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FE: IR AREY IR, 2L AT mokk, 4350 5 %85 4w 41 & Bokd JF #8147 Cd Braa o. 1, 0.3, 1,
5 mg/L)WE IR (CK: HREPAD , 4 5 & LW AE Y& . 4w M 3R W Cd B i ik i, BF 90 b A 0 %) &
FAERKAE 4 Cd s, Z5REY, FH—ERCN), FR—ZLCOUAGTT RERMERA YR, 2 Cd KR
W E N 5.0 mg/L i, FRESMAY R CK 495 46. 77%0 M 42. 47% ; CN AR H IR HE Cd &£+,
2 Cd BT 0.1 mg/L i, HoHh B4 R4 ik & 4 5 43 i o (1. 639 0. 133) pg/BRAI(7. 3514£0.575) pg/
B, B CK 43348 137. 88 %0 M1 77.86 %05 CN, Ff— LAEL(CPYU & nl b & 48 i A Xt Cd M52 REf1. %4 Cd
B IR B W N 5.0 mg/L A, HEERE R B4 518 0. 161 1 0. 138, Lk CK 454255 76. 9226 A1 106. 41% 5 CO 4 4 fig
BEREIEIRW Cd RERE. X Cd FE W E 0. 1 mg/LEf, Cd KBk 68.67%, I CK & 50.01%. 45R 8
N B S HLBAEY E BR . AR S AR A T 3 AR AR ORI X Cd IR aE . o, A 5 R R A FR AR
SR AT, 5 EARAE Cd LBRFE .
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F 1 (Cinnamomum camphora) . Bk (Nephrolepis auriculata) Fl1 3 2 (Ophiopogon japonicus) ¥ H
7 B Hb X H O RS AT ) . Sk B3 (Polygonum ca pitatum) 275 5 #b X% LA £ H 18 9. Gl g
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1.2.2 Cd priak-F

TEEFRW DA CACL, » 2. SH OGB4 X 2 i #E 47 Cd hia ab B, 3 4 DB EEAL . 0. 1 mg/L
(0.1 Cd), 0.3 mg/L(0.3 Cd), 1.0 mg/L(1.0 Cd)Fl 5.0 mg/L(5.0 Cd).

1.2.3 R—FAL5AXEAE

B3R —RAPAS . FiHRCN) R L4 CO) ., Fi—kHZ(CP), XM CK) HF
f. BB 4 BROKR, BE& 2 Bk, XTIORSE 4 R, 84 5 k.

AKIGEE AR AT EEDH . K< 9 emy B8 7.5 em, 5 10 em, ZFHEEN 600 mL, R 4RFT R (0N G O b IR AL
P L . ORBEK ARSI S B, Wi kb BT 2 i e e £ B TR R 3 d RIRTEE FRMh B IR 3
J R B EFAR S TF A T Cd I ia ab 2. a0, R 3R, K 2 IR AN LB 40X 40 min,
5 B T KR TSI+ AR FTEE 5. 8 e (B350 miL. 3 6F4h TR AT M Je. ORI T 0
LED 4T, SGHESR SN 5000 1x(12 h/d) . BR&RIRE K 25/18°C, Mria kb3 4 J& f5 17 E Y& Cd Jit & vk i
.

1.3 MEIBRKRAE
1.3.1 AL HE(TRE)

e AR i b b3 S5 AR 2, ARARAE 20 mmol/L EDTA-Na, H1 24 20 min, KExKm C&,
FE oKL 3 . KA ER S THEAE 105 CARFF 30 min, A5 80 CHEZE i, HIJT 42—+ K1l
JiT .

1.3.2 A4 Cd mEragm w2

TR T RN B TR BB BB B, 3 1 mm JB T2, 28 HNO,L-HCIO R 4 WAL 228, 1T
S Z-5000 Ji WU A3 O BE T b B AR AITAR A Cd B L.

1.3.3 sRigk Cd RS R E M E

FHH AL Z-5000 J W 5053 016 516 B I 3 6 1 s R 235 SR E /K 0 WA Cd o o R 2
1.4 HiEKESESH

I E S # FH Microsoft Excel 2016 G2t F % %, Al SPSS 25. 0 4 % A [A] 4b B 8] 9 22 5 £ 17
Duncan’s Z 1 5, ] Origin 2018 /EA.

H: %% Z %0 (translocation factor, TF) fyit& AR K,
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TR A [ AL AR i A A B Cd Bt kAR R IMAER R 2ZE 5 (R D. CN f CO A& 1E
JT A 0 R T A AR b b L AR R R A AR 1 A i 38 3 KT CK(p<C0.05). 4 Cd i ik JE k5.0 mg/L
. CN Al CO 4 & afRA W43 5 4 0. 273 g/FRA1 0. 265 g/fk. b CK #2581 46. 77 % Fl 42. 47% (p<<
0.05). Z5RXW, FS H o LR &I T FE YRR,
2.2 MEEYINERELSE Cd RELLLHFIE

AR A BT F RN RO Cd i b 225, W —A A #0F AL Cd i it Fh Bl Cd i it vk
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FER A, Cd BTk 5.0 mg/L B A B AE (B 1. CN A4 Ffadh # Cd
WETHEERST CK(p<<0.05), RUWHEIAGHFH & FEH 3 Cd Bk tb. CO HE AR
(p<<0.05), $E/R 5L FAEK D> F i 13 Cd LR, 4 Cd Bk &4 5.0 mg/L #,
CCOHEM CP A E T 35.83%, 21.09%, Hl 86.07% (p<<
0.05), #E/Rm WK E Cd HIE T, FAMPR LR BRI Cd, BT H®R TR Cd ik, X &Rk
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T —E R PR AR 1 .

Jo R B AR £ R

CK MR Cd &

£1 AREAEEOENEYE

CA Tt Y4 R WL/ (g - bR R/ (g e B SR/ (g B
/(mg e+ L7H)

CK 0.2334+0.013Aa 0.05540. 004 ABa 0.28840.017Aa

0.1 CN 0.2744+0. 018ABb 0.06740.006Bb 0.34140.024Ab

CO 0.30740.013Bc 0.08240.006Cc 0.38940. 008Bc

CcP 0.24540. 020Aab 0.04840. 006Aa 0.29340.024Aa

CK 0.2124+0.011ABa 0.04240. 002ABa 0.25440.010Aa

0.3 CN 0.25940.007Ch 0.05640. 005Bb 0.31540. 006Bc

CcO 0.2384+0.017BCh 0.05340. 007Bb 0.29140.017Bb

CP 0.19840.007Aa 0.03940.006Aa 0.23640.005Aa

CK 0.22940.026Aa 0.04440. 004 Aa 0.27340.025Aa

10 CN 0.30540.022Bb 0.06240. 005BCc 0.367+0.026Bb

CO 0.31640.027Bb 0.06340.005Cc 0.37940. 030Bb

CcpP 0.1934+0.011Aa 0.05140. 002ABb 0.24440.012Aa

CK 0.15140. 008Aa 0.03540.002Aa 0.18640.010Aa

5 0 CN 0.2224+0.002Bb 0.05140. 002Bc¢ 0.27340.001Bb

CO 0.22440.035Bb 0.04140. 003Ab 0.265+0.036Bb

CP 0.15940.027Aa 0.03440.005Aa 0.19340.027Aa
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M3 2 AT, CN HGTEA A BT ik B N & Rl B A 4 bk Cd w8 5 i i 3% K T CK(p<<0. 01).
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5.0Cd

%/I
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CN 4G CP A5G4 Fa ik B T i Cd 7B 2400 85 KT CK(p<<0.05). Cd fiiE ik 1. 0 mg/L &,
CN 4l &t Cd 8 REUR K, 1K 0.234; Cd FEWKE K 5.0 mg/L B, CN Al CP A& i Cd 8 R AL
A3k 0. 161 1 0. 138, H CK 43 B4 76. 92 % F1 106. 41 % (p<<0. 05) , HEoR 7548 5 B 1k A Sk 46 35 10 i fig

g fiedt Cd [ & b 1546 52

R2 FRAEEEYENCAEEE

Cd i w ik B
) Lo 2H A i BB/ (ug s BETD) RE/ (ng = B Bty VAGT-R "/ )
mg * L.

CK 0. 68940. 048 Aab 3.444-+0. 343Bb 4.13340. 391Bb

ol CN 1. 639-+0. 133Bc 5.712-+0.443Dd 7.351+0.575Cc

’ CcO 0.75040. 034Ab 4.5514+0.533Cc 5.30140. 499Bb

CP 0.57540. 051 Aa 1.28340. 128Aa 1.858+0.171Aa

CK 1.481-+0.073Bb 5.697-+0. 438 ABb 7.178-+0. 390Bb

o CN 2.559-40. 110Cc 7.798-40. 963Che 10. 35740. 919Cc

’ CcO 1.13240. 078Aa 6.978-+0.751Cc 8.110+0. 725Bb

cp 1.34140. 032ABb 3.813+0. 499Aa 5.154+0. 468Aa

CK 10. 939+ 1. 542Aa 13. 898+ 1. 273Aa 24.837+2. 358Aa

Lo CN 19. 646+ 2. 091Bb 16. 9444 1. 391 ABbe 36. 590+ 3. 472Cc
' cO 11.593-+0. 598 Aa 19. 329-+1. 790Ce 30. 922+ 2. 383ABb

Ccp 10. 108-0. 697 Aa 15. 327+0. 806Bab 25.435+1.503Aa

CK 20. 305+0. 784 Aa 60. 226+ 2. 464Bbc 80. 530+ 3. 232Bb

- CN 38. 622+ 1. 346Cc 64.874+1. 767Bc 103. 596+2. 805Cc

- CO 25.697+2. 032Bb 58.087+2.510Bb 83. 784+ 4. 563Bb
CP 23.557+ 1. 422 ABb 31.343+3. 824Aa 54.901+5. 157 Aa

e RPBUERFHEEAREE; AB,C EBRBELE p<<0.01 KF LEZERWEEL T FE X, a.b,c FREMEAE p<

0. 05 K 122 AA G5
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Al Cd B BT, RFEA—FA AR Cd ZBRFORE. Bk #m . Cd 2B R (A
3. BEFAMEREERET ., COAGH Cd KRFRHBES THMAS. X Cd FREKREN 0.1 mg/L
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By Cd. flifs CO HA M Cd ZRBRFfem. S92 b a] F I 2 & Cd Weiost AL H . R JH 7 WMok 7 47%
M Jr 2 e = B,

S %3k
(L] A%, JA K, HE. BRI 4R G 5 Qe SUR K B ms [1]. o E R A B Be Tl 2014, 29(3) ¢ 315-320, 350,
272.

(2] PREEORAP R, [ BT IEAR. A0 s YR B A AR [T, LB IR, 2014(8) : 26-29.

(3] B M. & L Z@SEEFETEREG RN [T EE¥IRE, 2009, 28(7). 1277-1283.

(4] %o, £ &, B, GF. FETFSEERRAEYEERARWR IR (1] B TREARSEIR, 2017, 7(3):
366-373.

(5] Besky, RES, EH#, 5 KAHYESEGEERSEIE [T, maEmol R4, 2007, 34(1): 50-55.

(6] R, sk W, 2 k. MERIX L. Wl R 2R AT Y [T PR W R AR (B AR E MO . 2019,
44(1) . 79-83.

(7] & .3 HA.Z . &, B2 7AW 2% COTBYRMBEH Hus (1] W IRERFF R (A REB#
), 2017, 42(11); 44-51.

[8] WM. WORHERE G5 Y LIENE BB Z ORI (D] 8. W#SHEL T %, 2006 51-57.

(9] #a3C. & &, MIRR WA PR RN BoE m g iFsE (D). mT: ] PI RS, 2015 16-28.

[10] # #. Rk, 5k fL. & KX EEE Cd WK ES BEMETRE [T] R IFER ¥R, 2010,
29(11): 2094-2099.

[11] #&lkr ., FE Rk, AEmk LRI SFRE R IIMI. Jtat. shECH R, 2008 281-301.

[12] Do, ) b, PhBEAL, %5, 7 LI —FRERE T EH L ARE [J] 428240, 2016, 36(11): 3411-3418.

(18] ¥R, Rgat, RIE, %. Rt RSN EEYIREN LEE SRR em [J]. P EFRSERSE, 2009, 29(9) .
985-990.

(14] & &, MR, w4, 5 REMYS ERMEXN ERRRZHIFRMELS B [J] HEE TR, 2014,
32(7) . 138-141.

C15] & W, W AR, SR, BERE I NERM X &8 MBI arsy [ K525, 2017, 7(8): 39-42.

[16] HINSINGER P, PLASSARD C, JAILLARD B. Rhizosphere: a New Frontier for Soil Biogeochemistry [J]. Journal of
Geochemical Exploration, 2006, 88(1-3): 210-213.

(170 Ak i, sKigme, ERH M, & THEE G5 T WA MWW A G K0 E£HEE [T BEREHR, 2016,
29(8): 1154-1162.

[18] HART J J, WELCH R M, NORVELL W A, et al. Characterization of Cadmium Binding, Uptake, and Translocation in

=

&M



100 B HFERFEFIROARAF RO http://xbbjb. swu. edu. cn % 45 #%

Intact Seedlings of Bread and Durum Wheat Cultivars [ J]. Plant Physiology, 1998, 116(4): 1413-1420.

Cinnamomum Camphora and Ground Cover Planting to
Promote its Growth and Enrichment of Cd

FENG Li-han, LI Xiao-xiao, LI Ling

School of Horticulture and Landscape Architecture , Southwest University , Chongqing 400716 , China

Abstract. The seedlings of ground cover plants Nephrolepis auriculata, Ophiopogon japonicus and Po-
lygonum capitatum were used as materials, and were planted with Cinnamomum camphora seedlings re-
spectively in solution Cd stress (0.1, 0.3, 1, 5 mg/L) (CK: Cinnamomum camphora monoculture) for 4
weeks. The biomass and the Cd content of Cinnamomum camphora seedlings and Cd content of solution
were determined, and the effects on growth and Cd enrichment of Cinnamomum camphora with three
ground cover plants were studied. The results show that the combination of Cinnamomum camphora-
Nephrolepis auriculata and Cinnamomum cam phora-Ophiopogon japonicus significantly increased the bio-
mass of Cinnamomum camphora. When Cd was 5 mg/L. the total biomass of Cinnamomum camphora in-
creased by 46.77% and 42. 47% compared with CK, respectively. The combination of Cinnamomum cam-
phora-Nephrolepis auriculata could significantly increase the Cd enrichment of Cinnamomum camphora.
When Cd was 0.1 mg/L, the aboveground and whole plant enrichment of Cinnamomum camphora were
1. 639 pg/plant and 7. 351 pg/plant, which was increased by 137. 88% and 77. 86 % compared with CK, re-
spectively. The combination of Cinnamomum camphora-Nephrolepis auriculata and Cinnamomum cam-
phora-P. capitatum significantly increased the transport capacity of Cinnamomum cam phora to Cd. When
Cd was 5 mg/L, the transfer coefficients were 0. 161 and 0. 138, respectively, which were 76. 92% and
106. 41 % higher than CK. The Cinnamomum cam phora-Ophiopogon japonicus combination could signifi-
cantly increase the Cd removal rate of the culture solution. When Cd was 0.1 mg/L, the removal rate of
Cd of Cinnamomum camphora was 68. 67% , which was 50. 01% higher than that of CK. It was proved
that the combination of Cinnamomum camphora and three ground cover plants played a positive role in
Cinnamomum camphora’s growth and absorption and transport of Cd, among them, the combination of
Nephrolepis auriculata and Cinnamomum cam phora had the most comprehensive positive effects on Cin-
namomum cam phora , the combination of Ophiopogon japonicus and Cinnamomum cam phora had the high-
est removal rate of Cd.

Key words: Cinnamomum camphora; Nephrolepis auriculata ; Ophiopogon japonicas; Polygonum capi-

tatum ; plant arrangement; Cd
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