFE AR
3 A X e 5 SR A P b A, 45 A B2 - A S TR 2 %) A8 R R R 43R T 35 11.97 44,205
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H 3158506 J& o 7ET 1K b, 25 4k PR 20 A 558 40 ) A V& 41 1 38 A AR JE TR T 1 (Proteobacteria , 48.26%~
60.38%)M I, HR E W2 BT ] (Actinobacteria, 4.78%~19.50%) , HiAth (5 o458 K 938 A R AT #i T T (Acido-
bacteria, 3.56%~10.31%). 1 ¥ & '] (Bacteroidetes, 4.24%~8.54%). 2 5. Ml B | '] (Gemmatimonadetes,
3.21%~4.88%) . % 5 B | ] (Patescibacteria, 1.029%~8.57%) . 2% % B |1 (Chloroflexi , 2.62%~4.60%) . % AR FT
B '] (Rokubacteria, 2.37%~3.14%) , i% 2 i | ] (Planctomycetes , 0.77%~3.38%) . & i #i [ ] (Verrucomicro-
bia, 1.27%~2.56%) 8L B2 HE R | ](Nitrospirae ,0.70%~1.48%) . JEBEE | ](Firmicutes , 0.20%~1.62%).
AFFREE CAV5 Y45 1F T, P 22 AEAR B+ A R R I 2 A T 1K BRAE TR AR fk ., M 2
AR FEN KPR Cd TG Y ALY CdO 21 - 338 AR TR 1T 1) R AR X 32 2 48.92% , 48 Cd3.5 A L
TG BT VAT £ A TR, (15 CAOAH L 22 5 R B35 (p>0.05) 24 Cd HR EE N F] 60 mg - kg ' i, £
AR T 1] A AR R = B 8 %) 60.38% , 34111 23.43% , 5 CdO F Cd3.5 20 ) 22 5 4935 8 2 7K F(p<0.05).
T BT T TR ARXT FBE RS Cd MR BE Y o2 T B, Cd3.5 41 [k CdO 2 F% 30.62% , H: 22 735k
27K F-(p<0.01), CA60 41 Lt CAO 41T B 75.49% , Ho 25 S ikl i 7K F-(p<0.01). - IEFRRFT 1 1T A AH X
FREAEARHREE CdT5 Yem 2 LT3, 76 Cd3.5 4URE AR £ 2 L CdO B4 30.34% , 2= SRR i ik
e i 3 K SF-(p<0.01),, I E (R W BE Cd V5 Yl 522 R R 9, Cd60 ZHA: il R AT A1 11 AF X 32 B2 [E CdO B AR
54.99% , H. 2% 5 iAW 0 27K F-(p<0.01) . B3R B 1T A AR X 3 BE ZEAIR MR B Cd V5 e i b FH i B
506} B8 25 57 Rk 3 7K F-(p>0.05), IR R R B Cd Y5 Gk 1 T P 45 K, L X6 R CAO 38 m 101.429% , H:
25 A0 2 K (p<0.01), - HEZFE BA SRR 1] A AR XS 25 B 5 Cd 75 YL BE A i S22 T s e 3
Cd60 ZH 11 e xof BRI 51 52.03% , H 2% 5738 i 2 7K F(p<0.05), T IEEETE ] BRI X F EEFEARM E Cd 5
et 5 F TR, Cd3.5 4Lk HAR XS 2 B X IR Cdo 238 A1 27.42% , H: 25 Sk i i 3 /K SF-(p<0.01),
TE R B Cd V5 YL 52 R B 34, Cd60 ZHA%: i AR G =F B2 LU X BE CdO 20 A9 T B 27.42% , Hi 2% ik il
FIK T (p<0.01), BERAT BE 1] A0 AH X 32 B AR AR MR B Cd ¥ Y i) 22 B TH i 3, Cd3.5 4 Lk CdO 21 1 Jn
30.83% , 22 5 FE B IR 5 3 /KT (p<0.01), T FE =y Wk BE Cd V5 L b 52 T B 3, {H Cd60 2H 5 5% i CdO AH
Lb 28 53 AR TR i 7K F-(p>0.05), 5 1 1A 32 BEBE A Cd 15 QL2 B2 0 ) — B 2 R B a4, 78 Cd
3.5 N B 26.33% , H 22 5 ik W 35 7K P (p<0.01), T 1) C60 I [ 77.22% , H22 5 i i i 35 K- (p<
0.01)o T HEPEIRTA 1] AR X 3= B2 ZEAR VR B Cd ¥ Y 2 [ a3, Cd3.5 2 Sl JLAE X 3= B L X R
AHGINAH 22 5 K0k 2 K OF(p>0.05), 75 = e BE Cd V5 e il 22 T B R 3, Cd60 2L it AR X =F B2 Lkt
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Figure 2 The bacterial communities at phylum level in rhizosphere soils of broccoli under different gradients of

cadmium contamination
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PR AR 45.02% , H 22 S A0 i 7KV (p<0.01) o F I A MERBE B 1) AR EE B T 1) AR NS 2 B B2 )R
EH MR E Cd 775 G i HOAF D = B2 43 31 L XS RS 37.04% F1110.39% , I H.22 57 259350 . 2 K ~F-(p
<0.01), I AE = R BE Cd 15 Yl iof FEARXT B8 52 2RI T B 3, 40531 He ) BREAIR 35.199% F174.03% , Hi 22 5+
ikt 3 K F(p<0.01),
23 CATHMA=RETIENEHERENERKE AR

TEJE K b, A5 Ab PR A+ SEAE 5 v 40 B8 RE V% 38 LU JER] /N 1 & (Rhodanobacter,4.52%~21.25%)
R 3, HUR g Y B B T R (Sphingomonas , 2.45%~4.83%) . € 1 )& (Massilia , 1.59%~4.03%) . K532
B9 W JL T B Chitinophagaceae —unclassified , 1.42%~2.56%), FoA AR X 22 B 38 K A B FF 1 R
(Pseudarthrobacter ,0.36%~3.22%) . K432 W) a—"L JE i (Alphaproteobacteria—unclassified , 1.07%~2.08%) .
WA ER (Muciaginibacter ,0.97%~2.12%). 124 R R (Bradyrhizobium , 1.08%~1.54%) . s
(Streptomyces ,0.18%~1.86%) . B FT &1 J& (Flavobacterium , 0.20%~2.78%) . ¥t fit [X. %1 J& (Duganella , 0.62%~
1.49%) . £1 5 2033 14 J& (Rhodopseudomonas , 0.46%~1.87%) . it A4 82 i€ 1 J& (Nitrospira , 0.70%~1.32%) . V.
E AL B2 B J& (Nitrosospira , 0.49%~1.06%) . HP 1% A= HR & T J& (Mesorhizobium , 0.73%~0.91%) ‘K 111 7 13 BK
J&(Marmoricola ,0.63%~0.82%) .14 X & J& (Nocardioides ,0.19%~1.27%)

ANFRREE CA VG Y 5500 T, V8 = AR PR I A PR VR 5 M FE SR AT FR AR T W 284k, i &3 7]
M AR LS Cd TG YL A R - 2 SRR /INFT TR JB AR B0 8.84% , 28 Cd3.5 ZH AR P , JLAH X 3= B Kt g
IR, T REIREE Ry 48.87% , Fo 2% S 1k 1 7K P (p<0.01), 24 Cd W EESE N2 60 mg - kg™ i, 18 % ]
JINFF TR 8 AEDGT E BE 3 0 1 21.25% , 3410 140.38% , H: 25 5 3k W 58 25 /K P (p<0.01), - 408 5 e 32 B ffd 1
Ja& B AR BEAEAR MR BE Cd Vs et 2 b a3 0 iR B R AT 5.69% , 5T R 22 SRR A W, 78
R E Cd V5 YL 2 F RGN FRIR I8 46.39% , Ho 25 5 B B TR A ) 35 /K P (p<0.01) o 3BT T 18
JE BHIRFT TR 8 LA 21 AR PR TR e P AR X R CA MR R — H 2 TR % . ST wEm
AT EREREE Cd 15 QR B2 A IR 52 — B TH i B 3, He Cde0 4 A AR XS 2 B2 LU X B it 1290.00% , 1
IR K (p<0.01).
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Figure 3 The bacterial communities at genus level in rhizosphere soils of broccoli under different gradients of

cadmium contamination
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