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ABSTRACT 
 

Two experiments were conducted during summer and autumn seasons of 2013 and 2014 at the Central 
Laboratory for Agricultural Climate, Agricultural Research Center, Dokki, Egypt.  

The first experiment was carried out during the summer seasons of 2013 and 2014 to investigate the 
composting effect on different organic agricultural wastes such as olive cake, rice straw and horse manure. Four 
different proportions of olive cake were applied 0, 10, 20 and 30% mixed with rice straw 50 % and horse 
manure 50, 40, 30 and 20 % respectively then four different compost treatments were tested in the current study 
10 % of olive cake + 50% rice straw + 40% horse manure (C1), 20 % of olive cake + 50% rice straw + 30% 
horse manure (C2), 30 % of olive cake + 50% rice straw + 20% horse manure (C3) and 0 % of olive cake + 50% 
rice straw + 50% horse manure (C4).  The physiochemical properties of different compost mixtures were 
estimated before and after composting process (bulk density, C/N ratio, pH, electrical conductivity (EC), 
nutrients content, etc.). The obtained results indicated that the percentages of organic carbon and organic matter 
in different compost piles were decreased compared to their values in raw materials for each pile. The highest 
EC value (2.78 dS/m) recorded by C1 treatment. While the lowest C/N ratio 10.44:1 obtained by C4 treatment. 
On the other hand, the total phenols in compost samples of C1, C2 and C3 were decreased compared to the 
initial concentration in the raw materials of olive cake. 

An open field experiment was conducted out during autumn seasons of 2013 and 2014 to study the use of 
different studied composts as a substrate amendments in sand culture in constant proportion of sand 80% + 
compost 20 % as followed: sand + compost C1 (S1), sand + compost C2 (S2), sand + compost C3 (S3) and sand 
+ compost C4 (S4) compared to sand + commercial compost (S5) for producing lettuce (Lactuca sativa L. cv. 
Iceberg). This study aimed to improve the sand substrate as well as evaluate the effect of different compost 
types on lettuce yield. The results showed that, S5 gave the highest values of fresh, dry weight and nitrogen 
content (1250.5, 65.3 g/ plant and 5.26 %, respectively) flowed by S1 (1005.7, 60.3 g/ plant and 4.65 %, 
respectively). While the lowest values (743.0, 44.6 g/ plant and 3.30 %, respectively) were obtained by S3 
treatment. In addition increasing olive cake ratio more than 10% to compost pile tended to decrease vegetative 
growth of lettuce plant, this trend was true with two successive seasons. 

Generally, the lettuce yield, chlorophyll and some macronutrients content (N and K) as were affected by 
composted agriculture wastes (C1, C2, C3 and C4) mixed with sand culture as a substrate were arranged in the 
descending order, C1> C4> C2> C3.While there were no significant differences between all treatments on head 
firmness and the content of P and Ca in lettuce plant.   
 
Key words: Agricultural residues, composting, recycling, compost, olive cake, rice straw, head lettuce, sand 

culture. 

 

Introduction 
 

Recycle management of agricultural residues contribute in mitigate climate change impacts and food 
security as well as save the environment and human health. Most of these wastes are biodegradable and can be 
converted into valuable resources that reduce their negative impacts. Global climatic changes, the diminution of 
rainfall and the expansion of desertification are some of the serious problems that agricultural areas of most 
Mediterranean countries have to deal (Zacharias and Koussouris, 2000). Additionally, despite a chronic 
deficiency of soil organic matter, recycling of biodegradable organic wastes on land is only poorly developed 
and is not standard agricultural practice, as is the case elsewhere in other Mediterranean countries (Manios et 
al., 2001and Tittareli et al., 2001).  

Extracted olive press cake (EOPC) is the major organic solid waste from the olive oil industry and it has 
been used extensively as a fuel source. However, environmental problems associated with smoke emission from 
burning the waste have restricted this practice and, as a consequence, the price of the material has declined. 
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Alternative methods of treating the waste were necessary, and composting to produce a soil conditioner product 
is identified as a viable alternative approach (Paredes et al., 2002). The olive pomace (OP) is a dry material with 
a 8% - 10% moisture and is composed of ground olive stones and pulp, with a high lignin, cellulose, and 
hemicellulose loses content, and a 3% - 5% oil content, depending on the olive mill typology (pressure or 
centrifugation) (Niaounakis and Halvadakis, 2006). The amount of olive cake from mechanical processing 
varies according to the type of olive and the method of pressing and it ranges from 25 to 50 percent of the 
weight of olives pressed. After an exceptionally dry year, the figure may be as high as 70 percent, but the usual 
percentage is between 35 and 40 percent (Al-Bana and Hijazi, 1987; Frezzotti et al., 1956; Kivitsakis, 1990; 
Qalalweh, 1995). 

Rice (Oryza sativa) is the most important staple food for a large part of the world’s human population, the 
abundance of rice straw as an organic waste can be converted to fertilizer throughout the process of composting 
(Tiquia and Tam 2002). Straw composting with biological agent can improve quality of compost. Straw 
compost is important for sustainable agriculture, as a source of nutrient and energy source for nitrogen fixation 
bacteria and phosphate solubilizing bacteria (Whitelaw, 2000). Egypt produces 5.92 million ton from paddy rice 
and 4.5 million ton from straw annually (Zhang et al., 2012). 

Organic waste has traditionally been considered a source of pollution and has not been sufficiently 
evaluated as a by-product of agricultural activity which could produce organic fertilizers by composting. 
Furthermore, due to the high cost of substrates and imported inputs, there is a need for stable and quality 
material produced locally. Compost can meet the nutrient demand of greenhouse crops and significantly reduce 
the use of synthetic fertilizers (Kowalchuk et al., 1999).  

Using waste materials, most of them locally produced, as soilless growing media has been the subject of an 
important number of studies, for vegetable production (Ball et al., 2000; Shinohara et al., 1999) and even for 
tomato transplant production (Ozores-Hampton et al., 1999). Good physical properties of the composts, 
especially porosity and good ratio of air and water are very important when compost is used as a growing 
medium for vegetable transplants (Carmona et al., 2012; Kuo et al., 2004). 

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 vegetables that accumulated high levels of nitrate when was fertilized by excess nitrogen 
mineral fertilizers which is hazard for human health (Hill, 1990). 

This study aimed to recycle and reuse agriculture residues (olive cake and rice straw) that create huge 
problems on different scales via composting and sand culture for producing lettuce. The environment and food 
security issues take in high consider of the study objectives.   
  

Material and Methods 
 

Two experiments was conducted during the two successive summer and autumn seasons of 2013 and 2014 
under open field condition at Central Laboratory for Agricultural Climate (CLAC), Agricultural Research 
Center (ARC), Giza, Egypt. 
 
The first experiment 
 
Raw materials  
 

In this experiment two kinds of agricultural residues (rice straw and olive cake) were selected with animal 
manure (horse manure) for recycling via aerobic-composting. These raw materials were mixed to make four pile 
mixtures. The average values of physical and chemical properties of these wastes for two seasons were shown in 
Table 1. Rice straw collected from Kafr El-Sheikh governorate was air dried and chopped into small pieces (3-
5cm length) before preparing the piles. Well-aged horse manure collected from Al- Zahraa station of horses was 
applied as a source of micro flora and nitrogen. Olive cake collected from wady El-Natrun region which is the 
main solid waste of olive oil process resulted by significant amounts from extracted olive press cake (EOPC). 

 
Composting process 
 

Four piles of compost (C1, C2, C3 and C4) are prepared by using rice straw, horse manure and olive cake. 
The amount of each materials were calculated and homogenous by mixing it to give total fresh weight about 
193.2, 226.4, 259.6 and 160 kilogram for piles of C1, C2, C3 and C4, respectively. The composition of compost 
piles from wastes are presented in Table 2.The chemical composition and weight of wastes in different mixtures 
are presented in Table 3.Control treatment (C4) represents a residue mixtures of rice straw and horse manure 
only without add olive cake. The initial C/N ratio of the control treatment (C4) was 43.57:1, while the initial 
C/N ratios of the other treatments (C1, C2 and C3) were 54.64:1, 66.32:1 and 78.66:1, respectively. It is widely 
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agreed that the general optimum C/N ratio in the starting materials to be composted should be between 25-35 
(Bustamante et al., 2008). Consequently, the C/N ratios of C1, C2, C3 and C4 were modified around 30:1 by 
adding 3.91, 5.76, 7.72 and 2.15 kilogram of ammonium sulphate (21% N).  
 
Table 1: Average values of physical and chemical properties of the used raw   materials of two seasons. 

   nd = not detected 

 
The composting procedures were done according to Abdel-Wahab, (1999). The components of each pile 

were added in layers. Watering of each layer in the pile was applied (60% of water holding capacity). Plastic 
sheet was used to cover the ground before making the pile to keep up the leaching solution after watering and to 
prevent nutrients leaching. Also, each pile was covered by plastic sheet to keep up the moisture and to help in 
the decomposition work by increasing temperature. Aeration and moistening were done regularly every week 
for air exchange within the pile for aerobic compositions as well as no percolation of compost exertion. The 
composting process was allowed to continue for 90 days. Microbial activity was assessed by monitoring the 
temperature degree of the pile every 2 days. 

 
Table 2: Composition of the investigated compost piles. 

Compost piles Composition 

C1 50% rice straw + 40% horse manure +10% olive cake 

C2 50% rice straw + 30% horse manure +20% olive cake 

C3 50% rice straw + 20% horse manure +30% olive cake 

C4 (control) 50% rice straw + 50% horse manure  

 
At the end of composting time, moisture content of compost samples was determined as weight loss upon 

drying at 105 0C to constant weight as described by (Black et al., 1965). Electrical conductivity (EC) and pH 
were measured using water extract 1:10 (w/v) according to Sierra et al. (2001) standard method. Ash content 
was determined on samples previously oven-dried at 1050C and then ashing at 5500C in a muffle furnace. 
Organic matter content (OM) of compost was determined by glowing the dried samples at 5500C to a constant 
weight as described by (Black et al., 1965). Organic carbon (OC) was calculated by multiplying (OM) by 58% 
(Black et al., 1965). Total nitrogen was determined using Kjeldhal digestion method according to the procedure 
described by Jackson (1973).Soluble nitrogen forms i.e. NH+

4 and NO-
3 were extracted from compost samples 

by 1N KCL and determined according to methods outlined by (Page et al., 1982). Phosphorous content in the 
acid digest of compost samples was determined by colorimetric method (ascorbic acid) using spectrophotometer 
according to methods outlined by Watanabe and Olsen (1965). Potassium content was determined photo-
metrically using Flame photometer as described by (Chapman and Pratt, 1961). 
 
Extraction of total phenols 
  

Total phenols compounds were extracted from olive cake before composting process and compost samples 
at the end of composting time, according to the method described by Macheix et al., 1990. Samples (5g dry 
weight) were homogenized in 50 ml of methanol (80%) and the mixture was shaken for 10 min and centrifuged 
15 min at 10000 rpm. The extraction was repeated three times and the pooled fractions (water–alcohol extracts) 
were collected and evaporated. Three successive washings with petroleum ether, in the presence of ammonium 
sulphate (20%) and metaphosphoric acid (2%), removed pigments and lipids. After other three washings with 
ethyl acetate to eliminate proteins, sugars and organic acids, the extracts were evaporated to dryness at 35 ◦C. 
Finally, the total phenols compounds were recovered in 100 ml of methanol. 
 

Analysis Unit Horse manure Rice straw Olive cake 
Bulk density Kg/m3 180 140 512 

Moisture content % 13 9 20 
pH (1:10)  7.43 6.63 5.66 
EC (1:10) dS/m 2.7 5.27 2.06 

Total nitrogen % 1.54 0.53 0.49 
Ammonium nitrogen mg/Kg 145 nd 23 

Nitrate nitrogen mg/Kg 190 nd 14 
Organic matter % 80.32 82.88 93.31 
Organic carbon % 46.59 48.07 54.12 

Ash % 19.68 17.12 6.69 
C:N ratio  1 : 30.25 1 : 90.7 1 : 110.45 

Total phosphorus % 0.58 0.07 0.104 
Total potassium % 0.88 0.62 0.82 
Total  phenols mg/Kg -  - 2000 
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Quantitative analysis of total phenols 
 

The extracts of total phenols compounds were mixed with Folin– Ciocalteu reagent according to the 
colorimetric method described by Box, 1983. Where, 200 µL of the phenols extracts were mixed with 250 µL of 
the reagent and 1.5 ml of distilled water. 0.5 ml of sodium bicarbonate (20%) was added to the mixture and 
maintained for 20 min, at 40 ◦C. The absorbance of the solution was then measured thereafter at 760 nm. The 
total phenols concentration was determined by using the diluted solutions from the standard solution. 

 
Table 3: Average values of chemical composition and wastes weight for different piles of  two seasons before composting. 

Compost 

piles 

Compost 

mixture 

Fresh 

weight 

(kg) 

Dry 

matter 

(%) 

Dry 

weight 

(kg) 

TN % 
OC  

% 

TN 

(kg) 
OC (kg) C/N ratio 

C1 

Rice straw 70 91 63.70 0.53 48.07 0.34 30.62 90.06:1 

Horse manure 72 87 62.64 1.54 46.59 0.96 29.18 30.39:1 

Olive cake 51.2 80 40.96 0.49 54.12 0.20 22.17 110.85:1 

Total 193.2  167.30 2.56 148.78 1.50 81.97 54.64:1 

C2 

Rice straw 70 91 63.70 0.53 48.07 0.34 30.62 90.06:1 

Horse manure 54 87 46.98 1.54 46.59 0.72 21.88 30.39:1 

Olive cake 102.4 80 81.92 0.49 54.12 0.40 44.33 110.82:1 

Total 226.4  192.60 2.56 148.78 1.46 96.83 66.32:1 

C3 

Rice straw 70 91 63.70 0.53 48.07 0.34 30.62 90.06:1 

Horse manure 36 87 31.32 1.54 46.59 0.48 14.59 30.39:1 

Olive cake 153.6 80 122.88 0.49 54.12 0.60 66.50 110.83:1 

Total 259.6  217.90 2.56 148.78 1.42 111.71 78.66:1 

C4 

Rice straw 70 91 63.70 0.53 48.07 0.34 30.62 90.06:1 

Horse manure 90 87 78.30 1.54 46.59 1.20 36.48 30.40:1 

Total 160  142 2.07 94.66 1.54 67.10 43.57:1 

 
The second experiment:- 
 
Plant material 
 

Lettuce (Lactuca sativa L. cv. Iceberg) hybrid seeds were sown on 1st week of September in both cultivated 
seasons of 2012/2013 and 2013/2014 in polystyrene trays. After the fifth true leaf stage, lettuce seedlings were 
transplanted to the sand culture mixed with different compost types. One seedling of lettuce was planted in one 
pot in open system of substrate culture. The pots placed in two rows per bed in open substrate system under 
open field conditions. The final plant spacing was 30 cm in the row, 30 cm between the rows. 
 
Experimental treatments 
 

Five compost mixtures with sand  in constant proportion (compost 20 % + sand 80 % v/v) as follows: S1 
(sand + compost C1), S2 (sand + compost C2), S3 (sand + compost C3), S4 (sand + compost C4), S5 (sand + 
+commercial compost) were investigated. Some of the physical and chemical properties of commercial compost 
were presented in Table 4 while the results of physical and chemical properties of the other different composts 
were shown in Table 5 as a result of the first experiment. 

 
Table 4: Some physical and chemical properties of the commercial compost 

Analysis  Unit Commercial compost Analysis Unit Commercial compost 
 

Bulk density 3Kg/m  570 Organic matter % 45.12 

Moisture content  % 29 Organic carbon  %  26.17 

pH (1:10)   8.82 Ash % 54.88 

EC(1:10) dS/m 7.06 C:N ratio    12.52:1  

Total nitrogen % 2.09 Total phosphorus % 0.57 

Ammonium nitrogen  mg/Kg  200 Total potassium %  1.41 

Nitrate nitrogen mg/Kg 250  

 
Experimental system materials 

Black polyethylene plastic pots size 25 cm with 8 L volume were filled by sand with 20% of different 
compost types.  
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Nutrient solution (El-Behairy, 1994), that consists of: N 259.6, P 35, K 300, Ca 160.2, Mg 50, S 221, Fe 5, 
Mn 1, B 0.3, Cu 0.1, Mo 0.1, and Zn 0.1 as ppm) was pumped via submersible pump (110 watt).  

Water tanks 120 l were used in open system of substrate culture per each bed. Plants were irrigated by using 
drippers of 2 l/hr capacity.  

The fertigation was programmed to work 4 times/day and the duration of irrigation time depended upon the 
season. The irrigation scheduled was programmed by using digital timer to determine the schedules and 
operation time of irrigation depend on calculated ET under open field conditions. The EC of the nutrient 
solutions were adjusted by using EC meter to the required level (2 dS/m). 

 
Experimental measurements 
 

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 total fresh weight, head fresh 
weight, head surround, chlorophyll content(Spad) in the second outer leaf by using Minolta Chlorophyll Meter 
Spad 501.Total dry weight was determined after oven drying the leaf samples at 70ºC for constant weight. 

Lettuce head contents of N, P, K and Ca (%) were estimated. Three plant samples at the harvest stage of 
each plot were dried at 70 oC in an air forced oven for constant weight. Dried plant samples were digested in 
mixture of HClO4 and H2SO4 acids according to the method described by Allen (1974).The contents of N, P, K 
and Ca were estimated in the acid digested solution. Total nitrogen was determined by Kjeldahl method 
according to the procedure described by Jackson (1973).Phosphorus content was determined by colorimetric 
method (ascorbic acid) using spectrophotometer according to Watanabe and Olsen (1965). Potassium content 
was determined photo-metrically using Flame photometer as described by Chapman and Pratt (1961).Calcium 
was determined using atomic absorption spectrophotometer as described by Chapman and Pratt (1961). 

The experimental design was a complete randomized blocks with three replicates. Each experimental plot 
contained 20 plants. Statistical analysis was determined by computer, using SAS program for statistical analysis. 
The differences among means for all traits were tested for significance at 5 % level according to the procedure 
described by Snedicor and Cochran (1981). 
 

Results and Discussion 
 
The first experiment:- 
 
Evolution of the composting process 
 

Temperature of compost piles (C1, C2, C3 and C4) were recorded during composting process. Also, at the 
end of composting time, the compost piles (C1, C2, C3 and C4) were undergone the following analyses: 
moisture content, pH, EC, total nitrogen, ammonium nitrogen, nitrate nitrogen, organic matter, organic carbon, 
ash, C: N ratio, total phosphorus, total potassium and total phenols. The data are resented in Table (5). 
 
1. Temperature of compost piles 
 

Compost pile temperature is a key factor for the composting process, since it controls organic material 
biodegradation and the temperature evolution of compost pile is an indicator of microbial activity during 
composting process. The microbial metabolic activities generate heat which leads to physicochemical changes 
of the organic matter and inhibition of most pathogens as well as acceleration the rate of biodegradation and 
production of safe compost (Cooperband 2002). 

Data of the changes in temperature compost piles (C1, C2, C3 and C4) during composting process were 
illustrated by figure 1. It seen that during aerobic composting, the temperature curve within the piles exhibit 
three classic phases: mesophilic, thermophilic and cooling down phases. The initial mesophilic phase (up to 45 
0C) showed duration of about 10 days for all piles. A progressive increase in temperature (thermophilic phase) 
reached to maximum (65-68 0C) in all piles after about 30 days. In this concern, the broad range of optimum 
temperature for the composting process (45-680C) helps a large variety of microorganisms to participate in the 
process (Moqsud et al., 2005). Afterwards, temperature of all piles were progressive dropped reaching the 
cooling down phase with the ambient temperature of the surrounding air around (30 0C), this decrease can be 
attributed to the reduction in microbial activities caused by the accumulation of substances resistant to further 
microbial attack.  
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Figure 1: Temperature evaluation during composting of different wastes for 90  days. 

  
2.  The pH and EC values of compost piles 
 

The pH values of all compost piles (C1, C2, C3 and C4) were in the alkaline range (7.88- 8.41) showed in 
Table 5. The pH is an important indicator of the aeration level during composting, where well aerated 
composting piles generally show higher pH values compared to piles in which anaerobic conditions are 
prevailing (Boulter et  al., 2000). The increase in the pH values of all compost piles may be due to 
biodegradation of acid-type compounds like carboxylic and phenolic groups or mineralization of organic 
compounds such as proteins, amino acids and peptides and consequent ally release of alkaline ions such as NH+

4 

(Said-Pullicino and Gigliotti, 2007). Concerning EC values of composted materials, the values of compost piles 
(C1, C2, C3 and C4) were 2.78, 2.57, 2.1 and 2.7 dS/m, where the highest value (2.78 dS/m) was recorded with 
C1, while the lowest value (2.1 dS/m) was recorded with C3. Generally, the increase in EC values of the 
composted materials could be related to the ions released during mineralization of organic matter depending on 
the raw materials of each pile. 

 
3. Total and soluble nitrogen of compost piles 
 

Concerning total and soluble nitrogen (NH+
4 and NO--

3), the data of Table 5 show that the lowest values of 
total and soluble nitrogen were recorded in C3 (1.24 %, 80 and 100 mg/kg, respectively), while the highest 
values were recorded in C1 (1.96 %, 142 and 220 mg/kg, respectively), whereas the other values were found in 
between.  

These results may be due to the nature composition of each pile, where C1 was contain 40 % from horse 
manure (1.54% N), 10 % from olive cake (0.49% N) and 50% from rice straw (0.53 % N) at the beginning of 
composting process, while C3 was contain 20 % from horse manure (1.54% N), 30 % from olive cake (0.49% 
N) and 50% from rice straw (0.53 % N). It is interesting to note the decrease in NH+

4 -N was associated with 
increase in NO-

3-N at the end of composting time. The final NH+
4 -N concentrations of all composts (C1, C2, C3 

and C4) were between 80-142 mg/kg, well below the maximum limit of 400 mg/kg recommended for mature 
compost (Zucconi and De Bertoldi, 1987 and Bustamante et al., 2008). 

 
4. Organic carbon, organic matter and ash of compost piles  
 

Generally, the degradation of organic matter during composting process depends on the raw materials used 
and the rate of total organic carbon is strongly related to the microbial activity in the composting mixture 
(Zmora-Nahum et al., 2005). At the end of composting time, the percentages of organic carbon and organic 
matter in composts piles were decreased as compared with their values in raw materials for each pile according 
to their constituents. The values of organic carbon and organic matter were ranged from 20.04 % and 34.56% to 
33.02 % and 56.94 % in composts of C4 and C3, respectively. The decrease in values of organic carbon and 
organic matter were caused as the decomposition was progressed suggesting mineralization of carbonic 
materials and humification (wang et al., 2004; Auldry et al., 2009) resulting in the increase of ash content.  
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The C/N ratio is one of the main properties that describe the composting process. Although, C/N ratio in the 
solid phase cannot be used as an absolute indicator of compost maturation due to the large variations that is 
depending on the starting raw materials (Hirai et al., 1983). In this concern, the C/N ratios of composted 
materials reached15.79:1, 17.83:1, 26.63:1 and 10.44:1 for composts piles of C1, C2, C3 and C4, respectively. 
This reduction in C/N ratio of composted materials as compared with initial values of around 30:1 may be due to 
the losses of organic carbon mainly as carbon dioxide (CO2) and increase of total nitrogen (kamolmanit and 
Reungsang, 2006). 
 
5. Total phosphorus and potassium 
  

The results of Table 5 show that the total phosphorus and potassium content in compost piles were 
increased as compared with raw materials. These increases in two nutrients may be due to losses of organic 
carbon, nitrogen, hydrogen, and oxygen from composting piles as CO2 and H2O and the net loss of dry mass 
which generally concentrated the phosphorus and potassium in compost piles (Kamolmanit; Reungsang, 2006).  

 
6. Total phenols content of compost piles 
 

After three months of composting, the total phenols content was decreased by 74.32, 68.62% and 59.45% 
for C1, C2 and C3 respectively. This reduction may be due to specific microbial groups which can efficiently 
degrade phenolic compounds especially those of low molecular weight. Where, Madejon et al. (1998) explained 
that fungi are the principal agents for polyphenol degradation using poly phenoloxidase, especially during the 
thermophilic phase of composting wastes of olive mill. However, Mayende et al. (2006) reported that poly 
phenoloxidase may be active during the first mesophilic stage of composting or after the thermophilic stage 

These results may be in agreement with Ait Baddi et al. (2009). They found that during the composting of 
an olive-mill waste-wheat straw mixture, the polyphenol content was decreased by 70 % during the first 3 
months of composting. After which the polyphenol content decreased more slowly until a reduction of 93% was 
reached at month 12. 
 
Table 5: Composition of the compost piles after composting time 

C4   C3  C2   C1  unit Analysis  

438 347  438  402 3Kg/m  Bulk density 

25 33 23 30 % Moisture  

7.88 8.32 8.27 8.41   pH (1:10)  

2.7  2.1 2.57 2.78 dS/m EC(1:10)  

1.92  1.24  1.77 1.96  % Total nitrogen 

125  80 100  142 mg/Kg  Ammonium nitrogen  

195 100 160 220 mg/Kg Nitrate nitrogen 

34.56  56.94  54.41 53.36 % Organic matter 

20.04  33.02 31.56 30.95 %  Organic carbon  

65.44 43.06  45.59 46.64 % Ash 

10.44:1   26.63:1  17.83:1 15.79:1    C:N ratio  

0.62  0.64 0.65 0.68 % Total phosphorus   

1.20 0.93  0.96  1.00  %  Total potassium  

 -- 811 628 514 mg/Kg Total phenols  

 
The second experiment: 
 
1. Effect of different treatments on yield, chlorophyll content, firmness and head surround of lettuce. 
 

The effect of different treatments on fresh, dry and head weights of lettuce plant are presented in Table 6. 
The data showed that S5 (sand + commercial compost) gave the highest significant values of fresh, dry and head 
weights (1250.5, 65.3 and 950.2 g/ plant, respectively) compared to the other treatments followed by S1 
(1005.7, 60.3 and 769.3 g/ plant, respectively) and S4 without significant difference among them respectively. 
While the lowest vegetative characters values were obtained by S3 treatment (743.0, 44.6 and 518.6 g/ plant, 
respectively). This trend was true during the two seasons of study. Data in Table 6 show also that the same trend 
in above parameters (fresh, dry and head weights of lettuce) was observed with chlorophyll content (spad) and 
head surround of lettuce. In this respect, many authors reported positive effect resulted from the use of compost 
mixtures with sand on vegetable plant growth and soil properties. They reported that the use of compost has 
many advantages 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 
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on leafy vegetables; Masarirambi et al., 2010 on red lettuce). On the other hand, increasing the rate of olive cake 
addition from 10 up to 30% of compost piles significantly decreased all measured vegetative growth, traits of 
lettuce plants compared to the control S4.    

As shown in Table 6 it also remarked that, there were no significant differences among treatments on head 
firmness of lettuce (which increase the storage period after harvesting).For this reason, head firmness of lettuce 
plants has similar trends of calcium contents in leaves. In addition the increase of calcium concentration cause a 
strong membranes structure, since a high proportion of calcium in plant tissue is located in the middle lamella, 
which gives the strength of the cell walls (Marschner, 1995). 

Based on the aforementioned results it noticed that, the use of different mixture of compost mixes with sand 
(S1, S2, S3, S4 and S5) increased the fresh, dry head weights, chlorophyll content and head surround of lettuce 
plants. The differences between treatments depend on the different composition of the mixtures, where S5 was 
superior on the other treatments followed by S1, S4, S2 and finally S3, respectively. This effect may be due to 
the high concentrations of nutrients especially N released to growth media as compared with other treatments, 
where nitrogen is the main yield factor of lettuce plant (Castellanos et al., 2000).Also, these results were in 
agreement with Sukor (2013), who concluded that nitrogen plays a crucial role in the synthesis of amino acids 
and proteins, plant growth, chlorophyll formation, leaf photosynthesis and yield of lettuce plant. On contrast, 
increasing the rate of olive cake to parameters and productivity of leafy vegetable crops (lettuce) that is may due 
to the oil residual present in olive cake which affect negativity on root growth and nutrient absorption. 

      
Table 6: The effect of different treatments on yield, chlorophyll content, firmness and head surround of lettuce during 

2013& 2014 seasons. 

Treatments 
First season Second season First season Second season First season Second season 

fresh weight 
(g/ plant) 

dry weight  
(g/ plant) 

head weight 
(g/ head) 

S1 1005.7 b 1112.0 b 60.3 b 64.8 b  769.3 b 810.0 b 
S2 847.7 c  866.7 c 50.8 c  47.7 c 647.7 c 638.3 c 
S3 743.0 d  704.0 d 44.6 d 39.7 d 518.6 d  555.0 d 
S4  1004.7 b  1080.0 b 60.2 b 64.0 b 751.7 b 787.7 b 
S5 1250.5a 1285.2 a 65.3 a  69.9a 950.2 a  996.4a 

 
Chlorophyll content(Spad) Head firmness 

(kg/cm2) 
Head surround  

(cm) 
S1 39.25 b 38.0 b 2.59 a  2.75 a  36.5 b 35.22 b 
S2 36.20 c 33.75 c 2.50 a  2.63 a  32.05 c 33.25 c 
S3 29.50 d  28.2  d 2.42 a  2.73 a  28.16 d 27.22 d 
S4 39.50 b 37.73 b 2.55 a  2.72 a 35.5 b 36.33 b 
S5 42.26 a 41.01 a 2.50 a  2..69 a  39.89 a 38.56 a 

* Similar letters indicate non-significant at 0.05 levels. 
** S1 (compost C1+ sand), S2 (compost C2 + sand), S3 (compost C3+ sand), S4 (compost C4+ sand), S5 (commercial compost + sand). 

 
2. Effect of different treatments on some macronutrients content of lettuce. 
 

Data in Table 7 represent the content of some macronutrients (N, P, K and Ca) in lettuce plants as affected 
by different substrate mixtures. It is seen that, the content of nitrogen had the same trend that previously 
registered with their fresh, dry and head weights of lettuce plants. The data showed that, S5 gave the highest 
significant value of nitrogen content (5.26%) compared to other treatments flowed by S1 (4.65%) and S4 
(4.55%) with no significant difference between them, respectively. While, the lowest value (3.3%) was obtained 
by S3 flowed by S2 (4.02%) treatment with significant difference between them, respectively. This trend was 
true in the two growth seasons. The differences between treatments on the growth of lettuce plant were directly 
related to nitrogen content in leaves due to the action of this nutrient on the process, since N is necessary for cell 
multiplication and plant organ development.  These results could be interpreted on the basis that nitrogen is the 
main building nutrient for fundamental plant material where, it is the main yield factor and considered as the 
characteristic constituent of functional plasma, an integral part of chlorophyll molecules, proteins, amino acids, 
nucleic acids (RNA and DNA), nucleotides, phosphotides, alkaloids, enzymes, coenzymes, hormones and 
vitamins (Castellanos et al., 2000; Owen, 2003). 

Concerning phosphorus and calcium content in leaves of lettuce plant, the data in Table 7 show that there 
were no significant differences among all treatments on the content of two nutrients. This trend was true during 
the two seasons of study. Where phosphorus and calcium contents found in the evaluated treatments to reach the 
sufficiency levels for these nutrients according to A&L Agricultural Laboratories (1990), which provide a range 
of phosphorus and calcium for lettuce plant between 0.40 to 1 % and 1.25 to 2.50 %, respectively. These results 
may be due the presence of two nutrients in the growth media at sufficient levels for plant growth of lettuce 
under all treatments, whether from compost or the nutrient solution. In this concern, Fricke and Vogtmann 
(1993) indicated that about 20 to 40% of total P content in compost is available to plants.  
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Concerning potassium content in leaves of lettuce plant for the first season, the data of Table 7 indicate that 
the highest significant value (5 %) was recorded with S5 flowed by S4 (4.01 %). On the other hand, the content 
values of other treatments S1 (3.3%), S2 (3.24%) and S3 (3.15 %) were not significant. This trend was found in 
the second season, where the highest values were recorded with S5 (5.23 %), while the lowest values were 
found with S3 (3.35 %), whereas the obtained values with the other treatments were found to be in between. 
Results from the five treatments reached the potassium content proposed by A&L Agricultural Laboratories 
(1990) which provides a concentration of this nutrient between 3 and 8% for leaf crops.Fricke and Vogtmann 
(1993) indicate that more than 85% of total potassium content in compost is available to the plant, thus 
emphasizing the importance of compost as a potential source of potassium for crops. 

 
Table 7: The effect of different treatments on some macronutrients content of lettuce during 2013& 2014 seasons. 

Treatments 
N % P %  K %  Ca % 

First season Second 
season 

First 
season 

Second 
season 

First 
season 

Second 
season 

First 
season 

Second 
season 

S1  4.65 b 4.93 b 0.46 a 0.48 a 3.30 c 3.42 c 1.34 a 1.40 a 
S2 4.02 c 4.26 c 0.45 a 0.46 a 3.24 c 3.51 c 1.24 a 1.36 a 
S3 3.30 d  3.50 d 0.44 a 0.46 a 3.15 c 3.35 c 1.26 a 1.35 a 
S4 4.55 b  4.85 b 0.45 a 0.47 a 4.01 b 4.21 b 1.29 a 1.38 a 
S5 5.26 a 5.56 a 0.47 a 0.49 a 5.00 a 5.23 a 1.36 a 1.45 a 

* Similar letters indicate non-significant at 0.05 levels. 
** S1 (compost C1+ sand), S2 (compost C2 + sand), S3 (compost C3+ sand), S4 (compost C4+ sand), S5 (commercial compost + sand). 
 

Based on the above discussion, we concluded that this study emphasizes the importance of composting 
process to utilize olive cake and rice straw as an agriculture wastes unused properly which cause environmental 
problems. Where, composting process led to decrease the total phenols in compost samples (C1, C2 and C3) as 
compared with the initial concentration in the raw materials of olive cake. Also, the obtained results indicated 
the lettuce yield, chlorophyll and some macronutrients content (N and K) as affected by composted agriculture 
wastes (C1, C2, C3 and C4) mixed with sand culture as a substrate were arranged in the descending order, C1> 
C4> C2> C3.While there were no significant differences between all treatments on head firmness and the 
content of P and Ca in lettuce plant.   
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