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Chromium Migration and Application of Conditioners in Vegetable-growing Soil
LUO Quanda
(Agricultural Ecology Environment and Resource Station of Fujian, Fuzhou, Fujian 350003, China)
Abstract: [ Objective] Accumulation of chromium (Cr) in vegetables migrated from soil and mitigation effect of soil
conditioner applications were investigated. [ Methods] A field experimentation was conducted on a slightly polluted lot to
determine the Cr-uptakes of green mustard (Brassica juncea L. Czern and Coss), peanut (Arachis hypogaea L.), sweet corn
(Zea mays L. var. rugosa Bonaf.), sweet potato (Ficus tikoua Bur), and soybean (Glycine max Merrill) plants grown on it.
Vegetable with the greatest Cr-uptake was further tested on the lot for the heavy metal accumulation under the soil treatments
of blank (CK), peat (P), and addition of organic fertilizer (M), zeolite (Z), FeSO, (Fe), M+P at 1:2 (MP), M+Z at 1:2 (MZ),
M+P+FeSO, at 3:6:1 (MPFe) or M+Z+FeSO, at 3:6:1 (MZFe). The application of FeSO, was at a rate of 540 kg-hmfz, and
the others at 5400 kg-hmfz. [ Results] None of the initial tested vegetables had a Cr content exceeded the national safety
standard. Since the green mustard had the highest uptake rate, it was used in the subsequent experimentation. The various added
conditioners raised the soil pH by 0.45-0.93; increased the yield of mustard by 5.66-12.77%, except Z and Fe; and decreased
the available Cr in soil by 39.8-53.8%. The treatments of P, M, Z, Fe, MP, MZ, MPFe, and MZFe lowered Cr content in the
mustard by 53%, 33%, 44%, 32%, 59%, 40%, 72%, and 82%, respectively. [ Conclusion] The Cr-uptake of mustard was

significantly higher than those of the other crops grown on the same field. Both available Cr in soil and in mustard were
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significantly reduced by the M, P, Z, and Fe treatments that applied soil conditioner singly or in combination. In combination,

MPFe or MZFe performed significantly superior in reducing Cr-accumulation in mustard.

Key words: Organic fertilizer; peat soil; zeolite; ferrous sulfate; chromium; mustard
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Table 1 Physiochemical properties of soil and conditioners

33 T HHLR FH 5 55 0 i

pH  Organic matter/  Cation exchange capacity/

Soil and conditioners

BB R ing
Mechanical composition/ Total amount of heavy Metals/
% (mg'kg )

(ke Comol kg ) BH BR O ®R W o® W & %

Sand Silt Clay Cd Pb As Hg Cr

+ 4 Soil 6.63 16.30 39.93 295 28.5 420 0.15 13 158 0.074 203
A Zeolite 6.02 — — — — — ND 15 852  0.060 30
HHUIE Organic fertilizer  8.55 51.8 — — — — 062 164 205 0200 25
Je %t Peat soil 7.90 540 — — — — 0595 154 143 0.034 54

ND: £, Bk (2~0.02mm), i (0.02~0.002mm), Fiki (<0.002 mm) .

Sand (2-0.02 mm); silt (0.02-0.002 mm); clay (<<0.002 mm).
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Fig. I Changes in Cr content in vegetables
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Fig. 2 Effect of conditioners on soil pH
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Fig. 3 Effect of conditioners on mustard yield
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mg'kg ') > MPFe (0.037 mg'kg ') > MZFe (0.036
mg'kg ') > MP (0.035mgkg ') > MZ (0.0348 ) >
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Fig. 4 Effect of conditioners on available Cr content in soil
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Fig. 5 Effect of conditioners on Cr content in mustard



750 I R F IR

9 38 4

BEREBE 90 33%. 53%. 32%. 44%. 40%. 59%.
72% M1 82%, Hr, e (P) . AHE+EH (MP) .
A HLUAE A+ %+ iR 2k ( MPFe ) . A HLAE -+l £1 +6%
BRIV 4% (MZFe ) AbHFE AR

3 itk

A TIF 5 i 2700 Bt B 106 A i 2 W R A T
T A, — 7 TR TR B R A SR
% — 7 THT S ey TR B0 R RO P R R Ik B4 i
FH AT 458 P 7S 5 0 Bl = M B, R T
g i 2 VR A iU A LR AT LR
pH!T B W REVE S, AR R HLRR B R
T I R RS R TR N A S = A
B, 35 MBS e B XN A
A %58 v W B B T R AE Y, A LB B R
W7 5% — i A P ke AR B A R
T RRURIASS s LB, o 4 S % e B0 e S T R
ﬁ'é j] [23-25] 5

ARTRTELE S F W, M 00 4% A 8 2 70 A A -
AR S i, X R AR A SR 3 P B B B T 2k
SEMEE . B T MR 8 =M e il R, A
- 1 5 TR P 4k 7 A A i S A R AR Y HRR IS T
L pH {F, -3 pH (A % AN ] f 484 S 2 B
b TR pH A BEAR HE— A4 HE T N S 1
SRR, TG pH TR AL TR Ak
LR SRR B, TR HE T PSR B IR PRk,
i FH B TR 0 S S AR T AL o % g i . X 20
BF AL 22 B, 7 A 4 T LA B fhl A & o 42k o0 2 1 1%
W, T A R Ik AR I B A T s R 7 A
FHIERRAR T /K REAT A b B 5% A

SR Y 2 MU W TR 2R, R AR
Wyt — e FR T R, A HLIE R AR 4 op
B EE BRI, ST 50 XY 1 R — 2
BIRICR R AR, R T R A LR
b, W IERUEMIRE S, (e B
Wyszkowska 25 BFSE ST, 4% 11 200 1 114 36t 1% 22 1
PR BB LR BB A SR TR REE . EOR Y
W25 R B A A TR T 75 M 4% 6 200 1 0 2
T 2 RETE RO S TSR Gl 0 s 9 4 A 6 SR TR
SRR % B S R S R R
PRI, AU s 908 5 - 6 P AT D S 2 A 6 7 2
| EE KRS g 2RO,

WA — PP SRR ER Y, i SiO4 AT ALO,
£ DU T A P 2L, DU T A AL X SiY Y IR
A IUA S B0 A7 R i B LA, 2 R L Tl T

A BB T VA . B, R AR A AT LA A 4 BH
T, EARRE BB T, Radziemska %7 BF 5t %
B, =k A, B it AT AR AR K B
FE G NOYER I, WA AR T O TR A 1
W (RABATT & AR K A B A A F BN 5 R
GHR ., MATEEI, 7E25. 50 mgkg | AU G
T, WA A AR SR i s A i, (HAE 100, 150
mg-kg ' ANPERBEA T, B T RS E
A AT UL, A XS A R R R G TR AR
MZ BRI . P EN S DS
R . AT 6 25 S 2 B A i PR A T
AR, IF R EF RS I3 o, R T
il 32 S 20 W A 1) W B A e PR ok o 7 3

AT FE R, 45 VR B Ab B Y S AR T R
A, BHLUE. WA . A YL A 3 FhibH 435
R A - HEA RS 55 53.8% . 48.9% Fil 47.4%. 1 5|
14 52 Ak 3 AR AV 48 T S 4% 5k T ) 2SR B
W, YR A+ BRI R . A PRI R £+ B
2 IV 9 o 525 Ak 3L 43 ) 44 8 3 v A R AR
T 82.3% M1 71.8%. I, FHXIA M A8 1k iy 5% 15 Y
M 2R HE R E S, BT A RS
O, REFLREY PN S EAL, EflE
- HE 2 4 ) A e e S R N R AT . [
BF, AN [ 24 2 38 ) TR e A SR A A8 S A I A T
PO % R -4 pH 52 AR BRI
S5 AEFERZHTIH L IRARR

4 %t

(1) HEXPEY St Ir 8 & SRR R T fe
B EOK B R AR IR A, W IT SRR AR AR K T
hBERTED., HEMREK,

(2) 3l A7 RV 2 IV 4% Ak B8R %ok 4% I T 358 7 1) 5
M AN G (P>0.05), HoAth b 38 ¥ 2 58 o 4 vt I
S (P<<0.05), RN 5.66%~12.77%. AHLIE.
Uerk . Wb IR Bk PR SR Y W BT T
+ 3 pH(H, R4 0.45~0.93 AL, LUBEA+A
HLAE . WG AA VUIEAL B pH (B 18 08 Bl o A5 AL By
AL A SR AR (P<0.05), FEIRN
39.8%~53.8%, LAihA7 AIAT HLAL A B Sk SR et o

(3) 8 27 B i o VR e 35) B S 2 AR A O
AR SR, FRIEN T 32%~82%, Jesc+A HLIE+HLRR
WK B A AL+ R IV R Ak B TR A O SR A
T AL 50% LA Lo BT XS B B S Yk - Y %2
ERA, PSRRI SE A AR Kt
Wb SOBER WK i A HLIE U k1 (il A ) +



6 Y

FRE: B LEARN RGO AL NIRRT

751

L R T 2 S5 9 B9 0 48 SR A % A SR A
SE K -

(1]

(2]

(3]

[4]

(5]

L6]

(7]

(8]

9]

[10]

[11]

[12]

NAKKEERAN E, PATRA C, SHAHNAZ T, et al. Continuous
biosorption assessment for the removal of hexavalent chromium from
aqueous solutions using Strychnos nux vomica fruit shell [J].
Bioresource Technology Reports, 2018, 3: 256—260.

LIAN G Q, WANG B, LEE X Q, et al. Enhanced removal of
hexavalent chromium by engineered biochar composite fabricated
from phosphogypsum and distillers grains [J]. Science of the Total
Environment, 2019, 697: 134119.

PRI AR, [ L PR VRS, 4 s YR A ARIR]. Jb 5t 3R
BEGRIF . [ L BRE T, 2014,

RTTA, W, VEMS. RS AR R (D], R AR, 2020,
57 () 1-11.

ZHAO F J, XIE W Y, WANG P. Soil and human health [J]. Acta
Pedologica Sinica, 2020,57 (1) : 1-11. (in Chinese)

FRBRAK. 74P B e R SRR PR R TR (U] %, 2021,
53 (1): 1-4.

ZHANG T L. Protecting soil health of cultivated land to promote high-
quality development of agriculture in China [J]. Soils, 2021, 53 (1) :
1-4. (in Chinese)

INELE, ZRK, R, 45 BRG0P b -39 o 43 v e &
AP (V] e R 22244, 2022, 45 (1) : 61-68.

SUN Z J, LI BF, CHEN Y H, et al. Assessment of agricultural land on
soil heavy metals pollution and ecological risk in the northeast of
Zhanjiang City [J]. Journal of Hebei Agricultural University, 2022,
45 (1) :61-68. (in Chinese)

ROMERO-ESTEVEZ D, YANEZ-JACOME G S, NAVARRETE H.
Non-essential metal contamination in Ecuadorian agricultural
production: A critical review [J]. Journal of Food Composition and
Analysis, 2023, 115: 104932.

DESMARIAS T L, COSTA M. Mechanisms of chromium-induced
toxicity [J]. Current Opinion in Toxicology, 2019, 14: 1-7.

ERTANI A, MIETTO A, BORIN M, et al. Chromium in agricultural
soils and crops: A review [J]. Water, Air, & Soil Pollution, 2017,
228 (5) :190.

FERC, VIR, SRR A, 55, - pHAIERT 5 4 & &5 (VDA 1 3E 7% I
ALz [1]. P58 TR225R, 2016, 10 (10D : 6035-6041.
WANG C W, XU M, ZHANG J J, et al. Influence of soils pH and Eh
migration and transformation of Cr(VI) [J]. Chinese

on vertical

Journal of Environmental Engineering, 2016, 10 (10) :
6035-6041. (in Chinese)

RAPTIS S, GASPARATOS D, ECONOMOU-ELIOPOULOS M, et
al. Chromium uptake by lettuce as affected by the application of
organic matter and Cr(VI)-irrigation water: Implications to the land
use and water management [J]. Chemosphere, 2018, 210: 597-606.
CHOPPALA G, KUNHIKRISHNAN A, SESHADRI B, et al
Comparative sorption of chromium species as influenced by pH,

surface charge and organic matter content in contaminated soils [J].

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Journal of Geochemical Exploration, 2018, 184: 255-260.

XIAO W D, YE X Z, ZHU Z Q, et al. Continuous flooding stimulates
root iron plaque formation and reduces chromium accumulation in rice
(Oryza sativa L. ) [J]. Science of the Total Environment, 2021, 788:
147786.

XIAO W D, YE X Z, ZHU Z Q, et al. Combined effects of rice straw-
derived biochar and water management on transformation of
chromium and its uptake by rice in contaminated soils [J].

Ecotoxicology and Environmental Safety, 2021, 208: 111506.

DRI, =R EREN B R RS F AR TS Y LRI BOR B A (J). AR
R4, 2022,37 (3): 398-404.

LUO Q D. Fertilizer-enhanced phytoextraction of Pennisetum sinese
roxb on cadmium in soil [J]. Fujian Journal of Agricultural Sciences,

2022, 37 (3) :398-404. (in Chinese)

TRAE, A, PN, 5. TEVE B R RR T R 4B B2 Cr(VI) TS G £33
(0], BRIERREAER, 2021, 41 (10D 4161-4169.

XU R, WANG H W, SUN Y J, et al. Remediation of Cr(VI) from

contaminated soil with the combination of biogas residue and ferrous
sulfate [J].  Acta  Scientiae  Circumstantiae, 2021,41 (10) :
4161-4169. (in Chinese)

ARGT, 2208, 258 o0, 55 AR R E T LR R gt
B OmAE R ] A0k RS R 2R, 2015,32 (3D
235-241.

LI S J, LI P, LI X R, et al. The influence of concentration of
chromium, cadmium in soil-crop system under different fertilizers and
fertilization amount [J]. Journal of Agricultural Resources and
Environment, 2015,32 (3) :235-241. (in Chinese)

T, Eak, RS AL 3 AL 77 A L P 7 & 1 3 1)
W (1], A SHBE%4H, 2016,25 (1): 175-181.

NING C C, WANG J W, CAI K Z. The effects of organic fertilizers on
soil fertility and soil environmental quality: A review [J]. Ecology and

Environmental Sciences, 2016,25 (1) :175-181. (in Chinese)
PN, 3T, IR 36, 45, FUIE S5 A LI RC i B0t L 988 58 5 441 43
s (7], 2382241, 2019, 56 (4): 940-952.

SUN Y, HOU W, CHI M J, et al. Effect of combined application of
nitrogen fertilizer and organic manure on soil humus composition in
greenhouse [J]. Acta Pedologica Sinica, 2019, 56 (4) :

940-952. (in Chinese)

JIANG W J, CAI Q A, XU W, et al. Cr(VI) adsorption and reduction

by humic acid coated on magnetite [J]. Environmental Science &
Technology, 2014, 48 (14) : 8078-8085.

CHWASTOWSKI J, STARON P, KOLOCZEK H, et al. Adsorption

of hexavalent chromium from aqueous solutions using Canadian peat

and coconut fiber [J]. Journal of Molecular Liquids,2017,248:

981-989.

YANG S, CHENG Y, ZOU H, et al. Synergistic roles of
montmorillonite and organic matter in reducing bioavailable state of
chromium in tannery sludge [J]. Environmental Science and Pollution

Research, 2022,29 (58) :87298-87309.

SHI W Y, SHAO H B, LI H, et al. Progress in the remediation of

hazardous heavy metal-polluted soils by natural zeolite [J]. Journal of


https://doi.org/10.1016/j.biteb.2018.09.001
https://doi.org/10.1016/j.scitotenv.2019.134119
https://doi.org/10.1016/j.scitotenv.2019.134119
https://doi.org/10.1016/j.jfca.2022.104932
https://doi.org/10.1016/j.jfca.2022.104932
https://doi.org/10.1016/j.cotox.2019.05.003
https://doi.org/10.12030/j.cjee.201505010
https://doi.org/10.12030/j.cjee.201505010
https://doi.org/10.12030/j.cjee.201505010
https://doi.org/10.1016/j.chemosphere.2018.07.046
https://doi.org/10.1016/j.gexplo.2016.07.012
https://doi.org/10.1016/j.scitotenv.2021.147786
https://doi.org/10.1016/j.ecoenv.2020.111506
https://doi.org/10.11766/trxb201807270342
https://doi.org/10.11766/trxb201807270342
https://doi.org/10.1016/j.molliq.2017.10.152
https://doi.org/10.1007/s11356-022-21897-1
https://doi.org/10.1007/s11356-022-21897-1
https://doi.org/10.1016/j.jhazmat.2009.04.097

752

(EE= A

538 &

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Hazardous Materials, 2009, 170 (1) : 1-6.

FEM, 2 EYL, X, SF R G B R BT e kg
Cr(LIT) % B £ 5 A ROR B HLRIIE 5T (D). 2 & 53R 22 4k, 2021,
21 (3): 1240-1248.

LIX L, TONG Z K, LIU L, et al. Study on the stabilization effect and

mechanism of the synthesized zeolite from fly ash on Cr (II) in
chromium contaminated soil [J]. Journal of Safety and Environment,
2021,21 (3) :1240-1248. (in Chinese)

SCWHFF, AR, SR 5K 5, A R ORFN S A X i T B R AE T AL
(3], W E P, 2015, 51 (7 16-20.

WEN Y X, HAO S S, ZHU J L, et al. Research on adsorption
characteristics of chromium on natural and modified zeolite [J]. China
Ceramics, 2015,51 (7) :16-20. (in Chinese)

VR, A, B, &5, MRS KRG R LR s (3],
PR 224 R (A AR FHERR), 2022, 25 (1) 2 74-78.

SUN X X, ZHU J, TAO R P, et al. Effect of exogenous iron on soil Cd
accumulation of rice [J]. Journal of Yangzhou University (Natural

Science Edition), 2022,25 (1) :74-78. (in Chinese)

GRAHAM A M, BOUWER E J. Rates of hexavalent chromium
reduction in anoxic estuarine sediments: PH effects and the role of acid

volatile sulfides [J]. Environmental Science & Technology, 2010,

44 (1) :136-142.

OLAZABAL M A, NIKOLAIDIS N P, SUIB S A, et al. Precipitation
equilibria of the chromium(VI)/iron(Il) system and spectrospcopic
characterization of the precipitates [J]. Environmental Science &
Technology, 1997,31 (10) : 2898-2902.

ZHAO X L, SU Y C, LI S B, et al. A green method to synthesize
flowerlike Fe(OH); microspheres for enhanced adsorption

performance toward organic and heavy metal pollutants [J]. Journal
of Environmental Sciences, 2018, 73: 47-57.

XU B, WANG F, ZHANG Q H, et al. Influence of iron plaque on the
uptake and accumulation of chromium by rice (Oryza sativa L. )
seedlings: Insights from hydroponic and soil cultivation [J].

Ecotoxicology and Environmental Safety, 2018, 162: 51-58.

LIU D H, ZOU J H, WANG M, et al. Hexavalent chromium uptake

and its effects on mineral uptake, antioxidant defence system and

photosynthesis in Amaranthus viridis L [J]. Bioresource Technology,

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

2008, 99 (7) :2628-2636.

RIZWAN M, ALI S, QAYYUM M F, et al. Mechanisms of biochar-
mediated alleviation of toxicity of trace elements in plants: A critical
review [J]. Environmental Science and Pollution Research, 2016,
23 (3) :2230-2248.

WU JQ, SHA CY, WANG M, et al. Effect of organic fertilizer on soil
bacteria in maize fields [J]. Land, 2021, 10 (3) :328.
WYSZKOWSKA J, BOROWIK A, ZABOROWSKA M, et al.
Sensitivity of Zea mays and soil microorganisms to the toxic effect of
chromium (V1) [J]. International Journal of Molecular Sciences,
2022,24 (1) :178.

TANG X, HUANG Y, LI Y, et al. Study on detoxification and
removal mechanisms of hexavalent chromium by microorganisms [J].
Ecotoxicology and Environmental Safety, 2021, 208: 111699.
ANTONIADIS V, ZANNI A A, LEVIZOU E, et al. Modulation of
hexavalent chromium toxicity on Origanum vulgare in an acidic soil
amended with peat, lime, and zeolite [J]. Chemosphere, 2018, 195:
291-300.

ZHOU J M, CHEN H L, TAO Y L, et al. Biochar amendment of
chromium-polluted paddy soil suppresses greenhouse gas emissions
and decreases chromium uptake by rice grain [J]. Journal of Soils and
Sediments, 2019, 19 (4) : 1756—-1766.

LEYVA-RAMOS R, JACOBO-AZUARA A, DIAZ-FLORES P E, et
al. Adsorption of chromium(VI) from an aqueous solution on a
surfactant-modified  zeolite [J1.  Colloids ~ and  Surfaces
A:Physicochemical and Engineering Aspects, 2008, 330 (1) :35-41.
RADZIEMSKA M, WYSZKOWSKI M, BES A, et al. The
applicability of compost, zeolite and calcium oxide in assisted
remediation of acidic soil contaminated with Cr(IIl) and Cr(VI) [J].
Environmental Science and Pollution Research,2019,26 (21) :
21351-21362.

RADZIEMSKA M, WYSZKOWSKI M. Using compost, zeolite and
calcium oxide to limit the effect of chromium (III) and (VI) on the

content of trace elements in plants [J]. Acta Universitatis Agriculturae

et Silviculturae Mendelianae Brunensis, 2017, 65 (2) :709-719.

(At it: FTHA)


https://doi.org/10.1016/j.jhazmat.2009.04.097
https://doi.org/10.1016/j.jes.2018.01.010
https://doi.org/10.1016/j.jes.2018.01.010
https://doi.org/10.1016/j.ecoenv.2018.06.063
https://doi.org/10.1016/j.biortech.2007.04.045
https://doi.org/10.1007/s11356-015-5697-7
https://doi.org/10.3390/land10030328
https://doi.org/10.3390/ijms24010178
https://doi.org/10.1016/j.ecoenv.2020.111699
https://doi.org/10.1016/j.chemosphere.2017.12.069
https://doi.org/10.1007/s11368-018-2170-5
https://doi.org/10.1007/s11368-018-2170-5
https://doi.org/10.1007/s11356-019-05221-y
https://doi.org/10.11118/actaun201765020709
https://doi.org/10.11118/actaun201765020709

	0 引言
	1 材料与方法
	1.1 试验材料
	1.2 试验方法
	1.2.1 不同作物铬富集能力比较
	1.2.2 不同调理剂铬修复能力比较
	1.2.3 样品采集与分析

	1.3 数据处理

	2 结果与分析
	2.1 不同作物铬富集能力
	2.2 不同调理剂对土壤pH的影响
	2.3 不同调理剂处理对芥菜产量的影响
	2.4 不同调理剂对土壤有效态铬含量的影响
	2.5 不同调理剂对皱叶芥菜重金属铬含量的影响

	3 讨论
	4 结论
	参考文献

