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Comparison of the absorption and accumulation characteristics of five heavy metals among different industri-
al hemp varieties

XU Yan-ping', LU Pin', ZHANG Qing-ying', GUO Rong', DENG Gang’, GUO Hong-yan', YANG Ming "

(1.Industrial Crop Research Institute, Yunnan Academy of Agricultural Sciences, Kunming 650205, China; 2.School of Agriculture, Yun-
nan University, Kunming 650500, China)

Abstract: This study examined variations in the enrichment and transfer of heavy metals by different industrial hemp varieties. Five main
varieties (ym1~ym5) of industrial hemp were used as experimental materials to repair farmland seriously polluted by heavy metals in min-
ing areas of Yunnan Province. Among the five industrial hemp varieties, ym1 absorbed the most Pb and Cd, ym3 absorbed the most As, Cu,
and Zn, while ym5 had the lowest absorption of Pb, Cu, Cd, and Zn in mature roots. The maximum absorption of As, Cu, and Cd by stems
and leaves was observed in ym3, and the maximum absorption of Pb and Zn occurred in ym1 and ym2, respectively. The maximum absorp-
tion of Pb and Cd by seeds was seen in ym2, of As and Cu was seen in ym5, and of Zn was seen in ym3. Seeds of ym1 showed the least ab-
sorption of Pb, As, and Cu, and the least absorption of Cd and Zn were seen in the seeds of ym4 and ym2, respectively. The enrichment coef-
ficients of stems and leaves in the five varieties were greater than that of roots, except Cu. The transport coefficients of roots to stems and
leaves were all greater than 1. In summary, ym1 can be used for Pb repair, and ym3 is suitable for As, Zn, Cu, and Cd repair.
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TR0 AR 52 KRN AR Ak AR R, - AR RO
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Tr S AR [R5 T M E A TS G, 5 DR 14
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Tl RBRB A NIE—Fh R AP AR R
R BE ) HA R SRR A E R B A, S
ARG, 3 H A I BRIV A R K B AR g ) A
O RAREER, Hal KRR S ME SR, A EE
J& 15 Ge ) LA ARG i B S 0 0, 2 H TR
18 52 B A B i) (9 R (4R AR R BRI
O BE 756 % B < AR A R SRR SR AR A A Y
ZUFREWESF) o WFFERIIE RIS 1 22 55 A
Vit A7 1B 52 LA ] — B & S A e 0 Al 5 A
R DRI T R RRAE S di i B X 4 S T
R PR 2 — , 52 P H Rt . AT
W, [l — A ASTR] b B AN [R]85 B X < s £
WS B BT —E 22 5 IS RR VB RR N KR L K
DR AGENO7200 AN [+ e DR TR g Nl AR it o 0 B 4 J 4
Wt —E 25t B AT, KT AE AL KRR FPE R
F 2507 o0 3 o 4 1) g AR AR ORI T 5

I, ABIEGE L = B A8 A B2 B 2 R E D R i
(85 A Tl KRR & I A8 b4 L, Rkl F B T 42 )
15 Y DR BRI A L AR AN ) M PR A A X 4 S
Pb.As.Cu.Cd fl Zn ) REFN 4L 42 22 5, DU i ok L
A A B AR 0 T KRR Rl G E 4 R
15 e A AT A Tl FORRFP B9 IR, ok Tl K
IR 5 T 4 A R A S B S8

| RS

1.1 iR G HhaER

RIS H R 2= R HET X, %0 X BT AR 2 2 AN
IR 1 B 4 V5 e, e X 1 J LA A A A -
TR 4 V5 Y IR A R XURS DAL A0 R B U R
X 4 J& s Y KP4 1 (103°147 59.45" E, 23°
24'8.66" N,k 1321 m) JFJEIKE: , %4 H o ™ S
G Ja V5 YLt X, F - BRI R B LR 1
1.2 iR

L2 A8 A Bl 2 e 48 B VE T 5 T 12 B 1Y) T
WK FI 1S B2 5 B35  Bk4 5.
=K S 5oL R, 2 B 45 8 yml  ym2  ym3 |
ym4 .ym5, Hoif ym2 IR Rl ym3 Al ymd Ry sk
TUSL R, ym 1 FlymS Ay 2R S R, 36 SR FH o 42 i
MLXALBET, 43 M 34 XL, A XA S A /X, N X
TR R 30 m?, 2% KRR di P 52 A= BEALHES ], R FH 2T 2 Y
YRR, 4T HE R 30 em, /NX Z 6] 4 80 em HYE
B% . LLEAHE 600 kg-hm(N:P:K=15:15:15)1F N
FE B 5 7E 3~4 X E A, L 90 kg - hm? JR B (% N
46% ) AR EIE . FH [A] 45 BR 4 AL B SR AT
1.3 HmREMLER X

SRS B BORETE: R 3R Tl KRR .+
HERE N R ABEHER 0~20 em W BN/ NXRAER 5 4
) - FEIR G ARSI R A BN 1 ke, B
AKX IR 1A o FE Tl RFR B R 4E T
M KRR i, AN /NKORFE 108k, BT 5 2 A R 38 E
(AR L2 CmpFORERL) i 45 A 5, 105 “CF A4 F 0.5 h,
70 CHEFEHET 208 Fi i, A7 KRR R4 T
e, BE TR AR RIS A . Vot Vieo, =5 1 B TR

F1 RELENHERELMER
Table 1 Physical-chemical properties of field soil

AL - , IR fEPER R B 4R i Heavy metal contents/mg-kg™!
. £t N e . .
pH1{E Organic Total N/%  Total P/%  Total K/% Hydrolysable N/ Availabe P/ Availabe K/
matter/g- kgfl ota o ota o ota o mg'kg" mg'kgfl mg* kg—l Ph As Cu Cd Zn
5.23 28.5 0.146 0.076 3.48 112.8 73 175 2655 939  56.1 235 1187
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G TIROR S R E S o KR TP R E AR 1 A I
J5 1% : Pb, Cd 2R FH MG J 7 W 43 5% 5% B 15 (GB/T
17141—1997) Ml % 5 As R H I 7 28 15 (GB/T
22105.2—2008) il 5 5 Cu . Zn 7 15 3% FH JCH J5 T i
A6 EEEE (GBIT 17138—1997) & .
1.4 RGO

2 ol KRRl Pl EE 43 J8 s 4R R 80 (BCF) Fil iz
FE(TE) AT

BCF="T )l KR4S 3040 42 J&@ %5 i (mg - kg ™)/ 1
e E s 5 i (mg-kg™)

TF="Tlk RpRHb I 43507 4@ 7 & (mg kg ™)/
HRHR 4 )8 & 2 (mg - kg ™)

K Excel 2007 HATEHEER], SPSS 19.0 % 52 5
B EAT 7 2 0

2 HRESH

21 T KREAPREAEEREAEER

SA T KBREEFILE Ph As . Cu.Cd . Zn B &I5YL
T BT IR R R AR R 2 BT ] R
AR IR RN i e B A A B A IR S 4,
PRSI AR TR AT , BLAE Y st AR 25

& 1~ 5 AT LB 1, 54 Tl KRR S AP 2 %
5P EE 4 I 0 S AN ], S R R BOR R 22 5. A
B A ] O, Tk KRR AR X Ph 4 W & R 16.32~
29.55 mg- kg™, ym1 X} Ph Wi K, F 30 B0 P
WA o AT 2 T AT, b KRR X As il W 1AL
4 14.98~39.89 mg-kg ™', ym3 I i K, I B EH T
HA 44 Fh JH ym1  ym2 Fl ymS = AN f4 R ] 22 58
2. I 3 Ha] i, AR X Cu 1 W i N 15.70~
27.29 mg- kg™, HW N 2 75 As 5L, Hid ym3 W
Wt fe k. ARl 4 ] L o s 2 Tl R RRAR X
Cd B WY 4 1.01~1.45 mg - kg™, B 087 1A o K
()R yml, SRR 22 SN 28 &S AT, Ui T
PR RRAR AT Zn i U I 4 16.24~28.09 mg kg™, Hirt
ym3 IR R K, HLI 2 T A 4 S S ymS W
Wi By, AR TFHAL 4 A yml 5 ymd 227 8
F Hyml 5ym2 .ymd4 5 ym2 Z M2 A E .

g5 ERrIR 5 A Tl KRR s b, BB R AR 2R
XF Ph Al Cd WS £ 45 KA ym 1, % As  Cu Fl Zn TR
TR R4 ym3, 1] ym5 %F Pb . Cu . Cd Fll Zn % 9
R WA fe /N o
22 T KA EHEEESEER

i 1 6~ &1 10 A LU HY, Tl KPR ZE %) 5
—108—
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asE )
0 '1[ .

25+ b
20
151
101
st
0

Pb #51 Pb contents/mg kg™

yml ym2 ym3 ym4 ym5

il Varieties

AN/ PR R AR B ] 22 57 2 (P<0.05) 0 T 1]
The different lowercase letters indicate significant differences among
treatments (P<0.05). The same below

Bl ARXKEMEABREPLEE
Figure 1 Pb contents in roots of different hemp varieties

at mature stage
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Figure 2 As contents in roots of different hemp varieties

at mature stage
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Figure 3 Cu contents in roots of different hemp varieties

at mature stage

& B RN [A], 5 A S AR R A B B 22 e, H2E
I i S e TR R . N e b AT L, Tl
KIRRZEN X Ph W& A 38.60~48.82 mg - kg™, Hir
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Figure 4 Cd contents in roots of different hemp varieties

at mature stage
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Figure 5 Zn contents in roots of different hemp varieties

at mature stage
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Figure 6 Pb contents in stem and leaf of different hemp varieties

at mature stage
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Figure 7 As contents in stem and leaf of different hemp varieties

at mature stage
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Figure 8 Cu contents in stem and leaf of different hemp varieties

at mature stage
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Figure 9 Cd contents in stem and leaf of different hemp varieties

at mature stage
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Figure 10 Zn contents in stem and leaf of different hemp varieties
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Figure 11 Pb contents in seeds of different hemp varieties
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Figure 12 As contents in seeds of different hemp varieties
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Figure 13 Cu contents in seeds of different hemp varieties
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Figure 14 Cd contents in seeds of different hemp varieties
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Figure 15 Zn contents in seeds of different hemp varieties

H 5 ZELF ym2 Mlym3, E 12 0] 51, A7 R X As (1)
WA 2.51~6.15 mg- kg™, WIS e KRR 2 ymS , B
/NEGSE yml, H B E KT ym2 .ym4 FlymS., MK 13+
AL UL FERLXT Cu B W Wi Ry 14.62~21.41 mg- kg™, K
e e K A9 & ymS, Fe /N2 yml, Hid ymS B35
FHAl 44 AP, R 14 Fal I RBRFFRLXT Cd 1Y
W B h 0.11~0.30 mg - kg™, W A F: e KR S ym2,
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/N ymd (H G FP R 22 52 R B35 0 DAL 1S Hhn]
B, IIFRAFARERS Zn B W HE Sy 45.86~55.26 mg - kg™,
WA o 5 R 2 ym3, fe /N 2 ym2 , S ] 22 R
BE.

25 bR kR Ph A Cd W Rl ym2,
XF As Fl Cu WIS e K0 R ymS % Zn WK ym3. [H]
ISFAFREXT Ph ., As Fll Cu ¥ R BLK ym 1 W fe /)y, XF
Cd Zn Wi Fe /N R P40 1) R ymd Flym2 .
24 TARMNAEDEEREEE HIEHWRTHESR
2.4.1 Tl KRR B 43 AR 0 R 22

P 22 2 AT, 7E Y, 5 A Tl KRR Sl b ot - 4
W SRR ER 4 B I ICRE T A AE 22 S . TP ym ] AR X
Pb & 4 RE 1o, ymS SR AIK, 0 KT ym 1, At b Fol
() B 22 5 AN 2 5 ym 1 ZE X Ph s AR RE TSR, 54
a AN 22 RN B s yml MR E £ PbRE I IS, 5
ym4 .ym5 Z 55 AR HEEMKT ym2 .ym3. ym3 R
RN As W& FERE ) feik , W T I 44 5
ym2 Flym5 M 3R & AL RE ) R 25 5 (H A b AP 250X As 1)
B RBE TN B AR As B AR T e 55 1 R
ym1 Al ym3, & F AL T HAD =5 F . ym3 M2 R X Cu

RS S ok, B T ymd Al ymS s S [F] i R EZE
w AR CufiE ) 2 A B35 s FPRLXS Cu s AR RE ) S (IR Y
i ym1, i B ymS 25w T A 4 A4S 5L AR At 4
A AP A 2 N R L SRS R AR E N Cd &
LRE I Z R AR R R FZEM X Cd & £ R
KA R 43502 ym 1 Al ym3, T ym3 Fl ymd #7409 Cd
R SC T HAL AP . ym3 AR R XS Zn & BT i
SR, I T A 4 A AR, b ymS B AR RE TR,
I G F At 44 S R s ym2 2501 %) Zn B 42 B T i
5, P 3 = T ymd Fll ymS, Horep ymd & 4L B8 T B Ak .
AN[E SEFIFFRLNT Zn & AR R 1 ZZ H A B E
2.4.2 Tlr BRGS0 45 J  d 1Y) h il 25 S
Iz RE(FR3)FE 5 A LA KRR b Ph 1Y 25
Wi is RECERR T 1, FF b is RE0/N T 1, B X
54 iR Ph pH AR (] 25 155 02 RE B0 , B 1) PR Y
s Re 1SS o Forp ymS p AR [ ZE 0 FE A2 Ph I RE T
IR O, R T A A R AR )RR 1§ i BE T DA
ym5 NI, B 5 T yml Mlym3,yml ffk. 54T
Mr R RR SR As FEZEMFR 8 REE K T 1 FPhife iz
RBPNT 1, U1K 54 S A A 1] 25208 As 1Y

R2 HAHECREARRENEERH(BCF)

Table 2 Bio concentration factors(BCF) of heavy metals in different hemp organs at mature stage

Pb As Cu Cd Zn
S T VS o w7 E
Variety Root Stem dn d Q(Aej Root Stem dn d geei Root Stem dn d Seej Root Stem a.n d Seei Root Stem dn d Seeﬁ
leaf leaf leaf leaf leaf
yml 0.17a 0.23a 0.02h 0.21c 0.38a 0.03b  0.39ab  0.31a 0.27h 0.63a 0.82a 0.11a 0.20b  0.43ab  0.48a
ym2  0.13ab  0.18a 0.05a 0.16¢ 0.39a 0.05a  0.38ab  0.35a 0.29h 0.59a 0.70a 0.13a 0.20bc  0.46a 0.43a
ym3  0.12ab  0.19a 0.04a 0.43a 0.43a 0.03b 0.50a 0.43a 0.28h 0.57a 0.98a 0.05a 0.26a  0.38abc  0.51a
ym4  0.1lab  0.19a  0.03ab  0.30b 0.41a 0.05a 0.34h 0.36a 0.30b 0.47a 0.81a 0.05a 0.18¢ 0.30¢ 0.43a
ym5 0.08b 0.18a  0.03ab  0.19¢ 0.38a 0.07a 0.29h 0.33a 0.40a 0.44a 091a 0.11a 0.15d  0.34bc  0.43a
RGNS R ING B R b B R) 22 57 i 2 (P<0.05) . R Al
Notes: The different lowercase letters in a column indicate significant differences among treatments (P<0.05). The same below.
R3 BAHEEBREARRENEERE(TF)
Table 3 Transfer factors(TF) of heavy mentals in different hemp organs at mature stage
Pb As Cu Cd Zn
=) g e e e -
g R g EPRC g EUR g B e BT
leat/Root VRO oot SOVR R SR Raot SCVRO oo SRt
yml 1.65b 0.14¢ 1.81bc 0.14bc 0.84a 0.72be 1.30b 0.18ab 2.15ab 2.39a
ym2 1.33b 0.37ab 2.48a 0.34a 091a 0.77he 1.23h 0.21ab 2.38a 2.19a
ym3 1.18b 0.23be 1.00d 0.07¢ 0.87a 0.58¢ 1.71ab 0.10b 1.48¢ 1.99a
ym4 1.54b 0.29abe 1.38cd 0.18b 1.07a 0.86b 1.76ab 0.10b 1.71be 2.48a
ym5 2.42a 0.50a 1.97ab 0.35a 1.12a 1.37a 2.24a 0.28a 2.25ab 2.82a
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RE 7B AR Ia A PR R 1E BE D 3055 o Horh ym2 FHAR
] 25 M F5 32 As IO RE 1 fe it , 2 35 & T ym1  ym3 A
ymd, ym3 F A AR [n] KPR 4% 32 As B RE 1 U DA ymS5 Ry
e, B T yml .ym3 filym4, ym3 i fik. ym4 .ym5S
H Cu Y ZE M F58 ZBOR T 1, LB ) 25 4% 52
Cu FIRE ST B8, ymS AP %12 RECK T 1, /RWIHL
MAR ) R 12 Cu B BE T &8 , (H 55 oAt i i 18] 22
SR E . R EFREZE Ca RE T LA ymS AR,
BT AL 4SS ym3 WK . 54Tl KRk
an Al Cd 1285508 RECEOR T 1R iz R A0
AN L, BEHTEX 5 A A AR 1] 225252 Cd BB T #2
s, MDA FE 12 Cd Y RE D855 o o ymS B AR 1)
ZEMFE 5z Cd B RE 1tk , B T ym 1 Al ym2; # [)
¥R iz Cd BYRE ST LA ym5 S feimr , B3 5 T ym3 Al
ymé o 5 Tl RBR AR Zn £ 25 RO RL HP )
18 ZBCERRT 1, BT 54~ an B el AR 1] 2554542 Zn 11
RE 0, HOFFRLG G2 R BORT 10 Horbym2 f A 1)
ZEMERE Zn W RE S deik , 35 5 T ym3 Al ymd 5 AR 1]
FERLI AL 12 R TR & il R H] 22 5 A B %
3 3ig
3.0 ARV K@t tIEPFESEREERSW
VAR, BT Mk T G fin ] VTR FH K BT T R
AR AE A Y4, LR S R 15 4™ &, A PR
B 1 T 530 ™ A AR, ] e R S T R
DR v 2 O e I ES SR L F=R 1 K P RO 0 i
AR o ASWIEFE A B b KRR S Bl ym 1 AR ZE X Ph
W f e K5 ym3 AR ZE X As  Zn | Cu AT Cd W I
K T RBRAFRLAE A B S T R FEE, HHES
J& & e A T A, ARG B ym 1 ) B
FFRIAS Ph ., As Fl Cu B IO B2 /), ymd Xof Cd F) I 1A
T8 /N, ym2 %) Zn (WIS e /) , B I RT AT ym ] i
BAE N P B SRR, ym3 Feili BAE N As \Zn  Cu Fl
Cd B Y b i E 42 R & i 5 % s/ i fh 4y
ZEFARE) o 5 a A AR g N AN [R) 4 1Y
AR BWEY] L EMR R, yml X Ph & RE T &
i, ym3 X} As  Cu F1 Zn 19 & 2 BE J o 5 10 5 1 b
ARl B X Cd & &R 22 AR, HER Cubb,5
A b B ZE I AR RBOE TR, R B A
RAESI R . DL EZE R ] LIA AN [R] i Fos A
Ivi) 2 < Jag (1) AR 2R 7 AR ), 31X 5 0K B S SE VR AH
AP, B Cudb, HoAx 4 TP 4 @ 78 5 4 S Al b A AR
R ZE s R T 1.
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32 ARAIVEAREHNEEEEERUMERR
WERNH

Bi Cudb 54 dh R 250X 5 R 48 10 & 5 R 5L
BIRFAR 3 5 ATIBREF A FFRLNT Ph & 4 RE/NF
0.05, % As B HE ZFUNT 0.1, (X Cu.Cd Zn I &
AR RFCER R, XU BRI U ) Ph | As 78 AT £ 3B AL
KR A /D T A] AR IR A S BE L], X
Ui B KRR AT DA 3E 2ok 300 ) 75 FF of Ph L As [ b i da >k
R AFFARLH Ph As i, {HXF Cu . Cd  Zn YA AR FH
AN, X 58 BT 45 AR RIS, Rl iAo
R IBR Cu SRR AR [0 254558 RBCE RF 1, %W
Tk KBRZE AT DS IR 4 Ja ph AR ) 2R 0 K
iE, NS PHE W H I . 5T & B0AR 2R A=k
R LRI ORI A ym3, &R RE 1 R/ N
ym5, 8K [fii % 32 i 77 W SR BUAR s, I H ymS %2 B
F1kn i ym3 $is RE 1A
33 AR KFEMHNEERETRTENEENT

5% 2% B[] A KRR AS [ 82 4 J 1 & AR e I AN
[, AN T A RR it o) i) — B 4 J 1 & B B T AR TR
DN X AT RE A FRRRAS B 1 A R A KR LA
4R - TR R L F e . H
I, 7 326 4 A A8 S 190 s ECREL ) 0 I B () A
A5 I Sy 7 6 4 S i e AR KRR I s 2 < AR
AN AR O AR Y RORP R AR S AR, B
AR R (>1.21:667 m™?) o ABFFELERFLI  KpRXT
5 Pl 4 JE 1 W B RE O B 8 T R OBRRE R
Cu.Cd. Zn &5, g B T & dm P ELE R
FRifE(GB 2762—2017) , T K FRFF KL Ph As & 42
0 EEARFT G A R AR o, b ym 1 X Pb (5 A2 RE ) B
58, ym3 e 1E FLAE A As.Zn, Cu Fl Cd 4 )& 18 &kl
Y1, yml Flym3 £ =B A7 X HAT Ph As S FL R 7,
TG FLTE 7R Ph As V5 2 () 1 DX ) oA

4 it

(1) X5 A Tk R R it A W i 4 i ) 22 S AF
GER I, HE A AR Tl KBRS [A] 2% B 10 7% & 43 A1 3R
BN :Pb As Cd N ZEME>HISKFRE, Zn S FFRL>ZE 1>
M, Cu MR SZENFSHFRL . H Ph As FEAFRL P 1 75 i
A A, T AE AR R ZE 0 b 9 i A 5 Cu Zn FEAT
b P R, Hed Cu K 0 A5 78 Tl RRRA B
IR ZEEFURERE R Zn FEFFR A & R B T
HAER T

(2) 5Tl KRR b A epr, 78 B I AR R
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