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Effects of inoculation with the cadmium-resistant bacterium Delftia sp. B9 on soil Cd stabilization and
reduction of Cd bioaccumulation in rice

LIU Yuling"?, YAO Junfan"?, DING Siduo', WU De"?, ZHANG Puxin"?, TIE Baiqing"?, LUO Si"

(1. College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2. Engineering Research Center for
Water Pollution Purification of Irrigation Source in Hunan Province, Changsha 410128, China)

Abstract: Bioremediation of Cd—polluted soil using metal-resistant bacteria has received increasing attention. In the present study, pot
experiments were conducted to investigate the changes in soil Cd speciations, rice grain Cd accumulation, and soil microbial community
structure after different Delfiia sp. B9 biomass inoculations in the soil. Additionally, the optimum additive amounts of B9 were applied in
the field experiments to verify the reductions of Cd in rice grain. The results showed that all different treatments with B9 biomass
inoculations significantly increased soil pH and decreased the content of bioavailable Cd (extracted by DTPA) by 4.72% —15.65%. In
comparison with CK, treatments with B9 addition decreased the Cd concentration in grains by 22.87%~-59.90%; all grain Cd levels in the
pot trials were within the acceptable range for food security in China (0.2 mg-kg™). T2(B9 application: 1.28 g-pot™) was the most effective

remediation treatment that enhanced soil Cd fractionations into more stable forms and significantly reduced Cd accumulation in rice grains.
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The treatment T2 significantly increased the operational taxonomic units (OTUs) and microbial community richness and diversity indexes

(ACE, Chaol, and Shannon). The relative abundance of Proteobacteria (B9 is a member of this phylum) increased significantly. The

application rate of B9 was 12.50 g+ m™, which significantly reduced the Cd accumulation by 28.38% —91.43% for rice grains in field

conditions. Studies have shown that the application of B9 reduces the potential environmental risks posed by Cd in soils and improves food

safety.

Keywords: Delfiia sp. B9; cadmium; speciation; rice grain; microbial community
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Table 1 Basic physicochemical properties of the paddy soils
WiH AL & s el AR A gt AR
It\em Organic matter/  Cation exchange capacity/ Total N/ Available P/ Available K/ pH Total Cd/ Available Cd/
(g-kg") (cmol-kg™") (g-kg™") (mg-kg™") (mg-kg™) (mg-kg™") (mg-keg™)

AR 34.41 10.69 1.97 26.69 142.18 5.85 1.36 0.89
VNEREY 32.32 11.70 1.61 24.30 178.94 5.75 0.93 0.52
KX 24.80 5.40 1.48 15.70 96.67 6.02 1.40 0.82

MRS (LRGP 3e 5 17 5, R0 5 B 5 M - 05 1
9803, il 7 = FR 22 5C A ) , K X a6 Ao 5 2= v A (4
PR & RIRY PR R 458 ) L 308 i /KRG S 4y
W B A AR T HERE Y C AR KA St
1.1.4 %A

AR AT IR, T EAE 36 em T H
B A% 33 em il 5 30 emo B AAERATEEA 25 kg KT
3, HEEHKELE, R RN 0.10 m?
1.2 RBi& T

R T 2020 4E AT, F MR R AR SR S
i AR ST — B B R BT R 7 diE A
FhAk IR ST MR R BT PG o Ui
AAAEFR(FE2) BB FREE A 3R . AKFERSARAT 3 d,
R A 24 b 1E 5 (1) /K R R R e i A 7400, B e
i R St N A2 AR 6.67 g0 HERLS 43R 5T, Wk
3~5 emo B S —HBEBIREZEN, B4
Pk S B, A 3 0k . LA B e 2 b ) AT

FE T 30 36 (/D DGR 56 A K X 58 ) F 2021 4F
A7 AR Z Ak IR 25 3, S O K R I Cd R e Y
PRR VS It 4 Ay P T30 PR AR A ot 07 5 TRV 1K
FERSHTT 7 d F57 it A 38 (AUt FH — 1K) o /MK
BEEXT AR (£ 3) , A EL 3k, L6
ASNDK BEAS /NI AR R 30 m?o /N X [R)AR 35 5 30
em, B AN 31 B4 30 em TE HIREHEK I, B HERAE
TEA A B WA T 7K A L it A R g R 4 HL 2 R Y
Mo S IEA T o K X 15 X R AR e 41 (% 3)
B 20 T AR 2N 666.67 m?, 19 21 HT B 8] £ 38 75 30 em.
TE4 A B WA T 7K A L it A R g 1 4 FL 2 Y
oSBT o TN XOR R XA T i e T K, B
Pk BO FIl FH & e 45 37 5 EA T 3 8 v 4, it FH AR
f BT R R 2 12.50 g~ L7 UM T 383 IR 5 .
1.3 MEEREFE

Fh Ak 48 pH: ZE KRS 2 BERA AR | A R
FH A AL 3 JEHL A (ORP) 2 W b vk 4 A 2l I s X
(FJA-6 B, g AL AN &5 A PR | D) s

http://'www.aed.org.cn

R2 BRMEREIRIT

Table 2 Details of treatments of pot experiments

JbFH Treatment FAERLAR Operation
CK Xof BE AR VR IR L E K 34
Tl BEAEVSNN 200 mL 2T (R i 0.64 ), Hi4x[R] CK
™ FHEANINA00 m LR (BRI T I i 1.28 @), HAx[R] CK
T3 FHEANIN 800 mL AR (BT i i 2.56 ¢) , HAx IR CK

®3 HE/NMNEEARIREIZIT

Table 3 Details of treatments of field experiments

Kb FH Treatment FRE AR Operation
X REZH UM TRTE IR, 1E 8 7K 3 B

PRI AR (BT BT 12.50 g-m™) , AR 2
PR DRI AN (AT B 12.50 g-m ™), FLAR TR0 A

5 + 3% pH.

IKAEAR ZE M FAFRE Cd 75 3« 2R R X 56 2 5
FoKFE ST BEN AR A R AEARARAE B /N X R
K DRI T /KA B R SRR OKAE i , AR i 2534
N7 ¥ BESCHR (2217 38 5 sl AT Ab B SR FH R B 5 55
B T R 556 1E (ICP Optima8300, PE A ] , 26 [#) 1]
E Cd i o

Fh Ak T CAE ¢ AL S 5 KRR AR i R 25 R
£ X RS i 0.15 mm B JE 8 0, pric i
RAMBLE SN . HENENZIEGR
HCI-HNOs-HCIO. JF fi% €45 . TIEA RS Cd R
DTPA 3P, 43 Cd I 243 7 2K BCR I 7 2
BEP SERUES R v VA R A T b s ak i
BOHMEE) . BHECdSESRAICPIIE .,

F % - AN TR TS - A 3 (R R it T = 3 T LA
T 6 A 3 38 ) T80 C & M ARAE, T il
S o M AN AR YE ALK . DNA 3R EUHTPCR 9™
14K F DNA $2 5G] £ FastDNA™ SPIN Kit (MP Bio-
medicals, Solon, OH, 3& [F] ) #% FE#2/E U BH EA T, BRI S
g T3 SRR SL B DNA L SR 16S rDNA JE[H iy
V3~V4[X (515 F-806 R)5' ~3" : ACTCCTACGGGAG-
— 1341 —
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ATAE PR SCPEFGEEAN EALINT &I PCR 774 [l
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TORGHT SRR R 3.5.3 581

2 ZER59Hh
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o EEER BN EEE T CK; 5 CKAH,TL,
T2. T3 4 i 1 58 pH & & 3 /0 1.29% . 2.06% .
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Vif1L9803 Luyou9803

AN INE R R A PR R 22 57 25 (P<0.05) . Rl

Different lowercase letters represent significant differences among treatments (P<0.05). The same below.
B 1 BHkBIFRRRMENT ZHK T pH =M

Figure 1 Effects of biomass content of Delftia sp. B9 on soil pH value in pot experiments
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Figure 2 Effects of biomass content of Delftia sp. B9 on soil available Cd in pot experiments
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XIEFE %5 TR0 Delftia sp. Bt -3 CA TS50 A1 Ko KRR W e 22 Cd Y 520

2023411 H

BRI 5> 8 RS A ST A S . 5 CKAH
Fb, T1.T2.T3 A B4 e fd AL | e A sl 20 + 3 Cd TR
BRANA, Hr, 55T Cd & ¥ 0 2 R,
AR A MRS BRIES Cd RN, 5CK
AHLG, T1T2. T3 b B 06 A Ak 20 55 2 v] i 28 Cd
B B 3.33%~10.13% ,4.33%~9.77% , 55
TR ATV A Cd PR IR K B0 T2>T3>T1; A iR R4 Cd &
T e TN 1.87%~4.33% . 3.30%~6.07%; 7- . i
Tt A AR 2 Cd 2 38 2 1, AR S Cd 15
RN T3>T2>T1,{H T1. T2 . T3 403 2 ] I i # 2%
S5 ALY, T2 Ab L R AEAL S Cd R
HEI 5 B AR A, T2 T3 b 3 R S 1 ]
AL Cd i,

3 pH A RS Cd K Cd JE 285 2 [ i #H 6 1 4%
RinF 4R, pH SAREE Cd &t 240k 5 3% UM ¢
(P<0.01) , #H2E 2 %00 -0.70; pH 5 55 1% 7] %5 25 Cd 4
M 52 35 11 AH 56 (P<0.001) , A KR RELH-0.71. pH 5
AR JE A Cd 22 I 2 1EAH G (P<0.001) , AHOC R ECH

N %% A Residual O nT % 1L & Oxidizable
100@ Tk JFE A Reducible [ 557 7] ¥ 45 Acid-soluble

) S VR
v O
= 60f Z % % %
9
ﬁ 40
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=
Q

0
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1 3% 5417 Zhongjiazao 17

B3 AEE B RMEX & 18 Cd M0
Figure 3 Effects of biomass content of Delfiia sp. B9 on soil Cd

CK TI T2 T3
Vi1L9803 Luyou9803

speciations in pot experiments

0.66. AR Cd & 50 Cd f i AT LS
Cd & FREDS Cd & 5 1 2 B 3 6 A ¢ (P<
0.001) , #HE R 5371128 -0.92 . -0.64 . -0.72.,

2.3 IINE#R BO XK FERIFR & Cd 0T

2.3.1 XF ZAR ALK ARG AL Cd B 5%

5 CKAH G, B N A% BO f4 Zb B35 AT L) sk /b 2k
G MG AR Cd & (K 4) . 5 CKAHEL, T2,
T3 kb ATl R (o 3 L 17) RS Cd 25 4001
W/ 32.61% .15.84% ([ 4a) s T1 ., T2 ¥ 0 &g E s /b
R 2R R Cd 5 45 T, T2 T3 3] i 0/ LA 45
SEARE K o Cd B i, BEOK H Cd & & 4 ) ek D
55.10%.59.90% .22.87%. 1% FiL5 4, T f
Ab K Cd & ST 0.20 mg - kg™, BIFF S
(B ZEEZFARE & Pis R a) (GB 2762—
2017) bRAEESKR

TE B AR AR 56 b (& 4b) , 5 CK A, T1. T2,
T3 4 3335 AT el /D B A (A0 9803) AR (i JBE K Cd %
i, B AR R OK Hh Cd i 43 ) R AR 33.34% . 32.05%
25.05% , K&K Cd & R %2 0.20 mg-kg ' LAF 35
FEZF & PAFRUE RV Cd & &K
2.3.2 XFHIE]/INX e R XG50 A5 2K Cd Y52

ZEA AR S5 R T LIS, T2 Ab BEXT 43 Cd
(R AR 35C R e PR AR K R AR 2R Cd IR fef: , RO, 1
PE T2 b B AR BO IS tEA T /N X B K KR 5
B E BO 7 H [R50 i AR . I S AT LLE 78
/NI (RO B AR ) B R DX () BH ) v, 5
Xof HE ZH A EL L S 0T Bk BO 14 RE S 2 FR AR K R b >k o
Cd i o AR/ IS B R RS K Cd & 3R
AT 0.20 mg- ke, (HAS TN TR #E BO (1 B4R K Cd 75
5 55 0T B A L 430 Sk 2 e /) 28.38% .31.34% ., Wl
PH R DX B0 (SR PR LAE o5 ) v, X RE AR K Cd F it ik
#]0.35 mg-kg™, USHINE R B AR B4 BEK Cd &l

R4 BRTEDpH 5 CAEB BRI B RFHERMES

Table 4 Pearson correlation analysis between soil pH and Cd speciations in pot experiments

i H Ttem oH A Cd WIS CA TR Cd A Cd St s Cd
Available Cd Acid-soluble Cd Reducible Cd Oxidizable Cd Residual Cd
pH 1 -0.70% —0.71 5% 0.66%+ 0.50% 0.49
ARLAS Cd Available Cd 1 0.97#% —0.927# —0.647%% —0. 723k
S5 AT 45 Cd Acid-soluble Cd ~0.91 %% —0.73 5% ~0.68%*
A8 J5 45 Cd Reducible Cd 1 0.42 0.73%k5%
A L7 Cd Oxidizable Cd 1 0.10
FRi# 25 Cd Residual Cd 1
TE #3808 P<0.05, #+38 78 P<0.01, ##*3 /R P<0.001
Note: *,#% #%% indicate significances between the parameter at P<0.05,P<0.01,P<0.001,respectively.
http://'www.aed.org.cn — 1343 —
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Figure 4 Effects of biomass content of Delftia sp. B9 on

Cd content in rice organs

0.03 mg-kg ™', B FHFEAL91.43% . IRINTE R BO 145
KL 4T (2 R e Cd . BRIG i 12.50
g-m [k BO AT LA 2 AR H SR Aok Cd 35 4t
2.4 RIMEKBIWMERK TIBREM SHMERBEL
sl

ANTR] B WS et %ok - S 6 A= W A M AR R s
L5, A4k H R 1 Y A 5 R R T 99% , S
PP 48 RFEA R R 26 R . SRR K R S AR
IR LG, RN B R BO JE RN R MRS , A AL P
B Z AR AR N, PR LRSS L 5 CKAH L,

. 0457 O #%KkGrain CK

oo O &K Grain B9 a

< 040t B #7EHusk CK

E 2 7%Husk B9 7-3

S 035 a

ks

Ei T 2 a

z ol

S b N

| N N

& N |k,

= N N

&) N N I
Hhs 17 {9803 LA

Zhongjiazao 17 Luyou 9803  Jingliangyou Huazhan

ES RINEBRIS Cdi5 8 HKTEFFRL Cd & BRI RN
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6.32%.6.16%; Chaol 8 5043 ) ¥ im 7.01% . 6.32%; {H
T1 A ACE Chaol F850R E P4

T IEGA YT A B AR L5 R (BT 6) B
B 116135 28 2 B 1] (Proteobacteria) L FT T 1]
(Bacteroidetes) R ¥ & | ] (Acidobacteria) | JERE ]
(Firmicutes) | it & & '] (Actinobacteria) . ¥t il B ]
(Verrucomicrobia ) FIAH AL 2 i€ ] ( Nitrospirae ) , A%}
R 1 83.74%~90.94% ., TEFTA AL IR AETE T
o H R R L N 41.57%~54.01% , FLR A IFF R T RIR
FETT o PRI AR TE ] R AT 1] A R
PR . 5 CKAHEG, B bk B 19 34~ ik 34
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Table 5 Changes of microbial community diversity indices in soils under different treatments in pot experiments (mean+SE,n=3)

4 Bt

& R B Richness index

ZAEEFE B Diversity index

Treatment Coverage/% OTUs Chaol ACE Shannon Simpson
D) 99.63 129357 1401+35 1 685+51 8.33+0.12 0.993+0.004
CK 99.23 1 685+85h 1 868+85¢ 1 884+85h 8.46+0.31h 0.993+0.005a
T1 99.28 1617+13¢ 1 813+£76d 1 828+113¢ 8.05+0.46¢ 0.993+0.004a
T2 99.28 1 816+72a 1999+92a 2 003+96a 8.73+0.09a 0.991+0.005a
T3 99.24 1 810+86a 1 986+104b 2 000£105a 8.66+0.12a 0.993+0.004a

T R PRSI NG FRER IR AR PR ] 22 5 2. 2% (P<0.05)

Note : Different lowercase letters in a column represent significant differences among treatments (P<0.05).
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Figure 8 Cluster heatmap on soil bacteria phylum level and Cd content of soil and rice in pot experiments
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