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Abstract. The aim of this study was to show the relationship between tomato plants grown in soil in 

different doses of animal manure (AM) and biochar (BC) obtained from hazelnut shell with some soil 

enzymes, C mineralization, microbial biomass and other soil properties. In this context, 0-5-10-15-20 ton/ha 

biochar (BC) obtained from hazelnut shell and 5-10-20 ton/ha mature animal manure were applied into the 

soil. The study repeating 6 times was performed in natural conditions of greenhouse according to the study 

design of random parcels. Some chemical soil properties (organic material, total N, available P and K) and 

some soil enzymes of tomato (Lycopersicum esculentum Mill) plant grown in biochar and animal manure 

applied-soil (dehydrogenase, urease, arylsulfatase and alkaline phosphatase) were identified. Biochar and 

animal manure applications increased dehydrogenase, urease and arylsulfatase enzyme activities of the soil 

and it was statistically significant (p < 0.01). The activity of alkaline phosphatase enzyme increased but and 

it was not statistically significant. The biological analyses of the soil showed that the most effective dose 

varies in each parameter, but it was identified that BC5 + AM5, BC15 + AM5, BC20 and AM20 doses increased 

the biological properties. The study showed that biochar and animal manure applications increased the 

organic material contents of soil and the available macro contents including nitrogen (N), phosphor (P) and 

potassium (K). 
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Introduction 

The human population increases with a geometric array, and the food demand also 

rises inevitably at the same speed. The effort to meet the food demand as fast as possible 

has led to the introduction of a wide range of chemical inputs into the agricultural 

production processes. Types of chemical manure are a factor accelerating production 

significantly, however, the destructive aspect for the environment and human health has 

become a disadvantage in the long term, and the scientists are looking for solutions. 

Accordingly; organic soil regulators which are compatible with nature, also beneficial for 

the environment and human health, yielding effective results in agricultural applications 

in a narrow field, aiming to minimize the use of chemical manure with the same 

productive capacity for animal and plant production are evaluated. The important 

preventive measures for food crisis that threatens the future of human life include 

increasing the amount of organic material in agricultural soils and the use of agricultural 

methods for the protection, preservation and maintenance of suitable environment for soil 

organisms. The use of organic manure instead of the chemical manure in organic 

agriculture helps to increase soil organic materials and microbiological activity. The aim 

of organic agriculture is to protect the health of the plant, environment, human and animal 

without causing water, soil and air pollution (Kızılaslan and Olgun, 2012). Besides the 

natural manuring system, some side products have been tested to improve quality; the 

most commonly used herbal and woody wastes among these side products are also 
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preferred to be burnt on agricultural soil for reversible soil recovery without 

environmental pollution. The aim of this application is to provide available plant nutrition 

elements and to eliminate environmental pollution caused by woody side products of the 

residues in agricultural soils by pyrolysis method. The new product containing high 

carbon and mineral material obtained as a result of pyrolysis of organic substances in the 

oxygen-free environment or gasification by reduced oxygen is called biochar (Lehmann, 

2007), and based on its history, it has been used to support organic manures, and to 

increase productivity in agricultural soils effectively. Pioneering research on the above-

mentioned organic soil regulator were performed for seedling cultivation (Retan, 1915) 

and soil chemistry (Tyron, 1948). Much earlier than the those researches, waste biomass 

charcoal was used as a manure in an application carried out in China (Liebig, 1878). 

Biochar-based researches have been remarkably increased in Japan starting from the first 

quarter of the 80s (Kishimoto and Sugiura, 1980). Despite of all these researches, global 

interest in biochar was especially rised in the second quarter of the 2000s, but recognized 

recently in Turkey. When a biochar rich in organic carbon is burnt, an ash consisting of 

Ca, Mg and inorganic carbonate is obtained. This high-carbon organic regulator is defined 

as an aromatic material consisting of six chains of carbon atoms connected to each other 

without oxygen and hydrogen. Carbon atoms connected to each other without oxygen and 

hydrogen is considered as advantageous due to absence of more atoms in organic material 

(Roberts et al., 2009). The highest quality criteria for Biochar includes: high cation 

exchange capacity, adsorption and low portability of components (Glaser et al., 2002; 

Liang et al., 2006; McClellan et al., 2007; McLaughlin et al., 2009). The research was 

conducted to evaluate whether the hazelnut shell without commercial value could be used 

for other purposes except for fuel in the study region (Central and East Black Sea 

Region). The aim of the research is to show the relationship between tomato plants grown 

in soil in different doses of animal manure (AG) and biochar (BC) obtained from hazelnut 

shell with some soil enzymes, C mineralization, microbial biomass and other soil 

properties. 

Material and method 

Study area 

The experiment was carried out in the high tunnel greenhouse established in Ordu 

University experiment area. The study area is located in Ordu province, Altınordu district, 

Eastern Black Sea Region, Turkey in 2016. The province of Ordu is located between the 

northern latitudes of 4464031-4551905 with eastern longitudes of 304670-420033 

(Fig. 1). 

 

 

Figure 1. Map shows the location of Ordu University experiment area in the Ordu Province, 

Turkey 
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Materials and methods 

In the study performed under the conditions of the greenhouse, soil with clayey 

texture from a depth of 0-30 was used. As an organic material, the hazelnut shell of 

Ordu has been transformed into biochar. Production temperature for biochar production 

is 380 °C; the production time is 270 min (Fig. 2). The production continued until the 

end of the gas outlet, including flammable gases from the system. The mature animal 

manure was obtained from the farmer in Ordu province Mesudiye district. Alsancak 

tomato seedling was used as a plant material. Before the experiment was established, 

some basic physical and chemical analyses of the soil sample were performed (Table 1.) 

  1 
Pyrolysis 2 

     3 
380°C  - 270 minutes 4 

 5 

 6 

 7 

 8 

HAZELNUT SHELL BIOCHAR 

 

Liquid product  % 30 

Solid product     % 35 

Gas product       % 35 

 

Figure 2. Biochar pyrolysis process obtained from hazelnut shell (Ronsse et al., 2013) 

 

 

Pyrolysis 

The process results in the formation of three main products: carbon-rich solid 

product (biochar), a volatile matter which can further be partially condensed to liquid 

phase (bio-oil), and the remaining so-called “non-condensable” gases, like CO, CO2, 

CH4, and H2 (Kambo and Dutta, 2015). 

The soil used in the experiment had a clayey structure, having pH value of (6.46) 

mild acid without saltiness problem. The level of organic material was 1.8%, total N 

content was 0.045%, P content was 6.7 mg kg-1 and K content was 57.1 mg kg-1. 

Mature animal manure and biochar, used as organic material, are materials of organic 

origin, and their properties complement each other. Some chemical and physical 

properties belonging to the burnt animal manure and biochar used in the experiment is 

presented in Table 1. 

 
Table 1. Some physical and chemical properties of the soil used in the experiment and 

biochemical and vermicompost properties 

Material 
O.M 

(%) 

C 

(%) 

N 

(%) 
pH 

K 

(mg kg-1) 

P 

(mg kg-1) 

Mg 

(mg kg-1) 

Fe 

(mg kg-1) 

Soil 1.8 - 0.045 6.46 57.1 6.7 120 8.6 

AM  26.4 1.32 7.6 1.24 1.12 - - 

BC  81 1.17 9.24 0.33 - 1690 10.4 

 

 

Experimental design 

In the research, 2 mm grated 2 different organic material (biochar and animal 

manure) 0-5-10-15-20 ton/ha hazelnut biochar and 5-10-20 ton/ha mature animal 
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manure doses were used proportionately 6 times according to the study design of 

random parcels in natural conditions of greenhouse (Table 2). In addition, % AM and % 

BC doses were applied to see the effects alone. After the mixtures were prepared and 

filled separately in the air dry 3 kg soil flowerpots, they were kept for 24 h in order to 

stabilize the internal dynamics in the medium. At the end of 24 h, Alsancak tomato 

seedlings, which is used as a plant material, were planted as 1 seedling per flowerpot. 

During planting, K2HPO4 100 ppm K/pot and 125 ppm P/pot and 100 ppm N/pot 

manures as Ca(NO3)2 form were applied as a basic manuring. After this process, all 

flowerpots are irrigated. Irrigation is performed periodically according to weather 

conditions and soil humidity. Watering was conducted according to plant water demand. 

The average temperature during the trial is 22.7 °C degrees. At the end of 1 week, 

regularly inspected and irrigated plants have begun to grown, each seedling was 

observed until the flowering period. Plants were harvested during flowering period. 

 
Table 2. Potted trial applications 

Mediums  

C Control 

(BC5 + AM5) 10 gr BC – 10 gr AM 

(BC5 + AM10) 10 gr BC – 20 gr AM 

BC10 + AM5 20 gr BC – 10 gr AM 

(BC10 + AM10) 20 gr BC – 20 gr AM 

(BC15 + AM5) 30 gr BC – 10 gr AM 

(BC15 + AM10) 30 gr BC – 20 gr AM 

BC20 40 gr BC 

AM20 40 gr AM 

 

 

Soil physicochemical analyses 

Soil samples 2 mm grated were waited and prepared for the analyses in +4 °C 

refrigerator immediately after, and biological analyses were initiated. To identify the 

properties of sample soil, the texture was examined by hydrometer method as told by 

Bouyoucos (1962), soil reaction (pH) and saltiness (EC) by U.S. Salinity Laboratory 

Staff (1954), organic material by Nelson and Sommers (1982), total nitrogen by 

Bremner (1965), useful phosphor by Olsen et al. (1954), useful potassium by Knudsen 

et al. (1982) as told by Müftüoğlu et al. (2012). 

 

Soil biological analyses 

For the biological analyses of the soil; CO2 production was identified by the method 

told by Isermeyer (1952); microbial biomas-C by Anderson and Domsch (1978), 

dehydrogenase enzyme activity by Thalmann (1968), urease enzyme activity by 

Kandeler and Gerber (1988), alkalin phosphatase enzyme activity by Tabatabai and 

Bremner (1969), arylsulfatase enzyme activity by Tabatabai and Bremner (1970) as told 

by Schinner et al. (1996). For the organic materials in PH and EC 1:3 ratio organic 

material-pure water mixture in the study (Gabriels and Verdonck, 1992), organic 

material was burnt at 550 ± 25 °C for 4 h by the method of Kacar (2009); plant nutrition 
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element analyses were performed in organic materials by the methods told by Kacar and 

Kütük (2010). 

 

Statistical analysis 

At the end of the study, the variance analysis of the obtained data was performed 

using the JMP package program and the important results were evaluated according to 

the LSD test. 

Results and discussion 

The effect of organic materials on some enzyme activity of the soils 

Different doses of biochar and animal manure applications affected and increased the 

dehydrogenase enzyme activity in the soils favorably; it was found that application are 

statistically significant at level 1%, and dehydrogenase enzyme activity values of the 

soils were between 3.16-40.03 mg TPF/g.k.t. The lowest dehydrogenase activity value 

was in the control application the highest was in BC10 + AM5 application (Fig. 3a). This 

application yielded 12.7 fold increase. When the applications into the soil were 

evaluated numerically, it was observed that the most effective applications were 

BC10 + AM5, BC10 + AM10, BC15 + AM5 and BC15 + AM10. Single BC20 and AM20 

applications increased dehydrogenase enzyme activity values less than the application 

comparing BC and AM. The organic materials added to the application have been used 

as a source of nutrients and energy by microorganisms living in soil. 

Paz-Ferreiro et al. declared that (2012) when biochar in different doses obtained from 

waste sludge is applied to the soil, it increases the activity by 2.8 times compared to the 

control, however, Park et al. declared that (2011) biochar obtained from the chicken 

manure increases the dehydrogenase enzyme activity when applied into the soil in 

increased doses. 

The statistical evaluations showed that the effects of the applications on the urease 

enzyme activity are significant (p < 0.01). Biochar and animal manure applications 

increased urease enzyme activity in soil (0.28), the highest value was obtained for 

BC5 + AM5 and BC15 + AM5 applications (0.90) (Fig. 3b). BC5 + AM5 and BC15 + AM5 

applications into the soil increased urease enzyme activity by 3.2 times compared to the 

control. Kablan (2005) declared that urea, as a substrate source of microorganisms 

producing urease enzyme, has increased with organic N forms, which are substrates of 

N content in different organic wastes. Since biochar has a wide C/N ratio, it is subjected 

to more fragmentation by microorganisms, resulting in the increase of these enzymes. 

Nannipieri et al. (1990) showed that the final process of urease, which is the organic 

phase of organic nitrogen mineralization in soil, is the separation of urea and the 

responsible enzyme is urease (Kablan, 2005). These enzymes are produced by soil 

microorganisms in order to break down their nutrient materials, then are kept by 

colloids such as clay and organic material of the soil, and can sustain their activities 

without being attached to the microorganism cell that produces these enzymes (Aşkın et 

al., 2004). 

Akça and Namlı declared that (2015) after biochar is applied to the tomato plant, the 

urease enzyme activity is meaningfully and significantly increased by 5% as compared 

to the control and chemical manual. It was observed that urease enzyme activity of the 

soil has a significant relationship with important soil properties such as organic 
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material, soil texture, pH cation exchange capacity, and that the organic wastes added to 

the soil significantly increase urease enzyme activity (Özdemir et al., 2000). The 

researches declared that when rapid weatherable organic materials are added into the 

soil, urease activity may be increased by the stimulation of microbial activity. Moreno 

et al. (1999) declared that when organic materials are added to the soil, the urease 

activity increases remarkably. On the contrary, Azam and Malik (1985) reported that 

organic materials did not affect the urease activity. Biochar and animal manure 

applications increased arylsulfatase enzyme activity in the soil; arylsulfatase enzyme 

activity values of the soils were 0.07-0.15 μg P- N g.k.t-1. The lowest value was at 

control application, the highest was at BC5 + AG5 application; this application yielded 

2.2 fold increases. Arylsulfatase enzyme has a key role in S cylce in terms of 

agricultural aspect. It acts as a catalyst for hydrolisation from assimilable organic S to 

the inorganic S by the plant, and allows the nutrition element required for plant 

development to be faster and easier in the inorganic form (Kayıkçıoğlu and Okur, 

2013). In a study on tomato plant, the biochar obtained from the litter of poultry in 

different doses has been applied as an application, and enzyme activities were increased 

significantly with biochar applications (Akça and Namlı, 2015). In the experimental 

soils, tomato plant increased arylsulfatase enzyme activity as compared to the control 

(Fig. 3c). Because microbial activity increases in the presence of plant roots, increasing 

arylsulfatase enzyme activity (Kablan, 2005). Sun et al. (2014) reported that the 

addition of wood-originated biochar into the sandy agricultural soil does not increase 

the arylsulfatase enzyme activity too much; however, at the end of approximately 

50 years, it contributes several enzymes of biological wastes such as arylsulfatase. 
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Figure 3. The effects of biochar and animal manure applied soils on dehydrogenase (a), urease 

(b), arylsulfatase (c) and alkaline phosphatase (d) enzyme activities (g.d.s : gram dry soil) 
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The statistical evaluations showed that the effects of organic wastes on alkaline 

phosphatase enzyme activity are not significant. However, different doses of biochar 

and animal manure applications affected the alkaline phosphatase enzyme activity in the 

soil favorably, and increased numerically; alkaline phosphatase enzyme activity values 

were between 25.49 and 30.11 (μg P- N g.k.t-1). The lowest value was at control 

application, the highest was at BC20 application; this application yielded 18% increase 

(Fig. 3d). Phosphor uptake by the plants is performed via the mineralization of the 

organic phosphor compounds into orthophosphate by phosphatase enzymes. Alkaline 

phosphotases are secreted only by microorganisms, several bacterial strains produce 

alkaline phosphotase enzyme (Okur, 1997). It was observed that phosphatase enzyme 

activity was statistically insignificant, and did not increase in the soils, because if 

phosphatase is inhibited, PO4
-3 synthesis is inhibited and, the formation of 

orthophosphate acid and alkaline phosphatase enzyme activity of organic phosphor 

compound is inhibited, meaning that phosphor mineralization is inhibited (Chunderova 

and Zubets, 1969). 

 

The effect of organic materials on several chemical properties of soils 

The effects of biochar and animal manure applications on the organic matter contents 

of soil are presented in Table 3. The statistical evaluations showed that the effects of 

biochar and animal manure on organic material are significant (p < 0.05). The different 

doses of biochar and animal manure applications increased the organic material content 

of the soil; the amount of the organic material was increased by 1.80-6.92% (Table 3). 

The lowest value was at control application, the highest was at BC15 + AM10 

application; this application yielded 3.84 fold increase in the organic materials. Mixing 

of these two materials (organic material and a material with high organic content) in the 

soil increased the amount of the organic materials in the soil, as expected. Demisie et al. 

(2014) reported in their study that when the biochar obtained from oak and bamboo is 

applied into soil, %C value increases between 50 and 286% as compared to the control 

soil. In agricultural production applications, optimal plant growth in the soil is 

associated with the physical and chemical indicators of the soil structure. 

Analysis of variance for the properties showed that the difference between the mean 

of at least two groups was statistically significant. The difference between the means 

shown by the same letter is not significant in its own group. 

The most used application to modulate the physical parameters of the soil and 

maintain its continuity is the addition of organic materials into the soil (Bender et al., 

1998). Organic wastes modulate the properties of the soil structure, and provide plant 

nutrients such as P, K, Ca, Mg, Cu and Zn, especially N. When biochar obtained from 

poultry is applied to soil of the tomato plant, the value of organic material increases 

(Akça and Namlı, 2015). Çengel et al. (2009) reported in their study at the organic 

vineyard region in Manisa that the amount of organic material in the soil with neutral 

reaction is low; however, additive green manure increase the amount of organic 

material, and the amount of organic material may yield better results when supported 

with materials of organic origin. The effects of the application on total N have been 

found to be significant (p < 0.01). Different doses of biochar and animal manure 

applications increased the % total N amount of the soil; and total N values were 

between 0.10-0.17% (Table 3). The lowest value was at control application, the highest 

was at BC10 + AM5 application; this application yielded 70% increase 
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Table 3. The effects of biochar and animal manure applications on the soils organic matter 

(%), total N, available P and extractable K contents 

Applications Organic matter (%) N (%) P (mg/kg)  K (mg/kg) 

Control 1.80 c 0.10 e 2.5d 315 d 

BC5 + AM5 5.10 bc 0.14 bc 3.8 c 408 c 

BC5 + AM10 6.07 ab 0.11 de 4.9 bc 373 c 

BC10 + AM5 6.39 ab 0.17 a 4.3 bc 408. c 

BC10 + AM10 5.72 ab 0.13 cd 4.5 bc 380 c 

BC15 + AM5 5.30 abc 0.15 ab 6.3 a 554 a 

BC15 + AM10 6.92 a 0.15 abc 4.2 bc 511ab 

BC20 6.68 ab 0.16 ab 5.4 ab 477 b 

AM20 5.82 ab 0.12 de 4.6 bc 385 c 

 
LSD (p < 0.005) 

0.8149 

LSD (p < 0.001) 

0.01028 

LSD (p < 0.001) 

0.65162 

LSD (p < 0.001) 

27.4485 

 

 

Besides, there has been an effective increase in a short time in test pots with 

biochar + animal manure. When pine biochar was added into the soil, the useful 

elements of the material such as N, P, K, Ca, Fe, Mn and Zn increased, biochar plus N 

application supported plant growth (Sohi et al., 2009; Van Zwieten et al., 2010). 

Different doses of biochar and animal manure applications increased the amount of 

available P in the soil. The available P values are between 2.5-6.3 mg kg in the test 

soils. The lowest value was at control application, the highest was at BC15 + AM5 

application (Table 3); this application yielded 2,5 fold increase in total N values. This 

application yielded 1.13 unit increase of the soil pH. According to CFA (California 

Fertilizer Association, 1995), the highest pH range is 6-7.5 for available phosphor, and 

the phosphor values in the study were in line with this range. When biochar is applied to 

soil of the sugar cane, the amount of total phosphor and total dissolved phosphor 

increase (Alvares-Campos et al., 2018). 

Different doses of biochar and animal manure applications increased the amount of 

available P in the soil; and the values of extractable K in the soil was between 315-554 

mg kg-1 (Table 3). Like 2 other nutrition element contents, the lowest value was at 

control application, the highest was at BC15 + AM5 application; this application yielded 

76% increase. The increase of the extractable K value in the soil was thought to be 

associated with the high extractable K value in the biochar and animal manure. Several 

researches reported that the amount of extractable K in the soils ranges between 40-150 

mg kg-1 and no nutrition problem would appear if the extractable K was 150 mg kg-1 

(Barber, 1985; Namlı et al., 2017). 

Conclusion 

In general, biochar and manure applications have positive effects on soil biological 

properties and nutrient content. The statistical evaluation of the enzyme analyses 

showed that the effects of applications on the enzyme activities of dehydrogenase, 

urease and arylsulphatase were significant (p < 0.01). Dehydrogenase enzyme activity is 

highest at BC10 + AM5 application, urease enzyme activity is highest at BC5 + AM5 and 

BC15 + AM5 applications, arylsulphatase enzyme activity as well as urease enzyme 
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activity is highest at BC5 + AM5 application. The statistical evaluation of alkaline 

phosphatase enzyme activity showed that the effects of the application was found to be 

insignificant. And it was identified that the highest numeric increase was at BC20 

application. When the values of organic material in the soils were evaluated, it was 

identified that biochar and animal manure applications increased the amount of organic 

material in the soil as compared to control, and the highest values were obtained in the 

BC15 + AM10 application. Mixing of these two materials (organic material and a 

material with high organic content) in the soil increased the amount of the organic 

materials in the soil, as expected. When the nutrition contents of the soils were 

evaluated, biochar and animal manure applications increased the values of total N, 

available P and extractable K; and the most effective doses were BC10 + AM5 

application for total N, BC15 + AM5 application for available P and extractable K. It is 

thought that biochar has high C content and therefore C/N ratio is not sufficient by itself 

and C/N ratio is suitable with organic materials such as animal manure. Because these 

microorganisms living in soil organic materials because they contain plant nutrients like 

N and P in terms of their chemical stimulates wealth. As a result, the mineralization of 

the plant nutrients will be increased with the increase of biological activity in the soil. 

Due to the high content of biochar, the decomposition rate in the soil is low and it has 

been shown to be effective for a long time. 
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