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Effects of compound fertilizer and humic acid liquid fertilizer
amendments on heavy metal accumulation and translocation
in Amaranthus mangostanus L.

LI Ben, XIE Wen-juan, HU Min-yu

(Department of Nutrition and Food Hygiene,School of Public Health ,Central South University ,Changsha, Hunan 410078, China)

Abstract: [Objective] The aim of this experiment was to study the effects of compound fertilizer and
humic acid liquid fertilizer amendments on heavy metal accumulation and translocation in amaranth,and to
improve heavy metal pollution control. [Method) Amaranth was used as experimental subject,clean water
was selected as control group and planting soil was treated 0,1 and 2 times with compound fertilizer , humic
acid liquid fertilizer No. 1 and No. 2 before sowing,respectively. Compound fertilizer,humic acid liquid fer-
tilizer No. 1 and No. 2 was applied three more times at the 7th, 14th,21th day after sowing, respectively.
The contents of Pb,Cd,Hg,and As in edible parts and roots of amaranth as well as planting soil before and

after experiment were detected. Soil and amaranth were assessed according to national standards. Bioaccu-
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mulation factors (BCFs) and translocation factors (TFs) were adopted to evaluate the ability of accumula-
tion and translocation of heavy metal in amaranth. [Result] Before experiment, soil Pb and As concentra-
tions exceeded national standard limits in some treatments. Soil Cd content exceeded the limited standards
in all treatments before and after experiment. Cd and inorganic As concentrations in amaranth,of all treat-
ment were less than national limited standard. Only Pb contents of treatments A,E,and H meet national
standards and Hg was not detected in amaranth. The average BCFs of amaranth Pb in compound fertilizer
group, humic acid liquid fertilizer No. 1 group and No. 2 group were 0. 025 +0. 016,0. 013 +£0. 011, and
0.00640. 003, respectively and the average TFs were 6. 18+ 1. 87,2. 22=£1. 75,and 0. 953 0. 40, respec-
tively. The differences among groups were statistically significant (P<C0. 05). [Conclusion) Soil Cd con-
tents exceeded the national limited standards and amaranth Cd contents meeted national standards, which
may be associated with amaranth cultivars. Applying compound fertilizer improved the ability of Pb accu-
mulation in amaranth, and Pb mainly distributed in edible part. Utilization of humic acid liquid fertilizer

weakened the capacity of Pb accumulation in amaranth,and part of Pb was effectively blocked in amaranth

root.
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Table 1 Experimental design of this study
b3 R7S Aib 3 IRV
Treatment Method Treatment Method
FEFEEAE 15 1R+ 5 7.14.21 R 1K
A FE AN 5 32 R it T K F Application of humic acid liquid fertilizer No. 1 one time
Application of clean water throughout the experiment before sowing+ application of humic acid liquid fertilizer
No. 1 one time at the 7th,14th,21th day after sowing
S y y , oK R 515 2 )k 7.14.21 K435 1%
ST H 4008 0 55 714,21 AR SIBEIT 1 2 BN ATHEJR 1 5 2 Ut 71021 RSP 13K
. e . . Application of humic acid liquid fertilizer No. 1 two
Without application of compound fertilizer before sowing+ . . . Lo . S
B o .. . G times before sowing + application of humic acid liquid
application of compound fertilizer one time at the 7th, . .
. fertilizer No. 1 one time at the 7th,14th,21th day after
14th,21th day after sowing .
sowing
MR AIE 1R 58 7.14.21 X450 H 1K FEFETAEIG 25 0 W +55 7.14.21 R4 1K
. Application of compound fertilizer one time before Without application of humic acid liquid fertilizer No. 2
sowing+application of compound fertilizer one time at the before sowing+ application of humic acid liquid fertilizer
7th,14th,21th day after sowing No. 2 one time at the 7th,14th,21th day after sowing
AR E A 2 W58 7.14.21 KA 1) FERETRTNE 2 5 1 R+5 7.14.21 RAEH 1 K
Application of compound fertilizer two times before Application of humic acid liquid fertilizer No. 2 one time
D . o - . 1 . L . e .
sowing+ application of compound fertilizer one time at the before sowing+ application of humic acid liquid fertilizer
7th,14th,21th day after sowing No. 2 one time at the 7th,14th,21th day after sowing
N e 3o 2o k48 714, - | .
ST MG FIIE 1 0 2+ 55 7,14 .21 AP BHEF 1 K DRI 2 15 2 Ut 11021 RSP LK
. s . iyl o Application of humic acid liquid fertilizer No. 2 two
Without application of humic acid liquid fertilizer No. 1 be- . . R . S
E . L . e . . Al times before sowing + application of humic acid liquid
fore sowing+application of humic acid liquid fertilizer No. o .
. . fertilizer No. 2 one time at the 7th,14th,21th day after
1 one time at the 7th,14th,21th day after sowing .
sowing
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Table 2 Effects of compound fertilizer and humic acid liquid fertilizer amendments

on soil pH and heavy metal contents (2=50)

b 3 #i/(mg+ kg™ %/ (mg « kg™ ") K/(mg -+ kg ) fift/(mg « kg™ ")
Treatment pH Pb Cd Hg As
A 6.82+0.08" 34,5549.97* 1.67=+0. 30 0.2240.04 16.93+0.93
B 6.96+0,11" 6.39+1.64" 0.96-+0. 42 0.14-+0.03" 14. 3945, 55"
C 6.84+0.05" 8.30+4.94" 1.4340.42 0.18+0.15 20.1041.28"
D 6.86+0.11" 8.16+3.07" 0.97+0. 14 0.14+0.03 13.30£1.76"
E 7.40+0.07" 24.1049.71 1.6441.14 0.15%0. 04 13.61+2.55"
F 7.22+0.08" 7.99+2,55" 1.1840. 41 0.15+0.03 13.93+2. 21"
G 7.34+0.05" 6.78+1.46" 1.3940. 22 0.12+0.03" 14.49+3.98"
H 7.164+0.13 24.4249.56* 1.3340.51 0.21+0.13 15.17+£2.65"
1 7.16+0.21* 35.17413. 41 1.6440.37 0.24+0.12 19.14+3.36"
J 7.22+0.04" 31.63+14.41" 1.3240.23" 0.15+0.01" 17.64+2. 75"

TE bR o+ 2 R0 iz 15 FARK 96 i AR 1L 22 5 8 2 (P<<0. 05),

Note:Data with * indicate significant difference before and after experiment(P<Z0. 05).
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Table 3 Effects of compound fertilizer and humic acid liquid fertilizer amendments on contents of

heavy metal in edible part and root of amaranth (n=50)

Ak 3 #/(mg + kg ') Pb #h/(mg -+ kg 1) Cd (mg?élfg 1)36@Lﬁ$,/(mg- kg ")Inorganic As
Treatment gk Whole Al fr#f Edible i Root ] &t Edible 4 Root Hg AT A Edible AR Root
A 0.2440.11 0.224+0.12 0.41+£0.03 0.12+0.03 0.05+0.02 — 0.01540.004 0.037+0.013
B 0.73+0.17 0.78+0.18 0.19+0.08 0.14-+0.02 0.04=0.01 — 0.00640.002 0.022+0.004
C 0.83+0.23 0.91+0.25 0.12+0.02 0.14+0.01 0.04+0.01 — 0.00540.003 0.030+0.010
D 0.724+0.09 0.79+0.11 0.20+0.02 0.14+0.02 0.05+0.03 — 0.00740.005 0.023+0.003
E 0.10%0. 07 0.0940.07 0.19+0.08 0.05+0.01 0.04-0.01 — 0.01140.009 0.022+0.004
F 0.68+0.21 0.73+0.23 0.19+0. 04 0.10+0. 02 0.04-+0.01 — 0.01540.005 0.027+0.007
G 0.37+0.06 0.39+0.07 0.18+0.02 0.10+£0. 02 0.03+0.01 — 0.01340.005 0.024+0.006
H 0.30+0.12 0.28+0. 14 0.42+0.02 0.10+£0.02 0.04740.01 — 0.01740.004 0.027%£0.005
1 0.4040.19 0.40=+0. 21 0.38+0.01 0.09-+0.01 0.06+£0.01 — 0.01640.002 0.027+0.003
J 0.45+0.03 0.46+0. 04 0.40+0.01 0.08+0.01 0.06+0.01 - 0.02040.009 0.030+0.006

T = 7R A Ry 0,000 12 png/mL i, R4S HIOK

Note:*“—" represents that Hg was not detected under the detection limit of 0. 000 12 pg/mlL.
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Table 4 Effects of compound fertilizer and humic acid liquid fertilizer amendments on BCFs of Pb in amaranth

= THE R L ‘
Ttem (,omps)und Humy:' acid liquid Hum}c. acid liquid F/H P
fertilizer fertilizer No. 1 fertilizer No. 2
H#1{H Average 0.02540.016% 0.01340.011" 0.00640.003¢ 24. 837 0. 000
0K Zero 0.02740.008% 0.00440. 0044 0.00540. 0024
1 & One 0.03640.016% 0.02440.0138 0.00840. 0054
2 X Two 0.03140.0144 0.01840. 004" 0.00740.0014
F/H 0.563 8.720 1.431
P 0.584 0.013 0.277

T« [ A7 80 8 Bn A [ /NG 5 B 35 3 7R 2L i) 28 5 K 35 (P<C0. 05) 5 [R5 B4l R A AN ) DR 55 5 B 3 3 it ML o i 22 5 88 35 (P<C0. 05D,

TR E AR FAE R T IR B iy HAH. TR,

Note:Data with different lowercase letters in the same row indicate that the difference between groups is statistically significant(P<Z0. 05) ;

Data with different uppercase letters in the same column indicate that difference between fertilizer application times is statistically sig-

nificant(P<C0. 05). Underlined data are F value;data without underline are H value. The same below.
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Table 5 Effects of compound fertilizer and humic acid liquid fertilizer amendments on TFs of Pb in amaranth
= THE FIOH WU ,
Ttem (,omps)und Humy:' acid liquid Hum}c. acid liquid F/H r
fertilizer fertilizer No. 1 fertilizer No. 2
Il Average 6.18+1.87° 2.2241.75" 0.95+0. 40° 27.592 0. 000
0K Zero 4,3841.477 0.4540. 377 0.6740. 334
1 & One 7.62+1.320 3.95+1.56¢ 1.03+0. 534
2 % Two 6.54=+1.238 2.26+0.708 1.14+0. 114
F/H 7.548 14.979 3.120

P 0.008 0.001

0. 210
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