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highest upward water movement was around 0.35-0.40m, and the
horizontal movement was around 0.45-0.55m.

No significant differences were observed in the horizontal
and the downward water movement. The results confirm a direct
relation between the moisture content around the tube with
the.discharge rate. Where high moisture contents reduced
the difference in the hydraulic gradient between the water
pressure inside the tube and outside of it, causing a
reduction in the discharge rate.

In a general comparison between the results obtained by
the neutron probe device and the results of the gravimetric
method, the results of the N.P. where less accurate to
predict the wetting pattern shapes in the soil profile,
especially when close irrigation periods are practiced. In
similar researéhes for studying water-movement in the soil,

more advanced and accurate devices are recommended.
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2
and by continuous researches in different fields of
agriculture science. Without proper management more
degradation will occur to these lands and may extend to the
adjacent high lands.

There has been a special attention given to these lands
in the recent years especially under the conditions of water
scarcity in Jordan. Agricultural development in these areas
depends on harvesting rainfall and utilizing it efficiently.
Direct utilization can be made as on-farm water harvesting
and indirect use through the irrigation systems. The special
conditions of these areas impose different restrictions on
the type of irrigation system to be used. O0Of these
restrictions are: |
a. the effect of natural occurring strong wind conditions on
sprinkler system. b. high impermeable so0il surface crust
effect on the infiltration rate. and c. very low water
holding capacity of the soil. Sprinkler irrigation causes
run-off and erosion even under the lowest application rate,
with very low distribution efficiency due to the windy
conditions. Even with drip irrigation, surface run-off
occurred due to the soil surface crust formation and very
low infiltration rate (23).

Surface irrigation under these conditions yield a very
low application efficiency which is not favorable with
limited water resources. In addition, surface irrigation

requires precise land leveling which is not feasible due to

of University of Jordan - Center of Thesis Deposit



3
economic and soil factors. Subsurface irrigation has the
potential to overcome the limitations of other systems caused
by so0il and climate restrictions. In fact such limitations as
soil crust may under subsurface system turn to have an

advantage in reducing evaporation from the surface.

Since the subsurface irrigation method have not been
used under these conditions or the desert conditions of
Jordan, studies are needed to evaluate this method, and to
provide tools for proper design and management under these

conditions.

This study was carried out at Al-Muwaqqar area, with the
following objectives:

1) to study the water distribution patterns through the
soil profile under different lateral burial depths, water
application times, and initial moisture content;

2) to formulate an empirical relationships for
horizontal and vertical water movement in the soil profile
under various design parameters; and

3) to evaluate the performance of the neutron probe
scattering method in detecting the wetting fronts under the

subsurface irrigation system.
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CHAPTER II

LITERATURE REVIEW

2.1 Theories of unsaturated flow and water movement from

D v ————— T S ————

A subsurface irrigation system wets the so0il by the
capillary wéter movement from a buried perforated pipe.
Rational design of a subsurface irrigation system requires an
understanding of the unsaturated capillary soil-water
movement in the soil profile( Fok and Willardson, 1972).
Kirkham and Power(1972) developed a differential equation for
unsaturated flow by using the derivation of Laplace’s
equation:

de/dt =-(dvy/dx + dvy/dy + dv,/dz) ..... (1)
by assuming the validity of Darcy’s law for unsaturated flow,

VvV is expressed as:

Ve = = K, dh/dx .....{2)
vy = - Ky dh/dy ..... (3)
v, = - K, dh/dz A )]

Then the differentiay equation of unsaturated flow in
three dimensions will be :
de/dt = d/dx (b, de/dx) + d/dy (DY de/dt) + d/dz (D, de/dz)
+ dK/dz ..... (5)
where

@ = volumetric water content ( cm3/cm3 )

t
fl

time ( second )

University of Jordan - Center of Thesis Deposit
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D = diffusivity in the x, y, and z directions ( cm/sec )

= K dh./de
X, ¥, and z = length of one dimensional system ( cm )

In order to obtain such data that might serve as a basis
for the formulation of the unsaturated flow working theories,
Gardner et al. (1970) conducted a study in which approximate
solutions of the unsaturated flow equations were derived to
describe the water content above the initial wetting front as

a function of time:

W=at™® . .....(6)
vhere
W = soil water content
t = time
a and b = are constants ( related to the capillary

conductivity and soil water diffusivity ).

In this experiment the water content measurements were
done by Gamma-ray attenuation in soil columns during water
redistribution following ifrigation. Also they reported that
as the initial moisture content increases the range of soil
water content will be narrowed so that the diffusivity will
tend to be more nearly constant.

Young (1957) conducted an experiment to study the
moisture profiles during the redistribution after vertical
infiltration to various depths into two inter porous
materials. His results indicated that the redistribution of

moisture depends more critically on infiltration depth.

of University of Jordan - Center of Thesis Deposit
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In order to solve thé problem of vertical ground-water
movement in unsaturated soils in the absence of evaporation
and transpiration, Green et al.(1970) developed a
mathematical model describing isothermal, two-phase flow in
porous media. The model consists of differential equations
and algorithms for their numerical solution, these equations
are second order, none linear partial differential equations.
Neutron logs were run to measure water saturation versus
depth up to 22 feet. A computer model was then used to
compare the computed results with the results obtained from
the field. The data matching showed that the effect of
hysteresis in the capillary pressure-water saturation
relation-ship and the water permeability-water saturation
relation~-ship should be considered for the system studied.

A model and its numerical solution were developed by
Hanks and Nimah in 1973. The model predicts the water content
profiles, evapotranspiration, water flow from or to the water
table, root extraction, and root water potential under

transient field condition. By including the root extraction

term [A(z,t}] in the general flow equation of Hanks(1969)
they get :
de/dt = dfdz [K(©) dh/dz] + A(z,t) .....{(7)

They reported that variations in the limiting root water
potential has a small influence on estimated evapo-
transpiration, drainage, and root extraction.

Ahuja (1973) examined the vertical infiltration of water

All
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through a crust of constant nonzero hydraulic resistance, in
one dimension. He reported that a greater proportion of the
flow takes place at intermediate to low water contents,
without an appreciable effect of gravity, as the crust
resistance increases.

Hachum et al.(1976) studied the effect of the soil type
and water application rate from a trickle water line source
on the two-dimensional water movement and distribution within
a soil profile, and utilized the results for practical use,
by developing equations and relationships for water movement
in the horizontal (H) and the vertical (V) directions
assuming the following exponential relationships:

v=aT® .....(8)

H=bTd .....(9)
in which a, b.c ,and d are empirical parameters dependent on
the soil-water system characteristics. They found that for
the loamy sand soil, the horizontal advance is very small
when compared to the vertical. While for the silt loam (a
fine textured soil), a uniform or equal water advance in
both directions. For the same water applied, as the water
application rate increases, the vertical advance of the
wetting front decreases while the horizontal advance
increases. Also they conclﬁded that the approximation of the
shape of the wetting front moving within a soil profile
irrigated from a water line source by a semi-ellipse seems to

be reasonable from a practical standpoint.
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9
principles of Darcy-law flow and mass balance were applied to
each element to obtain the soil moisture conditions at each
time, without the utilization of the traditional differential
equation of unsaturated flow.

Mostaghimi et al.(1982) conducted laboratory experiments
to study the effect of trickle discharge rate on the
distribution of soil water in a silty-clay loam soil.
Moisture measurements weé'iﬁ%es based on a mean of three
counts (30s each) of the calibrated neutron scattering
method. Their results indicated that increasing the trickle
discharge rate resulted in an increase in the vertical
component and a decrease in the horizontal component of the
wetted zone.

The neutron scattering method was used again by
Armstrong and Wilson (1983}, in a research conducted to study
the moisture distribution under a trickle source, and to use
a computer simulation model to simulate irrigation in
stratified soils. They reported that the shape and size of
the wetted zone is more a.function of the amount of water
than of the rate of application, and the CSMP computer
simulation results were similar to the field measurements at
both application rates tested in the experiment.

Hawatmeh and Battikhi (1983) conducted an experiment to
find relations from actual field data , between vertical and
horizontal advances of wet fronts for two soils, three ranges

of initial moisture contents, rates of water application and

of University of Jordan - Center of Thesis Deposit
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come different soil physical properties. To describe the
horizontal and vertical advances of wetting fronts; they
cselected the equation of Kirkham and Feng for horizontal flow
which is:
x = NT1/2 + a .....(10)
where, x is the horizontal advances of wetting front (cm) ,t
is the time of advance (hours) and N is the slope of the
1ine. For vertical flow Philip’s equation was used which is:
y = st1/2 + at ..... (11)

where, y is the vertical advance of wetting front (cm), &t is
the time of advance (houré), S is the sorptivity (cm/hrllz),
and A is a parameter, which depends upon the ability of the
soil to transmit water (cm/hrllz). Regression analysis
technique was used to study the relation-ship between the
advance movement of wetting fronts and the square root of
time. They reported that horizontal and vertical advances of
wetting fronts increase with increasing initial moisture
content, and it is effected by some soil properties 1like
texture. In addition; increasing water application rates had
resulted in increasing horizontal water advance of wetting
fronts, which is similar to the results of Hachum et
al.(1976), and Mostaghimi et. al.(1982).

For soil moisture detection of the wetting fronts,
Vellidis et al.(1989) evaluated the ground-penetrating radar
(GPR) ,and reported that the radar images were reliable for

the detection of the wetting front in the soil profile and
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11
the wetting fronts shapes markedly resembled the application
uniformity curves.

Many researches have'used either laboratory models or
field plots in subsurface irrigation-studies, but few have
considered a theoretical study of the fluid flow processes
taking place because of the complexity of these processes. A
study of two-dimensional infiltration was carried out by Fok
(1970) and he concluded that two-dimensional infiltration
from a point source may be expressed by a simple power
equation and the shape of the wetting pattern in a uniform
soil profile during infiltration can be approximated by a
series of half ellipses having a common center where the
point source of in-flowing water is located.

Allred and Gilley (1974) presented an analytical
solution based upon steady state conditions for flow from a
buried array of line sources and combined this solution.with
a model of plant soil-moisture extraction to obtain a model
of subsurface irrigation. In this solution they used the
simplified equation for steady flow in two dimensions of

(Childs 1969):

dK(h) /dz = d/dz *(K(h)*dh/dz) + d/dx *(K(h)*dh/dx) ...(12)
where:
x = the horizontal direction
z = the vertical direction (expressed positively upward)
h = the capillary pressure head (expressed negatively

for capillary suction}

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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K(h) = the hydraulic conductivity.

In addition solutions describing the matrix flux
potential and stream function were found and evaluated for
several values of lateral spacing. And dimensionless forns
of the variables were utilized to obtain curves describing
the matrix flux potential and stream function which were
independent of source strength.

Dirksen (1978) carried an experiments in which water
content and pressure head distributions were measured during
transient and steady flows from four equally spaced line
sources maintained at constant hydraulic head in very fine
sand in a large laboratory model. A two-dimensional automatic
gamma ray attenuation scanner was used for water detection in
this experiment. There results showed a major differences
between upward flow and lateral flow below the source
indicating that the soil column exhibited varying degrees of
anisotropy, with the hydraulic conductivity being greater
horizontally than vertically. And they found thét at the same
water content, the hydraulic conductivity during wetting was

only about half of that during drying.
2.2 Subsurface Irrigation Design:

In the design of a subsurface delivery system it is
important to predict how water will move in time and space so
that the desired water content of root =zone will be

maintained without excessive loss by deep percolation. Fok
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13
and Willardson (1971) presented a theoretical analysis on
subsurface irrigation system design, where =soil water
movement from a given source in the soil profile was
expressed as a function of time (t). For example in a

horizontal direction water movement (x) is equal to:

in the vertical direction (y and z):

a*th .. ... (19)

]

Yy
z=f*t9 _.... (15)
where: a,b,c,d,e,f and are empirical constants. The volume
of water (V) in the soil adjacent to a unit length of the
subsurface irrigation pipe may expressed as:
V = 3.14/2 * (x*y*Asl*wl T X*2*AS,RW,) ... {16)
V=3.14/2 *(wy*As *a*crtPtd 4 o sns xexextdY) L (17)
In which As, and As, are the apparent specific gravities of
the upper and lower soil layers, respectively and Wy and w,
are the net increase, respectively of soil water content (dry
weight percent) after wetting. By differentiating equation 17
with respect to time (t) the discharge rate (q) from a unit
length of subsurface irrigation pipe may be obtained as:
q = (3.14/2)*%[w *As,*a*c(b+d) xtPd-1
+ wz*Asz*c*f*(d+g)*td+g"1] ..... (18)
The burial depth of subirrigation pipes is assumed to be
selected at the maximum value of height (y) for which water
movement upward follows the simple power equation:

y = a*t? .....(19)

—RroitsReserved—=—Ltibrary of University of Jordan - Center of Thesis Deposit
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For spacing determination the following eguation could
be used:

s = 1.57 * ¢ * (pja)d/P ... (20)

This equation might have a special importance when close
spacing is required where spacing would be a 1limiting
economic factor.

Before that a similar model was constructed by Busch and
Kneebone (1966) to represent the cross-~section profile
transverse to a buried plastic pipe. The tests were made on
air-dried soils, initial testing marked the position of the
wetting front on the face of the model at time intervals as
flow advanced out-ward in all directions from the soil. This
model shows that the moisture movement in upward, downward
and horizontal direction can be equated to time on an
exponential basis over a range of pressure heads and
hydraulic conductivities. Results for two hydraulic
conductivities at different heads were given, and if these
relationships could be confirmed in the field, they would
provide a general basis for deciding on the depth and spacing
of pipe and time required for an irrigation to serve a
particular soil and crop rooting depth. Therefore these
results can give rise to problems of uniformity and excess
water application under certain conditions.-

Thomas et al.(1977) studied the infiltration from buried
sources in a specially designed soil bin placed in a

greenhouse. They compared calculated capillary potentials
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with those measured in two soil systems with an evapo-
transpirative demand. Also they illustrate the range of
capillary potential distributions developed in the root zone
for two crops grown at a constant subsurface irrigation rate.
A design evaluation based on steady-state analysis for
subsurface irrigation systems was also presented. The authors
stated that subsurface irrigation systems can not be
rigorously designed with a steady-state analysis but can only
provide guidelines for selecting the lateral parameters, i.e.

discharge rate, lateral spacing, and lateral depth.

2.3 Subsurface Irrigation Development:

Until recent years subsurface irrigation has been
limited to areas in which special conditions are found,
either a high water table is present, or highly permeable
soils within several feet of the surface are underlaid with
slowly permeable material that prevents excessive seepage
losses (Busch and kneebone 1966}. Now with the development
of plastic tubing, it became possible to rely on a burial
perforated pipe as the water source and to distribute water
"underground with pressures above atmospheric, where the
positive pressure increase moisture gradient from the water
source toward the surface, as well as in a downward
directions.

Bavel et al.(1973) were able to use an automated dynanic

simulation of an S/360 CSMP computer program for subsurface
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irrigation systems. In which water delivery and distribution
from a subsurface irrigation system were simulated for a
simplified one dimensional case and the water content at a
given depth would turn infiltration from the buried delivery
system off and on.

Nelson and Davis (1974) compared the distribution of
soil salinity when citrus trees were sprinkler and subsurface
irrigated, in addition changes in root distribution due to
subsurface irrigation were investigated. No significant
difference in tree growth was observed between the sprinkler
and subsurface-irrigated plots. They found that the soil
salinity distribution produced by subsurface irrigation
results in maximum salt concentrations at the perimeter of
the wetting front mostly above the burial depth of the
subsurface pipe. They suggested to maintain a high water
content during the rainféll months in order to allow the
precipitation to be used only for leaching and not for
increasing the soil water content.

In a comparison between surface, subsurface, sprinkler
and furrow irrigation methods Davis and Pugh (1974) found
that when the amount of water applied is near the consumptive
use requirement, subsurface irrigation has greater production
and better water use efficiency. In addition less water was
needed for subsurface irrigation than furrow or sprinkler
irrigation because less water was lost to direct evaporation

and deep percolation. In a similar experiment Sammis (1980)
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feasible, like CO2 enrichment near the plant roots.
5- The useful economic l1life of a trickle system can be
prolonged by installing the subsurface system on row crops.
They recommended that with fine textured soils to use less
frequent trickle irrigations for a deep rooted row crop than
for a shallow rooted crop.

Hills et al.(1989) conducted a laboratory investigation
to study the hydraulic effects of cbmpression deformation of
micro-irrigation subsurface drip-tape, they reported a
reduction ih average emitter flow rate corresponds to the
degree of drip-tape deformation, resulting from soil
compaction , and to the inlet flow rate. For soil
characteristics and cultural practices conductive to soil
compaction, the recommended maximum lateral length should be
reduced, and times of irrigation lengthened, according to the
drip-tape. Concerning the trickle subsurface irrigation
systems, emitter clogging is a major problem. Drip pipes are
buried below the ground surface causing additional problens,
since the clogged orifices cannot be seen. Several studies
have related emitter cleogging to system hydraulics (Bralts et
al.1982). Other studies have identified the major causes of
clogging (physical, chemical, or biological), and
recommendations have been provided by the researchers to
control the problem. Chemical c¢logging through salt
precipitation has been acknowledged to be the most difficult

one (Hills et al.1989).
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From the hydraulics point view, Vincent et al. (1982)
reported that the rate of emitter plugging can be assessed by
observing the changes in the total flow to the system, and
they developed theoretical curves for predicting emitter
plugging rates based on the changes in lateral line flow.

Hills et al.(1989) evaluated four management schemes for
lessening the chemical clogging effects of high calcium
content water in drip-tape. Of the management modes
evaluated, reduction of wafer pH from 7.6 to 6.8, by sulfuric
acid injection, provided the least clogging for all three
water qualities used.

Schwanki and Prichard (1990) conducted an experiment to
test an alternative to acid injection for dealing with
chemical precipitate clogging in buried drip irrigation
systems. They reported that injecting ( ESI-35 ) a
Phosphonate material was effective as acid against clogging
in two field trials, and might cost less.

In order to evaluate subsurface trickle irrigation
systems Kruse and Mizyed (1989) were able to use a computer
model to analyze the performance of trickle irrigation sets.
The program estimates the reduction in emitter flow rates
caused by plugging and other deterioration of the systems by
comparing the average pressure/discharge proportionality
constants, X, determined by the computer from field
measurements of inlet pressure head and flow rate with values

of K determined in the laboratory for new hoses.
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site is 1-2% . No previous irrigation practices has been
experienced or conducted at the site and no soil disturbance
has occurred. The location of the site was selected so that
its so0il represents most of the project soils as well as the
region in terms of soil properties such as aggregation,
surface crust, infiltration rate and vegetation cover.

Figure 2 shows the location of the experiment site. The
soil of this site was classified by Taimeh (1989) as
Fine,mixed, thermic, Typic Paleorthid (inclusion). The profile
description is as follows:

Hor. Depth/cm Profile Description

Al 0-16 Light yellowish brown, 10 YR 6/4 (d) to
brown-dark brown, 7.5 YR 4/4 (m), (SicL),
moderate medium subangular blocky, top 2cm
is moderate platy structure, friable, s.
hard, sticky, s. plastic, many fine roots,
porous, gradual boundary.

BA 16-27 Strong brown, 7.5 YR 5/6 (d) to brown-
dark brown to yellowish red 7.5 YR 4/4 (m),
( siclL ), weak to moderate medium subangular
blocky, few-many fine roots, crotovina, some
gravels, friable, hard, sticky, plastic,

clear boundary.

Bw 27-58 Yellowish red,5 YR 5/6 (d) to yellowish

red, 5 YR 4/6 (m),(SiC), weak moderate

medium subangular blocky, friable, hard,
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sticky, plastic, few-common fine roots ,
decomposed roots, many root channels filled
with ant exertion, clear boundary, stonline.
2BK 58-100 strong brown,7.5 YR 5/6 (d)to yellowish
red, 5 YR 5/6 (m),( sicL ), fine-medium
moderate to subangular blocky and some
medium granular, some tabules, friable,
hard, v.sticky, v.plastic few fine roots,
many decomposed roots, some dead insects,
dark coating on ped faces, abundant (>50% by
volume ) of medium coarse carbonate
concretions with many secondary carbonate
accumulations, abrupt boundary.
2BKn 110+ The top 3cm is recrystallized cap of hard
limestone, chert gravels, abundant secondary
calcium carbonate, can be broken by hammer.

Cr Compacted soft limestone.

Particle size distribution analysis were carried out by
adopting "the international pipette method " as described by
Day (1965) for the profile horizons. Apparent specific
gravity was determined by core method described by Black
(1965) for each depth, and other properties are presented in
Table 1.

Moisture retention for each depth was conducted

according to Richards (1948,1949,1952) as described by USDA
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was delivered to this unit by a 63mm diameter polyethylene
pipe from a 4m3 water supply reservoir up the hill. Water was
pumped to the supply reservoir from the harvested water
behind the earth dams that are built to collect run-off water
resulted from the rainfall storms during winter.

For each required burial depth, a 15m long ditches were
opened, and the pipes were installed straight ahead along the
ditch. Since the used pipes are flat when empty, before back-
filling the pipes are allowed to be filled with water to take
the round shape. The same soil with the same sequence was
used to refill the ditches, care was taken so as to prevent
any physical damage or blockage to the pipes.

Three parallel lines of 15m long were installed for each
burial depth with 4m spacing between each of them. The
neutron probe access tubes were installed at the first line
of each depth, and soil moisture samples were taken from the
others (Figure 8).

The access tubes were installed around each lateral
at a horizontal distance of 0.25m, 0.50m, and 0.75m away from
both sides right (R), left (L), and three replicates of each
set of these access tubes were installed at three places
along the line (Rep.1 near the beginning, Rep.2 at the
middle, and Rep.3 near the end) as shown in Figures 7 and 8.
----- Th;;;-gazzgindepths were used as the major variable in

this study, these are:
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1. Shallow depth of 0.2m (D1),
2. Moderately deep one of 0.35m (D2), and
3. Deep depﬁh of 0.5m (D3).

For each of the three burial depths three initial
moisture contents were used, namely:
(I1) of Pv. = 5-10%, which is less than the PWP; (I2) of
Pv. = 10-15%, which is nearly at the PWP; and (I3), which is
between the PWP and the field capacity.

3.3 Water Analysis:

Two water samples were taken each run; one from the
reservoir and one out of the water control unit. The pH was
measured using glass electrode, the EC was determined by the
use of the conductivity bridge and the total suspended solids
were determined at the water research and study center in the
University of Jordan by measuring the weight of the suspended
solids in a measured volume,the results are shown in Table 2.

3.4 Experimental Procedure ( Data collection ):

Before starting the experimental procedure, the tanks
were filled with the water from the reservoir and the
elevation in the tanks was recorded. The water gauge reading
was taken to measure the exact amount of water that is used
during the application time of irrigation. The pressure gauge
was set at 2.5 Psi (the recommended head pressure), then two

methods were used for the detection of the wetting fronts;
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they are: gravimetric method and the neutron probe

scattering method.

a. Gravimetric Method:

T o . o T — S -

Wetting fronts were determined by taking soil moisture
samples. The first is before starting the irrigation to know
the initial moisture content, then soil moisture samples were
taken at different horizontal and vertical distances away
from the subsurface irrigation 1line for each treatment.
Samples are taken after 1:00, 2:00, 4:00, 8:00, and 24:00
hours from the start of application time. It should be
mentioned that at later stages some samples were taken from
one side, and is considered to be symmetrical with the other
side, due to the observed symmetry in the data taken from
different soil samples. The wetting fronts were determined by
extrapolation or interpolation between the two closest point
to the initial moisture content.

b. HNeutron Scattering Method:

Soil moisture was measured by the neutron probe at
horizontal distances of 0.25, 0.50, and 0.75m on both sides
of the subsurface line for the depth of the 0.1, 0.3, 0.5,
0.7, 0.9, and 1.10m depfhs. First before starting the
irrigation to make sure of the desired initial moisture
content; and then after 1:00, 2:00, 4:00, 8:00, 16:00, and
24:00 hours after irrigation started. The wetting fronts were

then determined using the same procedure of the gravimetric
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method.

3.5 Data Analysis:

Wetting pattern advance figures were developed from the
results obtained by gravimetric and neutron probe methods for
each burial depth, at different initial moisture content.
This reflects the horizontal and vertical water movement
through out the cross sectional area of soil profile around
subsurface irrigation line.

Statistical regression analysis was used to determine
the relationship between the advance distance of the wetting
front (x, y and z) and the time (%), as a simple power
function (13)._ihe best fit curves can be then used as design
charts to predict the water movement in the soil as a
function of time. They could be used for design purposes.

The measured specific discharge rate (SDR) was
determined by dividing the total volume of irrigation water
by the length of the subsurface line, and the hours of
irrigation. In addition, charts were made to show the effect
of the initial moisture content on the specific discharge
rate.

The neutron probe measurements were used to locate the
wetting front in the soil profile in the same manner of the
gravimetric method. Simple power function equations were also

developed and used to compére the two techniques.
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CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Assumptions :

The wetting patterns under subsurface irrigation lines
were determined by using the gravimetric method, based on The
following assumptions
1- The two-dimensional wetting pattern from a subsurface
jrrigation pipe in the soil profile at a given time can be
approximated by two semi-ellipses eguations as formulated by
Fok and Willardson (1971).

2—- Water movement from subsurface irrigation pipe obeys the
principles of unsaturated flow.

3- So0il is homogeneous -in the horizontal and vertical
directions.

These assumptions were used in the early development and
orientation of the wetting front advance figures, and for the
establishment of the design charts and water movement
equations of the soil profile.

4.2 Burial depth of (0.20 m) :

Figures 9,10 and 11 show the wetting front progress
from subsurface line buried at 0.20m depth with initial Pv.
of 5-10%, 10-15%, and 15-20% respectively, is shown at times
1:00, 2:00, 4:00, 8:00, and 24:00 hrs after irrigation
started. These fiqures represents a cross sectional area in

the' soil profile, where the 0:00 hr point represents the
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location of the source of water (subsurface 1line}, and the
points 1:00hr through 24:00hr indicates the shape of the
wetting front after each irrigation interval.

For the initial moisture content bf 5-10%, as shown in
Figure 9, the wetting front progress is symmetrical in the
horizontal plane. This result applies for all the treatments
of the experiment.

At this burial depth the water did reach the soil
surface after a time of 8-16 hours of irrigation, depending
on the initial moisture content. These results are clear as
shown figures and as observed in the field. It suggests that
using 0.20m burial depth may result in evaporation loses if
irrigation duration exceeds 24:00 hours. This practice may
not be recommended under the arid conditions since the main
advantage of this system is to achieve high efficiency. But
on the other hand these results indicate that at this depth
the system may operate efficiently to soften the surface soil
crust and facilitate seed germination and emergence.

on the other hand, comparing the effect of the initial
moisture content at the 0.20m burial depth on the wetting
front progress showed that the upward water movement 1is
slower at higher initial moisture content. Previous
researches in this area (Hawatmeh and Battikhi 1983,
Karadsheh 1990, and Mostaghimi et al. 1982) studied the
downward water movement only. This result coﬁld be attributed

to the change in the soil compaction as a result of the
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installation procedure of the subsurface irrigation pipes.
4.3 Burial Depth of ( 0.35 m }):

Figures 12,13 and 14 are similar to those under 0.20m
depth; where they show the progress of the wetting front
advance in a cross sectional area of the soil profile by
using a source of water buried at 0.35m. In this case few
spots of moisture were at the soil surface along the
subsurface line after 24:00 hours of irrigation. Although the
results in the figures show that the water reached the
surface, but field observation showed that the water did not
reach the soil surface all over along the irrigation line.
This difference between the results shown in these figures
and field observations is related to another concept that is
called the water uniformity which reflects the water
distribution pattern in the field. It was not possible to
study this concept by using the gravimetric method for water
detection. Such evaluation requires large numbers of soil
samples in order to make more than one cross sectional area
along the line at one time. This could be done by using other
tools such as the Ground-Penetrating Radar (Vellidis et al
1989), or the Gamma ray attenuation (Dirksen 1978).
concerning the effect of the initial moisture content on the
development of the wetting front, similar results to the
0.20-m depth were found. Wetting front reached the soil
surface faster at lower initial moisture content. Slight

differences were observed in the horizontal direction.
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4.4 Burial Depth of (0.50 m ):

Figures 15, 16, and 17 shows the wetting patterns under
0.50m buriﬁl depth, for the three initial moisture contents
used. These figures show a semi-ellipse shape of the wetting
front progress, where the horizontal water advance was
slightly more than the vertical one. This result is noticed
clearly at this deep burial depth may be due to the affect
of soil compaction at the lower depths of the soil profile,
in addition to the presence of a compacted soft limestone
layer at the bottom. The highest upward water movement was
about 0.44 m above the subsurface irrigation 1line after
24:00 hours of irrigation at the 1st initial moisture
content.

4.5 Water movement relationships :

—— — S b S S e Y —— S . W S g e b et el S P S e G S S —

Simple power equations (Table 3) were developed by
studying the horizontal (x), the upward (y), and the downward
(z) water movement for different burial depths, and different
initial moisture contents. In each case an equation was
derived by using the time as independent variable to
predict the distance of water advance {dependent variable).
These equations were used to produce the charts of Figures 18
to 26 which shows the water advance as a function of time.

It should be mentioned that the effect of the discharge
rate was not considered as a variable in these design charts

because in the case of the perforated subsurface irrigation
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pipe lines the water movement out of the pipes is related to
the difference in the hydraulic gradient between the pipe and
the moisture content around it, i.e. the discharge rate is
related to the so0il moisture content and cannot be
controlled in this case.

The same applies for the operating pressure head, which
is related to the tube manufacturing. The recommended
operating pressure range is 2-5psi.

In a comparison between the relationships under each
depth, the effect of the initial moisture content was more on
the vertical upward direction. Increasing the initial
moisture content a considéfable decrease in the upward front
advance rate was found. A small reduction was observed in the
horizontal water movement, which could be explained due to
increasing the initial mnoisture content. Reduction in the
difference in the hydraulie gradient will occur which will
decrease the discharge rate (Table 4). This will lead to a
reduction in the horizontal movement (Hachum et al. 1976,
Hawatmeh and Battikhi 1983, and Karadsheh 1990). This
reduction is attributed to the decrease in the discharge rate
which is related to the indirect effect of the initial
moisture content,

The effect of the initial moisture content on the
wetting fronts in the cases of the surface 1line sources
(Hawatmeh and Battikhi) cannot be applied in the case of

subsurface water application specifically for the upward and
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Table.4: DISCHARGE RATE.
Initial Applicat. Total Pipe Measured
B.depth moisture Time Volume length Specific discharge rate
(cm) Pv.% (hr) liter {meter) liter/hour/meter
D1=20cm 5-10% o0 -1 155.00 14.00 11.07
1 -2 145.00 14.00 10.36
2 - 4 210.00 14.00 7.50
4 - 8 340.00 14.00 6.07
8 -24 1305.00 14.00 5.83
D1=20cm 10-15% o -1 130.00 14.00 9.29
1 -2 125.00 14.00 8.93
2 - 4 190.00 14.00 6.79
4 - 8B 315.00 14.00 5.63
8 -24 1215.00 14.00 5.42
D1=20cm 15-20% 0 -1 120.00 14.00 8.57
1 -2 115.00 14.00 8.21
2 -4 185.00 14.00 6.61
4 - 8 305.00 14.00 5.45
8 -24 1195.00 14.00 5.33
D2=35cm 5-10% o -1 145.00 13.00 11.15
1 -2 130.00 13.00 10.00
2 - 4 220.00 13.00 8.46
4 - 8 325.00 13.00 6.25
8 -24 1315.00 13.00 6.32
D2=35cm 10~15% -1 135.00 13.00 10.38
1 -2 125.00 13.00 9.62
-2 = 4 215.00 13.00 8.27
4 - 8 320.00 13.00 6.15
8 =24 1295.00 13.00 6.23
DP2=35cnm 15-20% 0 -1 110.00 13.00 8.46
1 -2 120.00 13.00 9.23
2 - 4 155.00 13.00 7.50
4 - 8 295.00 13.00 5.67
8 -24 1250.00 13.00 6.01
... /53
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Table. 4: Continued
Initial Applicat. Total Pipe
B.depth moisture Time Volume length Specific discharge rate
(cm) Pv.% (hr) liter (meter) liter/hour/meter

d3=50cm 5-10% 0 -1 155.00 15.00 10.33

1 -2 160.00 15.00 10.67

2 - 4 245.00 15.00 8.17

4 - 8 375.00 15.00 6.25

8 -24 1420.00 15.00 5.92
d3=50cm 10-15% o -1 145.00 15.00 K 9.67

1-2 150.00  15.00 10.00

2 - 4 230.00 15.00 7.67

4 - 8 355,00 15.00 5.92

8 -24 1400.00 15.00 5.83
d3=50cm 15-20% o -1 140.00 15;00 9.33

1 -2 135.00 15.00 9,00

2 - 4 215.00 15.00 7.17

4 - 8 340,00 15.00 5.67

8 -24 1380.00 15.00 5.75
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horizontal water movements.

Application of Kirkham and Power (1972) formula to
unsaturated flow may explain the reduction in the upward
movement, their equations:

q, = —Kg [ d¥h/dz ]
dyh/dz = ( dym/dz + dv¥z/dz )
a9, = kg [A¥m/dz + d¥z/dz]
by increasihg the moisture content, the matric potential
gradient (d¥m/dz) will be reduced until it approach zero at
the saturation point. At this point the hydraulic term will
be reduced tg the only effect of the gravity (d¥z/dz). After
the so0il reaches the saturation pbintbthe only factor for
water movement is the gravitational éffect; and in the case
of subsurface irrigation, the water movement after a certain
time of irrigation, or after increasing the initial moisture
content will be mostly effected by the gravitational force.

Figures 27,28, and 29 were developed to study the water
advance as a function of time for each initial moisture
content regardless of the burial depth used.

In the horizontal movement (Fig 27) a slight deferences
were observed due to the effect of the initial moisture,
while in the downward movement (Fig 28) the average values
were not as expected to be more with high initial moisture.
This may be attributed to the fact that the soil profile in
this sight has a compacted soft lime stone in the lower

parts with high apparent -specific gravity of 1.583, and a
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porosity value of 40%. This very low porosity would reduce
the downward water penetration.

Comparing the results between the three burial depths,
no significant differences in water movement were observed
due to the burial depth, but using the equations of the 0.5m
burial for the upward water movement prediction was more
precise than the others because the water did not reach soil
surface. This give a good idea of how far would the water
advance in all directions in the soil.

Figure 30 was produced as a simple and general chart to
predict the water movement in the three directions x,y and z,
as a function of time regardless of the initial moisture
content and the‘burial depth, with the following assumption:
a. no significant differences were observed in water
movements due to the initial moisture content. b. also no
differences were observed due to the effect of the burial
depth. c¢. one location (soil profile) was used in this
experiment. The values obtained from this figure were used to
develop the following equations for the water advances at
this site (silty clay loam soil) as a function of time :

11.129 19-5306

Horizontal movement : X =
Up-ward movement : Y = 5.665 TO:6196
Down-ward movement : z = 7.405 T0-6172

In which the units for X,Y, and Z are expressed in
centimeters (cm) and the unit of T (time) is expressed in

hours. This figure may be used as a general guide line for
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the design of such a system at similar locations. The maximum
Y-value (upward water advance) is about 0.45m indicates the
recommended burial depth for this site, -and the maximum X-
value (horizontal water advance) is around 0.55 cm, should be
the maximum spacing between laterals if complete wetting of

s0il volume in the root zone is required.

4.6 Discharge rate and water analysis 3

4.6.1 The effect of the initial moisture content and the
----- application time on the specific discharge rate (SDR):

It was possible to measure the discharge at pressure
head range of 2.5-5 psi for each run by using a water gage
reading before and after each time of irrigation. Since the
subsurface irrigation pipes are porous and not of emitter
type, it was necessary to consider the length of each line
in order to calculate the specific discharge rate (SDR) for
each case by dividing the total volume of applied water by

the length of each lateral (Table 4).

Figures 31 ,32 and 33 show the relations between the
application time and the measured specific discharge
obtained from Table 4.

These results indicate that the application time has a
great effect on the discharge. The discharge rate starts
high because the initial moisture around the subsurface pipe
is lower and the hydraulic gradient is very high. When the

soil moisture increases after some time the hydraulic
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gradient will be reduced which will cause a drop in the
discharge rate values. The maximum specific discharge rate
was 11 1/hr/m. This indicates the capability of this system
to give high amount of ifrigation water in a limited time
without problems of surface run-off.

By increasing the initial moisture content a slight
decrease is observed in the SDR due to reduction in the
hydraulic gradient. This can be observed from figures 34,35
and 36,where they show the percentage of the SDR at each
depth for each initial moisture content. For example at 0.20
m burial depth; by increasing the moisture from 10% to 20%
the SDR was reduced from 11 to 8.5 1l/hr/m after the first

hour of irrigation.

4.6.2 The effect of the pfessure head and water quality on the

----- specific discharge rate (SDR) :

Table 5 shows a comparison made in the field between SDR
for lateral before and after installation under different
operating pressureé. The results show that increasing the
pressure head has a direct effect on the free SDR. The
discharge under burial condition is related more to the head
outside the pipe since no change is observed in the discharge
rate by increasing the head inside the pipe (for a certain
range).

These free specific discharge rate values were more than
those obtained for burial pipes. This fact may be attributed

to the reduction in the hydraulic gradient in the soil which

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Table (5-a): Free specific discharge rate before
in the soil.

Q: discharge = liter/hour/1.00 meter

Head

(psi) Q.1 Q.2 Q.3 Q.4 Q.5
2.5 24.0 19.8 20.4 22.2 21.0
5.0 30.0 33.0 33.6 36.0 30.6
7.5 63.0 60.0 66.0 63.6 69.0
10.0 96.0 93.0 90.0 96.0 96.6
12.5 129.0 120.0 120.0 117.0 114.0

62

installation

Table (5-b): Free specific discharge rate after
in the soil.

Q: discharge = liter/hour/1.00 meter

Head

(psi) Q.1 Q.2 0.3 Q.4 Q.5
2.5 21.0 24.6 20.4 18.0 24.0
5.0 36.0 39.0 33.6 30.0 31.8
7.5 54.6 60.0 57.0 54.0 63.0
10.0 75.0 g1.0 72.0 66.0 78.0
12.5 90.0 90.6 93.0 87.0 88.8

installation

Average
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is created few minutes after irrigation due to the formation
of a saturated s=o0il layer around the subsurface pipe
especially in silty clay loam soils.

In order to compare the effect of using the pipe after a
while on the free specific discharge rate, which would
reflect the effect of the inside clogging problem, no
differences was observed at a pressure head less than 5psi,
and a slight drop in the free discharge rate was observed at
higher pressure heads, this result agrees with the

manufacturer recommendations.

4.7 Neutron Probe Scattering technique performance in
-—— detecting the wetting front :

Water detection under subsurface irrigation by using the
Gravimetric method was very tedious and not practical for the
following reasons:

1- Large numbers of soil samples are required to get accurate
results. This cannot be done when close irrigation intervals
is used since sampling needs more than one hour.

2- Taking soil samples at close distances to the pipe line
was not possible by the augers since it might damage the pipe
and may cause undesired leaking.

3- Taking samples from more than one point (replicate) for
measuring the water distribution efficiency is not possible
because by the time needed to take soil samples from the

first replicate redistribution of the water will occur at

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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the other replicates.

Therefore the neutron probe scattering method was tested
and compared with the gravimetric method. It was used after
developing a calibration curve at the site consisting of 25
points for each depth (Figures 5 and 6). Three replicates of
access tubes were installed around the subsurface line
(Figure 8). The soil water cqntent were taken every 0.20 m
interval depth by a 16 seconds count readings at each point.

The difference in the volumetric moisture content at
each point was used as z; guide for detecting the wetting
front using the same procedure and assumptions for the
gravimetric method (Figures 37 to 45). These figures were
used to derive a simple power function eguations to predict
the water advance in the soil in the three directions as a
function of time (Table 6).

The results of the N.P. were less accurate for all the
treatments (comparing Table 3 with Table 6). This may be due
to the fact that the access tubes cannot be installed at a
distance less than 0.25 m interval, since the range of the
detected area is 0.30m in diameter. It is not accurate to
detect water movements after 1 and 2 hours from irrigation
where the water advance is less than 0.25m.

In addition the results gave only the amount of changes
in the moisture within relatively Jlarge area which
approximated the changes iﬁ each depth interval (0.20m) with

a circle of 0.3m diameter. Thus this method cannot produce
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Table .6 : The empirical soil-water movement equations in

the x,y, and z directions derived from soil sampling data using
the Neutron probe method.

—-_—.—-———-_—...-——_—._—-———-_.-—-——.——.——-——_.._-——......—-——__—-———_.—-—.——..-_—-_—.————...-——

Burial Initial The empirical simple
depth moisture power equations re
20cnm I-1 x = 9.25 t0-94 0.86
y = 5.19 t0-31 0.88
2 = 6.40 t0-63 0.89
20cm -2 x = .6.89 £0-70 0.84
y = 5.16 t0-38 0.89
z = 8.78 t9-27 0.92
20cm 1-3 x = 6.97 t0-68 0.90
y = 4.41 t0-37 0.85
z = 5.06 t9-70 0.89
3scm I-1 x = 9.34 t0-°1 0.81
y = 5.71 £0-°8 0.86
z = 6.18 t0-6° 0.89
35¢cm I-2 x = 11.35 t0-4% 0.90
y = 5.83 t0-48 0.93
z = 5.02 t©-96 0.84
35¢cm I-3 x = 7.51 t0-63 0.88
y = 4.16 t0-°8 0.89
z = 5.21 £9-70 0.89
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50cm I-1 ~ x =11.51 t0-48 0.86
y = 6.35 t0-81 0.89

z = 7.92 t9-56 0.85

s0cm I-2 x = 7.18 t0-98 0.84
y = 5.13 t0-64 0.84

z = 6.47 t0-64 0.83

50cm I-3 x = 6.15 £0-71 0.88
y = 6.17 t9-54 0.94

z = 6.37 £0-61 0.89

horizontal movement (cm}.
upward movement (cm).
downward movement {(cm).
time (hour).

o g N
nuin
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accurate results to predicf the water movement after small
time interval. On the other hand the results obtained at
4,8,16 and 24 hours of application were more acceptable when
compared with the results of the gravimetric method.

No specific relation was found between the results of
the gravimetric method and the neutron probe scattering

Technique.
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The performance of subsurface irrigation method was
studied at Al-Muwaggar area of Jordan. This area is
characterized as an arid region suffering from
desertification. This system is seen to overcome problems
related to water deficiency, evaporation losses and soil
infiltration. The major objective of this study was to
evaluate the performance of the subsurface irrigation method
under the condition of arid land soils, and to develop the
relationships that govern the water movement in the
horizontal and vertical directions. These would be important
for the design of subsurface systems in the arid regions for
similar conditions.

Three subsurface burial depths of porous subsurface
pipes were tested at depths of 0.20, 0.35, and 0.50 m and
the resulting wetting front development were detected using
thee initial moisture contents (Pv. = 5-10% ,10-15%, and 15-
20%), after 1,2,4,8,16,and 24 hours from the application
time.

The gravimetric method of moisture determination was
used to detect the wetting front advance, neutron probe
scattering technique was also used in parallel with the
gravimetric method to detect moisture wetting front and to

investigate its applicability in such circumstances.
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Simple power equations were developed that describe
wetting front advance in the horizontal and vertical
directions. The results of the study showed that the
subsurface irrigation method can overcome many of water
application problems in arid soils especially problenm
associated with very low infiltration and high evaporation
rates.

The following conclusions and recommendations could be
reported:

1. Using 0.20m burial depth indicated the capability of
this system to overcome the surface crust formation, where
the water had reached the surface along the whole line.

2. Using 0.50m buriai depth was associated with some
disadvantages such as difficult installation procedure and
the inability to solve the problem of surface crust
formation.

3. Increasing the application time caused a large
reduction in the discharge rate, which is attributed to the
reduction in the hydraulic gradient due to the increase in
the moisture content.

4. No difference in the horizontal water advance was

noticed among the different treatments while a slight

difference in the downward movement was observed, both were
at a range of 0.45-0.55m. Therefore it is recommended that
such spacing be considered as the maximum spacing for the

conditions of arid regions.
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5. The results of the neutron probe were less accurate
than the gravimetric method, and were insufficient to predict
the water advances after short time of application. They were
only capable of estimating the water content and shape after
8,16 and 24 hours of water application.

Since no problems were observed in the water application
to the root zone in this method, and even with a high
application rate and efficiency, this ;onfirms the capability
of such system to overcome.all the problems facing the other
irrigation methods, and therefore is recommended under the
arid regions. The only problems that was noticed in the field
was due installation and this could be solved if careful
installation is done by avoiding stones to be near the line
during the burying, using good quality or thick perforated
pipe lines with the end being curved up for flushing
procedures, and using filtered water.

For further studies, or similar in other regions, other
water detection methods is recommended if available, and if
not the gravimetric method is recommended over the neutron
probe method by taking as many samples as possible to get an
accurate shape of the wetting patterns. In addition since
this is the first type of research in this region, a field
comparison with other irrigation systems is recommended to
study the water uniformity, water application efficiency,
water use efficiency and other economical factors that needs

to be done with more specific researches.
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Table (7.al:Moizture content,on volume bazis at different horizontal
and vertical distance from the enbsurface line.

[

initial moisture contpnt no.d = 5 -1a 7 Pv.
burial depth no. 1 = 20 cm.

florizontal distance from
Time Depth the right  {cm).
thr) £cm} 1O 20 [0 4 Lt &0
“T1:00 0=-20 §.58 G T
2030 15.20 g.55 T.O3
A—-50 7.23 &H. 05 S.22
2:00 0--20 10,24 10,15 .27
2040 16.33 i1.01 b.22
AO—&Hid 8,32 T 4.35
400 0O-20 12.2G .11 0.65 B, 36
20-30 21.71% 19.35 .35 a1
460 4.89 3. 65 &, 50 &. 88
g: 00 G240 0,11 22.12 17.13 3.567
20-40 J2.72 24,50 15.44 6. 824
JO—5HO 13,30 g. 40 G a0 FARALL
&HO-80 b 6T .36 £.40 4.11
2300 420 I, 25 2525 22.11 13,50 10,12 7.1
Z20O-A0 34.95 Z1.66 37,65 15,346 13.10 605
30500 27.55 25. 07 23,600 8.H5 Q.95 S5.14
7, 5o 719 Q.01 T fria 6.3 4,58

&O-00
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Table(7Z.b}: Hoisture rontent on volume basis at different horizontal
and vertical distance from the subsurface line.
initial moisture content no.t = 5 —10%L Pv.
burial depth no. 1 = 20 cm.

florizontal diztance from
Time ' Depth the left ¢ cm ). :
thry} {cm) 10 20 iy) 40 o0 &HO
YT o-20  10.42 . &.97 a.iz2 TTTTTTTTTTTTTTTTTTT

20440 165.57 .32 7 .OS
40—-50 7.6848 7.47 .69

2:00 a-24 ?2.98 PR ziz! 2.az2
20-40 15.92 10,73 &.06
A0-HO g.11 7.6 3.24

A2 G0 020 15.31 11.39 10.81 &.70
20--40 27.14 24.19 11,65 9.28
A0-40 6. 11 4. 56 8.13 B.&0

8: 00 Q—24 21.21 24,32 20,338 4.37
20--40 3R.94 29.25 18.37 g.14
JO—-60 15.083 10, 00 b .90 .29
HO-BG 7.94 6,38 10,00 4.89

24300 =20 27.585 24.584 21.52 12.91 2,53 6.51
20-40 34,36 X1.07 JP.08 14.77 12.51 6.246
JQ--50 25.95 25.408 23.41% ].04H g9.37 3.85
£0--80 7.91 6. 65 7.42 .04 5.76 3.99
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Tahle(8.a): Moisture content on volume basis at different horizontal
and vertical di=tance from the sub=urface line.
initial moisture content noe.2= 19-15% Pv.
burial depth no. 1 = 20 cm,.

Horizontal di=ztance from
Time Depth the right <{cm )}
{hr) {cm) 10 20 30 40 S0 &0
Ttioo @ 20 T 15. 29 11,96 q.a3 TTTTTTTTTTTTTTTTTTTTTTTTT
20-10 21.2 14.23 12,463
4a—E0 12.84 12,44 10.73
22D -2 1500 15.89 3.23
20—-40 22.40 146,81 11.78
Q=0 13.99 13,28 7.22
4:00 0-20 18,11 14.62 14.33 10.80
2030 29,05 25.57 15,05 13,403
A0 10,38 7.08 12.0R 12.47
8100 20 3&.87 28. 19 23.249 7.12
20-3G 39,61 31,04 21.46 12.43
J3—-560 19,22 1407 11.34 13.44
&OG-80 2.25 10,822 1407 Q.57
2400 G20 F7.018 31.76 200.47 17.43 15.6849 12.71
2044 41.9% 38.49 35.89 21.38 12.01 12.44
30-&0 Z4.19 32,240 0. 93 14.35 14.56 19.756

&£0~840 14.18 12.80 13. 64 11.18 11.92 10.04
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Table(@.b): HMHoisture content on volume basis at different horizontal
antd vertical distance from the =ubsurface line.
initial moisture content no.?2 = 10-15% Pv.
burial depth ne. 1 = 20 cm.

Horizontal distance from
Time . Depth the left { cm )
{hr) tem) Y 20 30 L 1e) o0 &0
TTt:00 0-20  1&.19  12.8& s§.s8 __TTTTTTTTTTTTTTT
- 20140 22.585 15.04 13,30
AD—-&D 13,852 13,09 11.22
2:00 (=20 15.73 15.62 a.21
20-40 21.97 16£.52 11.42
3O—&5) L3.77 13.408 F.T0
A2 00 Q=20 21.33 17.21 14,60 12.29
2040 A3.74 3. H9 17.50 14.78
4040 11. &7 10.049 13.78 14,28
8: 00 Q20 27.52 >2.87 25.6% 7.84
20-40 3613 AT.96 23.%49 13.80
A £38) 21.87 15.75 12.590 15,00
&O—-B0 13.58 11.95 1575 16,39
24200 O--20 265,59 F1.14 27.115 18.01 15.25 12.07
2040 41,33 37.87 Adb. 28 20,74 18. 39 11.82
A0=580 I3.88 31.58 27.83 13.71% 14,04 10.34

€080 13.56 12.18 15,04 10.G46 11.3¢ .44
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Table{9.b): HMoisture content on volume hasis at different horizontal
and vertical distance from the subsurface line.
initial moistwre content no.3 = 15207 Pv.
turial depth no. § = 20 om.

Horizontal distance from
Time Depth the right {cm).
(hr) fom) 10 20 30 A4 a0
TTrro0 oS 2d 23.84 19.56  16.0& T
2030 >1.18 22.540 20,44
4060 20,71 20,20 18.a0
2:00 Q--20° 23.32 2X.17 13.494
20-40 I0. 60 24,25 18. 46
J0-50 21,00 20,17 i6.210
A 0-20 29.92 25,04 24,35 19.25%
2040 F1.55 40,922 25.90 22,43
4064 10.52 16. 60 21.02 21.41
8:00 Q20 21.22 25.32 146.52 15.37
204G Ja,.32 37.25 S3X.72 21.04
AA-4i) LU TN 23.739% 17.50 22.45
L0080 2a.78 12.85 23,34 17.01
24106 J-=20 It.12 33,22 26.15 19,19 20,190
20~40 3IG.68 29.24 34,22 29.25 26.45
3050 40,11 42.02 IP2.94 20,93 21.32
20,75 12.13X 20.14 17.22 1. 09

60-80

1.8
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Tabletl1d.a): Moisture content on volume basis at different horizontal
and vertical movement from the subsurface line,
initial moisture content no.t = 5-10% Pv.

burial depth np.2 = 35 ©m
Horizontal distance from
Time Depth the right {cm). "
thr} {Cm) 10 TR0 J0 40 S0 &0
1:oo  o-20 . 4.3z PR ales T T
2040 17.558 .85 5.60
40-40 12.30 6. 85 7.30
&80 .32 H. 15 J.33
2: 00 Q=20 g8.33 a.39 700
20— 22.11 14.54 5.0
AO-6HD 20,31 g].56 2.11
&80 &Sl 5. 40 H.35
A O0 —-20 16.38 PR 4,32 ge.op
25 -390 JG.68 £19.52 .83 3.68
AD-460 22.36 F.84 J.0% 5.02
£0-89 .35 {.99 2.568 &8.73
g: o0 Q240 15,23 14,082 1.23 4,36 D.12
204G 34.85 J1.58 15.68 g.11 3.15
JO—6H0 26033 7.11 8.70- - 9.36 5.41
SHO-G0 2.85 &. 0 .94 5.67 - -+ 3,488
Q0-100 3. 469 .74 4.44 .60 1.035
2 Q-2 25.59 13.7G .85 Ho 15 a.65 7.1
20-40 J1.35 D30, 93 39.65 - -28.11 17.17 &85
AQ-54 29,53 25.848 24 .00 7.1 10.15 5.3
&H0—-084 27.12 17.45 .01 J.25 T bbb X.0%
Ba—-100G 3.81 &H. 80 5. 44 1.38 .39 7.85
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Table(l1O.b):

Time
thr)

2100

4500

B: 00

and vertical distance from the =subsw face line.

initial moistuwre content

burial

Depth
{cm)

SO0

Q=20
2040
/405G
HO-84a

-2
20-40
40~&60
60840
80~-100

=20
20~40
4050
&HO-80
o107

depth

19.45
13.61
5.87

?.43
24.540
22.50

7.18

ia.14
JI4.01
24.78

5.91

16.87
40,85
27.1¢9
10.89

F.06

28. 458
34.76
Sr.H63
0,048
6.17

no.l

nm. 2 = 35 om

)

—~1Q%

Fv.

Moisture content on volume basis at differnt horizontal

Horizontal Jdiatance from
the left { cm ).

24 IO 40 S0 &0

7 .05 S.12

10,70 737

7.596 a.12

&.7% I. 86

s a.29

15.12 59.95

Q.44 2.30

5.9% P23

(B2.12 N 8.93

260,52 .82 4.04

4,24 AT 5.93

2.18 2.93 7.3

11.97 1.33 4,080 5.64

35.01 15.14 B.956 .45

10.07 F.A2 10.35 5.97

702 .91 SO0 4,04

L33 4 89 ?.51 110

15.48 7.7 5.79 .54 7.84
34,31 AR.97 3i.1A 19.02 728
28. 49 28,50 10.47 L. 23 5.4
21,585 a.895 I.87 6H.24 3.39
7 &5 &, ) 2.5 Feh g.44
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Tableill.a): Hoisture centent on vplume basis at different horizontal
- and vertical distanee from- -the subsurface line.
initial moisture content no.?2 = 10—-15% Pv. -
burial depth no., 2 = 3% cme

Horizontal distence from
Time Gepth the right  {cm).
(hr} {cm) 14 20 I 40 o0 &0
1200 G-20 Q.79 11.9& 1013
20-49 23,467 15,867 12.25
J40—-60 18,17 12,441 12.97
HO—30 19,084 11.71 a.75
2:00 200 14,21 14,06 13,13
2055} 28.47 20,54 104,92
40O —HD 2600 14.24 7.47
&HG-840 12.048 10,72 14,02
A2 00 G20 14.25 12.97 Q.7 13.73
204} 37 .01 24.79 14,57 7.11
A0-50 20,73 Q.30 8.145 10,52
&a-8o - 10,808 733 8.04 12.32
g: 00 - Q=20 21.24 14.61 OH. 54 2.8 10463
2040 33.73 J0.491 19.561 13.77 8.55
A0-60 J2.90 1402 14.39 15.0R 10,93
H3-8D 15.59 2,49 a.99 11.43 .11
BO—-100 .12 11.2R ?.71 14.28 &L 33
25: 04 024 32.21 17.93 14.34 i1.7¢ 14.33 12.7¢
2048 IB.17 37.75 31.25 34.77 23,28 12. 434
0 —5H0 I5.24 32.42 R 1 14,02 15.%1 193,95
&O-R0 JR.T73 25. 467 15,68 8.466 1t.19 8.49
- § 0} 11.14 2.47 10,94 7.22 14,05 1.2
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Table(ll.b): MHnisture content on volume basis at different horizpntal
and vertical distance from the subsurface line.
initial moisture content no.2 = 1G-15% Py,
buirial depth no.2 = 35 cm.

Horizontal distance from
Time - Depth the left { ecm }.
thr) {cm} i0 20 F0 40 a0 &0
1:00 o240 10.214 12,64 10.63
2043 25,567 14,70 1299
4040 19.54 3.19 13,77
H0-80 11.41 12.38 .07
2: 00 020 15.93 15.76 14,64
20-30% 32.96 23.49 12,41
A0-40 e B | 1597 7.808
HO--80 .38 12,01 15.71
A2 G0 O-20 25.78 14,.4% 10,65 15,37
20-40 33,71 28.414 1H.37 .89
A0-&4 33.28 10,07 Q.04 11.53
&HO-ED 11.95 TaiR a.59 13.67
12 00 Q=20 24,53 12, 89 &.T77 10,70 11.45
2044 31.25 24,25 22.39 15.40 ?.14
AO--&T ZR. 24 | PPN 14.14 16.97 12,02
5089 17.57 2.77 P.FO 12,562 7.85
Qo140 F.84 12,43 10,89 16.02 6,52
245l Q20 25.21 17.01 16.07 12.95 16.08 19.14
20-40 39,55 IG.659 Ia.118 36.24 26.77 F.82
R =550 41,602 37,47 35.33 16658 17.94 12.4048
&HO-B0 37.25 29,63 15.2 7.31 12.33 F.1

83159 12.27 13.84 12,048 7.59 15.74 14.84
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Tablel{l2.a): Hoisture content on volume basis-at: di Fferent- horizontal
and vertical distance from the 5ub=urfds9*11n&.l
initial moisture content np. I = 15-207% Py,

burial depth ne. 2 =

R M e e T X N IS M T T ET MmN T mrom oy

Time Depth
{hr} {cm) 10
1: 00 020 16. %0
20—-40 32.71
4HO—-&0 26.19
HO-E10 17.54
2: 00 Q-2 23,36
20— 11.75
A0—6HD 39.51
&80 20,481
#3200 a-20 23,491
204 IP.52
AG—-6LO 32,52
HO~80 172.04
8: a0 0-20 J2.43
20-40 35.27
AO—60 I7.22
&HO—-A0 23,15
9100 16.680
294400 0-220 36.25
2040 39.45
A0-560 1,02
&O—-80 39,39
80140 . 12,40

I8 cm.

A S T T o o X O e o T o S e T R S T A AN TR S R TN T ST s oy oo e ey

S S N RN T S NI N T S RN I e e e

Horizontal distance from
the right {cm).

20

hl.fﬁ
35.09
17.03
13,472

2h.446
F1.54
24.14
21,03
19.5

0,74
AX.30
Eu-&d
sB.15
21.12

20,04
15,008

21.94
19,12
14,66
23,11

17.45
2Z.83
15,93
15.43

15.47
I, 33
23.59
1H.63
17.82

Wm

A0

|

4 LR
ﬂu

31.25
22,65
17.17

LJ-?J
15.77
18,60
20,72

17.7%
22.79

24.40
1?2.78

23,45

20013

37,25

24.14
16.2%
14,335

-18.74
16,07
12.13
145.77

hr 4
J.20

23.52
30. 08
25.53
19.47
- 25,15

21.42
21.08
19,47
15.99
22,143
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Table{lZ.b}: HMoisture content on volume basis at different horizontal
and vertical movement from the =ubeurface line.
initial moisture content no.X = 15-20%L Pv.
burial depth no. 2 = 3% cm

T T o T i s O R T O R T T T A T T T O S T R e o S o T O e o e T M M N R T TR T TR TR RISV ST gE T I M mm e s sy i om e g R e g T R S e e oy

Horizonlal distance from

Time - Depth the right  {cm).
thr) {cm) 10 20 30 40 S0 6O
1:00 0O--20 14.04 1949 17.30
2030 35.05 24,15 20,099
A0 ~4G 27.82 20,32 21.41
&0 -840 18,22 1?2.325 15%.43
2:00 O-20 2T.TG 23.35 220X
20-90 33,65 32.48 13.92
AO~&5) 30.98 23,60 14,005
&0 20,95 18,72 23.27
A ) 020 F5.17 21.81 17.32 22.89
0= F4.53 38,34 24,07 14,3
A4D—6H0 33.29 14.64 15,44 18,36
H0-80 18.84 13,84 11,90 20.89
B:00 O-20 R 26.94 12,75 17.30 18.51
2049 31,53 33,37 x1.13 22.93 15.57
{040 39.25 24.41% 23.81 24.7 18.94
&80 25.51 21.01 15.20 19.65 16.323
80-100 16.39 19.42 17.50 RI. 66 12.4%5
24300 G-20 34,50 289,13 23,75 20,03 23.73 21,44
2030 41,42 36,82 Z5E.00 37.24 F6.34 21.07
040 I3.15 I7.00 IZH. 22 24,41 25.95 18.93
&H0-B0 21.96 2q.71 22.78 15.74 19.31 1G.00
g0-100 19.23 21.11 18.92 13.71 233X 22.27
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Table{i3.a): Moisture content on volume basis at different hortzontal
and vertical distance from the subsurface line.
initial meisture content npno.l = 5-10% [Fv,
burial depth no. I = 0 om

Horizontal di=tance from

Time " Depth the right <{cm).

{hr} {cm) 10 20 30 A0 S50 60

1:00 O-20 &L, 78 bHo 39 2.60
203 7.28 1.25 8. 57
AD-&O 13.81 6. 05 I.7%
SO—-80 H.95 .15 H. 35

2300 Q=20 &.26 I.90 4,32
24D 17.56 F 7.83
A0—-4&0 14.89 14,25 1.22
&HO-83D 17.79 T. A0 6H.42
ai—-140 1.25 . 249 2.01

A2 00 Q-20 307 7.35 5.93 3.87
2030 16.2 0.34 7 bhb 1. 50
A0~50 22.35 20,22 7.49 &.87
&HO—BO 23,21 S22 R 2.01
G- 100 T80 &H.97 T35 J.02

8: 00 G20 ].24 Hobb n.39 3469 &6.13
20-40 234.&88 14,014 11.02 g8.55 S.11
4050 3R, 07 20.08 1314 H. 48 1,11
40840 15,60 7.81 1313 F:Y 5.47
8o-1:00 7.31 a. 1R .65 & B0t G.oo

29300 Q-2 12,65 .55 G.565 2.11 Q.43 .11
2040 J1.40G 24,258 2.36 4,34 S.a4 2.510
406G 33.848 te B 29.50 12.58 14,15 1,903
&O—89 J3.55 28,25 115 &80 B.11 no12
G100 1,12 7.85 &Ha.11 5.67 6,53 4.97
100-120 4. 56 5.64 =11 1.3% 3,65 7. 69
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Table{l3.b): Hoisture content on volume basis at different horizontal
and vertical distance from the subsurface line.
initial meoisture content no.l = 5-10% Pv.
Brrial depth no., 3 = 30 om
Horizontal distance from
Time Pepth the left & om ).
{Iir} {cm) in 20 30 A4 ) &0

1: 00 0-2¢ 6.1 6. 33 2.58

2030 .20 1.25 8.1
40-60 13,465 &.78 .72
&HO-80 H. 323 DL 07 5.78

2:00 O-20 6. 20 3.95 4.28
20149 17.35 730 .77
A0-560 18. 57 146,64 1.22
H-00 12.54 D30 Ho 36
2180 1.25 .19 2.99

43 Q8 20 X.73 3. 05 H. 53 3.79
20-40 16.890 717 a.37 - 22
AQ~H0 24.714 3i.21 10,564 7.54
&O-80 25.65 G5.90 .98 2.12
Sl A 8.55% 7.50 a.0a5 3.24

£ 040 -5 DI 7.28 5.7 3.90 6. 69
20-40 27.28 189.55 12.12 7.39 G5.5h
B3O —6G 35.14 31.04 14.50 619 1.12
SO--E0 18.54 8.5 14.45 8.42 &H.43
80100 £2.00 B.97 X.94 7.52 6. 05

243 G =20 3.93 9.9 5,00 2,23 ?.47 3.3
2040 35.02 26.81 153.61 H.72 D93 2.21%
G360 37.47 33.914 I2.43 1300 11.15 1,405
&0-00 3713 31,205 14.48 7.44 8.89 5.57
B 10 12,25 8. 860 5. &7 & 200 .14 P K
100-120 A4.95 &L 15 .56 1.39 J.74 8.42
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Table{ld.a): Moisture content on volume basis at deffernt horizontal
and. vertical distance from the subeurface line.
initial moizture content no. 22 = 10-15% v,
burial depth no. 3 = 50 cm,

Horizontal distance from

Time .Depth the right f{cm).

thry {cm}y - 1 24 S0 40 o0 &0

1200 Q=20 12.58 11.95 7.98
20-40 - 12.89 &.54 14.13
A0 —-5H0 i9.75% 2414 ?.19
&O—80 12.92 11.71 12.44

2:00 - =20 11.a2 .43 ?.79
255 23,57 1%2.12 13,47
D60 29.99 223t HoTA
S--80 25.02 13,722 11.97
a0--100 e Sl 10.75 g2.41

4100 Q-2 ?.12 12.77 11.53 F.12
2040 21.25% 14_G3 15.2 14.1R
C TRty 20.73 F4.88 15.42 12.44
&0 29,62 150,94 ?.12 736
RO—-1050 13,44 2.57 12.98 .42

8: 4o G20 13,90 i2.24 10,91 ?.12 i B DA
2040 31.14 22.940 15.32 14,24 19,862
A40-50 35,23 3473 1947 11.21 oA
&3-840 22.487 t3.415 19,014 3I.32 i1.43
B4--1060 12.923 13.849 f.08 12.47 i1.08

24200 O-20 18,83 14,23 10,13 7.47 14,31 g.52
2540 38.4948 ID.T1 18,23 7.82 10.96 7.48
A5 3080 3I7.93 ZH.23 18,448 15.91 &.33
&E0-BO 4G, 48 .71 19.06 12.3%9 13.77 10,63
8O~ 100 1493 13.47 11.57 11.22 12,11 10,47
10120 10,04 1117 10,62 & 67 9.8 13.32
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Table{iG.a): Hoistuwre content on volume-basis -at -different horizontal
and vertical distance from the subsuwr-face: rine,
initial moisture content no. 3 = [S-20% Pv. '
burial depth no. 3 = 50 cm.

: Horizontal distance from
Time Pepth the right <cm).
{hyr) {om) 10 20 Kit) 40 GO &0
1z G4 G20 19,460 1,87 14.17
20--45 17.97 12.59 21.44Q
A0 &O 28406 179,44 15,460
H0-80 18.943 18.57 1?7.39
2:00 020 20.28 17.19 17.65
2044 21.21 22.09 18.25
A CG~&a0 37.27 33.81 13,44
HO-80 28.15 19.12 200,50
(1o —-100 13,50 18.90 15,88
200 O-24 15,6 21.74 12.90 15.8%
20--10 27.13 23,13 22.18 23,32
Jr—5H0 42.079 JI0.03 24,93 21.14
60810 23.24 i?.14 2H.E8D - 14,53
80100 12.348 14.35 17.15 15.692
£g:00 0—20} 22.948 20,82 19, 1¢» 16H:85 - 20.1]
20-40 35,23 31.57 25.73 23,40 13.72
4O~4G 40,47 39,83 2963 19.50- - 13031t
&0~-a0 31,55 22.28 29.5% 22.22 19.79
Bo—100 21.70 22.848 14.75 21.12 19,32
293400 Q20 . 28.7243 23.38 13,14 13,64 23,472 15.02
2030 I4. 67 S, 65 z2B.55 17.70 19.17 14,64
J3—-50 32, 58 2. 31 S1.75 28.384 25.95 3.19
&H0-20 I7.249 3G, 07 29.62 21.01 22.7 18.74
80-100 26.87 22.44 20,08 17.51 20,465 19.545
100-120 13.98 ig.11 141,54 10,61 1302 17.24
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Tableil5.b): HMHoisture content on volume basis at different horizontal
and vertical distance from the s=ub=uwrface line.
initial moistuwre content no. 3 = 15-207 Pv.
burial depth no.3 = 53 om.
.-_-.-=.'-=====.—.====tm====mﬂ=:=m:’:===-:==.".:-::::::::—_':z.:r:==.—:.:=::n;-.:.:::m::z::x:-::z:::x:::::‘:‘:::z::-:::::::

Horizontal distance from

Time Depth the right <f{omd.
ihie) icm) 16 20 I 40 &0 &i)
1500 Q-20 1951 18,79 14,15
2040} 12.843 12.59 21,37
A0—&0 27 .84 19.3% 15.56
SO0 18.84 18. 479 19.35
2: 00 25 19.25 e, 25 146,69
20460 20,12 18.15 21.34
AG—HO AP 32.39 12,61
&HD—80 21.25 18.11 19,458
eH-100 12,45 17.90 14.97
A0 =20 14,29 21.71 19.58 1627
20—40 RI.ET 23,21 22.17 23.41
- 37.87 32.80 25.17 21,03
HO-B0 31.10 18.8% 14,29 13.81
821040 i89.28 17.958 18.43 12.983
800 O-20 18,11 2, 69 18a.a1 14,29 19.M
20490 23.85 IZL 7L 27.14 23,50 18,499
AD--40 41,473 32,40 3031 19.24 12.449
HO—00 3T.70 22.3%9 30,27 22.21 172.55
B0-100 18, Téh 19,45 13.77 17.82 14,15
243090 =20 272.595 23,497 17.72 13.95 23. 461 15,41
2040 IHR.a9 37.61 29.13 17.27 1g.8a8 13,93
A~ 4,25 A7.463 94,50 27.4%5 Z25.84 12.35
LG4 31.27 34,16 30, 30 20,50 22.84 18,41
80-100 27.2 22.95 17.08 12.25 20,59 18.22
160-120 3.09 T 20 I4.58 T.846 12,75 i17.82
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TableilS.b): Moisture content on volume basis at different horizontal
and vertical distance from the subsurface line.
initial moisture content np. 3 = 1(5-20% Pv.
bhurial depth neo.3 = 50 cm.
Horizental distance from
Time Depth the right foml. = ‘
{he) fcm) 10 20 30 40 o £}

1: 00 a-20 19.51 18.7% 14,15

20—-40 : 12.83 12.549 21.37
AQG-60 27 .84 19.3% 16.596
H-00 S 18.84 18. 4% 12.35
2: 00 Q-20 19.25 16,25 16. 4%
2030 .12 13,15 21.34
A0—-4H0 I5.70 F2.37 12.61
GO0 28.25 10,11 17,45
Q0--100 12.465 17.90 14.97
42400 20 16.27 21.71 19.58 14.2%
2040 25.5% 23214 22.17 23.41
-5 37.87 S2. 60 25. 17 2103

6080 31.10 18,05 16,29 13,81
80-100 18.79 17.79%8 18.43 12.78

8:00 Q-20 18,11 20,69 182,81 16.29 19.91%

2040 23,05 35,71 27.14 23,50 18. 44
A& 41.63 32,40 J0.351 19.24 12.4¢
H0-30 F5.70 22.39 30,27 22.21 19.55

20-100 12,364 19.1% J.77 17.82 16,15

24201 Q=20 29.556 23,479 17.72 13.956 235.61 15.44
20-30 1. 89 37.61 27.13 17.27 1g.a88 I.93
A0=50 F4. 25 A7 .AES o405 27.45 25.845 2.353
&0-850 31.27 F4.16 .30 20,90 22,04 18,41
80100 27.29 22.95 17.00 192.25 20,50 18.22
100-120 13.89 1525 14.58 7?.846 12.75 17.82
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Table { 15 ):MHoisture content on volume basis chtained by the
Heutron Probe method at different horizontal and
vertical distancesz at 20cm burial depth .
Initial meisture content = S-10% Py,

hesis Deposit

O: Q0 b dl a2 iy di fa ,[:
Application time D0 D0-A4) B3—40 H0-80 Q431 04} o)
REf_ 1 L1 6,98 14.32 17.17 12.55 13,00 Q

1.2 3,31 3.0 7 .04 7.87 5.50 5
3 732 7. 41 12,714 12,81 10,25 O
Py b 4% .30 16.11 15,2 23.83 .
£} 4,43 & 20 7.17 8. 1% 12,30 =
R 3.82 a.48 10,71 10.51 13,94 a
REF. 2 L1 4,57 7.79 13.87 13,05 12,50 -
2 a. 65 9. 33 9.95 7.47 5.39 <
L3 901 10,15 12.34 15,01 21,05 “—
T &4 15,12 14.38 13,848 11.92 O
Rz 882 7,18 9, & 713 S, 15 2
3 5. a7 12.32 .79 12,518 14.19 "D
REF. = L1 Q.00 15, 8% 1346 12.21 15.02 O
L2 9,57 8. 28 ], &5 8,03 4.44 =
L3 .12 7.75 11.69 8. 66 5. a8 5
R1 1953 19, 13 17,549 14.07 15.53
23 .84 a.71 .63 Q.54 .90 ks
P 5.682 5.53 9. 46% 9. 44 a. 09 .
===-"===:=:=!ﬁﬂﬂ=-"'-'-=':-'-'-‘E.'—"-:2m=====“:-"-':7'—‘=-"‘..;ﬂ‘_'%'_"—‘."—'::'—‘-:"::"—::F"«:’:-.‘-’-==_—'-':I==‘:.‘:‘-“Rﬂlﬂ==2ﬂ=====xﬂ.ﬂ=':=ﬁ=-‘==_—'=ﬂ=ﬁ

1:00 hr d1 dz a3 T ds 5
fipplication time =200 20--40 A0—-&0 HO-R1D o140 .
REP. 1 Lt 1. 70 15.75 16.74 t2.a7 14.73 :

L2 5.18 .95 7.34 7.75 594 D
L3 9.84 8.13 12,09 .85 11,47 S
Fy 9. 99 13. 44 16.21 15.54 24,47 %
o) 7.08 b.21 7.81 Q.97 16,83
Fs 5,76 T.ET 19,22 10,19 15.17 @
REP, 2 L1 &H.73 14,49 11.07 3463 13,99 0
£.2 a.47 19, &4 10.91 a.16 7.41 S
L3 7.67 - 9. 11.73 W 18.01 =
r1 14.28 16.55 14.09 12,54 10.07 ad
) 19,62 8.31 7.52 b.73 5. 37 =
s 7.94 11.85 11.35 11.31 14.84 <

REP.3 i-1 12,41 15.43 13,47 11.84 15,07
2 P2 7.81 F.10 797 6.1

3 H.F7 H.72 19,14 8.246 4.7
fil 1,79 18,33 17,65 15,451 15.93
2 F.50 8.35 7.4a0 7.24 10,04
b= . 16 . dh Q.72 8,94 .84

-.-.—..2::::.—.::::::::—.—_:==-r:£=_-====::—_-=:.-==:=.—..:==:-:n:::::::zz-::.—::-::'::::r::=n'::::::::z:::::::::::::::‘:::::



Table {l&) @ Continued. .

2:00 hr di
Application time 20

REP.1 LA 11.47

L2 L9.74
L3 .91
1 11,924
B2 7.R5
13 5.4

REF.2 L1 7.5
L2 7.24

X H.97
i 1493
22 1G53
15 .64

FEP.X L1

14,74

2 d3
230 A4

14,45

5.49

15.44
7.05

T.59 0 13.3E)
14,190 té&. a8
D72 7.97
7.49 7.84
7.8 11.2%
7.48 .97
B.73 11.38

13.034
9,50

15.74
a2.20

11.27 11.04
15.59 13,55

R REPRLT

15,03
7.0
13,39

12.57

H.83
11.11
11.44

PR3

99

di
g3—-109

13.83
5.48
D4

23,990

10,57

12147

12.79

-

PR
18,09
105,72

Te GO
11.77%
13,94

L )

A &a 20 &85 10,09 2.12
11 23,49 25.29 17.9% 14.53
2 ?.71 .92 14,89 .18
3 4.79 5.63 Dol 7.23

3000 hr dl

Application time -0
L .REP.Y i1 - 11.83
L T i L 3
L3 14,05

1 i2.41
2 730

3 4,73

REP. 2 X 7. bb
L2 8.a09
L3 5.78
Pl 18,29
12 10.388

R3 G. 62
REP.3 i.1 11.34
L2 g.07
L3 H.43
1 23,44

dz2 d3
20-40 4040

16.82 16,064
6H.29 7.21
7.81 13,29
1X.79 1&.01
bha. 21 8.08
7.8% P.10
T.77 11.99
T2 G567

8.409 11.90

16,96 13.42
g.27 F .64
12. 64 12.54
T 13.20
C .90 7.9
H.71 146,97
23.42 146.31
7.95 140,63

2.74 . 4._44

d4
&0-B0O

- 12.43

7.04
13,43
15,24

9.35

10,53

13.42
.44
12,98
12.31
bH. 67
11.99
11.54
Fa.bl
8.17
15,08

83.98 -

8.51

24,59
10,57
3.17
13.72
6.4
17.33
11.97
5.5
12.24
13.72
6.11
H.11
15, &8

- 140080
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Tablie 154)

8:00 hr

npplication time -0 2040 A 50 HO—80 o100
REF. 1 i1 12,57 160248 16, 6% 12.93 15.50
L2 ".HT 4,53 H. 72 7.98 S3.45
3 ?.45 7 .03 15,05 12,465 F.AG
1 13,24 13.562 15.1%9 15.47 23,440
iz 7.7 &, 50 B. O3 F.23 10.48
X 22.17 G.10 143,83 F.22 | LA 7
REP. 2 L1 7.0 B2.93 11,05 13,81 12.83
.2 B. 50 ?.16 ?.85 5.57 4.565
L3 8.4048 1. 964 10.44 12,046 17.78
Hl 23.45 18.39 14,35 12.564 7.5
2 11.75° 7.5 .85 7.9% .01
R3 .32 19,33 13011 1}, 47 109,21
REP.3 L1 11.3537 14,24 13,466 11.460 164.25
L2 g.93 8.37 .56 T.72 F.32
J3 644 5.87 10.51 .03 4,92
1 23,20 23.84 15.92 13.2¢ 14,42
12 a.37 7.0 9.60 2.99 100,27
23 4.84 F.02 FJT0 ?.33 9.62
'-“—'=£=:'—'-'-’=ﬁ==.-‘==ﬂ5‘:2:2:‘:'—1":2”==‘—'-'-—-'=m?Aﬁ?:'ﬂﬂﬂ:tﬁ:::::::ﬂmﬂﬁ:mﬂ:ﬂ: S I A T T e T S S T S I ER T eI oE s o A
14200 br dl d2 d3 dd a3

fApplication time

REP. L L1
L2
L3
f11
K
H3
REP.2Z i1
L2
L3
1591
2
=
REF.3 I |
L2
L3
£l

Continued.

dl

20

i4.549
.7
Q.57
14.65
.49
.91
F.AT
B#.17
7.b9
20,67
| LA RN
.81
£3.75
V.G
S.83

22,78

"2 F.11
B 4. 90
TR O R AT R MO T T I I T R T LR ER st

d2 dZ

2040 A0—H0
21.07 14,53
A4.70 F.bb
7.5 13.97
3.98 15,45
S.67 {3.357%
7 .60 2.91

10,25
8. 42
8.38
7.19
7.51%
14,30

10,54
8. 358
11.17
3.13
8.349
11.6%

16.37 J.53
7.61 .45
4.73 .97

21,38
3.843
1. 78

28.74
16,00

L Y d

Q.27

d4

&0-80

2.5
)
13.37
14.89
.01
9.44
13,33
T.13
13.31
10.49
d.414
100646
10,548
11.352
7,10
12.47
a.449
7.72

100

do

820~100

12.31
d.76
8.23

22.84
?.9T

12.140

14,54
d.76

18,63

10.57
4.548

10,78

13,256
4,41
S5.74

24,19

19,87

.04
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Table {1&) @ Continued.

24: 00 hr di a2 d3 d4a do
Application time G200 204 AL —&D Hi-—-80 a-100

REP.1 i1 14.88 18.61 17.19 12.2 13.94

L2 D62 0 L 5 F. 05 F.VH G.27

3 .03 2].10 13.74 14.83 .21

1 14.33 14.54 15. 64 15.31 23,44

2 6. 435 6. 24 8.346 7.21 1G. 39

R3 .15 7.18 ?.17 .31 12.74

REP.2 i1 7.63 10.2 11.404 13.07 15.35
2 .40 .07 ?.47 7.1t S.iol

LE 7.0 - fr.82 11.3% 15.08 17.98

1 21.27 20 .08 13,41 11.88 11.45

2 12,048 .04 .00 4.97 %.98

BX 15,084 15.31 11.22 4.983 172

REP. X Li 15,07 19.16 13.71 10,56 13.21
L2 8.25 Ta.7G H8.73 11.28 4.892

3 .16 Ho D7 10,20 7. 59 0. 07

1 22.79 24.14 29.00 12,85 .32

12 .44 7.18 1, 30 8. 465 11.47

L3 3. 015 | RA PR ?.54 7.57 7.6
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Takle <118} :

24: G0 hr
Application time

REP. 1 L1
L2

.3

ri

R2

R3

REP.2. . Ly
L2

331

m2

. B3

FEP.Z .. it
L2

L3

113

2

R

Continued.

dl

D20

Jn.as
16,10
1()- {\8
286,15
16.01
11.34
17.056
145,04
15,060
29.63
21.86
15.17
20,90
17.03
29.02
RIS |
21.80
13.48

d?
20-30

Jb.26
14.53
15.11
23.89
135,61
14.55
1949
15,85
16.24
25.28
16.69
20,00
iB. 353
15.92
15,25
31.23
182,81
13.77

d3
JOr—GH

25,78
17.45
18, 35
22.57
15,23

165.797

20,34 .

17.45
18.70
22,03
1548
20,03
22.30
14.35

.12
25.5%

- er
e

18. 17

a4 -
S8

19.37
15,02
18.04
20,02
i5.35
15.24
20,31
14.70
19.07

18.465

iS.01
156.97
1R, 64
15.25
14 &4
19.25
146.93
146,19

109

da
8a9-1G0

19.20
11.47
182,34
27.45
18, 69
18.70
20,49
12,63
21.5%
17.94
11.95
15.94%
21.602
11.758
13,45
18. 47
14h. 19
15.04
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Table{l9) :

O:00 hrooo -
Application ti

REf .1 L1 4,20 o. 84 6. 408 6.33 A4.13
L2 5.55 H.70 7.33 b.11 4,42

3 SG.07 7.43 795G 7.53 10.48

28 7.5 b6.461 8.73 H.45 I.33

2 10,93 7.34 2.2646 .75 2.62

"3 11.67 11.99 8.8% 7.79 &,18

REP.2 i1 g.19 7.32 752 & 8o q.467
L2 7.27 H.58 7.0t 7.31 7.42

L= 4. 81 7.26 2.14 ?.01 10.62

1 7.47 5.92 G.97 2.568 2.57

2 7-4% 7.28 7.08 5. &0 2.9246

R3 14.75 15.55 19,00 4.17 1.99

REP.3 L.l 11.96 Q.a7 2,08 6. 34 J.54
2 .59 7.9 8.55 H. 50 3.94

3 7.4R 7.49 S, 44 2.87 =.02

Rl . 11,15 19,14 8.54 5. 30 J.63

12 .90 6,90 - 7.72 .44 3.21

RX 7.892 &840 7.75 0.3 4.548

1:00 hr dl d2 d3 dd s

Application time O-20 2040 A0--40 HO-B0 BO-14G0
FEP. 1 : L1 53.47% & .04 .48 S9.97 4,00
L2 7.90 T 720 663 I.90

L3 767 7.1 724 7.3 Q.87

Ri 7,19 g.a3 & 99 D12 1.1

R2 13,55 10,35 10,42 7.0 2.64

13 12.87 13,30 ?.01 7. 56 7.21

REP.2 L1 F.78 7.8 7.9 B 70 12.2¢
L2 2.13 7.01 7.87 700 F.960

3 19,564 140,67 11.72 12,00 17.38

i .27 D.76 619 2.466 3.0

2 .77 783X 7.05 D 7o 2.71L

R3 15.87 15,461 10,07 4.18 .04

REP. S L1 12.379 L. 77 7.48 720 &.834
L2 10,53 7.18 8. 46 Ta 32 JLPRRS

= 10,12 F.T0 B33 2.53 0. 31

1 13.84 16,92 . &Hb 4.42 2.89

2 10,73 T3 Tl .23 4.17

R3 11.35 7.24 g.a9 &.42 .06

110

Hoisture content on volume basis obtained by the
at different horizontal and

Meutron Probe method,

vertical distances, at
Initial spisture content = S5-190% P,

di
me 3200

dz2
2040

3I5%cm burial depth.

G-}

a3
H-80

= :::===:=====.-=====::===_—_===x:|==-:======:|:=====-.====‘.======ﬂ===z=========

s

-1 00
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Table (19}

2: 00 hr

Application time

FEP.1 Ll
2
i
2
=
REPR.2 L1
L2
L3
1
R2
R3
REP.J L
L2

ey
-t

21 165,64
H2 10,48
R3 11.29

Continued.

dil

a-20

&30
7.2
G.25
8.9
12.1%9
14.55
8.90
8.57
8.8aq
Q.57
G002
14.87
12.44
100 62

10,19

4300 hr

fApplication time

REP.L it
1.2
L3

r1
R2
ES
FEPL2 |
L2
L3
1
R2
ERS
REP.3X i |
L2
LA
i1
2
PR3

¥

di

=220

S.FT
a.u7
7.75
14,01

L T 4
JF P T ]

13.93
a.491
3.5
8.74
RPN
.54
15.80
11.71
10,63
10,435
17.96
10.44
10,44

az
20430

6. 82
7.23
8.3&6
9.8z
7.0
12,90
8.14
7.09
TR0
7.597
7357
15. %
. O3
7032
7 .58
12,903
(1,29

g.a2

d2

20r—40)
5.72
& bh
7.7

11.51
72.82
12,15
a.77
6.71
7.19
?.21
7. O
14.808
?.78
7.31
7.72
11.97
Ho a7

7.05

-
)

3047

7 &0
7.3
£2.18
B.67
T
19014
7 .54
8.43
7.5
&H.13
.51

L
f7.19
9,462
B.74
g.22
.50

g.14

g3
40--60

Sl
7.34h
T.17
&H.92
VAL
o.Q01
7 W&l
g.72
8.17
5.39
8.4649
Y.97
.43
£].87
5.78
7.47
[Q.04

76T

d4
G030

&.74
. 34

7.68

S0
s

,
-
) F5 0 =) L

i
oy

Jn‘l-_“.’ﬂ
*

H.39
bold
T.92
S.13
T.ol
7.2
T.16
g2.44
?.55
2.11
S5.462
4.12
5.7 3
.41
2.73

5.02

4.98

111

da
305—1 00

4.20
s.11
.75
0. 50

.10

[
-
-
L]

St
»

J.10
4.42
a.a1
4.4
3.1H
6,54
8.5
7.75
.97
2.66
2.31
a.2%
x.82
3.41%
G.&5
F. 33
I, 63
4,05
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Table (192

: Continued.

-

‘2:00 hr d1 a2 3
Application time 0-20 2040 F3-40
REP.1 i1 6. 57 ?.35 g.508
P2 3.722 7.21 7.08
L3 7.92 7.28 bbb
1 14.58 12.25 12.22
2 12.82 1G.01 7.86G
B3 13,53 11.42 a.78
REP.2 L1 10,33 10.%0 B. 36
w2 g8.%3 5.98 7.82
3 8. 8% 7.74 g.1&
rl 15.15 13,50 S.0d
r2 7.12 7.61 7.38
R3 15.53 14.26 ?.67
REP. 3 L1 13,82 10,42 g2.61
Lz 10.7 4. 80 8.465
L3 10,55 7.85% S.G7
i 20.13 14,99 g8.70
R2 10,39 6. 82 7.39
R3 10.38 b.74 7.93
156:00 hr 131 a2 d3>
fpplication time -20 20-40 AQ—6H0
FEP.L Lt .19 16.79 1H.94
L2 1, &0 7.18 7.36
L3 a.22 TL20 7.45
241 22.47 2604 24.81
Rz 17.467 1650518 a.74
3 14.40 11.88 Q.30
REP.2 L.t 17.461 22.11 2.28
L2 g8.a2 &.92 B.67
L3 .22 7.7 7.9
R1 2269 23.47 12.246
22 ?.54 T.85 7.91
E 16.49 14,34 .47
FEP.3 L1 172.5% 17.72 ?.48
Lz 10,87 7.9 g.20
L3 14,72 7.1 5.1l
£ 5.5 39.44 2.28
22 10,44 PR e 7.4l
3 10,47 7.28 T8

e R I S I T R S N N O E S RN S RSN EE SRIEEEE RIS R EEES

d4
S8

7.02

S5.75

7.51
5.7
.70
7.71
7.27

T2

.36
2.5H
4.829
4.0
6. 18
Bl
2.4%5
4,77
5. OR
4.7

d4
HO-R0

7.21%
H.O7
F oD
17.41
5.47
7.86
7 .34
Q.09
7.02
3.08
5.57
4,05
S5.4%
S bbb
2.74
4. &0
4.95
5.07

dt
Q0- 100G

5.45
4,01
7 .67
0,38
2.86
&, 0o
7.58
7.53
10.08
2.65
2.4%9
0,349

.32
3.4
9.32
3.17

=
2.592

L& ]
BO0-100

H.15
4,30
8.68
1.046

-

LISS
T.85
7.01
6. 88
143,23

-r —
3.2

4,84

0. 56

3.73
F. 34

3.29

L DL
R

2.97

3.15
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Tabhle 19} : Continued.

24:00 hr dl az d3. da a5
Application time - 230 2040 A0 --4HD &30 gao—-100

CREP.L - - ~L1 ?.84 1R.10 18.04 n.7e 4.51

L2 .63 .l 7.40 H. 30 .32
L3 7,31 7.37 H.51 7.56 7.92
il 23.93% - 25.55 25.32 18.32 2.19
P2 18.83 18.81 7.42 S. 63 2.7%
X 13.98 12.52 a.561 7.52 7.7
REP.2Z i1 19. 49 24 .00 13,15 7.39 7.51
£.2 }.84 7.47 3.06 7.68 T.T72
L3 fg.84 T.73 8.67 .35 g8.683
231 23.37 . 23.88 -13.58 2.89 2.1%
22 F.4H8 7.96 T b7 5.20 2.84
R3 15.94 14. 461 100,32 4.389 2,15
REP.3 L1 17,55 19.27 2.78 .93 3,03
i.2 10.74 7.14 8.24 SLAa0- J.32
W3 10.73 7.4R A | 3.17 3.24
R1 25,70 22,45 7.358 4,82 3.24
R2 10,74 470 7.89 4.84 RIY-Y |
3 i1.29 T.10 8.7" 4.93 3.793
FRERERE SRR ERE AR R E R EE R P EEEE R R E R R R R R B U A B R R R R R R RN R
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Tablei2d : Moisture content on volume basis, obtained by the

Heutron Probe method,

at different horizontal and

- wertical distances, at 3oum burital depth.

Initial moisture content

mmn::::::zm:;:c:n::::r.:&mm::::::-.::::-::::-_1.......'.—;--,_...._..._,.......

OGO hir
ppplication ti

REP.1 L1
L2
L3
21
12
F3
REP.2 L3
L2
L3
Rl
f2
73
REP.X {9
L2
L3
29
n2
B3

giom o g it s e i e e o e e e i e e T S S RO RS R S R I SR I S N TR N S A R E N AR R S S RS S IS IR R T S PR T

e O -0

Q.75
10,18
?.3%5
3.1l
17.2
13,50
14.94
7.75
7.48
20,92
12,53
13,43
14.78
11.75
12.28
15,23
11.62
11.39

s A I e R NI R S T SRR N I R I R SRR T

1200 hr

Application time

REP. 1 Lt
L2
L3
1
2
o
FEP.2 L1
L2
L3
F1
[
3
REP.3 1
L7
L3
21
)
R3

dl
O-=20

11.23
10,33
19,31
29.286
13.354
15.74
15.54
.41
?.37
21.38
1373
10,466
16,32
13.34
13.1t
i8.ed
12,43
12,03

o2 d3
2040 FO—H0
11,43 16.70

11.549 12.74
11.37 10,564
26.248 23.73%
17.84 16.95
13.04 12,462

13,49 153.464

7.505 12.78
8.95 1G.946
| Sy 165,70
14,33 13,13
15.51 14.03
16.22 15.07
7.72 14,85
10.71 7.49

10— 155 Pv.

oy o o o o e e G TS i AT IS NSRRI TR BN IR RN RN DI EITE SR SR IR RIS RIS

d4

A -3

14.44
10,12
11.51
20,23
11.15
10.77
13.17
10,02
11.91
11.07
10, 05
11.50
.01
g.25
&.74
2.083
7.88
747

15.568 15.21
9.93 16.72
.31 .97
d2 o 3

20-40 060

15H.56

19.34

11.79 13.24
7.51 10033
28. 46 22.87

13.95
12.09
14.56

18. 240
13,37

14.91

7.48 12.21
7.52 12,64
14.84 18.00
14.75 12,47

1%.72 14.09
15.402 14,460
100,67 11.21
10.36 F.493
17.78 14.92
10,77 11.55
F.62 10,49

di
LO-00

1&.04
8. 36
11.407
12.51
11.14

11.22

12,02
10.73
11.540
10.92
F.91
11.21
a.18
8.&66

H.050

G- 100

15,40
72.43
11.92
21.G3
F.12
13,3518
§G.48
.00
11.82
.19
7.12
G.7h
a.2a
d.71
.77
H.248
4., 62

do
BO-100

14,99
F.21
13.17
20,10
8.823
10,66
13,24
a,.22
11.548
.69
5.5
Q.00
7.27
7.98
1.54

gr. 01 .87
T.74 5.99
8.03 6. 32
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Table (20} : Continued.

2:00 hr

Application time

REP. 1 L1
L2
LX
F1
n2
3
REF.2 b1
L2
L3
Pt
R2
R3
REP. 3 L3
L2
L3
1
R2
R3

dl

Q2600

10,865
| LA ]

.44
J0.72
16.12
t2.5849
17.49

.21

Q.27
20,97
14.68

d2
20440

18.79
12.13
10.49
28.57
18,35
13.13
14.03
10,37
10,564
15.71
14.87

d3

J—&7

17.11
12.2

14.58
25.19
15. 84
11.55
14,43
12.78
11.23
16.83

b —d
13,57

d4
&=

15.19
?.64
?.E7

19.72

i1.24

13,948

12.56

10,09

11.81

10,62

?.54

115

do
go-104

16.72
F.30
11,53
19.50
7 .59
10,97
13,67
Q.40
11.47
&L.01

.72

14.88 14.83 13.54 10,38 7.33
14.80 17.G7 11.41 7.86 8.65
13,05 11.74 11.467 7.08 8.22
14.72 11.14 .08 S.24 a. 86
19.74 18.22 14,518 7.11 7.44
12.70 .40 ?.64 7.26 &.40
13.75 14, 15 10.548 ?.39 F.04
dl d2 a3 a4 d5

Az 00 hre

Application time

REP. L Ll
L2
LE
281
2
n3
REP.2 LI
L2
L3
291
r2
R3
REP. 3 it
L2
L3
ri
F2

-
T

Q"".&.(b

13.838
11.%1
8.33
33416
g, af
135,02
15.73
g.0x
8.33
19,65
13,55
14.12
14,55
12.97
13. 17
17,44
13.59
12,09

2040

23,05
12,44
11.05
S48
13.837
14,08
15,461
2.8R
tO.24
15.78
15,04
14.87
16,09
11.42
10,44
1Q.37
11.45
10.23

4040

17.99
13.35
142,43
2345
145.28
11.25
14.85
11.47
10.97
15.89
12.74
14.43%
15.402
12.78

2.77
15,013

12,401

106.74

&O-BD

14.8%
.90
.91

19.1G

11.12

11,17

12.54

1G.68

11.75

11.51
2,68

10.74
8.12
g.51
.42
7.87
.05

a.99

80-1G0

i7.779
10,55
12.351%
19.76&6
15, &5
.29
15.47
10,04
13,50
4.85
H.61
g.4&
7.73
7.6
1.9
T.15
83.43

= rr
ot i
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Table (20) : Continued,.

(: 00 hr a1
ppplication time =200

REP. 1 L1 11.91
L2 Lo 74

A 14,68

T Y 31.47

r2 12,03

R3 13,12

REF.2 L1 17,67
L2 13,72

L3 11,473

£ 22.54

2 16.96

53 15,463

REP.3 Lt 16H.45
L2 14.12

L3 14,92
i 21,31
2 14, 50
B3 13,07
16500 hre 1l
fpplication time O-20

REP.1L i1
L2 11.49
L3 1.1

ry 20,36
R2 20,57
3 17.37

RER. 2 1} 20,51
1.2 11.71
LE 11.81

71 X3, 08
F2 12,449
2463 17.38
REP.S 1.1 22.45
1.2 13.77
.3 13,61

171 2i1. 24
R2 13,34

R3 135.36

d2 d3 o4
20490 Q-850 HO3-30

22.04 21.38 16.14
12.35 13.47 10,721
7.75 1G.93 Q.60

27.21 23.489 18.94
20,94 1%.91 12.10

.21 12.22 11.22
15,50 14. 466 12.13

19,924 12.76 7.71
16,22 12.17 11.35
17.51 1AL F.TE

15. 20
14,44
16.67
11.38

12.95 8.44
14.40 11.5&6
15.14 ?.35
12.1% a8.10

116

19,40 .36 D25 1.94
1947 14.85 8.40 5.057
19,44 10.14 774 B.99
10,47 ?.85 5,25 H. 22
D e S T £ I R N T 2 R e £ S e 2 T ST A T O T ST S KT 2 R
o2 dz d4 d5

2040 4050 &O-R0
192.93 12.10
10,25 .44

17.468
140,07

19,190 10034 190,54
2B.95 27.70 20,30

11.53 8.348
12.19 1G.75
15.17 19,23

17.50
14,748

25,00

.02 11.57 14,98
19,597 141,88 11.92
284036 15,15 5.97
10,76 1. 49 ag.47
17.23 12.37 H. 94
20,461 12.3537 8.8
19,38 11.17 I i
1G.8409 2.1 w3

42.34 12.17 7.49
?.75 0. 31 ¥.04
14,18 10,95 - 7.96

T. 948
.43
1G85
19,79
?.77
13.12
0,09
777
2.354
H.87
6,24
2.156
.42
.88
. (0}

D3 O3 R T T S SR I e B S T e e e e e T e L S N I L R R N T T S N R R I N I RIS N IR S R N S I T I T N T T R TR R =R e T
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Table i23) : Ceontinued.

117

24: 00 hr di dz2 d3 d4 d5
fipplication time 20 20-49 4050 S0-30 G- 100
REM. 1 L1 11,64 24,02 22.76 16.01 16.93

L2 7.3048 12,565 3,35 10,405 &.93
i3 7.90 7.98 11.42 10,45 13.14
Pt 279.949 28.92 25,408 20,88 18.25
22 10. 69 23,40 17.23 1¢.48 8,83
B3 2.51% 13.159 13.409 11.39 10,78
REP.Z2 L1 15,49 17.93 15,06 11.465 2.57
L2 Q.97 - 7.98 11.92 11,01 8.879
L3 7.31 10.84 10.92 12.22 11.97
21 22,47 19.83 17.20 11.468 7.23
=2 16.79 1615 12.78 g.97 7.43
L E6H.39 15.47 13.23 12.19 7.10
REP.3 L1 15.34 17.20 15,03 B.&4 7 . &4
1.2 t3.17 1L.37 12.22 T.79 5.483
L3 14,08 10.57 R.bb t.17 1.03
i 23.01 20,82 14,3548 8.8%3 .27
2 12.856 14,48 11.22 a.2% 7. 10
H3 12.55 F.Hb it.44 7.68 T.22
%***&ﬁ*ﬁ%*ﬁ%*ﬁﬂﬁﬁﬂﬁﬁ*%*H*%*H****ﬁ&E&*EK%H*%ﬁ**ﬁKﬁ***ﬁ*ﬁ**ﬁ*%**%
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TableiZ?1): Moisture content on volume bhasis, obtained by the
Mentron Probe method, at different horizontal and
vertical distances, at 35cm burial depth,

Initial mpizture content = 15205 Pv.

..======'::::====:::::-:::=t‘r:=:2:::::::::ﬁexuzr:==::—.:*::.-.-::m:::::r.'.:‘.::.'::z:::::’::::::::::::::.'.': L h- 4
OO0 hr dil o2 d3 di dS
Application time -2 pI Ry A —hid SHO-00 i1

REP.L L1 14.99 27.82 26.73 19.94 20,85

1.2 12.8%5 14,80 17.356 141,05 14,4974
L& 11.77 15,99 15,50 14.02 17.16
R1 Z3.91 JI2.74 28. 15 294.79 21.743
2 22,45 27 .55 21,18 14.44 12.70
F3 FH. 30 17.12 17.04 15.35 14.721

REP.2 L1 17.46 21.88 12,401 15,63 1647
L2 12.75 15.91 13.3538 15,00 12.81
L3 13.31 14.8%5 14.848 14,188 15,89

i 26,61 3.0 20,74 15.44 11,16
2 20.7% 20088 1450 12.99 11.390

LIS 20,15 . 197,350 12.82 15,48 7.7
REP. 3 L1 17.21 21.18 18.98 12.30 11.41

.2 17.12 15.3% 1H.20 L1405 .63
L3 12,04 14,548 12,461 10,17 5.14
i 24,97 24.75 13.5%5 12.78 10,25
12 14.83 14,44 14.%4 12.2% 1G.97
3 | Pt 13,63 15,42 11,54 1317
1:09 hr di dz 1A d4 dS
opplication time 0-20 20--40 A0 ~60 HO- 110 ga-100
REP.1 L1 17,02 20,435 27 .01 20240 20.87
L2 153.83 1593 1460 13,05 10,98
L= 12,403 11,41 15.44 13,99 14.18
1541 JH.13 IF.13 28.50 24,52 22.77
"2 22.87 27 .58 21.51 14.74 12,71
13 16413 17.12 17.07 15. 464 15.09
FEF.2 L1 17.67 22,14 1?.t1 15,40 15.43
L2 12.8% 14,03 13,469 14,65 12.85
L3 13,12 14,84 14.0893 1, 20 S.7
i3 2F.D2E 0 2T.90 20.96 15. 64 11.5%9
R2 2,95 2028 15.74 12.70 11,94
B3 20, 30 19.28 17.70 146.32 10.93
pEP.3 i1 17.3% 21.24 17.11 12.52 11,4861
2 18, 20 15,32 14.492 11.790 15.9%

LE 13,045 14,41 12,02 19.47 7,27
Iy 20,70 Z24.81 19.92 12044 10,26
2 15.70 14.57 15,17 11.36 L, 74
L8 16.97 15,61 in.14 12.00 11,11

] Cop s i e iy e s vy e o e A T e B MR R LTI T FRID NI IS TAIT AR INISD IO SR ISrImm s R moImoITo R m S R moRia m
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Table {21} =

Continued.

119

2:00 hr dil a2 3 d3 d5
Application time Li-~20 2044 G—&0 HO-Q0 80-100
PEP. 1 L1 10,48 27.02 27.81 20:45 21.07

L2 14.74 15.71 15.92 12.95 10,42

L3 14.39 14.40 13,43 14.2 14.46

8] 34,07 31.47 I &7 24,47 22.99

R2 23.24 27.11 2W0.TT 14.44 12,14

13 17.11 18. 34 15,73 14.35 13.183

REP. 2 L1 21.34 20,97 18.80 14,12 18, 65
L2 13.55 14,60 16H.74 13.7X 13.77

3 14,22 13,65 14.94 14.04 1655

1 27 .40 23.48 20,13 15,5656 Lol 19

=2 19.65 20,31 17.25 15,869 Q.23

AR 17,60 i8.8% 17.13 14.79 13.21

REP.Z .1 20017 20.98 18.86 11.62 7.85
L2 L\7.70 15.43 16,12 12.32 11.57

L3 1.2 14.40 13.90 F.37 .19

Pl LEL3A2 25,902 20,29 13,48 19, 37

2 16,63 15.77 14.75 11.29 T.80

B3 15.256 14.43 14,85 11.48 140,401

4300 hr dl d2 d3 a4 dS
Application time Q-20 20-490 AO—EHO &80 80a-100
FEPLL i1 17.73 28.358 25.97 19.07 20.11

L2 14,71 14061 16,08 14.00 12.49
L3 14.17 13.73 14.72 14,44 18.11
il 33.74 9.79 29,41 24.4%9 22.83
"2 25.408 27 .65 20,37 14,84 13,35
3 1p.97 17.44 17.01 14.57 14.82
REP.2 L1 22.34 21.22 1. 15 16.73 1H.94
L2 12.95 13,84 15.93 14.834 14,44
L= 13,4072 13.52 14.91% 16.72 15.12
F1 2ELTT 23.77 20,79 15.19 8.20
r2 20,34 172.43 17.8%9 3.39 10,57
| L) 19,18 1%.44 18.99 14.76 12.54
REP.X L1 20,14 22.25 19.09 13,27 11,02
L2 1688 15.92 15.83 12.33 10, 55
L3 18.29 14.34 13,42 7.95 7.7
121 25.98 2607 19.28 11,67 10,55
2 17.29 14.23 14,28 11.64 143,91
3 15,758 14,25 14,67 11.77 7.98

:.‘-:::n::zn=\=..-._=:==:':-::-_'===:===:=:=:.-:=.'r::::~_-=-.~ﬂ2=====:=======..—."_-.=-.-..-=:=-====r...._..—._.__=:--==.....
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Table (21)

g:00 hr

Application time

REP. 1 L1

1.2

T
our

i
R2
#73
REP.2 Li
L2
1
2
F3
REP. 3 t.1
L2
Ri
n2

)

FES TS T I S I T T T T 0 2 v i T e e o i e e e

14200 hw

Application time

REP.1 Lt
L2
1
F2
TS
REP.2 L1
L2
23
R2
3

REP. 3 L1

Continued.

di

=240

19,27
15.42
12,93
I3E.61
2i4.81
i7.91
21.22
14,02
13.37
27.57
21,14
20,08
20,04
17.84
18.99
27 .94
145,354

15.83

dl

Q20

19.548
15,46

12.73

RS
25.402
i2.13
21.42
14,20
13,54

27.72

21.14
20,21
2. 24
18,04
17.21
27.94
15.82

15,85

d2

2040

29.62

16.57

14.30

YLICY

26,98

- K

=
A )

21.84

14.748

15,71

25.02

21.84
18.795
22067
1%.78

15,30

0.0
1442
13.58
J2.84
25,246
14.90
23.497
14. 04
15.71
2%, 31
21.83
18.84
22,35
15.74
lrv- [ =

PR R |

[ e
2\_'- e

15.42
14,05

a3

A5G

28,40
16,04
14.357
27.485
21.E3
15.17
1039
15.458

| =g =
.o

20,89

17.45

L7 4h0

17.08

15.94

11.45

17.54

14,73

G040

28.77
16,31
14,472
31.37
21.24
146,39
13.32
16,03
15.55
21.2%5
17.58
17.70
19. 3¢
17.1G
11.37
20,19
14.084

14.46

d4

&HO--30

21,146
14.31
J.89

23.88

14,09

15.03

14.42

15.42

15,22

14.83

13.7

15.25

iF.21

12.76

143
GO0

L]

21.41
14,35
14,12
23.87
14.35
15,17
15,12
15.11
15.17
15.19
13.71¢
15,53
13,952
12.82
Q.87
11,08
1G.563

12.58

120

d=
80103

19.95
153.21
17.45

22,71

14.34
12,93
16.82
15,21
17.33

?.41
19,96
12,34

Q.17
i1.743

S.73
11.83
11.32

10,75

AT mm s e e e e g s e

"
"t

8O-1040

17.89
13,54
\7.72
22.72
14.24
12.74
16H.73
15,48
17.30

7.44

11,33

12.92
7.0348
11.9%
9.79
12.34
11.32

10,31

a=====.'l==:=ﬁ====:qml:='.,n.‘:=':==mmez“.:.—_'::::::mn:m:::::"—.‘ﬁrz&:::!:::::::s:xl::::::.:mﬂ:‘:‘.:
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Table (21} :

Continued.

24:00 hr dl 2 3 d4 oo
Application time =20 2044 A0 54 H0-80 80-100
REP. Ly 19,57 30,35 26.30 21.3% 19.47

L2 19.248 15.53 15.49 i4.41 3.72
3 12.89 14. X1 14,23 14.48 17.73
Rt 4,51 33,37 JF1.47 25.84 22.33
F2 25.04 26.74 21.31 14.358 14.78
B3 17.29 17.06 14,17 1543 12.75
REP. 2 L1 21067 273 19.359 16.21 17.13
L2 14.561 14.%21 15.258 15.17 14.81%
3 13.72 13.52 15.48 15,49 146,55
F11 20,352 27.33 22.14 15,34 7.61
F2 21.38 23.079 19.140 13.47 11.87
B3 17.32% 18.73 17 .40 14.02 12.837
REP.3 381 20,75 25.73 19.66 153.71 7.48
4.2 13.09 15.88 19.3% 12.74 12,02
3 19,21 15.79 11.25 .61 4.94
(R4} 29.75 27 .48 21,351 11,465 12.39
P2 16,54 15,71 15,51 10.19 14.26
R3 15.71¢ 13.77 14.83 11.83 10.74
EEERREREE R E R R R FE R E R R R RN RS R E R R RN EE R R RN KRR EE SRR E R R EHE
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o
Table(22): Moisture content on volume basis obtained by the g
Meutron Probe method, at different horizontal and &}
Vertical distances, at Sdcm buwrial depth. A
Initial moisture content = %— 10% Pv.
0z 00 hr di d2 o= d4 ds dé
Application time 1—=220% 2040 A5 &0 -0 ga-170 1090120

REP. L1 T . b0 12,04 14,02 i1.15 7.3508 8,353

L2 S R 4.51 S PRaT) .49 .23 2.53
3 10.08 1052 9.308 &o b q4.24 4.44
1£43 8.28 HoT4 .78 H.25 D.76 .22
B2 7.44 . ED & 28 7.23 1.48 2.146

- Center of Thesi

i3 (4,04 14,41 11,862 5.08  2.71  3.487
REF. 2 L1 6.53  4.90  I.68 It 0.73 4.3

L2 .28 3.87 3.7 S.02 4.02 4,55
L3 7.8 LT a.8a A.56 1,60 R T
M1 g.39 750 f. b3 2.55 .03 5.1
a2 12,94 .94 Ho 62 2.49 O.64 Tabifa
R3 13,249 14.25 12,34 B.743 3.74 2.3
REP.3 i1 .45 3.7 R 4.21 2.3535 5,02
L2 T.H0 4,37 8.80 S.87 259 2.35
s 15,71 14,046 2,50 4.4 6. 03 3.23
R1 7. 20 o Y 15.59 13.97% q.a2 4,35
R2 G.97 2.84 4,61 353 2.01 H, 53
3 11.745 .54 3.33 63 1.348 Saih
T T T R O i T T T N R S R I I ST T I I T e S R A o e T I T I R T T I T T ST S NI i m e e e e ek e s e n e T S Do A s nmn T AT
i) hr d d2 d> d4 di di

‘ 1
Application time e 200 200 AT -G &0~ BO-10 100120

REP. 1 1 7.93  13.73  17.12 11.24  19.19% L 3%
5 7

All Rights Reserved - Library of University of Jordan

L2 e 23 403 .4 4,49 4.35 2,36
3 1, 23 10,00 7. 840 B, 42 .24 4.44
1 B.57 6. 95 ?.21 oL 89 0,33 J.23
P2 10,27 11,83 £1.84 8.404 RIEL 2.17
X 16,548 15,282 2.05 4. 65 1.93 F.60
REP.2 | 7.75 7.3 4.7 2.084 2.34 4.38
L2 .42 S5.494 &oldh 2.74 =75 A.G7
L3 11,35 .04 7,837 S.01 4. 30 5,68
1 8.8z @54 7.28 Z.12 0. 80 G5.12
R2 14,12 &, 50 H.27 2.88 o, 22 I.67
= 12.08 15,25 265 8,44 3.43 236
FEP.Z Li 1, 05 d. P40 .92 403 5.70 S04
L2 82,03 G0 6T 7.4 4. 21 2.15 2.34
-3 15. 87 13.84 12.72 4.88 4.48 3.24
(1 g. 048 &8z 16040 15,65 213 4. 37
PR G.78 4.3 N .44 1.74 H.5%5
13 11.44 & 00 .47 1.32 2.172 S 467
foe e e g :::::::::::::::::-::.—::::::::m-;::::-:::-.—.—::.—.—.—-:::-:—:::::::r::’::::=::::::ﬁ::::::::::::::=r.1r:==:=:=:‘::‘::’::::=
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Table {22): Continued.

2:00 hr d a2 d3 d4 da dé
Application time 0-20 20--40 A0 &0 -0 BO-1a  100—-120

REP. 1 L1 8. oo 19.4G7 17.764 11.4% F.1% 8.557
L2 S.73 4.39% 3.38 4. 37 2. hi 2.42

3 11.34 11.83 10,46 7.48 2.33 4.57

i1 7.943 H. 74 P?.45 T.E2 1.568 3.5t

R2 7.14 11.79 12,52 a.37 4. 18 2.22

Az 7.15 14.70 12.20 4.92 .92 3.77
REP.2 L1 7.15 7.92 =, 03 .42 1.68 4.49
.2 12,40 B.37 T 4,07 | G 4. 567
L3 11.01 gf.1% ?.79 R 1.18 .82
R1 F.97 10, 49 725 .31 .79 D.23
~2 13.76 .30 H. 13 2.77 3.354 JaTH
S F.62 2.82 2.43 a.24 4.52 2.42
REP.X L 16,035 .19 9.4 4,83 2.00 S. 17
L2 8.24 5.88 7.74 .41 1.51 2.42

3 15.94 15.80 12.69 4.83 G.19 3,52
Pl 7-11 T. 32 165,14 15,12 17.404 4.448
2 e O 4.38 a.78 3. 67 LN P th.7F1
r3 11.158 LT 4.27 2.37 1.583 I.7h

SCompms T AN TR Sy SN S T S TR I N M e sk g s o ot i o S i T

i
i
|

4: 00 hr di a2 d3 di ds dé
fpplication time O30 2040 A40-G0 &R0 80-10 100-120

REP.1 1 8.148 19.740 17.45 11.01 ?.75 8.7
L2 4,29 .34 4,43 =19 2.34 2.48

3 10,21 11.82 10, &8 H.bHF 1.29 3,47
Rl 7.84 216 1G.68 &80 4.7 3.359
R2 11.52 2.84 13.37 . 60 b, 07 2.24

RE 14.94 16,140 13,82 Ha 0l 1,462 3. 87
REP.Z2 i1 8.561 10.549 B5. 10 1.77 1.89 4,81
L2 ?.17 o. 18 &L 16 2.1 1.73 4.81
[.X 11,70 9.7 10,07 5. 04 3.7 .77
Iz1 ?-69 10.88 & 69 .11 0.35 5.30
R2 14.95 7.59 H.78 3.5H7 2.33 3.85

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit

B3 13,13 13.88 135,54 10,03 &0 2.48
REP.X L1 1023 5.493 10,29 DL 07 7.57 5. 350
L2 a.72 bl 10,23 277 Q.90 2.48
L3 15.38 14,046 13,65 S.33 .52 3.1
Fi 7 .07 7.6l 17.73 14.57 19.39 4,059
R2 S5.75 3.17 4.73 2.70 2.74 &.883
13 11.74 737 G5.47 2.23 1.95 3. B4



Tabhle

8:00 hr

Application time

REP.1

REP. 2

hod
P

REP.

r2
=
15:00 hr
Application time

REP.2

REP.3Z

(22}

Lt

L2
L3
i1
2
L)
Lt

L2
S
fl

Rz

-
S ]

L1
L2
L=
F1

[

1.2

-
-

i1

R2
(B
L1
L2
LR
iRl

P2
3

.
S o e P

Continued.

dil

020

d2

20450

1G.10
4. &0

7.50

24.42
1.45

11,135

10,17 9.31
11.70 13,07
17.17 15,33

7.89

S
1530

a.53 .7
a.01 s v
.77 14,487

14,75 10,02
12.48 13,34
.17 2. 0h
9.035 S.43
16055 11,36
8.3 8.1

oL 19
10,30

I.79

.21

4
o

30 -&0

21.92
5.23
.69

10,43

12.90

12,35
&.71
5,75
0.95
S840
779

14.21

11.30

10,57
X.94

17.8%
.30
I. 34

d4 da
SO0 ga-1
11,72 7.99
4.35 2.74
.12 0,13
7.03 3.70
g8.64 4.085
5. 07 1.27
3.28 ?.57
I.50 .25
3.94 ILH7
3. 12 O3

3. 45 1.92

1

0--20

s
20-40

10,47 21. 19

3.90 .35
7.73 9.0
Q.46 13.87
F.68  1(.21
17.17 15,44
.42 7.08
Q.17 4.07
10. 34 &. 30
I.27 16.05
13,83 .25
12.99  13.74
11.82 13,42
8. 33 . 24
16.52  14.37
7.52  11.49
3.9 3.84
12,00 7.42

-
—

O—£0

21.71
759
8.95

10,71

11.72

12.24

11.52
.40
7.24Q
7.33

S.T77

12,34

11.74
14,85
13,47
15.42
5.7

4. 83

2,12 2.07
5.3 A%
S.77 1.52
D 30 S5.49
165,556 19,35
S d4b 2,866
1.463 8. 65
o4 a3
&0 QO-10 i
14.76 10,79
3.9 2.4866
5. 03 7.57
[T 1.3%
F.a7 3.565
4.12 1.98
1.77 9.70
2.88 S.70
1.3%8 2.44
1.79 1.29

9T

.94

dew
7.848 4.47
H.38 .37
S 70 1.75
9. 57 5.39
14,47 17 .64
4.184 3.38
2.35 G bD

:====|ms===u=====~=.—.==:=-====......._._.-_._...zze.-:.-:=.-_—.=.—:=-.====:=re=t=.—.'_-===:=-.m========r_-r_~====:=

dé

O 100~120

. 60
2.43
4.59
.32
2.23
.77
1.51
4,70
2. 84
5.27
3,78
2. 4%
5.19
2. 43
.33
3.50
&7
3,73

di
G0-120

7 . BE
2.17
d.140
2.97
1.97
.38
4,03
4,20

5.22

4,71

TR tE NN NI R o oo g
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Table {22): Continued.

ZA: 00 hr dl dz d= d4 do thés
Application time 200 Z2Ck-di Fi—EHit HO--020 GO--10 100120

L1 10,32 24.42 29,53 14.47 10,68 6. 84
L2 4.54 S.47 8.13 5.45 7.85 1.71%
&) T .64 .47 g.87 3.99 . &5 Z.dbh
1 .43 1413 11,0 b.07 1.33 2.80

REP.Y

w2 10,467 11,25 12.03 i vi . b5 1.7¢
R 17.13 15.465 12,467 . 32 2,07 3.92
FEP.2 L1 10,10 20021 12.35 2.38 10,35 E. a0
L2 8.78 .70 5.70 2.85 Pobbd X.7
s 10,74 &. 65 7.99 4.37 2.438 4. 66
1 13.34 i3.54 7 .00 3.93 7.05 4.29
2 14,38 .47 ha2 2.50 T 60 J.01

B3 13.29 13,97 12.41 ?.85 4.8 1.94
REP.S L1 12.05 1X.55 1%, 47 .71 10,463 4.14
L2 @.12 S.14 15.46 5.%0 2.497 1.74
3 16.52 14.28 135.70 T A2 4. 81 2,86
Rl 7.43 11.82 21.87 14.13 17.94 3.57

a2 4. 24 4.10 .93 4.22 3.27 .38
Px 12.02 7.23 .84 2.67 T.068 z.01
ERREEREREEEEREERERERERE R ERRRFERRRREREERRER R ERREE R R R RN EEEE R R H R R R g
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Table

{23)

Moisture content on volume basis cobhtained by bthe

.-I—’
. 2
teutron Probe method, at different horizontal and E}
vertical distances, at G0cm burial depth. a
Inttial moisture content = 1015 % Pv. éﬁ
Gz 000 b dl a2 a3 o4 ds db
Application time 0-20 20039 A -4 S~ Bo—10 100-120
FEP.1L 3 | 145,462 24,50 SE. 35 2017 13,049 2.74
.2 F.20 2.485 12.25 753 .50 2.23
L3 12.19 13.27 12.54 .14 1.83 g8.a9
1t 15.80 20,53 14.71 7.82 3,90 8.5
r2 14,00 135,15 14,8646 10.94 7.7% .37
RE 20 X1 A7.47 14.05 7.21 &H. 00 10,253
REP.2 [-1 17.16 24,586 2200 7.0% 0. 61 .85
1.2 12.74 QL3I0 9.27 G9.57 1.21 11.273
L3 12,77 P.83 11.04 G Fh 3,23 5. 37
T4 17.40 23.14 13.22 .74 4,07 H. 503
P2 13,00 11.408 2,89 4.42 1.84 4_37

FHEP.3

Ra
L1
L2
L3
1
R2

i3

14.48
15,91
11.48
1984
19,22

7.48

14,25

REP. 1

REP.2

REP.3

N T T SR IR TETE I A T

1:0% hr
fApplication time

Lt
L2
L3
Rl

w2
R
Lt
1.2
LX
1

2
3
L1
Lz
L3
i1

R2

3

di
G20

r ey
15,23

e
RN )

13.03
11.45
14,114
1723
145,09
12.38

H.PT7
15.92
17.02
14.84
15.74
11.085
17.794
10,07

3.31

14,379

15. 4%
17.408
Q.45
1590
i7.11
B 06

P.24

153.58 11.77 8. 60 Q0K
17.34 11.39 2.39 q. 46
21.86 a.8a S, 45 F.23
16.29 a. 82 Q.17 b &
20,33 22.45 32.85 ?.37
7 .50 5,52 0,13 4,35
H.o3 4,38 1.71 8.58
S EmImaTIET A an s ma aT AT A en tn i AT T
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d2 o= d4 ds ds
2040 A0 &5 GO0 BO-10 100120
24,740 25.17 20,23 11.22 3.68
7.9 12,53 8,460 - Db 2.79
12. 54 12.24 g.&67 2.13 11.15
7.84 i2.08 8.77 =80 10,86
id.0%9 13.14 11.16 5.354 11.75
18.01 15,59 729 3.77 12.86
22.35 20,49 7.34 2.33 12.11
a.98 B.&67 2. bbb 0.91 14.00
b. 32 .00 ?.71 4.54 L. 73
22.20 13,67 H. 00 4., 0% B.26
1L.47 ?.34 9. 50 2.57 5.0
15,17 14,70 11.65 3.97 11.29
17.83% 19 .83 11.47 Z2.31 P PRaR]
.84 21.97 fa. 94 H5.71 11.57
15.73 | PR 8.77 Fa 8.2
146061 2%.48 i394 19.77 11.75
7354 H.P2 4.47 1,248 . idb
g. 46 700 5.11 .01 1984



Table {23): Ceontinued.
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2:00 hr di d2 d3 d4 ds dé
Application time o Q-20 20-40 -840 &G0 80-132 150120
REP. 1 L1 17.164 25,23 24.97 21,11 12,71 T &3

L2 a8.15 10,02 11.02 8.15 Y | 2.75

L3 13,040 14,12 11.83 0.76 3,00 11.00

1 15.42 17.92 3 7.01 d.18 10,72

R2 14.08 14,93 14.78 1G.86 7.02 11.59

P 17.19 17.7 15.593 5.849 335 12.87

REP.2 L1 17.60 21,73 20.409 Q.87 T.62 11.94
L2 3.3 R.05 8.549 S.54 3.408 z.a7

L5 15.89 10.90 10,68 .11 4,04 &. b

Rt 1.3 22,73 12.29 H.76 RS0 8.15

F2 16.73 11.14 .24 5. b6 1,05 5,40

23 17.59 15.45 15.15 11.39 H. 39 11.13

REP.3 11 15.72 18,05 19.93 11.82 2.465 M ard
L2 11.84 g.91 22.20 8,25 .03 11.42

3 17.07 14,73 17.09 a.05% 0. 50 0,17

£3} 11,99 17.91¢ 23.97 23.1% 22,33 11.57

2 a.a2 7. 18 7.7 5,72 &.58 .38

3 14,482 7.34 .75 3.77 0,82 19.72

43500 hr i1 d2 d3 o3 ds da
Application time  0-20 20-40  40-460  &0-80 BO-10  1G0-120
REP. 1 L1 18.53 28.37 28.95 17.04 12,491 3.57

L2 2. 467 9.9 12.05 8.89 1,465 2.72
L3 20,31 2.95 2.568 8.4% 3,11 10,85
r1 14.55 21,07 14,74 g8.74 5.30 10.57
2 13.91 15,37 13,85 11,41 &£.09 ti.a49 -
(£ 19,09 17.25 14,12 7.09 .71 12.52
FEP. 2 L1 15.35 23.57 20,54 b.74 3.83 11.78
L2 12.43 8.71 763 f. A0 1.38 13.7
G 13.92 11.15 11.54 5.71 S5.78& 6.55
23] 10,18 21.:2 13X.42 6. 14 2. bé ].04
n2 12.97 12.43 .98 5.25 2.55 5.33
(FS 15,04 15,31 14.53 11,16 5.28 10,99
REP.3 Lt 15.464 19,23 22,49 34,402 2. 64 S.h7?
L2 11.77 g].78 22.21 3.99 4,99 11.24
1.3 20.08 14,95 17.%g 7. 85 9.343 82,00
=1 12.09 10,33 24,21 19,20 17.98 11.44
F2 ?.4%9 7.0l Q.74 .83 7.44 .51
1= 14,81 ?.30 =. 81 4., %1 6.48 16,57

=====n=mﬂ====nﬂ=====xnr:::r::::.—:::z::::.—:::::.—.:::-:::::::'.'-—.'::x==:===.—======.—_==.—.:====r:=::::':.::r.-:z



Table {23): Continued.

8:00 hr. di d=? d3 d4 dS b

Application time  0-20 20-40 AD=AD H0-80  BO—10 - 100-120

REP. 1 Lt 19.14 27.27 24.35 21.61 3.01 354
L2 8.5% .93  12.40 7.73 7.24 2.8Q
L3 13,38 12,66 12,53 9,39 1.65 10,70
=31 15.84 21.30 15.98 9. 4% I.76 10,433
2 13,85 15,35 16.17  12.76 g.50  11.28
13 2X.53  22.946 19.72 12.98 12.83 12.35

REP. 2 L1 10,00 26.94 22,02 8.12 6.2 11.62
1.2 12.57 9.51 7.89 5,85 1.17 13.52
L3 13.54  10.77 10,40 &.32 4.19 &8
R 19.47  23.31 13.64 5,34 1.68 . 7.9%
22 16,71 12.39 g.11 4.72 1.92 5., 26
PR3 17.2¢ 15.13 14,82  11.44 6.30  10.93

REP.3 {1 15460 19.21 2245 14.91 2,76 FEPRI)
2 15.73 a.77? 22.14 8.99 S.61 11.11

L3 19.85 14,48 17.31 7.73 .70 7.9
R 11.36 21.24 23.97 20,25 22,30 1:1.23

n2 F.18 7.10 7.83% .48 0. 64 D.24
"3 14,49 7.44 H.83 d.11 2,490 1043

University of Jordan - Center of Thesis Deposit

15: 00 hr ' dl d2 f4 I3 ¢l 1)) ds 15
Application time Q=20 20435 A0 HO-80 Bo-10 150120 ;;
REP. 1 Lt 19.14 27.556  25.48  27.17  13.01 3.98 S

L2 g.50 ?7?4 12.74 ¥.565 11.19 .02 :]
L3 13.41 12,45 12.55 Q.39 1.54 12,405 .
2 | 15,54 21.72 17.11 .67 3.34 11.74 ?B
B2 13.47 153.75 165.75 i2.71 a.48 12.70 S
i3 23.77 27,469 19.70 12.99 13,13 13,791
REP.2 L1 12.22 27.22 22.21 g. 49 b5.25 i5.09 %
.2 12.80 Q.75 B 00 w.94 1,14 1522 04
L I 13.45 10.75 I, 49 H.53 4.41 7.28 N
21 19,23 23,50 135,89 B 09 1.462 g.93 =
2 145,87 12.379 .11 d.75 1.924 5.92 O
H3 17.31 15,04 16.10 11.74 13.72 2.20 0_:
REF.X 1.1 13.746 19.71 22.97 I4.74 2.9 F1..022 _
L2 12.37 a.84 220 8.94 .71 12.81 <_E
[ = 19.90 19.043 17.32 T 70 12.946 8.795
i1 11.34 21.47 23,63 20,22 22.87 12.70
R2 2.14 H.T72 Q.62 T =010 Da2b oL 70

S8 14,746 $.74 &4 1.14 2.346 11.74



Table (23):

28:00 hr i1 d2 o3 4 d'S dé
Application time {200 2040 A5G HO-30 8a—-10 0 100-124
FEF. 1 L1 19.71 27.10 26,760 21.40 14,32 4. 48

L2 2.3508 8.35 13.45 8.256 2.23 .90
X 13.75 12,148 11.74 SR ) 2,463 13,57
71 14.71 22,25 15,29 8. 63 340 3,22
P2 15,27 14, 4% 15,92 16,03 &. 4R 14.30
3 19.54 17.90 14.11 7.2 3.94 15. 864
REFP.2 L1 IR.23 2E.T4 2EL09 g, 18 5.49 14.74
L2 13.21 1G.42 8.48 S5.87 2.73 17.14
B 14.33 T2 12.08 H. 78 4033 ga.1v
1 20,55 24.18 14,846 S5.81 X.31 10,05
2 L&, A% 12.21 a.50 S.083 2,15 . &7
R= 14. 158 14.97 15.49 12,73 .67 13.74
REP.S L 15.98 19.01 24,053 16,70 2,55 711
L2 122,84 11.352 24.02 ].99 5,03 14,072
LA ig.a2 19,16 17.38 TR & 74 16,00
1343 12.79 13.27 25,93 22,509 21.27 14,30
R2 7.07 €. T2 & 9% 5. 34 5. 90 L. b
B3 | I LS .73 734 4,31 7.99 13,22
EEFEREENERF R R R E R EREE R R ERE R E R EREF R E R B R R R R E B F R R EEE R EER B E R R EREERERIFE EEH

Continued.
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Table{24): Mpisture content on volume basis obtained by the
Meutron Probe method, at different horizontal and
vertical distances, alt S0um burial depth. :
Initial meisture content = 15-20% Pv.

e e e e e e e A e i mm e vmm e e e e st e g e e gy e ST MR A R m s mm e mE A Sm oA

0:00 hr di a2 a3 d4 ds dé
Application time -2 2030 =45 S0O-30 G3-10 100-120
REP. 1 i1 20,70 28,09 27 . 67 2237 1527 ga.94

. e 2.569 7.3 14. 4% Q.29 3.25 3,858

3 14,10 315 12.73 10,01 S. b4 1.91
Pl 15.95 23,19 17.47 ?.41 1.3 3.0
2 1428 15,49 16H., b 10.99 7-01 10.23

R3 20,33 183,437 15.10 g.29 4.98 &L 35
REP. 2 L1 17.00 28,74 23.89 2,90 .32 D37
Lz 14,03 11.24 7.24 .43 .51 4,58
) 15. 351 11.02 13.07 7.-76 5.26 5. 37
R1 21.47 253.22 15.17 .79 J.23 .55
B2 17.49 13,23 7.61 6.7 .48 12,35

RI 15.02 15.722 16.22 12.048 9.11 .54
FEP.3 L1 17.07 20081 12. 38 &89 T30 & 37

L2 14.17 12.7% 25,44 747 £, 035 7.0
L3 17. 41 18,018 19,95 .09 774 82,70
1 13.7° 19. 45 24,459 2a.88 22.454 4.3
2 16,05 7.49 T.922 Y 16,24 3,808
R3 14.78 g.78 g.31 .26 3.70 8.465
B T T A . L T T L e L T L T L O o O T A O e o o e e e o o A I S S A S o o e L o T T e S A I e T T e L e T N T A T S T TN S S T e T il ey o e oy
1:i83 hr dli d? d3 d4 oS ds
Application time O—210 2080 A0-H0 L0050 Qo-10 1900120

REP.L t-1 20,58 28,18 27.99 22.51 13.59% 11.04
L2 .48 P b 15,41 P.35 3.19 4,45

$L3 14.83 13.13 12.44 190,02 S A N 2.35
1 15.73 24.22 .38 .73 oL 190,70
r2 16,33 15.97 17.29 1.7 AR .83
L) 20,54 19.19 14.70 2. 464 7.7 7.85
REP.2 1 172.02 25.47 25,04 F.38 8.940 H.H3
L2 15,78 12,47 B84 &H.11 I, 40 L.73
L3 15,350 11.05 11.84 8. 07 5.08 b 63
K4 | 21.465 24.8/ 140473 7T.11 4.93 11.%3
R2 17.49 .28 F.H2 bH.82 3.12 15.25
5 18,02 16.708 164,01 12.48 T.74 11,54
FEP.3 L1 17.15 20.44 20,83 17.77 3.07 7.85
1.2 14,20 12.42 26,00 .78 & b7 .75
LE 19,463 190048 19.23 83.954 S.04 10.74
1 13.97 20.01 28,00 28,354 22.47 S5.36
F2 10.03 7.43 7.71 6.0 1. a0} 4,43
RS 14.87 ?.38 3. 564 =. 41 0,22 10,49

B i T o i i T i e o T T e S I MY I TR T T Y ST I S i S N I e TR ma e m M pb R mmma o B R o m i e e

SIS ST SN SN IR IR T R R AT O M IR T U D RS T T I T TS AT ST O T N A ST TE IR TP I TSN TR D T T T O O I TR N T D ma e s pob s msmmo— o x4 ok mm Ak e nm
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