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Abstract 

This study aims to develop a culture growing media with physico-chemical qualities compliant. Five 
growing medias based on Tricho-compost and rice husk biochar were formulated in varying proportions. 
The following formulations were used: 100% Tricho-compost (SA), 25% Tricho-compost and 75% 
biochar rice hull (SB), 50% Tricho-compost and 50% rice husk biochar (SC), 75% Tricho-compost and 
25% rice husk biochar (SD), and 100% rice husk biochar (BC). 

Physical parameters such as bulk density (BD), water holding capacity (WHC), total porosity (TP), air 
filled porosity (AFP), and chemical parameters including pH, electrical conductivity (EC), organic matter 
(OM), total nitrogen (N), P2O5, K2O have been analyzed. The results show that biochar-rich growing 
medias (SB, SC, BC) exhibit low BD (between 0,219 to 0,394 g/cm3), adequate TP (73,5% to 85,2%) 
and high AFP (20,73 to 29%), as well as good WHC (52,27 to 56,33%). Similarly, they have a higher 
K2O content (1,6 – 2,18%) and a higher pH (7,9 -8,67). On the other hand, growing medias rich in 
Tricho-compost (SA, SD) are denser (BD between 0,610 and 0,626 g/cm3), less porous (PT and PA 
respectively between 57 and 62,4% and 8,93 and 10,87%). They also have richer N (1,38 – 1,78%) 
and, P2O5 (0,66 – 0,75%) a higher EC (3,31 – 3,97 (mS/cm). All growing medias meet the OM (> 40%) 
and NPK (<5%) content standards. SB and SC blends offer the best balance between physical and 
chemical properties. These results offer interesting prospects for the total or partial replacement of peat 
in soilless horticulture. 

Keywords: Tricho-compost, rice husk biochar, porosity, Air filled porosity, bulk density, Water holding 
capacity 

 

 

1. INTRODUCTION 

Peat is the most widely used growing media component in agriculture, due to its excellent combination 
of physicochemical properties (Bembli & M’Sadak, 2017) (Álvarez et al., 2017). However, peat-based 
growing media are not ecologically sustainable, and its extraction threatens the sensitive peatland 
ecosystem (Chrysargyris et al., 2018). 

Given this situation, the search for sustainable alternatives is essential. This is why renewable materials 
from agricultural, industrial, and municipal waste streams have received particular attention (Barrett et 
al., 2016). 

For this purpose, materials such as compost, coconut fiber, bark, and wood fibers show promising 
potential. They offer good physical properties and can partially or completely replace peat (Gruda, 
2019).  

Choosing a growing medium for soilless vegetable production is very important. An optimal growing 
media must have a stable structure, high porosity, good water holding capacity, acceptable nutrient 
content, good absorption capacity, and be free of harmful microorganisms (Prisa & Caro, 2023). It must 
also provide support, good anchorage, and supply water and nutrients that are readily available to the 
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plant. It is essential that it be homogeneous so that its components are evenly distributed, thus allowing 
for easy absorption by the roots (Prisa & Caro, 2023 ; Hazarika et al., 2022). The quality of the plants 
therefore depends directly on the physical, chemical and biological characteristics of the growing 
medias used as a growing media (M’Sadak et al., 2016). 

However, the properties of alternative materials, such as composition, particle size, pH, aeration, 
nutrient content and mineral balance, vary considerably (Mathowa et al., 2017). For a mature compost, 
for example, to be usable fully and for safety, it is essential to control parameters such as pH, aeration 
percentage, sanitization, and mineral balance (M’Sadak & Ben M’barek, 2013). 

For this purpose, it is essential to have a suitable growing media that is both affordable and lightweight, 
for optimal use and economical transport. 

It is in this context that this present study takes place.  It aims to contribute to the total or partial 
replacement of peat by developing an innovative growing media based on Tricho-compost and rice hull 
biochar. The objective is to formulate a growing media with compliant physico-chemical qualities, by 
exploiting renewable and local resources. 

2. MATERIALS AND METHODS 

2.1. Growing media preparation 

A Tricho-compost under an aerobic system, initially composed (by weight) of 25% rice hull biochar, 60% 
cow manure, and 15% fresh neem leaves, was used. It was inoculated with three strains of Trichoderma 
asperellum and one strain of Trichoderma virens at the beginning of composting and at the beginning 
of the cooling phase. The composting process lasted 67 days.  (Fall et al., 2025). From the compost 
and rice hull biochar produced, five growing medias were formulated: 

− SA growing media: 100% Tricho-compost 

− SB growing media: 25% Tricho-compost + 75% Rice husk Biochar 

− SC growing media: 50% Tricho-compost + 50% Rice husk Biochar 

− SD growing media: 75% Tricho-compost + 25% Rice husk Biochar 

− BC Growing media: 100% rice hull biochar 

2.2. Physical characterization of growing medias 

The following parameters were measured: Bulk density, total porosity, air filled porosity, water holding 
capacity and particle size. 

2.2.1. Apparent density 

The bulk density is the ratio between the mass of the sample and the mass of a volume of water equal 
to the volume of the sample's envelope (Baize, 2018). 

Bulk density was determined using the method of (Brewer et al., 2014).  For this purpose, the samples 
were first dried in an oven at 80°C for 48 hours. A sample of known mass and volume of each growing 
media was placed in a cylinder, which was then compressed ten times. The apparent density was 
calculated as the ratio of the sample weight to the growing media volume after compression.      

2.2.2. Total porosity and air filled porosity 

Porosity is the ratio of the volume not occupied by solid matter to the total volume (Baize, 2018). 

It was measured using the standard porosity test (M’Sadak et al., 2016). This test allowed us to 
determine the total porosity and the air filled porosity. 



 

 

Total porosity is determined by the ratio of the volume added to the growing media at water saturation 
(Va) to the total volume (Vt). After approximately one hour, water was added to achieve adequate 
growing media saturation. 

Total porosity (TP) = (Va / Vt ) x 100 

Air filled porosity (AFP) is determined by the ratio between the volume drained (Vr) through the drainage 
holes of the container under the effect of gravity forces and the total volume (Vt) after water infiltration 
for about 10 minutes. 

AFP = (Vr / Vt) x 100 

2.2.3. Water holding capacity 

Water holding capacity was measured using the Keen Raczkowski box method described by (Upadhyay 

et al., 2020 ; Govindasamy et al., 2023). It was developed by Keen and Raczkowski in 1921. 

For this purpose, Keen Raczkowski plates lined with filter paper and weighed using a precision 
electronic balance were used. The plates were filled with samples of the different growing medias, 
removing any excess with a spatula, and then weighed again. Next, the plates were placed on Petri 
dish lids that had been pre-filled two-thirds full with water and left to soak overnight. The following day, 
the plates were removed, and the excess water was drained by gravity, then weighed. Finally, the plates 
were placed in an oven at 105°C for three days and then weighed. The Water holding capacity was 
given by the following formula: 

CR =
𝑷𝟐−𝑷𝟑

𝑷𝟑−𝑷𝟏
x 100 

Where P1 is the weight of the empty box + filter paper, P2 is the weight of the box + filter paper + wet 
soil, and P3 is the weight of the box + filter paper + oven-dried soil. 

2.2.4. Particle size 

Particle size distribution is the measurement of the size of the particles in the growing media and is 
expressed as a weight ratio between elementary particles of different sizes (Fields et al., 2014). The 
material was air-dried and placed on a set of sieves with decreasing mesh sizes (2 mm, 1 mm, 0.5 mm, 
200 µm). The sieves were shaken for 5 minutes using an orbital shaker, and the particle fractions 
retained on each sieve were weighed. 

2.3. Chemical characterization of growing medias 

2.3.1. pH 

The pH was measured according to the international standard ISO 10390. For this purpose, 10 g of 
each sample were placed in 50 ml of distilled water. After stirring with an orbital shaker for one hour 
and allowing the mixture to stand for two hours, the pH was measured with a digital pH meter (Ben Si 
Said et al., 2022 ; Sani et al., 2023 ; Mageshwaran et al., 2024). 

2.3.2. Electrical conductivity (CE) 

Electrical conductivity (EC) is a measure of the concentration of soluble ions used to assess the salinity 
of the growing media (M’Sadak et al., 2013). Electrical conductivity (EC) is measured after dissolving 5 
g of the previously dried sample in 50 ml of distilled water (Mageshwaran et al., 2024). After stirring with 
an orbital shaker for one hour, the solution was filtered and the EC was measured with a digital 
conductivity meter. 



 

 

2.3.3. Organic matter 

Total organic matter was determined by calcination at 550 °C for 2 hours. Carbon content was 
determined using the method by BLACK & WAKLEYmodified. Organic carbon is oxidized with a mixture 
of 1N potassium dichromate (K₂Cr₂O₇) and concentrated sulfuric acid (H₂SO₄) d=1.84. Carbon content 

is determined by spectrophotometry at 600 nm. The percentage of organic matter in the soil is 
equivalent to the carbon content (Pauwels J.m et al., 1992). 

2.3.4. Nitrogen 

Total nitrogen was measured using the Kjeldahl method. Nitrogen mineralization was carried out in the 

presence of concentrated sulfuric acid (18N H₂SO₄), salicylic acid (C₇H₆O₃), hydrogen peroxide (H₂O₂), 
and selenium powder as a catalyst. This mineralization process transformed nitrogen into ammonium 
ions (NH₄⁺), which were determined by spectrophotometry at a wavelength of 660 nm (Pauwels J.m et 
al., 1992). 

2.3.5. Total phosphorus and total potassium 

A flame absorption spectrophotometer was used to determine the total phosphorus and total potassium 
content after mineralization  (Pauwels J.m et al., 1992). 

2.3.6. Statistical analyses 

The collected data were analyzed using R software. A one-way ANOVA was performed. Differences 
were considered significant at a probability level of p < 0,05. In cases of significant effects, a Tukey 
post-hoc test was applied to compare treatment means. The normality of residuals was verified using 
the Shapiro-Wilk test, and the homogeneity of variances using Levene's test. In cases of non-normality, 
the Kruskal-Wallis test was used. 

3. RESULTS 

3.1. Physical parameters 

The physical parameters measured in this research, including apparent density, water retention 
capacity, total porosity, and aeration porosity of the growing medias, are recorded in Table 1. 

Analysis of variance (ANOVA) revealed a highly significant effect of growing media type (p < 0.001) on 
all physical parameters. Multiple comparisons using Tukey's post-hoc test allowed for the differentiation 
of performance groups between the various treatments. 

Table 1 : Physical properties of growing medias 

Growing 
media 

BD (g/cm3) WHC (%) TP (%) AFP (%) Particle size 
2-0.5 mm (%) 

SA 0,626d 48,61a 57a 8,93a 80,25 

SB 0,293b 54,15d 78,9d 25,70d 84,21 

SC 0,394c 52,27c 73,5c 20,73c 83,19 

SD 0,610d 51,79b 62,4b 10,87b 81,67 

BC 0,219a 56,33rd 85,2e 29th 93,24 

BD : Bulk density, WHC : Water holding capacity, TP : Total porosity, AFP : Air filled porosity. 

Values followed by similar letters under the same column are not significantly different at P = 0,05. 

3.1.1. Bulk density 

Pure biochar BC exhibits the lowest BD (0,219 g/cm³). Growing media BC, formulated with 25% tricho-
compost and 75% rice husk biochar, follows with 0,293 g/cm³, then SC, composed of 50% tricho-
compost and 50% rice husk biochar, displays 0,394 g/cm³. Finally, SD, with 75% tricho-compost and 
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25% rice husk biochar, and SA, composed of 100% tricho-compost, show the highest BD, respectively 
0,610 g/cm³ and 0,626 g/cm³, with no significant differences between them. 

3.1.2. Water retention capacity (WHC) 

Pure Tricho-compost SA exhibits the lowest WHC (48,61%), while biochar BC shows the highest 
(56,33%). Intermediate mixtures, SD, SC, and SB, follow with 51,79%, 52,27%, and 54,15%, 
respectively. These results demonstrate that all mixtures containing biochar outperform pure Tricho-
compost in terms of WHC. 

3.1.3. Porosity 

3.1.3.1. Total porosity (TP) 

Pure Tricho-compost has the lowest TP (57%), while pure rice hull biochar has the highest. The 
following, from lowest to highest, are SD (62,4%), SC (73,5%), and SB (78,9%). 

The results demonstrate that biochar (BC) and the SB mixture exhibit TP of 85,2% and 78,9%, 
respectively. Mixtures with a high proportion of tricho-compost, particularly SA and SD, show 
significantly lower TP, which could limit their use as a growing growing media. 

3.1.3.2. Air filled porosity (AFP) 

The results show that rice hull biochar BC and the SB and SC mixtures exhibit AFP of 29%, 25,70%, 
and 20,73%, respectively. The growing medias with a high proportion of tricho-compost (SA and SD) 
show low porosities of 8,93% and 10,87%, which could create root aeration problems. 

3.2. Chemical parameters 

The chemical parameters measured in this research, including pH, electrical conductivity, total nitrogen, 
phosphorus, potassium, total organic matter, and the sum of total nitrogen, phosphorus, and potassium 
levels, are recorded in Table 2. 

Analysis of variance (ANOVA) revealed a highly significant effect of growing media type (p < 0.001) on 
all chemical parameters. Multiple comparisons using Tukey's post-hoc test allowed for the differentiation 
of performance groups between the various treatments. 

Table 2 : Chemical properties of the different growing medias 

Growing 
media 

N (%) P2O5 (%) K2O (%) 
N + P2O5 + 

K2O (%) 
pH 

CE 
(mS/cm) 

MO (%) 

SA 1,78d 0,75a 0,90a 3,43a 7,61d 4a 45,27d 

SB 1,15b 0,46bc 1,60c 3,21b 8,31b 1,58d 53,41b 

SC 1,36c 0,51ab 1,56c 3,43a 7,90c 2,45c 42,26d 

SD 1,38c 0,66ab 1,26b 3,31ab 7,70d 3,31b 48,77c 

BC 0,72a 0,37c 2,18d 2,87c 8,67a 0,6e 58,87a 

MO: Organic Matter. EC: Electrical Conductivity. N: Total Nitrogen. P₂O₅: Phosphorus. K₂O: Potassium. 
Values followed by similar letters in the same column are not significantly different at P = 0,05. 

3.2.1. pH 

The results show four distinct and significantly different groups: BC (8,67) > SB (8,31) > SC (7,90) > 
SD (7,70) > SA (7,61). No significant difference was noted between SA and SD. Rice husk biochar 
noted the highest pH. 

3.2.2. Electrical conductivity 

Growing media SA exhibits the highest electrical conductivity (3,97 mS/cm), significantly different from 
the other growing medias. It is followed by SD (3,31 mS/cm), SC (2,45 mS/cm), and SB (1,58 mS/cm). 
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Growing media BC displays the lowest electrical conductivity (0,6 mS/cm). Mixtures with a high rice hull 
biochar content exhibit the lowest electrical conductivity (EC). 

3.2.3. Organic matter 

The results show that growing media BC has the highest organic matter content (58.87%), significantly 
different from all other growing medias. It is followed by SB (53.41%) and SC (48.77%). Growing medias 
SA (43.67%) and SD (42.26%) have the lowest organic matter content. 

3.2.4. Total nitrogen 

Growing media BC has the lowest total nitrogen content (0,72%), significantly lower than all other 
growing medias, while SA has the highest nitrogen content (1,78%). 

SB (1,15%), SC (1,36%) and SD (1,38%) show total nitrogen levels that decrease with increasing levels 
of rice hull biochar in the growing media. 

3.2.5. Phosphorus 

The SA mixture has the highest phosphorus content (0,75%), followed by SD and SC. Pure rice husk 
biochar shows the lowest content (0,37%), while SB has an intermediate value. 

3.2.6. Potassium 

Contrary to the trend observed for nitrogen and phosphorus, potassium content increases with the 
proportion of rice hull biochar. Pure rice husk biochar (FB) has the highest content (2,18%), while pure 
tricho-compost (TC) has the lowest content (0,90%). 

3.2.7. N+ P2O5 + K2O content 

Growing medias SA and SC exhibit the highest cumulative N+P+K content. Pure rice husk biochar BC 
shows the lowest content, while SB and SD have intermediate levels. 

4. DISCUSSIONS 
4.1. Bulk density (BD) 

BD is a very important physical indicator for growing medias. Low density is desirable because it means 
the growing media is lighter, more porous, and offers better aeration for the roots. Excessive bulk 
density indicates compaction (Wilkinson et al., 2014). A negative correlation was observed between the 
proportion of rice husk biochar and the bulk density of the growing media. The higher the proportion of 
rice husk biochar, the lower the BD. This improvement in the bulk density of the growing medias is 
attributable to the rice husk biochar. Indeed, the higher the rice husk biochar content, the lower the bulk 
density, as noted (Nasution & Fitria, 2023 ; Kim et al., 2017). The BD of the culture medium influences 
plant growth. If it is too high, it can limit root growth due to reduced porosity (Jeyaseeli & Raj, 2010). 
Conversely, a very low BD can cause excessive aeration of the culture medium and simultaneously 
reduce the available water content Vaughn et al., (2013) cited by Kim et al., (2017). It has been observed 
that BD is inversely related to total porosity. This conclusion corroborates that of Tittarelli et al., (2009) 
and Raviv, (2019). For all growing medias, particles ranging in size from 0,25 to 2,00 mm represent 
more than 80% and are the optimal dimensions for plant growth because they retain sufficient water 
and also provide adequate gas exchange (Dispenza et al., 2016 ; Anbarasu et al., 2024). 

However, among the growing medias tested, only SB, SC, and BC have a BD that is within the 
recommended range (< 400 kg/m³) for plant growth Abad et al., (2001), cited by Atzori et al., (2021). 

4.2. Water holding capacity (WHC) 

A good growing media must have good WHC and sufficient macropores to allow excess water to drain 
and prevent waterlogging (Wilkinson et al., 2014). The results showed that rice hull biochar increases 
growing media retention capacity. These results are consistent with those of (Asadi et al., 2021; Singh 
et al., 2017). Indeed, the addition of biochar improves the hydrophysical properties of growing media 



 

 

by increasing WHC, as concluded (“The Effect of Paper Sludge and Biochar Addition on Brown Peat 
and Coir Based Growing Media Properties,” 2015). 

In accordance with the acceptability threshold for the retention capacity of a culture growing media set 
at a value > 30% by M’Sadak et al., (2016), all growing medias have a consistent WHC. However, Dede 
& Oztekin, (2018) and Abad et al., (2001) recommend a retention capacity ≥ 60%, for a growing media. 

4.3. Porosity 

Large pores play an important role in allowing roots, gas, and water to penetrate the soil. The greater 
the density of pores (macropres), the more the soil can be exploited by plant roots  (Scott et al., 1988). 
The results showed that rice hull biochar increases growing media porosity, which corroborates the 
findings of previous work (Singh et al., 2017 ; Asadi et al., 2021). This improvement in porosity could 
be due to the highly complex porous structure of rice hull biochar, as noted Abrishamkesh et al., (2015) 
and Munda et al., (2016). It should be noted that all growing medias meet the total porosity standards 
which must, according to Nzengue et al., (2024), be ≥ 50%. 

Growing medias with the lowest aeration porosities are those with the finest particle size distribution, 
particularly SA and SD. This corroborates the findings of the work of M’Sadak & Bouallegue, (2015), 
which states that aeration porosity can decrease when the particle size components of composts are 
fine. It should be noted that optimal aeration porosities can vary considerably depending on the type of 
plant, the size of the container, and the irrigation frequency, as highlighted (Raviv, 2019). Tilt & 
Bilderbach, (1987), cited by El Sharkawi et al., (2014) recommended an acceptable aeration porosity 
for culture media ranging from 15 to 45%. To this end, while all growing medias meet the total porosity 
standards, only BC, SB, and SC exhibit an aeration porosity ≥ 15%. However, M’Sadak & Bouallegue, 
(2015), as well as Atzori et al., (2021) consider that the optimal aeration porosity for a growing media 
should be between 20% and 30%. 

4.4. Electrical conductivity 

Electrical conductivity represents the total amount of ions in solution. The higher it is, the more difficult 
it is for plants to absorb water Soltner, (2017) and constitutes a defect in its quality (Prisa & Caro, 2023). 
The results show that electrical conductivity varies with the proportion of rice husk biochar in the growing 
media. Indeed, it decreases with increasing amounts of rice husk biochar in the growing media, thus 
indicating the growing media's deficiency in soluble minerals. According to Bembli & M’Sadak, (2017) 
the optimal electrical conductivity of growing medias is between 1,5 and 2,25 mS/cm and should not 
exceed 2,5 to 3 mS/cm. An electrical conductivity below 1.5 mS/cm can result in low growing media 
fertility. Based on these values, only SB and SC exhibit compliant electrical conductivities. 

4.5. pH   

A tendency towards alkalization of the growing media proportional to the content of rice hull biochar 
was noted. 

The pH of the growing media is an important factor that indirectly influences plant growth through its 
effects on the availability of mineral nutrients and microbial activity. According to (Soltner, 2017) it is 
between pH 6 and pH 7 that, the majority of nutrients are found in acceptable conditions for assimilation. 
At pH levels above 7, the bioavailability of certain trace elements such as iron, manganese, boron, 
copper, and molybdenum decreases, causing deficiencies in plants. It should be noted that all growing 
medias have pH levels above 7,5. This increase can be attributed to rice hull biochar, which, according 
to Kim et al., (2017) ; Singh et al., (2019)  significantly increases the pH. However, the pH is easily 
modified to the desired levels by adding lime to make it more alkaline, or acid to make it more acidic  
(Raviv et al., 2019). 

4.6. Nitrogen 

The results showed that the higher the Tricho-compost content in the growing media, the higher the 
nitrogen content. This result is consistent with the work of Organo et al., (2022) which have shown that 
Tricho-compost improves nitrogen availability. Also, Sawadogo et al., (2021) studies have shown that 
Trichoderma improves the availability of phosphorus, nitrogen, and potassium. All growing medias have 
adequate nitrogen levels, in accordance with the current NF U44-551 standard for growing media, which 
mandates total nitrogen levels of less than 2,5%.   



 

 

4.7. Phosphorus 

Analyses have shown that Tricho-compost is significantly richer in phosphorus than rice hull biochar; 
therefore, the higher the Tricho-compost content in the growing media, the higher the phosphorus 
content. This is explained by the improved bioavailability of phosphorus in the compost due to 
Trichoderma, as noted Siddiquee et al., (2017). From the point of view of the phosphorus content of the 
growing medias, the NF U44-551 standard sets a content of less than 2%. All growing medias comply 
with this requirement.   

4.8. Potassium  

Compared to potassium in the growing medias, K2O levels in the growing medias increased with 
increasing rice hull biochar content, demonstrating that the latter is a good source of potassium. This is 
perfectly consistent with the results of Kim et al., (2017) ; Singh et al., (2019) who concluded that rice 
hull biochar significantly increases potassium availability. Furthermore, Amassa and Manenoi, (2008) 
cited by (Atif et al., 2016) studies have shown that organic media have higher levels of phosphorus  and 
potassium than commercial growing media such as peat. It should be noted that, according to standard 
NF U44-551, the potassium content of any growing medium must not exceed 2,5%, meaning that all 
growing medias have compliant levels. 

4.9. N + P2O5 + K2O 

The results show a relationship between the proportion of Tricho-compost and the richness in major 
nutrients. Tricho-compost makes a significant contribution of nitrogen, phosphorus, and potassium, 
essential for plant growth (Komolafe et al., 2020). The NF U44-551 standard stipulates that, for growing 
media, the sum of the total nitrogen, phosphorus, and potassium content must not exceed 5%. 
Therefore, all growing medias comply with this requirement regarding the sum of their percentage 
content of N + P2O5 + K2O. 

4.10. Organic matter content 

The organic matter content is of fundamental importance for growing media fertility, due to its physical, 
chemical and biological effects . The organic matter content of the Tricho-compost (43,67%) testifies to 
its stability and maturity. According to M’Sadak & Bembli, (2018), the organic matter content should be 
between 35% and 45%. Growing medias richer in rice hull biochar (BC, SB, and SC) have higher 
organic matter levels than growing medias richer in tricho-compost (SA and SD). This is because 
composting significantly reduces the organic matter content M’Sadak & Ben M’barek, (2013), whereas 
rice hull biochar is rich in stable organic matter (Ahmadou et al., 2023). In accordance with the NF U44-
551 standard, all growing medias have compliant organic matter levels, as they are greater than 40%. 

5. CONCLUSION 

This study demonstrates that it is possible to replace peat with innovative growing medias based on 
Tricho-compost and rice husk biochar. The SB (25% Tricho-compost and 75% rice husk biochar) and 
SC (50% Tricho-compost and 50% rice husk biochar) mixtures are distinguished by their 
physicochemical properties, including low bulk density, good porosity, satisfactory water holding 
capacity, and balanced nutrient content. 

These formulations utilize local and renewable resources, thus contributing to sustainable agriculture 
while reducing the environmental impact associated with peat extraction. pH adjustments may be 
necessary depending on the crop, but these growing medias could represent a viable and promising 
alternative for soilless horticultural production. 

However, it would be essential to confirm these conclusions by a study of the effect of these growing 
medias on vegetable crops.   
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