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ABSTRACT

Two experimental sites of arable sandy soil located at Abou Omera Al-
Sharkeya village , Baltim district, Kafr El-Sheikh Governorate were chosen. The
selected locations represent the conditions of circumstances of northern part of Nile
Delta region. Site 1 ( fruit field) was devoted for collecting composite surface soll
sample for carrying out wheat pot experiment in plastic pots during the growing winter
season period 2010/2011. Site 2 (nearby site 1) was occupied for conducting maize
field experiment during growing summer season period 2011. The main objectives of
this investigation were to study and evaluate the effect of natural raw minerals, soil
conditioner types, their mixtures and application rates in sandy soil subjected to
different irrigation deficits on the following parameters: (i ) soil properties( chemical,
physical, moisture constants and nutritional status after cereal crops harvesting and
(1i ) agronomical production of wheat and maize crops after full maturity in the studied
soil under consideration.

Four types of soil conditioners [bentonite , compost , mixture of natural mineral
raw materials (MNRM)and their mixtures 1:1:1(w/w)] were applied before cultivation in
two recommended application rates low (Ri) and high (Rz). Three levels of soil
moisture depletion regimes were used ( 30, 50 and 70 % ) from its available water
capacity. The N,P,K mineral fertilizers were added according to the recommended
doses for sandy soils. Applying natural soil conditioner types, their mixtures and
application rates in the studied sandy soil subjected to moisture depletion regime
realized improving soil chemical, physical, water holding capacity and macro
nutritional status. Soil salinity (soil reaction, electrical conductivity and ionic strength),
hazard sodium parameters (soluble sodium percentage and sodium adsorption ratio),
soil porosity, available water capacity and phyto — available nutrients were increased.
On the other hand, hydraulic conductivity and bulk density were decreased. Generally,
high application rate achieved the best values of soil properties in comparison with
low application rate. Conditioner mixtures 1:1:1 treatment realized the superiority
under wheat pot experiment, meanwhile, compost treatment achieved the best values
under maize field experiment. Irrigation after 50 % AWSMD gave moderate values of
such properties between wet (30% AWSMD) and dry (70% AWSMD). Increasing
grains, straw, protein, grains weight, harvest index and other yield components
significantly for wheat and maize crops, as a result of adding soil conditioners
compared with control. Conditioner mixtures 1:1:1 treatment realized the superiority
under wheat pot experiment, meanwhile, compost treatment achieved the best values
under maize field experiment. Also, high application rate was better than low
application rate. Results also indicated that , from view point of water and economic ,
the highest values of crop yield were obtained from irrigation at 50 % depletion from
its available water capacity rather than 30 % and 70 % respectively.

Keywords: Guelph permeameter apparatus; Time Domain Reflectometer
(TDR apparatus); Composting; Nutrients — phytoavailability; Sandy soils;
Water irrigation management; Soil conditioners; Cutthroat flumes.
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INTRODUCTION

Nowadays, the term of « sustainable agriculture » is widely used in
world wide, which is keystone of the rational utilization of soils as one of our
most important natural resources. It is the important aims of « sustainable
agriculture » to protect and maintain of the multifunctions of soils (Varallyay,
2005). For preservation and sustainability the productivity of soil we have to
take special regard to sandy soils having unfavorable properties. Sandy soil
characterized by less than 18 % clay and more than 68 % sand in the first
100 cm of the soil depth are the poor soils that occur in many parts of the
world (van Wambeke,1992). There are other problems facing agriculture
sector caused by, mainly, inappropriate soil, water and fertile management
practices as well as rapid decreasing of agricultural land particularly in Delta
soils. Therefore, we have to find rapid solutions to face these problems.
Sandy soils hold little water as the large pore spaces allow water to drain
freely from soil. The productivity of these soils is limited by low water holding
capacities, high infiltration rates, high evaporation, low inherent fertility levels,
very low organic matter content and excessive deep percolation losses. Also,
the water use efficiency of the crops cultivated in such soil is low.

Tackling these problems can be achieved through applying organic
amendments, natural raw minerals and soil conditioners. These materials
improve the retentative capacities of these soils and allow plants to get their
water requirements and phyto —available nutrients easily.

Cereal crops such as (wheat and maize) are very strategically important
crops in Egypt because it's constituent and indispensable part of Egyptian
food diet. Generally, there is a great gap between the consumption and
production of such crops. On the other hand, it is worthnoting that, the
agriculture production in Egypt is mainly depend upon irrigated agriculture.
The gap between supplies and demands of water is widening with increasing
global population. We are suffering from this trouble, especially when we
know that we are under water poverty limit. Because of the water limitation,
one of the most important targets in the agriculture sector is how to save
irrigation water and increase water use efficiencies. So, new techniques and
practices are needed to achieve water save. Estimating irrigation water
becomes important for project planning and irrigation management. The over
irrigation practiced by the farmers usually leads to low irrigation efficiency. So
it is necessary to ascertain to what extent the water in the root zone can be
depleted to produce high economic yield with using little water applied .
Planning best irrigation regimes is very important for maintaining available
irrigation water. The proper water management ( irrigation scheduling ) not
only accurates determination of crop water requirements but also helps to
know when and how much water should be applied to get high efficiency of
each unit of water. Regulated deficit irrigation is one of such practices. Many
studies indicated that the deficit irrigation was a successful technique in crops
irrigation, Omran(2005) and Seif et al.(2005). The main objectives of this
investigation were to study and asses the effect of natural soil conditioner
types, their mixtures and application rates in sandy soils subjected to
irrigation regimes on:

340



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 5 (3), March, 2014

(i):Soil physico-chemical properties, moisture constants and nutritional status.
(ii):Agronomical production of wheat and maize crops after full maturity.

MATERIALS AND METHODS

Two selected sites represent arable sandy soil located at Abou-Omera
Al-Sharkeya village , Baltim district, Kafr EI-Sheikh Governorate 31° 34 40.6
N latitude and 31° 10 55.5 E longitude with an elevation of about 5 meters
above sea level were chosen. Site 1 ( fruit field) was devoted for collecting
composite surface soil sample for carrying out wheat pot experiment in plastic
pots during the growing winter season period 2010/2011. Site 2 (nearby site
1) was occupied for conducting maize field experiment during growing
summer season period 2011. After wheat and maize plants full maturity,
representative composite disturbed soil surface samples were collected, air
dried, crumbled by hand, homogenized and finely ground in steel mill to pass
through 100-mesh (0.15 mm opening sieve) and thoroughly mixed.

Generally, soil chemical characterizations of the studied soils before
cultivation and directly after cereal crops harvesting as well as properties of
the used matured co-compost and irrigation waters were performed using
classical methods as reported and explained by Cottenie et al.(1982); Page
et al.(1982); Carter(1993); Rowell (1996); Tan(1993) and Burt(2004) as
tabulated in all Tables in this work. lonic strength (mmoles L™): was
calculated using the following equation as explained by Tan(1993).

lonic strength (mmoles L™) =% e ™" viz°

Where: Mi = conc. of ion (i) in mmoles L'and Zi = charge of ion (i).

Additionally, undisturbed vertical cylindrical volumes of field-moist soil
samples were gently obtained using cylindrical sharp edged core samplers
for estimating soil physical properties and soil moisture constants using
routine work analysis methods as reported and described by Garcia(1978);
Klute(1986); Okalebo et al.(1993) and Reynolds 1993(a,b). Soil moisture
constants (field capacity, permanent wilting point and available water
capacity) were measured and calculated by means of pressure cooker and
pressure membrane apparatus for measuring moisture contents at pressures
of 0.33 and 15 bar according to Garcia(1978) and reported by Klute(1986).
Bulk and particle (real) densities were estimated as described by Blake and
While, field saturated hydraulic conductivity in situ was determined using
constant head well permeameter method employing Guelph permeameter
apparatus as mentioned by Reynolds(1993b). All soil obtained values were
calculated on oven dry weight basis 105 C ° for 24 hours. Some chemical
properties of the different irrigation water sources under consideration during
the carrying out of pot and field experiment periods are listed in Table (3).The
suitable experimental design was selected for both pot- and field
exzperiments. The wheat pot experimental cross-sectional area was 0.0453
m~, while maize experimental plot area was 4.5 m? (1.5x3 m).The
experimental design was split-split plot arrangement with three replications.
The main plots were devoted to three irrigation treatments as follows: Wet —
treatments (light irrigation) after 30 % AWSMD from soil available water
capacity; Medium — treatments (moderate irrigation) after 50 % AWSMD from
soil available water capacity (50% AWSMD)and Dry treatments (heavy
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irrigation)after 70% AWSMD from soil available water capacity (70%
AWSMD).Wheat and maize plants were exposed to deficit irrigation and
started directly after life watering irrigation (El-Mohayaa irrigation) for
achieving the selected available soil moisture depletion levels under
consideration.Detailed experimental obtained data about irrigation scheduling
and the actual seasonal applied water for wheat and maize crops production
cultivated in loamy sand soils subjected to soil moisture depletion regimes
over the growing winter and summer season periods 2010/2011 and 2011
are tabulated in Tables(6 and 7). The sub —plots were assigned to five types
of soil conditioners and their mixtures 1:1:1(w/w). The conditioner treatments
(w/w) were applied as follows: Control (without additions); Bentonite at
application rates of 0.2 % and 0.3%. ; Co-compost at application rates of 0.3
% and 0.5 %; Mixture of Natural Raw Minerals (MNRM) at application rates of
0.2 % and 0.3 %; and the mixtures of the three previous conditioners in 1:1:1
ratio at rates of 0.233% and 0.367%. The soil conditioner treatments were
randomly distributed in the three main plots.
Table (1): Initiative physico-chemical characteristics of the selected arable
experimental sites under consideration located at Abou-Omera Al-
Sharkeya village, Baltim district before planting

* Site(1): Properties of disturbed and undisturbed surface soil(0-30 cm)just before
collection and transportation for wheat crop cultivation in pot-experiment.

* Site(2): Properties of disturbed and undisturbed surface soil just before cultivation of
maize crop field —experiment.
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These conditioner types are mixed well with soil during its preparation for
cultivating wheat before sowing and incorporated into soil surface before
plowing during soil service process and its preparation before maize planting.
Sub sub plots were occupied with two application rates as follows: R; and R,
were (low) minimum and (high) maximum recommended application rates
respectively Mixture Natural Raw Minerals (MNRM) and bentonite were
purchased from Al-Ahram company for mining, natural minerals (ores) and
fertilizers. These materials are the new products from Al-Ahram Company for
improving soil properties and fertility. The chemical analysis of these
materials listed in Table (4). The analytical data of elemental oxides were
kindly obtained from Al-Ahram company. These natural minerals were used
as soil conditioners for wheat pot — and maize-field experiments.

Seeds of wheat plants (Triticum aestivum, Sakha 93 variety) were
obtained from Crop Agronomy Research Department, Sakha Agriculture
Research Station, Ministry of Agriculture and Land Reclamation.Wheat pot-
experiment was conducted on experimental research area of Sakha
Agriculture Research Station, Kafr EI-Sheikh city. Pot experiment was
performed using cylindrical perforated plastic pots having (mean internal
diameter 24 cm and height 21 cm) under wire proof greenhouse conditions.
Pot cross-sectional area was 0.0453 m? and its interval volume 9.504 liters.
Composite loamy sand soil was collected and brought from fruit field (Site 1)
located at Abou-Omera east village, Baltim district as mentioned before. Each
pot contained 10 Kg soil on oven dry weight basis , wheat cultivation
elongated 135 days. Throughout the wheat growth period, a freely drained
water was collected from each plastic pot and reused again with irrigation
water and also whenever it was necessary.

Grains of maize plants (Zea mays,L) three cross 321 variety were
obtained from Maize Research Center, Agriculture Research Center, Ministry
of Agriculture and Land Reclamation. Maize field- experiment was carried out
on cultivated area of Abou-Omera east village (Site 2), Baltim district during
the growing summer season period 201lelongated 93 days. Total rented
area = 3.5 kyrat =612.5 m? and net cultivated area 405 m® (90 plots).
Experimental plot area was 4.5 m? (1.5 x 3) and its weight 1046.25 kg loamy
sand soil on oven dry weight basis.
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Table (2): Soil moisture constants and its nutritional status of the selected
experimental sites under consideration located at Abou-Omera Al-
Sharkeya village, Baltim district before planting.

Obtained values
Soil variables Site (1)* Site(2)**
Pot-experiment Field-experiment

Soil moisture constants
Soil field capacity(S.F.C) % 17.0 18.0
Soil permanent wilting point(P.W.P) % 8.50 9.00
Soil available water capacity(A.W.C) % 8.50 9.00

Soil nutritional status

[Total organic-C % 0.174 0.232
Organic matter(O.M) % 0.298 0.400

Available macro-nutrients
lAvailable — N(K-sulphate extractable) mgkg™ soil 18.28 21.5
lAvailable — P(NaHCOs extractable) mgkg™ soil ; 7.62 8.90
,SA(\)/”allable — K(NH;-acetate extractable) mgkg 50.15 53.5

Available micronutrients
Available — Fe(DTPA extractable) mgkg™ soil 6.00 6.50
Available - Mn(DTPA extractable) mgkg™ soil 4.45 5.00
Available-Zn(DTPA extractable)  mgkg™ soil 1.20 1.10
lAvailable — Cu (DTPA extractable) mgkg™ soil 0.34 0.66

Notes : See feet notes of Table(1).

Aerobic / Thermophilic co-composting process was carried out at the
experimental farm of Soil Improvement and Conservation Research
Department, Sakha Agriculture Research Station during the summer growing
season elongated five months from May 2010 to October 2010. Pyramidical
piles(heaps) 2.5 x 2.5 x1.5 m were built up under aerobic conditions.
Different solid bio-wastes were used as substrates and augmented
organically with farmyard manure (10 % w/w) as microbial organic activator
as well as with urea , super phosphate and potassium sulfate as microbial
chemical activators. The other certain additional materials were incorporated
into for speeding up the conversion and improving the final product quality
and as growth promoting substances, pH buffering agents and as bulking
agents . The obtained chemical and physical characteristics of the used
matured co-compost after co- composting process are listed in Table (5). This
matured co-compost was used as soil conditioner.
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Table (4): Chemical analysis of the used natural raw minerals and soil
conditioners

Values
Bentonite | MNRM

Characteristics

Elemental oxides: %

SiO, 55.9 39.36
TiO; 0.20 0.81
Al,O3 20.0 7.68
Fe,03 0.70 4.05
MnO 0.001 0.67
MgO 0.65 3.20
CaO 2.70 15.07
Na,O 1.76 1.95
K,0 2.40 3.94
P,0s 0.80 7.33
SOz - 5.83
Loss on ignition 10.0 9.14
ECe dS m™(1:10 Bentonite-water extract(w/v) 1.82
pH ( 1:2.5 bentonite-water suspension (w/v) 7.12

Total soluble cations (meq L™) (1:5 extracts)
ca” 0.79
Mg™ 0.27
Na’ 1.95
K 0.02

Total soluble anions (meq L™) (1:5 extracts)
COs -
HCO3 0.24
cr 1.59
SO, 1.06
Cation exchange capacity, cmoles kg™ 59.13
Calcium carbonate % 14.27

Particle size distribution %
Clay fraction 85.75
Silt fraction 10.54
Sand fraction 3.71
Notes:

1- MNRM: Mixture of Natural Raw Minerals

2- The analytical results of the elemental oxides were kindly obtained from Al-Ahram
company for mining and natural fertilizers.
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Table (5): Chemical properties of the used co-compost directly after
composting process

Characteristics Values
Dry weight (kg m™) 650.0
Moisture content (%) 25.5
Odour and colour Acceptable and dark
pH (1:10 compost-water suspension w/v) 7.16
EC (1:10 compost — water extraction w/v) 5.23
[Total soluble salts(soil paste —water extraction 1:10)% 0.335
Saturation percentage % ( g/100g 175.0
[Total soluble salts (compost material)% (9/100g compost) 0.586
CEC (cmole kg™) 64.34
[Total organic —c % 25.5
[Total organic matter % 43.96
C/N ratio 21.98

Total macro-nutrients %
[Total — nitrogen % 1.16
[Total — phosphorus % 0.53
[Total — potassium % 0.37
Available macro-nutrients (mg kg compost)
Available — N (potassium sulfate) 100
Available — P (0.5 M NaHCOs- pH 8.5) 50
Available — K (ammonium acetate pH 7) 85
Available micro-nutrients (mg kg compost)
Available — Fe 450
Available — Mn 100
Available — Zn 35
Available — Cu 135
Total micro-nutrients (mg kg compost

[Total —Fe 753
[Total — Mn 361
[Total — Zn 297
[Total — Cu 168

Available heavy metals (mg kg compost)
Available —cd 13.2
Available — Ni 62.7
Available — pb 120

Irrigation water supply:

Irrigation water supply and number of irrigations were limited according
to the levels of soil moisture depletion regimes. Consequently, soil moisture
content at demand depletion levels determines the timing of irrigation. Soil
moisture content directly before irrigation at which calculated applied water
must be added immediately for arriving at soil field capacity was measured in
situ using TDR apparatus (Time Domain Reflectometert). Magnitude of
irrigation applied water were calculated using the following soil moisture
depletion equation as reported by (Israelson and Hansen, 1962) during
wheat and maize growing season periods.
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S FC - v
— = > Bd XX D 2> 5

1 OO -
Where: Q = Quantity of applied water m® pot™ /irrigate for pot-experiment,
and m?® plot™ /irrigate for field —experiment ;SFC = Soil field capacity (%) in
percent by volume; CMC = Soil moisture content just before irrigation using
TDR apparatus; Bd = Soil bulk density Mg m™ ; D = Soil depth (m), effective
root depth or soil depth required to be irrigated; and A = pot or plot
experimental area (m2) that would be irrigated. With respect to maize field
water measurements, the magnitude of planting and life watering irrigates
were measured and applied using cutthroat flume(20 x90 cm)according to
Early(1975).

A common NPK-fertilization was applied to the soil active root zone
during the wheat and maize growing seasons according to the recommended
doses of Ministry of Agriculture for wheat and maize crops under sandy soil
conditions.

At harvesting time after wheat and maize plants full maturity, biomass
grains and straw yields were fairly hand pulled and collected from each wheat
pot experiment as well as from inner two rows of central area of maize plots.
Some agronomical characteristics of these cereal crops and their productions
such as (biomass grains, straw, biological yields and weight of 1000 wheat
grains and 100 maize grains) as well as yield vegetative features as affected
by soil conditioner types, their mixtures and application rates under irrigation
deficits in the studied sandy soil were weight, measured, estimated, recorded
and calculated some other parameters. Harvest index(%) was calculated as
follows:

HI % = biomass grains yield / biological crop yield x 100
Statistical analysis:

Analysis of variance was done according to (Snedecor and
Cochran,1976) using the Irristat software, version 4.1 according to Biometrics
Unit, 1998, IRRI1(1998).

RESULTS AND DISCUSSION

Effect of applying soil conditioners under irrigation deficits on soil
properties after cereal crops harvesting
Chemical characteristics of soil suspensions and extractions:
Concerning the effect of applying natural soil conditioner types, their
mixtures(1:1:1) and application rates in sandy soils subjected to soil moisture
depletion regimes (30%, 50 % and 70 %) from their available water capacities
after wheat and maize crops harvesting on soil salinity (pH, EC dS m™, and
ionic strength mmole L™) and hazard sodium parameters (SAR and SSP %)
are listed in Tables (8.1 and 8.2). Generally, the analytical chemicals results
listed in aforementioned tables illustrate that values of these chemical
parameters in the studied soil on the average of other studied parameters
(irrigation treatments and conditioner application rates) were markedly
increased due to the application of soil conditioner types in comparison with
control values (without additions). These increase could be arranged in the
following descending order as follow: Mixtures (1:1:1) > MNRM > Bentonite >
Compost >> control .
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It is obviously that, the highest values were achieved as a result of mixtures
application, meanwhile, the lowest values were obtained by dressing the
compost treatment. However, the highest pH values were recorded at MNRM
application under wheat pot experiment. Meanwhile, the lowest values of .S
were obtained at the application of bentonite under field-maize experiment.

On the other hand, these studied chemical properties, on the average
of the other studied parameters (conditioner types, and their application
rates),were markedly increased with increasing the depletion regimes from its
soil available water capacity. Where, the highest values of these chemical
parameters were achieved under dry treatment (70 % AWSMD), meanwhile,
the lowest values were recorded under wet treatment (30 % AWSMD).
Medium treatment had the moderate values between wet and dry treatments.
The analytical obtained increments could be rearranged in the following
ascending order: Wet —treatment (30 % AWSMD) < Medium — treatment (50
% AWSMD) < Dry — treatment (70 % AWSMD). This could be attributed to
the dilution effect , since, salt concentration was decreased with increasing
irrigation applied water. As delineated in Tables (8.1 and 8.2), obtained
values of the studied chemical properties on the average of the other studied
parameters (condition treatments and irrigation regime treatments)were
higher under high application rate(R;) rather than under low application rate
(Ry) at the same conditions. Data listed in Table (8.2) reveal also that under
maize field experiment , the studied chemical properties were increased with
adding soil conditioner types and their mixtures (1:1:1) on the overall average
of the other studied parameters (irrigation treatments and conditioners
application rates) in comparison with their control —values (without additions)
at the same conditions. These parameters mannered the following
descending order: Mixtures (1:1:1) > MNRM > Bentonite > Co-compost >
Control. Generally, the obtained values of chemical properties after wheat
crop harvesting were higher than those obtained after maize crop harvesting.
Soil physical properties:

Concerning the effect of natural soil conditioner types, their mixtures
1:1:1 (w/w) and application rates under soil moisture depletion levels from its
available water capacity on soil physical properties after wheat and maize
crops harvesting are presented in Tables(9.1 and 9.2). Generally, the results
collected in Table(9.1) show that, on average of other studied parameters
(irrigation treatments and conditioner application rates), that saturated
hydraulic conductivity SHC (m day™) and bulk density Dy(Mg m™)were
markedly decreased as a result of adding soil conditioner types and their
mixtures (1:1:1) in the studied soil after wheat crop harvesting in comparison
with their control values. The magnitude of these decrements which less the
control values were depended upon the types of these conditioners. It is
clearly that, the lowest values were achieved and accompanied with applying
conditioner mixtures 1:1:1 (w/w) treatment. Meanwhile, the highest values
were obtained with the dressing compost conditioner in comparison with their
control values. These decrements could be arranged in the following
descending order as follows: Mixtures 1:1:1 > MNRM > Bentonite > compost
> control. Oppositely, as demonstrated in the above mentioned Table,
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soil porosity values were mannered the opposite trend, where such values
were increased over the control —values with adding soil conditioners and
had the following sequence:

Mixtures (1:1:1) < MNRM < Bentonite < Compost < Control

Commonly, the obtained values of all studied physical properties on
the average of the other studied parameters ( conditioner treatments and
irrigation treatments) under the high application rate (R,) were lower than
those obtained under the low application rate (R;). On the other hand, it was
clearly apparent that, SHC values were gradually increased with increasing
water irrigation deficits. However, D, and p; had the opposite trend, which
decreased with increasing soil moisture depletion levels for its available water
capacity. SHC — increments as well as D, and p, decrements with increasing
moisture depletion levels could be arranged in the following descending order
as follows:

Wet — treatment (30% AWSMD) > Medium — treatment (50% AWSMD) > Dry
— treatment (70% AWSMD)

In respect of maize field experiment, data demonstrated in Table (9.2)
show on average of irrigation treatments that, application of all natural soil
conditioner types and their mixtures (1:1:1) resulted in decreasing saturated
hydraulic conductivity and soil bulk density, as well as led to increasing total
porosity in comparison with their control values at the same conditions. It was
clear that, conditioner mixtures (1:1:1) realized the lowest values of SHC and
p; besides the highest values of Dy in comparison with their control values.
However, application of co-compost treatment mannered the opposite trend,
which gave the highest values of SHC and p, in addition to the lowest values
of D, Generally, it was apparent from the results that, on average of irrigation
treatments and conditioner treatments that, adding high application rates
lowered gradually SHC and Dy, and raised the values of p, In this direction,
the low application rates led to the opposite trend. Commonly, analytical data
listed in Tables (9.1 and 9.2) illustrate, on average of all other studied
parameters(conditioner treatments and application rates) that, SHC and p,
values were gradually increased with increasing soil moisture depletion levels
from its available water capacity. However, D, values were decreased with
increasing irrigation deficits.

Soil moisture constants:

As concerns, field capacity (SFC %), permanent wilting (PWP %) and
available water capacity (AWC%) values of the studied sandy soils which
reflect their soil water holding capacity after wheat and maize crops
harvesting as affected by soil conditioner types, their mixtures and application
rates under soil moisture depletion regimes, are presented in Tables (10.1
and 10.2) respectively. The obtained results, demonstrate, on average of the
other studied parameters (irrigation treatments and conditioner —application
rates) that, these soil moisture constants were obviously increased by
applying soil conditioners and their mixtures (1:1:1) in comparison with their
control values at the same conditions.
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Generally, these increments over the controls in studied soil after
wheat crop harvesting could be arranged in the following sequence as
follows:

Mixtures (1:1:1) > MNRM >Bentonite > Compost > Control

Regarding maize field experiment, data listed in Table (10.2) reveal,
on average of other studied parameters that, values of soil moisture
constants also were increased in comparison with their control values at the
same conditions by applying soil conditioner types and their mixtures (1:1:1).
These increments of all soil moisture constants in studied soil after maize
crop harvesting could be rearranged in the following sequence as follows :
Compost > Mixtures (1:1:1) > MNRM > Bentonite > Control

High conditioners application rate generally was realized higher values
than those obtained by low conditioners application rate. As delineated in
Table (10.1) it was clearly apparent on average of the other studied
parameters, that these water properties were gradually decreased with
increasing soil moisture depletion levels for its available water capacity. The
highest values were achieved under wet — treatment (30% AWSMD) while,
the lowest values were given by dry — treatment (70% AWSMD). Medium —
treatment (50% AWSMD) recorded the moderate values of these soil
moisture constants between wet(30 % AWSMD) and dry(70 %
AW SMD)treatments.

Analytical results show that applying conditioner-mixtures (1:1:1) show
its superiority over all other conditioner types under wheat —pot experiments.
Meanwhile, applying compost treatment show its superiority over all other
conditioner types under maize field experiment.

Effect of applying soil conditioners under irrigation deficits on soil
macronutrients content:

Concerning residual contents (concentrations) of (N and P) after wheat
and maize crops harvesting as affected by soil conditioner types, their
mixtures and application rates subjected to irrigation deficits were listed in
Table (11.1). Analytical results listed in this table reveal that, on average of
other studied parameters (irrigation treatment and conditioner application
rates), that N and P macronutrients content in studied sandy soils were
increased by adding soil conditioner types and their mixtures (1:1:1) after
wheat and maize crops harvesting in comparison with their control values.
The highest values of residual N and P were achieved and accompanied by
mixtures (1:1:1) treatment. Meanwhile, dressing compost treatment gave
lower values than those obtained by applying mixtures treatment in
comparison with their control after pot wheat experiment at the same
conditions.

Oppositely, residual N and P macro nutrients in the studied soil after
maize crop harvesting behaved the opposite trend, where, the highest
contents of these nutrients were achieved by applying compost treatment.
However, the dressing conditioner mixtures gave values lesser than those
obtained by adding compost treatment. The lowest values were absolutely
obtained in the studied soil by adding bentonite treatment after either wheat
or maize crop harvesting. These increments of the residual N and P
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macronutrients content after wheat crop harvesting could be arranged in the
following sequence as follows:

Mixtures treatment > MNRM > Compost > Bentonite > Control. Moreover, on
average of other studied parameters, obtained residual values of these
macronutrients under high rate realized slightly values higher than those
obtained under low application rate for either wheat or maize crops
harvesting.

It was clearly apparent as delineated in Table (11.1) on average of
other parameters, that content of macronutrients (N and P)in the studied
sandy soil after wheat and maize crops harvesting under medium —treatment
(50% AWSMD) were realized the highest values then under wet —treatment,
while, the lowest values were obtained under dry-treatment. Residual
contents of N and P macronutrients after maize crops harvesting could be
also arranged in the following descending order: Compost treatment > MNRM
> Mixtures > Bentonite > Control. Residual N and P macronutrients in studied
sandy soils after wheat and maize crop harvesting could be arranged in the
following descending order as: Medium —treatment (50%AWSMD) > Wet —
treatment (30% AWSMD) > Dry-treatment (70% AWSMD). From the
abovementioned results, it could be concluded that, on average other studied
parameters, residual N and P macronutrients content in studied soils after
crops harvesting means low exhausting nutrients from soils during the
growing seasons of wheat and maize crops.

Effect of dressing soil conditioners under moisture depletion regimes
on agronomical crops production

Biomass grains and straw yields:

Regarding wheat crop pot experiment after full maturity, data listed in
Tables (12.1, 12.2 and 12.3) demonstrate, on average other studied
parameters ( irrigation treatments and conditioner application rates), that
application of soil conditioner types and their mixtures (1:1:1) resulted in
significantly increasing wheat biomass grains yield, thousand grains weight,
harvesting index and biomass straw yield in comparison with their control
values at the same conditions.

Moreover, on average of the other studied parameters, the values of
these agronomical features under high application rate (R,) were higher than
those obtained under low application rate (R;). The increments of these
agronomical traits could be arranged in the following descending order as:
Mixtures (1:1:1) > MNRM > Bentonite > Compost > Control. So, the highest
values of these agronomical features in studied sandy soils were achieved
and accompanied by applying conditioner — mixtures treatment. Meanwhile,
applying compost treatment gave the lowest values. However, the analytical
obtained data, on average of the other studied parameters (conditioner
treatments and their application rates) reveal that all agronomical features
with the exception of harvest index were gradually decreased with increasing
soil moisture depletion levels from its available water capacity. The
magnitude of these decrements could be arranged in the following
descending order as: Wet-treatment ( 30% AWSMD) > Medium —treatment
(50% AW SMD) > Dry —treatment (70 % AWSMD).
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However, harvest index (%) was slightly increased with increasing irrigation
deficits. Therefore, these increments could be arranged in the following
sequence as: Dry—treatment (70 % AWSMD) > Medium-treatment (50%
AWSMD)>Wet-treatment (30% AWSMD).

Concerning field maize crop after full maturity, tabulated data show on
average other parameters (irrigation treatments and conditioner application
rates) that, dressing soil conditioner types and their mixtures 1:1:1 (w/w) led
to increasing significantly biomass maize grains yield, hundred grains weight,
harvesting index and biomass straw yield in comparison with their control
values at the same conditions with the exception of harvest index. Moreover,
the values of these agronomical features under high application rate (Ry)
gave higher values than those obtained under low application rate (R;) with
exception of H.I which behaved the opposite trend i.e. R; > R,. On the other
hand, the obtained data under wet treatment (30% AWSMD) on average of
the other studied parameters (conditioners treatment) that compost treatment
gave the highest values of these studied parameters except harvest index
which had an opposite trend, where the highest values were obtained by
adding their mixtures in comparison with compost application. It could be due
to increasing straw yield of compost treatment as comparison with under their
mixtures treatment. The lowest obtained values were generally recorded
under bentonite treatment. However, such parameters under medium and dry
treatments behaved the opposite trend in comparison with wet treatment,
since the maximum values of biomass grains yield, 100 grain weight and
harvest index were realized under mixtures treatment. Meanwhile, the
biomass straw yield under compost treatment was higher than those obtained
under mixture treatment. Generally, mean values of these parameters under
medium treatment were higher than those obtained under wet and dry
treatments and behaved the following order: Medium > Wet > Dry. Such
results were obtained by Abdel-Reheem and Hassan (2011) , they found that
the highest values of wheat water productivity and yield were achieved when
irrigation at 50 % depletion from available water , compared to 70 % and 40
% depletion in the loamy soils. confirming this conclusion, similar responses
of maize crop production under field conditions was also reported by Khalifa
(2013), who stated that, irrigation at 50 % SMD gave the highest values of
yield and its components of maize crop.

Crop yield components:

As regards to wheat and maize crops vegetative features after full
maturity as affected by soil conditioner types, their mixtures and application
rates subjected to different levels of irrigation deficits were presented in
Tables (12.4 and 12.5). Obtained data shown in Table (12.4) reveal on
average of the other studied parameters that, the following wheat crop
vegetative features ( plant height, number of tillers/ spike; number of
spikelets/spike; spike length and panicle mean weight were markedly
increased as a result of adding soil conditioners and their mixtures 1:1:1
(w/w). These increments could be arranged in the following descending
order:
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Mixtures 1:1:1 treatment > MNRM treatment > Bentonite treatment >
Compost treatment > Control. Furthermore, the mean values of these crop
vegetative features under high application rate (R,) were higher than those
obtained under low application rate (R;) i.e. R, > R;. On the other hand, on
average of the other parameters, all these features were gradually decreased
with increasing soil moisture depletion levels from its available water
capacity. Consequently, these obtained decrements could be arranged in the
following order as: Dry —treatment (70% AWSMD) < Medium —treatment
(50% AWSMD) < Wet-treatment (30% AWSMD).

With respect to maize field crop vegetative features after full maturity,
data were listed in Table (12.5). Obtained data show, on average of the other
parameters, that some maize crop vegetative features such as plant height,
ear weight, and ear length were obviously increased by adding soil
conditioners and their mixtures 1:1:1 (w/w). High application rate (R,)
recorded values higher than those obtained by low application rate (R;). So,
under field experiment, compost treatment gave the high values in
comparison with mixtures treatment at the same conditions, bentonite
treatment realized the lowest values. Respecting irrigation regimes under
field experiment, data show on average of the other studied parameters that
medium —treatment (50% AWSMD) gave the highest values followed by wet
—treatment (30% AWSMD), while, dry —treatment recorded the lowest values.
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Table ( 6 ): Irrigation scheduling and actual seasonal applied water at different regular- intervals for wheat crop
production cultivated in loamy sand soil under different soil moisture depletion regimes over the
growing winter season period 2010/2011.

Notes : 1- Total applied water/season = calculated applied water +planting and life watering irrigations.
2-Life watering irrigation = EI-Mohayaa irrigation
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Table ( 7 ): Irrigation scheduling and actual seasonal applied water at different regular - intervals for maize crop

production cultivated in loamy sand soil under different soil moisture depletion regimes over the
growing summer season period 2012.

Wet — treatment

Irrigation scheduling

30 % AWSMD
Lightirrigation
Short- intervals(every day)

Medium- treatment
50 % AWSMD
Moderate irrigation

Dry —treatment
70 % AWSMD
Heavy irrigation

Median -intervals(3 days) Long -intervals(8 days)
Irrigation Applied water Irrigation Applied water Irrigation Applied water
date Lplot™ mfed” date Lplot™ mfed” date Lplot™ mfed”
Planting irrigation
(6.48 % SMC) 5/7/2012 241 224.6 5/7/12012 241 224.6 5/7/2012 241 224.6
Life watering irrigation
(9.75 % SMC) 10/7/2012 172.6 161.12 10/7/2012 | 172.6 161.12 10/7/2012 172.6 161.12
Summation 413.6 385.7 Summation| 413.6 385.7 Summation| 413.6 385.7
Soil moisture content % 15.33 %SMC 13.5 % SMC 11.7 % SMC
Regular- intervals Short- intervals ( every day) Median- intervals(3 days) Long- intervals (8 days)
First irrigate 13/7/2012 56.5 52.73 15/7/2012 | 94.17 87.89 18/7/2012 | 244.82 228.5
Final irrigate 27/9/2012 56.5 52.73 25/9/2012 | 94.17 87.89 20/9/2012 | 244.82 228.5
Number of irrigates 77 irrigates plus planting and life 25 irrigates plus planting and life

Total irrigation period

watering irrigations
86 days

watering irrigations

9 irrigates plus planting and life
watering irrigations

86 days

86 days
5/7/2012 — 28/9/2012 5/7/2012-28/9/2012 5/7/2012-28/9/2012
Maize harvesting time October ,5,2012 October , 5, 2012 October, 5, 2012
Maize growing season period 93 days 93 days 93 days
Calculated applied water /season 4351 4060 2354 2197 2203 2057
Total applied water /season 4764 4446 2768 2583 2617 2442
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Notes: Amounts of applied water for planting and life watering irrigations (ml plotirrigate) were measured using cutthroat flume (20x90)
according to Early(1975).
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A common NPK-fertilization was applied to the soil active root zone during -5
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Table (8.1): Soil salinity, sodicity and the ionic strength of its extracts after wheat crop harvesting as affected by natural soil

conditioner types, their mixtures and application rates under different soil moisture depletion regimes.

Soil moisture depletion levels from its available water capacity (AWSM D-levels)
. Wet- treatment Medium - treatment Dry-treatment
Soil o (30 % AWSMD) (50 % AWSMD) (70 % AWSMD)
conditioner Cond_ltlor_1ers Lightirrigation Moderate irrigation Heavy irrigation
types _and application Short —intervals( 3 days) Median-intervals (6 days) Long-intervals (9 days)
their rates 14.45 % SMC 12.75 % SMC 11.08 % SMC
mixtures (wiw) -
Chemical parameters
H.S. = H.S. = H.S. =
pH dgr‘(r:f1 parameters @EY, | pH dg(,;—l parameters | € 7, pH dg;:q'l parameters 0 g7,
SAR_[SSP % £ SAR[SSP % E SAR_[SSP % E

Control ithout additions| 7.80 0.32 2.86 | 64.71 3.64 7.60| 0.35 |2.86| 63.36 4.45 7.40| 0.44 3.26 | 63.13 5.36
Bentonite low R1 |8.06 0.58 3.76 | 62.50 8.63 8.12| 0.62 |3.85| 62.69 8.78 8.30| 0.75 4.14 | 62.82 9.88
high | R2 [8.20 0.68 4.20 | 64.79 8.87 8.16| 0.67 [4.04| 63.01 9.64 8.14| 0.87 4.32 63.41 10.12

Mean 8.13 0.63 3.98 | 63.64 8.60 8.14| 0.645 |3.94| 62.85 9.21 8.22| 0.81 4.23 | 63.11 10.00

Compost | low | R1 [7.83 0.54 3.24 | 60.00 6.76 8.12| 0.68 [4.04| 63.01 7.63 8.10 0.73 3.51 61.20 8.24

P [ high | R2 [8.10 0.69 4.61 | 63.51 8.52 8.15| 0.72 |3.71| 58.97 9.05 8.30| 0.87 4.59 | 63.44 9.52

Mean 7.96 0.61 3.92 | 61.76 7.64 8.13| 0.70 |3.87] 60.99 8.34 8.20| 0.80 4.05 | 62.32 8.88

MNRM | low | R1 [8.13 0.81 4.11 | 61.44 11.25 8.30| 0.75 [4.25| 62.96 12.52 8.25[ 0.92 4.76 63.64 12.95

[ high [ R2 [821 0.97 4.63 | 62.38 12.67 8.18| 0.74 |4.24| 63.29 13.28 8.40| 0.94 | 477 | 63.37 14.72

Mean 8.17 0.89 4.37 | 61.91 11.96 8.24| 0.745 |4.24| 63.13 12.90 8.32| 0.93 | 4.765 | 63.50 13.84

Their mixtures] low | R1 [8.15 0.86 4.53 | 63.04 11.53 8.15| 1.20 |5.47| 64.06 13.65 8.20| 1.01 5.00 | 63.89 14.66
(1:1:1) | high | R2 [8.15 1.13 4.29 | 63.64 13.36 8.20| 1.12 |5.17| 63.33 14.95 8.22| 1.07 5.09 63.48 15.28
Mean 8.15| 0.995 441 | 63.33 12.45 8.17| 1.16 |5.32]| 63.69 14.30 8.21| 1.04 5.05 | 63.68 14.97

Average [ low R1 |8.04| 0.698 3.90 | 61.74 9.54 8.17| 0.813 |4.40| 63.18 10.65 8.21| 0.86 4.58 | 63.47 11.42
9 | high | R2 [8.17| 0.867 4.43 | 63.58 10.86 8.17| 0.813 [4.29| 62.15 11.73 8.28| 0.93 4.69 63.43 12.43
Overall mean 8';‘0 0.781 4.17 | 62.66 10.18 8.17| 0.813 4.345| 62.67 11.19 8.24| 0.895 | 4.64 63.45 11.93

3 replications and all obtained values were calculated on oven dry weight basis at 105 C° for 24 hours.

2- Cylindrical plastic pots cross-sectional area (0.0453 mz) containing 10 kg loamy sand soil on

3-Winter growing season period of wheat crop elongated 135 days
4- Analytical data were determined and calculated using 1:5 soil water extracts (except pH)
5-Wet — treatment (light irrigation ) : 30 % AWSMD for short —intervals ( 3 days)and actual seasonal applied water was 1107.4 m? fed'1(11.94 LPot'l)
6-Medium - treatment(moderate irrigation) : 50 % AWSMD for median —intervals ( 6 days)and actual seasonal applied water was 998.1 m? fed” (10.76 Lpot'l)
7-Dry — treatment( heavy irrigation):70 % AWSMD for long —intervals (9 days)and actual seasonal applied water was 972.4 m® fed™( 10.49L pot™).

oven dry weight irrigated with tap water

o —o< SOQM!' ~- »w ooz
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8- SMC represents soil moisture content ( %) directly before irrigation at which calculated water applied must be applied immediately for arriving its field
capacity.

Soil moisture depletion levels from its available water capacity ( AWSM D-levels
Wet- treatment Medium - treatment Dry-treatment
Soil (30 % AWSMD) (50 % AWSMD) (70 % AWSMD)
conditioner Conditioners Light irrigation Moderate irrigation Heavy irrigation
types and application Short — intervals( every day) Median-intervals (3 days) Long-intervals (8 days)
their rates 15.33 % SMC 13.5 % SMC 11.7 % SMC
mixtures (wiw) Chemical parameters
H.S. H.S. H.S. IS
oH EC parameters I.S oH EC parameters I.S oH EC parameters mrﬁol L-
-1 -1 -1 -1 -1
IL IL
dSm SAR SSP mmo dSm SAR SSP | mmo dSm sAR | sspw 1
% %
Without
Control additions 7.84 0.35 2.69 | 64.52 3.58 7.64 0.38 | 2.58 | 62.50 4.46 7.42 0.46 2.17 | 54.05 5.35
low R1 J 8.10 0.66 4.20 | 65.63 7.65 8.00 0.68 | 4.46 | 58.46 8.25 8.13 0.83 4.80 | 60.85 8.26
Bentonite .
! high R2 | 8.24 0.68 3.90 | 64.52 7.96 8.50 0.70 491 71.68 9.37 8.14 0.97 485 | 62.00 10.05
Mean 8.17 0.67 4.07 | 65.07 7.81 8.25 0.69 | 4.68 | 65.09 8.81 8.24 0.90 483 | 61.43 9.15
Compost low R1 jl 7.80 0.57 3.25 | 59.50 7.65 8.17 0.53 | 3.44 | 53.06 8.00 7.80 0.82 3.41 | 55.80 9.02
P high R2 §f 8.19 0.69 4.20 | 62.63 8.36 8.19 0.61 | 4.56 | 58.80 8.58 8.50 0.90 4.72 | 60.81 9.68
Mean 7.99 0.63 3.73 | 61.06 8.01 8.18 0.57 | 4.00 | 55.94 8.29 8.18 0.86 406 | 58.30 9.35
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MNRM low R1 j 8.10 0.85 4.15 | 61.05 10.13 8.23 0.74 ]3.38 [ 57.97 10.08 8.05 0.92 4.09 59.78 10.62

high R2 Jf 8.16 0.97 4.32 | 62.50 12.45 8.28 0.75 ] 4.66 | 67.56 11.36 8.50 0.94 4.66 64.44 11.40

8.13 0.91 4.24 | 61.78 11.29 8.25 | 0.745 | 4.02 | 62.77 10.72 8.30 0.93 4.38 62.11 11.01

Their low R1 § 8.18 0.88 5.51 [ 68.83 10.95 8.15 1.20 | 5.88 | 64.79 11.50 8.08 1.11 4.35 64.62 12.65
ixt .

nzg(ffs high R2 | 8.35 1.50 6.99 | 69.57 12.66 8.39 190 |5.92|67.77 12.54 8.60 1.17 5.45 67.33 14.24

8.265 1.19 6.25 | 69.20 11.81 8.27 155 | 5.90 | 66.28 12.02 8.34 1.16 5.89 65.96 13.45

Average low R1 jf 8.05 0.74 4.28 | 63.75 9.10 8.14 0.79 | 4.29 | 58.57 9.46 8.07 0.90 4.16 60.26 10.39

d high R2 j 8.23 0.96 4.85 | 64.79 10.36 8.33 0.99 5.01 | 66.47 10.45 8.45 0.96 5.42 63.14 11.34

Overall mean 8.139 0.85 4.56 | 64.27 9.73 8.237 | 0.89 | 4.65 | 62.57 9.96 8.265 | 0.963 | 4.79 61.70 10.86

Table( 8.2): Soil salinity, sodicity and the ionic strength of its extracts after maize crop harvesting as affected by natural soil
conditioner types , their mixtures and application rates under different soil moisture depletion regimes

Notes: 1- Each value is a mean of 3 replications and all obtained values were calculated on oven dry weight basis at 105 C° for
24 hours.

2- Analytical data were determined and calculated using 1:5 soil water extraction (except pH).

3- Field plot sectional —area 4.5 m? and its weight 1046.25 kg loamy sand soil on oven dry irrigated with drainage water
(Kotshner).

4- Summer growing season period of maize crop elongated 93 days

5- Wet — treatment ( light irrigation ): 30 % AWSMD for short —intervals ( every day)and actual seasonal applied water
was 4446 m® fed (4764 Lplot™)

6- Medium — treatment (moderate irrigation): 50 % AWSMD for median —intervals ( 3days)and actual seasonal applied
water was 2583 m® fed*( 2768 L plot™)

7- Dry — treatment ( heavy irrigation): 70 % AWSMD for long —intervals ( 8 days)and actual seasonal applied water was

2442 m® fed™'( 2617L plot™).
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8- SMC represents soil moisture content ( %) directly before irrigation at which calculated applied water must be done
immediately to arrive its field capacity.
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Table (9.1): Saturated hydraulic conductivity, bulk density and total porosity of studied soils after wheat crop harvesting
as affected by natural soil conditioner types, their mixtures and application rates under different soil moisture depletion regimes .

Soil moisture depletion levels from its available water capacity( AW SMD-levels)

Wet - treatment Medium - treatment Dry -treatment
(30 % AWSMD) (50 % AWSMD) (70 % AWSMD)

. . Conditioner Light irrigation Moderate irrigation Heavy irrigation
Soil conditioner application Short — intervals Median — intervals Long-intervals
types and their rates (3 days) (6 days) (9 days)

mixtures (Wiw) 14.45 % SMC 12.75 % SMC 11.08 % SMC
Physical parameters
SHC D, P SHC D, P: SHC D, P:
m/day 3 m/day | Mg /m?® % m/day | Mg /m? %

Control Without additions . . 2.47 1.57 40.7

R1 . . 2.55 1.42 46.42

Bentonite R2 ] ) 2.43 1.40 47.17

2.49 141 46.79

2.71 1.46 44.91

Compost

2.53 1.30 50.94
2.62 1.39 47.90

2.41 1.45 45.28

MNRM

high R2 2.38 1.43 46.00 2.36 1.40 47.17 2.37 1.35 49.06
Mean 2.39 1.435 45.85 2.38 1.42 46.42 2.39 1.40 47.17
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Their mixtures low R1 2.38 1.41 46.79 2.48 1.42 46.42 2.45 1.36 48.68
(1:1:1) high R2 2.32 1.34 49.43 2.34 1.31 50.57 2.39 1.32 50.19
Mean 2.35 1.375 | 48.11 2.41 1.365 | 48.50 2.42 1.34 49.43

Average low R1 2.41 1.430 | 46.04 2.47 1.437 | 45.77 2.53 1.423 | 46.30
high R2 2.38 1.423 | 45.42 2.44 1.385 | 47.74 2.43 1.343 | 49.32

Overall mean 2.395 1.426 | 46.33 2.455 1.411 | 46.75 2.48 1.383 | 47.81
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Notes: 1-Each value is a mean of three replications and the obtained results were calculated on oven dry weight basis at
105 C’ for 24 hours

2- SHC : Soil hydraulic conductivity ; Dy, : Soil bulk density and p; : Soil porosity in volume percent .

Table (9.2): Saturated hydraulic conductivity, bulk density and total porosity of studied soils after maize crop harvesting as

affected by natural soil conditioner types, their mixtures and application rates under different soil moisture depletion
regimes.

Soil moisture depletion levels from its available water capacity( AWSMD-levels)

Wet - treatment Medium - treatment Dry -treatment

(30 % AWSMD) (50 % AWSMD) (70 % AWSMD)
Conditioner Light irrigation Moderate irrigation Heavy irrigation
Soil conditioner types application Short — intervals Median — intervals Long-intervals

and their mixtures rates (every day) (3days) (8 days)
(wiw) 15.33 %SMC 13.5 % SMC 11.7 % SMC

Physical parameters
SHC Pr
m/day

Control Without additions 2.63 1.50 43.40 2.60 1.48 44.15 2.55 1.52 42.64
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Sentonite low R1 260 | 141 | 4679 || 2.84 | 135 | 49.06 || 255 | 142 | 46.41
high R2 232 | 133 | 4980 | 231 | 130 | 5094 | 240 | 122 | 53.96

2475 | 132 | 5019

395 | 135 | 49.06

Compost 317 128 | 51.70
261 | 1365 | 4850 || 2.66 | 1.325 | 50.00 || 356 | 1.315 | 50.38

IR low R1 264 | 140 | 4717 | 250 | 128 | 5170 || 286 | 138 | 47.92
high R2 220 | 134 | 4943 | 248 | 140 | 4717 | 310 | 130 | 5004

Mean 242 | 137 | 4830 | 249 | 134 | 4044 | 298 | 134 | 4943

Their mixtures (112D low R1 244 | 139 | 4754 | 238 | 138 | 4792 || 230 | 137 | 4830
high R2 234 | 137 | 4830 | 235 | 135 | 4906 || 200 | 132 | 5019

Mean 239 | 138 | 4792 || 2365 | 1365 | 4840 | 215 | 135 | 49.06

Average low R1 262 | 139 | 4755 | 268 | 134 | 4934 | 2915 | 138 | 47.92
high R2 232 | 135 | 4867 | 2366 | 1.344 | 4983 | 2660 | 1.28 | 51.70

Overall mean 247 | 1371 | 4826 | 2523 | 1342 | 4936 | 279 | 133 | 49.77

Notes:1-Each value is a mean of three replications and the obtained results were calculated on oven dry weight basis at 105 C*

for 24 hours.

2- SHC : Saturated hydraulic conductivity ; Dy: Soil bulk density and p; : Total porosity( in volume percent).
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Table(10.1): Field capacity, permanent wilting point and available water capacity of studied soils after wheat crop
harvesting as affected by natural soil conditioner types, their mixtures and application rates under different soil moisture
depletion regimes.

Soil moisture depletion levels from its available water capacity( AW SMD-levels)

Wet- treatment Medium - treatment Dry - treatment
(30 % AWSMD) (50 % AWSMD) (70 % AWSMD)
Light irrigation Moderate irrigation Heavy irrigation
Short — intervals Median — intervals Long- intervals
( 3 days) (6 days) (9 days)
14.45 % SMC 12.75 % SMC 11.08 % SMC
Soil moisture constants

_SFC% [ PwP % [ AWC o ]| SFC% [ PwP % | AWC% J| SFC% [ PWP % | AWCY%
_Control [ Withoutadditions || 170 | 85 [ 85 J 166 [ 82 | 84 | 164 | 82 | 82

Soil conditioner Conditioner
types and their application rates

mixtures (wiw)

. Low R1 17.7 8.7 9.0 17.4 8.6 8.8 16.8 8.4 8.4
Bentonite -
High R2 184 9.0 9.4 17.8 8.8 9.0 17.3 8.5 8.8
Mean 18.05 8.85 9.2 17.6 8.7 8.9 17.05 8.45 8.6
Low R1 17.7 8.8 8.9 17.3 8.5 8.8 17.2 8.5 8.7
Compost -
High R2 18.1 8.8 9.3 18.5 8.9 9.6 17.5 8.8 8.7
Mean 17.9 8.8 9.1 17.9 8.7 9.2 17.35 8.65 8.7
MNRM Low R1 19.2 9.5 9.7 18.5 9.2 9.3 17.9 8.9 9.0
High R2 19.5 9.8 9.7 18.7 9.3 9.4 18.2 9.0 9.2
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Mean
Their mixtures Low R1
(1:1:1) High R2
Mean
Average LPW R1
High R2

Overall mean

354




J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 5 (3), March, 2014

Notes: 1-Each value is a mean of three replications and the obtained results were calculated on oven dry weight basis at
105 C’ for 24 hours
2- SFC : soil field capacity ; PWP : permanent wilting point and AWC : soil available water capacity

Table(10.2): Field capacity, permanent wilting point and available water capacity of studied soils after maize crop
harvesting as affected by natural soil conditioner types, their mixtures and application rates under different soil moisture
depletion regimes.

Soil moisture depletion levels from its available water capacity( AW SMD-levels)
Soil Wet- treatment Medium - treatment Dry - treatment
conditioner Conditioner (30 % AWSMD) (50 % AWSMD) (70 % AWSMD)
types and application rates Light irrigation Moderate irrigation Heavy irrigation
their (wiw) Short — intervals Median — intervals Long- intervals
mixtures ( every day) (3 days) (8 days)
15.33 %SMC 13.5 % SMC 11.7 % SMC
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Soil moisture constants

SFC % PWP % AWC % SFC % PWP % AWC % | SFC % | PWP % | AWC %
[ Control [ Without additions | _ 178 [ 9.2 | |

Bentonite

ngh
Mean
Low
High
Mean
Low
High
Mean
Their Low
mixtures .
(1:1:1) High
Mean
Low
High
Overall mean

Compost

Average
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Notes : 1-Each value is a mean of three replications and the obtained results ere calculated on oven dry weight basis at
105 C’ for 24 hours

2- SFC : soil field capacity ; PWP : permanent wilting point and AWC : soil available water capacity
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Table(11.1): Phyto-availability (concentration) of soil macro-nutrients after wheat and maize crops harvesting as affected by
natural soil conditioner types, their mixtures and application rates under different soil moisture depletion regimes.

Soil
conditioner
types and
their
mixtures

Control

Bentonite

Conditioner
application
rates

(wiw)

Without
additions

low

R1

After pot-wheat crop cultivation

After field-maize crop cultivation

Wet-
treatment
(30 %
AWSMD)
Light irrigation
Short —
intervals
(3 days)

Medium -
treatment
(50 %
AWSMD)
Moderate
irrigation
Median —
intervals
(6 days)

Dry -
treatment
(70 %
AWSMD)
Heavy
irrigation
Long- intervals
(9 days)

Wet-
treatment
(30 %
AWSMD)
Light irrigation
Short —
intervals
(‘every day)

Medium -
treatment
(50 %
AWSMD)
Moderate
irrigation
Median —
intervals
(3 days)

Dry -
treatment
(70 %
AWSMD)
Heavy
irrigation
Long- intervals
(8 days)

14.45 % SMC

12.75 % SMC

11.08 % SMC

15.33 %SMC

13.5 % SMC

11.7 % SMC

Soil nutritional status

Soil nutritional status

Soil macro-nutrients phytoavailability (mg kg™

soil)

Soil macro-nutrients phytoavailability (mg kg™

soil)

25.0

high

R2

Mean

Compost

| low [ R1
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| high | R2 [[ 399 | 95 | 398 | 109 | 365 | 85 | 408 | 135 | 418 | 145 | 39.8 | 125

Mean 392 | 91 | 373 | 10.3 | 35.75 | 8.15 || 38.15 | 13.3 | 39.15 | 14.3 | 37.15 | 12.3

VINRM ow | R1 |37.8 [ 102 | 465 | 112 | 372 | 92 |'302 | 125 | 312 | 115 | 202 | 115
high | R2 || 405 | 105 | 47.3 | 115 | 40.0 | 9.9 | 353 | 12.8 | 36.3 | 138 | 34.3 | 11.8

Mean 39.15 | 10.35 | 46.9 | 11.35 | 38.6 | 9.55 | 32.75 | 12.65 | 33.75 | 12.65 | 31.75 | 11.65

Their low | RL | 435 | 11.2 | 493 | 12.2 | 43.0 | 102 | 363 | 12.9 | 37.3 | 139 | 353 | 119
”2'1’“1‘”1‘3)5 high | R2 | 465 | 139 | 495 | 149 | 445 | 129 | 395 | 132 | 405 | 142 | 385 | 12.2
Mean 45.0 | 12.55 | 49.4 | 13.55 | 43.75 | 11.55 || 37.9 | 13.05 | 38.9 | 14.05 | 36.9 | 12.05
Average low | R1 |'37.58 | 9.65 | 40.75 | 10.65 | 3655 | 8.67 | 31.13 | 12.33 | 32.13 | 12.83 | 3013 | 11.33
high | R2 | 40.63 | 10.85 | 43.03 | 11.95 | 38.08 | 9.93 || 35.28 | 12.75 | 36.28 | 13.75 | 34.28 | 11.75

Overall mean 39.10 | 10.25 | 41.89 | 11.30 | 37.31 | 9.30 |[33.21 | 12.54 | 34.21 | 13.29 | 32.21 | 11.54

Notes :

Ce° for 24 hours

potassium sulfate ( 48 % K,O).

1-Each value is a mean of 3 replications and all obtained values were calculated on oven dry weight basis at 105

2-Each experimental plastic pot received ( w/w) 120.6 kg-N fed™ (1.206 g- N pot '1) as ammonium nitrate ( 33.5 %
N); 13.54 kg-P fed™( 135.4 mg-P pot)as normal super phosphate ( 15.5 % P,0s) and 28.8 kg-K fed™( 199.15 mg-K pot) as

3- Each experimental plot area received 260 kg fed™ urea (46.5% N) equivalent 0.127 kg — N plot™ ; 200 kg fed™

ordinary super phosphate (15.5 % P,0s) equivalent (14.16 g-P plot™) and 50 kg fed™ potassium sulfate (48 % K,O) equivalent

20.84 g-K plot™.
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Table(12.1): Biomass grains and straw yields of wheat and maize crops after full maturity as affected by natural soil
conditioner types, their mixtures and application rates under wet-treatment (light irrigation) .

Biomass wheat crop yield Biomass maize crop yield

Conditioner

Soil conditioner application Light irrigation (short — intervals 3 days) Light irrigation (short — intervals every day)
types and their rates Biomass grains 1000 ' Biomass 'straw Biomqss grains =1

mixtures ( wiw) yield grains (tepn)yield yield 100 grains
(kglplot' (kglfed' weight (gm)

Biomass straw yield

(%) xapu

gpot’ | (kgfed™) gpott | (kg fed™) (kg plot™) | (kg fed™)

Without
additions
low R1
high R2

Control

Bentonite

Mea

low R1
high R2

Compost

Mea

low R1

MNRM high | R2

Mea

Their mixtures low R1

(1:1:1) high R2
Mean

Average | low | R1
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| high | R2 21.75 2017.0 42.32 40.17 | 34.11 3162 3.099 2892 44.0 46.23 3.697 3357

Overall mean 20.46 1897.3 42.35 38.05 | 33.33 3090 3.074 2869 43.75 47.09 3.461 3230

Notes: 1- Each figure is a mean of 3 variables and all obtained data were calculated on oven dry weight basis at 70 C° for 18 hours
2- Ardeb of wheat grains = 150 kg and heml straw (tepn) = 250 kg, while, ardeb of maize grains = 140 kg
3-Winter growing season elongated 135 days for wheat and growing summer season period elongated 93 days.
4- Wet — treatment (light irrigation): 30 % AWSMD (short — intervals)( 3 days) for wheat and every day for maize crop.

Table(12.2): Biomass grains and straw yields of wheat and maize crops after full maturity as affected by natural soil
conditioner types, their mixtures and application rates under medium-treatment (moderate irrigation).

_ Biomass wheat crop yield Biomass maize crop yield
conii(t)ilcl)ner Moderate irrigation (median — intervals 6 days) Moderate irrigation (median — intervals 3 days)
types and Cpnd_moner Biomass grains 10Qo g’ T Biomass straw Biomass grains 1qo g_‘ T Biomass straw yield
their application rates yield grains o g (tepn)yield yield grains @ %
i _ ] eight —~ R ) : B eight —~ _ B
mixtures (wiw) gpott | kafed | WEOR | =G | gport | kafed kaplot 1 g reqty | WOIN | 2G| (kg plot?) | (kg fed?)
) gm | < ) ) gm) | £
Without
Control additions 14.04 1302 30.6 28.91 2680 2.118 1977 41.2 42.46 2.870 2676
Bentonite low R1 17.22 1596 40.3 30.28 2807 3.003 2803 42.6 49.21 3.099 2893
high R2 20.16 1869 40.6 37.89 33.04 3063 3.096 2890 43.5 49.17 3.200 2987
Mean 18.69 | 17325 40.4 37.07 31.66 2935 3.050 2846 43.05 49.19 3.150 2940
Compost | low | R1 15.97 | 1480.5 40.0 34.81 29.91 2773 3.204 2990 42.2 44.48 3.999 3733
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| high R2 || 1807 | 16755 | 402 | 36.84 | 3098 | 2878 || 3.304 | 3084 452 | 4403 | 4.199 3920

Mean 1702 | 1578 | 401 | 3582 | 30.45 | 2823 || 3254 | 3037 23.7 | 4426 | 4.100 3827

NRM low R1 || 1925 | 1785 | 422 | 38.09 | 31.28 | 2900 || 3.107 | 2900 439 | 4911 | 3.219 3005
high R2 | 2281 | 2115 | 429 | 4105 | 3276 | 3037 | 3204 | 2990 445 | 4516 | 3.894 3631

Mean 21.03 | 1950 | 425 | 3957 | 3202 | 2969 || 3.155 | 2945 242 | 4714 | 3565 3318

Their low R1 | 1985 | 18405 | 436 | 3856 | 31.63 | 2933 || 3242 | 3026 445 | 4483 | 3.989 3724
nzz(tlurle)s high R2 | 2367 | 21945 | 452 | 4085 | 3427 | 3177 || 3.29 3076 450 | 4489 | 4.100 3827
Mean 21.76 | 20175 | 444 | 3977 | 3295 | 3055 || 3269 | 3051 | 44.75 | 44.86 | 4.045 3776

Average low R1 | 1807 | 16755 | 4153 | 3699 | 30.78 | 2853 | 3139 | 2930 433 | 4691 | 3579 3338
high R2 | 21178 | 19635 | 4223 | 39.26 | 32.76 | 3038 | 3225 | 3010 446 | 4581 | 3.848 3501

Overall mean 19.63 | 18195 | 41.88 | 3819 | 31.76 | 2946 | 3.182 | 2970 | 43.93 | 4636 | 3.713 3465

Notes: 1- Each figure is a mean of 3 variables and all obtained data were calculated on oven dry weight basis at 70 C° for 18 hours
2- Medium — treatment (moderate irrigation): 50 % AWSMD (median — intervals)( 6 days) for wheat and 3 days for maize crop.
3- Harvest index (%) =[ Biomass grains yield(g pot"l) /Biological crop yield (g pot'l)] x 100 on oven dry weight basis at 70 C° for
18 hours.
Table(12.3): Biomass grains and straw yields of wheat and maize crops after full maturity as affected by natural soil
conditioner types, their mixtures and application rates under dry-treatment (heavy irrigation).

Soil
conditioner
types and

Conditioner
application

Biomass wheat crop yield Biomass maize crop yield

Heavy irrigation (long — intervals 9 days)

Heavy irrigation (long — intervals 8 days)
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their mixtures
Biomass grains 1000 5 - Biomass straw Biomass grains 100 5 - Biomass straw
yield grains § B (tepn)yield yield grains § B yield
gpot™ | (kg fed™ V\Eglr%r;t S & g pot™ (kg fed | (kg plot (kg fed™) V\Eglr?];lt S g | (koplot | (kg fe
Without
Control additions 10.79 1000 30.3 34.45 20.53 1903 2.036 1900 40.0 49.22 2.099 1960
Bentonite low R1 13.09 1213 39.5 36.22 23.05 2137 2.818 2630 41.0 49.45 2.88 2688
high R 2 18.38 1704 40.1 38.87 28.91 2630 2.807 2620 42.1 48.35 2.99 2800
Mean 15.74 1458 39.8 37.72 25.98 2408 2.812 2625 41.55 48.89 2.939 2744
Compost low R1 12.26 1137 38.9 33.24 24.62 2283 2.982 2783 41.2 46.43 3.44 3211
high R 2 15.92 1476 40.1 37.41 26.64 2470 3.107 2900 42.3 44.4 3.89 3631
Mean 14.09 1306 39.5 35.47 25.63 2376 3.044 2841 41.74 45.42 3.665 3421
MNRM low R1 15.06 1396 42.9 39.52 23.05 2137 2.989 2790 42.7 49.92 2.99 2800
high R 2 24.79 2298 44.5 47.67 27.21 2523 3.001 2801 42.8 48.39 3.20 2987
Mean 19.93 1847 43.7 44.23 25.13 2330 2.995 2795 42.73 49.16 3.099 2893
Their low R1 16.31 1512 42.5 35.79 29.26 2713 3.054 2850 42.5 47.83 3.33 3108
Mgy | hion | r2 | 2031 | 1882 | 442 | 4006 | 3038 | 2817 | 3096 | 2800 | 440 | aeso | 354 | 3313
Mean 18.30 1697 43.4 38.02 29.82 2765 3.075 2870 43.25 47.21 3.44 3211
Average low R1 14.18 1314 40.95 36.2 24.99 2317 2.961 2763 41.9 48.41 3.16 2951
high R 2 19.86 1840 42.51 41.23 28.29 2610 3.003 2803 42.7 46.93 3.41 3182
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Overall mean 17.02 1577 41.61 38.98 || 26.64 2463 2.982 2783 42.32 47.67 3.285 3067

Notes :
1- Each experimental plastic pot received (w/w)360 kg fed™ NHsNO3(33.5 % N} equivalent 1.206 g-N pot*;200 kg fed™ ordinary
superphosphate ( 15.5 % P,0s )equivalent ( 135.4 mg —P pot™) and 50 kg fed™ K,SO, ( 48 % K,0) equivalent 199.15 mg-K pot™).
2- Each experimental plot area received 260 kg fed™ urea (46.5 % N) equivalent 0.127 kg-N plot'l; 200 kg fed™ ordinary
superphosphate ( 15.5 % P,0s )equivalent ( 14.16 g —P plot™) and 50 kg fed™ K,SO, ( 48 % K,0) equivalent 20.84 g-K plot™).
3- Each figure is a mean of 3 variables and all obtained data were calculated on oven dry weight basis at 70 C° for 18 hours.

4- Dry — treatment (heavy irrigation): 70 % AWSMD (long — intervals)( 9 days) for wheat and 8 days for maize crop.
Table(12.4): Yield components of wheat crop after full maturity as affected by soil conditioner types, their mixtures and
application rates under different soil moisture depletion regimes over the growing winter season period 2010/2011.

Soil moisture depletion levels from its available water capacity (AWSMD-levels

Wet - treatment Medium- treatment Dry -treatment
(30 % AWSMD) (50 % AWSMD) (70 % AWSMD)
Light irrigation Moderate irrigation Heavy irrigation

Soll Short- intervals (3 days) Median - intervals ( 6 days) Long-intervals (9 days)

Conditioner

conditioner application 14.45 % SMC 12.75 SMC 11.08 %SMC

types and
their
mixtures

rates
(wiw)
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Without
Control additions

Bentonite

Compost

mixtures
(1:1:1)

Average
Overall mean

Notes: Each figure is a mean of 3 replicates.

Table(5.5): Yield components of maize crop after full maturity as affected by soil conditioner types, their mixtures and
application rates under different soil moisture depletion regimes over the summer growing season period 2011.

I Soil conditioner types and i Soil moisture depletion levels from its available water capacity (AWSMD-levels) I
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their mixtures

Conditioners

Medium- treatment
(50 % AWSMD)
Moderate irrigation

Wet - treatment
(30 % AWSMD)
light irrigation

Dry -treatment
(70 % AWSMD)
Heavy irrigation

application Short- intervals Median - intervals Long-intervals (8 days)
rates (every day) ) : .
ates 11.7 % SMC
Without
Control additions
) low R1
Bentonite high R2
Mean
Compost o -
P high R2
Mean
low R1
Mean
low R1
Their mi 1:1:1
eir mixtures ( ) high R2

Mean
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low

R1

318.27

197.37

17.52

320.6

201.07

18.37

317.3

196.22

17.05

Average high

R2

328.05

200.37

18.50

329.4

202.87

19.92

325.7

199.63

17.38

Overall mean

19.14

321.48

Notes: Each figure is a mean of 3 replicates.
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Soil Characters

Obtained values

Site (1)*
Pot-experiment

Site(2)**
Field-experiment

Chemical analysis

i gusidagiesdura Univ., Yol. 5139 March, 20740
Electrlcal conductlvny, EC dsm* (80|| past extract)at 25 C° 2.60 3.75
Saturation percentage(S.P) % 38.0 40.0
[Total soluble salts(T.S.S) mg kg™ soil 632(0.063%) 960(0.096%)
Calcium carbonate (CaCOs3) % 0.40 0.60
[Total soluble ions(1:5 Soil-water extractions)

Soluble cations
Ca*? meq L™ 1.10 1.00
Mg*? meq L™ 1.46 1.20
Na* meq L™ 1.50 3.70
K meq L™ 0.14 0.10
Soluble anions
COs meq L™ 0.00 0.00
HCOs meq L™ 2.30 1.50
cL meq L™ 1.40 2.00
S0,2 meq L™ 0.30 2.50
EC,dSm* (1:5 soil-water extraction) 0.416 0.602
lonic strength (1.S) mmoles L™ 4.50 4.45
Sodium adsorption ratio(SAR) 1.327 3.53
Soluble sodium percentage(SSP) % 35.71 61.7
Physical analysis
Particle size distribution (9/100g soil)
Coarse sand fraction % 65.0 50.0
Fine sand fraction % 10.0 5.50
Silt fraction % 15.0 31.0
Clay fraction % 10.0 13.5
Soil texture class Loamy sand Loamy sand
Soil bulk density(Db) Mg m 1.57 1.55
Soil particle density (Dp) ) Mg m* 2.66 2.66
[Total porosity(pt) on volume basis % 34.21 41.73
Soil saturated hydraulic conductivity (S.H.C) m day™ 2.52 2.65
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