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Effect of Intercropping with Grafting Offspring of Galinsoga parviflora on Cadmium

Accumulation of Lettuce
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Abstract: A pot experiment was conducted to study the effects of intercropping with positive and negative grafting offspring of two
ecotypes (farmland and mining) of cadmium (Cd) hyperaccumulator plants Galinsoga parviflora on Cd accumulation of lettuce. The
positive grafting: the rootstock was mining ecotype of G. parviflora (grafting offspring was defined as mining-rootstock) and the
scion was farmland ecotype of G. parviflora (grafting offspring was defined as farmland-scion); the negative grafting: the rootstock
was farmland ecotype of G. parviflora (grafting offspring was defined as farmland-rootstock) and the scion was mining ecotype of G.
parviflora (grafting offspring was defined as mining-scion). The results showed that compared with the monoculture of lettuce, only
farmland-scion and mining-scion increased the root and shoot biomasses of lettuce (intercropping with mining-scion had the
maximum of shoot biomass, increased by 10.98% compared with the monoculture), but the other treatments inhibited the growth of
lettuce. In addition, intercropping with farmland-scion and mining-scion also significantly improved POD and CAT activities but had
no obvious effects on SOD activity of lettuce. Compared to the monoculture of lettuce, intercropping with grafting offspring of G.
parviflora significantly reduced Cd contents in shoots of lettuce, and intercropping with mining-scion had the minimum content,
reduced by 29.18% compared with the monoculture. Therefore, intercropping with mining-scion not only effectively reduced Cd
contents in the edible parts (shoots) of lettuce, but also promoted the growth of lettuce.
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He3¥ (Lactuca sativa) &M 55 B AR FR, 2R
BB R B AR AR, B S 2R e R U
KA, gk wiEh, BABSEAMEN. A5
BRI, A SAE A K R b 2RO F AR L3 Y Cd,
XF AR A B A7 7E — 5 165 U9 4 % 3 (Galinsoga
parviflora) NP A R — A FAKEY), 22— Fb
KGR | T Cd BBE Y, HAEARRA
BWBEAMT, ANEASHEAFRAGXT 145 Cd
FRE AP R 22 e 15160 BRI UL UAS ] % B2 1) A4 i
5 5 SRR, S PIR AR IR B A T 2w A BRI AR
SERIEFERAL Y Cd &, BRI B, W
i A= 258 (A B AN L) 2l 4 1 S i 5 AR R AR Y
Cd TLREFHEAATEN B 225, X HE 5 K% T 800
DNA HUEARBE AR 4L 25 J5 A OQUS), STl
A0 43 7 K 35 PR A A 2 Y ) A TR A I S B SR
TS A SR, WFFE T IR A= s e Jm AU AR 3
Cd BLERFm, DU e hnT DL 2 R AE SR Cd

i HORE A AR SRR ul i 7 A0 A I A I e Je AR A R
R Cd 15 Yt X AR S AR B R S %

1 #REFE

1.1 &7

2015 4F 9 A, Sr5lAE U ARME R 2l e A IX A
A H(30°23' N, 103°48' E, A& HIA:ZSAN)FIY )14
AEL T DO B R I YRR [X.(29°24" N, 102°38' N,
L AR ST ) R LA A TR A D DR A

DU 1 Ml R 2R DX AR 5 F- U )18 e T R
BRIX, SEEER 620 m, R HHARE SRR, £
AP 162 °C, ZARTRER Y 1 743.3 mm,
ZAFH IR 1035 h, Z45F478 %5 1011.2 mmlP),
A ARG Y 0 S A 1, AT AP BT
9. pH 6.94, AL 43.64 g/kg, 4% 3.63 glkg, 4=
W 0.38 g/kg, 28 17.54 mg/kg, TR A 195.00 mg/kg,
F R 6.25 mg/kg, HEALEN 191.13 mg/kg, AARA Cd
0.022 mg/kg!'’l,

JE G YRR X AL T DU 48 o 22 T DR B R
2, VR 890 m, BUORA HYEFR A 5y 1.5%10° ¢,
R 10° ¢, TR 60 277 m . 77X
Hu AT 55 28 Xty 22 A1 ) L b B e X, HoA
RIS MR, 24PN 179 C, 4F
BRI 741.8 mm, AEHJHICH 14758 h, AFH428
KA 12482 mm!"l, B X 3RS Y4 A
B, HEARHEMERCY . pH 8.17, AHLR 26.56 g/kg,
SR 116 gkg, W 1.93 gkg, &8 0.59 gkg, f#E
A 13.14 mg/kg, AR 0.26 mg/kg, HAH 7.98 mg/kg,
B Cd 16.78 mg/kg!'),

A Sl R A TR R B A SR (A AR DTN IR A )
Wy AR R0 TR AT

A R -, HROA RS TTIRVEIX R B, 14
FEAEAE BT S ISR B RO . pH 7.35, A
MLIET 41.38 g/kg, 4% 3.05 g/kg, 40§ 031 ghkg, 4
B 15.22 g/kg, Blfit A 165.30 mg/kg , A R 5.87 mg/kg,
B 187.03 mg/kg, AKM T Cd.

1.2 B#E

2015 4F 10 H , B R M P FR A S AL A4 3G P 1
BFRIE 25 T, JEIE 4000 Ix, 25 IR 80% 4%/
THEM. FOHEEY 3 em, 2 5 ERIFR, BT
JC Cd V5 drh o M4 AT =20 10 ecm B, XF#gfp
A SR A TR A4 AT I S A% o

I b L =

D& AR SRR @ 1) Eek 1Ak
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VNI

G B R, FH%E40 1 em, K 20 em Y38
BRI HEATHRA, (RS AR SRR 25 G B B % M 7
—it o R PRI R A E R K N 80%, A
HORRAE TR ARANE, I BRI . 10 d J5 B2 bR
JEFIERHIN , HBC N SRa i ¥Ry . RIS, B
AR P AR O & R TS Ui 3 b, AR 38K
G BRI AN AR KB DR L K S PR FELE H [R] 477K
WY 80% Zifi. RS, IR IG
DA IE SOGHAR R il AR SRR 00 J5 AR T LA
1.3 KA E

2016 4F 2 HZ BRI, K 1R
T FERE, FRHC 2.5 kg 2T 21 em x 20 em(fF < ELAZ)
BSR4l CdCL-2.5H,0, i Cd &
R 10 mg/kg, H5HHERIMES), LA HRIRE
KAL) 80%, HARCE T4 4 A, AEi#it, i+
BrRAHA,

2016 4F 3 A, BRI 5 AR A= S
FOrAITE 20 CF, & FRAERLOREIN A M4
. A 80% MR RFEHAE T /B, fERE
25 °C, YEHEIREE 4 000 1x, 25W0E 80% AT
BHi. 2016 4F 4 H, TF4BAEYH =23 em, 2 Jv
B JRIFEE, BB E Cd £ 5K #H—
ARG TR A SRR AR B A S AL A R AS (R
SEIRACH) . A SRR I A AR A R4 (A SRR
), A SRR AR A S AL A A R A5 1R (R SRR AR
filh) . A SRR A AR SR A A R A S AR (2R
fifi) . AR SEIRRhAR B A= SR A g S AR (R SRR AR
) A SRR R L AR S A A RS AR (R SRR
FEOLL R AR AR, BN BRI RE 4 2. TRAR AL

FEAFPAE 3 MRAZEAN 1 MR- IRAG , PR Ak H A 43 Fl
M 4 R 3E  BANE R R ORI B R A S
V78 LAR 55 71 PR e, I i B AR, B
TR HE

2016 4F 6 A, Bl 2 A, BEBUESRL ot
R, M HpU A LB T . AL B AL B (SOD)E
R JH U DU R v 72 21 3k 48 AL ) i (POD) I 2R
FARBIARB LM E R, o A0 SR (CAT) I R
BRI R e R, 2RI, A K
G, P A B KR E mpE, T 105 CHAFH 15 min
J&, fE70 CTFMLZEEE, FRE, Bk, o 100 HIf
Jei, A3 AREUA: SRR R S R ARy 0.500 g, I
TR IR - = SR (ARFLLL R 4+ DCE 12 he FRETR
HALZENE, Jug, E¥ R 50 ml, H iCAP 6300
#I ICP Y64 5E (Thermo Scientific, USA)FES: Cd
PR, ARG, 43 R R R bRy
Iy BIREATIEVE . TR Cd SR AgIE , oAb P
FNSE Dy 5 AR M R, [R5 A 2 1Y Cd BLUR
i, B Cd fE x AR,

W+, KT, o 1 mm G5, FRE10 g +
FEE T 25 ml BE#RH, filA 0.01 mol/L CaCl, 10 ml {i2
5], ¥ E 30 min 5, AIAIESL K PHS-25 & pH {E
A 2 B pHP B8 % Cd 5 52 1] 0.005 mol/L
DTPA-TEA Z#(H W LA 1 1 2.5)12°, F iCAP 6300
A1 ICP OGS0 5z 201,

1.4 HIELE

ik DPS #1477 2434 (Duncan # & A%k 22

R T2 E ).

2 HERE5H5H

21 EMEBRIEGEEERNEZEVWENI N
& 1 AlHL, 78 Cd e 40 F 540 B G E
FRIBFG | Az 3245 B 7 1) A= i 1437 AN [R) R 2 1) 5%
M, A SE R AL BRAR E, A TR AR AR A B 3 4R
T AEFSERANEYE, ARAMOEERT
8.21%(P<0.05), BRiEF o FEALBRAN, AR A b2
5 SRR T A SRR R AR A S R S
FRAWIR R R/ N34 A SR s> A SRR A >
A SR FUR S A SERA > A SR AR H >R SRR 1>k
SERACHE . S5A SRR BEA L, TP RRAL B B 3
PEm TSR R AR Y, HAC R A B T
10.98%(P<0.05), BRIEFAHE . & fk b FEXT A= S |
A3 A T R A, oAb A B SRR T
AR IR R A SRR R A Y, R
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TR AL B R P T AR SRR A e, B AR SRR R AL P RO HOR LU AR A b v, AR

AL IR T 10.12%(P<0.05). F34b, A= SiRAhb L

ik B RREAR T AR SRR L
F1 BMARFRERKAMEREMENEIRAL YR

Table 1  Effects of intercropping with grafting offspring of G. parviflora on biomass of lettuce
szl AR (g/H) o F R (g/BR) R (g/H) s L
LT 1.011£0.012 b 7.252+0.352b 8.262 + 0.363 bc 0.139
A= SRR A 0.722£0.022 ¢ 6.233+0.321 cd 6.941 +0.343 de 0.116
AR L 0.623 +0.034d 6.104+0.141 d 6.723+0.173 ¢ 0.102
A SETR AR 0.643 £ 0.052 d 4.205+0.073 ¢ 4.734+0.193 f 0.152
A SR 0.612+0.013 d 6.986 + 0.041 bc 7.585 +0.034 cd 0.087
A SR AT 1.094 £0.012 2 7.737+0.323 ab 8.827 £0.313 ab 0.141
A SRR 1.052+0.023 b 8.048 + 0.621 a 9.098 + 0.643 a 0.131

e RPEARTIE £ bR W FIEARE RSO NS TR R R AN [ AR B L8 bR 22 5 13 (P<0.05), T IR,

22 EM4BRFHHEERAMETRENETEN

A1

R 2 Al 78 Cd AT, AT AE SR Rl kb
B VR FH AL B 25 R T A2 S R i) SOD TR,
HE R B B T 16.39%(P<0.05); TR FhAfli ib 2
T EERRAR T A3 Fo i SOD 1M, LA S Rh b 3
KT 44.45%(P<0.05), HARFALHIXSH SOD 4
AR, XHASEM i) POD JEE, IR L0
FEAL B E AR S T AR SR ) POD R, HEHA

AR SHHE RS T 10.80% ., 10.19%(P<0.05); IRFPA Al
AbFR G ERRAR T AR 0 R POD 1, HLERHRRAL
FRFEAR T 37.38%(P<0.05), HATIRFMALFEXH POD
M AN K . XAt 7oy CAT i, TR AL
R TN A Y CAT 361k, HAR/NIF A .
A SRR ARG > SR T > A SR Rl > A SRR A >
AR SETRAR A SR L > A S s, A3 il B A SR
FhALBREE = T 67.50% ., 39.65%. 23.60%. 18.26%.
9.97% I 2.55%(P<0.05).

®2 BMARTFHRERAMERNEMEEEFZ MUY BRI, Uy

Table 2  Effects of intercropping with grafting offspring of G. parviflora on antioxidant enzyme activities of lettuce

Qb B SOD %% POD ik CAT itk

A SRR 158.471 + 0.353 be 508.532 + 4.833 bc 8.222+0.153 f
A SRR AR H 184.442 £5.042 a 516.993 + 0.303 bc 9.042 +0.032d
SR 1L 166.383 +3.634 b 548.784 + 1.353 ab 8.432+0.053 ¢
A SR AR 88.024 +4.203 d 318.422+0.172d 13772+ 0.192 a
A SR TIG 150.093 + 1.341 bc 504.204 + 0.043 ¢ 10.162+0.113 ¢
A SR AT 140.684 £ 0.757 ¢ 563.432 £ 1.662 a 9.723+£0.202 ¢
AR T 165.993 £4.932 b 560.344 +4.384 a 11.482 +0.063 b

23 BMFRIEEEREANEXRBEENI I
3 3 FIAL, 7F Cd MHa AT, MR FASREH
FRAbBE, JRFPAHS . A REAL B E R T AR R
Cd &, b B T 12.84%., 15.19%
(P<0.05); TRFPH 1L, 7 HL Ken Fl Ak 2 5 25 BEAK T 4=
SRR Cd Frix, Srnl B b BN T 22.15%
19.80%. 14.28%(P<0.05). *IA=3Hh ¥ Cd &
a, JRAPALHLE AL T AR SRR M A Cd B,
RNy Az S B RR> A SR AR ifi> A SRR AR >
A= SRR ARG > A TR L > A SRR > A SR IR R,
O3 OM BRSSP AL FREAR T 10.92% . 12.43%

16.63%. 18.68%. 20.14%. 29.18%(P<0.05), "%
PRI Cd & R/ 5 Ho M E38 53 Cd & REAHR],
FLr IR A AR AL AT AR SR Cd B i dRe Ik, B
PAFP L FRFEAR T 26.85%(P<0.05), 1B 5 25 I3 I
JE AR AT LA R AE SRR Cd &5t
24 HBRBEBEERANBRERE

2 4 nJH, 76 Cd BN, IRAEARTR 4
AR R A N Cd S B AEAE 22 5 . )
A E IR R A YR, TR A S PR
FAEYERK, HBESTOURRASE . vRiRAR
R AR A= S AL (P<0.05) . X4 I 3 1 422 e A A
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3 BEMEBFBRIESFRIES Cd EEMEMICL TY T, mgke)
Table 3  Effects of intercropping with grafting offspring of G. parviflora on Cd contents in lettuce
Lb e Hb L) bk
A S R 3.061 £0.042 b 3.362+0.031a 3315+0445a
HE SRR AR H 2.932+£0.051 b 2.803 £ 0.141 be 2.822+0.175 abc
ARSI 2.383 £0.063 ¢ 2.734 +0.052 cd 2.705 + 0.198 abc
A SR AR 3.454 +£0.046 a 2.995+0.022 b 3.052 + 0.088 ab
HESRIRRY 2.455+0.045 d 2.685+0.026 d 2.665 + 0.320 be
SR AT 3.526+0.018a 2.944 = 0.106 be 3.012 £ 0.058 abc

SRR 2.624 +0.016 ¢

2.381£0.208 ¢ 2.425+0.256 ¢

x4 TREHEEAN CARRE
Table 4 Cd accumulation in grafting offspring of G. parviflora

Qb Y (e/hK) Cd ¥ & (mg/kg) Cd &5 (ng/tk)
LEER M 1) IEEN Hb -5y e R4
AR 0251+0.022ab 1.282+0.024¢  34.934+0.055¢  56.837+0.059bc  8.768+0.097f  72.865+0.127d
TR A3 0.202+0.012bc  1.383+£0.051b  63.443+0.047b  56.455+0.130c 12.815+0.135¢c  78.077 £0.034 ¢
LRRASE 0242£0.014ab  1.164+0.027d  58.695+0.143 ¢ 57.333+0243b  14.204+0.020b  66.736£0.125 ¢
WEERAESE  0212£0.013bc 0.965+0.053¢  50.043+£0.042d  60.837+0246a  10.609+0.143¢  58.708 £0.185 f
AFHIR AR 0.192+0.011 ¢ 1.486+0.071a  64.463+0.033a  54.458+£0.061d  12377+0.174d  80.925+0.106 b
VIR A3 0.271+0.011a 1496+ 0.051a  58.665+0.115¢  60.638+0.240a  15898+0.176a  90.714+0.065 a

EERI AR, OB A - R A S AR A
SR> LR A > AR AL SR> ARl A >0k AL 5
P AR A 2 K R AR S A A M B3R 3 A= W
1 T HABAL B (P<0.05), XA A 545 5 AR AR
F Cd i, HAR/MIF . AGEIRAE SRS RS>
ARBEE A >R A >R A >R IR A 3,
HRERR A SR FAAR R Cd &K B B3 m T3
TR AR AL BE(P<0.05). XA s I 5 AR L8
Cd & hE, W RN A SRR AR S Ak P 3R o3
Cd & W3 m T HABAL I, AFEE A S ab Py b |
w7y Cd FRRIK. XA RS IUR A Cd
S, HIR/NIE Sy - 3 RER A 2> AR A2 SR> 171
TRAE S AR A >0 R A SR> AR S, o™
BERASRAL B AR R Cd BRI, BT RN

8.2
80 [ & )
ERY: od g be g
" e
576
7.4
S d & %
P IS S N R <
F FEFF I F S
G SN S SERC SHK SR S
VA S S
b3
E1
Fig. 1

HESEANFEE T 81.32%(P<0.05), MR A I IS AL
(i &Ry Cd BB, RIRACSRAEMR R Cd
LR EIR ] 90.714 pg/bk, M RIHARINRA: % | §11TR
AR RNRASE . IR A SR AR A SR AN B Cd
BEHHT 2450%. 16.19%. 35.93%. 54.52%.
12.10%(P<0.05).
2.5 B3t pH R EFRSESENHN
M 1 PR, A8 Cd 1SRN, M T AR SR D
AR, VAP PR E IR T L4 pH(P<0.05), #SAbHE
(45 pH FR/NIT A A= s> E SR Ak >
A SRR PR AR RS A SR 1L > A SR A Fl > A SRR
FPAHE> SR R . SASR AL, AR
Ly, Bk AR S AL RS B T R A RS
Cd ¥ HE(P<0.05), T HABTEFR AL BRI HEZ AN A

g 54 a
a5 ¢ b
S d
’:?05'0 € e €
Jga%f) 48
= E 46
= 44
:if 42
TR OO XX W
FF &y S E R
S SR S S SR
A

RN L 1E pH FER Cd S 2REE

Effects of intercropping on soil pH and available cadmium content
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[B] (TR )RR EAR ] 3t b, ) B b b sl o o
DL A B AT sl A R A A A 7 =, Bl LS B
XHGHE . EE . 3753 Ko L AERIRSE LR,
ISBE AR i, GRS R H 24, S
GO AR, 5HREREMLIL, SRR
P A N T 4% 2 R He 25 5 D R HRR T
EEH, RERATERE R, SRRSO K
M, SRR BT AE, HRE 5
FHRMX K E | M A KA RN . IEH
AP AR N B T R S PR R G 2 R AE B A
fis, [A7E Cd AT, WHHAREH RS HE S5
JHLRSE A 45 R IR 27280, SR A B AL i (SOD) | ik
AP (POD) LA K it S AL AU (CAT) J&AE 9 hy ik f
T PR S P TR B NIRRT R G, il X 3 Al
HIEMRIVERT, 7T LA B BRAR A 3 00 1 1 4, kB
TP AR R e SRR A s A T 2030, AR R R,
R VR A ol B 4 Rl A SN [R) R B o8 T A S 45 A
A AL, A B E] TSR K. Sk,
A SRR PP AR R | AR SRR PP R A B e 2R A i e AR
SN B9 B2 7/ e O T =7i i WAL [ A = 2
TA SRR, TR AN AT i R A ) I S T
HE3EM A POD DL K2 CAT TR X Ui B A= S Bl
KA1 Rk P AR AP A — 2 R R
WA EAE AR T AR K

TRAVECTT , AR 1] 0 A B G5, 38 2 o )
BTE4r . AEREVE LA R “RRBRXHE" AT DL AR R AR
P BRI, S 1T 5 AR A 0T 1 498 4 TR 1 A SR B
JIB 2 A b SRR S A5 P A R =
AR LA F L GTR A , &A1 AR L AT L
T E R S A ) R SR LR B
G RIE, RiF 3 O 85 FOKIEF, ARUEsE T
Wb 11 300 B AR R R b 13 %o e (g W i, I 8 2 AR
TR ARZER R AR AR KB, IR R s
Je ARAT DA S5 R AR S mT & R R A (B3 Cd
T, ST AR R AR JRFP AN [R] b B
ARG AR AR 38 Cd SRR E R, X
AT HE -5 A [F] VR Ak B - 498 BEAR 1 S5 ) S i A7 AE 22
S K. T pH R R 3T 4 TR L R,
AR RS K AT RS W EE B R 5360 ARFSY R B,
AR RS G A AR TR AR T 3% pH, Hop
SRR 1L B 6G  ARE S R A 2 G 25 4
T ARES CAd RS aD, A A B S AN
K, U HIEERARES Cd SR I pH ALHA BN

THLFERER), ik IR . HREBUEYI AL £
Y/ S I i S A N TR 5= v S S
BRI AR R MR T A== I Cd mmlie, fil
Hotth b0 KOoRERR Cd B AR, RIS, 7EA3R
W REATR AR, ARSI S AR A S
Sy Cd R R fe e HLR & T AR AR axn]
REZPUN R PR CT , A5 S0 R a] i) “ AR PR
OSSR TARAR WY RREL, B T L
Cd e, M| 7 AR 15 Cd AR RM,
FHh, BT RE L —E R A DNA ARy
AR, HARRE A p AR AT D SR ZU08 . AR T AR
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