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ABSTRACT
The present investigation aims at studying the effect of application of biogas manure and filter cake (Filter
mud), as a natural soil amendments, on improving some properties of desertic soils and their implications on
barely plant grown thereon. A pot experiment was carried out at the greenhouse of soils and water department,

Faculty of Agriculture, Benha University, Egypt, using perforated PVVC pots of 5 kg capacity and barley (Hordum

vulgare cv. Giza 123) as a test plant. Two surface soil samples (0 - 30 cm) differed in their texture and calcium

carbonate content, were collected, to achieve these aims, from El-Hammam region, North-Western Coast of

Egypt, to represent desertic soils. Biogas manure and filter cake (filter mud) were added at a rate of 0, 1, and 2 %

(w/w) and thoroughly mixed with the soil and incubated for two months at moisture content equivalent to field

capacity. Ten grains were planted in each pot. Irrigation was done with tap water so as to reach the water holding

capacity of the soil. After complete germination plants were thinned to 5 per pot. Macronutrients of N, P and K

were added to all pots according to the rates equivalent to those recommended by the Ministry of Agriculture. The

experimental design was factorial randomized complete block design with two factors, in three replicates. At
maturity, plants were harvested and soil samples were taken from each pot for physical and chemical analyses.

The obtained results show that:

1. The main effect of the rate of application of biogas manure and filter cake to the sandy loam soil (Soil 1)
show that soil salinity significantly decreased at R; (1 % ) while slightly increased due to the application of
Rz (2 % ). However, application of biogas manure and filter cake to the loamy sand soil (Soil 2) significantly
and progressively increased its salinity with the rate. There was a significant difference between the biogas
manure and filter cake effect on soil salinity.

2. The main effect of the organic amendment shows that the application of both amendments significantly
increased the organic matter content of the both soils and the increase due to the application of biogas manure
was higher in the case of the sandy loam soil (S1) than that occurred due to the application of the filter cake,
and vice versa occurred in the case of the loamy sand soil (S2).

3. The main effect of the rate of application of the both amendments shows that the CEC value significantly and
progressively decreased in the sandy loam soil (S1), while it increased in the loamy sand soil (S2); the biogas
manure was more effective than the filter cake in increasing the CEC value of the soil

4. Auvailable N, P and K content significantly and progressively increased with increasing the rate of the applied
amendment to both soils. There was a significant difference between the biogas manure and filter cake in
increasing the available N, P and K content in the two soils, where filter cake was more efficient than the
biogas manure in this respect.

It could be concluded that application of biogas manure and filter cake improved the majority of soil properties
and the improvement depends on the properties of the applied amendment, the application rate and the native soil
properties. Filter cake was more efficient than the biogas manure in improving soil properties.
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plants.
Introduction synonymous with land degradation in dry lands,
manifesting in vegetation loss, water and wind

Land is the major permanent renewable resource
and faces the greatest threat of degradation. Land
degradation is often attributed to human causes
(Gray, 1999; Misak et al., 2002). The United
Nations Convention to Combat Desertification
(UNCCD, 1994 and Gad and Abdel-Samie, 2000)
defined desertification as land degradation in arid,
semiarid and dry sub humid areas resulting from
climatic variations and anthropogenic activities. It is

erosion, salinization of irrigated soils and soil
compaction (Dregne, 2002; Tewari and Arya,
2005; Wessels et al., 2007 and Wessels et al., 2008
and D’Odorico et al., 2012). It was therefore
hypothesized that desertification has effect on the soil
organic  carbon  (SOC) (Abubakar and
Eniolorunda, 2016). Generally, arid soils have poor
quality due to very low levels of soil organic matter
(Ravi et al., 2010). Currently, Egypt’s population is
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confined to a fine strip of arable land along the Nile
River, while deserts account for around 96% of
Egyptian land (EEAA, 2007 and Ali, 2013). Land
reclamation remains high on the agenda of the
Egyptian Government and is supported directly or
indirectly by international agencies (Bush, 2007).
Desert reclamation is one of the priorities to
compensate for the loss of agricultural land in Egypt
(Aldabaa et al., 2010).

For the urgent need to meet food and dress
demands in Egypt, more desert areas either sandy or
calcareous have to be put under cultivation. Such
soils are poor with respect to their physico-bio-
chemical properties, soil water-plant relationships as
well as their nutritional status.

Sandy soils are mainly infertile with poor
physical chemical properties and require addition of
organic manure (Foth, 1990 and Campbell et al.,
2002) to improve their fertility. The productivity of
sandy soils is mostly limited by their low capacity
water for retained and nutrients due to excessive deep
percolation losses, which reduce the efficiency of
water and fertilizer use by plants. Organic manure
increases structural stability and water retention of
sandy soils (Nyamangara et al., 2001). So, soil
conditioners have been recommended to be effective
tools for increasing water holding capacity, reducing
infiltration rate and cumulative evaporation and
improving water conservation of sandy soils. In
Egypt, improving sandy soils is considered as an
important part of the agricultural security program.
Sandy soils represent about 90% of the Egyptian
soils. Such soils represent a great hope for the
agricultural expansion.

Calcareous soil is defined as having the presence
of significant quantities of free excess lime (calcium
or magnesium carbonate) (El-Hady and Abo-
Sedera, 2006). Calcareous soils cover more than of
30% of the earth’s surface and their CaCO3 content
varies from a few percent to 95% (Balba, 1989).
Calcareous soils occur naturally in arid and semi-arid
zones as well as in humid and semi-humid zones
particularly where their parent materials is rich in
CaCOs; (Brady, 1990). Organic and mineral soil
amendments are soil improving agents. Among the
natural soil conditioners, which have been used in
Egypt for reclamation of sandy and sandy
calcareous soils are organic manures and composts.

Organic and inorganic soil amendments are
commonly added to soil for improving its physical
and chemical characteristics which promote plant
growth. Soil physical and chemical characteristics
are affected by soil amendment and production
system (Tejada and Gonzalez, 2004 and Aksakal
et al., 2012)). Thus, the organic soil amendments are
usually mixed with soil to provide the optimal

physical and chemical environment (Yangyuoru et
al., 2006) to the growing plants. It is now widely
recognized that soil organic matter (SOM) plays an
important role in soil chemical (pH, base saturation,
salinity and CEC changes) and physical (bulk
density, stabilization of soil structure and aggregate
formation) properties (Yilmaz and Alagéz, 2010).
Soil organic matter improves the physical, chemical
and biological properties of soil, and crop residue
recycling is an important factor influencing soil
organic matter levels (Zia et al., 1993 and Watson
et al., 2002).

According to ElI-Banna et al. (2011), in Egypt,
barley is the effective choice in the risky conditions
such as poor soils and newly reclaimed areas, which
suffer from water shortage and water quality. Barley
(Hordeum vulgare L.) is the main crop grown in a
large scale in the North Coastal Region of Egypt and
also in the newly reclaimed lands with saline soils
and shortage of fresh water. Barley production area
increased in the new reclaimed lands under different
irrigation systems.

Thus, the main objective of the current study is to
improve some physical and chemical properties of two
desertic soils, differed in their calcium carbonate
content, and their productivity through the application
of filter cake and the biogas manure as natural
amendments and the implications on barley plant
growth and nutrient and uptake.

Materials and Methods

A pot experiment was carried out under the
greenhouse conditions at Faculty of Agricultural,
Soils and Water Department, Benha University,
during winter season of 2015-2016 to assess the
effect of applying the filter cake and biogas manure,
as a natural soil conditioners, on some chemical and
physical properties of the soils under study and their
effect on the plants grown thereon. Two surface soil
samples (0 - 30 cm), differed in their texture and
calcium carbonate content, were collected from El-
Hammam region, North-Western Coast of Egypt, lies
between latitudes 30° 45’ - 31° 00’ N and longitudes
28°30'29° 00’ E. The North-Western Coast of Egypt
(NWCE) represents one of the high priority regions
for future development and is one of the main
challenging regions for sustainable development.
Filter cake or mud is one of the waste materials
available from the industries of sugar can, composted
and used as natural organic amendment.

The collected soil samples were air dried, crushed
and sieved to pass through a 2 mm sieve. Physical and
chemical properties of the studied soils, which were
determined according to the methods cited by Klute
(1986) and Page et al. (1982) are shown in Table 1.
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Table 1. Physical and chemical properties of the studied soils .

Property Soil 1 Soil 2
Particle size distribution
C. Sand (%) 27.87 30.40
F. Sand (%) 37.43 48.60
Silt (%) 30.65 14.00
Clay (%) 4.05 7.00
Soil texture * Sandy loam Loamy sand
Saturation percentage (%) 47.90 30.60
Field capacity (%) 24.41 5.49
Wilting point (%) 2.76 0.33
Available water (%) 21.65 5.16
Bulk density (Mg m™®) 1.24 1.59
Hydraulic conductivity (cm h?) 0.99 1.11
OM (g kg?) 24.81 32.12
CEC (cmmol, kg soil %) 34.68 25.10
Ca COs (g kg?) 327.00 291.00
pH 7.80 7.70
EC (dS m?) 12.70 1.00
Soluble ions (mmolc L) (in Saturated soil paste extract)
HCO3 6.89 3.30
COs* 0.00 0.00
Cl 63.63 3.13
SO4* 56.16 3.85
Ca? 36.61 5.88
Mg** 21.76 2.30
Na* 65.35 1.66
K* 2.96 0.44
Available nutrients (mg kg*)

Available N 129.5 66.5
Available P 11.26 11.90
Available K 688.00 526.00

pH and EC: were measured in the saturated soil paste extract and SO, was calculated by the difference between the sum of cations and the

sum of anions .
* According to international soil texture triangle.

The greenhouse experiment:

Perforated PVC pots with dimensions of 10 cm
depth and 25 cm diameter, and a capacity of 5 kilo
gram were used in the current study. Each pot was
uniformly packed with 5 kg of soil and incubated for
two months at moisture content equivalent to field
capacity. Filter cake and Biogas manure were added
at a rate of 0, 1, and 2 % and thoroughly mixed with
the soil. Chemical and physical properties of the
organic amendments used in the current study are
shown in Table 2. Barely plant (Hordum vulgare cv.
Giza 123) was used as a test plant. Ten grains were
planted in each pot on November 1% 2015.
Macronutrients of N, P and K were added to all pots
according to the recommended dose of the Egyptian
Ministry of Agriculture. Irrigation was done with tap
water so as to reach water holding capacity of the soil
(about field capacity). After complete germination
plants were thinned to 5 per pot.

Fertilization:
N was added at 200 mg N kg, while P and K were
added at 15 and 50 mg kg™ respectively. Fertilizer

sources were ammonium  sulphate, calcium
superphosphate, and potassium sulphate. N was added
in 3 doses (20% at sowing, 40 % with the first
irrigation and 40 % with the second irrigation) while
P and K were added during soil preparation,
immediately before seeding.

The experimental design was factorial
randomized complete block design with two factors,
in three replicates, as follows:

Factor A: Organic amendment (O), two organic
amendment as follows:
(M Biogas manure (O1)
(i) Filter cake (Filter mud) (Oz2).
Factor B: Rate of application (R), three rates as
follows:
i Ro : No application of amendment
ii. R:1 1 % organic amendment (w/w)
iii. R2 2 % organic amendment (w/w)

At maturity, plant height, the number of tillers
and spikes were recorded, then, plants were
harvested.
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Soil analysis:

A sample of sail representing the soil used in the
experiment before initiation of the experiment was
analyzed for the main physical and chemical
properties. After harvesting of plants undisturbed soil
samples were taken for physical analysis. Also, soil

samples were taken from each pot for chemical
analysis.

Statistical analysis:-
Results were statistically analyzed according to
Snedecor and Cochran (1980).

Table 2. Chemical and physical properties of the organic manures used in the current study.

Properties Biogas manure Filter cake
Moisture content (%) 19.1 9.65
Bulk density (Mg m®) 410.00 0.27
pH at (1:10 suspension) 7.80 6.60
EC (dS m) at (1:10 suspension ) 5.50 4.30
CaCOs (gkg?) 80.00 115.00
CEC (mmol. kgt) 155.94 451.39
Organic carbon (g kg?) 28.29 17.67
Organic matter (g kg™) 49.00 30.39
Total nitrogen (g kg™) 1.90 2.8
C: N ratio 15:1 6.31:1
Total P (g kg?) 11.50 18.40
Total K (g kg?) 8.00 10.50

Results and discussion

1-Effect of application of organic amendments on
soil properties:
a - Effect on chemical properties:

Results in Tables 3a, 3b and 3c show the effect of
applying the biogas manure and filter cake on soil
salinity, organic matter content and the CEC of the soil
under study, respectively.

Concerning the effect on soil salinity (Table 3 a)
, the main effect of the rate of application of biogas
manure and filter cake at increased rate to the sandy
loam soil (Soil 1) show that soil salinity significantly
decreased at Ri (1 % ) while slightly increased due
to the application of Rz (2 % ). However, application
of biogas manure and filter cake at increased rate to
the loamy sand soil (Soil 2) significantly and
progressively increased its salinity with the rate. On
the other hand, the main effect of the organic manure
applications shows that there is a significant
difference between the biogas manure and filter cake
effect on soil salinity, where in the case of the sandy
loam soil (Soil 1), the application of biogas manure
slightly increased its salinity whereas the application
of filter cake significantly decreased it. In the case of
the loamy sand soil (Soil 2), application of the biogas
manure and filter cake significant increased its
salinity, and the increase in the case of application of
the biogas manure was higher than the increase in the
case of filter cake application.

Respect the effect of the organic amendments on
the organic matter content of the soils under study
(Table 3 b), the main effect of the rate of application
shows that organic matter content in both soils
significantly and progressively increased with
increasing the rate of application. On the other hand,
the main effect of the organic amendment shows that

the application of both amendments significantly
increased the organic matter content of the both soils.
However, in the case of the sandy loam (S1) the
increase (11.15 %) in organic matter content occurred
due to the application of biogas manure was higher
than the increase (7.17 %) occurred due to the
application of the filter cake, compared with Ro and
vice versa occurred in the case of the loamy sand soil
(S2) where the filter cake increased the organic
matter content by (45.46 %) whereas the biogas
manure increased it by (45.05 %) compared with Ro .
On the other hand, the increase in the organic matter
content in the loamy sand soil (S2) was higher than
that of the sandy loam soil (S1), where the increase
was 11.15 % and 7.17 % for the sandy loam (S1), and
45.05 % and 45.46 % for the loamy sand soil (S2) due
to the application of biogas manure and filter cake,
respectively.

As for the effect of application of the organic
amendments under study on the CEC of the studied
soils (Table 3 c), the main effect of the rate of
application shows that the CEC value significantly
and progressively decreased in the sandy loam soil
(S1), while it increased in the loamy sand soil (S2)
due to the application of the biogas manure and filter
cake at increased rate. The increase in the CEC value
of the loamy sand soil could be attributed to its high
content of organic matter owing to the application of
these organic amendments compared with the sandy
loam soil.

The main effect of the organic amendments
shows that there is a significant difference, in the
value of the CEC obtained due to the application the
biogas manure and filter cake. In the case of the sandy
loam soil (S1) the filter cake amendment caused a
high decrease by 14.22 % in its CEC value whereas
the biogas manure caused a decrease by 3.54 % as
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compared with non application (Ro). In the case of
the loamy sand soil (S1) the application of biogas
manure and the filter cake increased its CEC value by
10.28 % and 2.13 % respectively, as compared with
non application (Ro); and the increase was higher
with the application of the biogas manure than with
filter cake. There was an interaction effect between

the organic amendment and the rate of application,
where the application of filter cake at R1 (1 % )
decreased the CEC value of both soils then increased
it with the application of R, (2 %). Application of
biogas manure at increased rate decreased the CEC
value of the sandy loam soil (S1), while increased
that of the loamy sand soil (S2).

Table 3. Effect of application of biogas manure and filter cake as a natural organic amendments on the soil salinity
(ECe dS m™), organic matter content (g kg soil™) and CEC (mmolc g kg) of a desertic soils.

a: ECe
ECe (dSm™)
Organic Soil (1) Soil (2)
amendment (O) Rates of addition (R)

Ro R1 R Mean Ro Ri1 R> Mean
0 11.20 11.02 11.77 11.33 2.56 4.20 6.17 4.31
0O, 11.20 9.67 10.70 10.52 2.56 3.72 4.16 3.48

Mean 11.20 10.35 11.24 2.56 3.96 5.17

LSD at 5% 0=0.14 R=0.17 OxR =0.30 0=008 R=0.06 OxR=0.13

O, = Biogas manure; O, = Filter cake; ns: not significant Ro=no
R2=2 % (w/w) Sl1= sandy loam soil S2 = loamy sand soil .

n addition R;=1 % (w/w)

B: OM
Organic matter content (g kg soil ™)
Organic Soil (1) Soil (2)
amendment (O) Rates of addition (R)
Ro R1 R2 Mean Ro R1 R2 Mean
01 33.59 38.43 39.86 37.29 22.04 35.44 38.42 31.97
02 33.59 36.26 38.16 36.00 22.04 30.58 43.55 32.06
Mean 33.59 37.35 39.01 22.04 33.01 40.99
LSD at 5% 0=0.26 R=0.26 OxR=0.55 0=045 RO0.60 = OxR =0.12
See footnotes of Table 3a.
C:CEC
CEC (mmolc kg soil™h)
Organic Soil (1) Soil (2)
amendment (O) Rates of addition (R)
Ro Ri1 R2 Mean Ro Ri1 R2 Mean
01 40.68 40.64 36.40 39.24 43.58 48.91 51.70 48.06
0O, 40.68 31.74 32.18 34.87 43.58 42.48 47.47 4451
Mean 40.68 36.19  34.29 43.58 45.69 49.58
LSD at 5% 0=0.18 R=0.22 O xR =0.38 0=0.14 R=0.24 OxR =0.40

See footnotes of Table 3a

b. Effect on the available nutrient contents:
Results in Tables 4a, 4b and 4c show the effect
of application of the studied organic amendments on
the available nutrient contents of the soils under
study. The main effect of the rate of organic
amendment application shows that available N, P and
K content in the studied soils significantly and
progressively increased with increasing the rate of
the applied amendment. The highest available N, P
and K content was obtained due to the application of
the highest rate of the applied amendment. This
pattern of response occurred in both soils under
study. However, the available P content in the loamy
sand soil (S2) was higher than that of the sandy loam
soil (S1); this could be attributed to the high content

of CaCOs; in sandy loam soil compared with the
loamy sand one.

The main effect of the applied amendment shows
that there is a significant difference between the
biogas manure and filter cake in increasing the
available N, P and K content in the two soils except
with available K in the sandy loam soil (S1) where
the difference was not significant. Also, the main
effect of the applied amendment shows that the filter
cake was more effective than the biogas manure in
increasing the available nutrient contents except for
available K where the biogas manure was more
efficient in this respect. The effectiveness of filter
cake in increasing available N and P content in the
studied soils could be attributed to its high content of
these nutrient as compared with the biogas manure.
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Table 4. Effect of application of biogas manure and filter cake as a natural organic amendments on the available

nutrient contents (mg kg™) of a desertic soils.

a: Available nitrogen content

Available nitrogen content (mg kg soil)

Organic Soil (1) Soil (2)
amendment (O) Rates of addition (R)
Ro R1 R> Mean Ro R1 R> Mean
O 64.00 66.68 88.67 73.12 41.33 46.33 58.33 48.66
0O 64.00 88.67 106.33 86.33 41.33 45.67 69.67 52.22
Mean 64.00 77.68  97.50 41.33 46.00 64.00

LSD at 5%

0=10.70 R=9.50 O x R=18.50

0=130 R=129 OxR=225

See footnotes of Table 3a.

b: Available phosphorus content

Available phosphorus content(mg kg soil)

Organic Soil (1) Soil (2)
amendment (O) Rates of addition (R)
Ro R1 R> Mean Ro R1 R> Mean
O 6.13 11.42 17.64 11.73 8.48 14.44 20.83 14.58
02 6.13 24.15 26.88 19.05 8.48 25.18 31.53 21.73
Mean 6.13 17.79  22.26 8.48 19.81 26.18

LSD at 5%

0=130 R=1.20 OxR=2.30

0=112 R=110 OxR=2.03

See footnotes of Table 3a

c: Available potassium content

Available potassium content (mg kg)

Organic Soil (1) Soil (2)
amendment (O) Rates of addition (R)
Ro R1 R Mean Ro R1 R> Mean
O 602 627 681 637 499 564 682 582
02 602 648 655 635 499 509 550 519
Mean 602 638 668 499 536 616

LSD at 5% 0=15 R=13 OxR =20

0=20 R=18 OxR =25

See footnotes of Table 3a.

2- Effect on physical properties:

a. Effect on total porosity, pore size distribution
and bulk density.

Effect on total porosity (TP)

The effect of applying the natural organic
amendments under study on the total porosity of the
studied soils is shown in Table 5.

Results in Table 5 show the effect of application
of the natural organic amendments on total porosity.
The main effect of the rate of application of the
natural organic amendments under study, to the
sandy loam soil (S1) show that TP significantly and
progressively increased with increasing the rate of
application. However, the increase in total porosity
due to the application of R1 (1 % ) was higher than
that obtained due to the application of R2 (2 %) and
there was no significant difference between the two
rates. There was no significant difference between
the two amendments in increasing the total porosity
of the soil. However, there was an interaction effect
between the rate of application and the kind of the
amendment, where the application of the biogas
manure increased the total porosity of the soil with

increasing the rate of application, and the increase
was significant only with the application of R2 (2 %)
compared with RO ( 0 % ); and there was significant
difference between R1 and R2; whereas the
application of filter cake (filter mud) significantly
increased the total porosity of soil 1 with increasing
the rate of application. However, the increase due to
the application of R1 (1 %) was higher than that
obtained due to R2 (2 %) application.

Concerning the loamy sand soil (S2), the main
effect of the rate of application show that total
porosity increased due to the application of R1 (1 %)
, however the increase was not significant. There was
a significant difference between the two
amendments, where the value of total porosity
obtained due to the application of biogas manure was
higher than that obtained due to the application of
filter cake (filter mud) and significant. On the other
hand, the interaction between the kind of amendment
and the rate of application show that application of
the biogas manure at R1 (1 % ) and R2 (2 %)
increased the total porosity of the soil under
consideration as compared with RO , however the
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increase was significant only at R1 of application,
whereas the application of filter cake decreased the
total porosity with increasing the rate of application
from RO up to R2; the decrease was not significant
and was higher at R1 than at R2.

The increase in total porosity due to the
application of the biogas manure compared with filter
cake may be due to its high content of clay and organic
matter which act as a cementing agent between soil
particles and caused aggregation of these particles,
and consequently increases soil porosity.

Table 5. Effect of application of biogas manure and filter cake as a natural organic amendments on the total

porosity (%) in a desertic soils.

Total porosity (TP) %

Organic Soil (1) Soil (2)
amendment (O) Rates of addition (R)
Ro R1 R Mean Ro Ri1 R> Mean
01 47.90 49.13 55.81 50.94 30.60 39.67 32.91 34.39
02 47.90 57.44 49.95 51.76 30.60 27.68 28.12 28.80
Mean 47.90 53.28 52.88 30.60 33.67 30.51
LSD at 5% O=ns R=207 OxR=292 0=278 R=ns OxR=4.82

See footnotes of Table 3a.

Effect on pores size distribution:

Results in Table 6a show that application of
biogas manure and filter cake , at increased rate, to
the soils under study, significantly decreased quickly
drainable pores percent (QDP %) in the sandy loam
soil (S1) especially at R1(1 %) of application then
significantly increased it at R2 (2 %) of application,
whereas, significantly decreased it in the loamy sand
soil, and the highest decrease occurred at R2 (2 %) of
application. The decrease in the QDP percent could
be attributed to that the fine particles of the applied
amendment precipitated between the soil particles
and hence decreased the volume of the soil pores. The
decrease in QDP percent in the such soil is desirable
for saving water for plants.

The main effect of the organic amendments show
that there was a significant difference between the
two amendments, where in the case of the sandy loam
soil (S1) the application of the biogas manure
significantly increased QDP % , whereas the
application of filter cake significantly decreased the
QDP % . The increase in the QDP percent in a such
soil is desirable for increasing water drainage from
the soil since its high content of CaCOs reduce water
movement due its swelling. In the case of the loamy
sand soil (S2) the application of both amendments
significantly decreased the QDP %. However, the
decrease due to the application of filter cake was
higher than that obtained due to the application of
biogas manure.

There was an interaction effect between the kind
of the applied amendment and its rate of application.
In the case of the sandy loam soil (S1), application of
biogas manure significantly increased the QDP %
with increasing the rate of application from RO up to
R2 , whereas, application of filter cake significantly
decreased the QDP % at R1 and significantly
increased it at R2 of application. In the case of the
loamy sand soil (S2), application of biogas manure
significantly increased the QDP % at R1 whereas
significantly decreased it at R2 of application. On the

other hand, application of filter cake the same trend
occurred in the sandy loam soil (S1).

Concerning the effect of the studied organic
amendments on slowly drainable pores percent (SDP
%), the main effect of the application rate (Table 6b)
shows that , in the sandy loam soil (S1) it
significantly increased with increasing the rate of
application, whereas, in loamy sand soil (S2) it
significantly increased at R1 then decreased at R2 of
application.

The main effect of organic amendment
application shows that there was a significant
difference between the two amendments in the sandy
loam soil (S1), where the application of filter cake
significantly increased SDP % more than the biogas
manure. On the other hand, there was no significant
difference between the two amendments in the case
of the loamy sand soil (S2); however, the SDP %
obtained due to the application of biogas manure was
higher than that obtained due to the application of
filter cake.

The interaction effect between the kind of organic
amendment and the rate of application shows that
application of biogas manure to the sandy loam soil
(S1) significantly decreased the SDP % in the soil
especially at R1 where the lowest SDP % was
obtained, whereas, the application of filter cake to the
same soil significantly increased the SDP % and the
highest SDP % was obtained at R1 of application.

As for the effect of the organic amendments on
the water holding pores percent (WHP %), results in
Table 6c show the main effect of the rate of
application and the main effect of organic
amendments application. The main effect of the rate
shows that application of the two organic
amendments at increased rate significantly increased
the WHP % with increasing the application rate.
However, in the sandy loam soil (S1) the highest
WHP % was obtained under R2 of application and
there was no significant difference between R1 and
R2; while in the loamy sand soil, the highest WHP %
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was obtained under R1 of application and there was
significant difference between R1 and R2.

The main effect of the organic amendments
application (Table 6c) shows that there was no
significant difference between the two studied
amendments on increasing the WHP % in the sandy
loam soil (S1) and the highest WHP % was obtained
due to the application of the biogas manure.
However, in the loamy sand soils (S2) there was a
significant difference between the two amendments
and the filter cake gave the highest WHP %.

There was a significant interaction effect between
the kind of the applied amendment and its rate of
application on WHP %, where in the sandy loam soil
(S1) the biogas manure gave the highest WHP % at
R2 application, whereas, filter cake gave the highest
WHP % at R1 application. However, in the loamy
sand soil (S2), both amendments gave the highest
WHP % at R1 of application.

Respect the effect on the fine capillary pores
percent (FCP %), results in Table 6d show that
application of both biogas manure and filter cake, at
increased rate, to the sandy loam soil (S1) decreased
the FCP % in the soil and the lowest FCP % was

obtained at R1. On the other hand, application of both
amendments to the loamy sand soil (S2) significantly
increased the FCP % in the soil and the highest FCP
% was obtained under R2 application. There was a
significant  difference between the rates of
application.

The main effect of the amendment (Table 6d)
shows that there was a significant difference between
the two amendments in decreasing the FCP % in the
sandy loam soil (S1) , where the FCP % obtained due
to the application of filter cake was lower than that
obtained due to the application of biogas manure. On
the other hand, there was no significant difference
between the two amendments in increasing the FCP
% in the loamy sand soil (S2).

There was a significant interaction effect between
the organic amendment and the rate of application to
the sandy loam soil (S1), where application of biogas
manure significantly decreased the FCP % in the soil
at R1 then significantly increased it at R2 of
application, whereas application of filter cake
decreased the FCP % with increasing the rate of
application and the decrease was more pronounced at
R2 than at R1)

Table 6 : Effect of application of biogas manure and filter cake as a natural organic amendments on the
pore size distribution in a desertic soils.

a : Quickly drainable pores

Quickly drainable pores (QDP %)

Organic Soil (1) Soil (2)
amendment (O) Rates of addition (R)
Ro R1 R2 Mean Ro R1 R2 Mean
01 20.75 24.20 28.10 24.35 25.35 31.75 4.33 20.48
02 20.75 4.31 28.18 17.74 25.35 10.01 13.10 16.15
Mean 20.75 14.25  28.14 25.35 20.88 8.71
LSD at 5% 0=140 R=172 OxR =244 0=172 R=212 OxR =299
b : Slowly drainable pores
Slowly drainable pores (SDP %)
Organic Soil (1) Soil (2)
amendment (O) Rates of addition (R)
Ro R1 R2 Mean Ro R1 R> Mean
01 0.68 0.24 0.46 0.46 0.56 2.12 0.65 1.11
02 0.68 9.60 2.54 4.27 0.56 1.12 0.35 0.68
Mean 0.68 4.92 1.50 0.56 1.62 0.50
LSD at 5% 0=0.19 R=0.210xR=0.32 O=ns R=0.77 OxR=ns
See footnotes of Table 3a.
c : Water holding pores
Water holding pores (WHP %)
Organic Soil (1) Sail (2)
amendment (O) Rates of addition (R)
Ro R1 R Mean Ro R1 R2 Mean
01 21.65 24.77 28.66 25.03 5.16 14.84 6.92 8.97
02 21.56 27.39 24.89 24.64 5.16 16.64 14.26 12.02
Mean 21.65 26.08  26.78 5.16 15.74 10.59
LSD at 5% 0=093 R=114 OXxR=ns 0=098 R=119 OxR=170

See footnotes of Table 3a.
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d : Fine capillary pores

Fine capillary pores (FCP %) (WP)

Organic Soil (1) Soil (2)
amendment (O) Rates of addition (R)
Ro R1 R Mean Ro R1 R> Mean
01 2.76 1.92 3.40 2.69 0.33 0.39 0.54 0.42
02 2.76 2.01 0.68 1.82 0.33 0.28 0.55 0.39
Mean 2.76 1.96 2.04 0.33 0.33 0.55
LSD at 5% 0=053 R=ns OxR=0.90 O=ns R=0.13 OxR=ns

See footnotes of Table 3a.

Effect on bulk density (Bd):

Results in Table 7 show the effect of the
applied organic amendments on the bulk density (Bd)
of the studied soils. The main effect of the application
rate shows that the bulk density of the sandy loam soil
(S1) significantly decreased with increasing the rate of
application especially at R2, whereas that of the loamy
sand soil significantly increased with increasing the
rate of application and the highest Bd value was
obtained at R2 of application.

The main effect of the organic amendment shows
that there was a significant difference between the two
amendments in the sandy loam soil (S1) only, where
the application of biogas manure decreased soil bulk
density more than filter cake and the decrease was
significant.

Table 7 . Effect of application of biogas manure and fil
density (Mg/m?®) of a desertic soils.

There was an interaction effect between the
kind of the amendment and its rate of application. In
the case of the sandy loam soil (S1) application of
biogas manure slightly increased Bd at R1 of
application then decreased it at R2 of application,
whereas application of filter cake significantly
decreased Bd at R2 and there was no difference
between Bd obtained at RO 1n R1 of application. In
the case of the loamy sand soil (S2), application of
biogas manure significantly decreased its Bd at R1
and significantly increased it at R2 of application and
visa versa occurred with the application of filter cake.
The decrease in soil Bd could be attributed to the
increase in soil porosity occurred due to the applied
amendment which cause the aggregation of soil
particles producing stable aggregates and hence
increase soil porosity and decrease soil Bd.

ter cake as a natural organic amendments on the Bulk

Bulk density (Mg/m?®)

Organic Soil (1) Soil (2)
amendment (O) Rates of addition (R)
Ro R1 R2 Mean Ro Ri1 R> Mean
01 1.01 1.02 0.94 0.99 1.29 1.26 1.40 1.31
02 1.01 1.01 0.99 1.00 1.29 1.37 1.28 1.31
Mean 1.01 1.01 0.97 1.29 1.31 1.34
LSD at 5% 0=0.01 R=0.01 OxR=0.02 O=ns R=0.01 OxR=0.01

See footnotes of Table 3a.

b. Effect on moisture content (%o) at field
capacity (FC), wilting point (WP) and
available water (Av.w) content:

Results in Table 8a, 8b and 8c show the effect of

application of the studied amendments on the

moisture content (%) at field capacity (FC), wilting
point (WP) and the available water (Av.w) content,
respectively.

Concerning the moisture content at field
capacity, the main effect of the rate of application
(Table 8a) shows that moisture content at field
capacity, in both soils under study, significantly
increased with increasing the application rate of both
amendments. There was no significant difference, in
soil moisture content at FC, between R1 and R2 in the
case of the sandy loam soil (S1) whereas a significant
difference, in soil moisture content at FC, occurred
between R1 and R2 in the case of the loamy sand soil
(S2).

The main effect of the kind of organic
amendment (Table 8a) shows that there was a
significant difference, in soil moisture content at FC
in both soils under study, between biogas manure and
filter cake. In the case of the sandy loam soil (S1),
application of biogas manure and filter significantly
increased soil moisture content at field capacity,
however, soil moisture content at field capacity due to
the application of biogas manure was higher than that
obtained due to the application of filter cake. In the
case of loamy sand soil (S2), visa versa occurred,
where, filter cake application increased its FC more
higher than biogas manure.

There was an interaction effect between the kind
of the amendment and the rate of application. In the
case of the sandy loam (S1) application of biogas
manure significantly and progressively increased its
FC with increasing the rate of application, whereas,
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application of filter cake significantly and
progressively increased its FC with increasing the rate
of application, but, the increase was higher at R1 than
at R2. In the case of the loamy sand soil (S2),
application of both amendments under study
significantly and progressively increased its moisture
content at FC and the increase at R1 of application was
more higher than that obtained at R2 of application.
As for the effect of the applied organic
amendments on soil moisture content at wilting point

and the available water content in both soils under
study, results in Tables 8b and 8c show that the effect
of application of both of the two studied amendments
on soil moisture content at wilting point and the
available water content in both soils take the same
behavior and effect occurred with the FCP % and
WHP % , where, physically soil moisture content at
wilting point equal to soil moisture content retained in
the FCP and the available water content equal to soil
moisture content retained in WHP.

Table 8 . Effect of application of biogas manure and filter cake as a natural organic amendments on moisture
content (%) at field capacity (FC), wilting point (WP) and available water (Av.w) content of a

desertic soils.
a : Field capacity:

Moisture content at 0.33 % bar (FC)

Organic Soil (1) Soil (2)
amendment (O) Rates of addition (R)
Ro Ri1 R2 Mean Ro Ri1 R2 Mean
01 24.41 26.69 32.06 27.72 5.49 15.23 7.46 9.39
02 24.41 29.40 25.57 26.46 5.49 16.92 14.81 12.41
Mean 24.41 28.04 28.13 5.49 16.08 11.13
LSD at 5% 0=027 R=0.32 OxR=0.45 0=191 R=236 OxR=331
See footnotes of Table 3a.
b : Wilting point
Moisture content at 15 % bar (WP)
Organic Soil (1) Soil (2)
amendment (O) Rates of addition (R)
Ro R1 R2 Mean Ro R1 R2 Mean
o1 2.76 1.92 3.40 2.69 0.33 0.39 0.54 0.42
02 2.76 2.01 0.68 1.82 0.33 0.28 0.55 0.39
Mean 2.76 1.96 2.04 0.33 0.33 0.55
LSD at 5% O0=053 R=ns OxR=0.90 O=ns R=ns OxR=ns
See footnotes of Table 3a.
¢ : Auvailable water
Available water content (%0)
Organic Soil (1) Soil (2)
amendment (O) Rates of addition (R)
Ro Ri1 R2 Mean Ro R1 R2 Mean
o1 21.65 24.77 28.66 25.03 5.16 14.84 6.92 8.97
02 21.56 27.39 24.89 24.64 5.16 16.64 14.26 12.02
Mean 21.65 26.08 26.78 5.16 15.74 10.59
LSD at 5% 0=093 R=1.14 OxR=ns 0=098 R=119 OxR=1.70

See footnotes of Table 3a.

Conclusion

It could be concluded that application of
biogas manure and filter cake improved the majority
of soil properties and the improvement depends on the
properties of the applied amendment, the application
rate and the native soil properties. Filter cake was
more efficient than the biogas manure in improving
soil properties.
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