Alex. J. Agric. Res. 53 (2) 97-117, 2008 10

IMPROVING THE HYDRO-PHYSICAL POTENTIAL OF NEW RECLAIMED SOIL
USING ENVIRONMENT-FRIEND LOCAL AMENDMENTS AT EL-FAYOUM
GOVERNORATE, EGYPT.

Abdel-Nasser A. A. Abdel-Hafeez

Received on: 24/4/2008 Accepted: 8/6/2008

ABSTRACT

National plans in Egypt promised to increase land reclamation potential horizontally and vertically; meanwhile,
practices are looking to improve the properties of new reclaimed soils. From promises to practice, this study aimed to
improve the hydro-physical properties of new reclaimed soil located in El-Fayoum Governorate, Egypt using environment-
Jriend local amendments.

Field experiment (comprised 56 units; each 3 x 3.5 m’, in completely randomized design) was conducted in new
reclaimed soil at Kom-Osheem Village, Fayoum, Egypt, to study the improving potential of locally 3 natural soil
amendments. Treatments comprised 45 tonffeddan of Taffla, 45 ton/feddan of River Nile sediments and 30 m’/feddan of
organic manure, moreover, 3 treatments of mixtures of half amount of each in combination with the other. Treatments of 4
replicates were conducted with two sets of application methods (mixed with the surface layer, 0-30 cm and a single
subsurface layer at 50 cm), then, cropped with wheat followed by maize. After harvest, yield of wheat and maize were
recorded and soil hydro-physical, pore size distribution and chemical properties were determined after each crop.

Results showed improvement on hydro-physical, pore size distribution and chemical properties of the soil, and on
yield of wheat and maize. Addition of 45 ton/feddan of Taffla increased clay content of surface soil layer. With cropping,
improvement values were increased. Afier maize, addition of mixture of 22.5 ton/feddan Taffla + 15 m’/feddan organic
manure improved available water by 50.7% and 70.0%; total porosity by 27.3% and 25.8%; fine capillary pores (FCP) by
96.7% and 91.8%; cation exchange capacity (CEC) by 105.0% and 123.8%; grains of wheat by 70 % and 65% and grains of
maize by 76.6% and 70% higher than the control with surface and subsurface application methods, respectively. Conclusions
were discussed and graphically interpreted.

Keywords: Taffla, River Nile Sediments, Organic Manure, Hydro-physical Properties, Available Water, Pore Size

Distribution, Water Holding Pores.

INTRODUCTION

nhancing the agricultural potential of new

reclaimed soils is essential to overcome hunger in
developing countries. Sandy-textured soils are
characterized by high sand contents, so, its
productivity is limited due to the high infiltration rate
and the low fertility level, water holding capacity and
organic matter contents.

National plans in Egypt promised to increase
land reclamation potential horizontally and vertically;
meanwhile, continueous active practices are looking to
improve the properties of new reclaimed soils
especially those of sandy-textured soils. Different
attempts tried to use synthetic soil conditioners to
alleviate some of these constrains (Choudhary et al,,
1998; Al-Omran et al., 1987; Al-Harbi et al., 1999).
Due to its high costs and insufficient longevity, the use
of natural amendments could be another alternative to
improve the physical and chemical properties of these
soils (Al-Omran et al., 2002 and 2004). It is reported
that water repellency of sandy soil can be reduced by
addition of small increment of clay materials (Harper
and Gilkes, 1994). Reuter (1994) reported that clay-
substrate application to sandy-textured soil was
significantly improved soil water regime, especially
percolation processes. Important consequence of clay
addition caused reduction of plant nutrient losses, as
addition of clay to the top of sandy soil has been
reported to be highly effective in reducing water

repellency and increasing crop yield (Carter et al.,
1998). The use of clay deposits may increase the
productivity of sandy soil, especially in the areas
where these materials are naturally available in
abundance and inexpensive costs (Abou-Gabal et al.,
1990). Al-Omran et al. (2005) reported that application
of clay amendments as a subsurface layer to sandy
calcareous soils increased water contents and
improved the distribution of roots in the treated layer
especially with subsurface drip irrigation. Remarkable
improvements in maize crop yield, water retention and
water use efficiency were gained in sandy soil treated
with clay (Ismail and Kiyoshi, 2007).

Natural resources of organic amendments are
known to improve such soils and to correct the
problematic properties especially those related to soil
fertility (Kononova, 1966 and Allison, 1973). Im
(1982) showed the effects of organic materials in
improving soil total porosity, hydraulic conductivity,
aggregation, permeability, erodability, compactibility
and pF parameters in different favorable properties for
plant growth. Mustafa (1982) showed the improving
effects of long term application of organic materials on
soil mechanical analysis, bulk density, real density,
total porosity, permeability and aggregation .

Abdel-Ghaffar (1982); El-Shakweer et al (1976)
and El-Shakweer et al (1997) showed that
decomposition of plant residues were reflected on the
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resulted improvement of chemical and physical
properties of the studied soil and, also, on yield of
cultivated crops and maintainance of soil productivity.

Environmentaily, some of the organic wastes
are accumulated unless it is recycled to be used as
organic soil amendments to realise as possible the
safety standard limits of pollution prevention of the
agricultural sector (EP3 project, 1996 and El-
Shakweer, 2001). The country report presented by
Hamdi and Alaa El-Din (1982) showed that
agricultural residues, animal manure, night soil,
sludge, compost of city refuse and biogas still being
potential resources of increasing soil organic matier in
Egypt.

This study aimed to measure the interaction
effects of the type and amounts of natural local soil
amendments i.e. Taffla precipitate, River Nile
sediments and organic manure, that are available in the
study region; to evaluate their application methods
(surface or subsurface applications) on soil hydro-
physical properties after two successive cropping
seasons (wheat and maize) and to determine their vital
role on the yield of two successive crops i.e. wheat and
maize in a newly reclaimed loamy sand-textured soil at
Kom Osheem village, Tamia district, El-Fayoum,
Egypt.

MATERIALS AND METHODS

A field experiment was conducted in a newly
reclaimed loamy sand-textured soil located at Kom
Osheem village, Tamia district (about 5 lo» north of
the Cairo-Fayoum disert road). Physical properties of
this soil were analyzed accordng to Klute (1986)
while the chemical properties were determined
according to Page et al. (1982) and their data are
presented in Table 1. The field experiment comprised
56 experimental units, each of which was of area of 3
x 3.5 m? and these units were designed and distributed
in a completely randomized blocks. Treatments of the
experiment comprised the following:
A- Methods of amendment application:
1- Surface application of the amendment dose at 0-30
cm depth.
2- Sub-surface application of the amendment dose as a
single layer at 50 cm depth.
B-Kind of the amendment:
With each of the two methods of amendment
application, the following 7 treatmenis were
conducted, each in 4 replicates:

Treatment No. Additions to the tested soil
1 Without addition. (Control)
2 45 ton/feddan of Taffla. (The recommended rate)
3 45 ton/feddan of River Nile Sediment (The recommended rate)
4 30 m’/feddan Organic Manure. (The recommended rate)
5 22.5 ton/feddan of Taffla + 22.5 ton/fedan of River Nile sediments. (Mixture of half of the

recommended rates).

6 225 ton/feddan Taffla
recommended rates).

+ 15 m'/feddan organic manure. (Mixture of half of the

7 22.5 ton/feddan River Nile sediments + 15 m’/feddan organic manure. (Mixture of half of

the recommended rates).

Properties of the used Taffla and River Nile
Sediment are presented in Table 2; meanwhile,
properties of the used organic manure are presented in
Table 3.

All treatments of amendments were applied in a
single dose (once) directly before cultivation. So, the
experiment comprised 2 sets of amendment
applications X 7 treatments of kind of amendments X
4 replicats = 56 experimental units.

All experimental units with its treatments were
culivaied with two successive crops i.e wheat (the
first crop), then, followed by maize (the second crop)
and the two crops were managed as follows:

The first cropping season (Wheat crop):
At 27 & November, 2006; all treatments were
cultivated with wheat (Triticum valgarre L., Var.Sakha

8). To each treatment, the following fertilizers were
added:

Superphosphate was added prior to cultivation
at a rate of 150 kg/feddan. Nitrogen was added at the
rate of 120 kg/feddan in the form of ammonium nitrate
in 5 equal doses during the growing season. The 5
nitrogen doses were applied consequently after 2 , 5, 8,
10 and 13 weeks of seeding. Potassium was applied at
the rate of 20 kg K20/feddan prior to cultivation. The
other agricultural managements practices were applied
as recommended for wheat crop in the area.

After harvesting wheat crop, representative soil
samples were taken from the layers of 0-30 cm and 30-
60 cm depths for physical and chemical analysis.
Grains and straw weights of the wheat crop were
recorded for each experimental unit.
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Table 1: Initial Properties of the tested new reclaimed soil.

Soil property Value with the depth of
0-30cm [ 30 — 60 cm
Soil Physical Properties:
Particle size distribution, % :
Coarse sand 65.9 70.2
Fine sand 18.2 8.6
Silt 7.6 14.3
Clay 8.3 6.9
Texture Loamy sand Loamy sand
Bulk density, g cm” 1.65 1.70
Hydraulic conductivity, cm h” 10.50 8.20
Field capacity, % 15.00 13.50
Wilting point, % 9.50 8.48
Available water, % 5.50 5.02
Total porosity, % 35.0 32.0
Pore size distribution, %
Quickly drainable pores 14.05 13.67
Slowly drainable pores 7.50 6.75
Volume drainable pores 21.55 20.42
Water holding pores 5.50 5.02
Fine capillary pores 7.95 6.56
Useful pores 13.00 11.77
Soil Chemical Properties
Organic matter, % 0.05 0.02
Calcium carbonate, % 3.50 2.60
pH (in soil paste ) 8.0 7.50
ECe (dSm™) 2.51 3.20
Soluble ions, m.e. L™;
Ca™ 12.06 17.05
Mg"™ 8.87 9.03
Na' 3.04 4M
K" 1.03 120
CO5” - -
HCOy 0.97 0.98
Cr 15.0 20.0
SO,” 9.03 11.01
C.E.C, me/100 g soil 3.59 2.90

The Second cropping season (Maize crop):

Then, at the 7 ® July 2007, all treatments were cultivated with maize (Zea_maize, Hagen Fardy) Single
hybrid, without additions of amendments. Superphosphate was added prior to cultivation at a rate of 150
kg/feddan.
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Table 2: Properties of the used Taffla and River Nile Sediment.

Value with the used
Properties Tatila | River Nile Sediment
L Physical Properties
Particle size distribution, %:
Coarse sand 5.50 0.60
Fine sand 8.60 25.50
Silt 10.50 26.50
Clay 75.40 47.40
Texiure clay clay
Chemical Properties
| Organic matter, % 0.05 0.65
i Calcium carbonate, % 3.00 1.6V
| pH (in soil paste ) 8.7 7.6
| ECedsm’) 6.74 1.20
Soluble ions, m.e. L
Ca™ 23.50 4.50
Mg 14.70 3.20
Na' 27.80 4.02
K’ 1.20 0.29
COy - -
HCOy 1.50 0.50
cr 45.50 8.70
SO," 20.2 2.81
C.E.C, me/100 g soil 44.0 35.0
Gypsum content, % 1.2 -

Table 3 : Analysis of the used organic manure,

Properties Value

pH 6.7
Organic carbon, % 20.31
Total N, %o 1.52
C/N ratio 13.04
Total P, % 0.92
Total K, % 1.48
Total micronutrients:

Fe, ppm 212

Mn, ppm 127

Zn, ppm 98

Nitrogen was added at the rate of 120 kg/feddan
in the form of ammonium nitrate at 3 doses during the
growing season. The first nitrogen dose was 24
kg/feddan at cultivation, the second nitrogen dose was
48 hg/feddan at the first irrigation and the third dose
was 48 kg/feddan at the second irrigation. Potassium
was applied at the rate of 24 kg K2O/feddan afier
thinning and prior to the first irrigation. The needed
agnricultural management practices were applied as
recommended for maize crop in the area. After
harvesting the maize crop, representative soil samples
were taken from the layers of 0-30 cm and 30-60 cm
depths, then, analysed for physical and chemical
properties. Grains yield of maize crop were weighted
and recorded for each treatment.

The obtained results of the experimental units

and treatments after the two crops were subjected to
statistical analysis according to Snedecor and Cochran
(1980).

RESULTS AND DISCUSSION

The obtained results are foucused on 4 aspects
related to the effects of the experiment treatments on
improving the hydrophysical properties of the tested
soil. The changes on soil physical properties are found
in Table 4; on pore size distribution are found in Table
5; on soil chemical properties are found in Table 6 and
those on the yield of two successive cropping seasons
(i.e.wheat and maize crops) are tound in Table 7.
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1- Vital role of the experiment treatments on
improving the hvdro-physical properties_of the
tested soil:

Table 4 shows the resuits of particle size
distribution, bulk density, hydraulic conductivity, field
capacity, wilting point and available water as affected
by the type of soil amendments and application
methods in the first and the second crop seasons.

The data of Table 4 show that slight
improvement in particle size distributions (i.e. silt and
clay contents) were observed with the treatment No.2
(i.e. 45 ton/feddan of Taffla (the recommended rate)
either with the surface and/or with subsurface
application methods; and also either after the first crop
(wheat) and/or after the second crop (maize) being at
its maximum with the second crop. The increase of
fine fraction in sandy-textured soils referred to
significant mechanical additions of clay deposits, and
on the other hand, to improvement in the agriculture
practices to be in easier rate. The fine materials were
serving as a coating on the coarser particles to lying in
the wide soil pores, meanwhile, regulating the
air/water balance in the root zone and hence,
increasing the water holding capacity and nutrient
solubility and availability to plants.

Table 4 elucidated that with the surface and
subsurface application methods of the tested
treatments, values of bulk density and hydraulic
conductivity were decreased as its maximum decrease
was found with the surface application method in the
treatment No.6 (i.e. addition of mixture of 22.5
ton/feddan Taffla + 15 m’/feddan organic manure)
after the first and second seasons in the surface layer
(0-30 cm), while, with the subsurface application
method, maximum decrease in bulk density and
hydraulic conductivity were found with the treatment
No.6 after the first and second season in the subsurface
layer (50 cm).

Different levels of improvement could be
indicated from Table 4 in the properties of field
capacity, wilting point and available water; which
reflected significant improving effects of the added
soil amendments. Maximum improvement was
detected with the treatment No. (6) as compared to the
other treatments, being in the surface layer (0-30 cm)
with the surface application method, and in the
subsurface layer (30-60 c¢m) with the subsurface
application method.

It could be concluded that the treatment No. 6
showed relatively superior effects on improving bulk
density, hydraulic conductivity, field capacity, wilting
point and available water in the soil layer that received
the amendment. Meanwhile, treattnent No.2 showed
the same superior effect on improving particle size
distribution through increasing the clay fraction of the
soil layer that received the amendment than the other

treatments. The above-mentioned conclusions are in
agreement with El-Sherief and El-Hady (1988);
Moussa et al. (1995);Al-Omran, et al (2002) and Al-
Omran, et al (2004).

To elucidate the above-mentioned conclusions,
Figures 1 and 2 show the relative percentages values
of increases higher than the control (the control is
relatively 100%) for the properties of clay contents and
available water while Figures 3 and 4 show the
decrease less than the control (the control is relatively
100%) for bulk density and hydraulic conductivity
with the tested treatments.

Clay deposits additions may increase the
productivity of sandy-textured soil, especially in the
areas where these materials are naturally available in
abundance and inexpensive costs (Abou-Gabal et al.,
1990). Application of clay amendments as a
subsurface layer to sandy calcareous soils increased
water contents and improved roots distribution in the
treated layer especially with subsurface drip irrigation
(Al-Omran et al., 2005); and also improved water
retention and water use efficiency in sandy soil (Ismail
and Kiyoshi Ozawa, 2007).

2- Vltal role of the exgenment treatments on
r -

The results of 'I‘able 5 show the eﬁ'ects of the
experiment treatment on total porosity (T.P.), quickly
drainable pores (Q.D.P.), slowly drainable pores
(S8.D.P.), volume drainable pores (V.D.P.), water-
holding pores (W.H.P.), fine capillary pores (F.C.P.)
and useful pores (U.P.).

It could be observed that amendments
treatments and application methods were clearly
affected the total porosity and consequently all of the
pore size distribution properties, especially those of
S.D.P, WH.P and F.CP. as compared with the
control. Treatment No. 6 (i.e. addition of 22.5
ton/feddan Taffla +15 m’/feddan organic manure)
showed superior improving effect on total porosity
than the other treatment being 14.1% and 13.5%
higher than the control with the surface and subsurface
application methods at the first crop (wheat), while
being 27.3% and 25.8% at the second crop (maize),
respectively. Also, treatment No.6 showed different
levels of improvements afier the second crop (maize)
as the improvements in the treated layer of the surface
and subsurface application methods were with the
S.D.P.17.3% and 15.6%; with the W.H.P. 50.7% and
70%; with the F.C.P.96.7% and 91.8% higher than the
control, respectively. 1t is clear that maximum
improvement was found after the second crop (maize)
with the fine capillary pores (F.C.P.) in the treated soil
layer either with the surface or subsurface application
methods.
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Table (4): Effect of the tested experiment treatments on soil hydrophysical properties.

Depth, Particle size distribution,% Bulk Hydrautic Field Wilting | Available
Treatment Cm CS |FS |Silt | Clay densit;', conductivity, | capacity | point,% water,%
'cm cm/h %

1 - Afier the first season (after wheat crop)

A- Surface application of treatments (Mixed with the 0 — 30 cm soil layer)

1 0-30 | 655 | 180 | 7.61 | 8.89 1.62 9.97 16.50 9.90 6.60
30-60 | 702 } 8.61 | 14.1 | 7.09 1.69 8.00 13.70 8.60 5.10
2 0-30 | 625 | 182 | 82 111 1.57 8.40 18.75 10.60 8.15
30-60 ] 70.1 | 8.63 | 142 | 7.15 1.68 7.38 13.80 8.60 5.20
3 0-30 | 616 [ 193 | 88 10.3 1.58 8.90 17.70 10.40 7.30
30-60 | 702 | 8.62 | 140 | 7.1 1.64 7.46 13.70 8.60 5.10
4 0-30 | 648 [ 179 |82 |91 1.60 9.24 18.00 10.50 7.50
30-60 [ 696 | 871 | 142 | 7.15 1.68 7.60 13.80 8.61 5.19
5 0-30 |632 | 183 | 8.0 10.6 1.59 9.14 19.20 10.80 8.40
30-60 | 702 {186 {141 | 7.11 1.69 7.70 13.80 8.61 5.19
6 0-30 |[63.1 | 186 | 8.1 10.2 1.53 7.87 19.50 10.90 8.60
30-60 | 69.7 | 875 | 144 | 7.12 1.67 7.30 14.04 8.65 5.39
7 0-30 |629 | 188 | 8.5 9.8 1.57 9.03 18.30 10.50 7.80
30-60 | 697 [8.72 [ 145 | 7.09 1.68 7.50 14.00 8.69 5.31
B- Subsurface application of treatments ( A single layer at the 50 cm depth)
1 0-30 | 655 | 18.0 | 7.61 | 8.89 1.64 10.08 15.30 9.60 5.70
30-60 | 70.2 | 8.61 | 14.1 { 7.09 1.66 7.87 14.20 8.70 5.50
2 0-30 | 654 | 181 | 763 | 89 1.63 8.90 15.60 9.69 5.91
30-60 | 653 | 961 | 148 | 103 1.64 6.72 16.60 9.50 7.10
3 0-30 | 654 | 181 | 7.62 | 891 1.62 9.5 1545 9.64 5.81
30-60 [ 716 | 962 | 9.8 7.2 1.64 7.13 15.5 9.10 6.40
4 0-30 [653 | 181 | 764 | 891 1.62 9.60 15.53 9.64 5.89
30-60 | 70.0 | 8.6 142 | 7.2 1.65 7.38 16.10 9.20 6.9
5 0-30 654 | 18.1 | 7.62 | 89 1.61 9.70 15.68 9.69 5.99
30-60 | 665 | 94 15.1 | 8.97 1.64 7.30 17.01 9.60 7.41
6 0-30 |653 | 181 | 7.65 | 8.92 1.60 8.61 1590 9.74 6.16
30-60 | 674 |90 148 | 8.8 1.61 6.40 17.10 9.70 7.40
7 0-30 {654 | 181 | 764 { 891 1.62 9.70 15.75 9.79 5.96
30-60 | 674 | 9.3 15.1 | 8.2 1.63 7.20 16.20 9.30 6.90

1I- After the second season (after maize crop)

C- Surface application of treatments (Mixed with the 0 — 30 cm soil layer)

1 0-30 652 | 182 | 7.66 8.96 1.58 9.45 18.00 10.50 7.50
30-60 70.3 8.6 14.0 7.15 1.68 7.9 13.90 8.65 5.25
2 0-30 606 | 19.1 | 8.6 1.7 1.49 6.30 22.50 11.90 10.60
30-60 | 700 | 8.7 14.2 7.1 1.66 6.10 14.04 8.65 5.39
3 0-30 60.1 | 200 [ 9.2 10.7 1.52 7.35 20.40 11.20 9.20
30-60 69.9 8.7 14.2 7.2 1.68 6.70 13.90 8.65 5.25
4 0-30 643 ) 182 | 83 9.2 1.55 7.98 21.00 11.40 9.60
30-60 69.7 8.8 143 7.22 1.66 7.10 14.04 8.73 5.31
5 0-30 614 | 19.1 84 11.13 1.53 7.77 23.25 12.10 11.15
30-60 69.9 8.7 14.2 7.2 1.67 7.20 14.18 8.73 5.45
6 0-30 61.7 | 193 84 10.6 1.42 5.56 23.70 124 11.30
30 - 60 69.5 8.8 14.5 7.2 1.65 6.40 14.58 8.82 5.76
7 0-30 620 | 193 | 8.7 10.0 1.50 7.66 21.6 11.60 10.00
30-60 69.5 8.8 14.6 7.1 1.67 6.90 14.45 8.90 5.55
D- Subsurface application of treatments ( A single layer at the 50 cm depth)
1 0-30 652 | 182 | 7.68 8.97 1.62 9.7 15.6 9.69 591
30-60 ! 699 | 8.7 14.2 7.16 1.63 7.54 14.9 8.9 6.00
2 0-30 630 | 190 | 83 9.7 1.62 7.35 16.2 9.88 6.32
30-60 65.0 9.7 14.9 10.4 1.55 5.49 19.7 10.3 9.40
3 0-30 635 | 189 | 8.2 9.5 1.61 8.4 159 9.79 6.11
30-60 71.3 9.7 9.9 9.12 1.58 6.23 17.6 9.7 7.9
4 0-30 642 | 187 | 79 9.2 1.6 8.61 16.05 9.79 7.9
30-60 | 69.7 | 8.7 14.3 7.3 1.61 6.15 18.60 10.00 8.6
5 0-30 633 | 192 | 8.1 9.4 1.59 8.82 16.35 9.88 6.47
30 - 60 66.1 9.5 15.3 9.1 1.60 6.31 20.5 10.7 9.8
6 0-30 630 | 193 | 82 9.5 1.58 6.72 16.80 9.98 6.82
30-60 67.1 1 9.09 | 149 8.88 . 1.50 4.75 21.1 10.90 10.20
7 0-30 634 | 19.1 8.1 9.4 1.6 8.71 16.50 10.07 6.43
30-60 | 670 | 94 | 153 83 1.56 6.40 18.90 10.20 8.70
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Clay contents
1-After the first crop (wheat)

A-Surface Application method B-Subsurface Application method
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i O 40 B O 40
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2-After the second crop (maize)
C-Surface Application method D-Subsurtace Application method
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Clay contents
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1 2 3 4 5 1 2 3 4 5
Treatment Ng ! Treatment No.

Figure 1: Relative percentage values of the clay contents with the tested treatments
* The control is considered = 100% and numbers of treatments are
explained in the “materials and methods”.

103



Improving The Hydro-Physical Potential Of New ... Abdel-Nasser A, A. Abdel-Haleez

Bulk density
1-After the first crop (wheat)
A-Surface Application method B-Subsurtace Application method
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2-After the second crop (maize)
C-Surface Application method D-Subsurface Application method
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Figure 2: Relative percentage values of soil bulk density with the tested treatments,
* The control is considered = 100% and numbers of treatments are
explained in the “materials and methods™.
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1-After the first crop (wheat)
A-Surface Application method B-Subsurface Application method
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2-After the second crop (maize)

C-Surface Application method D-Subsurface Application method
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Figure 3: Relative percentage values of soil hydraulic conductivity with the tested Treatments.
* The control is considered = 100% and numbers of treatments are
explained in the “materiats and methods”,
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Available waicr

1-After the first crop (wheat)

A-Surface Application method B-Subsurface_Application method
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Figure 4: Relative percentage values of soil available water with the tested treatments,
* The control is considered = 100% and numbers of treatments are
explained in the “materials and methods”.
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Table (5): Effect of the tested experiment treatments on pore size distribution.

Depth, Pore size distribution, % of volume basis Total porosity,
Treatment cm QD.p SDP { VDP | WH.P E.C.P u.p %
.p)

1 - After the first season (after wheat crop)
A- Surface application of treatments (Mixed with the 0 — 30 cm soil layer)

1 0-30 13.35 1.95 21.30 6.60 8.90 14.55 36.8
30 -60 13.53 6.89 20.42 5.10 6.80 11.99 32.32
2 0-30 11.24 9.08 20.32 8.15 11.78 17.23 4025
30-60 13.26 6.99 20.25 5.20 7.51 14.50 32.96
3 0-30 11.94 8.70 20.64 7.30 10.96 16.00 38.90
30-60 13.40 6.92 20.32 5.10 7.19 12.02 32.64
4 0-30 11.80 8.78 20.58 7.50 11.12 16.28 39.20
30-60 13.26 7.02 20.28 5.19 7.49 14.51 32.96
5 0-30 11.52 8.93 20.45 8.40 1245 17.33 41.30
30-60 13.12 7.05 20.17 5.19 7.92 14.97 33.28
6 0-30 11.10 9.15 20.25 6.60 15.15 15.75 42.00
30-60 12.99 7.16 20.15 5.39 8.06 12.55 33.60
7 0-30 11.38 9.00 20.38 7.80 12.42 16.80 40.60
30-60 12.92 7.19 20.11 5.31 8.34 12.50 33.76
B- Subsurface application of treatments ( A single layer at the 50 cm depth)
1 0-30 13.77 7.80 21.57 5.70 8.43 13.50 35.70
30-60 13.26 7.09 20.35 5.50 7.45 12.59 33.30
2 0-30 13.35 8.03 21.38 5.91 9.46 13.94 36.75
30-60 11.20 8.10 19.30 71.10 10.10 15.20 36.50
3 0-30 13.63 7.88 21.51 5.81 8.73 13.69 36.05
30-60 11.89 7.76 19.65 6.40 8.85 14.16 34.90
4 0-30 13.49 7.95 21.44 5.89 9.07 13.84 36.40
30 - 60 11.76 7.70 19.46 6.90 9.14 16.84 35.50
5 0-30 13.07 8.18 21.25 5.99 10.21 14.17 3745
30-60 11.48 7.83 19.31 7.4\ 10.40 15.24 37.12
6 0-30 12.93 8.25 21.18 6.16 10.46 14.41 37.80
30 -60 11.07 8.17 19.24 7.40 11.16 15.57 37.80
7 0-30 13.21 8.10 21.31 5.96 9.83 14.06 37.10
30-60 11.35 7.97 19.32 6.90 10.58 14.87 36.80

11- After the second season (after maize crop)
C- Surface application of treatments (Mixed with the 0 — 30 cm soil layer)

1 0-30 12.65 825 | 2090 | 7.50 10.10 1575 38.50
30 - 60 13.40 695 | 2035 5.25 7.04 12.20 32.64
2 0-30 8.43 960 | 1803 | 10.60 16.87 20.20 45.50
30- 60 13.05 7.09 | 2014 | 539 7.91 12.48 33.44
3 0-30 9.84 9.15 1899 | 9.20 1591 1835 4410
30 - 60 12.99 7.6 | 20.15 5.25 8.20 12.41 33.60
4 0-30 9.55 9.30 18.85 | 9.60 14.95 18.90 43.40
30-60 12.85 7.19 | 2004 | 531 8.57 12.50 33.92
3 0-30 8.9 9.45 1844 | 1115 18.01 20.60 47.60
30- 60 12.58 7.36 19.94 5.45 9.17 12.81 34.56
6 0-30 815 9.68 1783 | 1130 19.87 20,98 49.00
30- 60 12.37 7.43 1980 | 5.76 9.48 16.91 35.04
7 0-30 8.71 9.53 1824 | 10.00 17.96 19.53 46.20
30 - 60 127 729 | 2000 | 555 8.69 12.84 34.24
D- Subsurface application of treatinents ( A single layer at the 50 cm depth)

1 0-30 13.63 788 [ 2151 5.91 8.63 13.79 36.05
30-60 12.58 736 | 1994 | 6.00 8.66 1336 34.60
2 0-30 1321 803 | 2124 | 632 9.54 1435 37.10
30 - 60 8.61 8.64 17.25 9.40 1434 18.04 4096

3 0-30 1335 799 | 2134 | 6N 9.30 14.10 3675 |
30-60 9.98 8.10 18.08 | 790 11.82 16.00 37.%0
4 0-30 13.14 820 | 2134 | 1790 8.04 16.10 3728
30-60 9.57 8.24 17.81 8.60 12.63 16.84 39.04
5 0-30 12.93 810 | 2103 | 647 10.30 14.57 37.80
30 - 60 9.02 8.37 1739 | 9.80 15.05 18.17 42.24
6 0-30 12.79 818 | 2097 6.82 10.36 15.00 3815
30- 60 8.20 8.51 1671 | 10.20 16.61 18.71 43.52

7 0-30 13.07 $.33 21.40 643 9.0 L hase L Tiras
, 30 - 60 8.75 844 | 1709 | 0 s 17 1 41w
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Thus, icreasing total porosity (T.P.) and fine
capillary pores (F.C.P.) are actually resuits of changing
in particle size distribution to the side of increasing
fine fractions in the soil i.e. clay particles and also,
results of increasing the formation of organic-clay
complexes. Moreover, after the second crop (maize),
maximum effects are mainly as a result of the
biochemical reactions functioning and acted by the
root hairs and soil microorganisms in the rizoshpere
zone. As a result of these actions, more roots exudates
are formed and accumulated due to the systematic and
gradual modifications in the soil system, meanwhile,
retlect on its chemical and consequently hydro-
physical properties. It could be stated that the
employment of some particles and processes to create
favourable soil structure is of prime importance to
maintain optimum air/water- balance in soil. On the
other hand, El-Damaty and Moubarak (1992) reported
that cropping effect is of importance on improving
hydrophysical properties of new reclaimed sandy soil
in Tahreer Province. Figures 5 and 6 show relative
percentages values of the increases higher than the
control ( the control is relatively 100%) of the
properties of total porosity and fine capillary pores
(F.C.P.) with the tested treatments.

3- Vital role of the experiment treatments on
improving soil_chemical properties of the tested
soil:

Data of Table 6 show the values of pH, ECe,
soluble ions, organic matter, calcium carbonates and
cation exchange capacity with all of the experiment
treatments.

The values of pH, ECe and soluble ions showed
more or less changes with the applied treatments and
apptication methods.

Total calcium carbonates contents of the tested
soil were decreased being at maximum decrease with
the treatment No. (6) after the second season with the
surface application of the amendment as compared
with its subsurface application treatment. Accordingly,
it is expected that all of root respiration of the
cultivated crops, the continuous biological activities
and the active decomposition of organic manure that
released CO2 lead to increase the partial pressure of
CO2 in soil media which enhanced the solubility of
more CaCO3 in the soil.

Soil organic matter contents showed remarkable
increases with the treatments No. 4 (30 m’/feddan
Organic Manure), No. 5 (22.5 ton/fedan of Taffla+22.5
ton/fedan of River Nile sediments), No.6 (22.5
ton/feddan Taffla+15 m’/feddan organic manure) and
No.7 (22.5 ton/feddan River Nile sediments +15
m’/feddan organic manure). in the second crop season
with the surface application method while organic
matter contents showed relatively less changes with
the other treatments. Extreme of the increase in
organic matter contents was found in the 0 — 30 cm
soil layer (71.4% higher than the control) with the
treatment No. (4) of the surface application of
amendment at the second crop season than subsurface
application as compared with the tratments No. 6 and 7
as each showed increase by 57.1% higher than the
control with its treatment of surface application
method at the second crop season.

The components of clay contents and organic
colloidal particles are known to play an important role
in increasing the C.E.C, which are sources for
supplying plant nutrients.
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Figures 5: Relative percentage values of soil total porosity with the tested treatments .
* The control is considered = 100% and numbers of treatments are
explained in the “materials and methods”.
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Figures 6: Relative percentages values of fine capillary pores (F.C.P.) with the tested treatments .

* The control is considered = 100% and numbers of treatments are
explained in the “materials and methods”.
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Table (6): Effect of the tested experiment treatments on soil chemical properties.

Treatment | Depth, pH* ECe Soluble cations, me/l Soluble anions, me/t oM CaCOy CEC
cm dSm { Ca© [ Mg~ [ Na® [K HCO3- [ Cl- 1 804- % % me/100g
1 - After the first season (afler wheat crop)
A- Surface placement of treatments (Mixed with the 0 — 30 cm layer)

1 0--30 79 | 264 § 1274 9.37 321 1.09 0.81 16.00 9.60 0.06 333 395
30-60 | 748 | 339 { 18.07 9.57 4.99 1.26 1.04 21.19 11.66 | 0.02 2,57 2.93

2 0-30 793 | 267 | 1331 9.79 337 1.14 0.86 16.70 1005 | 0.07 3.15 6.10
30-60 | 747 | 355 [ 1892 10.03 5.23 1.33 1.09 22.20 1222 | 0.2 2,55 2.96

3 - 0-30 794 | 271 | 13.07 9.62 3.30 112 0.84 16.40 9.87 0.07 319 539
30 - 60 7.46 3.49 18.61 9.85 5.14 1.31 1.07 21.83 12.01 0.02 2.56 2.94

4 0-30 784 | 261 | 12,60 9.27 3.18 1.08 1.01 15.68 9.44 0.09 312 5.92
30 - 60 746 3.36 1791 9.49 4.95 1.26 1.03 21.01 11.57 0.02 2.52 297

5 0-30 794 | 269 [ 1284 9.44 324 1.10 1.03 15.97 9.62 0.07 3.17 5714
30-60 | 7.47 | 346 | 1845 9.77 5.10 1.30 1.06 21.64 1192 | 0.02 2,55 2.96

6 0-30 792 | 266 | 1284 944 324 1.10 1.03 1597 9.62 0.08 3.08 6.28
30 - 60 7.46 342 18.24 9.66 5.04 1.28 1.05 21.39 11.78 0.02 2.54 2.99

7 0-30 792 2.65 12.79 9.41 322 1.09 1.03 1591 9.57 0.08 3.13 6.21
30 - 60 7.46 3.41 18.19 9.63 5.02 1.28 1.05 21.33 11.74 0.02 2.55 297

B- Subsurface placement of treatments ( A single layer at 50 cm h)

1 0-30 798 | 261 12.60 | 9.27 318 1.08 1.01 15.68 9.44 006 | 3.15 3.66
30-60 | 747 342 1823 | 9.66 5.04 1.28 1.05 21.39 11.77 0.02 2.4 2.96

2 0-30 795 (274 1323 | 973 333 1.13 1.06 16.45 991 006 | 3.08 370
30-60 | 7.44 3.58 19.09 10.10 527 1.34 1.10 22.38 12.32 0.03 2.30 4.64

3 0-30 79 |21 1308 | 9.62 330 1.12 094 1447 87 006 { 3.12 3.68
30-60 | 745 3.52 18.77 | 9.94 5.18 1.32 1.08 22.01 12.12 0.03 2.30 4.06

4 0-30 792 261 1260 | 926 317 1.08 1.01 15.67 943 0.06 3.01 372
30-60 | 7.36 3.39 18.09 | 9.57 4.99 1.27 1.04 21.21 11.67 0.05 2.30 4.50

5 0-30 796 | 269 § 1298 | 955 327 1.11 1.04 16.15 972 006 | 3.05 3.68
30-60 | 746 | 349 | 1861 | 9.85 5.14 1.31 1.07 21.83 12.01 0.03 | 2.30 4.35

6 0-30 794 {266 | 1284 | 944 324 1.10 1.03 15.97 9.62 0.06 | 3.01 373
30-60 | 7.46 346 1845 | 9.77 5.10 1.30 1.06 21.64 11.92 0.04 220 4.79

ki 0-30 794 | 2.65 1278 | 9.40 32 1.09 1.03 15.89 957 006 | 3.08 372
30-60 | 743 | 344 | 1834 | 971 5.07 1.29 1.05 21.51 11.85 004 [ 2.30 4.87

1i- After the second season (aficr maize crop)
C- Surface placement of treatments (Mixed with the 0 — 30 cm layer)

1 0-30 796 {240 | 11.59 | 853 292 099 0.93 1442 8.68 007 | 3.15 438
30-60 ] 748 |} 337 | 1796 | 951 4.96 1.26 1.03 21.06 11.60 002 |25 293

2 0-30 792 | 227 1096 | 8.06 276 0.94 0.88 13.63 821 009 | 2.80 8.62
30-60 | 7.46 3.54 18.88 | 10.00 522 1.33 1.09 22,15 12.09 0.02 2.47 2.96

3 0-30 793 {232 | 1120 § 823 2.82 0.96 0.90 1393 838 009 | 287 7.18
30-60 | 7.46 3.31 17.65 | 9.35 4.88 1.24 1.01 20.71 11.40 0.02 2.50 295

4 0-30 784 242 | 11.68 | 859 294 1.00 0.94 14.53 874 012 | 237 8.26
30-60 | 745 | 334 ! 17.81 | 943 4.92 1.25 1.02 20.89 11.05 003 | 244 2.98

5 0-30 794 1235 | 11.34 | 834 2.86 097 0.91 14.11 849 0.1 284 7.90
30-60 [ 746 | 344 | 1835 | 9.72 5.07 1.29 1.05 21.53 11.85 0.02 {247 2.96

6 0-30 792 1237 | 1144 | 842 288 098 0.92 14.23 8.57 0.11 | 266 898
30-60 | 746 1 341 18.18 | 9.63 5.02 1.28 1.04 21.33 11.74 003 | 247 2.99

7 0-30 792 | 238 | 1149 | 845 290 098 092 14.29 8.61 011 } 277 8.83
30-60 | 746 | 336 | 1791 { 949 4.95 1.26 1.03 21.01 11.57 002 | 247 298

D- Subsurface placement of treatments ( A single layer at 50 cm h)

1 0-30 797 1260 | 1260 | 923 3.16 1.07 1.01 15.64 941 006 | 3.00 3.70
30-60 | 747 3.41 18.18 | 9.63 5.02 1.28 1.04 21.33 11.74 0.03 2.20 2,979

2 0-30 794 1273 | 1318 | 969 332 113 1.06 16.39 9.87 007 } 291 in
30-60 { 744 {357 19.03 | 1008 5.26 1.34 1.09 2233 12.29 004 ] 198 6.38

3 0-30 795 1269 | 1299 j 955 327 1.11 1.04 16.15 973 004 | 294 in
30-60 | 744 3.50 1899 | 9.88 5.15 1.31 1.08 22.09 12.16 0.03 2.03 522

4 0-30 792 |25 | 125 9.19 3.15 1.07 1.0 15.55 935 006 | 2.84 3.75
30-60 | 7.35 338 18.03 { 9.55 4.98 1.27 1.04 21.15 11.64 0.04 1.92 6.09

5 0-30 795 | 268 | 1293 | 951 3.26 1.10 1.04 16.08 9.68 0.07 | 287 3in
30-60 | 745 347 | 1851 9.80 5.11 1.30 1.06 21.71 1195 0.04 2.05 5.80

6 0-30 793 | 264 | 1274 | 937 321 1.09 1.02 21.13 426 0.07 | 287 n
30-60 | 743 | 344 | 1835 { 9.72 5.07 1.29 1.05 21.53 11.85 004 | 1.87 6.67

7 0-30 794 | 261 1260 | 9.26 317 1.08 1.0t 15.67 943 0.07 | 291 375
30-60 ] 743 § 342 | 1823 | 966 5.04 1.28 1.05 21.39 11.77 0.04 1.95 6.84
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On the other hand, duration of the cultivation
period that are associated with the applied crop-
management practices caused active decomposition
rate and more accumulation of organic matter
complexes resulted from the roots exudates, and also,
from the plant residues remained after the previous
crop (wheat) and, hence, exceed day after day the
organic matter conteats of the soil.

Results showed remarkable increases in C.E.C
with both surface and subsurface application methods
especially at the second crop season. Maximum
increases (123.8% and 129.5% higher than the control)
were found with treatment No. (6) and (7) of the
subsurface application method after the second season,
respectively.

Figure 7 show relative percentages values of the
increases higher than the control (the control is
relatively 100%) of cation exchange capacity with the
experiment treatments.

As a result of addition of clay containing
amendments, more of the inorganic colliodal particles
(clay contents) will be created while addition of
organic manure amendments that containing humified
materials will increase the organic colloidal particles.
As a result of these particles, formations of organic-
clay complexes are expected to increase and show
active functioning in soil system (Kononova, 1966 and
Allison, 1973). These formations are highly effective
in new reclaimed soils to buildup new aggregates and
create more suitable medium for roots system to
establish effective plant growth (El-Shakweer et
al;1997). The enormous influence of organic matter on
so many of the soil’s properties (i.e. biological,
chemical and hydrophysical properties) makes it of
critical importance to create healty topsoil.

4- Vital role_of the experiment treatments on

improving the vield of wheat

and maize crops grown on the tested soil:
Table (7) shows the improving effects of the

tested treatments on the grain and straw yield of wheat
and the grain yield of maize. It could be noticed in
Table 7 that maximum increase was found with the
treatment No. 6, as with the surface application
method their increases higher than the control were
70%, 65% and 76.6 with the grain and straw yield of
wheat and grain yield of maize, respectively, while the
corresponding  increases with the  subsurface
application method were 65.3%, 60.0% and 70 %.

Thus, it could be concluded from this study that
optimum and quick improvement 1o the new reclaimed
sandy soils could be realised as a combination of
mixture of organic amendment (organic manure) and
inorganic amendment (clay deposits) are added to the
surface soil layer. This mixture supply the soil with
humus and clay particles. Humus substances have
many negative charges which are able to hold onto
positively charged nutrients keeping them from
leaching deep into the subsoil when irrigation water
moves through the topsoil. Clay particles also have
negative charges on their surfaces but organic matter
may be the major source of negative charges for coarse
and medium textured soils. The intimate contact of
humus with the rest of the soil allow many reactions
such as the release of available nutrients into the soil
water, which gain a good topsoil and huge diversity of
life.

It could be recommended that the following
four main issues must be considered when applying
amendments to new reclaimed sandy-textured soils:
1-The optimum source(s) of amendment to be applied.
This include mixture of

more than one amendment of inorganic and organic
origin.
2-The optimum amount needed per unit area from the
selected amendment and/or

from the mixture.
3-The optimum method of application the amendment.
This include surface and/or

subsurface application methods. Other alternative
methods may be applied.
4-The optimum timing of applying the amendment
reference to the planned crop.

Figure 8 show relative percentages values of the
increases higher than the control (the control is
relatively 100%) of yield components of wheat (the
first crop season) and maize (the second crop season)
with the experiment treatments.
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Figure 7: Relative percentages values of cation exchange capacity (C.E.C.) with the tested experiment
treatments.
* The control is considered = 100% and numbers of treatments are
explained in the “materials and methods”.
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Table (7): Effect of the tested experiment treatments on the yieid of wheat and maize crops.

Treatment No. Wheat yield, Kg/exp. unit Grain yield of maize
Grain Straw Kg/exp. unit
1-Surface placement of the amendment (mixed with 0 — 30 cm soil layer)
1 3.224 4.073 3.035
2 4.997 6.109 4.900
3 4.675 5.702 4.594
4 4.836 5.905 4.747
5 4.771 5.824 4.686
6 5481 6.720 5.360
7 5.158 6313 5.052
2-Subsurface placement of the amendment( a single layer at the 50 cm depth)
1 3.000 3.986 2.920
2 4.500 5.978 4.526
3 4.200 5.380 4.234
4 4.350 5.580 4.380
5 4435 5.700 4.322
6 4.959 6.377 4.964
7 4.653 5.978 4.672
LSD.5%:
Placement Method (1) 0.2301 0.0208 0.0085
Treatment Type (2) 0.1790 0.0144 0.0176
Interaction of (1) x (2) 0.2531 0.0203 0.0249
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Figure 8: Relative percentages values of the vital role of the tested treatments on yield of wheat and maize
crops.
* The control is considered = 100% and numbers of treatments are
explained in the “materials and methods”,
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