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Abstract: Heavy metal contamination in rice (Oryza sativa) is a serious problem. Microbial remediation is a promising technique to
reduce Cd accumulation in rice. To explore the rhizosphere-associated ecological mechanism of Pseudomonas TCd-1-induced reduc-
tion of Cd uptake in rice, two rice varieties, high Cd-tolerant variety ‘Teyou 671’ and low Cd-tolerant variety ‘Baixiang 139’, were
used. A set of soil culture pots treated with 10 mgkg ' Cd were employed to evaluate the effects of Pseudomonas TCd-1 inoculation
on rice Cd uptake and enzymes activities in rhizosphere soils. The results showed that the Cd content in different parts of both the
high and low Cd-tolerant rice varieties significantly decreased (P<0.05) after inoculation of Pseudomonas TCd-1, and the bioconcen-
tration factor (BCF) of Cd decreased by 35.14% and 47.79% (P<0.05), respectively. However, no significant changes were found in
the translocation factor (TF). Meanwhile, in rhizosphere soils of the high and low Cd-tolerant rice varieties, the content of exchange-
able Cd decreased by 15.89% and 23.81% (P<0.05), Fe-Mn oxide bound Cd increased by 39.58% and 28.81% (P<0.05), and organic
matter Cd increased by 36.11% and 25.00% (P<0.05), respectively. In addition, the activities of acid phosphatase, urease, saccharase,
cellulase, and catalase significantly increased by 26.74%, 12.07%, 62.50%, 81.17%, and 5.13%, respectively; while the polyphenol
oxidase activity decreased by 12.40% in the rhizosphere soils of low Cd-tolerant rice variety. In rhizosphere soils of high Cd-tolerant
rice variety, the activities of acid phosphatase, urease, sucrase, cellulase, and polyphenol oxidase decreased by 7.19%, 9.39%,
25.53%, 16.20%, and 11.44%, respectively; while catalase activity increased by 5.13%. There were significant differences in enrich-
ment characteristics, rhizosphere soil enzymes activities, and the proportions of different chemical forms of Cd in rhizosphere soils of
different Cd-tolerant rice varieties after inoculation with the TCd-1 strain. The results indicated that inoculation with the strain may
partly remediate the changes in soil enzymes activities caused by Cd pollution. In conclusion, Pseudomonas TCd-1 can improve Cd
tolerance and inhibit Cd uptake and accumulation in rice, mainly by reducing the bioavailability of soil Cd and restoring the changes

in soil enzymes activities caused by Cd pollution.

Keywords: Rice; Cd pollution; Pseudomonas TCd-1; Soil Cd form; Bioavailability; Soil enzyme activity; Microbial remediation
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KA 58 BB (Burkholderia sp.) D54 fE 5 3 42 75 7K
T (Oryza sativa) W T 48 6E 11, AR K F b 3040 &
o ] /N = AR R SR B T (Pseudomonas
aeruginosa) W 1 M AT K 4 is Y s 2 08, R BLIR
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o 5 T P KR i o < AR 00 671 (TY) ARG 5 T 1
JRFG R E A 139 (BX) 2492 154580 20 7if 399 DA 5 4F T
] 5k ) 238 173 K e i A e e 45 201 (I B B
AL BRT TCA-1 Ay A2 iy 300 DA 7K e AR s - 39 7 32
5 2] {0 it 4% B AR (B F5: CN103952333A). &R
R R 554 R 0.5%, BERERY 1.0%, EALEE 0.5%,
pH 6.3, i & 33 °C, 5 & 1.25%, 7% # 160 rpm, 1557
24 h Jg T4 HEAETEUA B 100 mL 7E 4 C.
12 000 rpm T &0 15 min, & 3§, B DLTE Y H
TG TR 7K F B 22100 mL, 6 B S 110 B TR0V B3 o
(5.33+0.24)x10" cellsmL "o 74k B A A7 @A
KAFoK ARG, AL YE R pH 5.8, 240 0.31
gkg !, Wi N 038 gkg !, &8N 0.46 gkg |, AL
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375 mg., AR (LA P,Os3T) 250 mg 1A AR (UL K,0
11) 250 mg, HIEFALEER AL (AR), FRLb B ik
£k 10 mg-kg (VAZlAGTT), 55 8RS80 30—k, BRik
4 A JE KRR . 7 3 i 1, K3
PR, BAAR | bR, REKAEIR R4 TCd-
1 kR, 2R 20 mL-kg ' (RBP4 T 58 4 34 /b 20 mL
B G 1) TCA-1 WK). 1 gndti 4 b3, & 4b 3
3HEE: 1) CK: AR E AR E; 2) Cd: fnsH
ANIEFNTRE B, 3) CKB: A IR E IR R 4) CdB: fin
i AR

I 1] 5 W e K, PR OK 2~3 em. 7E K F
A HRURE | SBORE B K AR A AR B, SR BV R
BEMPR T3, BT =N AKX, o 100 B G T
it PR B BRI 25 50 W o WK B /K R o 4 AR 0 i o L
AR MR RURERL 3 AN, 4 o E TSR
105 °C AF 1h )5, 72 C M2, WEAYE.
1.3 RPRTIBEGIE MO E 75 3%

S (R S ATk ) Y, I A R P
WG (ACP), JIkf (URE). HEMERE (SUC). 214k B
(CUE). i ALE i (CAT) FIZ I E LG (PPO) 1Pk,
14 MEETBEESESSEMNE

TR IE SR IUT 15 S ] Tessier 57 1 5 243
SLERELL, ¥ L AR 4> i P A2 43S (exchange-
able cadmium, EXC-Cd). ik g £k 45 & & (carbonate
bound cadmium, Crab-Cd). k%% &L 455 4 (Fe-
Mn oxides bound cadmium, FeMnO,-Cd). A 454
A (organic matter cadmium, OM-Cd) LA } 5% i &5 (re-
sidual cadmium, RES-Cd) 5 fE &, S EW & &
HCIO,-HNO, JH fift . & 25 Ja KM T Wl 43 60l
JE 0 S A
1.5 KIEEKRSENE

2 EBOLAB ) TR BB AR, FRI0.50 g T
i 5 B 35 18 P, SR 1 HCIO,-HNO, 75 TH fift B i, TH
B2 0.22 pm PRI U8 . 2 AN, SR IO IR
WA G BE VRN E R . AR = R A AR AR
B BRI Y, 595 5 R B (BCF)=2 040 & &/
T T, R R (TR)=Ho L5840 & /AR M &
i, R R = R S B
1.6 HBAIBSHIT S

K1 Excel 2016 1 SPSS 25.0 Fi 4% 54 #4745

. SR H B H % (One-way ANOVA) F1 Duncan
R AT 5 22 55 B Ml 2 J HL 3 (@=0.05), H Pearson #fl
KRB KRR & &, WEEe . LR 1 m
A HATH IS 1. I H Excel 2016F1 Origin 2021b
AR . R T B S P S bR o 22

2 HBRE5SH

2.1 REME TC-1 MAEHEMMEKERMEEE

EewalipAl

ZNER I 2R (1), K& IO =
FEAER . S E R (BCF) M FE# 2% (TF) 754~
[F) 5 i 1 K R i B (V). B AL B (Cd) K B Ak B (B)
] 77 A 5 35 2% 5 (P<0.05), H:h BCF 5 i 4k B AN
TR it Tl < D7 A B4 ) G Sk 25 AF EAE ), R RLAR) 5 4
5 KR i ol 8] DG A8 3 AH B A, bR AR R AR
A6 1 5 KRS b ol < A L) OGS 3 T AH B D, AR
AGARAE KR S A | B Ak B R A Ak R 7 TR R B =
R EAAERENTIELR,

Hi %€ 1 I, CK AT, #2018 MR J5 7K R i
RREOE 671 £ RO AY AR i . B R AR RN R R AL
(BCF). %% R4 (TF) B KA 1o 35 P28k KA b
FlCH A 1397 bR AR AR A Ao R IR S 207.27%
(P<0.05) A1 FHL A A 5 7 L 35 T 1 2 A8 Ak, T AR
Hi b K 4 bR AR AR AROIR B 3 4R 320.05%.
22.81% £l 36.15% (P<0.05), TF i & T F¥% 68.73% (P<
0.05), BCF #2755 6.72%. 10 mg'kg ' AP, 4270 14
PRIG KRG R 671U MRER . b &6 . KPR e bka &
FR IR B E T B 30.49% ., 40.35%. 28.57%. 34.53%
(P<0.05), FRE RO P14 33.72% . 43.13%. 29.61%.
37.52% (P<0.05), BCF T [# 35.14% (P<0.05), {H X} TF
TC SO KRS A 139 AREE . M B Rk A
R SR T 52.20% ., 46.64% . 39.10%.
47.74% (P<0.05), i m R MU T % 29.80% . 18.46% .
0.09%. 20.55% (P<0.05), BCF I % T [% 47.19% (P<
0.05), X} TF JRJC i 252 . 25 RIS YL 550
20 TR R B 005 A AL [) R T A A R ot o 25 0 62 1)
R R R
2.2 {REHE TCA-1 X3k FER IR LIRRGE M AN

ZINFE N 22 (& 2), KRR PR 14 ACP,
URE. CUE. CAT {fE7E/KAG M Fh . Ak B K% b Ak
T B) 4 A7 7E B 25 5 (P<0.05 B P<0.01), H /K F5 &
Fi S ERAL TR . KRR i b T AL IR A AE AR 2 A
HAER; FAL P K AL B E fEXT URE Ml CUE I £
e SR (P<0.01); SUC 3 M7 KRS il il 7] 22 57
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®1 EHM Cd EFCEMAREM M KEEBAES E ERAK (BCF). KB A (TF) RRESENTM

Table 1 Effects of Pseudomonas TCd-1, Cd and their interaction on Cd contents, bioconcentration factor (BCF), translocation factor
(TF) and Cd accumulation of different Cd-tolerant varieties of rice
f &t Cadmium content (mg-kg ') e ) % & S Cadmium accumulation (pug-plant™')
5 — GEES Q23 - —
Treatment RS Hh | KPR X7 BCF TF RS Hh [ KPR X
Root Aerial part ~ Grain ~ Whole plant Root Aerial part Grain Whole plant
TY-CK 0.28+0.04g 0.05+0.02f 0.03+0.00d 0.09+0.02e 0.52+0.10de 0.18+0.03d  4.05+0.31f 3.5141.06f 0.99+0.24d  7.56+1.38f
TY-CKB 0.33+0.03g 0.09+0.03f 0.06+0.01d 0.12+0.03¢ 0.67+0.18cde 0.26+0.08d  4.07+0.22f 6.99+2.58f 2.25+0.38d 11.06+2.88f
TY-Cd 35.72+0.21a 3.47+0.21¢ 0.84+0.01b 7.53+0.42b 0.74+0.04cd 0.10+0.0le 342.60+13.33a 231.57+5.70b 28.944+2.62a 574.17+16.71a
TY-CdB 24.8340.10b 2.07+0.10d 0.60+0.03¢ 4.93+0.16¢ 0.48+0.02¢  0.08+0.00e 227.06+5.92b 131.69+6.66c 20.37+1.46¢c 358.75+12.58b
BX-CK 0.55+0.03f 1.50+0.06¢ 0.02+0.01d 1.39+0.05d 7.74+0.28b 2.75+0.08d  3.84+0.33f  81.81+£3.74c 0.67+0.31d 85.64+4.0le
BX-CKB 1.69+0.07¢ 1.46+0.02¢ 0.08+0.02d 1.49+0.02d 8.26+0.10a 0.86+0.04b 16.13+0.57¢ 100.47+5.83d 2.69+0.67d 116.60+6.40d
BX-Cd 13.184+0.02¢ 8.47+0.43a 1.33+0.01a 9.07+0.40a 0.89+0.39c  0.64+0.03¢c 65.34+2.39c  289.05+8.20a 22.96+2.22b 354.38+10.56b
BX-CdB 6.30+0.06d 4.52+0.25b 0.81+0.08b 4.74+0.23c 0.47+0.02¢  0.72+0.03c 45.87+1.03d 235.69+1.55b 22.98+1.09b 281.56+2.33¢c
i Significance
=]
7k$ﬂ(.lnﬂ’ % sk wk sk *k wk *k Hk NS *ok
Rice variety (V)
L tl
Ak *% *% sk *% sk sk *% *% *% *%
Cadmium treatment (Cd)
Bacterial treatment (B)
VxCd sk *% sk *% sk sk *% NS NS k%
VxB *% *% sk *% NS sk *% k% *% k%
CdxB *%k *% sk *% sk sk *% k% *%k k%
VxCdxB *% *% sk *% * sk *% *% *% T3

R RS R NG FREFIRAL BLRITE P<0.05/K 2257 .35 AI*43 HIFIRTE P<0.05F1 P<0.01K 2253 i 3 NST/R L k25 . TY: mfmiiik
KRR REIL671; BX: AR PG A 1 #1395 CK: AR H AR R, CKB: NIRRT, Cd: INFREAHRRbK; CdB: iR HAA Fk. In
the table, different lowercase letters in the same column mean significant differences among treatments at P<0.05. * and ** mean significant differences at P<0.05
and P<0.01, respectively. NS means no significant difference. TY: high Cd-tolerant rice variety ‘Teyou 671’; BX: low Cd-tolerant rice variety ‘Baixiang 139; CK:
control treatment without Cd and Pseudomonas TCd-1; CKB: control treatment without Cd but with Pseudomonas TCd-1 inoculation; Cd: treatment of 10

mg-kg ' Cd; CdB: treatment with inoculation of Pseudomonas TCd-1 and 10 mg-kg ' Cd.

F, KRG R K AR AL BRI X PPO TR AR B AR
B (P<0.05), KA SRR L KRS i o< Ak BT K R
s A <R Ah 3 DL S 7K A it o <4 Ak B < A A B X SUC
T A BB A (P<0.01), K A8 i A <FR AL B . 4R
A B < 4k R [E] X PPO I 4 A7 76 2 3% 1Y A VR
(P<0.05)o ] UL A [R) %6 it 1 7 e i b 110 AR s - 9 il
TG PR AF7E S0 25 5, TR R AR Ak LY B 5 ) A K
et it P 0 AR s MR T 1

¢ 2 AT, CK ARFET, 280 B bk J5 51 6717
HRFR 13 ACP Fl1 CUE ¥4 5331l He CK 4855 13.21%
Fl 8.22% (P<0.05), ARG E 2R, AR
139° 1R Fr + 3 H URE §if P % fIX 38.43% (P<0.05),
CAT F1 PPO I ¥ 43 il $2 55 8.33% Hl1 9.73% (P<0.05),
HABEEYE T B E 25

10 mg-kg ' HAALHR R RR MR 6710 MR B - HE (1Y
ACP. URE #l CUE i ¥ kb CK Ab #4351 & 35 $2 =
31.13%. 23.13% Al 10.91% (P<0.05), CAT i M FE A%
15.22%; 5 Cd &b 3AH LY, #2218 #% /5 ACP. URE,
SUC. CUE #il PPO I 1 43 5l & AIK 7.19%. 9.39%.
25.53%. 16.20% Fil 11.44% (P<0.05), CAT 7% I #2 i
5.13% (P<0.05), CdAbFE R, <[ & 1394 b + 3

CAT Fll PPO 7 ¥ b CK Ab #4351 i 3 2 7 8.33%
F1 12.20% (P<0.05), ACP, URE. SUC # CUE i
A3 5 5B AR 12.24% ., 19.44% . 17.24% Fl 13.29%
(P<0.05); 4 B & £k J5 % PPO % 1k F& A% 12.40% 4
(P<0.05), ACP, URE, SUC. CUE fI CAT {4351
P 26.74%. 12.07%. 62.50%. 81.17% Hl 5.13%
(P<0.05), Z5REW, FAFLT 6 F 4 1l X # Fh
TR AE AR PR - 438 1) e o A7 AEAH S i 22 3R 30, HAs
B BRI P TCd-1 ¥ RE 25 WK 52 oh 0T - 98 il 1% 14k e
R
2.3 REME TCd-1 XKFERIRTIEBR SN

Z W R IT 25 R W] (& 3), KRB -
FeMnO,-Cd & i 7E /K R dit Fl . i Ak 38 % 1 Ak 382 ] 22
TEAE B 25 09 M I A ] (P<0.05 8 P<0.01), EXC-Cd.
Crab-Cd, FeMnO,-Cd il RES-Cd % & 78 7K & & Fit 1]
Z R, AN AL B AEX EXC-Cd, FeMnO,-
Cd il OM-Cd &% A7 W& 52, HARALEEXT 5 FMIE s
1) 5% 1A B . 3 1 52 ) (P<0.01), 7K e it i <% 4 3
T RER it ol < 7 A L DA I 70 RS it ol < A L < T Ak B
X} Crab-Cd % A i 5 (P<0.05).

H1 ¢ 3 AT, CKAREE T, AN [R] 4 it 4 7K A5 4R B
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#
3
B

*2 WM Cd EEAEN T RIEm Mk FEm AR bR TR A E M R R0
Table 2  Effect of Pseudomonas TCd-1, Cd and their interaction on enzymes activities in rhizosphere soil of different Cd-tolerant
varieties of rice

MR RRG iR ity FER LU R i AL S Z B A AL
kb yg Acid phos h:tase (ACP) Urease (URE) Sucrase (SUC) Cellulase Catalase Polyphenol oxidase (PPO)
Treatment [ p | (IE“JW)' Q4hy ] [mg-g ' (EW)-  [mgg (EW) (CUE) (CAT) [mg-g (FW)-
Tmee @4n" (41" [mgg'FW)Q4h)"] [mL-g (FW)-(20 min'] 4n)"
TY-CK 1.06+0.01d 1.47+0.02f 0.46+0.01a 13.02+0.86b 0.46+0.01a 16.16£1.00a
TY-CKB 1.20+0.01c 1.49+0.00f 0.46+0.03a 14.09+0.11a 0.45+0.00a 17.07+0.30a
TY-Cd 1.39+0.01a 1.81£0.02¢ 0.47+0.02a 14.44+0.34a 0.39+0.00c 16.08+0.48a
TY-CdB 1.29+0.01b 1.64+0.00e 0.35+0.00c 12.10+0.50¢ 0.41+0.01b 14.24+0.77b
BX-CK 0.98+0.01¢ 2.16+0.01a 0.29+0.01d 8.88+0.030d 0.36+0.00d 14.59+0.46b
BX-CKB 0.96+0.01¢ 1.33+0.02¢g 0.29+0.00d 9.18+0.13d 0.39+0.01c 16.01+0.74a
BX-Cd 0.86+0.00f 1.74+0.02d 0.24+0.01e 7.70+0.030e 0.39+0.00c 16.37+0.75a
BX-CdB 1.09+0.12d 1.95+0.03b 0.39+0.02b 13.95+0.04a 0.41+0.01b 14.34+0.24b
B Significance
Rice variety (V)
%hiﬁ k% k% NS kK %k *
Cd treatment (Cd)
. EIALI\IE k% k% NS kK kK *
Bacterial treatment (B)
chd ek 2 2 sk Lk £
VxB * ek 2 sk LS NS
CdxB NS *x NS *E NS *E
chde k% k% k% koK k3% NS

RPN NG TR BRAIEP<0.05 /K- 22 53 35 * Al * 3 B FRIRAEP<0.05FIP<0.0 17K W- 26 5 .35 NSFOR LR E M5 . TY: i
AKFE AN FRIL671°; BX: ARFRMITES A 11397, CK: AR H AR M, CKB: AIREZR R, Cd: INFREAIER B, CdB: InfH HIZAN bR o
In the table, different lowercase letters in the same column mean significant differences among treatments at P<0.05. * and ** mean significant differences at
P<0.05 and P<0.01, respectively. NS means no significant difference. TY: high Cd-tolerant rice variety ‘“Teyou 671°; BX: low Cd-tolerant rice variety ‘Baixiang
139; CK: control treatment without Cd and Pseudomonas TCd-1; CKB: control treatment without Cd but with Pseudomonas TCd-1 inoculation; Cd: treatment of
10 mg-kg ' Cd; CdB: treatment with inoculation of Pseudomonas TCd-1 and 10 mg-kg ' Cd.

®3 ENREELEMNTERMEKERR DR AERSHES 2RI

Table 3  Effect of Pseudomonas TCd-1, Cd and their interaction on different forms of cadmium in rhizosphere soil of different Cd-

tolerant varieties of rice mg-kg'
oo LESEET R e BRI o N
Treatment Exchangeable cadmium Carbonate bound cadmium Fe-Mn oxides bound cadmium Organic matter cadmium Residual cadmium
(EXC-Cd) (Crab-Cd) (FeMnO,-Cd) (OM-Cd) (RES-Cd)

TY-CK 0.08+0.00e 0.04:0.00c 0.03+0.00d 0.01£0.01¢c 0.01:£0.00c

TY-CKB 0.06+0.01e 0.05+0.01c¢ 0.03+0.00d 0.02+0.00c 0.01+0.00c

TY-Cd 4.09+0.55a 2.05+0.30a 1.92+0.29b 0.72+0.12b 0.59+0.09b

TY-CdB 3.44+0.28b 1.81+0.15a 2.68+0.20a 0.98+0.08a 0.70+0.06b

BX-CK 0.04+0.01e 0.02+0.01c¢ 0.02+0.00d 0.01+0.00c 0.07+0.01c¢

BX-CKB 0.05+0.01e 0.02+0.01c 0.01+0.00d 0.01+0.00c 0.08+0.01c

BX-Cd 2.73£0.11c 1.39+0.23b 0.59+0.03¢ 0.80+0.07b 3.94+0.53a

BX-CdB 2.08+0.14d 1.85+0.11a 0.76+0.05¢ 1.00+0.08a 4.07+0.24a

3k Significance

JKFE PP Rice variety (V) ok * ok NS o
fakbHE Cadmium treatment (Cd) ok o ok ok o
P AL HE Bacterial treatment (B) * NS ok ok NS
VxCd % * sk NS *k
VB NS * * NS NS
Cd<B * NS * ** NS
VxCdxB NS * * NS NS

R FISIARNG F-RER R AN BRRITEP<0.05 /K 22 57 W35 # A ** 15|38 AR 1E P<0.05HIP<0.01K 2252 i 25 NSE R L # 28 5 . TY: Wi
KRB AR REIRGT1; BX: AR PE S P ET 7 139°; CK: A IR FLR BRI bE; CKB: AINGRIREE R bR; Cd: IR AR ks CdB: nde Bl itk
In the table, different lowercase letters in the same column mean significant differences among treatments at P<0.05. * and ** mean significant differences at
P<0.05 and P<0.01, respectively. NS means no significant difference. TY: high Cd-tolerant rice variety ‘Teyou 671°; BX: low Cd-tolerant rice variety ‘Baixiang
139; CK: control treatment without Cd and Pseudomonas TCd-1; CKB: control treatment without Cd but with Pseudomonas TCd-1 inoculation; Cd: treatment of
10 mg-kg ' Cd; CdB: treatment with inoculation of Pseudomonas TCd-1 and 10 mg-kg ' Cd.
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THEAEMBIEA SR LSRR EER, R
671" MR PR +3€ EXC-Cd % & /i tie K, ik 47.06%; <A
A 139’ M Br 1 v i RES-Cd & & 5 L& K, 5
43.75%; 35 B0 B Bk 5 R AR K AR PR 38 v Y S AR
B GEIARE A B FEER ., 16 10 mg-kg ' Fakh
PR, B Ah AR S R 671 MR PR £ 3 v EXC-Cd Al
Crab-Cd & #2 43 91| F& A% 15.89% (P<0.05) Fil 11.71%,
i FeMnO,-Cd. OM-Cd I RES-Cd & #+ 4> % T+ &
39.58% (P<0.05). 36.11% (P<0.05) il 18.64%., 5 Cd
AbFEAH L, CAB AR BE T A 139 R BR 13 b EXC-
Cd & %1% 23.81% (P<0.05), 1fij Crab-Cd. FeMnO,-
Cd. OM-Cd Fll RES-Cd & & #K K T+ &5 33.09% (P<
0.05). 28.81%. 25.00% (P<0.05) F 3.30%.
24 BARELIESIEBESRIIEEZMHMEXMN

WK 1A PR, TERBEFERGEHET, R 671
FERRARER . b b3 SRR A A0 & i M s i SR
Fr+ 3 EXC-Cd. Crab-Cd, FeMnO,-Cd, OM-Cd.
RES-Cd 5§ 5 FJE 25 # & &t L) )¢ URE. ACP. CUE
TP Y 5L 3 TE M 56 (P<0.05), 5 CAT i P &t W 2
Uk 6 (P<0.05); T 7 1397 & Tl A 158 & & e i s
o S5RR T 5 FIE S & &M PPO. CAT %
it 3% 1 ¥4 5L 3 IE A 56 (P<0.05), 1ii 5 URE. ACP,
SUC. CUE ¥t i 2 1A ¢ (P<0.05).

B & 1B Al 0, EERN R ARG, R 671 RERRART |
b 15 KRR AS [R]85 B i RN A S S At
AP A . URE M ACP i M 2 B 35 1E A X (P<
0.05), 5 M Pr -1 PPO., CAT. SUC. CUE %M &
HE MM (P<0.05); “H & 139745 FBA 5 7 & K4
W R 5RPR L% URE, SUC. CUE &1k & 5 Fl
+ B ERIE A 5 B2 IEAH ¢ (P<0.05), 15 PPO &2
B F A E (P<0.05).

3 G5t

31 REME TCA-1 BEFERA F R K FEm

HiREEENIRET RiTR

AL ) 0T 57 W W B 00 2 B I T b R A (]
I 32 22l DR I 4 AR R R AR DA 3 P A
MR, WY R B, Bk
IR o S A Sl N (N7 0 T 1
PR B B R I T R KR R, JE BCF L TF
I 0 25 1 T v T 2R e, 3R I B A A A
SEIZRES) (& 1); FEM IR TCd-1 g2t — 2
AR AR TP KRS ot AR B 4 B i, I R I TF, {ELXS
1o 8 T A A ot R 0 ) 0 1 i . TF G SB35 2 )

(G 1o FEBIMARIYAEF Y, T4 KA S AP BCF .,
TF 7R 359 08 25 5 T ven i 1 /K e o b, it 30 4 5 2
1 T v P AR R 2 B T A A R I
I8 B8 7, AF 5 P 7R i R A 1 i R R AR AR
(3 1), HEA0 TR AR 0 2 BRI T A [R] 1 7K e i o 5
AT A i A, L 2 B AL RIS T 405 YLK
i) BCF, FEAR 1 /K A AR R 09 80 Wi, (E% 3L TF Tt
E R, T 0L, ARG AR S R ELAT B Y TF,
W SC %) 4 5 5 e A - R B 8 3, AT e T A UK
e ity R A 1 2 R R AE AR R, A TR N A RS
Yo b B AN R A IE W X 5 o AR TR P KRR AR
TR Y B 5 A% B L, o B R OK R O S
PEFS A, 3 S SO A v AR A £ R
AR R, LA Wy R % 3E ik AR W . A
WRRE . UUNE . %A M 2Ok f 1 E 4
Ji XoF A A O Pl T — S B R T A R R Y
B Ak RS | BESE T R AT, B s + el
T P AR P A A O™, DT AR K R R 4 )
R AWFoE &I, S AR I B TCd-1 W 3 B AIK
TR YT KRR AR AR T i, R R I FRAL
TR FE ARG A i, AT T KRS B AR R AR
EH . FUMRBAIE TCd-1 35 T KRR &
FE, X ] RE 5 (B BA M & TCd-1 B 2 A8 AR bR A 2E 1
HEmm M S R, e B S . B skt
B4R, WA R E A O R B AR XA [R) F E K
T i AP AR B it A2 0452 W g it — 25 R ABIFSE I LA
W BH
32 BEME TCd-1 @i ETIERNED BN

HDHI 7Kk FE5 A 58 IR A

4 1A WA SO R T AR sE A il
o A AR A R, AR A R
Sabis . WM. BER . R DRSS LR
IO AT B 45 B B A S ) AR A s i A T 2
A T R RSO Y, A - e IR AT S
TR W 5 1) AR R O, Horp Rl A2 A (EXC-Cd) 5
WRBR R 245 5 725 (Crab-Cd) S L% A ) W MR FE, 2
BB 45 575 (FeMnO,-Cd) FIA WL 45 475 (OM-
Cd) 5 1] PR BE 5 A48 oy oA B 2, B xE vk 9 FILH
W A4 (RES-CA) JLF- A ewka A " ABF5E
BB, AR R AT, AKREAR PR 3 rh A FE 25
VR 4 7 B BRI, 2 AT AR X AN [) 46 4 K R
PR - ERIE B 0B E (% 3). M T, 1%
B T PR KRG i FROR PR 1Y) EXC-Cd 75 4 8 {1 T =y 46 i
PEZK AR AN, {H RES-Cd &5 it il 2 /5 T e 4R 4k 7K A
s R, 3T A 50 T 2R o e X A g W i R
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A whole plant Cd NP O O O OO0 000 -000000m'°
RootCd O 000000 000000000 .
Aerial part Cd @ @O N O O 00O 000000000 '
GrainCd QOO N0 000 000000000
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Grain Cd accumulation @ @ @ OO NOO® 000 000000 0.4
Aerial part Cd accumulation @ @ @ O OO N0 QOO 000000
Whole plant Cd accumulation (@ @ @ O O OO 00O - 000000 0.2
PPOQOOOOOOOD o
CAT 000000000 N00°000000
RE QOO0 O0O0O0O0OO N0 000000
ACP QO 0O000000O00OO 000000
Mool T Y Y Y Y Y Y X X X X INKJ
(E 0000000000000 N0000CO | '
EXCci 0 0 0000000000000 0000O N
Crab-Cd 9 0 000 0000000000000 '
FeMnO,-C @ 0 0 0000000000000 00N .
oMCI 0000000000000 0000.\ 0 '
RES-Ci 0 0 0000000000000 OCGOOMNITEH |,
BDAXNIRL L. O SR L LDDD DD
\q"\\oo&o‘l*é Q&?‘\C\;\{b\@q’\\c&\\e S vaé)?g %0 C%*O%’O’QO%&%’ -
o8 GO S N
& O&é@z&"z&‘&
00\“}\0"5\\&
TESER
P®
B whole plant (d NP O O OO0 O0000000000O I °
RootCd IO N 00000 000000000000 I .
Acrial part Cd @ O N 0 0 0 0000000000000 '
GrainCd @ @O N0 0 0000000000000 N
Root Cd accumulation | @ @O N0 0000000000000
Grain Cd accumulation @ @ @ OO N0 000000000000
Aerial part Cd accumulation @ @ @ @O OO N0 00000000000
Whole plant Cd accumulation | @ @ O O OO N0 0000000000 0.2
PPOIQOOOOOOOON0000000000
CATO0O0O0O0O0OOO 000000000
RE QO O0000000ON00000000
ACP0O0000000OOON0000000
SIC 000000000002 N000000
(EQ0O000000000000.00000 | '
EXC-C1 10 0000000000000 0000 R
Crab-Cl @ 0 0000000000000 . 000 :
FeMnO-Cd 19 0 0 00 0000000000000
oMl Q0000 0000000000000 '
RES-CI 10 0 0000000000000000H
gﬁ?ﬁywﬁy@ﬁﬁgﬁyﬁﬁggﬁ
P P TS PR OTL
& G ES S o
& ST
O&Q’QQ&\‘D"@\
%e.&}\@Q
LAY

1 SRt (E=A%ER) MEREHY (T=A%EMH) KEEMBRERE TCH-18A) E B NESE REXE. L5
B R M R SRS RIME K
Fig. 1 Correlation among Cd content, Cd accumulation, soil enzyme activity and soil Cd forms contents for high Cd-tolerant rice
variety ‘Teyou 671’ (upper triangular matrix) and low Cd-tolerant rice variety ‘Baixiang 139° (lower triangular matrix) be-
fore (A) and after (B) Pseudomonas TCd-1 inoculation

Whole plant Cd: 4> #4447 & ; Root Cd: AR 4% 7 it ; Aerial part Cd: b [ 4% 7 it ; Grain Cd: ¥7-b7 4% 7% 4t ; Root Cd accumulation: R #B/4% & 4 it ;
Grain Cd accumulation: #7475 & 45 & ; Aerial part Cd accumulation: Hi I #%% & 4E & ; Whole plant Cd accumulation: 4= #4455 & 4 & ; PPO: 2 Wy 4 fL G
5 CAT: i AL S WG URE: RIS P ACP: R PERAR IR T35 1 SUC: 21 4k 2 W i 1 ; CUE: RERNAETS 75 EXC-Cd: A #2547 & ik Crab-Cd: ¢
FREL 45 A 7540 3 ik ; FeMnO,-Cd: B4R FAL W45 A 55 & ik ; OM-Cd: A3 W45 & 254 % iik; RES-Cd: FRIE B & it . ¥ R HUA G, 4L BRI IEAH
5, BRI, A OGR4 A EE A3 Pearson A 2CPEFE 4L, PPO: polyphenol oxidase activity; CAT: catalase activity; URE: urease activity; ACP:
acid phosphatase activity; SUC: cellulase activity; CUE: invertase activity; EXC-Cd: exchangeable Cd content; Crab-Cd: carbonate bound Cd content; FeMnO,-
Cd: Fe-Mn oxides bound Cd content; OM-Cd: organic matter Cd content; RES-Cd: residual Cd content. Blue indicates a negative correlation, red indicates a

positive correlation, the darker the color, the stronger the correlation. The numbers on the right represent the Pearson index.
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FERE IR, R IE N s Y IR EE, Gl i AR R B
B ULTE i AR I B R A e R
PERESG, i FR I K RS PR B £ 38 EXC-Cd & &
[% X, FeMnO,-Cd #1 OM-Cd & & £ & , Crab-Cd #ll
RES-Cd % 1 JC 1. 2 28 1k Z Al b, VR i 14 7 At it
Ff AR B 1= 3 1) EXC-Cd & & %I, Crab-Cd A1 OM-Cd
S, FeMnO,-Cd #1 RES-Cd & & ¢ . # 2 1k .
TR TCd-1 7] & 3 PR IR A AR R 1- 4% EXC-
Cd &, M S50 i KRG A SR I o BT RR R 1T 42
e IR A it 1k K RS S AR AR PR 1 3% Crab-Cd. OM-Cd &
- K 5 9 T 7K A A AP FeMinO,-Cd, OM-Cd 7 #t,
R 10 5 WA 4 R P A RS ) T s A A, ik
RS T A 200 1) W AT 5 DT AR 5 % A 0 11
FHE . XA S MR TC-1 AT AE IR & KRG
HR B - 48 pH, 2 1M 52 0 + 398 4 T A5 A8 b A 6™, ]
R8-S5 ALY AN A AT 38 2 43 b A R R 15 4 I R i) - 98
& @ BRRAEIE AN, e al B AR PR i A= W i S8 Ak L iR
Ji 25 A W Ak A A R 4 B A A o, e
& JE XYY A B EE A R
3.3 REME TCd-1 8Tk SRR IBEGE MR

T K FERO T $5 BE

R RS . R Y AR AR R
[ 5 R 7 A ), R A A R A AR R, REAS B9
o2 5 H 48 0 AR Y Bk A A 0E PR A AR, HLg
PEZ IR T LN Z ™, +3 URE, ACP,
SUC il CUE J& 4k 47 £ 25 & Ge i A5 70 106 B0 aof 72 1)
i K fE ™", CAT F1 PPO M2 5 T +HE A fbiR I
R, 5 A MU Ak . S B 5 T 1 2 D) AH
P — SRS S, A RS P T ARER e e+ 3
PG o R 4 T YRR AT R, R I
e i A ARG AR B M A M X TS e R B R
Ivi) fy 7 2 A X, L v g A T 1 K AR i o AR Bk = 4
) ACP. URE. CUE {fiM:7Es i T 8% 7 &, i
CAT i PE B 3 F%AIK, SUC. PPO {4 JC B 3 A8 1k, 4%
FhE kS ACP, URE, SUC. CUE HI1PPO i1 i #
TR, T CAT TR 3 Tk (GR 2); ARG 1 7K e i
Fl AR b + 4 i ACP. URE. SUC #il CUE I P ) &
# F B, CAT il PPO 76 P 8 3% L7, #Fh RS,
ACP, URE, SUC. CUE Ml CAT & i 2 b FF, i
PPO 7% 1 I (% 2). HILAT UL, 53875 YL 08 5 2ok
AR I - g il 0% P 2 A I B A AR Ak, X 5 42 R R
7 0 2 P 955 P T A P A OC, i PT B
R 1 TG P 7 051 5 TS A B TS T AR TR T BT AR
AL TCA-1 W REAS W 8 M 0& 5 R4 5 e S B0
RS P AR, AR T I TG A T RE R

AR WS R BRI, RIS Y4l
A A W AR, DA S i) Y 43 8 5 0
PES ANIRR NG 28 0 A AT LA i) 4 SR %
P, 1 BB ol 2R HE 4 A R0 SOoK AR AR B P, oG
L RRAR PR AR SR B T A TR R A K™ (R i
P TCd-1 43 25 3 K FE AR PR 18, J& AW AR P A=
T, Qian 251 | JI] 38 f 16S rRNA PR 5 4 R,
K BB PR B TCd-1 3 U2 T AR MR E T KA
FR R AN B BEVR B o Z2REPE BV 2L B0 AN ) i 1] 4 41
HAEH . dHeAREVE AR A6 ] BeA B 008 A R AR
PRl A= A B, R 52 05 G T X K R AR s Bl A 0 R
eGSR -, (2 AR PR 8 A A A F, 9 1 12 1 /K R
K Tl K FE AR R R B, B R K AR R
5 - HERGTE N AR A Z RAH OCHE R 0 (1A 1), 22
P AR TCd-1 HiJG, Bk CAT itk 2 b, Higx 41
TG 1 5 KRR AR AL 1 i 7 B AN 3R TR A Z [H] )
AH AR AL 2 2, B S TR TCd-1 R A K s i W i
550 AR FLAR R - Sl % 1 2 U0 AE G o

4 ZEip

FE T BA M R TCd-1 AT LA 2 2% A% 10 mgkg !
B TS oK REAR R M 1 R AR AL 0 4 O A
IERTE A I W N LT e ) = N
P, ARAR I PR KRS S AP Y Cd B 4 R AR R R 0%
A v o T 7 R R L BRI SR B TCd-
1 WAV A 04 26 0 AP, I A s e - v i 1 4
BRI M, T A R e R R I B VR, BRAROK
B 45 0 AN T 8 11 2 S AN R BB e 2 R IK K R Y 4
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