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ABSTRACT

Soilless culture is a technique for crop production using no soil. Crops are grown in the nutrient solution or on a proper medium, therefore, soilless culture involves no work such tools or machines. But it needs additional costs for growing systems and chemical fertilizes. It offers earlier growth and higher yield. Lack of suitable soils, disease contamination after repeated use and the desire to apply optimal conditions for plant growth are leading to the worldwide trend of growing plant in media instead of soil characterization of these medium is not available in literature, therefore, the main aim of this work is to investigate the physical and chemical properties (light peat, vermiculite, perlite, dark peat, light peat and perlite (70:30) and light peat and vermiculite (50:50)) that meets the requirement of plant growth. These properties include: bulk density, moisture content, water holding capacity, porosity, pH, electrical conductivity (EC), total organic carbon, total organic matter, total nitrogen, total phosphorus, total potassium and C/N ratio.

The results indicate that the bulk density value ranged from 95.7 to 125.8 kg m-3, where, the highest value was recorded for perlite and the lowest value was recorded for dark peat. The moisture content values ranged from 23.30 to 32.50 %, where, the lowest value was recorded for perlite and the highest value was obtained for dark peat. The water holding capacity values ranged from 2.70 to 4.40 g water/g dry. The porosity values ranged from 87.0 to 92.0 % for different soilless media. The average of pH, EC, organic carbon, organic matter, total nitrogen, total phosphorus and total potassium values was 6.15, 0.28 dS m-1, 19.93%, 34.37%, 0.30%, 0.20% and 1.14%, respectively for soilless media.
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[image: image1.wmf](

)

{

}

(

)

{

}

(1)

      

          

          

          

          

          

1

i

i

i

s

W

MC

W

MC

W

W

WHC

´

-

´

+

-

=


*Researcher Assoc., Agric. Eng. Res. Inst., Agric. Res. Center, Egypt

**Prof. of Agric. Eng., Fac. of Agric., Benha Univ., Egypt 
INTRODUCTION
In horticultural crop production, the definition soilless cultivation encompasses all the systems that provide plant management in soilless conditions in which the supply of water and of minerals is carried out by nutrient solution, with or without a growing medium (e.g. rockwool, peat, perlite, pumice, coconut fibre, etc.). Soilless cultivation systems can be divided into: i) systems in the liquid medium, which do not have other media for the support of plant roots; and ii) systems in the solid medium, using a substrate to support the plants. The hydroponic system is made up of the systems in liquid medium and systems that use an inert substrate. In addition, the soilless substrate cultures utilization are classified into: i) open systems (while the nutrient solution that drains from the roots is not reused); and ii) closed systems (while the surplus nutrient solution is collected, corrected and put back into the system) (Winsor and Schwarz, 1990).

Substrates are defined as all those materials, used alone or mixed appropriately, that can provide the root system with better conditions (in terms of one or more aspects of plant growth) than those offered by agricultural soil (Noto, 1993). In soilless crops, the substrate replaces the soil because the natural soil is often poorly suited to cultivation due to chemical (reaction, nutrient availability, etc.), physical (density, structure, water retention, etc.), or biological (presence of pathogens, exhaustion, etc.) limitations, or because in this way it controls plant growth better. Plants grown in pots are characterized by a particularly high (and unbalanced) ratio between the aerial part and root, and by much bigger water, air and nutrient requirements than those that are recorded on the soil (and in the open field) where growth rates are slower and the volume of soil available for the roots is theoretically unlimited. To meet these requirements, we need to use substrates that, alone or in a mixture, ensure chemical, physical and biological conditions that are optimal and stable in time. To do this, different types of materials have long been traditionally used in horticulture and in the nursery industry. Over the last few decades there has been, on the one hand, a significant increase in the number of materials used, arising from industrial processes, to be used with or in replacement of traditional materials and, secondly, there has been a growing use of substrates of cultivation (Gruda, 2012).

The substrate must perform different functions: i) support the plant and provide air, water and nutrients to the roots; ii) it must not contain pathogens; and iii) should not be phytotoxic. Any organic or inorganic material can be used as a substrate, provided that it meets the above conditions. There is no universal substrate or mixture that is valid for all species and in all situations of cultivation. It is, therefore, appropriate to carefully select the individual materials according to the different conditions in which they will be used: the environment, species to be cultivated, cultivation phase (germination, rooting of cuttings, plant production, plant breeding) and system of cultivation (Di Lorenzo, et al. 2013). 

Physical, chemical and biological substrate properties can change and deteriorate with time and use, which may affect both crop management and behaviour. Mechanical degradation of substrates can alter the pore structure, which may in turn affect retention and movement of nutrient solution and root aeration (Orozco and Marfà, 1995; Giuffrida et al., 2007; Verhagen, 2009).

Lack of suitable soils, disease contamination after repeated use and the desire to apply optimal conditions for plant growth are leading to the worldwide trend of growing plant in media instead of soil characterization of these medium is not available in literature, therefore, the main aim of this work is to investigate the physical and chemical properties that meets the requirement of plant growth. These properties include: bulk density, moisture content, water holding capacity, porosity, pH, EC, total organic carbon, total organic matter, total nitrogen, total phosphorus, total potassium and C/N ratio.
EXPERIMENTAL PROCEDURES
The experiment was carried out at Sekem Company at the Belbeies, El-Sharkia Governorate, Egypt.

Six different types of soilless media were obtained by mixing light peat, dark peat, vermiculite and perlite at different ratios to form:

1- M1, light peat  

2- M2, vermiculite
3- M3, perlite
4- M4, dark peat
5- M5, light peat and perlite (70:30)
6- M6, light peat and vermiculite (50:50)
Samples were placed in polyethylene bags and transferred to the laboratory for analysis and properties measurements.
Measuring Instruments and Procedures:

· Physical properties:

The physical properties include: bulk density, moisture content, water holding capacity and porosity.
1- Moisture contents (MC): 

Moisture content (wet basis) throughout this study was measured by drying at 105 ◦C for approximately 24 h or at constant weight (ASAE Standard, 1998). 

2- Water holding capacity (WHC):

A wet sample of known initial moisture content was weighed (Wi) and placed in a beaker. After soaking in water for 1–2 days and draining excess water through Whatman #2filter paper, the saturated sample was weighed again (Ws). The amount of water retained by dry sample was calculated as the WHC. The water holding capacity (g water/g dry material) is calculated as (Ahn et al., 2008):
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Where: 

Wi is the initial weight of sample (g)

Ws  is the saturated weight of sample (g)

MC is the initial moisture content of sample (decimal)

3- Bulk density and porosity

Bulk density was measured using an approximately 10 liters volume container. The container was filled with material, and then the material was slightly compacted to ensure absence of large void spaces. The bulk density was calculated by dividing the weight of the material by the volume of material in the container.

Soilless media porosity (εa) was determined using the known density of water (ρw; 1000 kg m-3) and estimated densities of organic matter (ρom; 1600 kg m-3), and ash (ρash; 2500 kg m-3), as well as the moisture content and bulk densities of the sample (Raman, 1995). If the moisture content (MC), dry matter (DM), organic matter (OM), and wet bulk density (ρwb) of samples are known, the porosity can be calculated using the following equation:
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Where:

εa is the porosity (%)

ρwb is the wet bulk density (kg m-3)

ρw is the density of water (kg m-3)

ρom is the density of organic matter (kg m-3)

ρash is the density of ash (kg m-3) 

MC is the moisture content (decimal)
DM is the dry matter (decimal)  

OM is the organic matter (decimal) 

· Chemical properties:

The chemical properties include: pH, EC, total organic carbon, total organic matter, total nitrogen, total phosphorus, total potassium and C/N ratio.

Electrical conductivity was measured using EC meter (Model ORION 105 – Range 0 – 199.99 dS m-1 ± 0.01, USA). pH was measured using pH meter (Model ORION 230A – Range -2 – 19.99 ± 0.01, USA). Total organic carbon (TOC) by the dry combustion method at 540 ◦C for 4 h according to Abad et al. (2002). Total organic matter was measured by combustion at 550 ◦C for 8 h according to TMECC (2001) and total nitrogen (TN) by Kjeldahl digestion (Bremmer and Mulvaney, 1982). Potassium (K) was determined by atomic absorption and phosphorus (P) was determined colorimetrically following the Murphy and Riley (1962) method.

RESULTS AND DISCUSSION

3.1. Physical properties:

Table (1) and figures (1, 2, 3 and 4) show the physical properties (bulk density, moisture content, water holding capacity and porosity) of the different types of soilless media (light peat, dark peat, vermiculite, perlite, light peat and perlite (70:30) and light peat and vermiculite (50:50)).

 The results indicate that the bulk density value ranged from 95.7 to 125.8 kg m-3 for different soilless types. The highest value of bulk density (125.8 kg m-3) was found for perlite and the lowest value of bulk density (95.7 kg m-3) was found for dark peat. These results agreed with those obtained by (Pardossi, 2011).

The dry bulk densities for most growing media are 3–20 times lower for most soils (soils are about 1500 kg m−3, for rooting media). For a given material, an increase in bulk density is associated with decrease in total pore space and thus affects growth mainly through the effects of reduced free pore space. A decrease in total pore space will often decrease oxygen transport and decrease root penetration. A decrease in total pore space may also increase the water retention as pore diameters decrease, which is to say that loss of physical structure often results in an increase in water retention of the remaining material. Interpretations of the influence of bulk density on growth may be improved by focussing on the individual effects of reduced pore space rather than on the broader concept of bulk density (Michael and Lieth, 2008).

Table (1): Physical properties of different soilless media. 

	Properties
	Soilless Types

	
	M1
	M2
	M3
	M4
	M5
	M6

	Bulk density (kg m-3)
	108.5
	119.7
	95.7
	125.8
	104.66
	114.1

	Moisture content (%)
	30.7
	26.8
	23.3
	32.5
	28.48
	28.75

	Water holding capacity (g water/g dry sample)
	3.9
	4.4
	2.7
	3.6
	3.54
	4.15

	Porosity (%)
	91
	88
	93
	87
	91
	89


M1 light peat  
M2 vermiculite  

M3 perlite
M4 dark peat 

M5 light peat and perlite (70:30)

M6 light peat and vermiculite (50:50)

The moisture content values ranged from 23.30 to 32.50 % for different soilless types. The lowest value of moisture content (23.30 %) was found for perlite and the highest value of moisture content (32.50 %) was obtained for dark peat.

It could be seen that the bulk density of soilless media increases with increasing the moisture content of soilless media. It increases from 95.7 to 125.8 kg m-3 when the moisture content increased from 23.30 to 32.50 %.

Regarding the water holding capacity, it ranged from 2.70 to 4.40 g water/g dry sample for different soilless types. The lowest value of water holding capacity (2.70 g water/g dry sample) was found for perlite and the highest value of water holding capacity (4.40 g water/g dry sample) was found for vermiculite.

Water holding capacity of soilless media are usually 10–100 times lower than the common values for soil (10–100 kPa). The results are indicative of the ease of the uptake of water – and nutrition – by plants as well as the wetness in various growing systems. Growth is highest at low water retention forces, but very low water retention forces are sometimes avoided, for example, when the amount of air-filled pores becomes too low for proper oxygen transport. The air content recommendations for optimal growth are found in kipp et al., 2001. Water retention forces high enough to decrease the fresh weight growth may actually be desirable, for example to create denser, that is better quality pot plants and in transplant production, when hardy plants are preferred by the growers.
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	Fig. (1): Bulk density for different soilless media
	Fig. (2): Moisture content for different soilless media

	
[image: image5]
	
[image: image6]

	Fig. (3): Water holding capacity for different soilless media
	Fig. (4): Porosity for different soilless media

	M1 light peat  
      M2 vermiculite  
      M3 perlite
               M4 dark peat 

M5 light peat and perlite (70:30)
            
M6 light peat and vermiculite (50:50)


The porosity values ranged from 87.0 to 93.0 % for different soilless types. The lowest value of the porosity (87.0 %) was found for perlite and the highest value of the porosity (93.0 %) was found for dark peat. The porosity depends on bulk density and moisture content of soilless media. The porosity decreased with increasing bulk density and moisture content. The results indicate that the porosity of soilless media decreased from 93.0 to 87.0% when the bulk density increased from 125.8 to 119.7 kg m-3 with decreasing the moisture content from 32.5 to 26.8 %. These results agreed with those obtained by Pardossi (2011).
Total pore space for most growing media is 1.5 – 2.8 times higher than the values found for common soils (about 35 per cent V/V). An increase in total pore space will often decrease the water retention, increase oxygen transport and increase root penetration. These, in turn, will influence plant growth. The effect of pore space is therefore complex as it affects plants in more than one way (Michael and Lieth, 2008).  

· Chemical properties:

Table (2) shows the chemical properties (pH, EC, total organic carbon, total organic matter, total nitrogen, total phosphorus, total potassium and C/N ratio) of different types of soilless media (light peat, dark peat, vermiculite, perlite, light peat and perlite (70:30) and light peat and vermiculite (50:50)). It could be seen that the pH value ranged from 5.2 to 7.8 for different soilless media types. The highest value of pH (7.8) was found for vermiculite, while, the lowest value of pH (5.2) was obtained for light peat. This pH range is in the optimum range for growing media as mentioned by Bunt (1988). 

The EC values ranged from 0.005 to 0.8 dS m-1 for different soilless media types. The highest value of EC (0.8 dS m-1) was found for dark peat and the lowest value of EC (0.005 dS m-1) was determined for the perlite. 

Regarding the total organic carbon results, it was found that it ranged from 0.00 to 38.51 % for different soilless media types under study. The total organic carbon was 0.0, 0.64, 36.42, 38.51, 25.49 and 18.53% for perlite, vermiculite, light peat, dark peat light peat and perlite (70:30) and light peat and vermiculite (50:50), respectively. 
Table (2): Chemical properties of different soilless media. 

	Properties
	Soilless Types

	
	M1
	M2
	M3
	M4
	M5
	M6

	pH 
	5.2
	7.8
	6.2
	5.7
	5.5
	6.5

	EC (dS m-1)
	0.28
	0.18
	0.005
	0.8
	0.20
	0.23

	Organic matter (%)
	62.8
	1.1
	0
	66.4
	43.96
	31.95

	Organic Carbon (%)
	36.42
	0.64
	0
	38.51
	25.49
	18.53

	Total Nitrogen (%)
	0.51
	0.004
	0
	0.68
	0.36
	0.26

	Total Phosphorus (%)
	0.03
	0.01
	0
	1.1
	0.021
	0.02

	Total potassium (%)
	0.13
	0.003
	3.2
	2.4
	1.051
	0.067

	C/N Ratio
	71.41
	160
	0
	56.63
	71.41
	72.10


M1 light peat  
M2 vermiculite  

M3 perlite
M4 dark peat 

M5 light peat and perlite (70:30)

M6 light peat and vermiculite (50:50)

ppm = 640 dS m-1

The total organic matter values ranged from 0.00 to 66.40 % for different soilless media types. The total organic matter was 0.0, 1.10, 62.80, 38.51, 43.96 and 31.95% for perlite, vermiculite, light peat, dark peat, light peat and perlite (70:30) and light peat and vermiculite (50:50), respectively. 

The total nitrogen values ranged from 0.00 to 0.68 % for different soilless types under study. The total nitrogen values was 0.00, 0.004, 0.68, 0.51, 0.36 and 0.26 % for perlite, vermiculite, light peat, dark peat, light peat and perlite (70:30) and light peat and vermiculite (50:50), respectively. 

 The total phosphorus and potassium values ranged from 0.0 to 1.1 and 0.003 to 3.20 %, respectively, for different soilless media. The lowest value of total phosphorus (0.0 %) was found for perlite and the highest value of total phosphor (1.1 %) was found for dark peat. The lowest value of total potassium (0.003 %) was found for light peat and the highest value of total potassium (3.20 %) was found for perlite.

Regarding the C/N ratio, it ranged from 0:0 to 160:1 for different soilless types. The lowest value of C/N ratio (0:0) was found for perlite and the highest value of C/N ratio (160:1) was found for vermiculite. 

CONCLUSIONS

An experimental study was carried out successively to determine the physical and chemical properties of different soilless media. The obtained results indicate that the bulk density value ranged from 95.7 to 125.8 kg m-3. The moisture content values ranged from 23.30 to 32.50 %. The water holding capacity values ranged from 2.70 to 4.40 g water/g dry. The porosity values ranged from 87.0 to 92.0 % for different soilless media. The pH value ranged from 5.2 to 7.8 and EC values ranged from 0.0 to 0.28 dS m-1 for different soilless media. The total organic carbon values ranged from 0.0 to 38.51 %. The total organic matter values ranged from 0.0 to 66.40 %. The total nitrogen values ranged from 0.0 to 0.68 %. The total phosphorus and total potassium values ranged from 0.0 to 1.1 % and 0.003 to 3.2 %, respectively, for different soilless media. The C/N ratio values ranged from 0 to 160:1. 
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الخصائص الكيميائية والطبيعية لبعض البيئات المستخدمة فى الزراعة بدون تربة
عمرو عبد التواب صباحى* عادل حامد بهنساوى** سمير أحمد على** زكريا عبد الرحمن الحداد**
نظرا لان إعادة استخدام التربة العادية يؤدى انتقال الامراض ولا يوفر الظروف المثلى لنمو النبات ولذلك اتجه العالم إلى استخدام بيئات نمو كبديل للتربة، ولذلك كان الهدف من هذا البحث هو دراسة الخصائص الكيميائية والطبيعية لعدة انواع مختلفة من البيئات المستخدمة في الزراعة بدون تربة. وتشمل هذه الخصائص: رقم الحموضة والتوصيل الكهربى والكربون العضوى الكلى المادة العضوية الكلية والفوسفور والبوتاسيوم ونسبة الكربون الى النيتروجين والكثافة الظاهرية و المحتوى الرطوبى والقدرة على الاحتفاظ بالماء والمسامية. 

وكانت أهم النتائج المتحصل عليها أن الكثافة الظاهرية تراوحت ما بين 95.7 – 125.8 كجم/م3 وكانت اقل قيمة مع البيت موس الداكن واكبر قيمة مع البيرليت، وتراوح المحتوى الرطوبى ما بين 23.3 - 32.5 %،  وكانت أقل قيمة مع البيرليت واكبر قيمة مع البيت موس الداكن، وتراوحت القدرة على الاحتفاظ بالماء ما بين 2.70 – 4.40 جم ماء/ جم من المادة الجافة من العينة، وتراوحت المسامية ما بين 87.0 – 92.0% لكل الانواع المختلفة من البيئات. بينما كان متوسط رقم الحموضة والتوصيل الكهربى والكربون الكلى والنيتروجين الكلى والمادة العضوية الكلية والفوسفور والبوتاسيوم هي 6.15 و0.28 ديسيسمنز م-1 و19.93% و34.37% و0.30% و0.20% و1.14% على التوالى لكل الانواع المختلفة من البيئات. 
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* باحث مساعد – معهد بحوث الهندسة الزراعية – مركز البحوث الزراعية 
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