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Abstract 

Growing medium and fertilization are the most effective methods for controlling and improving the 

vegetative growth characteristics, head quality, yield and nutritional value of lettuce. Therefore the aim of this 

study was to determine the effect of different growing media when using organic or inorganic fertilization that 

associated with closed system on lettuce production in soilless culture system. Planting was conducted on A- 

shape system under unheated plastic greenhouse conditions. Experimental treatments included two nutrient 

solutions (mineral nutrient and compost tea) and seven substrates i.e. Peat moss, Perlite, Coir, Rice straw, 

Compost, Peat moss + Perlite  (1:1 v:v) and Coir + Perlite (1:1 v:v). Results revealed that mineral fertilizer had 

better mean values for all measured vegetative growth parameters, total yield, NPK and chlorophyll content 

compared with organic fertilizer. The best vegetative growth characters in terms of leaf length, width, and area, 

number of leaves, head firmness, surround and weight, total yield, NPK and chlorophyll contents were occurred 

100 % in coir or peat. The most favorable beneficial interaction treatments regarding the previous growth 

characters were produced in plants which planted in coir or peat moss with mineral fertilizers. The results 

indicated that lettuce plants on the peat moss substrate with organic solution grew healthier, but the heads were 

small and the yield was decreased compared with the inorganic solution. The study revealed that, differences in 

nutrient fertilizers and growing substrates were significant and their influences have affected the growth and 

yield of lettuce when cultivated under controlled environment. This study showed that mineral fertilizer had 

better mean values for all measured growth parameters. While, peat moss and coir substrates proved to be the 

best growing for lettuce. This growing media enable the roots to develop better. Thus paving the way for plants 

to absorb more nutrients than the plants grown in other different substrates.  
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Introduction 

 

Lettuce (Lactuca sativa L.) is an annual 

herbaceous vegetable of the Asteraceae family, and 

represents an important source of mineral salts, 

mainly calcium and vitamins (Filgueira, 2003). 

Being one of the most cultivated and consumed 

vegetable crops in Egypt. This is due to several 

factors, such as its adaptability to varied climatic 

conditions. 

It is well known that soilless culture offers an 

alternative method to soil culture when serious soil 

and water problems (i.e., soil born pests, soil and 

water salinity, chemical residues in soil, water 

salinity, lack of fertile soil, water shortage, etc.), 

create difficulties in traditional production in the soil. 

The main advantages of soilless culture are the most 

accurate control over the supply of water, nutrients, 

pH, roots temperature, etc., which increase 

productivity due to easier and more accurate control 

of production factors such as reduction of labor 

requirement, as well no need for soil sterilization, in 

addition getting more crops per year, etc. 

Hydroponics is the art of growing plants in a 

soilless medium. Worldwide, a high percentage of 

the hydroponics industry are used an inorganic 

growing media such as perlite, vermiculite, and 

others (San Bautista et al., 2005; Böhme et al., 

2008), while only about 12% uses organic growing 

media (Donnan, 1998) such as peat moss, coir and 

others. Growth media provide aeration and water, 

enhance root growth and physically support the plant 

(Olle et al., 2012). 

The growing substrates are differing in their 

physical, chemical and biological properties 

(Herrera et al., 2008), therefore, substrate selection 

is one of the most important factors affecting plant 

growth and influencing vegetable quality. The 

physical properties, including water holding capacity, 

porosity, air space and bulk density, can vary greatly. 

These properties dictate the plant’s ability to uptake 

water and nutrients, and even a small change in one 

of these parameters can result in poor plant 

performance (Fonteno, 1996).The desirable physical 

properties of a substrate are essential to optimal plant 

performance and each greenhouse crop may require 

different physical properties from the substrate along 

with best management practices to ensure this 

performance is met (Raviv, 2002). Therefore, it is 

possible to improve the quality of fruit by suitable 

substrate is chosen (Gruda, 2009).  Also, the 

physical and chemical characteristics of the media 

which together with the growing techniques (e.g., 

fertigation) employed, will determine the yield and 

quality of the vegetables that are produced (Grunert 

et al., 2008). Bohlin and Holmberg (2004) reported 
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that the physical properties of peat moss are (low 

bulk density, high porosity, high water holding 

capacity). The physical properties of coir have 

proven to be similar to those of peat moss for water 

adsorption and drainage (Meerow, 1994 and 

2007).Research has also indicated a potential to 

increase water holding capacity in a growing 

substrate when coir is incorporated (Hernández-

Apaolaza, et al., 2005). Perlite showed high total 

pore space, higher than 93%, but low water holding 

capacity and pH was in the range of 5.9-6.8 (Kang et 

al., 2004). 

Tzortzakis and Economakis (2008) found that 

plants grew faster in organic media compared to 

inorganic media. In this respect peat moss is a light 

material with a relatively low pH, an important factor 

in nutrient uptake (Reed, 1996), but most 

importantly it has a high water holding capacity 

(Bergeron, 1994) which plays an important role in 

plant growth. Coconut fiber is an absolutely (100%) 

organic substrate. it is inert substrate as its size does 

not change but restrains huge amount of water. 

Coconut fiber other properties such as it is typical to 

absorb warmth, do not get salty and it has no 

pathogens and weeds seeds (Carrijo et al., 2004). 

In a comparison between peat and straw 

substrates, the microorganisms need mineral nitrogen 

(N) for rice straw decomposition, which they gain 

from the available N content in the substrate, 

therefore N would not be readily available for the 

plants (Gruda, 2009) and a shortage of N will be 

appearing in this crop (Abd El- Sattar et al., 2008). 

Furthermore, there is a growing body of studies 

indicating the benefit of mixing organic and 

inorganic components for vegetable growing media 

with improved performance in greenhouse 

production (Gao et al., 2010). Addition of inorganic 

substances to organic substances produces higher 

yield probably owing to increasing water-holding 

capacity and aeration by organic substances, which 

demonstrates that inorganic substances could 

partially replace organic substances (Gao et al., 

2010).In this respect perlite is used in addition to 

peat moss in growing substrates to increase air space 

and improve drainage (Perlite Canada, 2010).Also, 

peat moss and their mixes with perlite are the most 

widely used substrates in growing and productivity 

of several vegetables crop (Gao et al., 2010). 

Compost tea is one of the alternative techniques 

extracted from composted materials by steeping or 

brewing the compost in water using various 

preparation methods (Scheuerell and Mahaffee, 

2002; Litterick et al., 2004) to extract anaerobic 

microbes and nutrients which are used and applied to 

promote plant health and vitality (Scheuerell and 

Mahaffee, 2002; Naidu et al., 2010). However, 

Nutrient value of organic composts varies widely 

depending upon the nature of the composted 

feedstock (Abu-Zahra and Tahboub, 2008).  

The commercial organic hydroponic food 

production is still in its infancy.  The growing lettuce 

in soilless culture for production are known for their 

efficiency and sustainability, but due to many of the 

chemicals utilized (i.e. fertilizers, pH adjusters) are 

traditionally “inorganic” in nature. With rising 

demand for “organic” produce there is much interest 

in converting these traditional systems to ones that 

meet the criteria to be classified as “Certified 

Organic”.  

The aim of the present study is to investigation 

the suitability of using different growing substrates 

with organic and inorganic nutrient solution on 

lettuce production in closed system under 

greenhouse.  

 

Materials and Methods 

 

This Experiment was carried out in the 

greenhouse of the Vegetable Crops Department, 

Horticulture Research Institute, Agriculture Research 

Center, Giza, throughout the two growing winter 

seasons of 2016/2017 and 2017/2018 to study the 

effect of some substrates or mixture of substrates 

with organic and inorganic fertilization that 

associated with closed fertigation system on lettuce 

production under plastic greenhouse conditions. 

Lettuce seeds Cv. Limor HYB were sown on 

November 29, 30 for the first and second season 

respectively. Lettuce seeds were sown in 

transplanting trays (209 cells). Three weeks old 

healthy and vigorous seedlings were transplanting to 

metal A- shape system of soilless culture under 

greenhouse conditions. The experiment was designed 

in a split plot arrangement with three replicates, each 

replicate included fourteen treatments which were 

the combination of two fertilizers as main plots and 

seven growing substrates were arranged within the 

sub- plots. Each treatment consists of ten plants per 

replicate. Lettuce seedlings were transplanted into 

PVC pipes filled with seven growing substrates. The 

spaces between plants were 20 cm (18 plants per m2). 

 

Closed system: 

Closed system hydroponics is a method which the 

nutrient solution is re-circulated throughout the 

system to reduce the fertilizers by 57-77% and water 

by 60 - 80% (Nederhoff and Stanghellini 2010). A 

metal A- shape system of soilless culture was used to 

present the substrate systems. The metal A- shape 

frame (0.9 m width and 1.3 m height) included three 

levels of PVC pipes (4inch) on the two sides. The 

PVC pipes were holed every 20cm. the A- shape 

performed plant density of 18 plants per square 

meter. The PVC pipes filled with the different 

studied substrate (alone or mixing) for illustrating the 

substrate culture system. The cultivated lettuce plants 

were irrigated by using a small flexible pipe at the 

top of the PVC pipes usually introduces the nutrient 

solution. This system had a sloping 1%. Different 
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nutrient solutions were pumped via submersible 

pump (110watt). The drainage was collected back to 

the tanks of the different systems in the close type of 

soilless culture. The fertigation rate was programmed 

to be 8 times /day for 5 mints per one time. 

 

Fertilizers: 

Two fertilizers solutions (i.e. mineral and organic 

fertilizer solutions) were used in this study illustrated 

with 2 EC (Electro Conductivity) and 6.5 pH was 

circulated daily. The mineral solution was prepared 

as shown in Table (1), while the organic solution 

(Compost tea) was prepared by soaking 2Kg compost 

in water tank (8L) for two days, then, filtered using 

gauze the compost suspension. The net filtered was 

used as stock nutrient solution. The chemical 

composition of compost in two growing seasons are 

shown in Table (2). 

 

Growing substrates: 

Seven growing substrates were used in this study 

i.e. Peat moss, Coir, Rice straw, Compost, Perlite, 

mixture of Peat moss + Perlite  (1:1 v:v) and Coir + 

Perlite (1:1 v:v). 

 

The physical and chemical properties of the 

substrates:  

The physical (Bulk density, Total porosity, Air 

filled porosity and water holding capacity) and 

chemical (pH and electrical conductivity) properties 

of the substrates and substrates mixtures were 

determined at the beginning of the experiment 

according to the methodology suggested by Fonteno 

(1996) using the following equation: 

Bulk density (g cm-3) = (dry weight x 100) / 

(substrate volume) 

Total porosity (%v/v) = [(wet weight – dry weight) + 

drained volume x 100] / (substrate volume) 

Air-filled porosity (%v/v) = [(drained volume x 100) 

/ (substrate volume) 

Water-holding capacity (%v/v) = [(wet weight – dry 

weight) x 100]/ (substrate volume) 

The pH and EC of the nutrient solution were 

measured daily using a pH and EC meter (HANNA 

Instrument) basis from transplanting to harvesting 

and maintained within a range of 5.5 to 6.5 and 1.5 to 

2.0 mS cm-1 in all treatments, respectively. 

The physical and chemical properties of the 

substrates were arranged in a randomized complete 

block design with three replications. 

 

Table 1. Weight (g) of substances to be dissolved in 40liters of water to make mineral stock solution. 

Elements Solution A Solution B  Solution C 

Calcium nitrate 

EDDHA (Fe) 6% 

Compound fertilizer 19:19:19 

Magnesium sulfate 

Small elements  

phosphoric acid 

11kg 

600g 

- 

- 

- 

- 

- 

- 

6.300kg 

1.2kg 

400g 

- 

- 

- 

- 

- 

2 liters 

 

Table 2. Chemical composition of compost.  

 Nutrient elements (%) Heavy metals (ppm) O.M% C/N 

ratio  N P K Ca Mg Pb Cd Co 

Compost 1.12 0.26 0.29 0.13 0.24 85.96 1.35 21.96 34.3 15.31 

Chemically available, mg/kg-1 were N 986, P 474, and K 465  

 

Data recorded: 

Vegetative growth characteristics:- 

After 60 days from transplanting, the plants were 

harvested and measured for fresh and dry weight, 

leaf length and width, leaf area (method as described 

by Yoshida et al., 1997 and leaf number. 

Lettuce head quality and yield 

Head surround, (cm), head firmness (kg/cm2) was 

recorded by using penetrometer mod. FT327 and 

total yield (kg/m2) were recorded. 

 

Leaves chemical composition: 

Data were recorded on the following:  

1) Leaves chlorophyll content that determined by 

Minlolta chlorophyll meter SPAD -50%.  

2) Nitrogen, phosphorus and potassium contents: 

Nitrogen content was determined in the digested 

solution by the" Modified micro- Kheldahl" 

method as described by Plummer (1971). 

Phosphorus was determined calorimetrically 

according to the method of Jakson (1973). 

While potassium was measured using "flam- 

photometer" as described by Brown and 

Lilliand (1964) 

 

Statistical analysis:  

The obtained data were subjected to the analysis 

of variance procedure and means and compared 

using the L.S.D. method at 5% level of significance 

according to Snedecor and Cochran (1980). 

 

Results and Discussion 

 

1. The physical and chemical properties of the 

substrates: 

Data illustrated in Table (3) showed some 

physiochemical properties of substrates. 

1.1. The physical properties of the substrates 
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1.1.1. Bulk density: Bulk density is considered one 

of the most important substrates characteristics, 

which describe the status of substrates structure. The 

illustrated data in Table (3) cleared that high bulk 

density was found in small substrate particles such as 

compost (0.55) while coir (0.08 g/ cm-3), perlite 

(0.13) and rice straw (0.10) has the lowest values. 

These results are agreed with those reported by 

Noguera et al. (2003) and Fahima et al., (2013) who 

found that the bulk density of compost is from 0.30 

to 0.75 g/cm-3. 

 

1.1. 2. Total porosity: Total porosity is one of the 

most common criteria for substrate structure status. 

The results in Table (3) showed that the high total 

porosity was found in coir (95.0), peat moss (86.6) 

and perlite (84.5) while, the lowest total porosity was 

found in compost (73.4) substrates. This result 

indicated that the lowest in bulk density of substrate 

led to increase its total porosity. These results are 

agreed with those reported by Bunt (1984); Pardossi 

et al. (2011) and Fahima et al. (2013) who found 

that total porosity was inversely related to bulk 

density. Results also show that, added perlite in 

substrate mixtures lead to increase its total porosity 

which improved also their water drainage. 

 

1.1.3. Air filled porosity: Peat moss and coir 

substrates had no differences in their proportion of 

air filled porosity while there were differences in 

between them concerning the water holding capacity. 

Therefore, (peat moss or coir + perlite) substrates 

mixtures have the highest air filled porosity values 

which indicate that the root media aeration in these 

substrates is better than others. These results may be 

due to the increase of substrate total porosity which 

will lead increase of proportion and amount of air 

filled porosity. 

1.1.4. Water holding capacity: This property refers 

to the space filled by water which will help us to 

know how much water needs for the substrate to give 

a crop. Different media components contribute to 

water holding capacity at various levels. Results in 

Table (3) showed that substrate has finer particles 

and spores, such as peat moss, coconut coir, hold 

more water. In contrast, those with larger, coarser 

particles, such as perlite, and rice straw hold little 

water. Therefore added perlite in substrate mixtures 

led to decrease its water holding capacity. These 

results may be due to the increase of substrate total 

porosity which will lead increase of proportion and 

amount of water in the pore space. This result agrees 

with Herrera et al., (2008) who reported that the 

growing substrates are differ in their physical and 

chemical properties. Similar  result was reported on 

substrates physical properties as Meerow (2007) and 

Olle et al., (2012) on  peat  moss and Hernández-

Apaolaza, et al., (2005)on coir; Kang et al., (2004) 

on perlite. 

 Also, Bergeron (1994) who reported that peat 

moss has a high water holding capacity. Moreover, 

Gao et al., (2010) found that addition of inorganic 

substances such perlite to organic substances lead to 

increase of water-holding capacity and aeration by 

organic substances. Also, Perlite Canada, (2010) 

who reported that addition of perlite to peat moss in 

growing substrates lead to increase air space and 

improve drainage. 

 

1.2. The chemical of the substrates 

High pH and electrical conductivity (EC) were 

found in compost substrate. The incorporation of coir 

and peat moss in the substrates gave the lowest value 

of pH while peat moss and Peat moss + Perlite gave 

the lowest value of EC respectively. 

 

Table 3. Physical and chemical properties of the substrates 

  Bulk density 

(g cm-3) 

Total  

porosity 

(%v/v) 

Air filled porosity 

(%v/v) 

Water holding 

 capacity 

 (%v/v) 

pH 

 

 

Ec 

(ds/m) 

Peat moss 0.17 86.6 10.4 76.2 3.62 0.26 

Coir 0.08 95.0 15.7 79.3 5.78 0.83 

Compost 0.55 73.4 8.0 65.4 7.32 2.33 

Perlite 0.13 84.5 33.0 51.5 6.96 0.29 

Rice straw 0.10 83.0 22.0 61.0 6.80 1.45 

Peat moss + perlite  0.26 93.0 39.0 54.0 6.70 0.27 

Coir + perlite  0.16 91.0 38.0 53.0 7.12 0.59 

LSD at 5% 0.15 4.2 4.3 1.02 0.01 0.03 

 

2. Vegetative growth characteristics:- 

Results in Table (4) showed the effect of growing 

medium and fertilization on the vegetative growth 

characteristics i.e. Leaf length, Leaf width, Leaf area 

and No. of leaves/plant of lettuce crop grown in 

soilless culture system. 

Concerning the effect of organic (Compost tea) 

and inorganic fertilization on lettuce vegetative 

growth characteristics, data in Table (4) showed that 

mineral fertilizer significantly encouraged the 

previous vegetative growth characteristics as 

compared to organic fertilizer through the two 

studied seasons. However, lettuce plants grown in 

different substrates and fertigated with compost tea 

solution had completed their life cycles and appeared 

visually healthier, although those plants were 
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smaller, than the plants grown in the same substrates 

and fertigated with inorganic nutrient solution. This 

result agrees with Scheuerell and Mahaffee, (2002); 

Naidu et al., (2010) who reported that the use of 

compost tea will promote plant health and vitality. 

Results showed that organic nutrient solution 

decrease the vegetative growth characters of lettuce 

by 7.7%, 11.8%, 20.8% and 8.0% for leaf length, leaf 

width, leaf area and number of leaves per plant, 

respectively during the first season and 6.4%, 10.0%, 

20.4% and 9.0% for previous characters respectively 

during the second season in comparison to inorganic 

nutrient solution. Concerning the effect of growing 

medium on lettuce vegetative growth characters, data 

showed, that the maximum growth characters were 

observed in plant grow on peat moss and coir 

substrates with no significant in between them 

followed by substrates mixture i.e. Peat moss + 

Perlite and Coir + Perlite  compared to the other 

organic and inorganic media during the two studied 

seasons. These results may be due to the physical and 

chemical characters of these substrates as shown in 

previous results which have benefit effect on 

improving the vegetables growth characteristic as 

reported by Grunert et al. (2008). These results 

indicate that the physical and chemical properties of 

a substrate are essential to optimal lettuce crop 

performance and this crop require different substrate 

physical properties from the substrate along with best 

management practices to ensure this performance as 

reported by Raviv (2002). Moreover, the 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. Also, the increase 

in total pore space in these previous substrates may 

be lead to decrease the water retention, increase 

oxygen transport and increase root penetration as 

reported by (Michael and Lieth, 2008). This result 

agree with Tzortzakis and Economakis (2008) who 

found that plants grew faster in organic media 

compared to inorganic media. Also, Bergeron, 

(1994) who reported that peat moss has a high water 

holding capacity which plays an important role in 

plant growth. This result also, indicated that there are 

benefits of mixing organic and inorganic components 

(i.e., peat moss + perlite and coir + perlite substrate) 

for vegetative growth characteristics of lettuce. 

Similar results were reported by (Gao et al., 2010).   

 

Table 4. Effect of different substrates with organic and inorganic fertilization that associated with closed system 

on vegetative growth characters of lettuce 

Treatments 

  

  

Leaf length  

(cm) 

Leaf width 

 (cm) 

Leaf area  

(cm2) 

No. of leaves 

/plant 

2016 2017 2016 2017 2016 2017 2016 2017 

Mineral fertilizer 21.62 23.19 20.24 23.70 420.31 443.84 35.29 38.76 

Organic fertilizer 19.95 21.71 17.86 21.33 332.97 353.48 32.48 35.29 

L.S.D. at 5% 0.54 0.71 0.89 0.41 10.30 43.32 1.64 0.54 

Coir 23.83 24.33 21.17 26.33 478.52 527.28 37.33 43.00 

Perlite  20.17 21.33 18.83 21.33 314.74 331.01 33.50 35.50 

Coir + perlite 21.17 22.83 20.33 22.00 371.45 391.21 34.67 38.67 

Peat moss 24.17 24.67 21.50 26.33 500.77 531.98 37.50 43.00 

Peat moss + perlite  21.33 23.00 20.17 22.17 370.61 391.58 35.17 40.17 

Rice straw 15.50 20.00 13.50 19.33 300.20 306.85 27.83 28.67 

Compost     19.33 21.00 17.83 20.33 300.40 310.73 31.17 30.17 

L.S.D. at 5% 0.82 1.24 0.80 0.99 14.67 23.26 0.86 1.37 

Mineral 

Coir 24.33 25.00 22.00 27.67 508.67 566.09 38.67 44.33 

Perlite 21.00 21.33 20.00 22.33 358.12 369.40 34.33 38.00 

Coir + 

perlite 21.67 23.67 21.33 22.67 367.86 395.91 35.00 39.00 

Peat moss 25.67 26.33 23.33 28.00 615.73 633.02 39.33 45.33 

Peat moss + 

perlite  22.67 24.00 21.67 23.33 418.95 440.72 36.67 43.67 

Rice straw  16.00 20.67 14.00 20.00 337.80 349.60 31.33 29.67 

Compost     20.00 21.33 19.33 21.67 335.06 352.16 31.67 31.33 

Organic 

Coir 23.33 23.67 20.33 25.00 448.37 488.47 36.00 41.67 

Perlite 19.33 21.33 17.67 20.33 271.04 292.61 32.67 33.00 

Coir + 

perlite 20.67 22.00 19.33 21.33 375.04 386.50 34.33 38.33 

Peat moss 22.67 23.00 19.67 24.67 385.8 430.94 35.67 40.67 

Peat moss + 

perlite  20.00 22.00 18.67 21.00 322.26 342.44 33.67 36.67 

Rice straw  15.00 19.33 13.00 18.67 262.24 264.10 24.33 27.67 

Compost     18.67 20.67 16.33 19.00 265.75 269.30 30.67 29.00 

L.S.D. at 5% 1.17 1.24 1.13 1.44 20.74 32.90 2.22 1.94 
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This result may be due to that mixing perlite with 

peat moss or coir lead to increasing the air space, 

water-holding capacity and aeration by organic 

substances as shown in pervious results in Table (2). 

These results agree also, with Gao et al. (2010) who 

reported that inorganic substances could partially 

replace organic substances. On the other hand, the 

lowest vegetative characters were obtained with rice 

straw or compost substrates, which have the lowest 

capacity for keeping water and nutrient elements. 

This result may be due to that N would not be readily 

available for the plants in rice straw substrates which 

may affect lettuce vegetative growth as reported by 

Gruda  (2009). Moreover, the low total porosity in 

rice straw or compost substrates may lead to low 

oxygen levels in substrate which may be inhibited 

root respiration and decreased the amount of energy 

plant obtain from respiration and lead to affect plant 

growth as reported by (Schaffer 2006). 

Concerning the interactions between all fertilizers 

and growing substrates, data in Table (4) showed 

significant effects on the previous growth characters. 

The most favorable beneficial interaction treatments 

regarding the previous growth characters were 

obtained in plants which planted on coir or peat moss 

with mineral fertilizers in the first and second 

seasons under investigation. While, the lowest 

vegetative growth was happened with the plants 

planted on rice straw with organic fertilizer. 

 

3. Head lettuce quality and yield:  

Results in Table (5) showed the effect of growing 

medium and fertilization on head firmness, surround, 

fresh and dry weight and total yield of lettuce crop 

grown in soilless culture system. 

Concerning the effect of organic (Compost tea) 

and inorganic fertilization on the previous 

characteristic, data in Table (5) showed significant 

differences between organic and inorganic 

fertilization on these characteristics during the two 

studied seasons. Data showed that inorganic 

fertilization significantly lead to increase the head 

firmness, surround, fresh and dry weight as well as 

total yield/m2 during the two studied seasons 

compared with organic fertilizer. However, there is 

little difference effect between the effect of 

fertigation with organic and inorganic fertilizers on 

the quality and yield of head lettuce. Results showed 

that organic nutrient solution decrease the head 

firmness, head surround, head weight, head dry 

weight and total yield of lettuce by 9.1%, 8.5%, 

13.3%, 18.3% and 13.3% respectively during the first 

season and by 5.9%, 5.5%, 12.4%, 22.8% and 12.4% 

for previous characters respectively during the 

second season in comparison to inorganic nutrient 

solution. The decrease in the previous characteristics 

due to the fertigation with compost tea may be due to 

the low concentrations of nutrients and increased 

soluble salts in this fertilizer as shown in Table (2). 

Concerning the effect of growing medium on 

head lettuce quality and yield, data in Table (5) 

showed that, the maximum head firmness, surround, 

fresh and dry weight and total yield of lettuce crop 

were observed in plants grow on peat moss and coir 

substrates with no significant in between them 

followed by substrates mixture i.e. Peat moss + 

Perlite and Coir + Perlite compared to the other 

organic and inorganic media during the two studied 

seasons. These results may be due to the physical 

characters of these substrates as shown in previous 

results which have benefit effects on improving the 

head lettuce quality and yield during the two studied 

seasons. This result agrees with Gruda (2009) who 

states that, the chosen is possible to improve the 

quality of fruit by suitable substrate. Similar results 

were obtained by Gao et al., (2010) who reported 

that peat moss and their mixes with perlite are the 

most widely used substrates in growing and produce 

several vegetable crops. On the other hand, the 

lowest head lettuce quality and yield were obtained 

with rice straw or compost substrates which have the 

lowest capacity for keeping water and nutrient 

elements. This result may be due to that N would not 

be readily available for the plants on rice straw 

substrates, which affect lettuce growth as reported by 

Gruda (2009). Moreover, the low total porosity in 

rice straw or compost substrates may lead to low 

oxygen levels in the substrate which may inhibit root 

respiration and decrease the obtained amount of 

energy in the plant from respiration and lead to affect 

plant growth and yield as reported by (Schaffer 

2006). 

Concerning the interactions between all fertilizers 

and growing substrates, data in Table (5) showed 

significant effects on the head firmness, surround, 

fresh and dry weight as well as total yield of lettuce. 

The most favorable beneficial interaction treatments 

regarding the previous head lettuce quality and yield 

were produced in plants which planted on coir or 

peat moss with mineral fertilizers in the first and 

second seasons under investigation. The results 

indicated also, that the lettuce plants grown on the 

coir or peat moss followed by substrates mixture i.e. 

Peat moss + Perlite and Coir + Perlite substrate with 

organic solution grew healthier but had little small 

head firmness, surround, weight, dry weight and 

yield in comparison to inorganic nutrient solution on 

the same substrates. On the other hand, the lowest 

head lettuce quality and yield was happened with the 

plants planted on rice straw with organic fertilizer.  
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Table 5. Effect of different substrates with organic and inorganic fertilization that associated with closed system 

on head firmness, surround, weight and total yield kg/m2) of lettuce 

  Head firmness 

(kg/cm2) 

Head surround 

(cm) 

Head  fresh weight    

(g) 

Head dry weight 

(g) 

Total yield 

  
(kg/m2) 

Treatments 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 

Mineral fertilizer 2.42 2.54 36.92 39.54 372.95 466.65 23.27 27.81 6.71 8.40 

Organic fertilizer 2.20 2.39 33.77 37.35 323.33 408.9 19.00 21.47 5.82 7.36 

L.S.D. at 5% 0.05 0.01 0.26 0.27 22.81 36.12 0.86 0.41 0.41 0.65 

Coir 2.51 2.65 41.85 42.44 472.83 630.67 30.61 33.25 8.51 11.35 

Perlite 2.29 2.49 34.37 37.38 311.83 350.95 18.33 20.33 5.61 6.32 

Coir + perlite 2.40 2.63 37.90 40.24 356.00 402.50 20.73 26.38 6.41 7.25 

Peat moss 2.52 2.66 41.97 42.98 484.67 632.33 29.23 33.46 8.72 11.38 

Peat moss + perlite 2.41 2.63 38.36 41.13 337.50 413.00 21.25 26.14 6.08 7.43 

Rice straw 1.97 2.07 25.43 31.29 220.17 303.33 13.26 15.45 3.96 5.46 

Compost 2.07 2.14 27.56 33.67 254.00 331.67 16.12 17.50 4.57 5.97 

L.S.D. at 5% 0.04 0.01 0.48 1.13 8.18 21.81 0.86 0.55 0.15 0.39 

Mineral 

Coir 2.60 2.77 41.91 42.77 537.67 661.67 33.75 38.68 9.68 11.91 

Perlite 2.37 2.50 35.32 39.05 309.67 354.9 20.03 22.15 5.57 6.39 

Coir + 

perlite 
2.57 2.74 38.37 40.37 331.67 414.00 20.57 29.06 5.97 7.45 

Peat moss 2.62 2.78 43.83 44.04 585.67 716.33 36.04 40.36 10.54 12.89 

Peat moss + 

perlite 
2.59 2.75 40.88 42.19 343.00 452.67 23.40 29.34 6.17 8.15 

Rice 

straw 
2.05 2.10 28.50 32.61 246.67 322.33 14.08 16.80 4.44 5.81 

Compost 2.13 2.16 29.70 35.78 256.33 344.33 18.15 18.30 4.61 6.20 

Organic 

Coir 2.43 2.64 41.80 42.12 408.00 599.67 27.47 27.82 7.34 10.79 

Perlite 2.20 2.47 33.42 35.71 314.00 347.00 16.62 18.51 5.65 6.25 

Coir + 

perlite 
2.23 2.51 37.43 40.10 380.33 391.00 20.89 23.70 6.85 7.04 

Peat moss 2.42 2.53 40.12 41.92 383.67 548.33 22.41 26.55 6.91 9.87 

Peat moss 

+ perlite 
2.22 2.50 35.84 40.07 332.00 373.33 19.09 22.95 5.98 6.72 

Rice 

straw 
1.90 2.04 22.34 29.98 193.67 284.00 12.44 14.09 3.49 5.11 

Compost 2.02 2.12 25.46 31.57 251.67 319.00 14.09 16.70 4.53 5.74 

L.S.D. at 5% 0.05 0.02 0.67 1.59 11.58 32.92 1.22 0.75 0.21 0.56 

 

NPK and chlorophyll content of lettuce plant 

Results in Table (6) showed the effect of growing 

medium and fertilization on nutrient contents i.e., N, 

P, K and chlorophyll reading of lettuce leaves, grown 

in soilless culture system. 

Concerning the effect of organic (Compost tea) 

and inorganic fertilization on the previous 

characteristic, data in Table (6) showed significant 

differences between organic and inorganic 

fertilization of these characteristics during the two 

studied seasons. Data showed that, N, P, K, and 

chlorophyll reading had increased with using mineral 

fertilizer compared with organic fertilizer.  At the 

same time, plant analysis showed that nutrient 

concentrations of lettuce plants grown on different 

substrates and fertigated with compost tea were in 

acceptable range for all elements, however this range 

was smaller than the plants grown in the same 

substrates and fertigated with inorganic nutrient 

solution. This may be due to that the nutrients in 

mineral fertilizers are directly available for plant 

roots, whereas the availability of nutrients organic 

materials especially organic nitrogen are low. Similar 

conclusion was reported by Doaa, (2016) who 

reported that using mineral nutrition significantly 

affect NPK concentration in strawberry leaves 

compared with organic.    

Concerning the effect of growing medium on 

nutrient content i.e., N, P, K and chlorophyll of 

lettuce leaves, data showed, that the maximum values 
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of previous parameters were observed in plants that 

grow on peat moss and coir substrates with no 

significant in between them followed with substrates 

mixture i.e. Peat moss + Perlite and Coir + Perlite 

compared to the other organic and inorganic media 

during the two studied seasons. These results may be 

due to the physical and chemical characters of these 

substrates as shown in previous results which lead to 

benefit effect on the plant’s ability to uptake water 

and nutrients (Fonteno, 1996).Similar result was 

reported by Alan et al. (1994) who found that, the 

best growth occurred in 100 % peat, which may be 

due to that substrate has a large capacity to keep 

water and nutrient elements than other substrates. 

Also, Reed, (1996) reported that peat moss is an 

important factor for nutrient uptake. On the other 

hand, the lowest parameters of NPK and chlorophyll 

content of lettuce plant were obtained in rice straw or 

compost substrates. This result may be due to that N 

would not be readily available for the plants in rice 

straw substrates due to the rice straw decomposition 

affect the N content in lettuce as shown in Table (6). 

Therefore a shortage of N in lettuce plant will be 

appear  as reported by Gruda, 2009 and Abd El- 

Sattar et al., 2008. 

According to the interaction effect of different 

fertilizers and growing substrates on N, P, K and 

chlorophyll content in leaves. Data showed that the 

maximum N, P, K and chlorophyll in leaves was 

observed in coir or peat moss with fertigation by 

mineral fertilizers in the two studied seasons. On the 

other hand, the lowest NPK and chlorophyll contents 

of lettuce plant were happened with the plants 

planted on rice straw or compost with organic 

fertilizer only. 

 

Table 6. Effect of different substrates with organic and inorganic fertilization that associated with closed system 

on NPK and chlorophyll content of lettuce plant  

    
N % P % K % 

Chlorophyll 

 (SPAD) 

treatments 2016 2017 2016 2017 2016 2017 2016 2017 

Mineral fertilizer 

Organic fertilizer 

4.20 4.37 0.50 0.58 4.09 4.53 42.28 45.09 

3.56 3.80 0.42 0.48 3.64 4.16 37.73 38.60 

L.S.D. at 5% 0.04 0.1 0.01 0.01 0.07 0.03 2.96 3.43 

Coir   4.51 4.80 0.58 0.65 4.73 5.14 44.19 47.09 

Perlite   3.82 4.07 0.43 0.52 3.62 4.04 37.08 39.67 

Coir + perlite 4.31 4.43 0.51 0.59 3.95 4.77 42.22 43.50 

Peat moss 4.65 4.95 0.60 0.65 4.40 5.11 44.92 47.91 

Peat moss + perlite  

Rice straw  

Compost     

4.21 4.35 0.46 0.59 4.12 4.51 42.08 43.64 

2.75 2.76 0.30 0.33 2.98 3.32 34.37 34.98 

2.93 3.28 0.37 0.40 3.24 3.50 35.17 36.15 

L.S.D. at 5% 0.06 0.1 0.01 0.01 0.06 0.02 1.47 2.1 

  

  

  

Mineral 

  

  

  

Coir 4.80 4.94 0.59 0.68 4.80 5.33 44.90 49.47 

Perlite 4.25 4.47 0.50 0.62 3.79 4.42 39.60 43.63 

Coir + perlite 4.63 4.72 0.52 0.63 4.18 4.75 43.50 44.53 

Peat moss 5.20 5.34 0.69 0.71 4.87 5.38 47.90 52.77 

Peat moss + perlite  4.72 4.92 0.53 0.65 4.53 4.96 43.70 45.53 

Rice straw  2.85 3.03 0.3 0.33 3.17 3.28 38.00 39.66 

Compost     2.97 3.19 0.39 0.42 3.26 3.55 38.40 40.07 

  

  

  

Organic 

  

  

  

Coir 4.21 4.65 0.57 0.61 4.65 4.94 43.49 44.71 

Perlite 3.39 3.67 0.36 0.41 3.45 3.67 34.57 35.71 

Coir + perlite 4.00 4.13 0.49 0.54 3.72 4.78 40.94 42.47 

Peat moss 4.10 4.55 0.52 0.59 3.92 4.84 41.93 43.04 

Peat moss + perlite  3.70 3.76 0.40 0.53 3.71 4.05 40.47 41.74 

Rice straw  2.65 2.49 0.29 0.32 2.78 3.36 30.73 30.31 

Compost     2.89 3.37 0.34 0.39 3.22 3.45 31.97 32.23 

L.S.D. at 5% 0.08 0.11 0.02 0.01 0.08 0.03 2.45 2.97 

 

Conclusion  

The study revealed that, desirable physical and 

chemical properties of a substrate are essential to 

optimal lettuce crop performance and this crop 

require different substrate physical properties from 

the substrate along with best management practices 

to ensure this performance. Results indicated that 

lettuce grow best when average percentage of total 

porosity in substrates is between 86.6 to 91.0%. 

Therefore, the peat moss, coir, peat moss + perlite 

and coir + perlite conceder a suitable substrates for 

lettuce with mineral fertigation in hydroponics 

culture. Moreover, the fertigation in the previous 

substrates by use compost tea solution lead to 

completed lettuce life cycles and appeared visually 

healthier plants but smaller heads than the plants 

grown in the same substrates and fertigated with 

inorganic nutrient solution. Therefore we can use this 
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treatment with demand for “organic” production 

without chemicals utilized. 
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 تأثير البيئات المختلفة مع التسميد  العضوي والغير عضوي الذي يرتبط بالنظام المغلق في انتاج الخس

 ميلاد حلمي ذكي وفهيمة هلال ايوب

 معهد بحوث البساتين ـ مركز البحوث الزراعية ـ الجيزة

 

والقيمة الغذائية لنبات  للتحكم في خصائص النمو الخضري وتحسينها وجودة الرأسعلية اتعتبر بيئات النمو والتسميد من أكثر الطرق ف

ستخدام التسميد العضوي أو غير العضوي الذي يرتبط بالنظام مع االخس. لذلك كان الهدف من هذه الدراسة هو تحديد تأثير بيئات النمو المختلفة 

 .المغلق على إنتاج الخس في نظام الزراعة بدون تربة

 التسميد العضوي أو غير العضوي على إنتاج الخسكذلك ومنها  المختلفة اما منفردة  أو خليط  بعض البيئاتيت الدراسة لتقييم أجر

 نظام الزراعة بدون تربة. تحت

بة رتحت ظروف الصوبة البلاستيكية غير مدفأة. وشملت التج Aحرف على شكل  في مواسير موضوعة على حامل وقد تم الزراعة 

البيت موس، والبيرلايت، وجوز النخيل ، وقش الأرز، والكمبوست، وخليط من  هىمحلولين غذائيين )المغذيات المعدنية والعضوية( وخمسة بيئات 

 .حجم: حجم.1:1بنسبة ، وجوز النخيل + البيرلايت .حجم: حجم1:1بنسبة  البيت موس + البيرلايت

والفوسفور النمو والمحصول الكلي ومحتوى النيتروجين  قياساتقيم أفضل لجميع  وسطمت اعطىأظهرت النتائج أن السماد المعدني 

وعدد  ومساحة الورقة من حيث طول الورقة والعرض خضري أفضل نمو ان والكلوروفيل مقارنة بالأسمدة العضوية. وقد لوحظوالبوتاسيوم 

 معاملة  كانت معالكلوروفيل  والنيتروجين والفوسفور والبوتاسيوم والمحتوى من ل الكلي، وحصالم، والرأس وزنرأس ، وال حيطمو الأوراق

 .   البيت موس جوز الهند أو 111٪

جوز الهند أو البيت النمو السابقة في النباتات التي زرعت في  قياساتمعاملات التفاعل فيما يتعلق ب النتائج في  أفضل الحصول على تم 

 .  الأسمدة المعدنيةب التسميد  معموس 

رأسها الصغير  رغمالمحلول العضوي نمت بشكل أكثر صحة ب التسميدو البيت موسبيئة  نباتات الخس على  نمو  أشارت النتائج إلى أن

 المحلول غير العضوي. ب مقارنة ا محصولهض اوانخف

نمو ومحصول الخس عندما تزرع تحت الأثرت على  معنوية الأسمدة المغذية والبيئات كانت  بينوكشفت الدراسة أن الاختلافات 

 . ظروف بيئية محكومة

البيت موس والياف جوز  ان أثبت. بينما التي تم تقديرها النمو صفاتلجميع   أفضل قيم اعطىأظهرت هذه الدراسة أن السماد المعدني 

المزيد من العناصر الغذائية  لامتصاصللنباتات  ائز النمو للخس. هذه الوسائط المتنامية تمكن الجذور من التطور بشكل أفضلكأفضل ر هىالهند 

 .ن النباتات المزروعة في ركائز أخرى مختلفةعاكثر 


