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Abstract. The increasing amounts of fruit pruning wastes in local societies of Egypt cause 
environmental problems closely related to human health. Its utilization as renewable materials 
has received a great attention in our present days and encouraged the use of it as an organic 
fertilizer. Composting these wastes not only reduces their weight and volume but also produces 
high-value-added products (compost). Manure is the most common organic and natural fertilizer 
form in our Egyptian rural Village. Due to the high cost of chemical fertilizers and the increase 
of organic fertilizers demand, it is necessary to use the local crop residues, "Palm Secondary 
Products" (PSP) as a basic (raw) material which contains 92.99% organic matter. Compost 
manufacturing provides successfully produce an organic fertilizer from available waste in each 
region which serves as both fertilizers and soil conditioners. In this study, we present Egyptian 
examples of the recycling of date palm pruning products mixed with other organic wastes in 
small scale (Faris rural village, Kom-Ombo, Aswan Governorate and Mandisha village,  Baheria 
oases, Giza Governorate) and  in large scale (Al-Kharga, New Valley Governorate). 

Introduction 
The total world number of date palms is about 120 million trees, distributed in 30 countries and 
producing nearly 7.5 million tons of fruit per year [1]. Arab countries account for 70% of the 
world's date palms number and are responsible for 67% of the global production of date palm 
[2]. The total number of palm tree planted in Egypt is 16 million including 12 million fruiting 
tree [3]. Mohamed [4] reported that the significant annual increase of fruit dates was about 298.9 
thousand palm trees, equivalent to 2.75% of the average number of fruitful dates during the 
period (1997 - 2012). Due to its adaptation to various stress condition, its plantation is nowadays 
spread out all over Egypt including the new reclaimed land in the desert and in saline-affected 
areas. The utilization of by-products of date palm as raw material source for industrial activities 
gave a promising issues. Some studies have reported that Egypt alone generates more than 
300,000 tons of date palm biomass each year [5].   

Although date palm residues (DPR) consist of hardly decomposed elements (Cellulose, 
hemicelluloses, lignin and other compounds) they could be composted with microbiological 
process instead of burning in farms and causing serious threat to environment [6]. Many 
researchers reported about compost production from date palm by products [7, 8, 9, 10, and 11]. 

It should be noted that Egyptian agriculture is mainly dependent on chemical fertilizers 
(nitrogen, phosphates and potassium) and organic fertilizers. So, recycling palm residues could 
reduce chemical fertilizers as well as the impact of drought and desertification and pesticides.  
Moreover, social, economic and environmental benefits could be obtained from the Recycling 
palm residues including increasing agricultures production in quantity and quality. 
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Materials and Methods 
There are 3 experiments of DPR composting; two of them were conducted in small scale in 
compost units in different Egyptian village (Faris village Kom-Ombo – Aswan and Mandisha 
village, Baheria Oasis – Giza Governorate) and the other experiment was made in large scale in 
sustainable integrated system in (Al-Kharga, New Valley Governorate).  

Experiment 1. Faris village is an Egyptian rural village, which located in the west side of the 
Nile in Kom Ombo, Aswan Governorate. It produces annually about 5000 tons of renewable 
biomass from fruit trees as date palm (Phoenix daetylifera), Mango (Anacardiaceae) and doum 
palm (Hyphaene thebicia). Palm secondary products (PSP) represent about 80% of this total 
[11]. The first stage was conducted in site which residues were collected and transported to this 
site which called (fixed shredding system). Meanwhile, in pilot stage shredding and composting 
process was made where the residues accumulated (mobile shredding system). The amount of 
compost produced at pilot stage is equivalent to 70% of the total waste of palm trees. This is in 
addition to 20% Mango residues and 10% Doum palm residues. Filter mud cake by product 
produced from sugar can industry in this region was used as organic activator in composting 
process. About 45 tons and 33 tons of compost were produced in the first and pilot stage 
respectively. The produced compost was distributed on the local farmers to use in the cultivation 
of onion crop. 

Experiment 2. Baheria Oasis is a depression and lies in the Western Desert of Egypt. Located 
in Giza Governorate, the main economic sectors are agriculture. The number of palm trees in the 
oases is estimated at 1.3 million palms; the wealth of palm oases is about 10% of Egypt's total 
palm wealth (according to estimates that the number of palm trees in Egypt is approximately 13 
million palm trees) El-Mously [12]. Large quantities of PSP are available; currently estimated at 
69.5 thousand tons / year (dry weight); these quantities are not only abundant but also renewable 
diversity and pricing, and the possibility of using them as inputs to the manufacturing of many 
products (as confirmed in this study). A pilot experiment of compost production was conducted 
in the village of Mandisha.  The main additive material in composting process was poultry 
manure wastes as a common by product of Poultry Industry used as compost activator material. 
About 3 ton compost was produced from 8 ton DPR+8 m3 poultry manure. 

Experiment 3. The New Valley Governorate is considered the largest governorate in Egypt 
with a total area represents about 44% of Egypt's area. Date palms (more than 1.5 million palm 
trees) represent the economic axis of the governorate. A study of the development of the number 
of fruitful dates in the New Valley Governorate reveal that these numbers has increased 
significantly by 1.28% during the period  from 1997 to 2012 [4]. The date palm pruning 
produces large amounts of PSP, leading to serious environmental problems. The governorate has 
approximately 92503 tons per year according to the report of the Directorate of Agriculture in 
the Governorate of [13]. Experimental pilot attempts produce about 170 ton compost. The main 
additive materials in composting process was Farmyard manure (FYM) as common by product 
of cattle Husbandry as organic activator. 

Analysis of Fiber Derivatives  
Fiber Derivatives of date palm, Mango and Doum palm residues were determined according to 
TAPPI standard method. The samples were first placed into soxhlet extraction for 6 hours 
according to method T 264 cm-07 to remove plant extractives. The determination of cellulose, 
hemicellulose and lignin content were assessed by using the following respective standard 
method: Kurscher-Hoffner approach [14], chlorite [15], T 222 om-06 and T 211 om-07. As 
recommended by various pertinent standards, all experiments were conducted in triplicates. 



By-Products of Palm Trees and Their Applications  Materials Research Forum LLC 
Materials Research Proceedings 11 (2019) 150-158  doi: https://doi.org/10.21741/9781644900178-10 

 

 

 152 

Characterization of compost  
Compost resulting from 3 experiments was analyzed. Compost samples were dried at 70 ˚C to 
constant weight ground. Values of pH and EC were determined as described by Jackson [16]. 
The organic matter (OM) content of compost was analyzed by weight loss on ignition at 43 ˚C 
for 24h and total  organic carbon (TOC) was calculated from (OM) to the following equations 
[17]:  

OM = [(W105 – W430) / W105] × 100 (1) 

Where W105 = oven dry weight of mass at105˚C; W430 = furnace dry weight of mass at 
430˚C  

TOC = 0.51 × OM + 0.48 (2) 

Compost samples were digested using a mixture of H2O2 and H2SO4. Total nitrogen was 
determined by using the micro-kjeldahl procedure [16]. Total phosphorus and potassium were 
determined by Page et al. [18]. Moisture content throughout this study was measured by drying 
at 105 ̊C for approximately 24 h or at constant weight. Bulk density (Bd) was measured by 
obtaining the dry weight of a known volume of the sample. Bulk density was calculated by the 
following formula [19]:  

Bd = Ms/Vt (3) 

Where Ms is mass of oven dry compost (g), and Vt is total volume of compost (cm3). 

Results and Discussion 
DPR materials are rich in some nutrients and can be returned to the field as compost. The 
economic losses and the financial waste resulting from the non-use or use of the by-products of 
palm trees in the oases; most of which are disposed of either by open burning in the fields, which 
contributes to the increase of environmental pollution.  Storage in the fields prevents land to 
cultivation, leading to many environmental problems caused by many insects and rodents, which 
helps to reproduce and the transmission of diseases and epidemics ... etc. 

 
Table 1: Quantity of PSP in dry weight and its nutrient content in all sites under the study. 

Nutrients content 
%)( 

Residues 
quantity 

Thousand (ton) 

Oasis 

Potassium 
K 

Phosphorous 
P 

Nitrogen 
N 

 
0.80 

 

 
0. 22 

0.84 5.000 Faris* 
69.532 Baheria Oases** 
29.075 Al-Kharga*** 

* El-Mously [20]; ** El-Mously [12]; ***Official Records at the Directorate of Agriculture, 
Markaz El Waadi El Gadid Governorate [13]. 

 
Based on nutrient content in palm residues (Table 1), these residues are rich in nitrogen and 

potassium. Consequently, each ton from PSP content has approximately about 8.40 kg of 
Nitrogen and 8.0 kg of potassium. The value of nutrients removed is estimated as the cost of 
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fertilizers that will be needed to replace these nutrients. In view of the available large quantities 
of PSP in the oases under the study, these quantities are not only abundant but also renewable 
Diversity and pricing, and the possibility of using it as inputs to the manufacturing of many 
products (as confirmed in this study). 

 
Experiment 1. Composting of PSP in small scale (Faris rual village Kom-Ombo – Aswan): 

Data in table 2 show the percentage content of Fiber Derivatives of date palm, Mango and 
Doum palm residues is  which show clearly the Plant-derived cellulose materials which play a 
critical role as organic wastes in composting to produce a beneficial amendment for topsoil. 
Hubbe et al. [21] reported that Cellulose has been described as a main source of energy to drive 
the biological transformations and the consequent temperature rise and chemical changes that are 
associated with composting. Lignin can be viewed as a main starting material for the formation 
of humus. 

Table 2: Analysis of Fiber Derivatives of palm, Mango and Doum residues 

Residues type Lignin 
(%) 

Hemicellulose 
(%) 

Cellulose 
(%) 

 Date palm 
residues 

35,74 4.75 12.27 

Mango residues 40.50 0.57 14.57 
Doum palm 
residues 

35.19 13.82 10.81 

 
The analysis of produced compost with its highly organic matter (40.69%), which improves 

soil fertility, was shown in table 3.  Compost acts as sponge to help retain water in the soil that 
would otherwise drain down below the reach of plant roots, protecting the plant against drought. 
Results of the pilot fields on onion cultivation showed that the use of Faris compost increased the 
average onion yield by 10.22% compared to the use of they own organic manure (fig. 1). This 
increase represents the direct effect of compost application. Indirect impacts were known that 
organic fertilization helps keep the soil moist for a long time which reduces irrigation periods 
and thus reduces irrigation costs of energy and labor and helps to rationalize the consumption of 
irrigation water. 

Table 3: Physiochemical analysis of Faris compost 

Parameter Faris compost 

pH (1:10) 7.75 
EC (dSm-1) (1:10) 3.87 
Organic C (%) 23.66 
Organic matter (%) 40.69 
Nitrogen (%) 0.92 
C/N ratio 14.22:1 
Phosphorous (%) 0.48 
Potassium (%) 0.67 
Bulk density (g cm-3) 715 
Moisture (%) 28 
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Fig. 1: A graph showing the productivity of onion crop by using faris compost (19.4ton/fed) 

compared to the use of Farmyard manure (17.6 ton/fed). 
Experiment 2. Composting of PSP in small scale (Mandisha village, Baheria Oases – Giza 
Governorate: 

A part of the experiment demonstrates a study  on compost production in large scale in the 
Baheria oases reveal that there are a great possibilities to provide a compost facility with 100 ton 
PSP each day with a total of 30,000 ton of PSP annually to produce 60-70 ton compost daily. So, 
it's suggested to establishing compost facility utilized half of the PSP in Baheria oasis and the 
remained quantity could be used in another industry activity for Medium density fiberboard 
(MDF) production. Some physical and chemical analyses of the produced compost were showed 
in table 4. 

Table 4: Physiochemical analysis of Baheria oases compost. 

Parameter Baheria oasis compost 
pH (1:10) 7.84 
EC (dS m-1) (1:10) 4.61 
Organic C (%) 26.54 
Organic matter (%) 45.66 
Nitrogen (%) 1.12 
C/N ratio 21.75:1 
Phosphorous (%) 0.61 
Potassium (%) 0,91 
Bulk density (g cm-3) 678 
Moisture (%) 27 

 
Experiment 3. Composting of PSP in large scale (Al-Kharga) New Valley - New Valley 
Governorate: 

Experimental pilot attempts produce about 170 ton compost with high quality value sold by 
36524 LE [22].The main additive materials in composting process was Farmyard manure (FYM) 
as common by product of cattle Husbandry as organic activator. Analysis of palm compost in the 
Experimental pilot attempts of the New valley are demonstrated in table 5. 
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Table 5: Physiochemical analysis of New valley compost. 

Parameter New valley compost 
pH (1:10) 8.38 
EC (dS m-1) (1:10) 3.45 
Organic C (%) 22.97 
Organic matter (%) 46.38 
Nitrogen (%) 0.95 
C/N ratio 17.17:1 
Phosphorous (%) 0.74 
Potassium (%) 0.94 
Bulk density (g cm-3) 600 
Moisture (%) 27 

Adoption of some industry activities targeted to provide PSP raw materials in the Egyptian 
oases (such as compost industries) achieves two goals: 

 
First: Economic loss and financial waste resulting from the non-use or utilization of the by-
products of palm trees in the oases: 

The chemical fertilizer that equivalent to nutrient content in the PSP and its values are 
estimated according to nutrient analysis and demonstrated in table 6. Data clearly expressed that 
the total losses were 1398, 19463 and 8130 LE due to burning PSP in Faris village, Baheria oasis 
and Al-Kharga, respectively. 

 
Table 6: Quantity of mineral fertilizer equivalent to nutrient content of PSP in dry weight and its 

value in each site under the study. 
 

Total 
Values 

LE 

Fertilizers (kg) PSP 
quantity 

Thousand 
(ton) 

Oasis 

Potassium 
sulphate 

Super 
phosphate Urea 

V Q V Q V 
LE 

Q 
Kg   

1398 1004 100 33 16 361 9o 5.000 Faris* 
19463 13970 1397 452 226 5024 1256 69.532 Baheria Oases** 
8130 5840 584 189 95 2101 525 29.075 Al-Kharga*** 

* El-Mously [19]; ** El-Mously [12]; ***Official Records at the Directorate of Agriculture, 
Markaz El Waadi El Gadid Governorate [13]; Q Kg = Quantity of fertilizer; V LE =Value Egypt 
Pound; Urea= N X 0.46, Tri-calcium; phosphate 37.5% = P X 0.375; Potassium sulphate 48%= 
N X 0.48; Fertilizers price: Urea = 4000 EL/ ton; Super Phosphate = 2000 EL / ton; Potassium 
sulphate = 10000 EL / ton. 
 
Second: Environmental loss: Open burning in the fields contributes to the increase of 
environmental pollution and CO2 emissions: 

Palm trees have a big potential in absorbing CO2 from the atmosphere. It was demonstrated 
that one million mature date palm trees can absorb 2.0 million tons of CO2. Based on 
photosynthesis calculations, It is common that burning one ton of carbon produces 3.66 tons of 
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CO2 as per the following reaction: C + O2 = CO2 [23]. It's known that carbon constitutes 50% of 
the dry wood, so the carbon part represents half of the demonstrated PSP.  

Data in Table 7 show the huge amount of CO2 that will produce annually from burning date 
palm residues in open field which contributes to regional and global climate change by 
producing CO2, methane, and cause loss of human life in our societies. Data in table 7 shows that 
CO2 emissions increased with increasing the burning residues, the emission of CO2 was differing 
from a small quantity (9150 ton) to a large quantity in the new valley (127243 ton). Data also 
shows that carbon quantity = 50% from dry wood materials (residues) and Burning 1 ton 
residues= 3.66 ton CO2. 

Composting the agricultural residual lowered emission and sequestrate carbon in soils. Luske 
[24] reported that composting facility in Egypt show that the composting scenario causes 
significant lower emissions than the baseline scenario (organic waste is not recycled and 
chemical fertilizer is used on the farm). It must be recommended that farmers in our land should 
receiving information about modern methods of agricultural waste management and cleaning 
fields for planting. 

 
Table 7: The expected quantities of CO2 emission (thousand ton) in case of burning PSP in each 

site. 

CO2 emissions 
Thousand 

(ton) 
 

Carbon 
quantity 

Thousand 
(ton) 

PSP Thousand 
(ton) 

Oasis 

9.15 2.500 5.000 Faris* 
127.243 34.766 69.532 Baheria Oasis** 
53.207 14.537 29.075 Al-Kharga*** 

* El-Mously [19]; ** El-Mously [12]; ***Official Records at the Directorate of Agriculture, 
Markaz El Waadi El Gadid Governorate [13]. 

Conclusion 
According to the experience, it could be concluded that pruning products are considered as 
recyclable materials and useful resource. The successful composting of PSP on a small scale in 
rural communities of Egypt will depend on farmers' awareness of the importance of exploiting 
the various date palm residues in compost production which will encourage the farmer of each 
local community over time to participate in producing his own compost. 
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