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Industrial side-products as possible soil-amendments 

 
Abstract: The protection of our environment is a common task. All pollution that expose our soils, plants or in the narrower and wider sense 

environment will appear  sooner or later in the food chain and  in  human beings who  are at the top of the food-chain pyramid. The aim of our 

work is to give a brief overview about the effects of some industrial wastes on the physiological parameters of plants. Compost, black soot, 

sewage sludge and lime sludge dust was examined. Sunflower seeds were used in the experiments. The filtrates of examined materials were 

added to the nutrient solution in different quantities because of different solubility.The contents of sample elements and uptake of the element 

were measured by ICP, the relative chlorophyll contents by SPAD 502. 

Disadvantageous and advantageous physiological effects of compost, black soot, sewage sludge and lime sludge were proved. Larger 

concentrations of aluminium were measured in the roots than in the shoots. The concentrations of chrome were below the control value in the 

shoots when black soot, compost, lime sludge and sewage sludge were added to the nutrient solution. The concentrations of zinc, 

phosphorous, magnesium and copper were very low when black soot was used, and it was lower than the control. The dry matter of shoots 

increased when compost and sewage sludge was used, but the growth of roots remained under the control level.  

 Keywords: compost, black soot, sewage sludge, soil-amendments 

 

Introduction 

The world’s population is rapidly increasing, and it is estimated to be 8 billion in the next decades. The food production 

must be doubled on the presently used land to meet the demand (James and Krattiger, 1996). The large enhancements in use of 

fertilizers and improvements of soil fertility are indispensable approaches (Cakmak, 2001). Nowadays, the degradation of 

ecosystem is caused by poor soil fertility, low levels of available mineral nutrients in soil and unsuitable nutrient management. 

The challenge of present agriculture is that the productivity should be increased, especially in the developing countries. 

However, recent trends indicate that the growth rate in crop production has begun to slow down in the past 10 years.  

Over-application of fertilizers in poorly managed cropping systems can result with serious environmental problems, such 

as pollution of groundwater and eutrophication of surface waters (Socolow, 1999). Tremendous requirements for food are more 

important problems than the environmental pollution in many developing countries (Gruhn et al., 1996). Reduced soil fertility 

caused by continuous production with low nutrient supply is a major threat both to food production and the ecosystem viability 

(Pinstrup-Andersen et al., 1999). As a result of declining soil fertility, together with increasing population to marginal lands and 

forested areas there is a considerable increase what are leading to harmful ecosystem destruction (Tillman, 1999). 

The produce of fertilizer needs lots of energy and cost. Plenty of harmful gases get out during the produce procedure. 

Recommended the reuse of wastes and side-products which contain lots of organic matter, micro and macro elements and have 



got not harmful effect to environment. To use these side products the CO2 emission could also be redueced. The land application 

of sewage sludge is a common agricultural practice worldwide. It effectively disposes of a waste product while recycling valuable 

nutrient into the soil - plant system. We have to try to reuse more and more waste and side-products. The sewage sludge and 

compost were provided by ALKALOIDA Chemicals Co. Ltd. The sewage sludge was mixed with wood-shavings and this mixture 

was used as cover material of waste rock piles. The black soot originated from the chemney of incinerator, while the lime sludge 

is coming from metallurgy waste transformer plant.  

 

Materials and Methods 

Sunflower (Helianthus annus L. cvs. Arena) was used in the experiments. The seeds were sterilized with 18% hydrogen 

peroxide, and then washed in distilled water. Then they were germinated on moistened filter paper at 25 oC.  The seedlings 

were transferred to continuously aerated nutrient solution of the following composition: 2.0 mM Ca(NO3)2, 0.7 mM K2SO4, 0.5 

mM MgSO4, 0.1 mM KH2PO4, 0.1 mM KCl, 1µM H3BO3, 1µM MnSO4, 0.25 µM CuSO4, 0.01 µM (NH4)6Mo7O24. Iron was added 

to the nutrient solution as Fe-EDTA at a concentration of 10-4M.  The filtrates of black soot, compost, lime sludge and sewage 

sludge were added to the nutrient solution. The solubility of examined materials was different therefore to obtain the same 

concentration the filtrates were given in different amounts to the nutrient solution as follows: black soot 94 ml dm-3, compost 91 

ml dm-3, sewage sludge 66 ml dm-3 and lime sludge 100 ml dm-3. The filtrates were made from 17 g examined materials and 

170 ml distilled water. This was shaked 2 hours, and after that it was vacuum filtrated. The seedlings, 12 for each basic 

treatment, were grown under controlled environmental conditions (light/dark regime 10/14 h at 24/20 oC, relative humidity of 65–

70 % and a photosynthetic photon flux of 300 μmol m-2s-1). There were three repetitions for each treatment. The contents of 

elements were measured with ICP, the relative chlorophyll contents with SPAD 502 (Minolta). The number of laboratory 

readings for ICP was the mean of three samples, and SPAD 502 was 60. The samples were dried at 85 Cº, the dry matter of 

shoots and roots of 12 plants was measured.                                                                                                                                    

For each used industrial side-product, the germination test with the use of mustard (Sinapsis alba L.) plants has been 

conducted for raw materials and its filtrate. The amounts of examined materials were 10g per Perti dishes.                                                 

 The black soot dust originated from Hajdu Komm Environmental Protection Ltd. (Eastern Hungary), the sewage 

sludge and compost came from Alkaloida Chemicals Co. Ltd. (East Hungary) and the lime sludge originated from the Ore, 

Mineral and Waste Recycling Works of Borsod Private Company Limited by Shares (BÉM Zrt.).  

Results and Discussion 



The examined side products were supplied in large quantities by the above-mentioned companies. These materials 

contain lots of useful elements for plants (e.g. iron, potassium, zinc, magnesium, etc.) and some harmful elements in addition 

(e.g. aluminum, chrome) (Table 1.). The selected elements have environmental relevance and have important role in plant life.  

The content of copper was approx 10 times higher in the lime sludge than in the black soot. The quantity of iron was the highest 

in the lime sludge. This value was 203 times higher than in black soot. The large amount of Fe, Cr and Pb originated from the 

produce of lime sludge because it was made from metallurgy melted wastes mixed with lime. The concentration of phosphorus, 

zinc and aluminium was the highest in the sewage sludge. The concentrations of 25 elements were measured, for further 

examination the elements of highest concentrations were selected. 

 
Table 1. Contents of some elements (Cu, Fe, K, Mg, Na, P, Zn, Al, Cr, Pb) in the examined wastes (black soot, compost, lime 
sludge, sewage sludge) (mg kg-1). Essentiality is marked: a; essential or beneficial, b; toxic 
 

Elements Black soot Compost Lime sludge Sewage sludge 

Cua 17.90 53.00 185.00 109.00 

Fea 583.00 9.883.00 118,500.00 21,098.00 

Ka 542.00 1.485.00 1,010.00 2,878.00 

Mga 842.00 3,693.00 5,055.00 5,548.00 

Naab 4,738.00 1,475.00 5,419.00 2,163.00 

Pa 185.00 10,063.00 162.00 21,289.00 

Zna 116.00 251.00 106.00 473.00 

Alb 2,549.00 7,227.00 3,440.00 17,349.00 

Crb 6.07 25.50 169.00 41.30 

Pbb 22.50 41.30 80.70 70.10 

 
A germination test on the examined physiological parameters with mustard plants showed differences the effects of 

raw materials and those of their filtrates. Moistured with destilled water filter paper was used as control. The germination 

percentage was higher when filtrates were used. The differences originate from the low solubility of materials that can be found 

in the side-products. The black soot retarded the germination: there was no germinated seed at all and the germination 

percentage was very low at the lime sludge (Table 2). 

 

Table 2. The effects of different matters (black soot, compost, sewage sludge, lime sludge) on the germination of mustard (%) 
(n=3±s.e.) Significant difference comparison to the control: *p<0.05; **p<0.01; 
 

Days Control Black soot Compost Sewage sludge Lime sludge 

2. 25.67± 8.74 0.00± 0.00**  25.00± 16.64    63.67± 1.53**  3.67± 1.15* 

3. 56.00± 6.66 0.00± 0.00** 57.67± 8.74 84.34± 2.52   3.67± 0.00** 

4. 68.33± 7.02 0.00± 0.00** 65.34± 3.21 86.67± 1.53  3.67± 0.00* 

5. 79.00± 8.62 0.00± 0.00** 70.01± 3.06 89.00± 1.53 5.00± 0.58 

Application of the filtrate of the black soot, compost and lime sludge increased the germination percentage. The 
germination rate was higher for the compost and lime sludge than the control on the second, third, fourth and fifth day when 
filtrates were used. There was lower germination rate observed when black soot was examined (Table 3). 



Table 3. The effects of the filtrate of the examined substances (black soot, compost, lime sludge) on the germination (%) 
Significant difference comparison to the control: *p<0.05; **p<0.01; 
 

Days Control Black soot Compost Sewage sludge Lime sludge 

2. 19.00± 16.64 3.67± 3.79 20.67± 11.02 11.67± 5.51 32.67± 2.52 

3. 31.33± 9.24  9.00± 1.53* 38.67± 3.61   19.67± 0.00** 50.00± 3.06 

4. 52.33± 2.00 17.00± 6.93 61.67± 7.55 30.34± 2.31 66.67± 5.03 

5. 65.33± 4.16 22.00± 1.73 68.34± 4.93 37.37± 0.00 74.34± 4.04 

6. 73.66± 6.43 28.00± 4.00 75.01± 4.93 52.37± 8.66 79.67± 4.16 

The plants can uptake the measured elements and may cause different effects on the development and growth of plants. The 
uptaken elements are shown in the Table 4 and Table 5.  

 
Table 4. Concentration of examined elements (Al, Cr, Cu, Fe, K, Mg, Na, P, Zn) in the shoots of sunflower seedlings (mg kg-1) 
effecting by black soot, compost, lime sludge and sewage sludge 
 

Elements Control Black soot Compost Sewage sludge Lime sludge 

Al 7.25 50.90 12.74 7.44 16.53 

Cr 1.20 0.41 0.72 0.49 0.77 

Cu 5.87 3.56 7.91 5.01 5.65 

Fe 117.33 35.33 129.66 111.00 164.00 

K 44,366.33 35,665.33 51,177.067 38,632.00 40,078.00 

Mg 3,788.33 2,422.33 4,194.00 3,356.00 3,927.00 

Na 204.00 3,184.66 339.00 202.33 339.00 

P 4,455.00 1,031.00 5,152.66 4,202.67 4,945.00 

Zn 27.76 10.21 34.20 24.66 23.93 

 
Table 5. Concentration of examined elements (Al, Cr, Cu, Fe, K, Mg, Na, P, Zn) in the roots of sunflower seedlings (mg kg-1) 
effecting by black soot, compost, lime sludge and sewage sludge 
 

Elements Control Black soot Compost Sewage sludge Lime sludge 

Al 34.80 25,890.67 780.33 368.33 437.33 

Cr 1.22 1.01 2.57 1.57 20.03 

Cu 19.00 6.99 22.03 15.46 19.00 

Fe 454.33 1,240.00 1,147.33 887.33 798.33 

K 58,219.67 45,498.33 42,299.67 43,415.00 54,876.67 

Mg 2,953.00 1,506.66 6,373.33 5,672.00 3,610.00 

Na 3,686.33 14,580.33 8,013.00 5,503.67 8,119.67 

P 7,148.33 3,442.00 6,104.67 6,324.67 7,625.00 

Zn 44.50 16.76 55.83 45.90 46.96 

 

Larger concentrations of aluminium were measured in the roots than in the shoots. We suppose that the Al were 

accumulated in the roots and the root- to- shoot transfer is retarded. The Al concentrations were the highest in the roots of 

treated plants. This observation is in contradiction whit the increased growth of shoots and roots of treated plants.  The 

concentrations of Al were about 7 times higher in shoots and 761 times higher with treated black soot that of the control. This 

concentration was 22 times higher in the roots with compost treated, 13 times higher in the lime sludge and about 10 times 

higher in the sewage sludge. The toxic effects of aluminium are primarily root-related (Taylor, 1988). The root system becomes 

stubby as a result of inhibition of elongation of the main axis and lateral roots (Klotz and Horst, 1988). The severity of inhibition of 



root growth is a suitable indicator of genotypic differences in aluminium toxicity (Foy et al., 1967). Aluminium toxicity is therefore 

often expressed simultaneously in two ways, namely induced deficiency of mineral nutrients, such as magnesium, and inhibition 

in root elongation (Tan et al., 1992). The concentrations of chrome were below the control value in the shoots when black soot, 

compost, lime sludge and sewage sludge were added to the nutrient solution. In contrast, the concentrations of chrome in roots 

were higher when compost, lime sludge and sewage sludge were examined. This concentration was under the control at the 

black soot.     The quantity of sodium was 15 times higher in the shoots and 4 times higher in roots when black soot was added 

to the nutrient solution. The concentration of iron was lower in the shoots when we treated with black soot, but it was about 3 

times higher in the roots when we used black soot and 2.5 times higher when we added compost to the nutrient solution. The 

concentration of zinc, phosphorous, magnesium and copper was very low when black soot was used, and it was lower than 

control.               Differences were observed also in dry matter accumulation of sunflower seedlings during the experiment. The 

results are shown in Table 6.  

Table 6. Effects of different matters (black soot, compost, lime sludge, sewage sludge) on the dry matter accumulation of shoots 
and roots of sunflower seedlings (g plant-1) Significant difference comparison to the control:**p<0.01;***p<0.001 

Treatments Shoots Roots 

Control 0.96± 0.16*** 0.21± 0.04*** 

Black soot 0.37± 0.14*** 0.07± 0.09*** 

Compost                      1.13± 0.16** 0.22± 0.14*** 

Sewage sludge 1.03± 0.36*** 0.21± 0.21*** 

Lime sludge 0.88± 0.22***                      0.18± 0.01** 

 
In nearly all the cases, the values were found around the control value, except the black soot, where the values were under the 

control figures. The dry matter of shoots increased when compost and sewage sludge was used, but the growth of roots 

remained under the control level. The dry matter accumulations of shoots and roots were lower than the control when black soot 

was used, and the values were higher in treatments with lime sludge. The dry matter accumulation of shoots and roots reduced 

significantly when black soot was applied and dry matter accumulation of roots when lime sludge was given to the nutrient 

solution.  

These results suggest the potential application of compost and sewage sludge as microelement fertilizers. 

Low chlorophyll contents affect photosynthetic activities. The decreasing dry matter accumulation can be explained by 

the lower level of the chlorophyll contents (Table 7.). 

 
Table 7. Effect of the examined materials (black soot, compost, lime sludge, sewage sludge) on the relative chlorophyll contents 
of sunflower leaves (Spad units) Significant difference comparison to the control:**p<0.01;***p<0.001. 
 

Treatments 10th days 13th days 15th days 

Control             47.57± 1.93             50.63± 1.34             50.33± 0.40 



Black soot             43.29± 1.30***             41.46± 1.39*** 39.34± 1.43*** 

Compost             46.78± 1.34             49.87± 0.64             50.02± 1.28 

Sewage sludge             46.71± 3.09 48.36± 0.95***             48.88± 0.11 

Lime sludge  44.45± 0.68*** 45.54± 0.47*** 46.35± 1.43*** 

 
The relative chlorophyll content decreased significantly on the 10th, 13th and 15th days at all treatments, as well as on 

the 13th days when sewage sludge was added to the nutrient solution. The relative chlorophyll content decreased with about 1 

Spad unit at the compost treatment on the 10th and 13th days and the decline was not considerable on the 15th day. These values 

decreased with 1 Spad unit on the 10th and about 2 units on the 13th day and 1.5 units on the 15th day.   

When plants are grown under controlled conditions, cc. 80% of the iron is localized in the chloroplasts in rapidly 

growing leaves, regardless of iron nutritional status. Iron can be stored in plant cells in the stroma of plastids as phytoferritin 

(Seckbach, 1982). Its content is high in dark-grown leaves (up to 50% of the total iron), but rapidly disappears during regreening 

(Mark et al., 1981), and remains very low in green leaves. After resuppyling the iron to deficient plants, however, the uptake rate 

is exceptionally high and the phytoferritin leaf content may transiently increase dramatically (Lobreaux et al., 1992), and make up 

as much as 30% of the total leaf iron (Van der Mark et.al., 1982; Platt- Aloia et al., 1983). The localization of phytoferritin is not 

confined to chloroplasts: it can also be detected in the xylem and phloem (Smith, 1984). The chlorophyll contents depend on iron 

content. (Machold, 1968). The relative low chlorophyll content in sunflower can be co-related to low iron content (583 mg kg-3) in 

black soot material.  

 
Conclusions 

The investigated materials contain lots of elements. The largest concentration of Cu, Fe, Na, Cr and Pb were 

measured in the lime sludge than in black soot, compost or sewage sludge. The highest contents of K, Mg , P, Zn and Al were 

measured in the compost. This result originated from the materials of produce. The lime sludge – it is metallurgy lime sludge so, 

it is contains lot of metals.  

The plants up take these elements which may cause different effects of their growth and development. The amount of uptaken 

elements also was measured. Larger concentration was measured in the roots than in the shoots from the examined elements. 

We suppose that these elements are accumulated in the roots and the root-to-shoot transfer is retarded. It is advantageous in 

case of crop production because we especially use the shoots of crop plants. The dry matter production – which is the main aim 

of crop production - depends on nutrient supply.  

Different dry matter accumulation of shoots was observed. It was 17% when compost, 7% when sewage sludge was added to 

the nutrient solution. The dry matter accumulation of roots increased by 4% due to the compost treatement and there was no 



difference in dry matter of roots when sewage sludge was used. These results suggest the potential application of sewage 

sludge and especially compost as nutrient supplementary materials in crop production among controlled circumstances.  

Further examinations are needed to examine the potential application in the fields.   
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