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Abstract. Phytoextraction and liming were suggested to decrease the concentrations of heavy metals in contaminated soils.  
This research was to study the effects of liming and phytoextraction by land spinach in lowering the soil concentrations of 
Cu and Zn in heavy-metal contaminated tropical soils. Soil samples collected from a 22-years-old experimental field one-
time amended with heavy-metal-containing waste at 0-60 Mg ha-1 were treated with lime at 0-5 Mg ha-1 and planted with 
land spinach in a glass-house experiment. After 4 weeks the soil and plant Cu and Zn were analyzed. The results show that 
the 60 Mg waste ha-1 significantly increased the soil concentrations of Cu and Zn and depressed the land spinach growth.  
Land spinach slightly lowered the soil concentrations of Cu and Zn in unlimed soils at waste levels ≤ 15 Mg ha-1. Liming 
significantly lowered the soil concentrations of Cu and Zn and improved the growth and Cu-Zn uptake of land spinach but 
attenuated the effect of land spinach in decreasing the soil concentrations of Cu and Zn. The Cu-Zn uptake of land spinach 
was well-correlated with the soil concentrations of Cu and Zn. 

INTRODUCTION 

Phytoextraction was reported to lower heavy metal concentrations in contaminated soils [1-9]. Several heavy metal 
bio-accumulating plants had been recently reported [1,2, 9-13]. Several plants were reported to stabilize heavy metals 
in plant roots called phytostabilizers and some transported the most parts of heavy metals to plant shoots called 
phytoextractors. The basic mechanism is plants extract heavy metals from soil solution and accumulate them in plant 
roots (phytostabilizers) and/or plant shoots (phytoextractor). The lowering heavy metal levels in soil solution may 
then drive adsorbed or precipitated heavy metals to release or dissolve into soil solution and be absorbed by plants.  
The end result expected is the decrease of heavy metals in soils. 

Our previous investigation in heavy-metal contaminated tropical soils [8] clearly showed that several plants 
including lettuce (Lactuca sativa), water spinach (Ipomoea aquatica), and caisim (Brassica chinensis var. 
Parachinensis) were Cu phytostabilizers and were able to lower the 1 N HNO3-extractable Cu as high as 20% after 
four weeks growing period in a glass-house experiment. Napier grass (Pennisetum purpureum) was also reported to 
be a Cu and Zn phytoextractor [5]. The accumulations of Cu and Zn in these plants were correlated well with their 
concentrations in the soils. 

The soil levels of heavy metals are also subjected to soil colloid adsorption which may decrease their levels in soil 
solution [14-28]. The presence of soil colloids may enhance the heavy metal immobilization which may hinder 
excessive amounts of heavy metal absorption by plants that may depress the plant growth and development. The 
presence of particular amount of soil colloid negative charges may lower the soil solution heavy metal levels and may 
stimulate plant roots to absorb lower, non-toxic, and more suitable levels of heavy metals and, therefore, may finally 
absorb higher amounts of heavy metals. The heavy metals are then temporary pooled in the soil colloid surfaces and 
to be released and absorbed by plants whenever the heavy metal levels in the soil solution lower due to plant 
absorption. The enhancement in the adsorption capacity of soil colloids were possible among which by increasing the 
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pH of tropical soils by liming [16,17,19,22,23, 29-33]. Our previous investigation showed that the soil concentration 
and the accumulation of Cu and Zn by napier grass in 20 years old heavy-metal contaminated soils were lower in soils 
that were also treated with lime than those in soils without lime treatment [5]. Previous report also showed that lime 
at 5-20 Mg CaCO3 ha-1 significantly reduced the soil concentration and plant absorption of Cd by water spinach [33]. 
Other report showed that combined with Ca-bentonite and tobacco biochar, lime treatment significantly immobilized 
Cd up to 22.0% [22-23]. 

Liming was, therefore, expected to enhance the phytoextraction of soil heavy metals by availing heavy metals at 
particular lower levels and may enable the phytoextraction to progress in lowering heavy metal concentrations in soils.  
This research aimed to evaluate the effect of liming on heavy metal phytoextraction by land spinach planted in long-
time heavy-metal contaminated tropical soils. 

 
MATERIALS AND METHODS 

 
Experimental Design 

 
This research was a glass-house experiment. The experiment involved 3 factors i.e. heavy-metal-containing-waste-

amended soils, lime, and plant, arranged in a completely randomized design. Soil samples consisted of those from 
control plots (without industrial waste amendment), from plots amended with 15 Mg industrial waste ha-1, and from 
plots amended with 60 Mg industrial waste ha-1. Lime was given at 0 and 5 Mg CaCO3 ha-1. Plant was without plant 
and with land spinach. All treatments were replicated 3 times. 
 

Soil, Lime, and Plants 
 

Soil samples were taken from a well maintained experiment field in Natar, South Lampung, Indonesia previously 
reported [31]. The soil in the experimental field was initially characterized by the properties listed in Table 1. Soil 
samples were collected only from plots treated one time with industrial waste in July 1998 or 22 years ago at 0 Mg 
ha-1 (Control Plots), 15 Mg ha-1(low heavy metal plots), and 60 Mg ha-1 (high heavy metal plots) (Table 2). Some 
properties of the industrial waste are listed in Table 1. 

Soil samples (0 – 15 cm) were collected compositely from 5 sampling points in each plot and combined for all 
replications for the same treatment plot. After sampling, the soil samples were air-dried, ground to pass a 2-mm sieve, 
and thoroughly mixed for the glass-house experiment. Lime was CaCO3. Plant was land spinach (Ipomoea reptans 
Poir). 

 
TABLE 1. Several initial properties of the soil and industrial waste used in this research [17]. 

Materials Fractions 
(Hydrometer) 

pH 1:2 
(H2O) 

Org. C 
(Walkley 

and 
Black) 

Heavy Metals 
(DTPA) 

 Sand Silt Clay   Cu Zn Pb Cd 
 …..….…… % …….......….  .... g kg-1. …………….……. mg kg-1 …………….…… 

Soila 41.2 26.0 32.8 5.11 1.28 2.51 1.31 0.13 0.01 
Wasteb    7.30  754 44.6 2.44 0.12 

 aSandy Clay Loam; bmetal-wares industrial waste 
 

TABLE 2. The heavy-metal contaminated soils used in this researcha. 
Soil 

Symbol Industrial Waste Lime Organic 
Compost 

 ………….……….….   Mg ha-1   ……………………..…. 
S0 0 0 0 
S1 15 0 0 
S2 60 0 0 

aTaken in July 2019 from experimental plots set in July 1998 [31] 
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Planting and Observation 
 

A 200 g of air-dry soil sample (oven-dry equivalent 105OC 24 hours) was used as the planting medium. After being 
mixed with lime and capillary-watered to the soil field-water capacity, 2 seedlings of land spinach prepared 2 weeks 
earlier were planted. The soil water content was maintained capillary at the soil field capacity during plant growth. 

 
Soil and Plant Harvest and Analyses 

 
The plant biomasses were harvested at the end of a 4-week growing period. Plants were cut at the soil surface. The 

plant shoots and roots were cleaned up with tap water to free the biomasses from the soil masses. After drying in a 
60OC-oven for 3 x 24 hours, the dry-weight of shoots and roots was determined using an analytical balance. Soil 
samples were also harvested for soil analyses on heavy metal status.  The Cu and Zn concentrations in plant root and 
shoot as well as in soil samples were determined with the methods described in [8]. The soil pH (water 1:2) and 
Walkley and Black Organic C were also determined. 

 
RESULTS AND DISCUSSION 

 
The Changes in the Soil Concentrations of Cu and Zn by Lime Treatment 

 
As expected, in the absence of land spinach, lime significantly decreased the soil concentrations of Cu and Zn 

particularly at waste levels ≤ 15 Mg ha-1 (Table 3, Table 4, and Table 5). It is consistent with the previous report that 
lime at 5-20 Mg CaCO3 ha-1 significantly reduced the soil and plant absorption of Cd by water spinach [33]. Copper 
and Zn were probably adsorbed by soil colloids that may have had more exchange sites at the increasingly soil pH 
(Table 6) [5, 29-33]. The presence of 1:1 soil clay minerals and organic matter in this tropical soil may have enabled 
this process to occur [22-24].  Higher concentration of OH- ions may have also caused the occurrence of precipitation 
reaction lowering the soil concentrations of Cu and Zn [29]. This phenomenon was not observed at waste level of 60 
Mg ha-1, both for Cu (Table 3) and Zn (Table 4). The increase in the soil exchange sites were probably not sufficient 
to accommodate high concentrations of Cu, Zn, and other metal cations at high levels of industrial waste. 
 

TABLE 3. The influence of waste, lime, and land spinach on the 
concentrations of Cu in waste-amended soils. 

aDifferent lowercases in one column show a significant difference at 5% 
HSD test 
 

Effect of Land Spinach on Soil Concentrations of Cu and Zn 
 

The presence of land spinach lowered the concentrations of Cu and significantly decreased the soil Zn at control 
soil (Table 3, Table 4 and Table 5). The decreases were greater in the control soils than those in soils treated with ≥ 
15 Mg waste ha-1 (Table 7). The phenomenon was related to the inhibited growth of land spinach with increasing 
heavy metals originated from waste amendment. Heavy metals were in general reported to be detrimental to plants 
[5,8,29]. Previously reported [5,8] that the growth of several plants including water spinach, caisim, lettuce, and also 
napier grass were inhibited by the increasing levels of Cu and Zn. The root/shoot ratio of napier grass increased and 
correlated well with the increase in soil Cu or Zn concentrations, indicating the negative effect of heavy metal on the 
growth of plants [5]. 

Waste Lime Without Land 
Spinacha 

With Land 
Spinacha 

........ Mg ha-1 ........ ............ mg kg-1 ............ 
0 0 33,1 d 30,2 b 
 5 29,1 c 31,0 b 

15 0 25,6 b 24,9 a 
 5 23,0 a 24,7 a 

60 0 65,1 e 64,8 c 
 5 63,9 e 64,4 c 

HSD 5% 2,3 2.3 
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The lowering effect of land spinach on soil concentrations of Cu and Zn was attenuated by liming (Table 3, Table 
4 and Table 7). In soils with lime treatment, the presence of land spinach significantly increased the soil 
concentrations of Cu and Zn in the control soils. Land spinach lowered the effect of lime and in general increased the 
concentrations of soil Cu and Zn at all  waste levels.. The excretion of H+ and organic acids by land spinach plant 
roots may have probably caused the soil concentrations of Cu and Zn higher than that in soils not planted with land 
spinach. 

TABLE 4. The influence of waste, lime, and land spinach on the 
concentrations of Zn in waste-amended soils. 

Waste Lime Without Land 
Spinacha 

With Land 
Spinacha 

........... Mg ha-1 ........... ................ mg kg-1 ................ 

0 
0 27,0 c 22,3 b 
 B A 

5 20,8 b 23,5 b 
  A B 

15 
0 20,2 b 19,4 a 
 A A 

5 17,4 a 19,3 a 
  A A 

60 
0 44,2 d 43,4 c 
 A A 

5 42,1 d 42,7 c 
  A A 

HSD 5% 2,3 
aDifferent characters in one column or one line indicate a significant 
difference at 5% HSD test; upper-case letters indicate line comparison, 
lower-case letters indicate column comparison. 
 

TABLE 5. Analysis of variance on the effects of waste, lime and land 
spinach on Cu, Zn, and pH of waste-amended soils. 

Treatment 
Factora Cu Zn pH 

W ** ** nsb 
L ** ** ** 
S ns ns ns 

WL ns ns ns 
WS ns ns ns 
LS ** ** ns 

WLS ns * ns 
aW = waste, L = lime, S = land spinach; *Significantly different at 5% and 
** at 1%; bns non-significant 

 
TABLE 6. The influence of waste, lime, and land spinach on the pH of the 

waste-amended soils. 

Waste Lime Without Land 
Spinacha 

With Land 
Spinacha 

........ Mg ha-1 ........   

0 
0 5,09 a 5,09 a 
5 6,56 b 6,45 b 

15 0 5,15 a 5,25 a 
5 6,21 b 6,47 b 

60 0 5,10 a 4,94 a 
5 6,26 b 6,43 b 

HSD 5% 0,35  
aDifferent characters in one column indicate a significant difference at 5% HSD 
test 
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Copper and Zinc Uptake by Land Spinach 
 

The influence of lime on Cu and Zn uptake of land spinach grown in waste amended soils is given in Table 8, 
Table 9, and Table 10, respectively. The accumulations of Cu in plant roots, shoots, and the whole plant were all 
slightly higher in limed treated soils at all levels of waste except in roots at 15 Mg waste ha-1. Similar phenomenon 
was observed for Zn. This data indicate that the presence of lime tended to increase the bioavailability of Cu and Zn 
in waste amended soils. The decrease in the soil concentrations of Cu and Zn (Table 3 and Table 4) by liming seems 
to have availed the soil heavy metals at suitable concentrations for better absorption by water spinach. 

 
TABLE 7. The changes in heavy metal concentrations in waste-

amended soils by lime and land spinach. 

Waste Lime 
Water Spinach 

Cua Zna 
…… Mg ha-1   …… ……   %   …… 

0 0 - 8.76 -17.4 
5 + 6.53 + 13.0 

15 0 -2.73 -3.96 
5 + 7.39 + 10.9 

60 0 -0.46 -1.81 
5 + 0.78 + 1.43 

a M = [M (planted) – M (not planted)] x 100%; M is heavy metal 
 
 

TABLE 8. The influence of waste and lime on Cu uptake by land spinach grown in waste-amended 
soils. 

Waste Lime Root + Shoota Roota Shoota 

….... Mg ha-1 ….... ……………….…........ μg plant-1................................... 

0 0 0,66 ab 0,34 ab 0,33 a 
5 1,50 c 0,83 b 0,67 ab 

15 0 1,36 abc 0,81 b 0,54 ab 
5 1,48 bc 0,68 ab 0,80 b 

60 0 0,63 a 0,29 a 0,34 a 
5 1,26 abc 0,65 ab 0,61 ab 

HSD 5% 0,83 0,51 0,36 
aDifferent lowercases in one column show a significant difference at 5% HSD test 
 

TABLE 9. The influence of waste and lime on Zn uptake by land spinach grown in waste-
amended soils. 

Waste Lime Root + Shoota Roota Shoota 

….... Mg ha-1 ….... ......................... μg plant-1........................... 

0 0 0,37 a 0,17 a 0,20 a 
5 0,43 a 0,27 a 0,16 a 

15 0 0,51 a 0,27 a 0,24 a 
5 0,54 a 0,28 a 0,26 a 

60 0 0,36 a 0,21 a 0,16 a 
5 0,56 a 0,35 a 0,22 a 

HSD 5% 0,30 0,18 0,14 
aDifferent lowercases in one column show a significant difference at 5% HSD test 
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TABLE 10. Effects of waste and lime on several growth-properties and heavy-metal uptake of land spinach 
grown in waste-amended soils. 

Treatment 
Factora 

Dry Weight Cu Uptake Zn Uptake 

Root + 
Shoot Root Shoot Root + 

Shoot Root Shoot Root + 
Shoot Root Shoot 

W nsb ns ns ns ns ns ns ns ns 
L ** * * * ns * ns ns ns 

WL ns ns ns ns ns ns ns ns ns 
aW = waste, L = lime; *Significantly different at 5% and ** at 1%; bns = non-significant 

 
The higher soil concentrations of Cu and Zn in soils caused by waste amendment tended to increase the Cu and 

Zn uptake at 15 Mg waste ha-1 but to decrease them at 60 Mg ha-1 (Table 8 and Table 9), in line with the changes in 
land spinach biomasses (Table 11). It is logical that the total uptake of heavy metal is proportional to the total plant 
biomass. The higher concentrations of soil Cu and Zn also tended to decrease Cu uptake in limed soils (Table 8) and 
give no effect on Zn uptake (Table 9) in line with the decrease in plant biomass (Table 11). This phenomenon is 
clearly caused by the toxicity of Cu and Zn at high levels of waste. The suggestion is shown by the high correlation 
between the plant Cu and Zn uptake with the soil concentrations of Cu (R2 = 0.87*) and (R2 = 0.78*) (Figure 1). 

 
TABLE 11. The effect of waste and lime on the land-spinach biomass grown in waste-amended soils. 

Waste Lime Root + Shoota Roota Shoota 

.... Mg ha-1 .... .............................. g plant-1 ............................. 

0 0 0,25 ab 0,09 a 0,16 ab 
5 0,75 c 0,38 ab 0,38 bc 

15 0 0,62 bc 0,29 c 0,33 abc 
5 0,80 c 0,33 bc 0,47 c 

60 0 0,17 ab 0,05 c 0,12 a 
5 0,55 abc 0,22 abc 0,33 abc 

HSD 5% 0,42 0,20 0,23 
aDifferent characters in one column indicate asignificant difference at 5% HSD Test 

  

 

FIGURE 1. The correlation between heavy metal uptake by land spinach and their concentrations in waste-amended soils. 
 

Copper and Zn were with some exceptions mostly accumulated in roots than that in shoots of land spinach as 
indicated by their translocation factors (Table 12). The translocation factor of Cu ranges between 0.67 – 1.18 and that 
for Zn ranges from 0.59 – 1.18. The TF < 1.00 indicated that land spinach is not a good phytoextractor but a 
phytostabilizer. 
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TABLE 12. The translocation factors of Cu and Zn in land spinach 
planted in waste-amended tropical soils. 

Waste Lime TFa 
Cu Zn 

…… Mg ha-1   ……  

0 0 0.92 1.18 
5 0.81 0.59 

15 0 0.67 0.89 
5 1.18 0.93 

60 0 1.17 0.76 
5 0.93 0.77 

aTF = [Uptake M (Shoot) – Uptake M (Root)] * 100%; M is heavy metal 

CONCLUSIONS 

The amendment with industrial waste at 60 Mg waste ha-1 significantly increased the soil labile Cu and Zn and 
depressed the land spinach growth. Land spinach slightly decreased the soil levels of Cu and Zn in unlimed soils at 
waste levels ≤ 15 Mg ha-1. Liming significantly decreased the soil levels of Cu and Zn and improved the growth and 
Cu-Zn uptake of land spinach but attenuated the effect of land spinach in decreasing the soil concentrations of Cu and 
Zn. The Cu-Zn uptake of land spinach was well-correlated with the soil levels of Cu and Zn. 
 

REFERENCES 
 

1.  Ishii, Y., Hamano, K., Kang, D., Idota, S. & Nishiwaki, A. Cadmium phytoremediation potential of 
Napiergrass cultivated in Kyushu, Japan. Appl Env Soil Sci 2015, ID 756270 (2015). 

2.  Khodijah, N .S., Suwignyo, R. A., Harun, M. U. & Robiartini, L. Phytoremediation potential of some grasses 
on lead heavy metal in tailing planting media of former tin mining. Biodiversitas 20(7),1973-1982 (2019). 
doi:10.13057/biodiv/d200725 

3.  Laidlaw, W. S., Arndt , S. K., Huynh, T. & Baker, A. J. M. Phytoextraction of heavy metals by Willows 
growing in biosolids under field conditions. J Env Qual 41, 134-143 (2012). doi:10.2134/jeq2011.0241 

4.  Mazumdar, K. & Das, S. Phytoremediation of Pb, Zn, Fe, and Mg with 25 wetland plant species from a paper 
mill contaminated site in North East India. Env Sci Pollut Res (2014). doi:10.1007/s11356-014-3377-7 

5.  Salam, A. K., Hidayatullah, M. A., Supriatin, S. & Yusnaini, S. 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. 637, 0124044) (2021). doi:10.1088/1755-1315/637/1/012044 

6.  Sarwar, N., Imran, M., Shaheen, M. R., et al. Phytoremediation strategies for soils contaminated with heavy 
metals: Modifications and future perspectives. Chemosphere. (2017). 
doi:10.1016/j.chemosphere.2016.12.116 

7.  Sierra, B. E. G., Guerrero, J. M. & Sokolski, S. Phytoremediation of heavy metals in tropical soils an overview. 
Sustainability 13, 2574 (2021). doi:https//doi.org/10.3390/su13052574 

8.  Silva, G., Aini, S. N., Bucharie, H. & Salam, A. K. Phytoextraction of Cu from tropical soil 21 years after 
treatment with heavy-metal containing waste. J Trop Soils 26(1), 11-18 (2021). 
doi:https://doi.org/10.5400/jts.2021.v26i1.11 

9.  Sumiahadi, A. & Acar, R. A review of phytoremediation technology: heavy metals uptake by plants: heavy 
metals uptake by plants. IOP Conf Ser Earth Environ Sci 142, 012023 (2018). doi:10.1088/1755-
1315/142/1/012023 

10.  Nascimento, S. S., Silva, E. B., Alleoni, L. R. F., Grazziotti, P. H., Fonseca, F. G. & Nardis, B. O. Availability 
and accumulation of lead for forage grasses in contaminated soil. J Soil Sci Plant Nutr (2014). 
doi:10.4067/s0718-95162014005000063 

11.  Nouri, J., Khorasani, N., Lorestani, B., Karami, M., Hassani, A. H. & Yousefi, N.. Accumulation of heavy 
metals in soil and uptake by plant species with phytoremediation potential. Env Earth Sci 59:315-323 (2009). 
doi:10.1007/s12665-009-0028-2 

12.  Matthews-Amune, O. C. & Kakulu, S. Determination of heavy metals in forage grasses (Carpet grass 
(Axonopus ompressus), Guinea grass (Panicum maximum) and Elephant grass (Pennisetum purpureum)) in 
the vicinity of Itakpe Iron ore mine, Nigeria. Int J Pure Appl Sci Technol 13(2), 16-25 (2012). 

040015-7

https://doi.org/10.1155/2015/756270
https://doi.org/10.13057/biodiv/d200725
https://doi.org/10.2134/jeq2011.0241
https://doi.org/10.1007/s11356-014-3377-7
https://doi.org/10.1088/1755-1315/637/1/012044
https://doi.org/10.1016/j.chemosphere.2016.12.116
https://doi.org/10.3390/su13052574
https://doi.org/10.5400/jts.2021.v26i1.11
https://doi.org/10.1088/1755-1315/142/1/012023
https://doi.org/10.4067/s0718-95162014005000063
https://doi.org/10.1007/s12665-009-0028-2


 
 

13.  Tangahu, B. V., Rozaimah, S., Abdullah, S., et al. A review on heavy metals (As, Pb, and Hg) uptake by plants 
through phytoremediation. Int J Chem Eng ID 939161,1-31 (2011). doi:10.1155/2011/939161 

14.  Abdu, N. & Mohammed, I. Adsorption-solubility equilibria and speciation of Pb, Cd, and Zn in a savanna 
soil. Spanish J Soil Sci 6(3), 244-260 (2016). doi:10.3232/SJSS.2016.V6.N3.06 

15.  Baltrenaite, J. K. E. Biochar as adsorbent for removal of heavy metal ions [Cadmium (II), Copper (II), Lead 
(II), Zinc (II)] from aqueous phase. Int J Env Sci Technol 13, 471-482 (2016). doi:10.1007/s13762-015-0873-
3 

16.  He, G., Zhang, Z., Wu, X., Cui, M., Zhang, J. & Huang, X. Adsorption of heavy metals on soil collected from 
Lixisol of typical karst areas in the presence of CaCO3 and soil clay and their competition behavior. 
Sustainability 12(7315), 1-19 (2020). doi:10.3390/su12187315 

17.  Salam, A. K.. 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 11, 31-46 (2000). 

18.  Wang, Y., Gu, K., Wang, H. & Shi, B. Remediation of heavy-metal-contaminated soils by biochar: a review. 
Env Geotech 1-14 (2019). doi:/doi.org/10.1680/jenge.18.00091 

19.  Xiao, R., Huang, Z., Li, X., Chen, W., Deng, Y. & Han, C. Lime and phosphate amendment can significantly 
reduce uptake of Cd and Pb by field-grown rice. Sustainability 9(430), 2-10 (2017). doi:10.3390/su9030430 

20.  Ugwu, E. I., Tursunov, O., Kodirov, D., et al. Adsorption mechanisms for heavy metal removal using low cost 
adsorbents: a review. IOP Conf Ser Earth Environ Sci 614(1) (2020). doi:10.1088/1755-1315/614/1/012166 

21.  Sdiri, A.T., Higashi, T., Jamoussi, F. Adsorption of copper and zinc onto natural clay in single and binary 
systems. Int J Environ Sci Technol 11(4), 1081-1092 (2014). doi:10.1007/s13762-013-0305-1 

22.  Zhang, D., Li, T., Wu, X. & Wang, Y. Effect of amendments (lime–zeolite–biochar) on the immobilization of 
Cd and Pb in a contaminated acidic soil. IOP Conf Ser Earth Environ Sci 742(1), 012016 (2021). 
doi:10.1088/1755-1315/742/1/012016 

23.  Lahori, A. H., Mierzwa-Hersztek, M., Demiraj, E., et al. Clays, limestone and biochar affect the bioavailability 
and geochemical fractions of cadmium and zinc from Zn-smelter polluted soils. Sustainability 12(20), 1-16 
(2020). doi:10.3390/su12208606 

24.  El-Maghrabi, H. H. Removal of heavy metals via adsorption using natural clay material removal of heavy 
metals via adsorption using natural clay material. J Environ Earth Sci 4(2014):38-47 (2016). 

25.  Chen, D., Liu, X., Bian, R., et al. Effects of biochar on availability and plant uptake of heavy metals – A meta-
analysis. J Env Manag 222, 76-85 (2018). doi:https://doi.org/10.1016/j.envman.2018.05.004 

26.  Hayyat, A., Javed, M., Rasheed, I., et al. Role of biochar in remediating heavy metals in soil. In: Ansari. A.A., 
ed. Phytoremediation. Springler Int Publ, 421-437 (2016). doi:10.1007/978-3-319-40148-5 

27.  Selvi, A., Rajasekar, A., Theerthagiri, J. Integrated remediation processes toward heavy metal 
removal/recovery from various environments - a review. Front Env Sci 7, Article 66 (2019). 
doi:10.3389/fenvs.2019.00066 

28.  Wang, H., Xia, W., Lu, P. Study on adsorption characteristics of biochar on heavy metals in soil. Korean J 
Chem Eng 34(6), 1867-1873 (2017). doi:10.1007/s11814-017-0048-7 

29.  Salam, A. K. Management of Heavy Metals in Tropical Soil Enviroment. 1st Edition. Bandar Lampung: Global 
Madani Press (2017). 

30.  Salam, A. K., Bakrie, S. & Prihatin, F. Depth-wise distribution of extracted Cu and Zn in cultivated field-plots 
after treatment with a Cu- and Zn-containing waste, lime, and cassava-leaf compost. J Trop Soils 11(1), 9-14 
(2005). 

31.  Salam, A. K. & Ginanjar, K. Tropical soil labile fractions of copper in the experimental plots ±ten years after 
application of copper-containing-waste. J Trop Soils 23(1), 11-18 (2018). doi:10.5400/jts.2018.v23i1.11-18 

32.  Salam, A. K. & Helmke, P. A. The pH dependence of free ionic activities and total dissolved concentrations 
of copper and cadmium in soil solution. Geoderma 83(3-4), 281-291 (1998). doi:10.1016/S0016-
7061(98)00004-4 

33.  Chandra Shaha, S., Kashem, M. A. & Osman, K.T.  Effect of lime and farmyard manure on the concentration 
of cadmium in water spinach (Ipomoea aquatica) . ISRN Agron 2012:1-6 (2012). doi:10.5402/2012/719432 

 

040015-8

https://doi.org/10.1155/2011/939161
https://doi.org/10.3232/SJSS.2016.V6.N3.06
https://doi.org/10.1007/s13762-015-0873-3
https://doi.org/10.3390/su12187315
https://doi.org/10.1680/jenge.18.00091
https://doi.org/10.3390/su9030430
https://doi.org/10.1088/1755-1315/614/1/012166
https://doi.org/10.1007/s13762-013-0305-1
https://doi.org/10.1088/1755-1315/742/1/012016
https://doi.org/10.3390/su12208606
https://doi.org/10.1016/j.envman.2018.05.004
https://doi.org/10.1007/978-3-319-40148-5
https://doi.org/10.3389/fenvs.2019.00066
https://doi.org/10.1007/s11814-017-0048-7
https://doi.org/10.1007/s11814-017-0048-7
https://doi.org/10.5400/jts.2018.v23i1.11-18
https://doi.org/10.1016/S0016-7061(98)00004-4
https://doi.org/10.5402/2012/719432


Similarity Report

2% Overall Similarity
Top sources found in the following databases:

2% Publications database Crossref Posted Content database

TOP SOURCES

The sources with the highest number of matches within the submission. Overlapping sources will not be
displayed.

1
Kariuki, John N.. "The Potential of Improving Napier Grass Under Small... <1%
Publication

2
Sadegh Hosseinniaee, Mohammad Jafari, Ali Tavili, Salman Zare, Giov... <1%
Crossref posted content

3
Xinhao Ren, Jiayi He, Qiao Chen, Fei He, Ting Wei, Honglei Jia, Junkan... <1%
Crossref posted content

Sources overview

http://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A28233461&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://doi.org/10.21203/rs.3.rs-2750193/v1
https://doi.org/10.21203/rs.3.rs-1152693/v1

