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Bacterla and Reduced the Abéorpﬁf)n’ of Cd in Wheat ¢ o
LI Xiag-zhe' QIN Shan dmei', CHEN Zhao-jin , ZHANG Jun', YAO Lun- -guang' , LI Na¥ PA!NG Fa- hu] g .] HAN Hui'** ; ’

(1, .Coltaborative Innovation Center of Water Security for Water Source Rnglon of Mid-route Project of South- Narth Water Diversion of Henan Province, College of Life SCIence
and Agm(ultlu‘al Engmeenrl'g, Nanyang Normal Univ ersnv Namang 473061 China; 2. Institute of Enwmnment and Sustainable;Development in Agriculture, Chinese
Academ} of Agncuhural Sciences;, Bel]lng 100081, China ) i "'“.:_.-"’

Abstract; Some functional*microorganisms in the soil immobilize heavy metals by adsorption and precipitation, prevent the absorption of heavy metals by crops, and play an

-

important fele in the passivation and remediation of medium and mild heavy metal-contaminated soil. A pot experiment was conducted to study the effects of the exogenous
polyamine-producing bacterium Bacillus sp. N3 on Cd uptake and the bacterial community composition and function in the rhizosphere soil. The results showed that strain N3
significantly reduced the contents of Cd (64.7% ) in wheat grain and DTPA-Cd (50.1% ) in rhizosphere soil and increased the pH (from 6. 84 to 6.97) and polyamine
content. High-throughput sequencing results showed that inoculation of strain N3 reduced the diversity of the bacterial community; however, it increased the relative
abundances of B-Proteobacteria, Bacteroidetes, and Firmicutes in wheat rhizosphere soil. Meanwhile, strain N3 also increased the relative abundances of heavy metal-
immobilizing bacteria and plant growth-promoting bacteria ( Bacillus ,Arthrobacter , Brevundimonas , Ensifer , Pedobacter , Rhizobium , Pseudomonas , Enterobacter, and Serratia) in
wheat rhizosphere soil. The PICRUSt function prediction showed that strain N3 increased the copy number of genes involved in antioxidant capacity, hormone synthesis, and
sulfur metabolism in wheat rhizosphere soil. These results indicated that the polyamine-producing bacteria N3 reduced the DTPA-Cd content by increasing the pH; the
polyamine contents; the abundances of bacteria with heavy metal-immobilizing or plant growth-promoting traits; and the metabolic pathway involved in antioxidant capacity,
hormone synthesis, and sulfur metabolism in wheat rhizosphere soil, thus inhibiting the absorption of Cd by wheat. The results provide theoretical basis and technical support
for restoring farmland with excessive heavy metals and ensuring the safe production of wheat.

Key words: heavy metals; immobilization; bacterial community; polyamine-producing bacteria; wheat
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AP yaE S 1EEBQ?F£E;<QHJ%XT/J\§ Cd 1% |
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TR A 6 2 R S 8 e VA 2

S R 5 0 P PR 9 BN
F DT /1N A2 AR % A 8B 45 M) 0 Cd I i 5
W), [ /A2 AR - 8 o i) D4 ki A7 00 il 5
SR B 43 AT , 10 20 08 T 9% J2 T4 T bk N3
BLFE /N Cd R BLAR , AU = 2 e 4 1 4 S
T 75 YA AR /N B 4 e P B A
FEAR L.

1 HR5HEE

1.1 (R Cd 55 1

WIFE Bacillus sp. N3(MH715353) /3B H Cd 15
ek SERR PR 398 R P00 ARHIF S R BB Bk N3 BEfS 40
WA R RS e , % Cd B 3OEHR SR 600 mg - L~
FEp(Cd) M 3 mg- L™ BRI PR R B N3, 24 h
JEUE W Cd By T s R, R BLTE AR N3 X Cd
(W B %68 93. 4% . PIBL AR N3 & 1 B 2 iR
SR FE EANE. R Cd ISy 3, [ RIAT,
180 Hf. +1E pH N 6.84, o (E Cd) N 2.24
" o(ANUR) M 2512 g-kg T, o (BR) A
112 g-kg ™", o CHRHE) 7 0.574 g-kg ™', (AL
AR 111 g-kg™'.

mg-kg~

ﬂ?ﬁﬁffﬁ%éﬁzk FENL XTE_A

1.2 /NEERIAE

FRELS kg BIEAG T, 0 TR UE/NZ gt 1
WK BEEIEGMEMS ¢ IRE . 2.5 ¢ BifR —
SN 2.5 o FALER. A0 B A A3 R
B XTI (CK) FIERD N3 ZbFHZL (N3 ) , 2 ~4b B 3
AR PO b X LN S SRR AR 7698 ( Triticum
aestivum L. ) 251, FH 75% WEAE 1M 7% 3 min, B2
B KU 3 i, AR S i B T 25 C AR
PR ZE. /N P58 1, AR BB —38 43 P
AT HEE N3 H BB (10°CFU-mL ™" ) FFig iy 2
h, SR JEHG T B 3 S U A b i R EER 2 AR
JEER T L — 2 . N R TR R 2R TR
LA BRGEAE T 10 BUNER . SR/NER T
AT, X N3 AbERL /N UG AT R R X
B HEM BRI T3 000 remin ' B0 5 min, 5]
F2 BV, A TE 122 B Tk, {8 Dygy =470 x 10°
CFU-mL™", RP 2 h T FE B4 R B . FH%«%? /J\i—?
R R T 2 4/ N LA 25 mL [g%{& Hi}:éé
A B R BT A N A A J\%T 2()Q0
410 H 28 HFRL, 20204E15 H 25 AIGE. 4
1.3 *ﬁ%*ﬂigﬁnnﬁﬁgﬁ%ifﬁ

INFE A ﬁﬁﬂd&%d FHFHRL %*ﬂwﬁ Fﬁ
EB TR R TR %Fﬁﬁﬁzwm%ﬁ#
SR FH F PR A 0 R SRS P R 5 A B 1
1A & 51 5% 3% 4% (inductively coupled plasma atomic
emission spectrometry, ICP-AES, SHIMADZ ICPE-
9820) P& B H Cd SRk g, dE T /N 4%
HAUCd By & R E R ES L it ( + %,
GBW- 07402, #i4) : GBW- 08501 ) HEAT i H: 2 1l , b1
FEDNE 45 I e VPR ZEVE N, REE /N Z PR+
Bf, 20 1 d e/ AP A TE TR K, A A b i 3
PREFNAE XA RE RS, 55 2 d WAk A, i A~
INA TR A IR ok SRS TR R a4
I 3. /N2 AR AR H A AR S AR = (]
SHEFRE L RHENEE 1 4. 5%
Je BT B BE B /N AR 5 mm DAY Y £, I8 R
K, BRI AR BR 4. P b e 2 A Ak B A AR B £ ¢
A4S A7 - 80°C HB AR vk A o (A3 A # 3
g 1) T AR BR b AT S R T, AT H Al FE
PRl . FRELS. 0 g BT /M A 25 mL DTPA $2
BGA) $EBUN % DTPA-Cd &, DL 1:2.5 i+ K
M7 /N2 AR B 1= 438 pH (. SR FH B 85 1R B 72 1
FE/NFEAR PR 4 3 T A AL Y BREOGH £ /N
AR T3 5.0 g iBISA 30 mL JCH XK

9% 3 N, 150 remin ' ¥R 3% K5 3% 3 h, 8000
remin~' B0 10 min. B2 mL EVE W, IIA 2 mL
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10% (RFH0) 1Y &R IR AT, BT 4°C KA
242 2 h. #8510 000 remin~' 4°C F &> 30 min.
SR JH e 255 RRE T2 00 5 R 9 T N O e R I R
iz i 5
1.4 /NEZRRBR RN P RE DU FECE o3 #r
K £ 58 DNA #2 UL & FastDNA®  SPIN
(MP Biomedicals. Germany ) #&HU#5Ab#H /N MR+
HERY AL DNA, 16S rRNA A V3-V4 F Bl 514 5'-
GACTACHVGGGTATCTAATCC- 3' fil 5'-CCTACGGG
NGGCWGCAG-3"§ 34 P 7=k |- ifg 56 35 &
YrEs 25 LB A BR S w L L MiSeq PE300 ) J 4%
(lumina Inc, San Diego, CA, USA) 5¢ i{F 51l &
B HITE T = F & LAEL ST Chips ./
login. majorbio. com) . .7, >k Fl RDP classifier U1 I
WSk X 97% UK/ OTU 836 17 51 47 4
2T, FFAE AP FACOE R Go B A RE S
TEELLR. ST OTU THAE M Rl 4 . REVE i
?IE/T@(( Chaol ., ACE) *ﬂﬁ%gﬁé‘@*gﬁ( Sha’rl;non\
Simpson ) %> SR STAMP 44 A Tal b 3 {44 )%
f92 53 15 L. 019 D) IR AV 7
PICBUStZ B 1 4% B1, FI QJIME j{ 4% i
closed OTU- tab'Te 5'C0G | KEGGHUEIE AT ttsd
R KHE@%&%EJ?IJJ e W5 2 ,,JZIiéM)ij%
%? Tk éﬂ‘)ﬂz & (htips //glthub com/plcrust/ )
plCI'LI§t2) .
1.5/ ﬁdﬁiﬁ
Kt SPSS 17.0 ?}\#Lﬁgﬂ(ﬂ%’%ﬁﬁ*ﬁ H
Microsoft Excel 2010 1 AI 2020 44 #4742 1A.

2 ZEREHH

2.1 PZRAIEE N3 XN Cd WRSCR T Y 52 e
BN TR R BRAH LL, 42 b 1 5™ 2 B 40 T N3
REAESZ MR /INAZ XS Cd By (6 1) . Hirpr N3 b B
J FERPRL, REFFARR Cd Y& S CK AbHALAH
b, BIRRAR T 64. 7% | 27. 6% H150. 5% . 3% 7 W

He N3 ELAT A/ N A AL AU Cd IR g 1. e,
SRBERD IRAR L, Rk N3 B8 Aot /N 22 AR 1+
HEWEFZm, HEER S T/NERE T H
(58.9% ) ,iX £ WA BE N3 Al REZE i T /NA& 52 Cd
BN 36 B4 T, B R A T — S B R T /N AR

-"-d-

ﬁM*%H

) T - " -"'-l -

FIAK AR T/NE A KWK, SR 552
TR, BRIRE N3 X /INAE b R 214 A ) ek TG S 25
F1 EMEKRNIINESEL Cd EEMFEHT MY
Table 1  Effects of strain N3 on Cd content and

dry weight of wheat tissues
TE A6 CK N3

INEFFBL 0(Cd) /mg-kg ™! 0.17 £0. 04a 0.06 +0.02b
INEFEFF 0(Cd) /mg-kg ™! 0.29 0. 05a 0.21 £0.02b
INERRE w(Cd)/mg-kg ™! 0.93 £0. 14a 0.46 £0. 11b
INEFERL (AT ) /g5 13.1+1.75a 14.6 +2. 54a
INEFEFF (AT EIT)/g- 8" 6.84£0.91a 6.97 =1.03a
INEARTR (AT ET) /g5 5.6 £0.44b 8.9 +0.87a

1) B FE £ fRiERE (n =3) 5 A —FT ARG FRER R b
Z I 25 (P <0.05)

2.2 PEEREAE N3 XH/NERER 5 pH DTPA
Cd ., A WL 2 e 5 2 1 R

Ptk N3 REHSBHFOINE X Cd (Il .fé‘%’axﬂ
FARPR L3P AR Cd &8 S ﬂfﬁllf‘%f}.ﬁT
GPT. 34 B AL /N 22 R 50T o (DTRAZCA)
0.42 mg-kg™' TR N3 5 E T 1N A b 100
b DTPA-Cl {1 i A (501 19% ) . AR gy o 4
JErEE ‘?j:i%'#ﬁﬁ%'ﬁﬁ IEARANK, ﬁﬁmﬁﬁﬁ
& AR S ) AR G, TR A1 IR R N3
FOVEIE IR SR AT RS Cd 107 I T
16T /NAE AL, JE PR eD Cd 1 5 . X B 4

SR BRI pH (K 6. 84,11 N3 AbFHZH F1 Y pH {4

H6.97 , RUIEE N3 RS TARPR 1319 pH
1B, BT A AL 5 5 T 0 & 5 . it ok, 9 e R
N3 b B /N A2 AR 3 T 2 i 1 5 ek (M . R g
ARG e ) S 3258 T X BRZH vh 2 e () % =, 7 g2
A TR N3 RE A% 70 08 22 e 1 S IR | [ e 22 i o5 4
A s RE$ v 38 RY pH (A
2.3 TPERRATE N3 X /INAE MR B - A A TR R 7 4
F N Z2 R R 52

>R FH o 208 2 0 7 AR AR 9 A1 22 M 240 TR 1) 422
T2 XS /N AR T AR TR R Vs FI 2R Il 132
e, X 2% FE i AR AR BGHAT T pT (R 2) N3 &b
FRAFE S Simpson 5% 0 3 KT CK A FRALHE
Y Simpson F§%%, 1M Shannon . Chaol £ Sobs 5%
/NT CK b FRAFE G AR B 48 5, R BIAME TR B N3
AR 00 3 AR T /N 22 AR PR A TR R 11 22 R

®2 AERBNERRBEHE o SHEEEYD

Table 2 The « diversity index of bacterial community in wheat rhizosphere under different treatments

Qb Sobs 54X Chaol 5% Shannon 5 %% Simpson F5%% Ace 1535 Coverage 1541
CK 1560 +£37a 1759 +46a 5.692 £0.173a 0.015 1 £0. 006b 1757 £30a 0.9919 +£0.000 Sa
N3 1257 +32b 1525 +21b 4.947 +0.029b 0.0284 £0.001a 1535 +11b 0.9913 +£0.000 3a

1) Bl FEE £ A2 (n =3) ; F—

BIARRIING FREFR R AN (845 B 25 (P <0.05)
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Fig. 1 Effects of strain N3 on the bacterial community

diversity in wheat rhizosphere soil
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SRR SR AH OC Y 22 S AU I8 #%, 40 ABC #%4z (ABC
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Fig. 2 Effects of strain N3 on the bacterial community structure in wheat rhizosphere soil
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