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Adaptation mechanism of intercropped plant roots of Arabis alpina L.var. parviflora Franch and Zea mays L.

to Pb patches stress

WANG Ji—xiu', LI Zu—ran®, LI Bo', LI Yuan', ZHAN Fang—dong', ZU Yan—qun'’, HE Yong—mei'

(1.College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2.College of Horticulture and Land-
scape, Yunnan Agricultural University, Kunming 650201, China)

Abstract: Much attention has been paid to the remediation of moderate heavy metal contaminated soil by the intercropping of hyperaccu-
mulator and crop. There was a significant difference in the heavy metal contents between the two plants growing in the same soil space. The
morphological mechanism of plant roots adapting to Pb patches stress in the intercropping process was not clear. The root box experiments
were conducted with monocropping maize, monocropping A. alpina, intercropping maize, and A. alpina on Pb patches stress. This study
aimed to explain plant root tendency to adapt to Pb patches stress. The results showed that the relative index of the biomass and surface ar-
ea of intercropped A. alpina roots increased significantly, and the roots of A. alpina tended to grow under Pb—patch treatment of 1000 mg-
kg™ Ph. The intercropping pattern significantly affected the root morphology of A. alpine. The relative index of the biomass of intercropped
maize roots significantly decreased and maize roots tended to grow in non—Pb patches. The root morphology of maize was significantly af-
fected by Pb stress. The root surface area with 1.5 mm<d3 (diameter)<2.5 mm significantly affected the response of the intercropping A. al-
pina and maize to Pb stress. The results suggested that the interroot interaction could stimulate the affinity of A. alpina for Pb—patches and
influence maize roots to grow in non—Pb patches, which revealed the main cause and adaptation mechanism of hyperconcentration and crop
intercropping system under Pb stress.
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1ok 3V S NCIRUN-E e §° 2 DN ~Y (352
U TR, A S TS g S IR B A R
Tl e WFFE R, fh T H O R TS Y R
AR, WA NN HFER, R R & 4 8 T 1
MR, SR LIED A ENESRZ 2R
JE S BV BEHUIR S04 0 A S Bt S SR B2
PRI B & AT A, A2 K (Cunninghamia lanceo-
Lata ) A F X5 AN [ B8 RE R 38 5 S S5 20 A1 8 B Be e
A AN TR A DR WA A, L S A o P S0 IR B K
HEZR 06 3 MO Jo 7™ A 5 T 7 57 B AR R —
B2 AR B R BEAL A9 10~15 15, V0 A= VK B (Agropyron
desertorum ) B B AR I8 2~5 1511 5 IR BELR X HE P AR
F A L B30 SRR AR S R A AR A
F R0 ey, DN 4 i 3 Ak B P R ) 44
PN 22 S 0 AT U B AAT] =2 TR A R A ST, i
AR DG 2 75 5 P AAS [R) R DA 2R A A o) P A
KA PR IRE . T AWEIE & B4 B R X Hg MRk
05 BT Ph B8 X 4 22 REARAC AR FRURI R TH AR AR
B0 ARSI i 0 e A N B T
(Arabisalpina L. var. parviflora Franch) 5 £ K (Zea
mays L.) %% 5 (Vicia faba L.) [AJ{E& 5 Ph 15 4 1 1
8T R WESE AHXT T E 48 Pb A T, AR K &
e 520 /N AE T T 5 KRR R BT 252538 AL e
NHHE.

AN AT BN HT AT 58 K B, o e AR AR/ N AE R T S
FOREVEMR R Z BAFFE R A OCHE . 148 Pb & 5
98.96 mg - kg B AL AL K S/NERI T LB, &
K Pb & kU > 17.93%, /N AE R ST Pb & i G
9.62%""'; 400 mg - kg™ Pb Jiir i 7K 5 Ab 35 £ OK A& N
Ph &4 N B 44% , /MERI ST N P & 381 75%
BAES RER RIP A 22 808 & 155 Ph 5 &
N 600 mg - kg R H ] A e A/ AE R O i A
W, 5HRAEML, BAEART &SP & &ETIH R
40.2% ,/NEFIFT T [ 9.04%" 1= Hii, A RE4
W5 30 R g A 0T 3 S b g AR IR P P 5 1 1Y
AR MG AT T R . AR BT 3
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ABERE A R TR E W, A 1~2 R
FAH, EE IR TR LA BaK DEIR A,
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1.2 R HE
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Figure 1 Diagram for experimental unit
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X} 5 4 R ) R
1.5.2 /INER T Ph Fl Kk Ph

B AR A P (R A [R)— 2 o] 3 45
il HIERAAFEDTR M RN, AR R AT R
A1 ) A PR e R AT S0 . Ph i E SR /INERG T L
# Pb 2 3, T Pb oA EOK A BB 9 BT, oK 35 L LAk
Pb oy . R, HoA i Ph &b 3 BB Py B9 2R AR K
BN A S/ NAE B TR S B PE P A 3 1 1 e 1, SR
Ph Ab BREEH PN 5 TG0 Ph A BLBREH N AR R AW 2 Hok
iy 2 4 Ph A X HE B, HOAELBR T , L8 Ph A G 5 £k
e 0 T K FOAEBRARG , 3k Ph AR X 48 B0 &
1.5.3 Fdls ot

B b FRAH F Excel Microsoft, A DPS £54js 4b F
FGH Duncan HT 2 W 275001 722 53 W G Ar
A3HTSE 4 O ZR R LAVES AN Ph S M A [ 28 R 2 4t
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2 HER5HH

2.1 [EMEMKZ 3T PhBTHRAMIZHE IR R AW ER N
2.1.1 FORM ALY &

[A] 5% £ 3% Pbh AL FE K 0 mg - kg™ F1 1000 mg - kg™ B,
[ 0 ) 4 6 K AR 2R 72 0~10 em Ab2E By e B4R 43 5]
41 48.83% F124.73% ,0~10 cm 5 10~20 cm AH . , 7]
1E KA Z A W 0 ) 38 i 43.12% F131.73%, 5%
R FANAE 10~20 cm kb [AIE oK 55 BpE A4 4
ZSANEE . AR F KRR R AP A A B M7 0~
10 cm A1 10~20 em 22 ¥R 2. AR 1 A MIIFIB
MIAR 2 B4 &, Ph Jbraa b 3 5 B B 1 AR 9

R R, UL Ph IS Y ) 3 S AR WA Y
AR EE . X E T 1 0~10 em Ab W B 2 AT
ATAL, B AR A Ph Ab B SE SR T R AR R AEY)
Hrr A B 2 0 (F=24.89,P=0.001) .

5 J5t -+ 3 Ph A FRBEH N 0 mg - kg™ F1 1000 mg -
kg B, o K AR AE B ) Ph ik A FEBEER 7 1000 mg -
kg B}, [B]FE £ 2K 0~10 em A0 AR & Hb PAAE BB 25 18
28.40%, 10~20 cm &b 22 5 AN B 3% | [MA/EIR R T, 0~10
em AL [ 10~20 em &b K AE W) 8 5 3 37.76% 5 &
KFPAETE B P 38 AL BEEEH A 0 mg - kg B, 0~10
em Kb [A]/F TR AR 2R B B4R B 350/ 11.77% , 10~20
em Ab B BN 27.01% , BAAE E K A ) AE 0~10 em
b 10~20 em Kb 5251600 7.94% , [ 4E T K A= AE
0~10 cm &b . 10~20 em 4k {2 987> 25.03% , 15 BH 57 )i
P A 3 [ /5 A AR KA 2R G AR R AR R R K )N
TE R TF 32 Ml A s DX o % 5 398 0~10 em b
P2 LB 43 BT AT AT, P A B IR 2806 R ORAR B AR W i
FEAE R R R (F=22.75, P=0.001)

2.1.2 /NMEFITAR R AE Y

[vi] Jit -39 Pb 4b M O mg - ke 0], [AIVE/NE R I
5 BAVELER 0~10 em 1 10~20 em ZbAR 2R A= ) 2%
SN B RIVER R T /NMER ST B AE Y P HAE
BAVESETIN 0.5 % ; [F) Ji 1398 Ph AR B4 1000 mg - kg i,
[/ /NAE B I 5 BRAEFE R 0~10 em 1 10~20 em 4k
HE 2 A W S 1 90.12% F11100.72% , [BIVEIR R T
0~10 cm Ab/NERIIT AR Wi V-2 L B3 i 0.95
£ o XH1R] 5T 3 0~10 em &b 9 R 2 H 20 ml 240, Fil
AR 2 PR 28 6 /N i I AR 2R A 1 7 A A R T

R EAEFEEMNBRTIZEPLAAEEKBRENENHIT (mg-kg™)

Table 1 Effects of Ph heterogeneous stresses on roots hiomass of intercropped maize in the intercropping system (mg-kg™)

Ph B He b 1 Pkt AfliSide A B/l Side B
Pb patches stress/mg-kg™  Cropping pattern 10~20 cm 0~10 cm 0~10 cm 10~20 cm
Afllo BAO BE 6.92+0.61a 7.27+0.29h 6.59+0.35 6.88+0.51
[F] 7.56+0.89aB 10.82+1.48aA — —
A1 1000 B 1000 AR 5.60+1.02a 6.59+0.72b 5.86+0.82 6.71+0.46
I 6.24+0.84aB 8.22+0.65aA — —
AfIl0 B 1000 A 6.18+0.7a 7.36+0.37b 9.22+1.02 7.54+1.06
[ 6.86+1.04aB 9.45+0.86aA — —
Al 1000 B0 2V 6.94+0.41 7.30£0.51 8.15+0.52aA 7.55+0.57bB
[E] 1 — — 7.192£0.27bB 9.59+0.68aA

VE < SR v O 22 i 9 AN [R) /NG R 3 i () S A B 8] 4 00 A 22 55 1 59 A S35 7K AN RN R 53 382 s [ A [ B 8 ) 22 e ks

5% W) E K- F2~F 4,

Note: Mean+SD, Means in the column affixed with different lowercase letter are significantly in intercropped and monocropped (P<0.05). Different

capital letter are significantly in homolateral distance (P<0.05). The same as table 2~table 4.
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(F=81.68,P<0.001)
5 J5t -+ 3 Pb Ab B BEH S 0 mg - kg™ F1 1000 mg -
kg™ IF, ZNAE B T Bl AE B U Ph W 36 Ab 3 BE B Oy
1000 mg- kg™ i}, 0~10 em 1 10~20 cm &k [/ /N L
TrAR Z LB S BN 55.399% F148.60% , IR /E1A F
T/NEF T A A ARG N 47% . /N
B IT AP AEAE B Ph W38 A BEEEH K O mg - ke ' 5, O~
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HEIM 68.89% F183.33% ., MFE2F & EHP /I
16 7 JT MR R 2B 5 7E Ph 368 1 R] £ Ab B 5 50 Pb
Jo 3 AR AL PR 2 S B 2 L XS5 T 4398 0~10 em &b
PR DR 2 B A3 B AT 6 A AR X DR 3R X /N R T AR R
Ay AR R A (F=60.15, P<0.001) .
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Means in the figure affixed with different lowercase letter are significantly
between different planting modes under the same Pb treatment(P<0.05).

The same as figure 3

E2 phRRMEMEEEXRRREZSEX RN
Figure 2 Effects of Pb heterogeneous stresses on roots competitive

relation of intercropped maize
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%, KB T A5 139 1000 mg - kg — M, oK
R 2R 359 3 B A E AN RN, AHL )5 5 S o - 3 A [ B
VLS L I A N T
2.2.2 XP/NERIIT L R B

WK 3 it 7s , Ph A FE K 0 mg- kg ' 1), /NAE B ST 7E
[Fi] 5T 1- 3% 0~10 em 2L F1 557 135 0~10 cm F1 10~20 cm
b F X 5 R F8 BOF- 240 0.40, 8] it £ 3% 10~20 em Ab
BF AR 6 56 R A B 119, M 38 T 1.98 f5 . Pb
AL EE A 1000 mg - kg™ B, /NFE R ST A X 6 R 48 5071
90.27 Ab PR 22 N 2 . K 2 FIE 3 AT LUE
Ph LB 0 mg - kg™ B /NAE R AR 5 K AR ] B %%
% KT 1000 mg-kg 'Ph A AL FE
2.3 HEYIR R XT Ph BEELAE [ 1 5 47
2.3.1 KM ZkE Ph AR X 45 5050 Hr

WEL 4 PR, SR B KA R A R T 3 v (73
it Ph AR X5 200 0.86, 5 )5t + 3 AE 10~20 cm 4b ik Ph

Lar a  [JO0mg-kg"
Lzr —[— O 1000 ) me kg
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Figure 3 Effects of Pb heterogeneous stresses on roots competitive

relation of intercropped Arbais alpine

®2 EMEERIF BRI EPL BN EBETFRAREYMENZIM (mg-kg')

Table 2 Effects of Pb heterogeneous stresses on roots biomass of Arbais alpine in the intercropping system(mg-kg™)

Ph BEYL AL P AR A Side A Bl Side B
Pb patches stress/mg- kg Cropping pattern 10~20 cm 0~10 cm 0~10 cm 10~20 cm
A0 BAO HpE 0.26+0.08a 0.27+0.09a 0.25+0.05 0.43+0.11
[F] £ 0.36+0.07a 0.44+0.12a — —
A1 1000 B 1000 AR 1.38+0.45h 1.72+0.71b 1.65+0.47 2.09+0.64
a8 2.77+0.38a 3.2740.39 — —
Afl0 B 1000 A 3.58+0.43bA 2.13+0.51bB 1.06+0.23 0.81+0.16
ke 5.32+0.75aA 3.31+0.44aB — —
A1 1000 B O 2V 1.1620.23 1.0720.11 0.45+0.07b 0.36+0.19h
&)1 — — 0.760.09a 0.6620.10a
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Figure 4 Effects of root interaction on roots prevent Pb precision

of intercropped maize

AEXTHE R 0.51, A0 Eb 7] 5T 4 498 8 2 T B 41.17% [1]
1 B K AR 28 A 5] 5T 4= 3 v i - 2573k Ph AH X 48 0k
0.77 , 76 5 Jit + 3 0~10 cm 4k Ph A XHHEHCH 1.31,
A HC ) B 39 2 2 10 70.86% . [] it 3 v T K AR
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VLA Ph P38 BESR 2 AE T KA 2 15k Ph AR S %L
2.3.2 /NEFGITAR 3R 7 Ph A X8 £ B

W s s, SR /INAE R O 7E R 5T - 8 b ) 73
# Ph AHXT 8 0k 5.81, 7F 5 5T 13 10~20 cm 4k ¥ Ph
AR R R 8.51, A Fb [7] J5T 338 552 35 19 0 46.47 % ; [1]
YE/INAE i FFTE TR BT 135 0~10 em AL 148 Ph AH %45 %L
9 2.48, 755 5T 1 HE V-2 Ph AR T8 B0k 7.89, M
LG )3T 4228 0~10 em 40 2 E 3 N 2.18 £ . AR/ INE
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Figure 5 Effects of root interaction on roots foraging Pb precision

of intercropped Arbais alpine

i, (B VE/NTE R TR BR T 7E R BT 433 0~ 10 em 4bj# Pb AH
XHHEECE AL, oAb P AHXT S B = A B
UEH/NER TR R 2 S48 Pb 1 RE

2.4 EMEEZRXT P BEHAL IR AE P IR R E AR A M
2.4.1 X FAAR KT R 5200

N2 3 s, [\ 5+ 4% Ph AL 3 0 mg - kg™ I, [8]
Y KA 2 T ALE 0~10 em 420 5 BAVE A H 2 35 5
42.89% , BAE E K 0~10 em 5 10~20 em &b 5 25 FEAK
30.19% ; [FH ] 7 K AR 18 FLZE 0~10 em 40 5 10~
20 em 4b 22 SN2 . Ph B iA L FE R 1000 mg - kg
mF, T] 1 E K 7E 0~10 em &b 5 B0 1F AH b 52 25 14
52.63%, H.0~10 cm Ab [t 10~20 em Ab i 25 38 T 0.75
5, (VR XA R 2R 1 RS ) 32 242 P E 0~10 em AL TR
XA .

5 JT 15 Ph AP BE A 0 mg - kg™ A1 1000 mg -
kg '), KR FIRLTE B ) Ph e b BEEEE: A7 1000 mg -
kg 'l , 0~10 em AL 8] 5 KR 2 a1 AR L B I 2
1 32.90%, A ] [8] 7 K AR 2 1 BLAE 0~10 em 4 He
10~20 cm Ak 54841 30.08% ., E K FIAEALE B Ph i
AL FBEHA 0 mg- kg B, 0~10 em 1 10~20 cm &b [A]
P B OK AR 6 AR 5 RV A e 8 2 4 n 35.019%
36.02%. 5t J5i 133 P BEHL AL B | (B VR 14 &R 6 Ok
MR TR A 2 . %R BT (F=15.70, P=0.004) Fl
52 (F=22.41, P=0.001) -5 0~10 cm &b W5 A £ L 5%
A3 AR AL, AbAERE A Ph Ab 38 PR 20 T K AR 2 g AR
7 2 R
2.4.2 Xb/INAE R ST AR 2 T R 52

W% 4 Frow , [6) )5 43 Ph AL Jy 0 mg - kg ' B, [8]
VE/NAE B T MR 2 T BLAE 0~10 em b 5 BAVE A F (2 3%
B 45.35% ; [F ]/ /NAE R ST AR 2R THFRAE 0~10 em
b EE 10~20 em Ab 2 25380 81.02% . Ph i i 4b By
1000 mg - kg™ 15}, [BIVE/NAE RS IF 7E 0~10 cm F1 10~20
em Ab 5 FAVEAT HL B 25 1 0 31.53% F1140.09% ., A {il
A1B Y B /NAE RS T 0~10 em AT 10~20 em 4R 3
AR 22 S YA B 3% o WFIA) it 3% 0~10 em AR AT R
EC 543 AT AT 0, FhAR AR 2CRD Ph b 3 PR 28 6 /NAE e O
MR TH R AR B 52 (F=17.07, P=0.003)

5 5T+ 4 Pb AAFRBEH K 0 mg - kg™ F1 1000 mg -
kg™ B, /INAE B T AR AE B U Ph [k 30 b 3 BE B
1000 mg- kg B, 0~10 cm &b 0] 7F /N E T T A 26 1T X
Eb ALV S0 44.30% , A A /NAE RS ST AR 2 TR
1E 0~10 cm 4% 10~20 em 4b 5 E 30 41.61%., /NE
FA ST FIAE AE B Ph B8 A0 FREEHH O mg - kg B, 0~
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10 em [AIE/NFE R ST R 26 T FR -5 BRVE A HL S 25 14
24.87%, H. 0~10 cm 4k %% 10~20 cm 4b & 3 14
77.76%. 5t J5t + 3 Ph EEHAL B S |, IVEIR R R /NiE
BT AR TR AR R AR 2 AR Ak X 3 A 0~10 em 58
FAb . X5 R (F=12.58, P=0.008) 13 0~10 cm Ab
DRI L2 o A il i, AR S 2 TR 3 % /N R e R 3R T
TR A A i 25 R
2.5 ERM/NEREITEEE RIS PhBESR A EEE IR
RERERREIEIE

HE 2R 2 1T AR A TR /N5 i AL 2R WA - P e
MFE 5 AT, FOK EIVEFLAERR R R AR d4 g X
(] o R AR ZR 2 1w AR b i i K, 43 1R 27.01% A
40.73%, 3 HEIA/ET R AL RAFER EHFTET
36.98% (P<0.05) ;d1 Fl d3 12 2% £ K 8] £ 2 T L HL o
VS 100 T 269% F1329%(P<0.05) 5 [AI/EIAR 2 F oK
R AE A AR IR K T A A U 11.95~25.88 em’,
2 18.05 em®; SAVE S AL I 9.41~41.07 em?, -
18 20.94 em®, Ui B ] AR AR R F FOKM &R R R
A3 A 385 XA R B OKRAR 2R - 8 v 84 A i i

REIS RS 38 EF 124
#T

INTERE ST BAEAE d1 .d2 . d3 . d4 . d5 5 TR X [A]
P72 T AR EE A1 433l A 22.98%  12.19% . 16.99% |
34.38% . 13.44%, [0 fF 43 3 R 11.25%. 16.18%.
16.43% .41.39% . 14.74% , % T d1 12 P 2 1A AR ]
VESHAE2E A BESN, AR HE S0 IR 22 58
W2 AVEIRR T 4038 0 T 76% .28% .60% .45%
UL EIR R AL IMER TR R A KRR .

AR 5L, AR 2 T AR 22 3R 1B bE A d 20
i, FEERZ M F KA/ NE R IR R A KRS R R AE
1.5<d3<2.5 F12.5<d4<3.5 X Jf]

2.6 EARFNEETT EMEE RIS Ph E E4FIERI M

) VE AR AR AR 22 [R]  AH E AR A A2 s il
/R OR=Ei2 /) O NG LR ER-A T E[= ST U128
R 6 A] AL, FOKEAES BAEAE L, H_E 3R A
i ER Pb Yy BB & A i FE AR T 38.98% FI
17.80% (P<0.05) , Ff FLH b 5B A4 B iE K F 1 &85 &
KIEEEE i RECN 0.32, BVE N 0.43, [ VE IR R Al 4%
18 REEAAE TR T 25.58%

K3 EMEE RN BRTIEPHAEEXRIRRERN MG

Table 3 Effects of Pb heterogeneous stresses on root surface area of intercropped maize in the intercropping system

Pb BEH4b 3 Pk A% = Al Side A B{lj Side B
Pb patches stress/mg-kg"  Cropping pattern 10~20 ¢cm 0~10 cm 0~10 cm 10~20 cm
Af0 B0 HfE 89.01+16.01a 62.14+10.24b 63.92+20.48 81.33+7.97
) 72.04+7.62a 88.79+12.44a — —
A} 1000 Bl 1000 LR 73.28+7.89a 66.79+12.93h 77.56+23.78 82.71+14.73
[F] 58.19+9.18aB 101.94+17.40aA — —
Afilo B 1000 A 68.85+16.41a 63.58+7.84h 65.8+14.19B 105.04+22.83A
[F] 7 64.96+7.15aB 84.50+8.42aA — —
A{ilf 1000 B0 AR 76.11+6.27 85.60+7.16 62.47+8.72b 55.94+7.13b
[ 7 — — 84.3426.04a 76.09+7.36a

F4 EEFRITFRLEE P AENEFITIRKRERNZ I

Table 4 Effects of Ph heterogeneous stresses on root surface area of intercropped Arbais alpine in the intercropping system

Pb BE b g Pk A2t Al Side A Bl Side B
Pb patches stress/mg+kg"  Cropping pattern 10~20 cm 0~10 cm 0~10 cm 10~20 cm
A0 BAIO AR 4.29+0.86a 5.38+1.35h 5.39+0.05 5.88+1.04
&8 4.32+1.14aB 7.82+0.76aA — —
A1 1000 B 1000 AR 6.56+1.32h 7.01+0.83b 6.49+1.30 6.42+0.94
[E] 7 9.19+0.94a 9.22+1.06a — —
AfIlO B 1000 AR 6.84=1.94a 6.32+1.22b 8.25+1.08A 3.45+0.81B
(¥ 6.44+1.41aB 9.12+0.84aA — —
AfIF 1000 B0 LX(d 9.50+1.24 10.32+1.21 9.4120.53b 8.29+1.02a
(B — — 11.75+1.31a 6.61+1.37a
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ANTE B ST AR 5 VR A L R R T
45.64% , S T T 18.99% 5 /NE R ST [RIFE 5%
1B BECN 2.25, BAE M 1.25, [AIVER 2 4f 5505 2R 50
FAEREINT 80% .

MEL - E s v R R R R oK 2 2 b
f) Ph 98/, 1T /N6 B T bl 64 Ph S I3 N, 1
B oK 5 /NE RS T R B 228 T Ph 78 RS 47 b
A R B

3 hg

3.1 /NEEIFT#E Ph #0 E K8 Ph ABXHHE #1417
(VRS R  AE AR 28 0 ) P P ol 2 3 8 R A )
I 0 A L RS (Y R . - R B PR
YA 18 57— 30, A B T 0 A 0 05 SR IR
b 1 I (E ol w2587 0 LB LIS 7 7 | R 42
B, FORA: Y A TE R ARG I, RS I AR
FIUS, 3 B AR ) AR R R 1) MO — 2 fig 3 R 5 L
Feol S A7 oA B R NI FERE T L R L TR B
Gl oA R R R A TR R W AR A
Al BRI A i 3 I, ZEARBE ST BRE ROk
S JoT 9 I P i R L [ B - ST T TR0 R OKADAH
S5 /N B AT B R ) 4 S5 0T B HU 8 ) 5 5503 L
[F] ot 1= 48 1 5 FOKR T INE R T A Py i E A R AR B R 3

G WA [R5 R P 5 AR ) [ A ] L
T AR ) AH LA AR S JSOPE Ph L 3ERRI T S A )
A, X5 O B S B R T LR R BRI
TR ISR — B SRR E
FrPEHLE AR 22 REPE 5 R 7 T B IE AR SRR, % al
RES VAR 2 A 8 SR BE ) B A R, i A/
FERITTLL P o B IR, S Rk Ph BREBR /)
FERI TR ZR I T SR GR AR AR IUE I7 L, )
FORTE S B Ph BEHR rh 23 i JT Ph BEH AR A &
LRERYR . s R SRR Y AR
MR A S P BB b A n] e A AR AR R Y ] S
SRR AT A
32 IMEEFEEARARERHRAESN

A WEFEIE W /R AR R AE BB AL 3R
A o 2 TR ] S A O A I 14 DX A 5 T
PR ARG . W BT AR RAE G R A
RS AT 524 I AR ZR S B T A 7B N
A, HL A S ot , R B8 DX MR R HE B s 5 %
VR BED B, BB A B AR R Ly, i
T IR 6 A B BRI ; BRI G I
R A S A5 O BT, TR g 1 rp o — g AR
AP, AT /NERI IS E R RS, S B Pb AR
PR FAE £ KR AE 0~10 om AbF I .25 A9 58 4+ 30001,

&5 EMEERIDNEEFMEXRRREARERHZIE (cm’)

Table 5 Effects of root surface diameter classes on intercropped Arbais alpine and maize (cm?)

JiH ERHAE EE Sl /NMERIIT AR /NERIST IR

Item Monocropping maize Intercropping maize Monocropping A. alpina Intercropping A. alpina
d1<0.5 9.41£1.81b 11.95+1.42a 12.04+1.64a 7.81£2.37a
0.5<d2<1.5 14.79+2.52a 13.68+2.10a 6.39+2.98h 11.24+4.10a
1.5<d3<2.5 15.74+5.35b 20.78+3.44a 8.90+2.57b 11.41£3.63a
2.5<d4<3.5 41.07+7.07a 25.88+5.41b 18.01+2.34b 28.75+5.24a
d5>3.5 23.60+4.76a 17.07+1.80a 7.04+1.65b 10.24+1.80a
SRR T 20.94£13.46a 18.05+6.65a 9.634.71a 14.74+7.86a

SR AR 100.84 52.38 69.45

T AR SRR R R A B g 1] A4k BRI 22 57 (25 (P<0.05) . K 6 1]

Note : Means affixed with different letters of the same plant are significantly in monocropped and intercropped. The same as table 6.

Ro6 BEMERRTERF/NERFTERFHE

Table 6 Effects of the accumulation of lead in the upper and underground parts on intercropped Arbais alpine and maize

Qb EEELS Cropping pattern b |3 Stem and leaf iR Root 32 Z 8 Transfer coefficient
FAHAE 2.67+1.02a 6.27+1.67a 0.43
FOKEE 1.63+0.82h 5.14+1.02b 0.32
/NIERE ST AR 1 666.17+240.62b 1334.67+121.58a 1.25
/NIERE IR 2428.11+360.94a 1081.20+145.85h 225
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[7) J5 A 53 stk Ph A BR/NERI ITAE 10~20 em KRB
APV X 5 SR R AR B IR RS
B s, 28 SCPR Z0 R A: Wy i i S 2%, A
B/ NE R T AR AE ) B 52 i B 25 . Cahill S527fF
T RR (A. theophrasti) B 2 LSRR 1 BT &L, A 58
Ay R ZR KA KR B AN 52 B SR RS , A e
I D)7 38 [ Jo P 7 7 P v 2 30 S 35 ) T 7E 5
B FRBEHIA G N B3 . FEAR S AT
PEAN S BT Ph b BREEHR (8] /NAE e T 0 B K A )
HABFBLH IERUN o Cahill 5527 AR AT H 4 4 %)
S TP 0 2R FITA)AE B 2P A H e 1 79 ] P, (% 48T 7Y
TP AR ARG S N S T B AR AR
75 KV UE AR ) b I AR - ARAE A, e B AT 42 g oK
D A4 S o8 S B P R DR R 0 L Ok TR R e
J3 ABZME 5T 8 2 B 5 5k T R 1 B AR 8] 52 4 5
JE o WAUTERY], ERE AR - S S A
BUTR 3 AR, A R 2 ) A A AR 42 A A A7 T RE S v T
FREESIP ARBTG5 Bk ROK Ph AR FE A T
KRR B a4 o , T/ NE R T RS S 3R] . BEH
TR 2R BE A B S o 1k 5% 4 AN 4R AT & A L[] 1 1]
TR AP AR R IR A5 W SOk X 3 &R I A
PRI 352 4% B 0y LAAE 22 S 07, S AE P A R BT
TR X382 A% {5 S A e SOAH [R)RE AR R, AR B 4 1 8 W]
REFRAIG , 24 TH1 X S5 2% 50 R B W ) N, DR SR )2
DI AT BE B i , A 0T 5% 4 B W GBI Hamilton 1Y) 2% 2%
PP PRIE (Kin selection theory) . #8 & £EHH ) /NEFE
IT SR AR K8 TR 5 00 FAH 22 Hm iy A4
Yy b, 3k n] BE 2 B B 4 Pb 2RI Y IR 2 — o /NE
FAST R Ph 15 R A, PRI W A AR B0, BREER
5553 K T BB IE SR, B RSB X —1F
5, BOK I TR AR AT RREL ) I 55 4 0 R R ISR 43 B
Yoo I EARMRRBE S LA R R TETATH
PF BB 07 X, A R T — 20 AR
WF50 B AR 5 I SR N 37 20 5 B 1 P 5
ANGT IR A BRI 1 3 2547 40, JEHGE X AR FR 43I &
Hh D8 A5 5 Al 22 S 17 L X AT R s/ N R IT 5 K
XF Pb AT
3.3 MAEMEENHIE R R

FEYIAR RIS KT T 10 A8 A A TURk
AR A 2 0 AT 98 1 2 A ] A 0 AR R X e B P B 5 Y
T RS SR AR ) R A ) — 2 T AR K AN ) P i 2 i) AR
FIGASIE X 22 S ORI . A BIF9E 3R B R ot
AR R B 285 2 0 AR T A ) 0 ok 3 7 A ) B0 5 1

PP L AR S HTAR R SR AR S AR,
R IR FIAR AR BT W RCR A B e A, 3L
b4 A 3 o R A R R R = A () 4R S, 4 22
FE 38 Ph BB b 3 2 MR AR AR 2 T R Rk
55 A 38 Ph (94 fik, DA T =5 X Ph 9 & 42 BE 11
AL AR B 358 I Ml v 205 32 IR 2 A ) A 2% T ARURTAR A
TR 3R 1E (Ll i TR e, Al A AR 2 T B AT A R
K405 T B 5 T BOR A AR B BE R AR 5T
[ R R0 S B Ph AR T 358 11 ok A/ INE
TR MFRFE 0~10 em &b 5 1, IVERLCF Ph Ab FE
PR 2243 B 2 W, ] VR4S Ph A AR Sk 255 1) &
KRR TA AR, 1 (AL VEASS A S 35 5 M /N i T AR 2 T
L XU B ORI S oM i O T e R — R R AR 1k,
B5IE T AH 208 4 A 4 22 180 A AR Al BT IR A S A I
IR BCH U W e Y AT B R S e Rl AE AR R
AEBETIR A AE N BV R R . iE— R R,
HE 2T A A8 Ak S AR R P9 e R TR 1) 22 8 T 2
DA I8 A7 AR A T, 8 7 K FIZINAE RS T [RIAE 2
Y KAR P RE T B AR L R R 25 5 TR AR
3.4 INEREFFANE K 3T Ph B EH RN

Ph A AE YA K AR A T5 o0 2R R 7= A
I, AP T A 2R & AR AR ML, B 2 O
Py DU IE W A A6 T . (A S R IR, Ph 4
P AE 37 B W30 B 25 77 Al ML, a0 4 22 FEAR 3R 8
F| Pb 3B i, 2 BERE m P A 4 Y P OIAR R AE K
BELHS , 1 HL A5 3% W P 38 BEHe A= K A9 RE 71, 31X 156 BH
AN[FIAR KT Ph 38 (438 LA 22 5 ARSI
LR IT 5 oK IRIETE Ph BEBR A R, IR HLPIAR £
RETAT N A B 3 22 5, HEW o] REAFAE AP AL . —
JE/INAE T IF B OKE Ph HEFR L 25 5, (A VEAR & 2
W TR/ NAE B T AR R s 4E PO NIRRT
& 411 Ph A] G838 o 41 i BE 40 B AN 1 kK Ak A e
PhHE R AEAH ML TS0, 1 R 5 Ph> 454 BH 1k F KR &R
W38 R B AR AL A 22 5 L /NAE R O 2 L
PERE SR SR A PhBEE A K, TR AL 5
AR P3G R, S B0 0] 6 Ph BEH AR K5, FE P AR
By 17 5 L Ph & 4R FRE A AR 1L,

4 ZEig

(1)Pb BEH b PRARAR 2514 F L B A/E/NERI ITLE O~
10 em AL ZR #4104 Ph BEHLAE K A 00 0 1 AL A
FEHEN 5 T4 AR Z 08 1) JC Ph BEHAE K, AR X O
RIGEUE NI
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(2) (AR FAR K5 32 2280, B/ NAE /g 37 5% s
FB0 R FRARRAE 1.5<d3<2.5 B} & 2 52 0 [A] 7 /)N
AE TR T AN T K % Ph IR 38 R0 1
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