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Bioconcentration and Translocation of Cu and Zn by Three Crops Grown in Exogenous Cu and Zn Added Soil
WANG Yu-hong, LI Bao—tong’, TANG Li—mei

(College of Agronomy, Jiangxi Agricultural University, Nanchang 330045, China )

Abstract: Bioaccumulation and translocation of soil Cu and Zn by garlic (A llium sativum ), Chinese cabbage ( Brassica rapa) and corn (Zea
mays ) grown in a soil added with pig manure and exogenous Cu and Zn were investigated in pot experiment. Three treatments, pig manure
10 g-kg™, pig manure 10 g-kg™ + Cu 63 mg-kg™ + Zn 54 mg-kg™', pig manure 10 g-kg™ + Cu 126 mg-kg™ + Zn 108 mg-kg™, were em—
ployed with soil receiving no pig manure or exogenous Cu or Zn as the control. Results showed that adding pig manure only could significant—
ly increase the biomass of crops, while pig manure with high concentrations of exogenous Cu + Zn could inhibit the growth of crops, com—
pared with the CK. Such inhibition was in order of cabbage>garlic>corn and root>stem or leaf. The concentration of Zn was significantly
greater than that of Cu for three crops at each treatment. For garlic, Cu was mainly accumulated in the stems and leaves, while Zn distributed
mostly in the roots. For Chinese cabbage and corn, Cu was largely present in roots, but Zn most in stems and leaves. Copper concentrations
in three crops were lower than the National Food Health Standard(10 g-kg™'), but Zn concentrations in Chinese cabbage and corn were

higher than the National Food Health Standard (20 g-kg™), and Zn in garlic with low Cu and Zn addition was lower than the standard. Total
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and available Cu and Zn in soil were significantly positively correlated with Cu and Zn concentrations in stems, leaves and roots of garlic,

Chinese cabbage and corn(P<0.01). Both bioconcentration factor and translocation factor of Zn were greater than those of Cu for three

crops at every treatment. The bioconcentration factor was garlic>Chinese cabbage>corn for Cu, whereas Chinese cabbage>corn>garlic for

Zn. Bioconcentration factors of Cu and Zn for three crops were slightly greater in treatments with pig manure only than with pig manure plus

exogenous Cu and Zn, being decreased with increasing Cu and Zn additions. The translocation factors of Cu and Zn decreased in Chinese

cabbage and corn. In garlic, Cu translocation factor increased, but that of Zn decreased.

Keywords: crop; exogenous Cu and Zn; pig manure; soil; bioconcentration; translocation
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Table 1 Physicochemical characteristics of soil and pig manure used in the experiment

AR Bk

2N 4P 2K 4 Cu 4> 7n

FEdh Samples pH & SOM/g- kg™ (<0:002 mm) Total EI/ Total f/ Total L(/ Total Cg/ Total Z{ll/ crrﬁ)}lz'(i(/g"
Clay/% g-kg g-kg g-kg mg-kg mg-kg
$#2% Pig manure 6.83 — — 23.42 9.26 9.02 177.98 359.40 —
£T4 Red soil 5.54 18.15 30.14 1.06 0.36 5.62 29.28 91.91 13.60
TSP R U <6.5 <50 <200

Environmental quality standard for soils

T - [H % L SEPREE B AR v (R 5K — R iE(GB 15618—1995) , 3= 95 FI T — ek I ity s bl 2RIt 0% 55 L3, b ST X A4 FIFR

B G T GG

Note : The national environmental quality standard for soils refers to the level two standard (GB 15618—1995) here, and is mainly applicable to general

farmland, vegetable, tea garden , orchard, and pasture soil, which does not cause harm or pollution to plants and the environment.
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Excel 2003 4 7AH G A A Z2 JeZe vk a1 437 -

2 ERESH

2.1 TEFR CuFIZn HEE

INIFEEE B 25+ Cu Zn 5 A7 2 JH), -3 Cu Al
Zn 4B FE VI L4 9k 31.04~157.08 mg -kg ™ Al
95.72~204.57 mg-kg™, A XA BETE 43 By 6.65~
22.39 mg-kg™ I 27.74~73.08 mg-kg™, 5 TXE R AL

PR, FM, fiL FM, H3EE 4 )8 Cu 2 FM,; H3EE 4
J& Zn it R K A R i R (R 1
% 2), 760 d FEPIRISS , FM, F1 FM; 4b 3 - 1
Cu Fl Zn 44 Y5 B 43 513k 93.89~157.07 mg*
kg™ Fll 148.59~204.33 mg kg™, 3% VL 4051
ik 16.72~22.38 mg kg™ Fl 48.45~73.02 mg kg™ (%
2), P, AME Cu Zn (A T RE R BCHIEE SR T
PR 3Ed Co FaH L 100 mg kg™ B, &3
BB RE 52 AR ) R A
2.2 115 Cu A Zn XHEW & KB R0
HuShgZene o 2 m ey E Y (R g s
F RIS A0 Cu Zn AT S FRE T, T ELAS I s 51
Y Cu Zn B2 TAED AR, AFEEDXT
Cu . Zn MR N AFTEZE 5 (K 3) . 5 CK HE, FM, R
SRR EOK ZE S i B 43 51|34 i1 72.48% .33.33%
A1 19.44% , T 55 B3 i1 88.89% .71.43% 1 18.49%,
MY Z2 30 6 5 43 1380 61.68% .38.89% Fl 29.08% , T
A 20.75% . 150.00%F1 35.29% ; FM; 1 R «
11 3 A 2K IS i o 43 1) A1 33.56% .83.33% il
28.33% , T F 43 BIFAR 44.44% . 71.43%F1 20.05% , H
Z Tt E ) B 56.39% .83.33%F1 29.88%, T H
43 HIBEAR 54.72% .50.00%F1 23.53% ., Horf, FM; 4b B
R 13RI R OK ZE 3 S ARy i o T i 2
T FMyo 3 FEDIXTES N Cu Zn i i AN [A], o
Cu Zn Xf SRR B IR Il Hk oy KR Hl
Cu.Zn ZAEYEKM LT ME IR, HIEFA

F 2 3 MIEMIBFEIAIERS 60 d L3EH Cu f1 Zn MEETH

Table 2 Soil Cu and Zn concentrations before and 60 days after growing three crops

&I Before growing

A5 60 d 60 days after growing

A TR Jrety A Total 75%(75 N Alliurr% sativum 3% Brasu:ca rapa Tk Zea‘ mays
Metals ~ Treatments  contents/ Available 4o Total (S Available 4% Total  BRUA Available 434 Total  HRUE Available
mg-kg™ contents/ contents/ contents/ contents/ contents/ contents/ contents/
mg-kg™! mg kg™ mg kg™ mg- kg™ mg kg™ mg-kg™ mg-kg™
Cu CK 29.2842.30c 6.07+0.78¢ 29.21+0.65¢ 6.04+0.75¢ 29.27+1.20¢ 6.06+0.77¢ 29.22+0.64¢ 6.03+0.62¢
M, 31.04+2.67¢ 6.65+1.17¢ 30.98+0.50¢ 6.61+0.83¢ 31.03+0.97¢ 6.64+1.15¢ 30.93+0.46¢ 6.58+0.93¢
FM, 94.08+2.90b 16.76+0.95b 94.04+1.09h 16.73+1.06b 94.02+2.11b 16.72+0.48h 93.89+1.09b 16.89+1.04b
FM; 157.08+4.02a 22.39+1.02a 156.96+2.38a  22.35+0.45a 157.07£3.06a  22.38+1.10a  156.83+2.51a  22.31x1.21a
Zn CK 91.83+1.68d 26.79+1.11c 91.47+1.11d 26.61x1.21¢c 91.78+2.23d 26.75+0.98¢ 90.63+1.07¢ 26.42+1.02¢
FM, 95.72+0.90c 27.74+0.38¢ 95.41+0.58¢ 27.59+1.74¢ 95.47+1.19¢ 27.64+0.37¢ 93.55+0.48¢ 27.00+0.71¢
FM, 150.33+4.00b 49.05+1.38b 150.16+£3.16b  48.96+1.39h  150.04+4.17b  48.93+1.77b  148.59+3.25b  48.45+1.19b
FM; 204.57+4.26a 73.08+4.84a 203.85+3.34a 72.82+4.77a 204.33+3.13a 73.02+3.90a 202.28+3.38a 72.19+3.57a

T RAPRGIAIRNG FRFORTE 0.05 K2R, T A

Note: Different small letters in the same column within each metal indicate significant difference at 0.05 levels. The same below.
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Table 3 Biomass of aboveground and roots of three crops

j(ai%_:/g KA llium sativ um/g-plant™

[15%/g+ ¥k 'Brassica rapalg-plant™ EK/g ¥k Zea mays/g-plant™

FTypes ARHETreaments =7 eound M Roots 2201 Aboveground Al Roots 2511 Aboveground it Roots

@£ Fresh weight K 1.49:021h 3212131b 3.660.32) 0.18:0.03b  39.15:339h 2512012
M, 2574068 5.19+1.28a 4.88£091a 025:0.04a  4676+4.90a  324+1.00a

M, 210£059b¢  2.03:070bc  4124062ab  0.12¢001b  31.55:413c 240056

FM, 0.99:021c 1.4040.74¢ 0.61£0.08¢ 0.03:0.04c  28.06+321c 1.760.18b

T Dry weight CK 0.09£0.01c 0.5320.14b 035:0.04b  0.02:0.00bc  4.4420.48b 0.3420.07b
M, 0.170.05a 0.640.09 0.600.09 0.05£0.02a 526043 0.4620.06a

FM, 0.14£0.03b 0.39:0.07c 054:0.13a  0.04:0.00ab  3.88¢085bc  0.37:0.05h

FM, 0.05:0.01d 0.24+0.07d 0.10£0.01c 0.01£0.00¢ 3356042 0.260.05¢

HURE AT B Ve iy 6, AR A F 7% = R B Cu
Zn [R¥53E, 53 Cu Zn 16 3B P YL E  SHEWY
AR R AR . Sun 28RO IR BE A AN Cu
A 2B/ (T SR 7 S R A SRR Cu B/
PSR AE A, FEF 2R R AERE Cu 15 YLy BE 3 i
R, Tt Cu i34 TAR R AR BRARRAE & f B A8 fk, H
PRI AR A G R FR 2L, 1 — 20 52 e 31 )7 F AL T
Patra SEPHGE FER /- HEY) & Zn 720 10~100 mg-kg™,
M 7n Er Rt 50 mg-kg! B S KA Zn i, Y
A EFH A2 A0 [5] B 200 92 338 P AR ol AR o 1
B ) S 2HIESE Y - 48 Cu A Zn ¥R 50 mg - kg™
B, X 2 At AR B A AT i 22 53 311 A 40.009%F121.00%
24 Cu M Zn ¥ 53513k 400 mg kg™ 1 500 mg - kg™
B, B AR A T A AR R, 2 3 Cu FiI
Zn 4553 13K 3 157.08 mg-kg™' F1 204.57 mg -kg™!
BF, X R | F1SRAN B K A A [l AR B g il 7
FLA X 71 3 1 25 0 R R A PR o o S 2
X ERAA AR /N, X -5 A 58 25 A
50,

23 3FME Cu N Zn HEE

YEHZE M FIHR P Cu Zn Wk R + 358 b SRR
Cu Zn U FE (3G _EF+H (3R 4), 31X 5 HAb 5T
ZEHUMAF, 5 CK g, FM, FM, Fil FM; KpR2E0
Cu FYFH B4 HI3 A0 35.80% . 159.26% 11 257.41% ,
& Cu B9 FH B 49 ) 35 3.21% .23.72% F1
32.05% , =M Zn (FL RS BN 15.79% |
43.92% 1 73.06% , HFH Zn 1T R 555 5
1.16% 17.34%F1 54.35%; [13E2E0t Cu (L 28
SrRIBE TN 4.35% .251.30%F1 373.91%, K Z - Cu Y
FHE R4 3N 16.57% .821.89%F1 840.83% , Z£it
th Zn (R B2 I 38.08% .81.22%F11 94.30%,
R Zn (R B 5 4 53 N 19.04% (51.24%
75.38%; K AKZEM-r Cu R R 5038 0 10.13% |
64.56% %1 100.00% , R FH Cu f R Z 5L 4350 35
52.21% 416.18%F1 1186.76% , 25 rh Zn 1y FH E54
BN 6.66% .29.47%F1 122.54% , K3 & Zn HYFH &
AT BIBE TN 35.42% .63.31%F1 191.05%, FH HU8HH ,
AN R 5 [V A A T B ASE %o A [+) 4 S g W A
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Table 4 Concentrations of Cu and Zn in three crops

Py Abaw e Allium sativum/mg-kg” P13 Brassica rapa/mg-kg” F K Zea mays/mg-kg”
Heavy metals Treatments 21 Aboveground #2 Roots Z£1 Aboveground #2 Roots Z£1 Aboveground #2 Roots
Cu CK 1.62+0.37d 3.12+0.13b 1.15+0.37¢ 1.69+0.13b 0.79+0.08b 1.36+0.06¢
M, 2.20+0.27¢ 3.22+0.30ab 1.20£0.04¢ 1.97+0.17b 0.87+0.18b 2.07+0.34¢
FM, 4.20+0.08h 3.86+0.79ab 4.04+0.69h 15.58+1.34a 1.30+0.08a 7.02+1.47h
FM; 5.79+0.11a 4.12+0.21a 5.45+0.97a 15.90+3.32a 1.58+0.26a 17.51£0.92a
Zn CK 11.84+0.68¢ 16.32+0.51¢c 23.16£2.21¢ 24.90+2.50d 18.63+2.19b 13.41+0.86¢
FM, 13.71£1.65¢ 16.51+0.58¢ 31.98+1.84h 29.64+0.86¢ 19.87+2.58b 18.16x1.37h
FM, 17.04+1.90b 19.15+0.79h 41.97+3.18a 37.66+3.45h 24.12+3.24h 21.90+3.38h
FM; 20.49+1.39a 25.19+1.07a 45.00£3.07a 43.67+1.38a 41.46+2.11a 39.03+3.02a
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Table 5 Correlation coefficients between concentrations of Cu and Zn in crops and in soil
Vet F4)E S8 4> Total concentrations A Available concentrations
Crops Metals  Parameters  [a] /5 )5 Regression equation R’ F [ J5 75 #2 Regression equation R? F
Kk Allium sativum ~ Cu  ZEI} Stem leafl  ¥V=31.037 1X-29.749 2 0.983 8™ 420.556 8 Y=4.086 6X-1.201 6 0.981 3™ 364.447 5
H2 Root Y=78.883 2X-204.588 9  0.786 2" 22.662 5 Y=10.624 4X-25.074 8 0.802 3" 25.282 5
Zn  Z£H Stem leaf Y=7.585 0X-64.121 7 0.875 0" 45.754 1 Y=5.151 0X-37.065 0 0.936 2" 99.362 7
R Root Y=4.954 0X-28.546 1 0.910 6© 67.975 6 Y=4.658 9X-46.551 4 0.959 3" 161.406 4
[12% Brassica rapa~ Cu 25 Stem leaf Y=25.904 9X+2.420 9 0.960 17 164.973 6 Y=3.408 6X+3.040 8 0.957 17 152.669 8
AR Root Y=6.684 7X+19.149 1 0.896 8" 57.525 4 Y=0.919 2X+4.893 6 0.934 3 96.153 4
Zn  ZEM Stem leaf Y=4.586 8X-27.350 4 0.877 17 46.674 8 Y=1.878 4X-22.568 9 0.869 0 43.175 6
2 Root Y=5.877 7X-64.045 1 0.946 0° 119.226 4 Y=2.410 2X-37.703 3 0.938 57 103.441 9
K Zea mays Cu  ZE0} Stem leaf  ¥=142.909 2X-83.948 2 0.924 4™ 82.237 5 Y=18.972 5X-8.514 5 0.929 8" 89.293 3
R Root Y=7.956 9X+22.250 7 0.978 57 315.446 8 Y=1.002 2X+5.963 1 0.933 77 95.235 6
Zn  ZEI Stem leaf Y=4.610 3X+15.656 1 0.932 5" 93.349 4 ¥Y=1.930 8X-6.070 1 0.944 9™ 116.533 5
R Root Y=4.406 0X+33.723 0 0.937 9" 102.316 9 Y=1.830 2X+1.845 1 0.942 57 111.408 4

TF %% FOR P<0.01, Note: ** indicates P<0.01.

EERESIAR., BEIR Cu 78 3 FEYIZEM b 1Mk i
ETh R ARG B AR R 1 & Cu PR T
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FIVEHIXT Zn (054 20N 10.029%~33.42%, HA/)N
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FHRTF FM, Fl FM, A FE, (32 FM, Ab 3 8 % KT
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YEM RGP ER BRI T Cu, X 5SS R
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* 6 3 FEHXT Cu 1 Zn S ERHINEITREL

Table 6 Bioconcentration factors and translocation factors of Cu and Zn in three crops

N IES b = #E 228 Bioconcentration factor/% 328 Z %4 Translocation factor/%
Metals Treatments Kok Allium sativum [13% Brassica rapa  EK Zea mays KR Allium sativum [13 Brassica rapa 2K Zea mays
Cu CK 5.55+1.09b 3.95+1.11a 2.71+0.30a 52.26+11.24c 68.94+1.26a 58.11£5.05a
FM, 7.09+0.66a 3.23+0.16a 2.80+0.53a 69.1x11.78¢ 51.08+2.25b 42.57+9.90b
FM, 4.52+0.20¢ 4.30+0.58a 1.38+0.06b 112.03+£16.25b 26.17+5.17¢ 18.97+3.76¢
FM; 3.69+0.15¢ 3.47+0.48a 1.00+0.14b 140.83+7.56a 23.98+4.43¢ 9.02+1.48d
Zn CK 12.89+0.55a 25.21+1.81¢ 20.28+1.88a 72.63+14.37h 93.81+1.20b 139.49+18.07a
FM, 14.32+1.35a 33.42+1.63a 20.75+2.11a 82.92+4.44ab 107.90+1.07ab 110.25+18.91b
FM, 11.35+1.18b 27.94+2.12b 16.07+1.99b 88.90+14.49a 112.30+1.67a 110.54+7.92b
FM; 10.02+0.67b 22.01x1.44d 20.27+0.94a 79.24+6.99ab 103.14+1.13ab 106.44+5.78b
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