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Abstract. Biochar was suggested to lower the concentrations of heavy metals in contaminated
soils and therefore may improve plant growth. This research was to evaluate the growth of corn
(Zea mays L.) in a biochar-amended heavy-metal-contaminated tropical soil. Soil samples were
collected from well-maintained experimental plots 22 years after amendment with heavy-metal
containing industrial waste at 0 — 60 Mg ha’. Corn plants were grown for 4 weeks in the soil
samples amended with biochar at 0 — 10 Mg ha. The corn plant height and dry masses (roots,
shoots, and the whole plants) were lowered by waste in relation to the increase in the soil Cu and
Zn concentrations. The corn plant dry —weight masses (roots, shoots, whole plant) were well and
negatively correlated with the soil Cu and Zn concentrations. The corn plant uptake of Cu and
Zn decreased with the increase in the soil Cu and Zn concentration. Biochar improved the corn
plant height and dry-weight masses, related to the decrease in the soil Cu and Zn concentrations.
Biochar also increased the Zn uptake at waste level of > 15 Mg ha* and increased the Cu uptake
at waste level < 15 Mg ha'. The corn plant Cu uptake was linearly and positively correlated with
plant dry-weight masses of roots, shoot, and whole plant masses.

1. Introduction

Heavy-metal contaminated soils are continuously becoming important problem in the environment [1-
13]. The growth, development, and production of several plants were reported to be disturbed in the
increasing heavy metals in polluted soils [3, 6, 9, 12, 14-19]. Our previous research showed that the
growth of corn (Zea mays) [20], water spinach (Ipomoea aquatica), caisim (Brassica chinensis var.
Parachinensis) and lettuce (Lactuca sativa) [20-21] were retarded by the presence of Cu and Zn
originated from metal-wares industrial waste amended in tropical soils. For examples, [21] reported
that the dry weight of caisim decreased by 38.1%, while those of water spinach and lettuce
decreased by 52% and 100%, respectively, in soil amended with Cu-containing waste at 60 Mg
ha™t. Several other soil workers also reported the negative effects of heavy metals on the growth and
production of agricultural commodities and grasses like napier grass (Penissetum purpureum) [12,17,
22-24] .

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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The above problem must be solved. A number of physical, chemical, and biological methods had
been recently offered [16, 25-37]. Among the promising methods were the use of organic matters
particularly biochar [25, 27, 31, 38-42]. Biochar was reported to have relatively high adsorption capacity
towards metal cations, ability to enhance soil pH, and most importantly durability in the soil
environment [27,31, 39, 41-45]. [45] summarized that biochar was widely used to manage heavy metals
in soil environment. It was due to its large specific surface area and high organic matter content and
therefore it may significantly increase the soil pH, expand the soil cation exchange capacity and soil
exchangeability. It may also decrease the soil soluble as well as mobility and availability of heavy metals
in soils. The addition of biochar into the soil system may enhance among which the soil exchange
capacity. The increase in the soil colloid negative charges may enhance the adsorption sites for heavy
metals and lower their mobility and bioavailability and thus decrease the plant absorption on heavy
metals and improve plant growth, development, and production. The increase in soil pH by biochar may
also simultaneously stimulate the enhancement of heavy metal adsorption by soil colloids and plant
growth, development and production.

This research was to evaluate the growth characteristics of corn plant that include plant growth (plant
height and dry-weight of biomasses) and plant Cu and Zn uptakes in tropical soils amended with
industrial waste high in Cu and Zn in 1998 (22 years ago) treated with biochar of rice husk.

2. Materials and Methods

2.1 Soil and biochar samples

This research was a glass-house experiment using soil samples contaminated with Cu and Zn collected
from a well-maintained experimental field in Natar, Lampung, Indonesia, treated with industrial waste
high in Cu and Zn in 1998. Soil was sampled from topsoils (0-15 cm) only from plots treated with 0,
15, and 60 Mg waste hal, each was taken separately from the three replicates in the field. Soil samples
were air-dried, ground to pass a-2-mm sieve, and mixed thoroughly before being used in the glass-house
experiment. As reported by [20], the soil sample and industrial waste were initially characterized by
some properties listed in Table 1. Biochar was prepared from rice husk.

Table 1. Selected initial properties of soil, compost, and industrial waste used in the
experiment?,

. . . Industrial
Properties Units Methods Soil Compost Waste

Sand % Hydrometer 41.2

Silt % Hydrometer 26.0

Clay % Hydrometer 32.8

pH (1:2) Electrode 5.11 7.3
Organic C g kg Walkey and 1.28 275

Black

Total N g kg Kjeldahl 40.1

CIN 6.85

Cu mg kg! DTPA 1.60 754
Zn mg kg?  DTPA 0.89 44.6
Pb mgkg! DTPA 0.08 2.44
Cd mg kg! DTPA nd® 0.12
aAfter [20]

2.2 Experimental design
Treatments were arranged in a randomized block design with 2 treatment factors and 3 blocks

(replications). The first factor was soil samples including Control Soil (amended with 0 Mg waste ha,
So), soil sample with low heavy metals (amended with 15 Mg waste ha?, S;), and soil with high heavy
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metals (amended with 60 Mg waste ha, S,). The second factor was biochar, given at 0 (Bo), 5 (B1), and
10 Mg ha' (By).

Planting medium for the green-house experiment was prepared using a 200 g (oven-dry equivalent
105°C, 24 hours). Biochar (oven-dry equivalent 60°C 3 x 24 hours) was added and mixed thoroughly
with the soil sample before the medium was put in plastic pots and capillary watered to the soil field-
water capacity. Three corn seeds were planted in each pot and one seedling was left in each pot after
one week. Corn plant was let to grow for 4 weeks. The soil water content was capillary maintained at
the soil field water capacity during planting growth.

2.3 Soil and plant harvest and analyses
Plant and soil samples were harvested at the end of a four-week plant growth. Corn plant was cut at the

soil surface. Plant biomasses (roots and shoots) were carefully cleaned from the soil masses using tap
water. Plant biomasses were weighed for their dry-weight after being oven-dried at 60°C for 3 x 24
hours. Soil samples were also harvested after 4 weeks.

To analyze the concentration of Cu and Zn in plant roots and plant shoots, a 1 g of oven-dried and
ground plant tissue was put in a porcelain crucible and placed in a furnace, heated at 300°C for 2 hours
and then at 500°C for 4 hours, after which the plant sample was let to reach room temperature. The plant
sample was wetted with several drops of distilled water and treated with 10 ml of 1 N HCI and put on a
hot plate and let to gently boil. After cooling, the soluble plant tissue ash was filtered into a 100 ml
volumetric flask. The crucible was then rinsed with 10 ml 1 N HCI and about 50 ml distilled water on
the filter paper into the volumetric flask. Distilled water was added to dilute the filtrate to 100 ml. The
filtrate was gently shaken before analyzed using flame AAS at A = 324.7 nm for Cu and at A = 213.9
nm for Zn.

The determination of the soil Cu and Zn used 1 N HNO3 employing flame AAS at A = 324.7 nm for

Cu and A = 213.9 nm for Zn. Soil pH (water 1:2) and Walkey and Black Organic C were also
determined.

3. Results and Discussion

3.1 The growth and heavy metal uptake of corn plant in waste-amended soil

The growth of corn plant, as indicated by plant height and plant biomasses, was significantly depressed
by waste (Figure 1 and Figure 2). The phenomena were related to the significant increase in the soil Cu
and Zn concentration originated from waste amended about 22 years ago (Figure 3) which contained
high amounts of Cu and Zn (Table 1). Analysis of variance (Anova) indicates that waste level
significantly depressed the plant height and plant biomasses (roots, shoots, and the whole plant) and
significantly enhanced the soil concentrations of Cu and Zn (Table 2). Our previous researches also
showed that the waste borne Cu and Zn in the soils depressed the growth of several plants including
corn plant, water spinach, caisim, lettuce, and napier grass [20-22]. The phenomena were also in
accordance with various researches previously reported [14-17]. Elevated concentrations of heavy
metals in soil system are detrimental to plants.
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Figure 1. The improvement of corn plant height in waste-amended soil by biochar.
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Figure 2. The improvement of plant biomasses in waste-amended soil by biochar.
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Figure 3. The effect of biochar on Cu and Zn concentrations in waste-amended soil.

Table 2. Analysis of variance of characteristics of soil and corn plant
grown in heavy-metal contaminated soil treated by biochar.

Soil and Corn Plant _ Waste Level
‘g Waste Biochar VS
Characteristics _
Biochar
Plant Height *a * ns
Root Dry-Weight * * *
Shoot Dry-Weight * ns
Plant Dry-Weight * * ns
Soil Cu * * *
Soil Zn * * ns
Soil Organic C * * ns
Soil pH * * ns
Root Cu * nsP ns
Root Zn ns ns ns
Shoot Cu * * *
Shoot Zn * ns ns

aSjgnificant and °ns non-significant at 5%

The corn plant uptake of Cu and Zn, which included those accumulated in roots and in shoots, was
however significantly lowered by waste levels (Figure 4, Table 2). These observations indicate Cu and
Zn in roots and shoots decreases with the increase in the soil concentrations of Cu and Zn. The presence
of high Cu and Zn in soil inhibited the absorption of Cu and Zn by plants, showing Cu and Zn disturbance
of corn-plant root effectiveness in absorbing Cu and Zn. The suggestion is supported by the fact that the
corn-plant root biomass is negatively correlated with the soil Cu and Zn with relatively high correlation
coefficients (R? = 0.74* with soil Cu and R? = 0.88* with soil Zn) (Table 3). Table 3 also shows that
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corn plant shoot biomass is negatively correlated with soil Cu (R? = 0.62*) and with the soil Zn (R? =
0.82*). Therefore, high Cu and Zn is detrimental not only to roots but also to shoots of corn plant.
However, it is clear that the translocation factor for Cu and Zn was in general > 1.00, indicating that
corn plant was a good phytoextractor for Cu and Zn. Corn was also previously suggested as a heavy-
metal bio-accumulator [46].

The plant uptake of Cu and Zn are dependent of plant biomass; the uptake is greater with the increase
in plant biomasses. The plant uptake of heavy metals particularly for Cu is highly correlated with plant,
root, and shoot biomasses with high correlation coefficients (0.89* for roots, 0.92* for shoots, and 0.95*
for the whole plant (Table 4).

Root Cu Shoot Cu Plant Cu
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Figure 4. The effect of biochar on corn plant uptake of Cu and Zn from waste-amended soils.

3.2 Effect of biochar

Biochar at 5-10 Mg ha was in general effective in affecting the soil and plant characteristics in heavy-
metal containing-waste amended-soil (Table 2). In general biochar significantly affected plant height
and biomass dry-weight, soil heavy metals, organic C, and pH, and also Cu accumulated in corn plant
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shoots. These findings were in accordance to those reported by [47-48]. For example, [47] reported that
biochar 5 and 10% enhanced the corn biomasses in an artificially Pb-Cd-Cr-contaminated soil. [48]
reported that biochar treatment increased plant biomasses of green pepper and eggplant fruit as high as
16.0-519.9%.

The soil concentrations of Cu and Zn extracted by 1 N HNOs were consistently and significantly
lowered by the presence of biochar (Figure 3). It was possible that the soil adsorption sites for heavy
metals were enlarged by biochar which was reported to have high amounts of negative charges. The
significant increase in soil pH by biochar (Table 2) may have also stimulated the increase in the soil
capacity to adsorb heavy metals including Cu and Zn. This synergic effect of biochar may have finally
lowered the soil concentrations of Cu and Zn in soil. This phenomenon was also shown by [47-48].

Table 3. The relationships between corn-plant dry-weight masses and Cu and Zn concentrations
in heavy-metal contaminated soils.

Soil

Plant Parts Linear Equation R?
Heavy Metal
Cu Roots Root Dry-Weight = - 0.0083 Soil Cu + 0.3338 0.74*
Shoots Shoot Dry-Weight = - 0.0200 Soil Cu + 0.7884 0.62*
Whole Plants  Plant Dry-Weight = - 0.0283 Soil Cu + 1.1222 0.66*
Zn Roots Root Dry-Weight = - 0.0077 Soil Zn + 0.4217 0.88*
Shoots Shoot Dry-Weight = - 0.0194 Soil Zn + 1.0374 0.82*
Whole Plants  Plant Dry-Weight = - 0.0271 Soil Zn + 1.4591 0.84*

aSignificant at 5%

Table 4. The relationships between corn-plant dry-weight masses and uptake of Cu and Zn in
heavy-metal contaminated soils.

Plant

Plant Parts Linear Equation R?
Heavy Metal
Cu Roots Root Dry-Weight = 3.0242 Plant Cu + 0.0096 0.89*
Shoots Shoot Dry-Weight = 4.2425 Plant Cu - 0.0288 0.92*
Whole Plants ~ Plant Dry-Weight = 3.9673 Plant Cu - 0.0332 0.95*
Zn Roots Root Dry-Weight = 0.1261 Plant Zn + 0.1118 0.05ns?
Shoots Shoot Dry-Weight = 0.2046 Plant Zn + 0.1775 0.27*
Whole Plants  Plant Dry-Weight = 0.4381 Plant Zn + 0.3469 0.07ns

aSignificant, °ns non-significant at 5%

The lowering bio-availabilities of heavy metals may have lowered negative effects of heavy metals
on the growth of corn plant. This suggestion is supported by Figure 1 and Figure 2 that show that the
corn plant height and root and shoot biomass dry-weight in biochar-amended soils were significantly
higher than those in soils not amended with biochar, which was also shown by [47-48]. Biochar
mitigated the soil heavy metal contamination.
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The corn plant uptake of heavy metals, particularly Cu, accumulated in shoot was significantly
affected by biochar (Table 2). However, in general biochar increased the Zn uptake at waste level of >
15 Mg ha* and increased the Cu uptake at waste level < 15 Mg ha! (Figure 4). The corn plant Cu uptake
was also linearly and positively correlated with plant dry masses of roots, shoot, and whole plant masses
(Table 4)

4. Conclusions

The corn plant height and dry masses (roots, shoots, and the whole plants) were lowered by waste in
relation to the increase in the soil Cu and Zn concentrations. The corn plant dry masses (roots, shoots,
whole plant) were well and negatively correlated with the soil Cu and Zn concentrations. The corn plant
uptake of Cu and Zn decreased with the increase in the soil Cu and Zn concentrations. Biochar improved
the corn plant height and dry masses, related to the decrease in the soil Cu and Zn concentration. Biochar
also increased the Zn uptake at waste level of > 15 Mg ha! and increased the Cu uptake at waste level
<15 Mg ha. The corn plant Cu uptake was linearly and positively correlated with plant dry masses of
roots, shoot, and whole plant masses.

5. Acknowledgments

The funding by the Directorate General of Higher Education the Ministry of National Education the
Republic of Indonesia particularly in the initial setting of the experimental plots through Competitive
Research Grant in 1995 -1999 is appreciated. Gratitude is extended also to Suwarto, the former soil and
plant analyst in the Laboratory of Soil Science of the University of Lampung, for the help in conducting
the laboratory work.

6. References

[1] Adejoh I P 2016 Assessment of heavy metal contamination of soil and cassava plants within the
vicinity of a cement factory in north central Nigeria Adv Appl Sci Res vol 7 no 3 pp 20-27

[2] Aksu A 2015 Sources of metal pollution in the urban atmosphere (A case study: Tuzla, Istanbul)
JEnv Heal Engno 13 p 79

[3] Aprile A and De Bellis L 2020 Editorial for Special Issue Heavy metals accumulation, toxicity,
and detoxification in plants Int J Mol Sci vol 21 no 4103 pp 10-14

[4] Biasioli M, Kralj T, Gr¢éman H, Diaz-Barrientos E, Madrid F and Ajmone-Marsan F 2007
Potentially toxic elements contamination in urban soils J Env Qual vol 36 no 1 p 70

[5] Febriansyah M R, Septiana L M, Supriatin S and Salam A K 2021 The patterns of lead and copper
levels in the vicinity of heavy metal sources in Lampung, the southern part of Sumatra, Indonesia
IOP Conf Ser: Earth Environ Sci vol 739 no 012001

[6] Jamal Q, Khan K, Munir S and Anees M 2013 Heavy metals accumulation and their toxic effects:
review J Biomol Sci vol 1 no 1-2 pp 27-36

[7] Jankowski K, Malinowska E, Ciepiela G A and Jankowska J 2019 Lead and cadmium content in
grass growing near an expressway Arch Env Contam Toxicol vol 76 pp 66-75

[8] Pachana K, Wattanakornsiri A and Nanuam J 2010 Heavy metal transport and fate in the
environmental compartments NU Sci J vol 7 no 1 pp 1-11

[9] Payus C, Farhana A,Talip AB U and Hsiang T AN W E | 2015 Heavy metals accumulation in
paddy cultivation area of Kompipinan, Papar District, Sabah J Sustain Sci Manag vol. 10 no 1 pp
76-86

[10] Salam A K 2017 Management of Heavy Metals in Tropical Soil Enviroment, 1st Edition. Bandar
Lampung: Global Madani Press

[11] Sodango T H 2018 Review of the spatial distribution, source and extent of heavy metal pollution
of soil in China: impacts and mitigation approaches J Health Pollut vol 8 no 17

[12] Wuana R A and Okieimen F E 2011 Heavy metals in contaminated soils: a review of sources,
chemistry, risks and best available strategies for remediation ISRN Ecol vol ID 402647 pp 1-20

[13] Popova E 2016 Accumulation of heavy metals in the ‘soil- plant” system AIP Conf Ser vol 1772



International Conference on Biomass and Bioenergy 2021 (ICBB 2021) IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1034 (2022) 012045 doi:10.1088/1755-1315/1034/1/012045

[14]
[15]
[16]
[17]
[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]
[27]
[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

no 050006

Asati A, Pichhode M and Nikhil K 2016 Effect of heavy metals on plants: an overview Int J Appl
Innov Eng Manag vol 5 no 3 pp 56-66

Cheng S 2003 Effects of heavy metals on plants and resistance mechanisms Env Sci Pollut Res
vol 10 no 4 pp 256264

Chibuike G U and Obiora S C 2014 Heavy metal polluted soils: effect on plants and
bioremediation methods Appl Env Soil Sci vol ID 752708 pp 1-12

Gill M and Gill M 2014 Heavy metal stress in plants: a review Int J Adv Res vol 2 no 6 pp 1043—
1055

Glava¢ N K, Djogo S, Razi¢ S, Kreft S and Veber M 2017 Accumulation of heavy metals from
soil in medicinal plants Arh Hig Rada Toksikol vol 68 pp 236-244

Page V and Feller U 2015 Heavy metals in crop plants: transport and redistribution processes on
the whole plant level Agronomy vol 5 pp 447-463

Salam A K 2000 A four year study on the effects of manipulated soil pH and organic matter
contents on availabilities of industrial-waste-origin heavy-metals in tropical soils J Trop Soils vol
11 pp 31-46

Silva S, Aini S N, Bucharie H and Salam A K 2021 Phytoextraction of Cu from tropical soil 21
years after treatment with heavy-metal containing waste J Trop Soils vol 26 no 1 pp 11-18
Salam A K, Hidayatullah M A, Supriatin S and Yusnaini S 2021 The phytoextraction of Cu and
Zn by elephant grass (Pennisetum purpureum) from tropical soil 21 years after amendment with
industrial waste containing heavy metals IOP Conf Ser:Earth Environ Sci vol 637 no 0124044
Arif N, Yadav V, Singh S, Singh S and Ahmad P 2016 Influence of high and low levels of plant-
beneficial heavy metal ions on plant growth and developmen Front Env Sci vol 4 no 69 pp 1-10
Srivastava V, Sarkar A, Singh S, Singh P and De Araujo A S F 2017 Agroecological responses
of heavy metal pollution with special emphasis on soil health and plant performances Front Env
Sci vol 5 no 64 pp 1-19

Atkinson C J, Khan A and Zhang K 2021 Biochar remediation of soil: linking biochar production
with function in heavy metal contaminated soils vol 2021 no 4 pp 183-201

Baltrenaite J K E 2016 Biochar as adsorbent for removal of heavy metal ions [Cadmium (I1),
Copper (1), Lead (11), Zinc (11)] from agueous phase vol 13 pp 471-482

Domingos D, Carlos J, Serra V and Zukowski J C 2019 Biochar efficiency in the removal of
heavy metals Acta Bras. vol 3 no 3 pp 131-138

Fodor L and Szabd L 2004 Study of heavy metal leaching in the soi in 13th Int Soil Conserv Org
Conf 2004 no 216 pp. 1-4

Gerhardt K E, Gerwing P D and Greenberg B M 2017 Opinion: Taking phytoremediation from
proven technology to accepted practice Plant Sci

Giwa O E and Ibitoye F O 2017 Bioremediation of heavy metal in crude oil contaminated soil
using isolated indigenous microorganism cultured with E coli DE3 BL21 Int J Eng Appl Sci vol
4 no 6 pp 67-70

Guo M, Song W and Tian J 2020 Biochar-facilitated soil remediation: mechanisms and efficacy
variations Front Env Sci vol 8 p Article 8

He G, Zhang Z, Wu X, Cui M, Zhang J and Huang X 2020 Adsorption of heavy metals on soil
collected from Lixisol of typical karst areas in the presence of CaCO3z and soil clay and their
competition behavior Sustainability vol 12 no 7315 pp 1-19

Juel M A |, Dey T K, Akash M | S and Das K K 2018 Heavy metals phytoremidiation potential
of napier grass (Pennisetum purpureum) cultivated in tannery sludge Proc 4th Int Conf Civ Eng
Sust Dev

Kambhampati M S and Vu V T 2013 EDTA enhanced phytoremediation of copper contaminated
soils using Chickpea (Cicer aeritinum L.) Bull Env. Contam Toxicol vol 91 pp 310-313
Mazumdar K and Das S 2014 Phytoremediation of Pb, Zn, Fe, and Mg with 25 wetland plant
species from a paper mill contaminated site in North East India Environ Sci Pollut Res



International Conference on Biomass and Bioenergy 2021 (ICBB 2021) IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1034 (2022) 012045 doi:10.1088/1755-1315/1034/1/012045

[36]
[37]

[38]

[39]
[40]
[41]
[42]
[43]
[44]
[45]

[46]

[47]

[48]

Nasser H M, Rahman M Z, Sultana S, Quddus M A and Hagque M A 2017 Remediation of heavy
metal polluted soil through organic amendments Bangladesh J Agric Res vol 42 no 4 pp 589-598
Tangahu B V et al. 2011 A review on heavy metals (As, Pb, and Hg) uptake by plants through
phytoremediation Int J Chem Eng vol ID 939161 pp 1-31

Ghori S A et al.2019 Wood-derived biochar influnces nutrient use efficiency of heavy metals in
spinach (Spinacia oleracea) under groundwater and waste water irrigation J Env. Eng Lans
Manag vol 27 no 3 pp 144-152

Hayyat A et al.2016 Role of biochar in remediating heavy metals in soil in Phytoremediation
Ansari A, Ed. Springler Int Publ 2016 pp 421-437.

PatraJ M, Panda S S and Dhai N K 2017 Biochar as a low-cost adsorbent for heavy metal removal:
a review Int J Res Biosci vol 6 no 1 pp 1-7

Wang S, Xu Y, Norbu N and Wang Z 2018 Remediation of biochar on heavy metal polluted soils
IOP Conf Ser: Earth Environ Sci vol 108 no 042113

Wang Y, Gu K, Wang H, and Shi B 2019 Remediation of heavy-metal-contaminated soils by
biochar: a review Environ Geotech pp 1-14

Tan X, Liu 'Y, Zeng G, Wang X, Hu X and Gu Y 2015 Chemosphere application of biochar for
the removal of pollutants from aqueous solutions Chemosphere vol 125 pp 70-85

Li Q et al. 2018 Removal of toxic metals from aqueous solution by biochars derived from long-
root Eichhornia crassipes Rotal Soc Open Sci vol 5 p 180966

Luo Y 2019 Study on the repair of heavy metal contaminated soil IOP Conf Ser: Earth Environ
Sci vol 300 no 032076

Adewole M B, Oyebanji B O and Igbekele K 2019 Phytoremediation potential of two maize
varieties cultivated on metal-particulate-contaminated soil Ghana Jnl Agric Sci vol 54 no 1 pp 38
- 46

Alaboudi K A, Ahmed B and Brodie G 2019 Effect of biochar on Pb, Cd and Cr availability and
maize growth in artificial contaminated soil Annals Agric Sci vol 64 pp 95-102

Sun, J X et al. 2020 Effects of biochar on cadmium (Cd) uptake in vegetables and its natural
downward movement in saline-alkali soil Environ Pollut Bioavail vol 32 no 1 pp 36-46

10



