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Abstract. The aim of the study was to determine relationship between the microscopic structure and 

physical characterization of organic wastes which have a potential as a substrate occurred during the 

agricultural and industrial activities. The microscopic structure of the samples was observed using 

scanning electron microscope (SEM). Physical properties were specified according to EU standards using 

the methods from the existing literature. According to the results of this study the organic waste samples 

show difference in decomposing depending on their surface and internal structure. Micro pores are 

prevailing in the waste with higher decomposing rate (HH, SMC, MWC), while the waste with lower 

decomposing rate (TW, MS, RH) has higher content of macro pores. When the pore diameter of the 

samples increases, their porosity and air capacity raise as well, but their water holding capacity decreases. 

Best results were determined at hazelnut husk and the insufficient results were obtained at rice hull. 

Comparing the physical properties obtained with the desired ideal values for the growing medium 

indicates that hazelnut husk, sawdust, spend mushroom compost and municipal solid waste compost can 

be used as pure and that other organic wastes can be used in the mixtures as growth medium components. 

Keywords: soilless growing media, potting media, internal structure, physical properties, waste 

reclamation 

Introduction 

Serious problems are experienced in the management and disposal of organic wastes, 

as significant types of waste both in the rural and urban areas, due to their various types 

and high amounts. On the other hand, agricultural wastes generated particularly in rural 

areas are released into forests and stream beds or tried to be disposed by burning. This 

in turn causes the contamination of water resources, air pollution, release of pathogen 

microorganisms and odor problems. (Dede et al., 2006). Yet, with their high organic 

matter and plant nutrient content these wastes can be utilized in vegetative production, 

the most ecologic and sustainable method of disposal. The literature includes many 

studies demonstrating that agricultural-based organic wastes can be successfully utilized 

in vegetative production, where it is reported that their utilization as growth medium 

particularly in the cultivation of potted ornamental plants would constitute a significant 

alternative to natural soil and peat (Apaolaza et al., 2005; Rigane et al., 2011; Belda et 

al., 2013). 

The basic properties sought in growth media to be used in the cultivation of potted 

ornamental plants are high stability in order to allow the roots to anchor and support the 

plant, good hydraulic properties in order to supply water to the plant, the ability to 

supply the roots with the needed air and containing various plant nutrients (Tariq et al., 

2012). Considering the fact that plant nutrient content can be improved by means of 
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simple applications such as using natural or artificial fertilizers, the suitability of the 

physical and hydrophysical properties of organic materials would be determinative in its 

stability as growth medium (Abad et al., 2001; Yahya et al., 2010). 

Generally, growing mediums are classified according to their hydraulic properties. In 

this classification, growing media is divided into four types (Yahya et al., 2010). 

Type 1: aerated growing media with high water availability and high water buffering 

capacity, Type 2: less aerated growing media with average to high water availability, 

Type 3: highly aerated growing media with low water availability, and Type 4: growing 

media with low water availability but a very low water buffering capacity. 

On the other hand, the physical and hydraulic properties of the materials used as 

growing media can often be controlled by particle size distribution. However, in some 

cases different physical and hydraulic properties can be seen in growing media with 

similar particle size distributions (Abad et al., 2001; Ozdemir et al., 2015). This can be 

attributed to differences in surface and interior structures of the growing media. 

This study aims to explain the effects of surface and internal structure of organic 

wastes on physical and hydraulic properties and to determine the usability of organic 

wastes examined as growing media. 

Materials and methods 

Organic wastes sampling 

Organic waste samples that could be used as a growing media analyzed in this study 

have been collected from different regions of Turkey. In the selection of organic wastes 

we have taken into account if the waste has been created in great amounts directly 

during agricultural production or as a result of processing of agricultural products, if 

other purpose cannot be found for it and if it has a specific decomposing stability. As a 

result of these criteria it has been decided that Hazelnut Husk (HH), Maize straw (MS), 

Pine Bark (PB), Tea waste (TW), Saw dust (WW), Rice Hull (RH), Spend Mushroom 

Compost (SMC), Municipal waste compost (from Istanbul municipal composting 

facility) (MWC) will be used in this study. From the collected samples hazelnut husk 

and maize straw were processed by a shredder machine, while for the other samples it 

was not deemed necessary. Also, by comparing the analyzed samples to Sphagnum peat 

and to the characteristics considered ideal for growing media by the written literature 

we tried to specify the possibility of its use as a growing media. 

 

Scanning electron microscope (SEM) analysis 

The surface and internal structure of the samples were observed using scanning 

electron microscope (SEM) (JEOL – JSM - 6060 LV Model). SEM images of the 

samples were taken at 1000x – 3000x magnifications for analysis. The samples were 

spurted a film of gold, about 5 nm thick, to enhance their conductivity before 

characterization by means of SEM. 

Cold stage has been applied in order to prevent the samples from changing their 

shape as a result of high vacuum in SEM. On the other hand, in order to be certain that 

the structure of the sample was not damaged three replicates of each material have been 

made during the preparation of samples and the images obtained from them have been 

compared to each other (Fornes et al., 2007; Guo and Liu, 2007; Masaphy et al., 2009). 
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Physical and physicochemical properties 

In order to put forth the characterization of the waste samples used in the study, 

physical and physicochemical properties were specified according to European Union 

standards using the methods from the existing literature. 

Particle size distribution in the samples was found by drying them on 35 °C and 

putting them in the electromagnetic digital vibrating sieve set (CISA model 002) that 

used a series of different sieves with 16, 8, 4, 2, 1, 0.5, 0.25 and 0.125 mm gaps and by 

measuring peaces remaining in each sieve after 10 min of sieving. The index of particle 

sizes CI (Coarseness index), geometric average of particle diameters (dg) and geometric 

deviations (σg) were calculated using the obtained results and below-mentioned 

equations (Eqs. 1, 2, 3 and 4). Pieces larger than 1 mm were taken into account while 

calculating CI (Abad et al., 2005; Richards et al., 1986). 

 

 CI %Pi; i 1mm   (Eq.1) 

 

 gd exp (a)  (Eq.2) 
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mi = weight of particles put in the sieve, 

di = average diameter of two consecutive sieves. 

 

In accordance with the EU standards specific weights of samples were determined by 

using % of organic matter and % of the ash content (mineral matter). Volume weights, 

in accordance with the EU standards, were found by measuring the dry weight of 

samples in a known volume after it has been kept under 10 cm suction pressure in a 

water column. Total porosity was calculated using the % rate of pore volume within the 

mass of the certain weight of samples (Volume-Weight). The air capacity was found by 

measuring the loss that resulted from the water saturation of the samples and their 

drainage under 10 cm pressure. 

Volumetric shrinkage of organic waste samples was found by drying the samples on 

105 °C and expressing in percents the volume loss caused by the drying process. Water 

holding capacity was measured by submerging the samples in water, holding them 

under 10 cm pressure and then determining the amount of water left in the samples. 

Wettability, in accordance with Australian Standard (2003), was determined by 

measuring the amount of time needed for the dried samples to absorb 10 ml of pure 

water. 

Water suspension method was used in order to determine pH value and electrical 

conductivity of the selected organic waste. pH was determined, in accordance with the 

EU standards, by putting the material prepared in 1:5 ratio into pure water suspension 

and measuring its pH with a glass electrode pH-meter (European Standard, Une-En 

13037). Total organic matter content was calculated in percents by heating the dried 

(105 °C) sample in a furnace on 550 °C for 4 h (Benito et al., 2006). 
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All data was analyzed statistically using analysis of variance (F-test) at P ≤ 0.05 and 

means of the treatments were compared by the Least Significant Difference (LSD) at 

P = 0.05. 

Results and discussion 

It is known that the analysis of the pore structure provides important information 

about growing media, its hydraulic characteristics, air capacity and degradation level 

(Marianthi et al., 2006). This is why SEM analysis was used in this study to facilitate 

understanding of hydraulic and physical characteristics of the samples by examining 

surface and internal structure of the organic waste samples whose potential to be used as 

a growing media is being investigated. The results are presented in Figure 1. Since 

SEM figures examined both surface and internal structure they can be divided into two 

groups. The samples with advanced decomposing formed the first group; spend 

mushroom compost, municipal waste compost and peat. They possess a very small 

number of macro pores and a homogeneous spread of micro pores. Hazelnut husk 

samples, despite having low decomposition rate, resemble this group very much. The 

second group we will introduce includes slow decomposing samples such as maize 

straw, rice hull, tea waste and saw dust whose structure, especially the internal one, is 

full of macro pores. 
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Figure 1. Scanning electron microscope (SEM) micrographs of the surface and interval 

structure of the organic waste samples, MSV compost and peat 

 

 

Even though it is also connected to porosity and particle size distribution, the 

difference in two groups’ hydraulic properties can be clearly understood from their 

surface and internal characteristics. When the pore diameter of the samples increases, 
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their gravitational water drainage and air capacity raises as well, but its water holding 

capacity decreases. Contrary to that, when the pore diameter of the samples decreases, 

its water holding capacity goes up, while the air capacity goes down (Fornes et al., 

2003). Applying composting that would significantly increase decomposition rate of 

wastes such as maize straw, tea waste and rice hull, would be suitable for its use as a 

growing media because it would change the surface and internal structure of the waste 

and thus improve its hydraulic properties. 

Even though we can use SEM figures to obtain information important for 

understanding the hydraulic properties of the samples through analyzing its surface and 

internal structure, the analysis of particle size distribution can help us understand the 

differences of the physical characteristics of samples that share similar structure 

(Ozdemir et al., 2015). By analyzing organic waste samples’ particle sizes we can see 

that maize straw and rice hull (2-4 mm) are mostly composed of bigger particles, while 

municipal waste, pine bark and saw dust (0.5-2 mm) are mostly composed of smaller 

particles. However, tea waste, hazelnut husk, waste mushroom compost and peat 

samples’ particle size distribution tends to stay within 1-4 mm, thus we can say that 

they are composed of a homogeneous mixture of big, middle sized and small particles 

(Fig. 2). 
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Figure 2. Particles size distribution of organic waste samples, MSW compost and peat 

 

 

According to the calculations of organic waste samples’ index of particle sizes (CI), 

geometric average and the standard deviation of geometric average while taking into 

account particles bigger than 1mm when calculating, the rice hull has the highest CI 

value of 96, while saw dust has the lowest CI value of 25 (Table 1). Hazelnut husk (66) 

and peat (66.67) were found to have similar results when calculating index of particle 

sizes. 
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When the values of particle size distribution on Shape 1 and CI, Dg, σg values in 

Table 1 are analyzed together, we can say that maize straw and spend mushroom 

compost need to be subjected to additional fragmentation of large particles, while rice 

hull, compost and saw dust can be used in a mixture with growing media with large 

particles. Hazelnut husk and peat can be used as a growing media without adding 

anything (Abad et al., 2003). 

 
Table 1. Particle size index (CI), geometric average of sample particle size, standard 

deviation of geometric average calculated from particle size distribution in organic waste 

samples, MSW compost and peat 

Samples CI (%V/V) Dg σg 

Hazelnut husk 66 e
*
 1.269 g 2.625 c 

Sawdust 25 g 0.698 i 2.342 e 

Tea waste 77 c 1.733 d 2.316 f 

Maize straw 88 b 2.462 a 2.284 g 

Pine bark 78 c 1.392 f 2.013 h 

Rice hull 96 a 2.404 b 1.496 i 

Spend Mushroom Compost 73 d 1.841 c 2.846 a 

MSW compost 54 f 1.226 h 2.529 d 

Peat 66.6 e 1.542 e 2.707 b 

*
Data followed by the same letter are not different at p = 0.05 

 

 

The results of other physical properties analyzed in this study are presented in Tables 

2 and 3. According to these results municipal waste compost has the highest volume 

weight (0.649 g/cm
3
) and specific weight (2.089 g/cm

3
), while the lowest values of 

volume weight (0.05 g/cm
3
) and specific weight (1.474 g/cm

3
) were found in maize 

straw. While composting municipal solid waste, even if waste decomposing process is 

applied, it will be mixed with a significant amount of inorganic waste. This situation 

increases volume weight and specific weight of MSW compost. Maize straw has the 

highest porosity value (96.56%), while the lowest porosity value (71.55%) was 

determined in peat. The highest air capacity was observed in tea waste (76.73%) while 

the lowest is observed in municipal waste compost (23.1%). The volume change of 

growing media after drying, expressed as shrinkage value, is most pronounced in peat 

with 31.99%, while it is least pronounced in saw dust with 15.27%. Up to 30% of 

shrinkage in pot plant growing media is tolerated (Abad et al., 2001). Since shrinkage 

means the reaction of the material filled in the pot to getting compact, as well 

(Hicklenton et al., 2001), in comparison with the peat, all samples can be said to be 

durable to getting compact (Table 2). At the same time, when analyzing shrinkage 

results, a significant decrease in volume is observed after drying rice hull and spend 

mushroom compost. 

Seeing as growing media is used for plant production, among its most important 

properties are water holding capacity and wettability. According to the results shown in 

Table 3, all the samples’ water holding capacity values differ slightly comparing to the 

desired ideal value, while the wettability values are found to be within the ideal value 

span. The highest water holding capacity value is 458 ml/l and it is found in peat, while 

the lowest water holding capacity is 89 ml/l and it is found in rice hull sample. The 
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samples with particle size distribution and porosity values similar to peat such as tea 

waste and spend mushroom compost are found to have low water holding capacity 

comparing to peat. The reason for this is thought to be the difference in pore size 

distribution of the analyzed samples (Paredes et al., 1999). 

 
Table 2. Physical properties of organic waste samples, MSW compost and peat 

Samples 
Bulk density 

(g/cm
3
) 

Particular 

density (g/cm
3
) 

Porosity 

(% V/V) 

Air capacity 

(% V/V) 

Shrinkage 

(% V/V) 

Hazelnut husk 0.169 c
* 

1.489 f 88.91 d 55.12 d 16.12 h 

Sawdust 0.172 c 1.508 e 88.72 d 50.71 e 15.27 i 

Tea waste 0.076 e 1.502 e  94.21 b 76.73 b 17.21 g 

Maize straw 0.050 f 1.474 f 96.56 a 76.09 b 21.13 e 

Pine bark 0.177 c 1.489 f 88.21 e 56.42 c 18.82 f 

Rice hull 0.099 d 1.524 d 93.47 c 84.53 a 24.99 c 

Spend mushroom compost 0.178 c 1.614 c 89.02 d 44.45 f 25.55 b 

MSW compost 0.649 a 2.089 a 68.92 g 23.11 g 21.93 d 

Peat 0.458 b 1.856 b 73.28 f 27.72 h 31.99 a 

Ideal values < 0.40 1.4-2.0 > 80 20-30 < 30 

*
Data followed by the same letter are not different at p = 0.05 

 

 
Table 3. Hydraulic properties of organic waste samples, MSW compost and peat 

Samples Water holding capacity (ml/l) Wettability (min) 

Hazelnut husk 335 d
* 

1.52 d 

Sawdust 379 c  1.38 e 

Tea waste 182 g < 1 g 

Maize straw 205 f < 1 g 

Pine bark 320 e 1.32 f 

Rice hull 89 h < 1 g 

Spend mushroom compost 446 b 2.59 c  

MSW compost 456 a 3.46 a 

Peat 458 a 3.28 b  

Ideal values 600-1000 < 5 

*
Data followed by the same letter are not different at p = 0.05 

 

 

The highest value of wettability is found in MSW compost (3.46 min) and the lowest 

is < 1 min and was observed in maize straw, tea waste and rice hull samples. However, 

this is due to the high porosity values of these samples which obstructs the samples 

form holding water and causes them to be drained fast. Organic substances are believed 

to have enhanced wettability due to increased porosity (Beardsell and Nichols, 1982). 

This is why we could say that maize straw, tea waste and rice hull samples’ water 

holding capacity could not be determined and that their wetting period is much longer 

than the ideal values needed for growing media. 

Physiochemical properties of the organic waste samples researched for their potential 

to be used as a growing media are presented in Table 4. According to these results, the 
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highest pH value is 7.57 and is found in rice hull, while the lowest pH value is 4.82 and 

is found in hazelnut husk. 

 
Table 4. Chemical properties of organic waste samples, MSW compost and peat 

Samples pH EC (mS/cm) Organic matter content (%) 

Hazelnut husk 4.82 g
*
 2.975 b 94.22 b 

Sawdust 6.47 e 0.202 i 91.49 d 

Tea waste 5.52 f 0.532 g 92.42 c 

Maize straw 7.15 c 0.582 f 96.37 a 

Pine bark 5.47 f 0.762 e 94.39 b 

Rice hull 7.57 a 0.315 h 89.24 e 

Spend mushroom compost 7.3 b 1.68 d 77.65 f 

MSW compost 7.3 b 2.887 c 32.38 h 

Peat 6.92 f 3.46 a 51.7 g 

Ideal values 5.2-6.3 0.75-3.49 > 85 

*
Data followed by the same letter are not different at p = 0.05 

 

 

At the same time, from all the samples taken, only pine bark and tea waste have pH 

values within the ideal value range. On the other hand, the highest EC value is 

4.1 mS/cm found in raw peat. The lowest EC value is 1.68 seen in spend mushroom 

compost. According to the results of organic matter analysis, the highest value is 

96.87% in maize straw, while the lowest organic matter value is 32.38% in municipal 

waste compost. Also, sample with the lowest organic matter value, that is municipal 

waste compost, together with spend mushroom compost (77.65%) and peat (51.7%) 

were found to have organic matter value below the ideal value range. 

Conclusion 

It is determined by this study that the physical and hydraulic properties of the growth 

media obtained from organic wastes vary with the particle size distribution as well as 

the surface and interior structures of the organic wastes used. However the results 

obtained from examined samples has shown that hazelnut husk, sawdust, spend 

mushroom compost and MSW compost from among the samples examined can be used 

purely, and that other organic wastes can be used in the mixtures which will be prepared 

as growth medium components. But because of the low water holding capacities and 

water redrawing difficulties during the use of the growth mediums consisted of those 

wastes, it is important to make a good watering program and not to allow drying. It is 

considered that especially the wastes of corn straw and rice hull can be useful in 

improving the significant physical properties – such as porosity, air capacity and water 

holding capacity – of plant growth mediums which will be prepared. 
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