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Composting is the suitable way of recycling organic waste for agricultural application and
environment protection. In Saudi Arabia, severa composting facilities are available and producing
high quantity of composts. The aim of this study is to evaluate the physical characteristics of
composts manufactured in Saudi Arabia and acquire a comprehensive image of its quality through the
comparative with international standards of compost quality such as CCQC and PAS-100. In the
present study different locally produced compost were identified and most of the producing factories
were visited during the manufacturing of composts. Representative samples of different compost
production stage were collected and Physical characteristics were determined, which included
moisture content, bulk density, percentage of sand and the size of distribution of the compost
particles. Results showed wide variationsin al parameters investigated. Results of the study indicated
generally that there is a wide variation in the physical characteristics of the types of compost under
study. The initial moister contents in composts were generaly low, it was less than 60% in most
samples and not sufficient for microbia activities for biodegradation in 96% of the 96% of the types
of compost and this will impede the decomposition of organic materials. The initia bulk density
values ranged from 117 gL™ to 1110.0 gL, while the final apparent bulk density ranged from 340.0
gL to 1000gL™ and about 45.4 % did not meet the ideal bulk density value. Sand percents in
composts were between 3.3 % and 12.5%. This study has confirmed the need for a standard
specification for compost manufactured in Saudi Arabia for agricultural use based on international
standards for compost and soil characteristics and climatic conditions in Saudi Arabia.

Copyright © Ahmad |. Al-Turki, et al., Thisis an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

(Carr et al., 1995). Unfortunately, the cost of composting
relative of raw manures can be considerably higher (Ryunk,

Composting is an excellent example of the practical use of
biotechnology for decomposition of wastes such as chicken,
cow manure and plant residues for production of matured and
stabilized organic matter that is suitable for agriculture, but
this process should be suspiciously monitored with appropriate
properties. It involves a high complex biological process,
involving many species of microorganisms, which converts a
law value material into a higher value product. Organic wastes
are natural, locally available and relatively cheap material that
has been used for plant production. Compost is often produced
in areas where it is needed for pastures and crop fertilization.
The increased size and frequent clean out of many poultry
operations make poultry manure available in sufficient
guantities and on timely basis to supply most fertilizer needs.
Mature compost improves soil physical, chemical properties
and enhances plant growth and production. The composting
process offers the potential to significantly reduce
environmental problems associated with manure management
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1992). Therefore, compost of high quality must be produced
consistently to offset these production costs. The terms
stability and maturity are usually used interchangeably to
describe the degree of decomposition and transformation of the
organic matter into compost (Zmora Nahum et al., 2005),
despite the fact they describe different properties of the
composting substrate. Stability is strongly related to the rate of
microbial activity in compost, and is evaluated by different
respirometric measurements (Lasaridi and Stentiford, 1998)
and/or by studying the transformations in the chemical
characteristics of compost organic matter (Pichler and Ko-gel-
Knabner, 2000). Respirometric tests have been shown to be
adequate for assessing compost stability because they are able
to measure the extent of which readily biodegradable organic
matter has decomposed during the composting process (Adani
et al., 2004). We believe that no technique or method can be
successfully used alone for the assessment of compost quality,
this is because using of one parameter or one method is not
able to describe a complex matrix such as compost. On the
other hand the integration use of different parameters, i.e.
physical, chemical and biological parameters, surely gives a
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more complete image of what compost is (Mondini et al.,
2004). Different methods are proposed for determining
compost maturity. These can be broadly categorized into
different groups as: physical (moisture content, bulk density,
percentage of sand and the particles size distribution),
chemical (Electrical conductivity (EC), pH, the ratio of carbon
to nitrogen (C/N ratio), the concentration of nitrate and
ammonium, the percentage of organic matter (OM) and the
concentration of heavy metals) and biological (respiration
analysis, plant bioassay germination test and the presence of
microbial contamination and pathogens) (Zmora-Nahum and
Markovitch, 2005; Mondini et al., 2006; Aslam et al., 2008;
Ko, Kim et al., 2008; Ofosu-Budu and Hogarh, 2010).
Compost production in Saudi Arabia has been considered for
many years. The quality of compost isimportant from maturity
and stability viewpoint, but in most compost factories
appropriate attention is not paid to it. In Saudi Arabia, compost
factories are recently widely spread. Most of these factories do
not comply with the specifications of quality compost and
therefore may produce low quality compost that is harmful to
the soil, plants and the environment. This study is one part of a
group of research concerned with the study of physical quality
of the locally produced compost in factories in the kingdom
and in some organic farms and comparing it with the local and
international standards of compost quality such as CCQC
(2002) and PAS100-2005.

MATERIALS AND METHODS

Preparation of compost samples

Different commercial compost samples produced in Saudi
Arabia were obtained during summer of 2011 from the
factories in bags of 20-50L. They were identified, registered
and a code system was used instead of brand names to ensure
confidentiality (Table 1). Composts were immediately brought
to the laboratory of soil analysis at college of Agriculture and
Veterinary Medicine, Qassm University. Each compost bag
was mixed thoroughly to insure maximum homogeneity and
the samples were randomly taken. Each sample was divided
into four parts; one of these parts was immediately frozen and
used for ammonium nitrogen analysis, while the other parts
were kept in labeled PVC bottles at room temperature for
physical and chemical analysis.

Table 1.code system for different kind of compost locally
produced in Saudi Arabia

Kind of compost
Chicken manure
Cow manure
Mixed manure (Chicken +cow manure)

Compost code
F,QR,S V2 V3and W
I,P,T,UandV1
H,J K, L M, Nand O

B, E,
C,D,
A, G,

Physical properties of composts
M oisture content

Moisture content in compost sample was determined as
described by TMECC, 2001 method 03.09-A. Approximately
250q per sample was dried at 80°C + 5°C for 24h to a constant
weight. The percent moisture was calculated as the mass loss
due to evaporation (g/g) divided by wet weight. Particle size
distribution (%) was determined using dried compost samples
according to Warp, 2004.

Bulk density (g/L)

Bulk density of compost samples were determined according
to the method TMECC (2001) method 03.01 A using the mass
per unit volume technique.

Water holding capacity (%)

The water holding capacity of compost samples were
determined according to the method TMECC (2001) method
03. 10 A. Treatments were replicated three times.

Particle size distribution (%)

Particle size distribution was measured according to Warp
(2004). Treatments were replicated three times. Different sizes
of sieves were used depended on the particle size of the
compost tested. If the compost sample appeared to be very
fine, smaller sieve sizes were used and if the compost sample
appeared to be shaved into large particles, large sieves were
used.

Sand %

The sand % of the compost sample was determined according
to the laboratory methods of soil analysis (2006).

RESULTS AND DISCUSSION
M oistur e content

Initial moisture content varied from 2.1% (V2 facility) to
98.1% (R facility), while final moisture content were between
3.0% (N Facility) to 36.7% (factory S) (Table 2a, b and ¢).
Initial moisture contents were generally less than 60% in 96%
of produced composts which might impede the microbial
decomposition of organic materials. It has been reported that
initial moisture content should be between 60 to 70% for

Table (2a): Initial and final moisture contents (%) of the chicken
compost samples

Compost Type of raw M oisture contents (%)
Fecility code materials Initial Final
B 29.0 9.4
E 121 8.2
F Chicken manure 27.7 13.6
Q 59 4.8
R 98.1 20.7
S 36.6 36.7
V2 211 125
V3 21.3 114
W 13.7 9.4
mean 25.3 14.1

Table (2b): Initial and final moisture contents (%) of the cow
compost samples

Compost Type of raw M oisture contents (%)
Fecility code materials Initial Fina
C 29.5 19.9
D 53 8.0
I Cow manure 36.7 9.8
P 184 135
T 35 11.0
U 55 27.0
V1 25 15.70

mean 14.5 15.0
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Table (2¢): Initial and final moisture contents (%) of the mixed
compost samples

Compost . Moisture contents (%)

Facility code Type of raw materials T =T
A 22.3 225

G 29 10.0

H Mixed organic materials 5.8 16.3

J 917 43.3

K 179 24.2

L 6.4 10.1

M 46.5 17.9

N 49 3.0

(6] 539 18.9
mean 18.9 17.4

optimum  microbial  activities in  organic materia

decompositions. Proper moisture content in the compost can
encourage the microorganisms activity and increase the rate of
decomposition (Keener et al., 2000). Microorganisms cannot
survive if there is not enough moisture in the compost; the
degradation slows when the moisture content decreases to 40%
or less (Morse, 2001). In contrast, too much moisture can
inhibit microbial activity by reducing the free pore space in the
compost mixture, slowing, or even inhibiting, the flow of
oxygen (Liang et al., 2003; Parkinson et al., 2004). High
moisture content in compost will be confusing or misleading
for consumers, especially when materials are marketed on
weight basis (Schulze, 1961; Hussain et al., 2011). Compost
which is too dry like compost N and Q factories can be dusty
and irritating to work with wile compost like compost J factory
which is excessively wet can heavy and difficult to uniformly
apply. In our study, moisture contents in the final compost
products were less than the proposed limit (25%) in 80% of the
produced composts in California (CCQC, 2002) and PAS100-
2005.
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Figure (1a): Moisture content of chicken compost (Factory S)
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Figure (1b): Maisture content of cow compost (Factory D)
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Figure (1c): Moisture content of mixed compost (Factory M)

During manufacturing composts, moisture contents exhibited a
large fluctuation in most facilities either within a single
manufacturing cycle or between different manufacturing
cycles (Figure 1 a, b and ¢), this fluctuation was attributed to
the lack of afixed moisturizing system in these facilities.

Sand per cent

We observed a high sand percent in organic material used for
the manufacture of compost in some facilities. Initial sand
percents ranged from 1.9% (in U facility) to 81.7% (in T
facility), while sand percents in the fina compost products
were between 2.1% and 63.6% (Table 3a, b and c).

Table (3a): Sand percent (%) of chicken compost samples

Compost Type of raw Sand percent %

Facility code materials Initial Final
B 5.0 25

E 12.0 2.1

F 11.8 6.2

Q 29.0 16.7

R Chicken manure 2.6 4.4

S 39 29
V2 6.9 77
V3 7.3 54
W 7.1 3.7
mean 9.5 5.7

Table (3b): Sand percent (%) of cow compost samples

Compost Type of raw Sand percent %
Facility code materials Initial Fina
C 12.5 17.8
D 6.9 9.3
| 4.4 18.8
P 451 44.9
T Cow manure 817 59.3
U 1.9 3.2
V1 11.0 8.2
mean 234 23.7

Table (3c): Sand percent (%) of mixed compost samples

Compost Type of raw Sand percent %
Facility code materials Initial Fina
A 40.1 18.1

G 28 15.0

H Mixed organic 4.0 66.2

J materials 36.0 16.8

K 29.4 46.3

L 29 63.6

M 20.5 53.3

N 38.6 68.5

(0] 17.2 28.4
mean 21.3 41.8
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The results showed that there was a large fluctuation in the
sand percentage in the most factories during manufacturing,
both within a single manufacturing cycle or between different
manufacturing cycles Figure (2a, b and c). The initial sand
percent in organic raw materials exceeded 20% in eight
factories, these factories are Q factory (use chicken manure);
P,T (use cow manure); A,J, K, M, and N (use mixed organic
materials). Results showed that the sand percent decreased in
final product, compared with the initial sand percent in only
twelve factories (48%); seven of them used chicken manure,
three used cow manure and two used mixed organic material. |
contrast, the percentage of sand has increased in the final
product in 52% of the types of compost under study, compared
with the initial percent, which indicates that the source of
increased sand in compost was inside the factory, either during
flipping and use cranes, or added intentionally to this ratio of
sand to tackle a problem or increasing production.
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Figure (2a): Percentage of sand % in chicken compost (factory Q)
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Figure (2c): Percentage of sand % in cow compost (factory K)

Bulk density

The initial apparent bulk density values of organic matters
used in the manufacturing of compost ranged from 117gL™ (in
H factory) to 1110.0 gL™ (in T factory), while the final
apparent bulk density ranged from 340.0 gL ™ (in U factory) to
1000gL™ (in P factory) Table (4a, b and c).

Table (4a): Bulk density of chicken compost samples

Bulk density gL-1

Compost Type of raw

Facility code  materials Initia Final bﬁﬁg%?y
B 510.0 404.3 -105.7
E 713.7 596.7 -117
F Chicken 565.3 583.3 18
Q Manure 655.0 510.0 -145
R 370.0 620.0 250
S 760.0 391.7 -368.3
V2 758.3 426.7 -331.6
V3 548.3 530.0 -18.3
w 650.0 526.7 -123.3
mean 614.5 510.0 -

Table (4b): Bulk density of cow compost samples

Bulk density gL-1

Compost Type of raw -
i ; L " Changein bulk
Facility code materials Initial Fina density
C 566.7 6253 58.6
D 666.3  859.0 192.7
| 419.7 4473 276
P 645.0 1000.0 355
T Cow manure 11100 810.0 -300
U 2717 3400 68.3
Vi 638.3 566.7 -71.6
mean 616.81 664.04 -

Table (4c): Bulk density of mixed organic materials compost

samples
Compost Typeof raw — dmtér?a;;e n bulk

Facility code materials Initid Fina density
A 5233 404.7 -118.6
G 1230 4100 287
H 1170 8300 713
J 480.0 5107 30.7
K Mixed organic  524.3  546.7 224
L materials 1740 9733 799.3
M 3133 6167 303.4
N 508.3 800.0 2917
o 476.7 780.0 303.3

mean 360.0 6525 -

Bulk density is the weight per unit volume of compost and it
used to determine the volume of compost which may be
transported on a given occasion. It was found that the apparent
bulk density was affected by the ratio of sand in the compost.
About 59% of the compost types under study registered higher
or lower values of the apparent density compared with the
value suggested by CCQC. Although the saturation capacity of
the final product of the compost ranged from 62.9 to 259.3%,
but the available water for the plant was less than that and
ranged from 2.3% to 25.2%. The particle densities of the
compost materials, particularly the chicken compost, appear to
be low, especially at the higher moisture contents. In the
material with higher moisture contents, small pockets of air
may have been surrounded by moisture, and the pressurized air
may not have penetrated these trapped spaces, resulting in a
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low microbial development and a subsequently low particle
density value. The remaining particle densities correspond
with published values (Agnew and Leonard 2003). The control
of parameters such as bulk density have determined to be key
for composting optimization since it determine the optimal
conditions for microbial development and organic matter
degradation (Rhichard et al., 2002; Agnew and Leonard, 2003;
Liang et al., 2003). Compost contains a wide variety of
materials such as mixed organic materials compost which vary
substantially in particle size. Compost particle size distribution
will affect the porosity of the media to which it is added.
Particle size distribution is an important factor influencing the
bedding moisture content, compaction and bulk density. Bulk
density decreases with increase in particle size. As the particle
size becomes larger, the gap between the particles increased
keeping more unoccupied space. The fine particles less than
Imm in diameter were decreased in the compost which
produced from chicken manure, while the main particle size
distribution is greater than 4mm (factories B, E, F, Q, R, S,
V2, V3and W). In F, Q, R and W composts the particle size
distribution arranged from 4- 8mm in diameter (Table 5a, b
and c).

Table 5(a): Particle size distribution of chicken manure compost

Compost % of particle size distribution

Particle size distribution of the compost is an important
parameter that influences the water holding capacity, rate of
microbial activity and aeration within the pack. The fine
particles improve handling, mixing, aeration and composting
(Janni and Jeff Reneau, 2005), while larger particle sizes
increase gas exchange and surface drying. Water holding
capacity of the compost increased with the decreasing particle
size. Water holding capacity provides information on the
amount of water that can be absorbed by the compost material.
High water holding capacity allows the compost to absorb
water into the mixture (Chang et al., 1983; McCoy, 1992).
Water holding capacity varied from 62.9 % (T factory) to
259.3 % (V1 factory). The wide variations in water holding
capacity in compost are usualy attributed to quantity % of
sand. Compost with high sand content 60% or more e.g., H, L,
N and T had lower water hold capacity to 100,6%, 93.1%,
62.9% and 84.2% respectively, while compost with low sand
content 6.2% or lesseg., B, F, R, S, U and V1 had high water
hold capacity 169%, 240.2%, 230.9%, 208.1%, 225.8% and
295.3%.

(Figure 3a,b and c) showed the water holding capacity of the
different kind of composts produced from chicken manure (A),
produced from cow manure (B) and produced from mixed
manure (C).

Fecility ~— RaW
Code materiadl <Imm  2-1mm  42mm  84mm  >8mm 300
B 22 132 143 %1 252 s A
E 27.2 74 11.8 18.0 356 oot I a
F 20.9 101 6.5 456 16.7 - =
Q 20.2 16.3 285 18.2 16.8 ® 200 a ?
R Chicken 194 214 22.7 22.9 135 £ 1 . a
S manure 111 11.4 16.2 19.9 41.8 150
V2 17.3 155 31.6 38 318 125 I I
V3 20.6 19.04 21.0 7.4 322 100
W 21.3 19.4 28.00 24.4 6.9 B E F @ R S V2 Vi W
mean 20.0 14.9 20.1 20.6 24.5 Compost facilty code
Table 5(b): Particle size distribution of cow manure compost
Compost Raw % of particle size distribution 300 a
Facility - 275 B
material  <lmm  2-1mm  42mm  84mm  >8mm 250 a
Code 225 ab
C 35.0 14.0 14.3 19.9 15.2 200 [ b
D 48.9 75 9.3 145 19.8 e 12
| 41.9 139 18.6 17.5 8.0 g2 i35 .
P Cow 318 14.3 185 95 25.4 x 100 - c
T manure 53.8 13.1 16.7 77 8.8 50
U 341 18.2 255 95 12.7 25 I l
Vi 34.4 239 229 8.8 95 o
mean 40.0 14.9 17.9 125 14.2 c o ' P T vV

Table 5(c): Particle size distribution of mixed organic
materials manure compost

Compost % of particle size distribution
Facility I:taw a 2-1 4-2 8-4
Code maten <Imm mm mm

47.4 24.4 8.2 12.9 7.0

15.1 11.8 12.7 50.8 9.6

389 12.9 12.3 27.8 8.7

Mixed 45,9 12.2 11.6 185 11.6

organic 57.8 11.3 10.5 11.2 11.9

materials 33.0 10.2 12.6 16.9 27.2

414 15.4 18.8 9.2 15.2

239 14.4 36.4 12.2 13.1

28.8 183 222 10.4 20.

36.9 14.6 16.1 18.8 13.8

>8 mm

§OZ§|—7<<_.IG)>

Compst facilty code

Figure (3): Water holding capacity of different kind of compost:
(A) Chicken manure compost, (B) Cow manure compost, and (c)
mixed manure

Conclusion

This study has confirmed the need for a standard specification
for compost manufactured in the Kingdom for agricultural use
based on international standards for compost and soil
characteristics and climatic conditions in the kingdom.
Comprehensive standard specification has been proposed in
this study for the most important characteristics of compost
that can evaluate the quality, maturity and suitability for
agricultural use. These specifications included the physical,
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chemical and biological characteristics of compost. A
laboratory method that must be followed to measure these
specifications was also mentioned. The study also concluded a
number of recommendations and suggestions that would
develop and improve the production of compost in the
Kingdom.
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