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Absorption and Accumulation of Heavy Metals in Amaranth Under Stress of Multiple Salt Ions. ZHANG Qian-kun
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Abstract: Reference to the salt and heavy metals content in the pore water of tidal flat soil which was in different leaching
and desalinization stages, a hydroponic experiment of amaranth was carried out to investigate absorption, accumulation and
transportation of six heavy metals (Zn, Cu, Ni, Cr, Pb and Cd) by the plant under the combined effect of a variety of
salts (SO,>”, C17, NO; , CO,>", Na*, Ca’*, K" and Mg® *, etc. ). Results show that compared with what was ob-
served in the control, under the effects of salt ions different in concentration, the content of Cd in stems and leaves of the
plant increased by 69.2% —146.2% , while the contents of other heavy metals did not change much; the content of Cd,
Pb, Cr, Ni and Cu in roots of the plant increased by 187.8% , 197. 7% , 305. 7% , 228. 1% and 58. 2% , respectively,
but that of Zn was not significantly affected. In the culture solution with salt ion concentration being more than 1 312.4
mg + L™", the contents of the six heavy metals in the roots and shoots did not vary much between treatments different in
salt concentrations, separately. Salt treatment apparently reduced the translocation coefficients of Pb, Cr, Ni and Cu in
amaranth from the roots to the shoots, but it did not affect much that of Cd and Zn.
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Table 1 Contents of salt ions added into the nutrient solution

945  MgSO, - 7H,0 493  KNO, 506, NH,NO, 80
KH,PO, 136; ffi ot E & & (mg - L") : MnSO, -
4H,0 22.3 H,BO, 6.2 .ZnS0, - 7H,0 8.6 .CuSO, -
5H,0 0. 025 ,CoCl, 0. 025 Na,MoO, - 2H,0 0. 25 KI
0. 83 .FeSO, - 7H,0 5.56 . C,,H,, N,Na,0, + 2H,0
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L") & 4 J@: Cd 0.265, Cr 10.10, Pb 34.73, Cu
12.58,7Zn 7.43,Ni 6.00, Xf 1 [ 4MiNE 4 J@1L-&9)
7:3CdSO, - 8H,0 .K,Cr,0, .Pb(OAc), - 3H,0,Cu-
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LHE + + 2+ 2+ P/<mg:1‘ ) 2- - 2- SR =N
Na K Mg Ca Cl CO; HCO, S0, A BA 5 7 i

Xt HR 0 0 0 0 0 0 0 0 0

T1 2 060. 6 117.8 122.9 36.4 3472.7 15.0 159.0 633.9 6618.3

T2 1331.8 114.7 108. 6 8.7 2825.7 22.8 179.3 249.5 4841.1

T3 1116.7 108. 1 92. 4 5.6 2183.7 25.8 159. 8 243.2 3935.3

T4 791.9 82.8 47.0 6.9 1449.7 21.4 156. 8 110.2 2 666. 7

T5 670.3 73.6 40.7 7.3 1508.7 25.6 178.5 79.2 2583.9

T6 622.5 63.5 32.8 6.2 1218.6 21.0 212.9 28.4 2205.9

T7 362.6 38.6 11.2 4.8 556.7 28.2 272.4 37.9 1312.4

T8 244.2 27.7 7.5 9.9 345.6 14.6 155.3 32.0 836. 8
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Fig.1 Effects of concentrations of different salt ions on

biomass of shoots and roots of amaranth
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Table 2 Effects of concentrations of different salt ions on contents of heavy metals in roots and shoots of amaranth

mg - kg_l
45 Cd Pb Cr
Es ER EUS LER Eus LER

X} HE 0.013 +0.007°¢ 0.041 +0.007°¢ 0. 185 0. 028° 0.355 +0.079°¢ 0.263 =0. 055* 0.297 +0. 032°
Tl 0.032 +0. 004* 0.118 £0.024* 0.172 0. 028* 1.010 0. 378* 0.227 0. 087* 1.205 +0. 236°
T2 0. 029 +0. 005* 0.094 =0.012° 0.153 £0. 023° 0.942 £0. 451° 0.162 0. 043° 0. 883 +0. 341°
T3 0.031 £0.007* 0.094 +0.017* 0.180 0. 030* 1.057 +0. 238* 0.212 +0.011° 1.002 £0. 387°
T4 0. 029 =0. 005* 0.087 0. 013* 0.162 £0.018* 0. 848 =0. 145* 0.210 +0.047° 0.907 +0.219°
T5 0. 028 +0. 006 0.082 0. 021* 0.198 0. 045° 0.857 0. 298* 0.234 0. 058° 0.830 0. 231°
T6 0. 029 +0. 004* 0. 106 +0. 032° 0. 186 0. 043° 0.792 +0.261° 0.261 +0.031° 0.928 +0.210°
T7 0.023 +0. 005" 0. 079 0. 020® 0.181 0. 029* 0.597 +0. 199" 0.228 +0. 064* 0. 870 +0. 192°
T8 0.022 +0. 004" 0. 062 +0. 009" 0. 168 0. 037" 0.492 +0. 083" 0.218 +0. 055* 0. 686 +0. 189"

e Ni 7n Cu

EXs LiER EXus lER EXus lER

it 0.398 +0.037* 0.448 +0.221" 14. 679 3. 774* 20. 601 +3.219° 2.692 =0. 632° 1.753 £0.305"
T1 0.236 +0. 054° 0.993 =0. 178° 9.917 +1.283° 17. 464 + 4. 536° 3.246 +0.903° 2.773 +0. 542°
T2 0.233 £0.018* 0.906 +0.214° 8.610 +1.996° 15.031 +4. 673° 2.814 +0. 438" 2.385 +0. 632°
T3 0.259 0. 047* 1.104 +0. 398* 9.994 + 1. 874% 16.959 +3.119° 2.499 +0. 536° 2.665 +0.278°
T4 0.244 +0. 039" 0.962 =0. 421° 8.981 +1.213% 18.281 +4.287° 2.445 +0. 834° 2.175 =0. 467°
T5 0.344 +0.027° 1.008 +£0.241° 12.256 +2. 418" 17. 696 +3. 264° 2.833 +0. 539° 2.177 +0.298°
T6 0.373 0. 068" 1.372 +0. 378* 12. 637 +3. 652° 21.479 +4. 825° 2.834 +0.942° 2.506 +0. 503°
T7 0.276 =0. 049* 1. 470 0. 428° 14. 401 +3. 985° 23.721 £5.216° 2.544 +0. 683° 2.380 +0. 347°
T8 0.465 +0.021° 1.202 +0. 263° 12.483 +4.214° 21.816 +4.529° 2.524 £0.734° 1.871 0. 432"
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P<0.01), S5XFREAIEL, 800 85 F 0 in A R 0 3
Bl D SE 2L RIAR 22X Cd AW, H T1 ~ T6 Ab 3
[ ST Cd (M I TG B 3 2 5 o ) RO S 25 i A
WRXT Cd I Ry 0. 054 mg « kg™', T1 ~ T8
ALEE HE X RS TN 55. 6% ~ 177. 8% k43 Ab BRI 5
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A 53 Ab 3 G 2 1 5 T SEAR R KT Ni IS, {H T ~
T8 ZbFREMR R Ni BTN E %R W
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i/ NTF2EM T SR E S S, R T Al
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112 fig 71 KN KARMKIR A Cu Zn Cd Ni, Cr FiI
Ph, T RE G Sie XA [ 3 4 & 1 5 iz g J1BR Cu AJ
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Table 3 Effects of concentrations of different salt ions on

translocation coefficient of heavy metals in amaranth

i PO L
Cd Pb Cr Zn Ni Cu
XA 0.325°  0.521° 0.885° 0.713* 0.888"  1.536"
Tl 0.269* 0.170* 0.189* 0.568* 0.238* 1.171"

T2 0.306° 0.162* 0.184* 0.573* 0.258* 1.180%
T3 0.327° 0.170* 0.212* 0.589* 0.235%  0.938"
T4 0.337° 0.191*° 0.231* 0.491° 0.253* 1.124°
TS 0.343% 0.231° 0.282" 0.693° 0.341°  1.302°
T6  0.275* 0.235* 0.281" 0.588* 0.272* 1.131°
T7  0.291* 0.302" 0.262" 0.607° 0.188*  1.069"
T8 0.359° 0.342" 0.318" 0.572* 0.387° 1.349°

XFHE R T1 ~ T8 AR PR B TR LR 10 Al —5 3 S0/ NS 8)
IR FR AL BRI AR BRTE o =0. 05 K B2 5 3,

Cu [ F-H4%65 2%k 1.200(0.938 ~1.536) ,
G0 Zn B9 2 A% Ni B9 3.5 4% (Cd T Cr 1 3. 8 1%,
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