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Effects of mineral nutrients with biowaste compost as soil 
conditioner for farmland
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Abstract

 Bio-waste, separately collected from municipal solid waste, can be reused as soil conditioner after composting.  

In this study, a series of field investigations was conducted on the essential minerals (Ca, Fe, Mg, Mn, Zn, Cu) and 

toxic heavy metals such as Pb, Cr, Cd contained in soil which have been amended with biowaste composts and/or 

amended with chemical fertilizer plus lower composts. The results show that the biowaste compost applications likely 

led to increase mineral elements in soils for Ca, Mg, Mn and Zn. It was also found that biowaste compost showed the 

tendency of the increases of bio-available forms of Fe, Mn and the reverse situation for Mg. Comparison of supply 

ratios (SR = bio-available content/total content×100%) of all elements in compost-amended and no amended soils 

showed that the leachability of Fe, Mn, Zn, Pb was slightly increased by biowaste compost application, and gave a 

less change for other elements.
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Introduction 

 Recently, large amounts of composting  

products derived from various solid wastes are  

increasingly applied in farmland amendment. Two  

objectives are recognized, firstly, as the soil conditioner, 

supplying plant nutrients, improving the physical and 

chemical characteristics of soils (Gallards-Lara and 

Nogales, 1989; Pinamonti et al., 1997; Anikwe and 

Nwobado 2002) and thus increasing crop yields (Roe et 

al., 1993; Wong et al., 1999); another one as a beneficial 

means of solid waste disposal, saving landfill space 
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(Tisdell and Breslin, 1995; Giusquiani et al., 1998). Yet 

it is noticeable that the farmland amendment shouldn’t 

be a random action but a carefully managed practice. 

 In this study, we intended to examine the 

farmland uses of composts by field investigations, for 

addressing the benefits of recycling composts. As the 

essential plant micronutrients, Ca, Fe, Mg, Mn, Cu and 

Zn were of particular concerns in this study. Moreover,  

some toxic heavy metal elements cadmium (Cd), 

chromium (Cr) and lead (Pb) are also observed. We 

expected to find out more evidences for clarifying that 

compost application may improve the nutrient situation 

of farmlands.

Materials and Methods 

 1. Sample collection and Preparation

  Fifteen pairs of soil samples were separately  

collected from 15 sites in Yamaguchi and Miyazaki 

Prefecture, Japan during Oct. 2003 to Nov. 2006. The 

samples collected including a compost-amended soil 

sample and a chemical fertilizer/compost co-amended 

soil. Farmland amendments have been conducted 

in these 15 sites for different periods of time. Soil  

sampling was restricted in the upper soil (0-15cm) by a 

free selection technology, and inert materials (such as 

stone and straw) were removed. All samples collected 

in plastics bags were sent to the laboratory within 

24h. Then, each sample was dried at 105°C, and then  

particle size reduction was achieved using an agate 

mortar and pestle to pass a 2 mm sieve, finally stored 

at 4°C until elemental analyses. Sample pretreatment 

were all conducted in duplicate. 

 2.  Total metal content

  Duplicate samples (soil, 1-2 g) were 

digested using HNO
3
 and H

2
O

2
 following standard 

procedures (USEPA, 1996). The digests were filtered 

through 0.45-μm filter membranes and then filled to 50 

mL with ultra-pure water for elemental analysis.

 3.  Bio-available metal content

  Duplicate samples (5g) were extracted 

using EDTA following standard procedures (Lusten-

houwer and Hin, 1993). The extractions were filtered 

through 0.45-μm filter membranes and then filled to 50 

mL with ultra-pure water for elemental analyses. 

 4. Chemical Analysis

  Measurements of Ca, Fe, Mg, Mn, Zn, 

Cu, Pb, Cr and Cd after digestion and also in leachate  

solutions were measured Inductively Coupled  

Plasma – Atomic Emission Spectrometry (ICP-AES, 

PerkinElmer, optima 3300 DV). 

Results and Discussion

 1. Total Contents of minerals in soils

  Total contents of mineral elements in 

composts-amended soils are shown respectively in  

Table 1(a). Total contents of essential plant micronutrients  

such as Ca, Fe, Mg, Mn, Zn and Cu were all in wide 

ranges. As toxic heavy metals, Pb and Cr contents were 

in the wider range than Cd. Total contents of elements 

in chemical fertilizer-amended soils are shown in Table 

1(b). The ranges of all element contents were similar with 

that of compost-amended soils. As essential minerals,  

total contents of Ca, Fe, Mg, Mn, Zn and Cu were all 

in the wide range and the total contents of toxic heavy 

metals also fell into the wider range. 
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  Typically, for amended soils are not 

only composts but also chemical fertilizer, the content 

ranges of essential minerals were wider than that of 

heavy metals. We understood that total contents of 

essential minerals in soils will be affected by various 

unpredictable factors, including rainfall, irrigation and 

other sources besides fertilizer. Comparison of average 

total contents of compost-amended soils and chemical 

fertilizer-amended soils shows that solid waste composts 

application led to the Ca, Mg, Mn, Zn and Pb increases 

in soils, but the changes of total contents of Fe, Cu, Cr 

and Cd were less evident.

 2.  Contents of bio-available forms of 

minerals in soils

  Contents of the bio-available forms 

of elements in soils are listed in Table 1(a) and (b), 

respectively. The contents of bio-available forms of 

elements in soils, whether composts-amended or not, 

were all in wide ranges. This means that the contents 

of bio-available forms of elements were affected by 

soils characteristics. Comparison of average contents 

of bio-available forms of elements in the composts-

amended soils and chemical fertilizer-amended soils 

shown that solid waste compost applications have led 

to the significant increases of Ca, Fe and Mn in soils, 

but Mg, Zn, Cu, Pb, Cr and Cd were less changed. 

 3. Effect on the mineral contents of soils

  From the results of total content and bio-

available content of mineral elements, we saw that solid 

waste composts application improved the essential plant 

micronutrients in amended soils. But we could not say 

that was true, because it was also possible that several 

special samples led to such results. So it is necessary 

to further confirm the situation of each pair of soils.
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 In 15 pairs of soil samples, two cases can 

be found, that is, contents of compost-amended soils 

higher than that of no amended soils, or in reverse. Total  

contents and bio-available mineral elements in soils 

were compared as in Figure. 1 (a) and (b), respectively.

Figure 1. Comparison of total contents (a) and contents of bio-available forms (b) of element in compost-amended 

soils and no amended soils, white: composts›chemical fertilizer; black: composts‹chemical fertilizer
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 For total contents, the “amended higher than 

no amended” cases of Ca, Mg, Mn, Zn, Cu, Pb and Cr 

in 15 pair samples were much more than the reverse. 

But as for Fe and Cd, such difference is less significant. 

Generally speaking, the results indicate that the com-

post application led to total mineral element content 

increases, and that the decrease of total Fe content in 

compost-amended soil may also happen. 

 About bio-available forms of elements, the 

“amended higher than no amended” cases of all elements 

were quite more than the reverse except for Mg. So it can 

be understood that the solid waste compost application  

can amend soils regarding bio-available forms of  

essential minerals. Solid waste composts application led 

to increases of total content of Mg, but bio-available Mg 

didn’t be improved. That means the leachability of Mg 

was limited in compost-amended soils. The leachability 

of heavy metals had been increased too with the solid 

waste composts application, and therefore it should be 

controlled. 

 4.  Effect on the minerals supply of 

compost-amended soils

  Table 2 shows the minerals element supply 

ratio (SR = bio-available content/total content×100%) 

of various soils. Comparing other elements in compost-

amended soils and no amended soils, SR of Fe, Mg and 

Cr were low. It was understood that the leachability of 

Fe and Mg was lower than essential minerals else. SR of 

Ca fell into a narrow range, but that of other elements, 

especially Fe, Mg and Cr, showed in wide ranges. The 

leachability of almost all elements would be affected 

by different soil characteristics.

  About the average supply ratio of various 

soils, solid waste composts led to mineral supply ratio 

increases except for Mg and Ca. It is proved that the 

leachability of Mg was limited in compost amended soils 

again. On the other hand, through the total content of Fe 

in composts-amended soils was less than no amended 

soils, supply ratio improvement led to bio-available 

content increase in composts-amended soils.

  To confirm the result of Table 2, SR of 

each pair of soils was discussed. Figure. 2 shows SR 

comparison between compost-amended soils and no 

amended soils. About SR, the “amended higher than 

no amended” cases of all elements were much more 

than the reverse case except for Mg and Ca. Though 

the leachability of Ca was limited at some degree in 

compost-amended soils, large increase of total content 

of Ca ensured bio-available content improved. Solid 

waste compost application can improve the minerals 

supply situation, but continually using solid waste 

composts to amended soil would lead to heavy metal 

accumulation in soils. The controlled use of solid waste 

composts was advocated.
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Table 2. Mineral element SR (%) of various soils

Figure 2.  Supply ratio comparison between compost-amended soils and no amended soils, white: composts›chemical 

fertilizer; black: composts‹chemical fertilizer.

Conclusions

 Solid waste composts led to increase of  

mineral elements in soils except in case of Fe. Toxic 

heavy metals of Pb, Cr and Cd in soils were also  

increased in different extents. It is also found that soil  

applications of solid waste composts has become  

increased bio-available forms of useful mineral  

elements except for Mg and Ca, but less for heavy 

metals. Based on SR investigation, mineral elements 
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in various soils, leachability of almost all mineral  

elements was improved except for Mg and Ca, but large 

increase of total content of Ca ensured bio-available 

content improvement. Potential use of solid waste 

composts to amended soil would possibly lead to heavy 

metals accumulation in soils. Therefore, the rational 

and controlled application of solid waste composts is 

helpful for not only safe solid waste disposal but also 

the soil amendment.
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