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Abstract. In greenhouses various types of substrates such as coco peat, sawdust, composted bark, 

peat, compost are used for growing plants. Within the scope of this study, the physicochemical and 

agrochemical properties of natural used mainly for vegetables and other plants in greenhouses were 

investigated in detail. The appearance and structure of the substrates used their size, shape, 

arrangement, and porosity were comparatively investigated. In addition, the acidity of the substrate, 

the amount of organic matter and nutrients, as well as the cation exchange capacity, salinity, were 

statistically studied on the substrates. All the data obtained here were calculated in the form of tables 

and graphs, average, standard, maximum and minimum indicators. As a result, all the calculated 

data were visually depicted. The results of the study show that, based on the data obtained, the 

properties of the substrates provide significant recommendations for the correct selection of 

substrates for vegetable growing, productivity and practical experiments in ensuring ecological 

sustainability. 
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Introduction 

 

Greenhouses are currently deprecating the use of soil as a plant medium and instead use a variety of 

different kinds of media. The medium called as substrate. They used in greenhouses are one of the 

main factors affecting plant development, and in such environments, the root system of the plant 

develops faster. Substrates come in different qualities. The quality of each substrate differs by its 

physical structure, chemical composition, and the variety of nutrients contained in it. For this reason, 

it is essential to know the physico-chemical and agrochemical properties of the used substrates in 

order to know in which substrate the plant will grow better. 

 

The conducted studies show that the main substrates are organic types. The group of natural substrates 

includes organic and mineral substrates, which are found in nature, of plant and animal origin. In 

addition to natural substrates, artificial substrates are also used, and these substrates are processed as 

a result of technological processes. 

 

The correct use of substrates is extremely important ‒ both from an ecological point of view, and for 

plant growth and productivity. The main focus of this article is a detailed examination of central 

substrates and all their properties.  
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Materials and Methods 

 

Susbtrat 

There are two types of environments used for plant development in soilless agriculture, the first of 

them is water environment and the second is solid environment. Water environment mainly called 

hydroponics and solid environment called substrate or aggregate. In addition, substrates are divided 

into 2 groups, natural and artificial in terms of origin. 

 

Thus, in this study, sawdust, coconut, peat, bark, which are mainly organic substrates and are used in 

greenhouses, were examined and all their properties were analyzed in a comparative manner, both 

from agrochemical and physicochemical perspectives (Alcala et al., 2021). 

 

Table 1 

Types of susbtrates (organic and mineral) 

 

Agrochemical Properties of Organic Substrate 

In addition to the physical and chemical properties of these substrates used in greenhouses, their 

agrochemical properties also play a very important role. First of all, the agrochemical properties of 

the substrate mainly include the study of its microelements, macroelements, organic matter of the 

substrate, pH, salinity, i.e. electrical conductivity and carbonation. Each of these terms are 

characteristics that affect the development of the root part of the plant. In order to determine these 

agrochemical properties, samples are first taken from each substrate in the correct order and then 

analyzed in laboratory conditions (Alcala et al., 2021). 

 

Compost 

Compost is one of the widely used substrates in greenhouses but sometimes it is also used as fertilizer. 

In the process of compost formation, mainly organic substances play a major role. At this time, 

decomposition occurs as a result of high temperature and oxygenated conditions. Composts come 

from different origins. The properties of composts vary depending on the raw materials used and the 

production process. Composts from agricultural, food and processing industries, forest and wood 

origin are most often used in greenhouses. 

 

The study of the agrochemical properties of compost studies both the plant's nutritional supply and 

the physico-chemical and biological qualities of the soil. Compost contains very few nutrients, but its 

natural nutrient content is very high. 

 

 

 Organic subtrates Inorganic subtrates 

No. natural natural Unnatural 

1. composted bark perlit Polyurethane 

2. peat vermiculit glass wool 

3. sawdust sand coco coir processed 

4. coco peat pumice polystyrene 

5. compost expanded clay styrophor 

6.  composted bark rock wool 

7.  zeolit  
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Table 2 

Agrochemical features of compost 

 

It is also clear from the table above that the amount of macroelements in the compost is relatively 

low. This can seriously affect the development process of the plant, weakening the growth process, 

slowing down the development of leaves and reducing productivity. In this case, there is a need to 

apply additional fertilizer to the compost. In order to improve the nutrient balance of the substrate, 

mineral fertilizers or other organic additives can be added to it. (Abad et al., 2002; Ridene et al., 

2026). The electrical conductivity of the compost varies depending on its growing environment. The 

electrical conductivity of plant-based compost is lower than that of other composts. The physical 

properties of this substrate vary over a wide range. Some composts are used only in small quantities 

in mixtures due to their high bulk density and low porosity. However, others can partially or 

completely replace peat due to their high porosity and better air permeability (Ridene et al., 2026). 

 

Composts are an important source of nutrients for plants from a chemical point of view. Incompletely 

decomposed composts can temporarily bind nitrogen due to the activity of microorganisms, that is, 

nitrogen (N) is absorbed by microorganisms. However, when the it is highly decomposed, nitrogen 

(N) becomes available to plants (Alcala et al., 2021). Here, the composts are already stabilized, 

releasing nitrogen and allowing plants to use them as slow-acting fertilizers. Many types of natural 

substrates prepared in wood products are used. Examples of these are sawdust, wood fibre, wood 

chips, wood shavings, wood mulch, hog fuel, bark chips or bark nuggets, shredded bark, orchid bark, 

pine bark, coco peat. 

 

Coco peat substrate is also used as coco coir fiber, coco chips, coco peat. These are made from 

coconut but each has different physical and chemical properties is used for different purposes (Bernal 

et al., 2017). Of the listed products, the most commonly used in greenhouses and agriculture are coco 

peat, coco coir fiber, coco coir chips, wood fiber, pine bark, wood mulch, shredded bark, sawdust. 

However, coco pith, coco coir dust, coir dust, and coco peat are more widely used than others. 

 

Composted Tree Bark 

Composted tree bark is used in greenhouses for the development of many plants and in other ways. 

For example, tree bark is one of the organic materials widely used in the preparation of plant growth 

media. They are mainly produced as a by-product during the wood processing industry. However, 

after composting, the product is included in substrate mixtures. This process can reduce the harmful 

or potentially harmful substances contained in the bark, and at the same time make the material more 

stable. 

 

The agrochemical properties of composted tree bark can vary depending on the raw material used. 

Because, as mentioned in the physicochemical properties of compost, there is more than one type of 

composted tree bark (Eshun et al., 2025). However, when taken in general, composted tree bark is 

low in macroelements. This property also indicates that the life activity of the plant growing on this 

substrate is likely to decrease. 

Features ≈ Value 

nitrogen (%) 0.5‒2 

phosphorus (%) < 1‒1.8 

potassium (%) 0.5‒2.6  

Ph 6‒7.5 

EC (dS/m) 0.5‒2.5 dS/m 
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One reason for the low macroelements in this substrate, which belongs to the organic section, is that 

it contains a high amount of carbon elements (Eshun et al., 2025). In this case, the carbon to nitrogen 

ratio can be too high, which can lead to nitrogen immobilization. Therefore, additional nitrogen 

fertilizer is applied to compensate for the immobilization process of composted tree bark.  

 

Due to their physical properties, tree bark improves the structure of the substrate. Because the 

presence of large and medium-sized particles in their composition leads to an increase in air voids in 

the substrate composition (Vandecasteele et al., 2024). This improves the oxygen supply to the root 

zone and allows excess water to drain easily. This directly prevents the formation of an oversaturated 

and oxygen-deficient plant environment. 
 

Table 3 

Agrochemical features of composted tree bark 

 

From a chemical point of view, tree bark is not rich in nutrients and is characterized by a high carbon 

and nitrogen ratio. For this reason, the bark is pre-composted, or additional nitrogen fertilizers are 

added to the substrate. The reaction of bark materials is usually weakly acidic, which is considered 

suitable for many greenhouse plants. 

 

Peat 

One of the more widely used substrates in greenhouses is peat. In terms of origin, it is of organic 

origin and belongs to the group of natural substrates. Peat is formed as a result of the decay of plant 

residues, which include: spalustrenin, sphagnum. Regions with higher than normal humidity and 

rainfall are ideal for peat formation. At this time, that is, during the formation of peat, the lack of 

oxygen also plays an important role.  
 

Peat is formed as a result of high humidity, but when this substrate dries out, when the water content 

decreases, it becomes difficult or even impossible for peat to return to its previous state. Such 

substrates are usually called hydrophobic substrates.  
 

Table 4 

Agrochemical and physico-chemical properties of peat substrate 
 

Agrochemical features ≈ Value 

nitrogen (%) 0.5 

phosphorus (%) 0.1 

potassium (%) 0.3 

Ph 5.5‒6 

EC (dS/m) 1‒1.5 

Peat classification ≈ reed peat ≈ Sphagnum peat ≈ humus peat 

porosity (%) 70‒85 85‒95 60‒75 
bulk density (%) 0.2‒0.4 0.05‒0.15 0.3‒0.6 
air voids (%) 10‒25 20‒30 5‒15 

water retention (%) 300‒600 1000‒2000 400‒800 
organic matter (%) 60‒80 90‒98 50‒70 
salinity (%) medium‒high medium‒high medium‒high 
nitrogen (%) 0,8 0,2 1,5 
phosphorus (%) 0,2 0,1 0,3 
potassium (%) 0,5 0,1 0,8 
Ph 6,0 4,0 4,0 

EC (dS/m) 0,30 0,10 0,10 
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Peats are divided into 3 parts according to their botanical composition or origin: reed peat, sphagnum 

peat and humus peat (Farvardin et al., 2024). Peat is the plant medium with the best water absorption 

capacity among substrates. The degree of decomposition of peat is related to its physical properties 

and water retention capacity. It is quite simple to distinguish between a slightly decomposed and a 

highly decomposed state of peat. If the free water output when filtering peat is minimal and also if 

the peat is filtered in very small quantities, this is called poorly decomposed peat. In highly 

decomposed peats, the free water output is almost non-existent, but relatively large masses of peat 

flow out in the form of slurry when crushed (Adamczewska-Sovinska et al., 2026). 

 

Sawdust 

Sawdust is a small-particle organic material produced in the wood processing process. Sawdust is 

used in the preparation of plant growth media under certain conditions. It is mainly applied as an 

additional component. It plays a role in regulating the physical properties of the substrate. Its use in 

fresh form is limited. However, after processing or composting, it is made more suitable for use in 

agriculture. 

 

Due to its physical properties, sawdust is a light and porous material. When introduced into the 

substrate, it loosens its structure, improves air exchange and has a positive effect on the supply of 

oxygen to the root zone. In addition, it has the ability to retain water to a certain extent, but due to the 

small size of its particles, there is a risk of compaction when used for a long time. 

 

Chemically, sawdust contains a high percentage of carbon and a low percentage of nitrogen. Since 

nitrogen is absorbed by microorganisms, mineral N fertilizer is applied in addition to sawdust. In this 

case, the ratio of carbon to nitrogen is stabilized here (Hüseynov et al., 2015). Some disadvantages 

of natural substrates such as sawdust and similar ones appear during use. For example, pine sawdust 

has phytotoxic properties. This means that substances that are harmful to plant development and in 

general are substances or effects. Sawdust is not considered suitable for use as a substrate alone. For 

this reason, it is used in combination with other substrate components. When applied together with 

peat, coconut peat or bark materials, a more balanced water-air regime is provided (Magid et al., 

2025; Silber, 2025). 

 

Coco Peat 

Coconut peat is currently widely used in greenhouses and open fields. This substrate is obtained from 

small-sized fibers of the outer shell of the coconut. The physical and chemical composition of this 

substrate is very suitable for use. 

 

As can be seen from this table, coconut peat is distinguished by its high porosity. In this case, since 

there is more air space in the substrate, the roots of the plants are better supplied with oxygen, 

respiration (root respiration) increases, and the root cells use oxygen to produce adenosine 

triphosphate ‒ ATP (Sitzmann et al., 2024). In addition, the presence of oxygen in the amount of 

pathogens decreases through microorganisms in the environment and creates conditions for the 

absorption of nutrients by the roots of the plant (Hüseynov et al., 2018). 
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Table 5 

Agrochemical and physico-chemical properties of coco peat substrate 

 

When looking at the bulk density of the substrate, it is shown that it is low. This also allows coconut 

peat to be easily transported to any place. In addition, it also helps the roots of the plant grow easily. 

 

Results and Discussion 

 

Both the agrochemical and physicochemical properties of the substrates differ sharply from each 

other. When looking at the porosity indicators, the highest result is shown by sphagnum peat (90%), 

while the lowest indicator is in humus peat (60%). Since sphagnum peat has the lowest air void index 

among these substrates, this substrate reduces the aeration capacity of the plant compared to others, 

that is, this can affect the development of the plant. In this case, the use of sphagnum peat is more 

important mainly in the initial stages. However, in the table below, sphagnum peat is noticeable as a 

substrate with the highest water retention capacity. Thus, the use of sphagnum peat is more important 

mainly in the initial stages. 

 

 
 

Figure 1 

Comparison of different substrate types in terms of porosity 

 

Physical-chemical characters ≈ Value 

porosity (%) 85‒95 

bulk density (%) 0.08‒0.15  

air voids (%) 10‒25 

water retention (%) 60‒90 

organic matter (%) 60‒80 

salinity (%) 0,3 

nitrogen (%) 0,1 

phosphorus (%) 1 

potassium (%) 6,5 

Ph 0,5 
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When the porosity of the substrate is high, it can help the plant roots to breathe and water to easily 

spread into the substrate. One of the substrates with the highest porosity is sphagnum peat. There may 

be a downside to this, which is that the substrate can lose water quickly.  

 

Coco peat (85%) is an example of this. However, since the porosity of humus peat (60%) is lower 

than others, it can lead to rotting of the plant's roots. From this, it can be concluded that the use of 

peat in greenhouses in general is more appropriate during the initial vegetation period. Because, for 

the germination of plant seeds, an environment with plenty of moisture and oxygen is mainly needed. 

Therefore, among these natural substrates, the use of sphagnum peat and reed peat is considered more 

appropriate (Chen et al., 2026). 

 

During the comparison, it was found that the pH values of natural substrates varied in the range of 

4.0–6.5. A highly acidic environment was recorded in the sphagnum peat substrate (pH 4.0). Such an 

environment can slow down the growth of roots in plant development. Thus, although the availability 

of microelements in such an environment increases to some extent, it can negatively affect the balance 

of nutrients. Humus and coco peat substrates had a reaction close to neutral (pH 6.5). The pH value 

of reed-derived peat and composted bark substrates formed a weakly acidic environment, which is 

considered suitable for the development of greenhouse plants. Among the substrates analyzed in this 

study, the substrate with the highest pH and considered the optimal environment for plant growth is 

coco peat. Currently, the most widely used substrate in the world for many reasons is coco peat 

substrate. 

 

Among these substrates, the highest indicator in terms of bulk density was observed in the humus 

substrate (0.50 g/cm³). This indicates that humus has a more compact structure. The lowest bulk 

density was determined in the sphagnum peat substrate (0.10 g/cm³), which indicates the light and 

highly porous structure of the substrate (Sitzmann et al., 2024; Yan et al., 2024). Here it can be 

concluded that porosity and bulk density are inversely proportional. Sphagnum peat increases the 

drainage of excess water and facilitates the penetration of roots into the substrate. The bulk density 

was at an average level in the coco peat, reed-derived peat and composted bark substrates. Electrical 

conductivity (EC) provides information about the total level of dissolved salts in the substrate. Among 

the compared substrates, the highest EC indicator was observed in humus (1.5 dS/m). This may be 

due to the fact that humus is richer in nutrients. The low EC indicators in the coco peat and sphagnum 

peat substrates indicate that their salt content is relatively low. The reed-derived peat and composted 

bark substrates occupied an intermediate position in this regard. Not too high an EC level can create 

favorable conditions for plant nutrient uptake, but an excessive increase in this indicator can cause 

salinity stress in some plants. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2 

Comparison of nitrogen, phosphorus, and potassium (NPK) in different substrates 
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Comparison of water holding capacity showed clear differences between the studied substrates. 

Sphagnum peat had the highest moisture retention capacity, while coco peat performed well in this 

respect. These features can reduce the frequency of watering and provide the root zone with sufficient 

moisture for a longer period of time. In contrast, humus and composted bark substrates show a 

relatively low water holding capacity, which indicates that they release water more rapidly, resulting 

in poor water holding capacity. 

 

According to the data in the table below, air-filled porosity values are higher for composted bark 

substrate. Composted bark creates the most favorable aeration conditions, while reed-derived peat 

can provide optimal air exchange. Although sphagnum peat is known for its high water holding 

capacity, its low air porosity can limit the availability of oxygen in the root zone. This means that this 

substrate does not create a normal environment for many plants grown in the greenhouse. In such 

cases, it is possible to observe better development when these substrates are mixed with other 

substrates. Looking at another substrate, higher air porosity in composted bark and reed-derived peat 

substrates can allow better diffusion of oxygen and more active root respiration. As a result, these 

conditions can improve the assimilation of nutrients and have a positive effect on the development of 

the root system (Sarker et al., 2022). 

 

 
 

Figure 3 

Comparison of water-holding capacity and air-filled porosity among different substrates 

 

Due to the amount of organic matter, sphagnum peat was superior to other substrates. High organic 

matter content was also observed in coco peat and humus substrates. When organic matter is 

abundant, it can help improve substrate structure, increase water holding capacity, and support 

microbiological activity. 

 

The high nitrogen in humus peat contributes to the vegetative development of plants. The relatively 

high level of phosphorus in humus and composted bark substrates can have a positive effect on the 

development of the root system and energy exchange processes. However, the higher level of 

potassium in coco peat and composted bark substrates can play an important role in regulating the 

water balance and resistance of the plant to stress factors. These results show that the substrates differ 

not only in terms of their physical properties, but also in terms of the content of nutrients, and their 

selection should be made taking into account the requirements of the cultivated plant. 

 

Conclusion 

 

The conclusion during the study showed that among the substrates used, coco peat was superior in 

terms of both quality indicators and physicochemical properties. It was determined that peat creates 

a more favorable environment for seed germination and the initial stage of development in greenhouse 
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conditions. At the same time, it is advisable to transfer plants to other substrates for better growth and 

formation of the root system in the later stages of development. The study also showed that the 

application of substrates in various combinations gives more effective results compared to their 

separate use. Therefore, the mixed use of substrates in greenhouse conditions can be considered more 

appropriate. 
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