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ABSTRACT  
 

Lettuce is one of the widely used salad vegetables in Egypt and the world. However, there is a dearth of 
information pertaining to organic lettuce production. An experiment was conducted in the experimental Farm of 
Arid Land Agricultural Research and Service Center (ALARC), Faculty of Agriculture, Ain Shams University, 
Egypt to assess the effect of compost and compost tea on organic production of head lettuce grown in sandy 
soil. The head lettuce seedlings cultivar Chianti  were planted in sandy soil during mid of October 2011 and 
2012. Four rates of compost (50, 75, 100 and 125% as recommended dose of nitrogen) with and without 
addition of compost tea were investigated on yield, quality and minerals content of head lettuce comparing to 
mineral fertilizer (control). The results showed that the rates of compost 75, 100 and 125 % with addition of 
compost tea gave significant superiority in growth, yield and some of head lettuce quality compared to control. 
Compost rates of 100% and 125% with added compost tea gave the highest content of macronutrients (N, P, K) 
and micronutrients (Fe, Zn, Mn, Cu). All rates of compost with or without compost tea reduced nitrate content 
in lettuce heads. Using 100 and 125% compost with or without  added compost tea increased the heavy metal 
contents in the lettuce heads, but still less than the critical limits in normal vegetables. It is recommended that 
organic production of head lettuce in sandy soil can be performed successfully using rate of 75 or 100% of 
compost with addition of compost tea to get high yield and quality with low nitrate content of head lettuce.   
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Introduction  
 

Lettuce is one of the widely used salad vegetables in Egypt and the world. It has become an important 
commercial crop for local market. Recently the consumers prefer the organic production of vegetables 
particularly the leafy vegetable that accumulated high levels of nitrate when was fertilized by excess nitrogen 
mineral fertilizers which is hazard for human health (Hill, 1990).  

Most commercial farming rely on the use of mineral fertilizers for growing crops because they are easy to 
use, quickly absorbed and utilized by crops (Lampkin, 1990). However, it is believed that these fertilizers 
contribute significantly to the human, animal food toxicity and environmental degradation. The continued 
dependence of Egypt and other developing countries on mineral fertilizers has made prices of many agricultural 
commodities to skyrocket. The mineral fertilizers used in conventional agriculture contain just a few minerals 
that dissolve quickly in damp soil and give plants large doses of minerals (Vernon, 1999).  

Organic fertilizers can be used to reduce the amount of human toxic compounds (such as nitrate) 
accumulated by mineral fertilizers in vegetables like lettuce, hence, improving the quality of leafy vegetables 
produced as well as human health. Increased consumer awareness of food safety issues and environmental 
concerns has contributed to the development of organic farming over the last few years (Worthington, 2001 and 
Relf et al., 2002). Thus, it may be possible to lessen the escalating effects of diseases such as cancer and boost 
immunity of humans. Farm income will also improve when farmers spend less money on fertilizers and 
pesticides for growing crops (Vernon, 1999). There is increased demand of organically produced vegetables in 
view of its health and nutritional benefits.  

The use of compost as organic fertilizer allows improvement in fertility, in addition to being excellent soil 
conditioner, improving their physical, chemical and biological characteristics, such as retention water, 
aggregation, porosity, the cation exchange capacity, fertility and life soil microbial, however, the value 
compound fertilizer depends on the material used as raw material (Miyasaka et al.,1997; Ahmad et al., 2008; 
Fiorentino and Fagnano, 2011).  

Compost tea has been utilized in agriculture as a good source of organic matter and soil amendments that 
providing plants with mineral nutrients and other benefits. in modern terminology compost tea is a compost 
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extract produce of the fermented compost in water (Litterick et al., 2004). Compost tea is proper than compost 
because it contain on soluble nutrients so it can be used for soaking seeds or seedlings before planting. It can be 
applied to soil through irrigation systems or to plant foliage. Also, compost tea is very rich in phytohormones 
and growth regulators. It stimulates the microorganisms that have a direct or indirect proper effect on the plant 
rhizosphere, besides improves soil physical and chemical properties as well as suppress some plant diseases 
pathogen  (Abbasi et al., 2002, Biocycle, 2004 and Meshref et al., 2010). There is paucity of information on the 
use of organic fertilizers for vegetable production therefore the objective of this study was to assess the effect of 
compost and compost tea on organic production of head lettuce grown in sandy soil. 
 
Materials and Methods 

 
The experiment was carried out in the experimental farm of the Arid Land Agricultural Research and 

Service Center (ALARC), Faculty of Agriculture, Ain Shams University, Egypt, during the two successive 
seasons of 2011 and 2012 to investigate the effect of compost and compost tea on organic production of head 
lettuce grown in sandy soil. Head lettuce (lactuca sativa L.) seedlings of cultivar Chianti crispy type (S&G, 
Holland) were planted in the field on 11 and 15 of October in the first and second seasons, respectively. The 
experimental trial was conducted in washed sand in plots (1 m2), each plot included 8 plants. The spaces 
between plants were 25 cm, that were irrigated by surface irrigation system. Chemical properties of the 
experimental soil were analyzed and the results are tabulated in Table (1).  
 
Table 1: Chemical analyses of the experimental soil. 

pH 1:5 EC 1:10 
dS/m 

Cations meq/l Anions meq/l 
Ca++ Mg++ Na+ K+ Co3

- HCO3
- Cl- SO4

-- 

7.37 0.68 1.30 0.42 1.61 0.56 0.04 1.24 1.51 4.20 
 
Four rates of compost 50, 75, 100 and 125% calculated based on nitrogen recommended dose in sandy soil 

(70 kg/feddan) with and without addition of compost tea were investigated for organic production of head 
lettuce comparing to conventional production by recommended mineral fertilizers  as 70 kg N, 45 kg P2O5 and 
48 kg K2O/fed (control). The chemical contents of the compost were illustrated in Table (2). The stock solution 
of compost tea was prepared by soaking 5 Kg compost in 20 L of water for two days and was filtrated by plastic 
net, the clear stock solution was used to prepare the diluted compost tea for reaching the electrical conductivity 
(EC) of the compost tea to 2 dS/m as described by El-Shinawy et al. (1999) and Abou-El-Hassan (2010).  
 
Table 2: Chemical analyses of the compost. 

pH 1:5 EC 1:10 
dS/m 

O.M 
(%) 

Macro elements (%) Micro elements (ppm) 
N P K Ca Mg Fe Zn Mn Cu 

7.67 4.83 30.4 1.32 0.67 1.38 0.46 0.33 2630 185 250 163 
 
The Experimental Treatments 
1. Recommended mineral fertilizer of NPK (control)  
2. 50% compost (50% C) 
3. 75% compost (75% C) 
4. 100% compost (100% C) 
5. 125% compost (125% C) 
6. 50% compost + compost tea (50% C + CT) 
7. 75% compost + compost tea (75% C + CT) 
8. 100% compost + compost tea (100% C + CT) 
9. 125% compost + compost tea (125% C + CT) 
 
The mineral fertilizers of NPK were applied as follow: 209 kg/fed ammonium nitrate (50 g/m2), 290 kg/fed 

calcium super phosphate (70 g/m2) and 100 kg/fed potassium sulphate (24 g/m2). Calcium super phosphate was 
added as one dose during soil preparation, whereas ammonium nitrate and potassium sulphate were added at 
three equal portions, during soil preparation, after 20 and 40 days from transplanting. Each quantities of 
compost (0.833, 1.250, 1.670  and 2.085 kg/m2 for the rates 50%, 75%, 100%   and 125% of compost 
respectively) were added as one dose during soil preparation, whereas the compost tea was added every 2 week 
2 liters per plot. 

A completely randomized block design with three replicates were used.   
After 60 days from transplanting, the plants were harvested and total yield was recorded for each plot. 

Three plants were randomly chosen from each experimental plot to determine the head fresh weight, head 
surround, chlorophyll content in the second outer leaf by using Minolta Chlorophyll Meter Spad 501, head 
firmness by using Pressure Tester and percentage of total soluble solids (TSS) by using Digital Refractometer 
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according to Shahein et al. (2013). Lettuce head content of macronutrient (N, P, K, Ca and Mg), micronutrient 
(Fe, Zn, Mn and Cu), heavy metals (Co, Ni, Cd and Pb) and nitrate were determined in dry matter of wrapping 
leaves according to Cottenie et al. (1982). The samples were dried at 70 °C for 72 h for mineral analysis, dried 
samples were digested in the concentrated H2SO4 and H2O2 according to the method described by Allen (1974). 
Total nitrogen was determined by Kjeldahl method according to the procedure described by FAO (1980). 
Phosphorus content was determined using spectrophotometer according to Watanabe and Olsen (1965). The 
metals K, Ca, Mg Fe, Zn, Mn, Cu Co, Ni, Cd and Pb were determined spectrometrically using Phillips Unicum 
Atomic Absorption Spectrometer as described by Chapman and Pratt (1961). Assessment of NO3 in the lettuce 
heads was performed using Brucine method reported by Holty and Potworowski (1972). 

Data were statistically analyzed by the analysis of variance using one way ANOVA according to Snedecor 
and Cochran (1980) with using SAS package. Comparison of treatment means was done using Tukey test at 
significance level 0.05.  
 
Results and Discussion 

 
The effect of different treatments on total yield is presented in Table (3). Data showed that 100% and 125% 

compost with added compost tea treatments gave the highest total yield compared to other treatments. The 
treatment of 75% compost with added compost tea came in the second order that superior on recommended 
mineral fertilizer treatment (control). While, the lowest total yield was obtained by 50% compost without added 
compost tea treatment in the two seasons. This trend was true with head weight and head surround of lettuce 
heads with there were not significant differences between75% compost with added compost tea treatment and 
control treatment. These are agreement with those obtained by Khalid et al. (2006) they reported that using 
compost with tea of compost increased the production and medicinal properties of Ocimum basilicum L.  

Data in Table (3 and 4) showed the same trend in parameters of  chlorophyll content and TSS% of lettuce 
heads with there were not significant differences among 75%, 100%, 125% compost with added compost tea 
treatments and control treatment. 

Generally, applying compost by rates 75, 100 and 125% with compost tea significantly increased the plant 
growth and yield for lettuce plants. This could be a result of use the compost as organic fertilizer that has many 
advantages about inorganic fertilizer particularly in sandy soil such as conditioning effect, raising the cation 
exchange capacity, increases water retention, greater stability temperature and improves nutrient availability, 
which are essentially required for plant growth (EL-Etr et al., 2004 on pea; Hafez and Mahmoud 2004 on snap 
bean; Xu et al., 2005 on leafy vegetables; Masarirambi et al., 2010 on red lettuce).  

 
Table 3: The effect of different treatments on total yield, head weight and head surround of head lettuce during 2011 & 2012 seasons. 

Treatments Total yield (kg / m2) Head weight (kg) Head surround (cm) 
1st season 2nd season 1st season 2nd season 1st season 2nd season 

Control 9.535 c 10.109 c 1.189 b 1.206 b 50.843 b 51.960 b 
50% C 4.842 h 5.195 h 0.602 g 0.609 g 38.520 f 39.190 f 
75% C 5.963 g 6.303 g 0.743 f 0.746 f 42.027 e 42.727 e 

100% C 7.220 f 7.552 f 0.894 e 0.893 e 45.167 d 45.720 d 
125% C 7.876 e 8.209 e 0.978 d 0.967 d 47.463 c 50.103 c 

50% C + CT 8.480 d 8.821 d 1.056 c 1.053 c 48.513 c 50.103 c 
75% C + CT 9.725 b 10.154 b 1.211 ab 1.218 b 51.917 b 52.360 b 

100% C + CT 10.035 a 10.372 a 1.247 a 1.246 a 53.827 a 54.003 a 
125% C + CT 10.016 a 10.363 a 1.242 a 1.241 a 53.953 a 54.037 a 

Means followed in same column by similar letters are not statistically different at 0.05 level according to Tukey test. 
C    = Compost 
CT = Compost Tea 
 
Table 4: The effect of different treatments on chlorophyll content, head firmness and TSS of head lettuce during 2011 & 2012 seasons. 

Treatments Chlorophyll content (Spad) Head firmness (kg/cm2) TSS (%) 
1st season 2nd season 1st season 2nd season 1st season 2nd season 

Control 33.66 a 34.48 a 2.55 a 2.69 ab 3.42 a 3.54 a 
50% C 27.30 c 28.30 e 2.22 c 2.29 d 2.43 e 2.42 e 
75% C 28.00 c 28.93 d 2.42 b 2.43 c 2.72 d 2.73 d 

100% C 32.33 b 33.27 c 2.50 ab 2.63 b 2.87 cd 2.99 c 
125% C 33.11 ab 33.93 b 2.58 a 2.72 a 3.12 bc 3.26 b 

50% C + CT 32.90 ab 33.69 bc 2.60 a 2.73 a 3.14 bc 3.27 b 
75% C + CT 33.70 a 34.84 a 2.62 a 2.75 a 3.41 a 3.53 a 

100% C + CT 33.92 a 34.90 a 2.58 a 2.77 a 3.42 a 3.59 a 
125% C + CT 33.86 a 34.94 a 2.59 a 2.77 a 3.54 a 3.56 a 

Means followed in same column by similar letters are not statistically different at 0.05 level according to Tukey test. 
C    = Compost 
CT = Compost Tea 
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Also addition of compost tea to compost treatments increased plant growth and yield quantity and quality 

This effect might be due to the beneficial effects of compost tea that contains many  macro and micro nutrients 
in available form, natural hormones such as cytokines, vitamins and antioxidants that be available for plant and 
so reflect on plant growth and its composition (Abbasi et al., 2002, Biocycle, 2004 and Meshref et al., 2010) 
that led to improve yield and quality of lettuce plants. 

Concerning lettuce head firmness there were no significant differences among all treatments except 50% 
and 75% compost treatments that gave the lowest value of head firmness. This effect could be resulted from the 
decrease of calcium element concentration in the plant tissues that treated by 50% and 75% compost where this 
element in plant tissue is located in the middle lamella, which give the strength to the cell walls leads to an 
increase in the firmness of the fruit as was reported by Marschner (1995).  

The effect of treatments on the nutritional status in lettuce heads is shown in Table (5 and 6). Concerning 
macronutrients content in lettuce heads the highest concentrations of N, P and K were preceded by 100% and 
125% compost with added compost tea treatments followed by 75% compost with added compost tea and 
control treatment. On the other hand, the lowest concentrations of N, P and K in lettuce heads were found with 
50 and 75% compost without added compost tea treatments. The treatments of 75, 100, 125% compost with 
added compost tea and control gave the highest concentration of Ca and Mg in lettuce heads. On the contrary, 
50% compost without added compost tea treatment gave the lowest concentration of Ca and Mg.  

Concerning micronutrients content in lettuce heads the treatments of 100% and 125% compost with or 
without added compost tea gave the highest content of Fe, Zn, Mn and Cu in lettuce heads. Conversely, 50, 75% 
compost without added compost tea and control treatments gave the lowest content of the same elements. 
Similar results were reported by Masarirambi et al. (2010) they reported that there was relatively higher macro 
and micronutrients contents in  lettuce plants produced by organic fertilizers than those grown with conventional 
fertilizers. This can be attributed to the balanced quantity of nutrients in the compost and compost tea. Beside, 
mineral fertilizers are less suitable for use in a sandy soil because they are easy dissolving and loses quickly in 
sandy soil by leaching, on the contrary compost advantage as a slow release and has a high cation exchange 
capacity exceeded the capacity of sandy soil to maintain nutrients to be absorbed by plants, which leads to 
increment minerals content of lettuce plants (Miyasaka et al.,1997; Vernon, 1999; Ahmad et al., 2008; 
Fiorentino and Fagnano, 2011).  
 
Table 5: The effect of different treatments on macronutrints content of head lettuce during 2011 & 2012 seasons. 

Treatments N P K Ca Mg 
% 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

Control 3.20 b 3.82 b 0.47 b 0.65 b 4.56 b 4.96 b 2.38 a 2.58 a 0.60 a 0.61 a 
50% C 2.14 f 2.83 g 0.32 d 0.50 f 2.77 g 3.27 g 1.29 d 1.63 e 0.27 d 0.28 d 
75% C 2.41 e 3.09 f 0.34 d 0.52 e 3.26 f 3.55 f 1.65 c 2.00 d 0.38 c 0.39 c 

100% C 2.67 d 3.35 e 0.38 c 0.56 d 3.68 e 4.09 e 1.79 bc 2.14 c 0.43 bc 0.45 b 
125% C 2.85 c 3.55 c 0.39 c 0.57 c 3.92 d 4.41 d 1.99 b 2.32 b 0.49 b 0.48 b 

50% C + CT 2.74 d 3.43 d 0.38 c 0.56 d 4.18 c 4.75 c 1.83 bc 2.18 c 0.43 bc 0.44 b 
75% C + CT 3.21 b 3.83 b 0.47 b 0.65 b 4.53 b 4.96 b 2.35 a 2.62 a 0.59 a 0.61 a 

100% C + CT 3.32 a 3.96 a 0.49 ab 0.68 a 4.80 a 5.33 a 2.39 a 2.64 a 0.63 a 0.64 a 
125% C + CT 3.33 a 3.99 a 0.51 ab 0.68 a 4.86 a 5.37 a 2.42 a 2.65 a 0.64 a 0.65 a 

Means followed in same column by similar letters are not statistically different at 0.05 according to Tukey test. 
C    = Compost 
CT = Compost Tea 
 
Table 6: The effect of different treatments on micronutrints content of head lettuce during 2011 & 2012 seasons. 

Treatments Fe Zn Mn Cu 
ppm 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

Control 60.17 c 64.19 c 19.67 bc 23.75 bc 15.50 cd 16.69 c 4.36 d 4.50 e 
50% C 35.13 d 45.69 c 16.43 c 17.00 d 13.77 d 14.32 d 4.27 d 4.65 e 
75% C 53.50 c 59.96 c 17.33 c 17.86 d 15.00 d 15.63 cd 4.61 cd 5.14 d 

100% C 77.17 ab 75.24 b 22.67 ab 24.71 ab 19.33 b 18.44 b 5.33 bc 6.86 ab 
125% C 80.83 ab 83.74 ab 26.17 a 25.39 a 21.67 ab 19.79 a 6.13 ab 6.93 ab 

50% C + CT 60.00 c 62.71 c 18.00 c 18.09 d 12.33 d 14.32 d 6.17 ab 6.11 c 
75% C + CT 74.83 b 76.96 b 22.83 ab 20.67 c 18.83 bc 15.99 c 6.60 a 6.65 b 

100% C + CT 86.67 a 83.27 ab 25.00 a 25.22 a 21.67 ab 20.50 a 6.80 a 7.17 a 
125% C + CT 85.33 ab 85.71 a 26.33 a 25.76 a 23.67 a 21.07 a 6.93 a 7.31 a 

Means followed in same column by similar letters are not statistically different at 0.05 according to Tukey test. 
C    = Compost 
CT = Compost Tea 
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Response of nitrate and heavy metals content in lettuce heads for different treatments is shown in Table (7). 

Generally all compost with or without compost tea treatments reduced NO3 content of lettuce heads significantly 
compared to control treatment. This suggests that several plant species accumulate NO3 as a result of an excess 
of N uptake. In this respect Worthington (2001) and Mahmoud et al. (2009)  reported that applied organic 
fertilizer decrease nitrate accumulation in lettuce and cucumber plants respectively.  

Using 100 and 125% compost with or without  added compost tea treatments increased the heavy metal 
contents in the lettuce heads, but still less than the critical limits permitted to be found in normal vegetables 
(<0.5, 6-9, 0.02-0.5and 1-10 mg/kg for Cd, Pb, Co and Ni respectively) as mentioned by Turkdogan et al. 
(2002). This effect might be due to the increase of these elements in the organic sources. These results are in 
harmony with those obtained by Eissa (1996), Pinamonti et al. (1997) and Abou-El-Hassan (2010).  
 

 
Table 7: The effect of different treatments on nitrate and heavy metals content of head lettuce during 2011 & 2012 seasons. 

Treatments NO3 Cd Pb Co Ni 
% ppm 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

Control 0.390 a 0.408 a 0.168 c 0.267 c 1.543 bc 1.827 c 0.126 cd 0.157 c 1.267 c 1.430 c 
50% C 0.133 d 0.163 e 0.128 d 0.226 e 1.167 d 1.447 e 0.097 d 0.116 d 0.373 d 0.543 e 
75% C 0.157 dc 0.189 de 0.142 cd 0.240 d 1.273 d 1.563 de 0.124 cd 0.143 c 0.557 d 0.733 d 

100% C 0.214 b 0.244 bc 0.210 b 0.305 b 1.737 b 2.010 b 0.167 b 0.187 b 1.477 bc 1.653 b 
125% C 0.233 b 0.263 bc 0.255 a 0.353 a 2.160 a 2.290 a 0.196 ab 0.215 a 1.767 a 1.827 a 

50% C + CT 0.177 c 0.227 cd 0.123 d 0.221 e 0.753 e 1.030 e 0.060 e 0.081 e 0.147 e 0.313 f 
75% C + CT 0.234 b 0.267 bc 0.145 cd 0.243 d 1.350 cd 1.643 d 0.133 c 0.153 c 0.543 d 0.707 d 

100% C + CT 0.232 b 0.262 bc 0.208 B 0.304 b 1.757 b 2.040 b 0.169 b 0.189 b 1.650 b 1.717 b 
125% C + CT 0.238 b 0.281 b 0.265 a 0.363 a 2.033 a 2.313 a 0.204 a 0.223 a 1.800 a 1.907 a 

Means followed in same column by similar letters are not statistically different at 0.05 according to Tukey test. 
C    = Compost 
CT = Compost Tea 

 
It could be concluded that organic production of head lettuce in sandy soil can be performed successfully 

using rates of compost equivalent to 75 or 100% of recommended nitrogen dose (70 kg N/feddan) with addition 
of compost tea  to produce high yield and quality with low nitrate content of head lettuce.  
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