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Abstract: Effects of Rhizobium trifolii ACCC18017 on height, main root length, fresh and dry masses of
above- and under-ground parts, chlorophyll content in leaf, and Cu content in above- and under-ground
parts of Trifolium repens Linn. in soil with Cu additions of 0, 500, 1 000, and 1 500 mg - kg™ were
studied by using pot-culture method. The results show that height, fresh masses of above- and under-
eround parts, and dry mass of above-ground part of T. repens in the control group (inoculated with
sterilized 2. 7x10° CFU » mL™" suspension) in soil with Cu addition of 500 mg - kg™ are significantly
(P<0.05) higher than those of T. repens in soil with Cu addition of 0 mg « kg™'; height, fresh mass of
above-ground part, and dry masses of above- and under-ground parts of T. repens in the control group in
soil with Cu addition of 1 000 mg - kg™ have no significant difference with those of T. repens in soil with
Cu addition of 0 mg - kg™ ; in addition, main root length and chlorophyll content in leaf of T. repens in
the control group in soil with Cu additions of 500, 1 000, and 1 500 mg - kg™' have no significant
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difference with those in T. repens in soil with Cu addition of 0 mg - kg™'. The above results indicate that

T. repens is adaptable to Cu-contaminated soil with a certain degree. All tested indexes of 7. repens in

inoculation group (successively inoculated with 2. 7x10” and 2. 3x10° CFU + mL™" suspensions) in soil
with different Cu additions are basically higher than those of T. repens in the control group; in which,
height and fresh and dry masses of above- and under-ground parts of T. repens in inoculation group are
basically significantly higher than those of T. repens in the control group in soil with Cu additions of O,

500, and 1 000 mg - kg™'. In addition, Cu content in above- and under-ground parts of T. repens in
inoculation group is significantly higher than that of T. repens in the control group in soil with Cu additions
of 500 and 1 000 mg - kg™". It is suggested that R. trifolii ACCC18017 can promote growth of T. repens

and its absorption of Cu in soil, which is beneficial to remediation of Cu-contaminated soil with a certain

degree.
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Cu A A KRB LH W ME TR, BB
W E AT, 25 90 A AL 5N, I8 35 1l
PR SR R 5 Cu 38 S IS A b B AR i R 0 21
WSy , 2 506 TR G R, ) I R B R
R o SR, Bt v ] b A R RI TT f  ER F 4e
b, M Cu V5 4L ) H 25 58 o RO A 7 i
o R EK I & Co REH S8 E Cu S
SURITE R A ) A K Y - Cu E R
(R, Bl AR W v R OGS VR 32 B, A AT R AR AR
KB, RAHEE Cu T5 5 4

T 16 52 B AR S48 1) o 45 J A AR 2R ) A2 A
Wl 52 o 4 Jm s g M, B AR eI IREE $2
o A PSR T ) S A 2 B E N A
FTZ N AR BRI T 32 A £
S 45 A T Y AR SZ PRI AR T e SR A ) AP AE
FERRIZ /N A I B I 5 4 338 o) S 55 1] AT, 14 e
AT JE A8 52 v ¥ G b A R AR 52 05 e LAY
FEO MR A AR AR R A R O
Z H) THRIGE B R  IT AR B Ha R TS
e+ BRI AR AR, A = ( Trifolium repens
Linn. ) X 44 A 42505 k8 3 4% Fh %) SR} (Fabaceae )
ZAFAE AL RO X 38 Cu V5 4 By — 2 M 32 1
FE RIS,

HIRE TR )32 40 A 1 e v ) o 22 TR PR AIR
AR, H S TRV LA T R T 8 E 2 P Y
R, TR AR A K B A ) A e P A BT i e
W 5 TRHEYIE S A R R TEH S w5 4 1
B 5 b g K s ) 5 2 BN ST A OGN
R & B, LR IR B8 Bradyrhizobium sp. (vigna) fig
BEP S 5k 5 Vigna radiata (Linn.) Wilezek ) B 7=

BN AP R BRI Sinorhizobium
meliloti CCNWSX0020 {ifi K % H 5 (Medicago lupulina
Linn.) 1 A= 9 & F1 Ca & & 2 5 8 m 1 78.2%
139.3%"

J T ISR XS Cu 15 5% 3Ed 1 =1 Cu it
TR, VEH R AL R T Co Wi
0.500.1 000 F1 1 500 mg - kg™ 433 BB 2H ( FEFd
KHE K 2.7 x 10° CFU - mL™" Rhizobium trifolii
ACCC18017 AR ) ML 41 (SEfF e 2. 7x10° Al
2.3x10° CFU « mL™" R. trifolii ACCC18017 #EW) H
SRR R | M ORI kI S % e R R R
TR AR A i S B A R Cu A
DA AR IR TR 6 Cu V5 9 H 3 (g =it AE KT Cu
WAL FA) ), SRy 1 FEAR R B - 11 = A R R B & Cu
15 Gk RS K

1 AR T7 %

1.1 ##

SEESAE A =R B A AR AR A Bk
VEAFRLARE /NS AT Se 28I /K IR 24 h,
PR 75% LKA 3 ~5 min, i HIC R 7K
vk 3 U, #H

SEHGAE FH Y MR 98 TR Dk = i RE AR B R, trifolii
ACCC18017, F H AR M AR 4 BT P (s A B e c 2
HE, SERHT, X AR IR B AT Cu BB ) EAT AR, X A
PRTE Cu MEJEH 0. 6 mmol « L™ 2R H EZEL( YMA)
SR O = 0 A o

SEES Al A A I A B KA R R B e
i, B 0~20 em £ )2/ 118, 22 7 (FL42 0. 8 mm)



64 eI/ o WRC R N e

5 28 4

BRME3~4 A, FFHEARKT G, BHHEER L
(1 B SE B AR M A FRA R ) Fe IR b 201
B HC R A A0 e R R s R, R B R A AL
R 32.70 g - kg, RESEN2.43 ¢ - kg,
PSR A S N 74.26 mg - kg, BUALHE SRR 0. 18
g kg HEM T E N 018 g - kg, Cu TN
33.36 mg - kg™',pH 7. 15,

1.2 FHik

1L.2.1 HERME A YMA B4R =
M-S ARIE T R. wrifolii ACCC18017 %4k, T4 75 1L 11
HOJR PR 28 YMA WA SR B T 28 CAM T
150 r - min”'PR37 45 7% B X B4 KW, o BRIk
2. 7x10°F1 2. 3x10° CFU - mL ™' AYTH &,

1.2.2 &#F% T 201749 H 5 HAER o R
Az B 2 B fE K BH & #EAT AL Ak SE 06, ARIGE &=
CuSO, [& 4483 A, 7K il 5 ¥k B2 43 91 24 0.011 8,
0.023 6401 0. 035 4 mol + L' i) CuSO, ¥ ; 43 I HL L
i CuSO,IE 45 200 ml, 328 JZ WG 21 4k 55 3 v | I
PEFE S 5] 0 R 55 5 T P Y Cu W 43512k 500,
1 000F1 1 500 mg - kg™', Cu ¥ fHEN 0 mg « kg™ 1Y
B I TG 200 mL ZRIRK R4S ALk B L 540 )
BEAHAT 16 cm 5 20 em (IERRHER T B2 AR
BRdERR 1.5 ke, 00 FifE 2 B, Btk =k #h7
SER O 2 4, —4E T 2. 7x10° CFU - mL ™' B AR
HR 10 min, MR 55— KET 2. 7x10°
CFU - mL™" H 2R 10 min, A3 IEL , ¥ =
A S OB e AR B I b R 0.5~ 1.0
em, BREAIERN 6 7, B4 30 Ridh T, & 3 ANEE, 1
LI 2~3 em B, X ALL AT 2 REEA,
T SHES TS AE AR 33 A 2. 3%10° CFU - mL ™ 2 W,
BEFEIEA 8 mL, FRZNT T 10 em WA EY , A3 415
KERAFLIE 15 tk, SO0 )@ W0k I ek
BRARLRT Y 5 /K 5y 8] R R HF K B 1Y 60% ~ 70% o
FHFEECER B R 0K CRB K R DAL
1.2.3 #BRA-G=rtEAK RN H TG
WAL 1 = R R AR T A AR A SR R A R,
FEVEI 1 PR AR, SR SR MR AR AR R, e T
BRZK e T, AR L3 0 95% £ 3=t 30 s, 3%
F I REA T 0. 19 AgCL B R H 5 min, fit5
FHTEHEKBPBE 6 K, K KA MR E T 2 F EHE
I 2Z (8], 755 F A AR T w42 b 200k LGS
TR, ZE YMA RS 3738 ERIZk BT 28 CH&MUT

B2 GRERINEEG, BERE LNREES R
trifolii ACCC18017 #ATIEA XM, Ak, X4 21
F = AR BB A MR TR E A T Cu BB A, HLBGIZAR
JEHE BT Cu BB 1S R. wrifolii ACCC18017 YT Cu fE
IR, #5355 W 0T SRR AN Cu BB
5 R. trifolii ACCC18017 ¥JHH[R], WA Ay 5 % H A9 B
A R. trifolii ACCC18017,,
1.2.4 ARigarne i 12 G, B REHLIEE
6 Bk A = bR, i B OREBE 1 mm) 00 S A R 1
PR, 25 RO ; 32 e AR A b, S at o i TR AR
T, e A SRR R 5% vl Yk v AR TR R 35 3R 1 A
AR, R KR 30 min, {5 BN =
FERR I AR, 25 RBP4,
VBRI T A R ARAZ A R ZK gk T IROK
AL TR K 43 FEAEAR 53 i, b0 A 35 2 A8
Oy AT K RS 0.01 ) 43 i FR B Bk 4T A
GIE i 7 £ 9 = o 1 B 751 3 <
i S5 S0 KRB AT A AR b LR R R A
Hrf, SE7E 105 C &M F AT 30 min, FRE 75 C A
THET B R T S R R AT A R R ML R
R iSRS e I s 1B s S R G
1.2.5 sthetgEeFnaE LB EH = h
MR BEAEZ 0.1 o, HERRFR S BT i A L ZE 35 5
AT A 10 mL - ZBER AW, B AT
PEE 14 h; FH 756MC 224071 WL Ar S i (L g
HEAESBHE AT BR ] ) 0 5 S OB A I K 645 i 663
nm ¥ OD{H, ZHSCHK[ 13 ], i34l AU P4 &K o
Frit=(12.700Dg;~2. 690D + (V/1 000m)” I
S b &R = (22.990D,,,—4. 680D, ) + (V/1 000
m) " 1 BIGE 5 i = (20. 200D, +8. 020D, ) -
(V/1 000m) " 53 5t 4 3 a SR b MR 4%
FZ& . 3, 0Dy Al 0D, 530 Ry B BOR A I K
645 F1663 nm R OD {8,V NARBURIEEL, m Mit
Faie, JFH RN SE « FRE5TSRE b i
A HAE
1.2.6 Cu&ZalZ KU AL AR T AR
AT, 23 IR 0. 2 ¢ FF i, A B DU 9 2 0 T A
H RO 5 mL % HNO, #1 2 mL H, 0, , ##ik (2%
1 600 W) T f# 20 min; FEETRETE G, €A E 50 mL;
LU, i ICAP6300 HLJEHE & 45 85 & 5 6k X
(£ [E Thermo Fisher 23] ) il % by I 35 Fl st T HB 1

A~ EL
Cu %=,



551 AR, 2. HURIEEXT Cu A F E =K AT Cu A i 052 65
1.3 HIEABISG TS rht BRZH AN B A 1 = kR B T Cu N
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Table 1 Effect of rhizobium on height and main root length of Trifolium repens Linn. under Cu stress (X+SD)!

+ 3 Cu VRIITE/ (mg - kg™) FR#Ei/cm  Height

FHI/em  Main root length

Cu addition in soil CK

CK T
0 8.95+0. 50Bb 10. 66+0. 73Ab 17.03+1. 78Aa 17.33+2.43Aa
500 12.04+1.07Aa 13.56+1.07Aa 19. 61+0. 40Aa 21.03+2. 50Aa
1 000 9.03+0. 65Bb 11.53+0. 63Ab 17.22+1.57Aa 18.89+1.05Aa
1500 6.95+0. 41Ac 10. 22+0. 79Ab 14.73+1. 40Aa 16.57+0. 41Aa

DCK; W HEZH (R K F Y 2.7x10° CFU « mL™" Rhizobium trifolii ACCC18017 B4 ) The control group (inoculated with sterilized 2.7 x 10°
CFU - mL™" Rhizobium trifolii ACCC18017 suspension) ; T: R4 (/G4 Fh 2. 7x10° A1 2.3x10° CFU - mL™' R. srifolii ACCC18017 T2 )
Inoculation group ( successively inoculated with 2. 7x10° and 2. 3x10° CFU - mL™" R. trifolii ACCC18017 suspensions) . [R4THAS [ K E FHE# R [
—FEHRAE X REZH 42 I'théﬂrﬂ‘lé%ﬁlﬁ%(fko. 05) Different capitals in the same row indicate the significant ( P<0. 05) difference in the same index
between the control group and inoculation group; [FAH AR /NG FBERRE— 3R EARTE Co BN LR T E (P<0.05) Different

lowercases in the same column indicate the significant ( P<0.05) difference in the same index among soils with different Cu additions.
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Bk 1 000 A1 500 mg - kg™ ' f 135 Cu AN
1 000 11 500 mg - kg ™' 358 X6 FEZH = i A s I
T A Jo e MRS T ol e BT Cu BIEH 0 mg -« kg™
() 149 1M Cu FRJEE R 1 000 A1 500 mg - kg™ -3
TR A T = Y b b B A (IR T Cu WS
w0 mg - kgAY,

& 1] LI H: Cu BRI 0,500 .1 000 Al
1 500 mg « kg™ FIEPEZR AL 1 =0 9 b T S T i
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mg + kg™ IEAEE R =AM T R B
m TXTIRA . Cu WSHINEH 500 mg - kg™ 3T R
ZRNHE R AL 1 = Y BT T i R T Cu IR
JHER 0 mg - kg™ A9 +3% ; Cu AR 5001 000 Al

250 Aa 7.0 B Aa
ER a _I_
E B: ER Y
=200 | 4 = g Ac
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=) é = é 20 F Ac
=
Z oso0f E
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0-0 1 1 1 J 0.0 1 1 1 J
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FIECUA I (mg + kg™ FIECUA I (mg + kg™)
Cu addition in soil Cu addition in soil
45 ¢ Aa 16 Aa
= 30} £ 14 +
2 2 .
- - 12 F a
@i Pr 2 3 Ab
g g g5 10|
= L 20 Ab Ba g Bab
o ' Ab +=E 08t
BE st i
_‘_1 = 2.5 }_L = 0.6 L Ac Ab A
=) ® n : Ah C
2L 0l B B Ab 24
g Ab § 04
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0.0 1 1 1 J 0.0 1 1 1 J
0 500 1 000 1500 0 500 1000 1500
FIECUIME S/ (mg - ke™") FEECul N/ (g - kg™)
Cu addition in soil Cu addition in soil
. X+ HRZH (FERR KR Y 2. 7x10° CFU + mL™! Rhizobium trifolii ACCC18017 12 ) The control group ( inoculated with sterilized 2. 7x10° CFU + mL™!
Rhizobium trifolii ACCC18017 suspension) ; [ 40 ( F8)5 B 2. 7x10° F1 2. 3x10° CFU - mL™" R. trifolii ACCC18017 B2 ) Inoculation group
(successively inoculated with 2. 7x10° and 2. 3x10° CFU + mL™! R. trifolii ACCC18017 suspensions ) . AN [) K5 75 755 [A]—H8 A e X6 W8 20 12 1 26 [

#5383 (P<0.05) Different capitals indicate the significant (P<0.05) difference in the same index between the control group and inoculation group; /A~
[Rl/NE B R A — 8 bR AE AR ] Cu B8 398 (7] 22 5 .35 ( P<0. 05) Different lowercases indicate the significant ( P<0.05) difference in the same

index among soils with different Cu additions.

E1 iREEX Cu B FTE= Mt EEFM THRNEREMTREN TN

Fig. 1 Effect of rhizobium on fresh and dry masses of above- and under-ground parts of Trifolium repens Linn. under Cu stress
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1 500 mg - kg™ T3 X) HBZH A R 2H 1 = mh i 3
T BT BEE Cu WShN &2 = MR, Horb, Cu %S0
oM 500 mg + kg™ 3 A HR A RN A =Y
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mg - kg™ M9, W Cu B E K 1 000 A
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RS Cu WINE N 0 mg « kg 2R A
W&,
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1 500 mg - kg™ TIEPHEEA A =i T AT B
Py v T B AL, 40 A0 BRZH 3 0 T 29. 0% \44. 4% |
6. 3% 8. 3% ; Horfr, Cu N4 0 F1 500 mg - kg™
e TR AL 1 = R T T T R
ZH, Cu ¥SHiEA 500 mg - kg™ 1338 Xt AR 2 A%
2 =R AT TR T Cu
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1000 mg + kg™ 38 F X HR ZF A4 R A 1 = E G
MRS Cu B E R 1 500 mg - kg™ (3
ERARE,
2.1.3 et hArtgE S 20 Ha HIEEXT Cu
BEFA=A SRR SR ILE 2, Rk 2
ALLLAE 1, Ca WM& K 0,500, 1 000 A1 1 500

£2 HWEEY CuETASHHEHEESSEN(XLSD)Y

mg - kg ' IR A A =TSR o SR
Y T HRAL, 20 A BR80T 33. 0% . 12. 7%
4.3% M 27.4%, A JE B & 2 %, Cu & &N
500 mg « kg ' 3P X BRI EE B AL =0 ARy
M43 o S dm, Cu I HITE 4 5001 000 11 500
mg - kg I OGE RE L R B AL A b R e g
oo THAEAR LA Co BOINEEE S REAL, I 5 %
MR R TR A =i R 4 3R o B E AR TE Cu
Wi HiEh TR E 2R,

L2 LIAEH . Cu S INEH 0 mg - kg™ 1
Serpoot BEATRE B 4 1 = bk R B R R b A
[ ; Cu A& K 500 mg « kg™ T3P RER 4 9 =0
M ISR b & AR TN BT 0 Cu WS N
1 00071 1 500 mg « kg™ TSP LR 4 1 =it 7 (1)
M2 b & 38 T X AL, 43 B ek B A 48 1
39.3%F116. 7%, Xt A 4L A =it fd et
LR b bl Cu BINE SR SN, AR Cu BN
R RO B R B AL ] b b R
b HEERYADE,

FH ¢ 2 i AT LA Y Cu SIS 0,500 .1 000 Al
1 500 mg - kg™ T3P FBZH AR 20 = mh i i
MG ESREMNGE « SRS5SE b STRENTL
B ( Chla/Chlb) (AR H G4 o F R EA
—E, HHH, AR Cu BN g8 rh X R fnHz i

Table 2  Effect of rhizobium on chlorophyll content in leaf of Trifolium repens Linn. under Cu stress (X+SD) "

3 Cu BN/ (mg - kg™')

4% o i/ (mg - kg™')  Content of chlorophyll a

M4 b &/ (mg - kg™')  Content of chlorophyll b

Cu addition in soil CK

CK T

0 1. 09+0. 08Aa 1.45+0. 10Aa 0.27+0. 02Aa 0.27+0. 05Aa

500 1.42+0. 12Aa 1. 60+0. 09Aa 0.41+0. 05Aa 0.38+0. 03Aa

1 000 1. 38+0. 12Aa 1.44+0. 12Aa 0.28+0. 04Aa 0.39+0. 04Aa

1 500 1.13+0. 08Aa 1.44+0. 11Aa 0.30+0. 04Aa 0.35+0. 02Aa

5 Cu B/ (mg - kg™!) B ETHE/ (mg - kg™')  Content of total chlorophyll Chla/Chlb

Cu addition in soil CK CK T

0 1.37+0. 10Aa 1.73+0. 05Aa 3.68+0. 20Aa 3.97+0. 12Aa

500 1.67+0. 11Aa 1.98+0. 09Aa 4.02+0. 33Aa 4.26+0. 35Aa

1 000 1. 67+0. 09Aa 1. 83+0. 12Aa 3.86+0. 24Aa 4.18+0. 70Aa

1 500 1.43+0. 12Aa 1.79+0. 10Aa 3.49+0. 12Aa 3.75+0.37Aa

D CK. X HE 2 ( R K B 2.7x10° CFU « mL™" Rhizobium trifolii ACCC18017 I 2 ) The control group ( inoculated with sterilized 2.7 X 10°
CFU - mL™" Rhizobium trifolii ACCC18017 suspension) ; T: $EE2H (Jo)5 A 2. 7x10° Fil 2.3x10° CFU - mL™" R. wrifolii ACCC18017 &)
Inoculation group ( successively inoculated with 2. 7x10° and 2. 3x10° CFU - mL™" R. trifolii ACCC18017 suspensions) ; Chla/Chlb: M4 & o § 5
483 b S 1) FLfE Ratio of content of chlorophyll a to content of chlorophyll b. [FIAT H AN [R] K E T2 3 7R [A] — 8 b e X BEZH A2 v 4 8] 25 57 i
#(P<0.05) Different capitals in the same row indicate the significant ( P<0.05) difference in the same index between the control group and
inoculation group; [RIFNHUARRI/ING S 6E R 7] — R AR FE AR R Cu ¥R + 48 (W] 25 53 18 3 ( P<0.05) Different lowercases in the same column

indicate the significant ( P<0.05) difference in the same index among soils with different Cu additions.
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Cu addition in soil

. X REZH (4R KR AY 2. 7x10° CFU - mL™! Rhizobium trifolii ACCC18017 B ) The control group (inoculated with sterilized 2. 7%10° CFU - mL™!
Rhizobium trifolii ACCC18017 suspension) ; []: R4 (Jo)58h 2. 7x10° il 2. 3x10° CFU - mL™! R. trifolii ACCC18017 &) Inoculation group
(successively inoculated with 2. 7x10° and 2. 3x10° CFU « mL™" R. trifolii ACCC18017 suspensions ) . AN i) K5 - REF2 7% [ — 8 bR 78 o 1R 26 A4 1 41 )
#5135 (P<0.05) Different capitals indicate the significant ( P<0.05) difference in the same index between the control group and inoculation group; A~

[Rl/NE F B R [l —F8 bR AE AR TR] Cu Ui 1338 (7] 22 53 .3 ( P<0. 05) Different lowercases indicate the significant ( P<0.05) difference in the same

index among soils with different Cu additions.

B2 REEX Cu B THZMis EARFM TE Cu & 2RIF0

Fig. 2 Effect of rhizobium on Cu content in above- and under-ground parts of Trifolium repens Linn. under Cu stress

3 Wb frga

AL R Co WIS 500 mg - kg™ 1
SEhook BRZH A = AR R M B R T AR Y e B i
B M b3 F i 14 3 (P<0.05) &5 F Cu IR NN
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55 Cu MK 0 mg « kg™ Ay I TC & 22 5 %
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