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ABSTRACT 

 

Kholood Mahmoud Mohamed: Water Management in Sandy Soil 

Using Neutron Scattering Method. Unpublished Ph.D. Thesis, 

Department of Soil Science, Faculty of Agriculture, Ain Shams 

University, 2011. 

 

This study was carried out during 2008/2009 at the Experimental 

Field of Soil and Water Research Department, Nuclear Research Center, 

Atomic Energy Authority, Inshas in a newly reclaimed sandy soil.  

The aims of this work are, 

* determine soil moisture tension within the active root zone and  

* detecting the behavior of soil moisture within the active root zoon by 

defines the total hydraulic potential within the soil profile to predict both 

of actual evapotranspiration and rate of moisture depletion  

This work also is aimed to study soil water distribution under drip 

irrigation system. 

* reducing water deep percolation under the active root depth. 

This study included two factors, the first one is the irrigation 

intervals, and the second one is the application rate of organic manure. 

 Irrigation intervals were 5, 10 and 15 days, besides three 

application rates of organic manure (0 m
3
/fed, 20 m

3
/fed. and 30 m

3
/fed.) 

in -three replicates under drip irrigation system, Onion was used as an 

indicator plant.  

Obtained data show, generally, that neutron scattering technique and 

soil moisture retention curve model helps more to study the water 

behavior in the soil profile. 

Application of organic manure and irrigation to field capacity is a 

good way to minimize evapotranspiration and deep percolation, which 

was zero mm/day in the treated treatments. 

The best irrigation interval for onion plant, in the studied soil, was 

5 days with 30m
3
 /fad. an application rate of organic manure. 



Parameter α of van Genuchent's 1980 model was affected by the 

additions of organic manure, which was decreased by addition of organic 

manure decreased it. Data also showed that n parameter was decreased by 

addition of organic manure  

Using surfer program is a good tool to describe the water 

distribution in two directions (vertical and horizontal) through soil profile.  

Key words: Neutron scattering meter, irrigation intervals, organic 

manure, drip irrigation, onion yield, WUE.  
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2. Review of Literature 

 

2.1. Neutron Scattering (NS) Method 

 

Neutron moisture meter is an indirect tool to determine soil moisture 

content in situ by emits fast neutron from a radioactive source which are 

reflected back with slow speed by Collision with hydrogen atoms in the 

soil. Since most hydrogen atoms in the soil are components of water 

molecules, the proportion of thermalized neutrons is related to soil water 

content; to a detector in proportion to the concentration of hydrogen 

atoms in the soil. This hydrogen is found predominantly in water 

molecules. A detector within the probe measures the rate of fast neutrons 

leaving and slow neutrons returning. This ratio can then be used to 

estimate soil moisture content. However, because every soil has some 

background hydrogen sources that are not related to water, calibration is 

important for each soil. 

The probe of Neutron moisture meter carries a source 241Am-Be 

and a detector 10BF3 in an Al case, 3.4 cm diameter and 17 cm long. 

Source and detector are as close to each other as possible, so giving a 

desired linear relationship between thermal neutron count and the 

volumetric water content around the probe.  

The portable sealer incorporates some new features of circuit design 

that lead to ease of operation and small size: it weighs 5 kg. Factors 

involved in calibration or the interpretation of a calibration curve are: 

resolving time of the sealer, the volume of soil explored by the neutrons, 

the effect of a moisture gradient, and the possible effect of elements other 

than hydrogen. Long and French (1967) 

The advantage of this method is the determination of soil moisture 

contents in the deep layers of the soil immediately accurately, Also 

Neutron moisture method accurate for deep soil profile measurements. 

(above 30 cm). 
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The neutron moisture gauge (with a 10-50 m Ci neutron source) is 

commonly used in soil moisture studies (Gardner 1986). 

Burrows et al (1958) used neutron moisture meter to measurement 

field capacity by measuring the soil moisture content, the data were 

plotted as a curves of soil moisture content on a volume basis versus time 

in hours following wetting.  

(Gardner and Kirkham, 1952) used Neutron moisture (NMM) 

meter for measuring soil water content in the 1950's. Since then NMM 

gauges have improved in portability, programmability, weight and size. 

The advent of more efficient detectors resulted in the use of smaller and 

thus safer radioactive sources. The precision of measurements possible 

with NS has always been high and satisfactory for many soil water 

investigations (standard error <0.01 m3 m-3), (Gardner, 1986). However, 

safety regulations requiring licensing and training of users, and 

considerable (and apparently growing) paperwork cause the NS method to 

remain expensive and difficult or impossible to use in some situations, 

particularly unattended monitoring. Storage and disposal of gauges is also 

increasingly expensive. The theory of operation of NS gauges and field 

calibration methods are described in several publications including 

(Greacen et al 1981; Gardner, 1986). 

NMM method offers the advantage of measuring a large soil 

volume, and also the possibility of scanning at several depths to obtain a 

profile of moisture distribution. However, it also has a number of 

disadvantages: the high cost of the instrument, radiation hazard, 

insensitivity near the soil surface, insensitivity to small variations in 

moisture content at different points within a 30 to 40 cm radius, and 

variation in readings due to soil density variations, which may cause an 

error rate of up to 15 percent (Phene, 1988). 

The neutron meter indirectly measures soil water content by first 

emitting fast neutrons from a radioactive source. 

 As the neutrons speed through the soil, they lose energy and are 

slowed by collisions with hydrogen particles. The amount of hydrogen in 
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the soil mainly depends on soil water content and soil organic matter 

content. Soil mineralogy may also influence the amount of slow neutrons. 

These factors require that a calibration curve be used to relate counts of 

the neutron moisture meter with soil water content. (Blaine and Dickey 

1993).  

Neutron moisture meter can be also subdue to determine some 

physical and hydrophysical properties of soil such as soil water storage, 

soil water retention curves and soil hydraulic conductivity (IAEA 2003). 

Some elements present in the soil can capture neutrons. These 

include Aluminum, cadmium, boron, chlorine, manganese, and iron. The 

measurements are also not very accurate for surface horizons, and in soils 

with high organic matter content (e.g., Mollisols, organic soils). Rattan 

and Shukla (2004). 

Compared with other soil moisture sensors, such as capacitance 

sensors, the neutron probe can provide more accurate and consistent data 

for average water content in a relatively large soil volume. Wenxiong 

and Stephen (2008). 

Warren (2009) tested a number of devices that measure soil water 

content; he found that the (NMM) is the most accurate and precise 

indirect form of measurements. 

Neutron moisture meter (NMM) must be calibrated to measure the 

actual water content for particular soil type. To calibrate the NMM 

volumetric soil moisture values (at varying water contents) for a 

particular soil type are related to the NMM readings at the same soil depth 

layer; NMM calibration curve being very insensitive to water content 

change at the wet end. IAEA (2008). 

 

2.2. Sandy soils 

 

Sandy soil is defined as the soil which contains 85% or more of 

sand, with its content of silt plus 1.5 times the clay, does not exceed 15 

%.(Balba 1995). 
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Sandy soils are soils with problems; the coarse texture of these soils 

is responsible of their high infiltration rate of water. Thus plants growing 

on these soils usually suffer from drought unless frequently irrigated.  

These soils contain low organic matter and fine particles. Thus their 

cation exchange capacity is low. 

Sandy soils are made up of particles having the size of sand. The 

relatively large size of particles results in large pores between the 

particles, though the total pores constitute low porosity. 

The apparent specific gravity or bulk density of the sandy soils is 

generally high, being 1.6-1.8 g/cm3 

The sandy soils have a high content of large pores which results in 

larger channels for water conveyance. Thus, these soils have good 

drainage. Also, because water is usually retained in the narrow pores and 

not in the large ones little amounts of water may be retaining in the sandy 

soils. 

Because the sandy soils contain a higher proportion of air at the 

expense of their content of moisture, the air penetration through these 

soils decreases with the decrease in the size of particles. 

The sandy soils retain water less tightly than the finer-textured soils. 

Thus, they give up water to the crop more readily than the fine-textured 

soils. This property however may be considered as an advantage or 

disadvantage for the sandy soils, depending on the kind of crop and other 

soil characteristics. 

The infiltration rate is the velocity of water movement within the 

soil. This rate slows when the time of contact between the soil particles 

and water increases until it reaches a constant value equal to the hydraulic 

conductivity. The rate of infiltration in the sandy soils is usually 2.5-25 

cm/h or about 250 times the infiltration rate in the clay soils. After water 

infiltration in the sandy soil, the distribution of soil moisture varies in the 

soils at a faster rate and deeper in the soil than the clay soils. 

The fast infiltration rate of water in sandy soil may be considered 

advantageous, because water penetrates deeper in sandy soils more than 
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fine-textured soils less water is subject to loss by evaporation in sandy 

soil. In sandy soil a considerable depth, water and nutrients may penetrate 

below the root zone depth and become unavailable to plants. 

Plant growing in sandy soils are short of available water, and 

practice that increase moisture in the root zone is recommended. Thus 

decreasing evaporation of soil moisture though evaporation takes place in 

sandy soil as well as fine-texured soils helps plants to absorb its need of 

water.  (Balba 1995). 

 

2.3. Organic mater 

 

For the last 50 years, the consensus view among researchers has 

been that organic mater has a little or no effect on the available water 

capacity (AWC) of soil Berman (1994). 

Berman (1994) also studied the relation between the organic matter 

(OM) and the volume of water held at the field capacity, he found there is 

a highly significant positive correlation between OM content and 

available water capacity. 

The importance of organic matter to soil especially for sandy soil is 

following the water and must considered to overcome the poor physical 

properties . (Abed-Nasser 2005). 

Organic composts can improve soil-water-plant relations through 

modifying bulk density, total porosity, soil water relation and 

consequently increasing plant growth and water use efficiency Mohamed 

and Awad (1998) and Sultani et al (2007). 

Also Sultani et al (2007), added that higher application rate of 

organic mater favors the both vertical and lateral direction of water in 

soil. 

Soil organic matter content plays an important role in affecting soil 

moisture characteristics, especially at low suctions (or field capacity). Soil 

wetness at field soil moisture capacity increases linearly with an increase 

in soil organic matter content. Rattan and Shukla (2004). 
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The reduction of moisture losses can be due to the combination of 

several factors (i) a reduction in the rate of surface evaporation, and (ii) 

increases in infiltration rates and moisture retention capacity of the soil.  

The soil physical properties that are affected by incorporation of the 

organic manure include the structure, moisture retention capacity, and 

density. Other properties such as the porosity, aeration, conductivity, 

hydraulics and infiltration are allied to the modifications to the soil 

structure. cited from Sultani et al (2007). 

Organic matter affects both the chemical and physical properties of 

the soil and its overall health. Properties influenced by organic matter 

include; soil structure; moisture holding capacity; diversity and activity of 

soil organisms, both those that are beneficial and harmful to crop 

production; and nutrient availability (Alexandra and Beuites 2005). 

Soil organic matter enhances soil water retention because of its 

hydrophilic nature and its positive influence on soil structure; increasing 

soil organic mater increase soil aggregate formation, enhance infiltration, 

water retention through the rooting depth, and porosity in the range of 

pore sizes that retain plant available water Tom (2006). 

Organic matter affects both the chemical and physical properties of 

the soil. Properties influenced by organic matter include: soil structure; 

moisture holding capacity; diversity and activity of soil organisms, both 

those that are beneficial and harmful to crop production; and nutrient 

availability. Alexandra and Beuites (2005).  

Elsharawy et al (2003) studied the effect of the composts of some 

plant residues, rice straw and cotton stalks on some physical properties of 

sandy soil, they found that application of either cotton stalks or rice straw 

composts significantly improve the physical properties of the tested soil, 

bulk density, and hydraulic conductivity and moisture constants.  
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2.4. Soil moisture retention curve. 

 

Specification of the water retention curve is necessary for studying 

water availability for plants, plant water stress, infiltration, drainage, as 

well as water and solutes movement in the soil (Kern, 1995.; Tinjum et 

al., 1997). 

Soil water characteristic curve is used to establish and further refine 

and quantify the general availability of soil water which is often referred 

to as (1) gravitational water (water subject to drainage), (2) capillary 

water (most of it available to plants), and (3) hygroscopic water (water 

that is not available to plants). The following figure shows general soil 

water characteristic curves for various soil types Larry et al (2009). 

 

 
 

The shape of the SMRC is a function of the soil type. Soils with 

small pores have high air entry pressure (ψa). Soils with wide ranges of 

pore sizes exhibit greater changes in matric suction with water content 

(Hillel, 1980; Fredlund and Rahardjo, 1993). 

Water retention is one of the most important soil features. It governs 

the conditions of plant growth, development and yield as well as the 
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availability and uptake of nutrients by plant root systems (Reinhard, 

2001). 

Soil moisture characteristic curve or pF curve. This unique 

relationship depends on soil structure as determined by total porosity and 

pore size distribution. Thus, change in structure and pore size distribution 

leads to changes in soil moisture characteristics. Rattan and Shukla 

(2004). 

Water relations are the most important physical phenomena that 

affect the use of soils for agricultural, ecological, environmental, and 

engineering purposes. To formulate soil-water relationships, soil 

hydraulic properties are required as essential inputs. The most important 

hydraulic properties are the soil-water retention curve (SWRC). Wim et 

al (2005) 

The SMRC depends upon both soil texture and soil structure. The 

amount of water retained at relatively low suctions depends primarily 

upon capillary effects and the soil pore-size distribution, and hence is 

strongly affected by the soil structure. Water retention at higher suctions 

is increasingly due to adsorption, and hence is affected more by soil 

texture and the specific surface area of a soil, as opposed to soil structure.  

Coarse-textured soils generally release their water much quicker 

than fine -textured soils which often have a much broader pore-size 

distribution so that when suction is increased, the water content will 

decrease only gradually. Hence, a coarse-textured sandy soil is able to 

retain less water as compared to a fine -textured clayey soil. (Sharad  et 

al 2004) 

Soil moisture retention curve is defined as the relationship between 

soil water content and suction for the soil or energy status (matric or 

suction potential). Lee Barbour (1998) and Tsuyoshi Miyazak (2006). 

The usual S-shape of the SMRC may be defined by four parameters: 

saturated volumetric water content (θs); residual volumetric water content 

(θr); air-entry value or bubbling pressure (hb) and volumetric water 

retention capacity. The air pressure required to force air through a porous 
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cup, which has been thoroughly wetted with water, is called the bubbling 

pressure or air entry value for that particular porous cup (Phone 2001). 

At full saturation, the volumetric water content (θ) is equivalent to 

porosity  and is defined as θs When the soil suction increases, θ remains 

almost constant, until suction bubbling pressure is reached. This pore-

water pressure defines the soil suction value at which water in the largest 

pores starts to drain. Beyond this point, there is a sharp reduction of the 

volumetric water content up to the residual volumetric water content (θr), 

which represents a lower limit (Anderson et al., 2010).  

Pore-size and distribution on soil water storage is in regards to how 

different pore sizes respond to energy forces or the soil water pressure 

potential. Under saturated conditions, large pores drain more easily in 

response to gravity potential. Also, when the soil is unsaturated, large 

pores are less subject to capillary (or matric potential) forces. Larry et al 

(2009). 

 

2.4.1. Methods of determining Soil Moisture Retention Curve 

(SMRC). 

2.4.1.1. Laboratory Method. 

 

Soil water release curves and saturated hydraulic conductivities can 

be determined in the laboratory, using disturbed and undisturbed soil 

cores (Klute, 1986) or in the field (in situ method) The in situ field 

method of determination of the soil water retention curve is known as the 

instantaneous profile method. This method gives more realistic results of 

the field hydraulic conductivity and soil water release curves than the 

laboratory measurements.  

The relationship between water content and suction is commonly 

determined by the pressure plate apparatus test (Richards 1941). This test 

relies on the axis translation technique to impose suction on soil samples 

(Hilf 1956). 
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2.4.1.2. In situ Methods. 

 

The measurement of the SMRC in the laboratory and in the field can 

be relatively time consuming and expensive. In some situations, it may be 

useful to have estimates of the SMRC in the field. 

Vereeken (1988) divided the empirical models of soil moisture 

retention curve into four categories based on there functional relationship, 

(1) Exponential (2) Power (3) Cosine gyperbolic and (4) Error function.   

Most authors used the power relationship to express soil moisture 

retention curve.  

Visser (1966) represented a sigmoid shape of soil moisture retention 

curve using the following equation  

                Ψ =A(P + OP-V)n /Vm 

Where: 

 Ψ, is the soil water stress, 

             P, is the total pore space, 

 OP, is the apparent additional pore space, 

 V, is the soil moisture content  

IAEI (1976) used the in situ measurements of neutron moisture 

meter for measuring soil moisture contents and tensiometers for soil 

matric suction to determine the soil moisture retention curve, also Carlos 

Vaz (2002) used time domain reflectometry (TDR) probe and 

tensiometers for the same purpose.  

Laboratory studies have showed that there is a relationship between 

the soils – water characteristic curve for a particular soil and the 

properties of the unsaturated soil cited from Fredlund et al 1994. 

Several authors have proposed different functions to describe the 

SMRC, there are many empirical equations have been presented the 

relation between soil matric suction and soil water content (soil – water 

characteristic curve). Among the earliest is the equation which proposed 

by Brooks & Corey, 1964 
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                               [(θ-θr) / ( θs -θr)] = [hb/h]λ  

 

Which: 

θs = saturated water content  

λ  = pore size index 

hb = bubbling pressure (Air entry pressure) This air entry suction 

corresponds to the matric suction required to remove water from the 

largest pores (Brooks and Corey, 1966). 

θr = residual water content,  

φ  = total porosity   

Also Campbell (1974) suggested the following equation to describe the 

relationship between the soil matric suction and soil moisture content  

          

                                   [θ/φ] = [hb/h]1/b  

Which: 

θs = saturated water content 

hb = bubbling pressure (Air entry pressure) 

b = constant 

φ  = total porosity . 

A general equation describing the soil – water characteristic curve over 

the entire suction range (i.e., to 1,000,000 Kpa) has been given by 

fredlund and Xing (1994).  

 

 
 

Where: 

        Ψ:Total soil suction (KPa), 

         e :natural number,  2.71828 

        Ψr : Total suction (expressed in KPa) corresponding to the residual 

water content θr,  
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        a: a soil parameter which is related to the air entry values of soil 

        n:  a soil parameter which controls the slope at the inflection point in  

             the soil- water characteristic curve, 

       m: a soil parameter which is related to the residual water content of  

the soil; 

 

Another sigmoidal form for the relationship soil matric suction and 

soil moisture content was given by van Genuchten (1980), the SMRC 

introduced by Van Genuchten is may be the most common one.  

                        

                              [(θ-θr)/( θs -θr)]= [1+(αh)n]-m  

Which: 

θs = saturated water content 

θr = residual water content,  

α, n, m, = constants  

The parameters of van Genuchten model (1980) α, and m are 

defined as: 

α is the inverse of the air entry value [L-1]; (a soil parameter 

related to the air entry value of ”bubbling pressure”; [α =(ψe)-1]. 

m and n are curve shape parameters. The m characterizes the 

asymmetry, while the n is related to the slope of the curve (Vanclooster 

et al., 1996). 

Parameter m, rotates the sloping portion of the curve. As m 

increases, the range of the curve between ψa (air entry suction) and the 

knee (the point of inflection at the lower portion of the curve as it 

approaches a horizontal position) of the soil-water characteristics curve 

(SWCC) decreases. The parameter is the pivot point of the curve and its 

value is related to the value of the air-entry suction. 

The parameter n controls the slope of the SWCC about the pivot 

point, which occurs at normalized volumetric water content (θ) of 0.5. As 

n increases, the sloping portion of the curve between ψa and the knee of 

the SWCC becomes steeper (Miller et al., 2002). 
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The air-entry value is identified as the point at the largest pores 

which air can enter into the soil. When the suction is larger than the air-

entry value then the soil starts to desaturate ( Konyai et al., 2009). 

 

 

2.5. Water movement in soils 

 

Water moves downward after rain or irrigation. It moves upward to 

evaporate from the soil surface. It moves towards and into plant roots, and 

eventually into the atmosphere through transpiration. And during the 

night, when transpiration is greatly reduced, water moves from moist soil 

between roots into soil adjacent to absorbing roots that has dried during 

the previous day. Horizontal movement also is important, as, for example, 

when water moves from an aeration hole. Water movement can be in any 

direction, depending on conditions (Warrick 2001). 

Soil water enters and moves through soil in response to changes in 

‘potential energy’ or the energy status of water. Water movement is 

always “down gradient” in terms of potential energy, meaning water 

always flow from higher to lower potential energy. Depending on the 

direction of the potential energy gradient, water flow may be downward, 

horizontal or Downward flow occurs under the force of gravity and is 

predominantly in the large (macro) pores of saturated soils, whereas 

horizontal and upward flows are the result of capillary forces (the 

attraction of water to soil particles and itself) in the small (micro) pores of 

unsaturated soils. Other examples of capillary flow are migration of 

ground water upward into the soil and the movement of water from 

furrows or ditches out into a field. Capillary glow in soils is affected by 

texture and pore size. Fine textured soils have a greater ability to retain 

water than coarser soils under unsaturated conditions due to a larger 

percentage of micropores in fine soil. 

The movement of water through a porous system occurs whenever 

there is a difference in potential energy of water within the porous matrix. 
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Water movement is always described in terms of potentials. Rattan and 

Shukla (2004) 

Water potential plays a role in water flow theory similar to the role 

played by temperature in heat flow problems, or voltage in electrical 

circuit theory.  Water flows in response to gradients in water potential.  

Campbell (1994) and Rattan and Shukla (2004). 

 

2.6. Active Root Depth ARD 

 

Active root depth is the depth of soil at which plant extracts most of 

its absorbed water.  

Active root depth increase during the growing season as the crop 

develops. Also El-Gendy el al (2000) defined ARD as the soil depth, 

which separates the soil profile into two parts the upper one at which 

effect of evapotranspiration is dominant while, the second one represents 

the effect of  gravity (deep percolation).  

It begins at zero at planting and increases to its maximum depth 

with time, which occurs approximately at the midseason for most crop. 

This result can be estimated from the in situ measurements where 

hydraulic gradient equal zero (dH/dZ=0) at (H., Z) function. (sallam and 

El-Gendy 1999). 

So this depth is very important to indentify the separate line in soil 

profile between the lower parts, at which water is lost by deep percolation 

and the upper parts at which water is lost through evaporation process and 

plant uptake. 

The active root zone has the potential to return water to the 

atmosphere via evapotranspiration, and the depth of this zone affects the 

extent of the exchange between soil-moisture and water vapor (Guswa, 

A. J. 2008). 
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2.7. Evapotranspiration 

  

Evaporation is the process whereby liquid water is converted to 

water vapor and removed from the evaporating surface. 

Transpiration consists of the vaporization of liquid water contained 

in plant tissues and the vapor removal to the atmosphere. 

Arnon (1975) pointed out  that crop yield depends on  the  rate  of 

water  use,  and  that  all  factors  increasing yield  and  decreasing water  

used  for ET  favorably  affect the water use efficiency. 

Evaporation and transpiration occur simultaneously and there is no 

easy way of distinguishing between the two processes. Dooernbos and 

Kassam (1979). 

Many factors can affect the amount of ET occurring in any 

particular vegetable crop. These include plant, soil, cultural and 

environmental factors (Jones et al., 1984). 

Actual evapotranspiration (ETa) equals maximum 

evapotranspiration (ETm) when available soil water to the crop is 

adequate Richard et al (1990). 

The  applied  irrigation  system  can  also  affect the  ET  of  a  

vegetable  crop  under  specific  conditions (Geraldson,  1980,  Al-Jamal  

et  al 1999).   

Evapotranspiration (ET) under field conditions can be determined 

by measuring soil moisture content before and after irrigation, these 

measurements are used to calculate the rate of soil moisture depletion 

(SMD) between irrigation events. While, neutron scattering method 

(neutron probe) is used to measure water content as a function of soil 

depth and tensiometers is used to measured soil water tension and then 

define the direction of soil water movement (up and down). El-Gendy et 

al (2000) 

They also added that ET values of the studied soil  under organic 

manure treatments were higher than control treatment. 



 ١٨

Pelter et al.  (2004)  recorded  an  onion  ET  of  597  mm  when 

irrigated  by  drip irrigation  system  at  Columbia  Basin, Washington  

State,  USA.  In  Oregon,  an  average  ET  of 791 mm was measured  

from onions producing an average marketable  yield  of  95  t  ha-1(Shock  

et  al.,  2004). 

Onions under deficit irrigation have lower evapotranspiration rates 

and yields. Irrigation is needed during the total growing season in order to 

obtain the maximum yield. If water is limiting, deficit irrigation should be 

used during either the ripening or vegetative period Abdullah et al 

(2005). 

Dan et al (2007) studied the effect of different soil matric potentials 

on evapotranspiration. These potential was 100,200,300,400, and 500 

mbar for tow years, they found a little difference between the two years, 

and generally evapotranspiration was increased by increasing soil matric 

potential. 

Evaporation from soil induces upward soil water movement directed 

toward the evaporating surface. The maximum evaporation rate is 

dominated by such conditions as temperature, relative humidity, and wind 

velocity. While the maximum upward flux of soil water is dominated by 

the hydraulic properties of soil, such as unsaturated hydraulic 

conductivity and the water potential gradient in the soil. The actual 

evaporation rate is determined by both the external evaporability and the 

hydraulic properties of the soil Tsuyoshi (2006). 

ET is the water used by a crop for growth and cooling purposes. 

This water is extracted from the soil root zone by the root system, which 

represents transpiration and is no longer available as stored water in the 

soil. “ET” is used interchangeably with crop water use. (Al-Kaisi and  

Broner 2009). 
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2.8. Soil Water Storage 

 

It defined as the quantity of soil water in a specific soil depth 

increment in terms of soil water storage or equivalent depth of soil water 

(units of length). Equivalent depth of soil water, De (m), is calculated as 

De = θv*D, where D is the soil depth increment (m) having 

Volume water content θv. This quantity is useful to relate aboveground 

water dimensions of rainfall, irrigation or evaporation (L) to belowground 

dimensions (θv, m3 water m–3 soil). For example, one may wish to 

quantify changes in soil water content arising from addition of water by 

rainfall or loss of water by evaporation (Warrick 2001). 

Soil water storage (SWS) capacity is defined as the total amount of 

water that is stored in the soil within the plant’s root zone. The soil 

texture and the crop rooting depth determine this. A deeper rooting depth 

means there is a larger volume of water stored in the soil and therefore a 

larger reservoir of water for the crop to draw upon between irrigations; 

Knowing the soil water storage capacity allows the irrigator to determine 

how much water to apply at one time and how long to wait between each 

irrigation. (Janine 2002). 

The soil-water storage is a property, which is vitally important for 

plants. The water supply to plants from soils is one of the most important 

environmental constraints to plant growth. All plants must rely for long 

periods on the water, which is retained within the rooting zone. Kai 

Lipsius (2002). 

 

2.9. Water requirement 

 

For optimum yield onion require 350 to 550 mm water. Onion 

plants are very sensitive to lack of soil water during the total growing 

season and the yield formation period, but rather insensitive in the 

vegetative and ripening periods. High water use and water use efficiencies 

were observed with increasing levels of irrigation, or no irrigation in the 
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vegetative period Abdullah et al (2005), In another study Samson and 

Tilahum (2007) observed that there is no significantly different in onion 

yield from the optimum application when the plant exposure to water 

deficit in the second and third growth stages or during all stages at 25% 

Etc, 50% Etc and 75% Etc water deficit. 

Plants vary in their ability to extract from soil. For most plants, the 

available water is about 50% of the total water supply before reaching the 

permanent wilting point; Onions plants are can only extract about 40%.  

 

2.10. Irrigation water use efficiency 

  

The importance of analyzing water use efficiency (WUE) is 

illustrated by  the  efforts  of  many  researchers  to direct  total water use  

for evapotranspiration  towards transpiration  as  the  productive  part  of  

water  for  plants. 

Arnon (1975) pointed out  that crop yield depends on  the  rate  of 

water  use,  and  that  all  factors  increasing yield  and  decreasing water  

used  for ET  favorably  affect the water use efficiency. 

Water use efficiency is the key term in the evaluation of deficit 

irrigation strategies molden et al (2003), which defined as the ratio of the 

mass of yield (Ya) to the volume of water consumed by the crop (ETa). 

Where Eta is the lost of water either crop transpiration or by the soil 

evaporation. 

Feng-Xin et al (2006) investigate the effect of irrigation frequency 

on water efficiency; they found high frequency irrigation water use 

efficiency (WUE). 

Effective irrigation scheduling and use of modern irrigation systems 

are two possible options to improve water use efficiency in arid regions. 

(Kamel et al 2007). 

Abdulaziz (2007) used three levels of applied irrigation water to 

irrigate onion plants, the data showed that (WUE) were increased with 

increasing the amounts of applied water. 
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Salah et al (2008) studied the effect of irrigation rates on IWUE; 

they found the IWUE increased with increasing irrigation rates. 

Abdou et al (2009) studied three irrigation treatments on onion 

yield for two growing seasons, 80, 60 and 40% available  soil moisture , 

The  results showed that the highest water use efficiency among irrigation 

treatments, Viz. 10.88 and 9.91 kg/m  in the two    seasons were  detected  

on I-60. 

Ahmed and Mahmoud (2010) investigate the effect of irrigation 

intervals (7, 14 and 21 days) on WUE for Sunflower, they Emphasized 

that the highest value of water use efficiency was obtained by applying 

irrigation every 7 days. 

BISWAS et al (2010) investigated the water use efficiency for 

irrigation intervals treatments, the treatments were I1 (10), I2 (15), I3 

(20), I4 (30) days, they found that the highest was (52.96 kg.ha-1.mm-1) 

in treatment I2 (15 days irrigation interval).  

Metin et al (2011) studied the effect of  different  irrigation  

intervals  on  irrigation water  use efficiency of  pepper irrigated by a drip 

system under field conditions, They applied three irrigation intervals, they 

found that the water use efficiency  (IWUE)  values were  significantly  

influenced by  the  irrigation  intervals. 

Water use efficiency can be achieved by improving the method of 

water delivery and timing of the application, by increasing the efficiency 

of water use by the plant, and by understanding the mechanism of drought 

tolerance in plants. 

 

2.11. Water Management. 

 

Irrigation water is managed to conserve water supplies, to reduce 

water-quality impacts, and to improve producer net returns. 

Irrigation water management is the act of timing and regulating 

irrigation water application in a way that will satisfy the water 

requirement of the crop without wasting water, soil, and plant nutrients 
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and degrading the soil resource. This involves applying water: According 

to crop needs, in amounts that can be held in the soil and be available to 

crops, at rates consistent with the intake characteristics of the soil and the 

erosion hazard of the site and so that water quality is maintained or 

improved 

Proper irrigation water management consists of many components. 

Proper irrigation system design, accurate irrigation scheduling etc. Proper 

irrigation management help to maximize yield while minimizing 

production cost. 

Managing the irrigation system to achieve high crop productivity 

with a great saving of water needs a knowledge of the irrigation level 

required for an optimum yield (Thompson et al 1992) 

One way to face the water shortage is through proper irrigation 

management by means of irrigation scheduling (Mermoud et al 2005), 

and the other way is to change to more efficient irrigation methods such 

as drip irrigation (Sammis 1980). 

The management practices of the sandy soils are controlled by their 

physical properties and their fertility status. The physical properties 

because losses of water from the soil by infiltration deeper than plant root 

zone and seepage from the conveying canals in addition to evaporation, 

Fine particles (the clay and silt fractions and organic manures) are directly 

or indirectly, applied to the soil. This practice is widely known and 

applied in sandy soil regions, especially in small holdings. (Balba 1995). 

Water management practices are the most influential factors 

affecting crop yield particularly in irrigated agriculture in arid and 

semiarid regions. Sandy soils are particularly critical for water 

management in irrigated agriculture because of their low water holding 

capacity and low clay contents. The productivity of these soils is limited 

by high infiltration rate, high evaporation, low fertility level, low water 

holding capacity and low organic matter content. Synthetic soil 

conditioners were used to alleviate some of these constrains (Al-Harbi et 

al., 1999). In the other hand the natural amendments could be another 
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alternative to improve the physical properties of these soils (Al-Omran et 

al., 2002 & 2004). 

Practices that increase soil moisture content can be categorized in 

three groups: (i) those that increase water infiltration; (ii) those that 

manage soil evaporation; and (iii) those that increase soil moisture storage 

capacities. All three are related to soil organic matter. (Alexandra and 

Benites 2005). 

 

2.12. Irrigation scheduling. 

 

Irrigation management uses scheduling to decide when to irrigate 

and how much water to apply Stewart and Nielson (1990). 

The  process of  irrigation  consists  of  introducing  water  into  the  

part  of  the soil  profile  that  serves  as  the  root  zone,  for the  

subsequent  use  of  a  crop  Hillel (1998). 

Irrigation scheduling is the decision of when and how much water to 

apply to a field Brouwer et al (1989); the purpose of irrigation 

scheduling is to maximize irrigation efficiencies by applying the exact 

amount of water needed to replenish the soil moisture to the desired level.  

Irrigation scheduling methods differ by the irrigation criterion or by 

the method used to estimate or measure this criterion. 

To reducing water use it is necessary to examine the possibility of 

further reducing irrigation applied by optimizing irrigation scheduling. 

(Zhang et al 1999). 

Irrigation scheduling requires knowledge of the soil, the soil water 

status, the crop, the status of crop stress and the potential yield reduction 

if the crop remains in a stressed condition Robert  et al (1996). 

Irrigation scheduling is one of the most important tools for 

developing best management practices for irrigated areas. (Al-Jamal et 

al., 1999) 

Assuming  high irrigation  frequency, better  scheduling may  be  

expected to  increase  applied  fertilizer  use  efficiency,  to  reduce 
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leaching and improve onion yields by increasing bulb size (Renault and 

Wallender 2000).   

Kirda (2000) declare that it is necessary to develop new irrigation 

scheduling approaches, not necessary based on full crop water 

requirement, but ones designed to ensure the optimal use of allocated 

water.  

 Halim and Sener (2001) studied the response of onion (Allium 

cepa L.) to different irrigation scheduling and subjected to four irrigation 

treatments according to available soil water depletion fractions of 0.30, 

0.50, 0.70 and no irrigation, they found the yield and yield components 

except solids soluble in bulbs were affected by irrigation and soil water 

depletion fractions. The highest yield was obtained from the plots in 

which irrigation water was applied at soil water fraction level of 0.30.  

Mateen et al (2005) studied the effect of irrigation intervals on 

growth and yield of onion 5,10,15,20 days in addition to the control 

treatment in sandy loam soil; they found the 5 days irrigation intervals 

treatment was the better irrigation interval compared with the other 

treatments in plant growth and onion yield.    

The amount of water that should be applied with each irrigation 

depend on the soil and the amount of water it can retain for plant use, 

referred to available water, The amount of water removed from the soil by 

the plant since the last irrigation. Also irrigation should begin when the 

crop comes under stress severe enough to reduce crop yield or quality. 

The level of stress that will cause a reduction in crop yield or quality 

depends on the kind of crop and its stage of development; the level varies 

during the growing season as the crop matures.  

Mermoud et al (2005)  Alleged  that  onions  prefer  longer  

intervals  between  irrigations  but  deeper depths of irrigation.  

The irrigation frequency was found to be important with irrigating 

twice a week instead of once a day, leading to increase of the root-zone 

water storage, better crop water availability through the whole root zone 

and higher yields.  It appears  that,  in  the specific climatic context  of  
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the  study area,  frequent  application  of  small irrigation depths cause the 

irrigation water to remain near the soil surface where it is subsequently 

evaporated.  

Hanson et al (2000) pointed that there are two main ways to 

schedule irrigation, the first one by replacing crop evapotranspiration 

(ETc) fractions according to a soil water balance, or by triggering 

irrigation according to water content status of the soil and allowable 

depletion levels, They also added the ways that is depend on water 

content may be more practical and easy to use for alfa alfa and pasture 

producers. 

Juan Enciso et al (2009) used different scheduling strategies and 

water stress level to evaluate yield and quality of onion under subsurface 

drip irrigation system, the treatments were by maintains the soil moisture 

content at -20 K pa, -30 K pa   and  -50K pa and the other strategy was to 

replace 100 %, 75%  and 50% of crop evapotranspiration , They found 

The higher total yield and Jumbo onion size were obtained when the soil 

moisture was kept above -30 K pa and also the yield were not affected 

when water reduce from 100 % to 75 % Etc. 

Soil matric potential (SMP), especially in non-saline soil, is 

considered a better criterion for characterizing crop soil water availability 

than Soil water content. Numerous studies using tensiometers to measure 

SMP and schedule irrigation have been reported Feng- Xin Wang et 

al.,(2007) examined the effect of five soil matric potential treatments 

under drip irrigation conditions for potato plants, [F1 (−15 kPa), F2 (−25 

kPa), F3 (−35 kPa), F4 (−45 kPa), F5 (−55 kPa)], They found (irrigation 

water use efficiency) the −25 kPa was the most favorable setting for 

potato production, while −15 kPa was too high and −45 kPa lead to severe 

water stress. 

Borivoj et al (2011) study the effect of different irrigation 

schedules on yield and water use of onion (Allium cepa L.) Three  

irrigation  treatments  according  to  available  soil  water depletion  (30, 2  
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50  and 3  70%)  and  a  rained  treatment  (0) were  tested, Results  

showed  that onion yield was significantly affected by  irrigation. 

 

2.13. Drip irrigation system. 

 

The efficient use of water by modern irrigation systems is becoming 

increasingly important in arid and semi-arid regions with limited water 

resources.  

Drip irrigation is sometimes called trickle irrigation and involves 

dripping water onto the soil at very low rates (2-20 liters/hour) from a 

system of small diameter plastic pipes fitted with outlets called emitters or 

drippers. Water is applied close to plants so that only part of the soil in 

which the roots grow is wetted, unlike surface and sprinkler irrigation, 

which involves wetting the whole soil profile Brouwer et al., (1988). 

Drip irrigation offers great potential for improving water 

management by improving crop yield and quality using less water and by 

localizing fertilizer and chemical applications to enhance their efficient 

use and to reduce pollution risk (Coelho and Or 1996). 

Irrigation is the supply of water to agricultural crops by artificial 

means, designed to permit farming in arid regions and to offset the effect 

of drought in semi-arid regions. Even in areas where total seasonal 

rainfall is adequate on average, it may be poorly distributed during the 

year and variable from year to year. Where traditional rain-fed farming is 

a high-risk enterprise, irrigation can help to ensure stable agricultural 

production (FAO, 1997). 

In recent years, drip irrigation has become increasingly popular to 

reduce the amount of water and fertilizer that are applied to the crop, and 

also to reduce the amount of labor ( Fekadu and Teshome, 1998). 

Drip irrigation system can distribute water uniformity, precisely 

control, increase plant yields, reduce evapotranspiration (ET), decrease 

deep percolation and decrease dangers of soil degradation and salinity 

(Batchlor et al., 1996, Ayars et al., 1999). 
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Because the drip irrigation is capable of applying small amounts of 

water where it is needed and to apply it with a high degree of uniformity 

and frequently, these featuresmake it potentially much more efficient than 

other irrigation methods. (Mohamed, 1999). 

In recent years, drip irrigation has become increasingly popular to 

reduce the amount of water and fertilizer that are applied to the crop, and 

also to reduce the amount of labor.  ( Hanson et al., 1997).  

Gamal and Alngi (2000) noted that one of the main advantages of 

drip irrigation is water saving due to the partial wetting of the soil also the 

added the wetted area is affected by the emitter discharge rate and the 

characteristics of the soil. 

William et al (2002) listed some Advantages of drip irrigation as follow. 

1. Smaller water sources can be used because trickle irrigation may 

require less than half of the water needed for sprinkler irrigation. 

2. Lower operating pressures mean reduced energy costs for pumping. 

3. High levels of water use efficiency are achieved because plants can be 

supplied with more precise amounts of water. 

4. Disease pressure may be less because plant foliage remains dry. 

5. Labor and operating costs are generally less, and extensive automation 

is possible. 

The movement of water under drip irrigation, influenced by the. 

Low flow rate and localized water application is -necessary for good 

water management. An efficient  water  use will be  reached  with  a  

proper  irrigation scheduling,  that involves  to know the  crop  water  

requirement. Castill (2007). 

 

2.14. Water distribution under drip irrigation system. 

 

In  drip-irrigated  soils,  normally  the  soil water  distribution  is  

done  through  a soil surface  wetted  area  that is small  relative  to  the  

total soil  surface  area.  In point  source  emitters,  the  water  distribution  

into  the  soil follows a  three dimension infiltration  pattern,  different  
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from  the  one dimension  (vertical)  infiltration  type of conventional  

irrigation  systems,  where  the  soil surface  wetted  area  (through which  

water  penetrates into  the  soil)  is  the  whole  soil  surface  area  

(Bressler,  1977). 

During infiltration, the soil water content changes both spatially and 

temporally and redistribution of water in the soil is strongly dependent on 

the irrigation method, soil type, vegetation root distribution and rates of 

water application. Therefore, for effective design and use of drip systems, 

there is a need to predict soil water dynamics taking into account all these 

dependencies (Merill et al., 1978). 

The traditional way to visualize spatial and temporal soil water 

distributions includes determination of the water content at points around 

the emitter and drawing contours between these points. Practical 

information includes estimation of the position and shape of the wetted 

volume (Dasberg and Or, 1999). 

Under drip irrigation, the ponding zone that develops around the 

emitter is strongly related to both the water application rate and the soil 

properties (Assouline, 2002). 

Distribution of the soil moisture into the active zone is complicated 

because of the influence of many and different factors: soil structure, 

application rate, soil moisture before irrigation. (Vladia 2008). 

 

2.15. Crop Description and Climate 

 

Onion (Allium cepa L.) is a bulbous crop widely cultivated in 

almost every country of the world. It’s is one of the most important 

vegetable crops in Egypt. It occupies the third cultivated area after tomato 

and potato, which yield and grade are very responsive to careful irrigation 

scheduling and maintenance of optimum soil moisture (Shock et 

al.,2000).  
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 Also, its importance lies in exportation and local consumption. 

However, such consumption reached about 12.5 kg/person giving one 

million ton for Egypt. Ghoname et al., (2007). 

The total cultivated area of onion in Egypt is 80,000 fed. Produced 

753.000 tons statistics of 2007. (Faten et al., 2010), the productivity unit 

area still low and is needed to be increased according to the people need 

in Egypt. 

Onion (Allium cepa) can be grown under a wide range of climates 

from temperate to tropical. Under normal conditions onion forms a bulb 

in the first season of growth and flowers in the second season.  

Onion can be successfully grown on any type of soil that is fertile 

and well drained. A soil pH of 6.0 to 7.0 is recommended for the 

successful production of onion crop (Baloch et al., 1991). 

The production of the bulb is controlled by the day length; the 

critical day length varies from 11 to 16 hours depending on variety. Some 

varieties need 12- 14 hours such as the Egyptians varieties and others 

needs 15-16 hours such as Holland varieties. The optimum mean daily 

temperature varies between 15-20°C. Onion can be grown on many soils 

but medium textured soils are preferred, and optimum PH is in the range 

of 6 to 7. The growth periods of an onion crop with a growing period of 

100 to 140 days in the field are: establishment period (from sowing to 

transplanting, 0) 30 to 35 days; vegetative period (1) 25 to 30 days; yield 

formation (bulb enlargement, 3) 50 to 80 days; and ripening period (4) 25 

to 30 days. Dooernbos and Kassam (1979). Fertilizer requirements are 

normally 150 nitrogen unit, 50 kilo gram potassium sulfate and 150 

kilogram super phosphate, according to Egyptian ministry of agriculture. 

Onions have a biennial growth habit, but are commercially grown as 

an annual (except for seed production), and harvested for their bulbs.  The 

plant Managing the irrigation system to achieve high crop productivity 

with a great saving of water needs a knowledge of the irrigation level 

required for an optimum yield (Thompson et al 1992),  it has a shallow 
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root system reaching about 1 foot deep or less. Onions grow well on most 

well-drained, fertile soils.  

Because of a shallow root system. The common practice,  therefore,  

is  to  apply  slight  and  frequent irrigation  rates  (Pelter  et  al.,  2004). 

 

2.17. Onion yield. 

 

A good bulb yield under irrigation is 35 to 45 ton/ha Dooernbos 

and Kassam (1979). 

Average world yields increased from12 Mt ha−1 in the early 1960s 

to 17 Mt ha−1 in 2001. Mart et al., (2004) 

BISWAS et al., (2010) investigated the different levels of irrigation 

intervals on the bulb yield of onion (Allium cepa L) in silty loam soil, the 

treatments were I1(10), I2(15), I3(20), I4(30) days irrigation  intervals 

with a non-irrigated control (Io) treatment, they found that the irrigation 

had significant effects on bulb yield, the highest yield (12.53 t.ha-1) of 

bulb was obtained from I1 that received 6 irrigations at 10 days intervals. 

 



3. Materials and Methods 

 

3.1: The experimental Site. 

 

Field experiment was conducted at the experimental farm of the 

agricultural department ofsoil and water research, Atomic Energy 

Authority, Inshas, (latitude 30°24′ longitude 31°35′) during onion 

growing season (2008/2009). 

The aim of this investigation is to study the effect of adding animal 

manure and irrigation intervals on soil water behavior within sandy soil 

profile, yield of onion and water use efficiency. Neutron scattering 

technique was adopted in this study.  

 

3.2. Animal manure treatments. 

 

Two rates of organic manure were added. The first one (R1), organic 

manure was mixed with the upper 15 cm of soil layer, at the rate of 

20m3/Fed. The second one (R2) was mixed at the rate of 30m3/Fed, at the 

same soil layer. 

The used animal manure were mixed and incorporated into the 

surface soil layer before cultivation onion. Table 1, 2 and 3 show some 

physical and chemical properties of the experimental soil and the used 

animal manure.  

 

Table (1): Some physical properties of the investigated soil. 

 

 Particle size 
distribution % 

Soil 
depth 
(cm) 

 Sand Silt Clay 

Texture 
class 

Bulk density 
g/cm3 

Total 
porosity 
cm3 cm-3 

θ at 
0.1 bar  

θ at 15 
bar 

15 
30 
45 
60 
75 
90 

98.13 
98.73 
98.60 
98.63 
98.57 
98.57 

1.40 
0.80 
0.87 
0.87 
0.70 
0.70 

0.47 
0.47 
0.53 
0.50 
0.73 
0.70 

Sand 
Sand 
Sand 
Sand 
Sand 
Sand 

1.78 
1.78 
1.77 
1.77 
1.73 
1.73 

0.32 
0.32 
0.33 
0.33 
0.34 
0.34 

8.5 
8.5 
8.5 
8.5 
8.4 
8.4 

1.90 
1.90 
1.79 
1.78 
1.78 
1.78 
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Table (2): Some physical properties of the used animal manure. 
  

Manure treatments 
 

Bulk density 
g/cm3 

Total porosity 
cm3 cm-3 

θ at 
0.1 bar  

θ at 15 
bar 

Rate 1 
Rate 2 

1.689 
1.583 

0.35 
0.40 

11.3 
19.2 

2.03 
2.12 

 

Table (3): Some chemical properties of investigated soil. 
 

Soluble cations 
(m eq/L) 

Soluble anions 
(m eq/L) 

Soil 
depth, 
(cm) 

K+ Mg++ Ca++ Na+ 
CO3

-- H CO3
- Cl- SO4

-- 

SAR 
EC 

(dS/m) PH 

15 
30 
45 
60 
75 
90 

0.20 
0.19 
0.19 
0.20 
0.18 
0.18 

1.0 
1.3 
1.3 
1.5 
1.6 
1.6 

4.5 
4.4 
4.5 
4.4 
4.0 
4.0 

2.6 
2.7 
2.6 
2.6 
3.6 
3.5 

-- 
-- 
-- 
-- 
-- 
-- 

3.0 
3.2 
3.2 
3.3 
3.5 
3.5 

5.1 
5.2 
5.2 
5.2 
5.1 
5.1 

0.20 
0.19 
0.19 
0.10 
0.78 
0.68 

1.568 
1.599 
1.527 
1.514 
2.151 
2.092 

0.68 
0.62 
0.64 
0.67 
0.67 
0.67 

7.72 
7.76 
7.76 
7.72 
7.77 
7.76 

 

Table (4): Some chemical properties of animal manure (AM). 
 

Determinations O.M 
pH (1:2.5) 
EC(1:2.5) 
Organic matter % 
N % 
P % 
K  % 

6.68 
13.3 
39.89 
0.89 
1.92 
0.51 

 

3.3. Irrigation system. 

 

Drip irrigation system was used to irrigate the onion plant. The 

system consists of polyethylene (PE) pipes 50mm diameter of main and 

sub main lines, while the lateral tubes was 16mm diameter of PE with GR 

built in drip line emitter at 30cm spacing with manufacturing discharge 4 

L hr-1 at an operating pressure of 1bar to serve crop rows. A drip 

irrigation network consisting of sandy and screen media filter, pressure 

gauges and control valves. 
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3.4. Irrigation intervals treatments. 

 

Three irrigation intervals were used, i.e., every five days, every ten 

days , and every fifteen days. 

 

3.5. Irrigation scheduling and requirements. 

 

 Irrigation scheduling was determined based on the quantity of soil 

moisture depletion in sandy soil (control treatment) to 60cm soil depth. 

The values were converted to a percentage volumetric basis of the 

respective layer. (Marshall et al., 1996). 

The values of water was estimated by the following equation 

Irrigation water quantity = (θf.c -θbefore next irrigation)×(60/100)×48×100/85 

Where: 

θf.c the soil water content at field capacity 

θbefore the soil water content before irrigation 

48 is the experimental plot area, m2 

100/85 is the inverse of irrigation system efficiency. Israelsen and 

Hansen. (1962) 

The applied irrigation water were 1623.6, 1431.9 and 1235.1 m3 /fed 

for 5, 10 and 15 days treatments (irrigation intervals), respectively. 

 

3.6. Experimental design and statistical analysis. 

 

Split plot design with completely randomized blocks of three 

replicated was used in this experiment. The experimental area was 400m2.  

The statistical analysis was done by computer according to 

Sendicor and Cochran, 1980.  

The main plot treatments were the irrigation intervals. The subplot 

treatments were animal manure beside the control (sandy soil). Fig. (2) 
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To study direction of soil water, soil moisture depletion due to 

actual evapotranspiration and drainage, active rooting depth, evaporation 

depth and depth of active roots for water absorption within the soil 

profile, five neutron access tubes were installed around a dripper as 

shown in figs. (1) 

 

 

 

 

 

Fig. (1): Sites of neutron access tube for neutron moisture meter around the dripper 

 

 

A

B
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Fig. (2) Illustration of the experiment design 
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3.7. Cultivated Crop. 

 

Onion bulbs were planted at spacing of 30 cm between plants inter-

row and 80 cm between plant rows during (2008 /2009) season. All the 

agronomic practices were applied as commonly used for growing onion 

subject and carried out according to the recommendation of the ministry 

of agriculture. 

 

3.8. Fertilization program. 

 

Chemical fertilizers were injected into irrigation water along the 

growing season according to plant stages growth needs through 

progressing stages. The recommended NPK fertilizers were added at the 

rate of 65 kg/fed ammonium sulfate (NH4)2SO4, 22.5 kg/fed P2O5 added 

as orthophosphoric acid and 50 kg/fed potassium sulfate 

 

 3.9. Irrigation water use efficiency (IWUE). 

 

Irrigation water use efficiency values for the tested treatments were 

calculated according to Jensen (1983), as follows: 

IWUE = Total fresh yield (Kg / fed) / Total water applied (m3 /fed) 

Kg/m3 

 

3.10. Measurements and calculations. 

3.10.1. Emission uniformity (EU) of the drip irrigation system. 

Emission uniformity (EU) is a scale for known the validation of drip 

irrigation system for its application in the experimental work. This scale 

estimates the homogeneity of irrigation water distribution (Payro et al 

2008). 

EU is the ratio that expressed as a percentage of the emitter 

discharge in the 25 % of emitters with the lowest flow rate to the average 
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emitter discharge of the whole investigated emitters. It was calculated by 

the following equation: 

 

Qa

Qn
EU =  

Where: 

EU : Emission uniformity (dimensionless),  

Qn : Mean of the lowest quarter of discharge of the selected emitters (l/h), 

and    

Qa : Mean of the total discharge rate (l/h).   

The EU value for system in operation is classified as greater than 90% is 

excellent; ″between″ (80% to 90%) is good; (70% to 80%) is fair; and less 

than 70% is poor. The uniformity of emission under experimental 

condition reaches 96.1%. (Excellent). 

 

3.10.2. Field calibration of neutron moisture meter. 

 

Neuron calibration curves for neutron moisture meter at different 

soil depths were determined for sandy and animal manure treatments 

(table 5). The characteristics of neutron moisture meter are CPN, 50mCi. 

(503 DR hydro probe), with Americium-241 Beryllium source according 

to IAEA (2008). 
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Table (5) regression equations of neutron calibration curves at different soil depths of the 
treatments under study. 

treatments Depths Regression equation 
Coefficient of 

determination (R2) 

control 

30 
45 
60 
75 
90 

θ =14.71 C.R -1.773 

θ =15.63 C.R -2.852 

θ =17.89 C.R -3.599 

θ =10.80 C.R - 0.931 

θ = 25.48 C.R -7.214 

0.992 
0.954 
0.917 
0.986 
0.873 

Rate 1* 

30 
45 
60 
75 
90 

θ = 20.47 C.R -3.975 

θ = 14.09 C.R -1.922 

θ = 16.06 C.R - 2.118 

θ = 16.03 C.R - 2.107 

θ = 14.89 C.R - 2.055 

0.950 
0.989 
0.990 
0.998 
0.956 

 
Rate 2** 

30 
45 
60 
75 
90 

θ = 18.68 C.R – 3.160 

θ = 23.00 C.R - 6.397 

θ = 21.01 C.R - 5.685 

θ = 18.10 C.R - 0.964 

θ = 18.37 C.R - 6.944 

0.984 
0.996 
0.968 
0.964 
0.944 

*   Animal manure at 20m3/fed mixed with 15cm soil depth 
** Animal manure at 30m3/fed mixed with 15cm soil depth 
 

 

 

Fig (3) Neutron moisture meter 50-mCi Am-Be source 
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3.10.3. Matric and hydraulic potentials. 

 

Soil matric potential using model (1) and hydraulic potential (using 

model 2) were determined at the depth according to El Gendy (2008). 

 

 

 

 

 

 

 

Where: 

    h, is the soil matric potential, mbar 

    hb, is the air entry suction, mbar 

    θ r, residual soil moisture, cm3 cm -3 

    θ s , saturation point, which equals total porosity 

    m and n, constants for fitting soil moisture retention curve, and 

    Z, is the soil depth, mbar 

    H, Is the hydraulic potential, m bar. 

 

310.3.1. Active root depth (ARD). 

 

ARD was estimated by detecting gradient of hydraulic potential 

within the soil profile to obtain the border evapotranspiration and 

drainage effects at (H/dZ = 0).  

De Boodt et al (1967) classified the direction of soil water 

movement within the soil profile as follow: 

Up ward movement at dH/dZ > 0, 

Down ward movement dH/dZ < 0, and 

No movement at dH/dZ = 0 
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3.10.3.2 Soil water distribution in soil profile. 

 

Soil moisture distribution was estimated by detecting soil moisture 

contents just, after irrigation and before the next irrigation along soil 

profile. This distribution was carried out within the wet area around 

dripper or plant by using five access tubes of neutron probe as shown in 

figs (1 & 2). Neutron probe used to determine the soil moisture within the 

wet area at 30, 45, 60, 75 and 90 cm depths. As  for the surface 0 – 15 cm 

layer, the soil moisture content was determined using gravimetric method. 

 

3.10.3.3 Soil water distribution around the dripper. 

 

five access tubes of neutron probe was installed at five sites around 

a dripper (site 1 at 12.5 cm distances from the dripper, site 2 at 12.5 cm 

distance from the dripper between drippers on the dripper lines, site 3 at 0 

cm from the dripper, site 4 at 12.5 from the dripper between lateral lines 

and site 5 at 12.5 cm distances from the dripper between lateral lines. 

These access tubes was used to detect the soil moisture contents within 

the wetting area at 30, 45, 60, 75 and 90 cm depths. While, concerning the 

surface (0 – 15) cm layer, soil water content was determined using 

gravimetric method. 

 

3.10.3.4. Direction of soil water. 

 

Direction of soil water movement was detected by calculating total 

hydraulic potential according to De Boodt et al (1967) using combination 

work between soil moisture retention curve and neutron probe. 
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3.10.3.5. Actual evapotranspiration. 

 

Actual evapotranspiration was estimated in situ by calculating soil 

moisture depletion above active rooting depth divide during the irrigation 

interval according to De Boodt et al (1967). 

 

3.10.3.6. Soil moisture retention curves. 

 

The soil moisture retention curves were determined in situ using 

tensiometric method according to kholood (2004). 

 

3.10.4. Physical and chemical properties. 

- Particle size distribution was determined according to Jacobs et al 

(1971) 

- Total porosity was calculating using the following equation  

                                   φ = [1- ρb / ρs] 

Where: 

φ : Total porosity. 

ρb: soil bulk density, g /cm3. 

ρs : particle density , g/ cm3  ( assuming 2.65)  

-Residual moisture content (θr) was determined as soil moisture content 

at dh/dZ ≈ zero at SMRC.. 

- Soil bulk density was determined according to Blake and Hartge 

(1986). 

- Pore size distribution was estimated according to DeLeenheer and De 

Boodt (1965) 

 - Saturation point (θs) equals the total porosity.  

- PH values were determined in soil suspension (1: 2.5), EC (dS/m) 

values were determined in the extract of soil paste, soluble anions, (e.g. 

carbonates, bicarbonate and chloride) were determined in this extract 

according to Page (1982).  
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- Total soluble salts were determined conductmetrically in the extract of 

saturated soil paste according to Rhoades (1982). 

- Soluble sodium and potassium were determined in the extract of 

saturated soil paste by flamephotometer as described by Knudsen et al., 

(1982). 

- Soluble calcium and magnesium were determined titrmetrically in the 

extract of saturated soil paste with versinate solution and ammonium 

purpurate as an indicator for calcium. While Eirochrome black T was 

used as an indicator for calcium plus magnesium according to Lanyon 

and Heald (1982).  

- Chloride was determined titrmetrically in the extract of saturated soil 

paste with silver nitrate using potassium chromate as an indicator 

according Mohr s method, and described by Adriano and Doner (1982).  

- Soluble carbonate and bicarbonate were determined by titration with a 

standard solution of hydrochloric acid using phenolphthalein as an 

indicator for the former and methyl-orange for the latter, Nelson (1982). 

- Soluble sulfate was detected by difference between total soluble cations 

and anions.  

 
 



4. RESULTS AND DISCUSSION 
 

4.1. Effect of animal manure additions on neutron calibration curves 

(NCCs). 

 

Neutron scattering technique is an indirect method to determine soil 

moisture contents in unsaturated soils. This technique depends on fast 

neutrons, which converse to slow neutrons via hydrogen of soil water. 

Neutron calibration curves (NCCs) must be done for each soil and 

for each soil depth to avoid effect of organic matter and other elements, 

which affect on the soil moisture determination. 

Neutron count ration (CR) is related with the soil moisture content, 

which determined via neutron calibration curve for each soil depth. C.R. 

means counts when neutron probes in soil over counts when neutron 

probe is in the shield. Table (3) shows NCCs of the studied soil at 30, 45, 

60, 75 and 90cm depth.  

In this part, NCCs at 30 cm depth will be discussed where the 

sphere of neutron scattering affects with the addition of animal manure. 

 The importance of performing the calibration curves under different 

manuring treatments is due to detect the effect of the soil components 

(organic components) on moderation process of fast neutrons, where the 

calibration of neutron probe is influenced by the presence of slow 

neutrons absorbers in the soil (Burn,1966).  

Texture class of soil under study is sand and the additions of organic 

manure will slow the fast neutrons, so it must to discuss their effects 

using calibration process. 

Fig. (4) Illustrates the three NCCs of the three soil manuring 

treatments (control, rate 1 and rate 2) at 30 cm soil depth. This figure 

illustrates that at CR equals to zero, the intercepts were -1.773,-3.975 and 

-3.16 for control, R1 and R2, respectively.  

This is expected due to the addition of animal manure which 

moderated the process of the fast neutron (Goldberg et al. 1976)   
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At soil moisture content equals to zero, CR was 0.1205, 0.1942 and 

0.1692 for control, T1 and T2, respectively. This means that finding some 

elements such as Li, Be, B, C, N2, O2, Na  and Mg,  in Rate 1 and Rate 2> 

Sand ,which have neutron thermalization process for fast neutrons 

(IAEA,1976) , and may be due to the differences in  cultivated locations 

(soil is complex system).  

The slopes of the three NCCs of the tested treatments were 14.71, 

20.47, and 18.68 for control, T1 and T2 respectively. That is due to the 

changes of soil bulk density and organic matter. Greacen et.al. (1981), 

discussed the effects of layered soils on calibration equations and 

contributing factors such as bulk density, and organic matter. 

From the discussion before, it is clear to note that, organic manure 

addition affect the neutron moderation process, which must take in 

consideration when using neutron scattering technique for soil moisture 

determination.  

 
Fig.(4) Neutron calibration curves of at 30 cm depth of control, Rate 1 and Rate 2 
treatments 
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4.2. Effect of animal manure additions on soil moisture retention 

curves. 

 

Soil moisture retention curve (SMRC) is the important soil 

characteristic, which predicts the matric potential via volumetric soil 

water content (θ), after making h = f (θ). 

The obtained results of soil moisture retention curves of sandy, rate 

1 and rate 2 of animal manure additions are shown in fig (5).  

These curves are presented in the form of van Genuchten's model: 

Control Treatment: 

θ = 0.0190 + (0.330 -0.0191) [1+ (0.1825h) 1.6620]-0.3983  

Treatment (1): 

θ = 0.0200 + (0.3500-0.0200) [1+ (0.1191h)1.4620]-0.3160 

Treatment (2): 

θ = 0.0210 + (0.4000 – 0.0210) [1 + (0.071h) 1.5080]-0.3215 

 

 

 
Figure (5) soil moisture retention curves for the treated soil and control 
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These equations have differed values of soil water constants and the 

parameters of fitting curves (m and n) as well as air entry suction stages 

as shown in Table (6). It is known that high values of residual moisture 

content (θr) and saturation (θs) point make SMRC goes up, at the same 

soil moisture suction (for example at 100 mbar) soil moisture value 

increased from 0.0643 in control treatment 0.1242 and 0.1654 for R1 and 

R2, respectively, So, soil moisture values of R2 >R1 > control at the same 

soil moisture suction.  

Data in table (6) reveal that values of air entry suction (hb) are 5, 8 

and 14 mbar for control, T1 and T2, respectively and make the soil 

moisture retention curves shifted from left to right, so, the soil moisture 

suction increased from 178 to 1507 to 2818 mbar at  the same soil 

moisture value (0.05).  

Soil moisture content at low soil suction is increased by adding 

animal manure, similar results were obtained by Myrold et al., 1981 and 

Quemada and Cabrera 2001. They compared water retention curves of 

crop residues and soil, also found a similar shape but a higher water-

holding capacity for the residues than for the soil Gupta et al., 1977 

found that the amount of water retained by the soil increases with 

increasing the amounts of organic amendments incorporated in the soil. 

The water holding capacity of treated soil was increased with animal 

manure addition, also the soil matric suction was increased, as shown in 

table 8, 9 and 10, although the matric suction was increased, the plants 

wasn’t suffer from water shortage because the water was more available 

to plants (which plays an important role in retain water) than in control 

treatment. 

It is worthy to mention that soil moisture suction, mbar was 

obtained from h = f (θ) in van Genuchent's model (1980). The model 

will be as the following: 
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Where: 

  θ , is the volumetric soil moisture content at h, mbar 

  θr ,  is the volumetric residual soil moisture content,cm3 cm-3 

  θs ,  is the saturation point [ taken equals to total porosity], 

  α,  is the inverse of the air entry suction, m bar-1 and 
  n & m , are constants of the fitted soil moisture retention curve. 

 
Table (6): Values of van Genuchen parameters as affected by soil treatment. 
 

Soil 

treatments 

* θ r θ s** α *** h b, # 

mbar 

n ### m ### 

Control 0.019 0.33 0.1825 5 1.662 0.3983 

R1 0.020 0.35 0.1191 8 1.492 0.3160 

R2 0.021 0.40 0.0712 14 1.508 0.3215 
* Residual soil moisture   ** Saturation point   *** Inverse air entry suction   # Air entry 
suction   ### Fitting data of SMRC  

 

Table (6) indicates that θr, θs and hb increased with increasing 

organic manure additions. El–Motaium and El-Gendy (2009) found that 

θr, θ s and h b are increased with increasing the rates of sewage sludge 

added to sandy soil of Inshas. While, n and m values are decreased with 

increasing sewage sludge rates. This result is in full agreement with the 

obtained results in this work as shown in table (6). 

The importance of these models of SMRC is due to calculate the 

soil matric suctions, which onion plants exposure  and total hydraulic 

potential values, which are useful for detecting direction of soil moisture  

within the soil profile during the growth stages of onion.  

The   van Genuchten model is one of the most widely used models 

because it can   precisely describe SMRC for wide range of soils 

including disturbed and undisturbed   soils (Leech et a1. 2006), α is a 

scaling   parameter that is inversely proportional to mean pore diameter 

(cm-1), n is the soil water characteristic curve index (shape parameter of 

the curve) or the steepness of the curve (van Genuchten 1980) ，and m 

= [1-(1 / n)] Mualem, Y. (1976). θr and θs   can be measured directly; α 
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and n are fitted   parameters. The difficulty in determining the SMRC of 

van Genuchten model lies in estimating the two fitted parameters.α and n 

Table (6) show the values of the van Genuchten model parameter, 

the α values was 0.1825, 0.1191 and 0.0712 for control, R1 and R2 

respectively. As mentioned before the α values refer to the soil pore size.  

Decreasing in the α parameter values means the pore size increase, 

Calculation of water holding pores emphasized this, which was 0.02, 0.05 

and 0.068 for control, R1 and R2 respectively. Then the organic manure 

addition increases the water holding pores. 

n parameter which call the shape parameter of the curve express the 

steepness of the curve. The n values were 1.662, 1.492 and 1.508 for 

control, R1 and R2 respectively. This means that addition of organic 

manure reduce the steepness of the curve 

 

4.3. Effect of animal manure addition and irrigation water intervals 

on water use efficiency and the yield of onion. 

 

4.3.1. Yield. 

 

Data presented in table (7) and illustrated in fig. (6) shows the 

values of onion yield as affected by the irrigation intervals and the animal 

manuring treatments after the growth season (2008/2009). It is evident 

that the maximum yield of onion is obtained from the treatments of the 

two rates of animal manure regardless the other factors, while the lower 

yield is obtained from the untreated soil (sandy). 

Data in the same table show also that yields of onion increased 

while increasing the animal manure addition comparing with the control 

treatments (sand), according to the following order: Rate (2) > Rate (1) > 

control.  

The effect of organic manure on increasing yield is due to the role 

of organic matter in improving soil structure, microbial or biological 

activities, nutrient balance and status and water holding of this coarse 



 ٤٩

textured soil. The very low yield obtained from the untreated sandy soil 

(control) is expected due to the high infiltration rate of the untreated soil 

which causes the losses of water and fertilizers toward the deep layers far 

from the plant roots. Also, the drought takes place in the root zone after 

irrigation by one or two hours, while the application of manure increasing 

the soil water capacity and holds water and fertilizers in the root zone for 

a relatively long time.  

Statistical analysis in table (7) indicates that there is a highly 

significant effect of the used animal manure on the yield of onion at 0.01 

of significance level between soil treatments where LSD value equals 

0.530.  

This finding indicates the high effect of animal manure on 

improving the properties of sandy soil which reflects on onion yield. 

Concerning the effect of irrigation interval on the yield on onion, 

data presented in table (7) and illustrated in fig. (6), reveal that the highest 

onion yields are achieved in the treatment of shorter interval (5days 

interval) regardless the other factors. This may be due to onion plant is 

sensitive water deficit (FAO 1979), so plants do not suffer from water 

stress under shorter irrigation interval. This finding is in agreement with 

Raj Kumar et al (1985) and Abd El-Moniem (1986 and 1995), who 

found that the long irrigation interval was more effective on decreasing 

the yield. 
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Fig. (6) Effect of animal manure and irrigation intervals on onion yield under drip 
irrigation system. 

 

Statistical analysis presented in table (7) shows the yields of onion 

(Ton/Fed.) under the effect of both irrigation interval treatments at 0.01 of 

significance level where LSD equals to 0.353. This means that the yield 

of onion is more affected by long irrigation interval comparing with the 

short one. 

 Dealing with the effect of animal manure on the soil moisture 

suction and onion yield, it is evident that the use of animal manure plays 

an important role for improving water holding capacity of the sandy soil.  

It worthy to mention that in native sandy soil plant may be exposure 

to low soil moisture stress (SMS) but dose not get water from the soil 

because its low water holding capacity. It is known that plants can tolerate 

the high SMS up to 14.999 bars without wilting; the problem is finding 

water in the soil.  
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Table 7: Statistical analysis of onion yield affected by irrigation intervals and animal 
manure additions for sandy soil. 

B factor Ave. 

Rate 2 Rate 1 Control 

Treatment Ton / fed 

6.243 7.912 6.174 4.642 5 days 

4.674 5.760 4.067 4.195 10 days 

3.067 3.067 2.134 1.371 15 days 

 

A factor 

 5.580 4.125 3.403 Ave. 

 0.353 LSD A 

 0.530 LSD B 

 

 

The cause of decreasing yield in sandy soil is that, plants exposure 

to high SMS and its water uptake is very small, which does not enough its 

water requirements. So, animal manure addition hold more irrigation 

water due to its high holding capacity, so plants find water at high SMS 

and the plant increases its yield. 

Figs (7) illustrate the relationship between A.M. and high SMS as 

well as onion yield at 5, 10 and 15 days of irrigation intervals. 

This fig. illustrate that within 5 days as irrigation interval, AM with 

rates 0, 1 and 2 increased SMS from 0.691 to 1.044 to 1.690 bars, 

whenever, onion yield had been increased from 4.64 to 6.17 to 7.91 

ton/fed. This is due to high soil moisture resulted from AM addition. 

 The same thing for 10 days irrigation interval. From the discussed 

before, onion yield increases resulted from increasing organic manure, 

which increases water holding capacity. In another words, onion yield 

increases at short irrigation intervals with high rates of organic manure 

application for sandy soils. 
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Fig.(7) Soil moisture suction and onion yield as affected by irrigation interval treatments 

A

b

C 
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4.3.2. Irrigation water use efficiency (IWUE). 

 

As the water use efficiency is the ratio between crop yield and total 

amount of the applied water and expresses as kg of yield per m3 of 

delivered water, it affects by the same factors influencing the crop yield 

and water management. 

Data illustrated in Fig (8) and table (7) show the values of water use 

efficiency as affected by animal manuring and irrigation interval 

treatment after (2008/2009) season.  

It is obvious that the IWUE markedly increases as a result of using 

the animal manure additions regardless the irrigation interval treatments. 

The effect of the use of animal manure on increasing IWUE can be 

arranged as flow; Rate 2>Rate1>control (sand soil). Regarding the effect 

of irrigation interval it is clear that the five days of irrigation interval is 

the largest water use efficiency (IWUE), where IWUE after 5 days of 

irrigation intervals was 3.76, 5.00 and 6.40 for control, rate 1 and rate 2, 

respectively. While it was 2.84, 2.75 and 3.90 after 10 days of irrigation 

interval then after 15 days of irrigation interval was 1.11, 1.73 and 2.49 

for control, rate 1 and rate 2, respectively. 

The increase of IWUE is due to increases of soil moisture capacity 

resulted from animal manure additions and decreasing soil moisture 

suction within active rooting zone. 

 
Table (7) illustrate the IWUF values as affected by both of animal manure and 
irrigation intervals. 

Treatments 5 days 10 days 15 days 

Control 

Rate 1 

Rate 2 

3.75 

5.00 

6.40 

2.84 

2.75 

3.90 

1.11 

1.73 

2.49 
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Fig (8) IWUE of onion as affected by animal manure management and irrigation 
intervals treatments through (2008/2009) season. 

 

4.4. Effect of animal manure addition and irrigation intervals 

treatments on Soil / Water/ Plant Relationship. 

 

4.4.1. Direction of Soil Water Movement. 

 

By detecting hydraulic gradient (dH/dZ) within the soil profile, it 

was found that (dH/dZ) equals zero at the maximum and minimum points 

of the relationship between total hydraulic potential (H, mbar) and soil 

depth (Z) (Fig9). That means there is no water flux at these points (A, B 

and C). These points are separate between upward and downward 

movement. 

Table (7) includes definitions of all cases for soil water movement 

directions were occurred within the soil profile via calculation of 

hydraulic potential gradient (dH/dZ). 

It is worthy to mention that (dH/dZ) is positive sign when the 

direction is upward movement and negative sign at downward movement 

(De Bedoot et al (1967). 
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So, the direction of soil water movement is upward from 30 to 15, 

from 60 to 45 and from 75 to 60 cm depths. 

Downward movement was occurred from 30 to 45 and from 75 to 

90 cm depths. The upward movement from 30 to 15 cm depth is due to 

evaporation from the surface soil layer where the surface evaporation 

decreased the total hydraulic potential at 15 cm depth (-1026 mbar), 

whenever it was at 30 cm was high (-709 mbar), so, the direction of soil 

water movement was upward. The collective roots for water absorption 

are at 45 cm depth. The soil layer (30 to 72 cm depth) from A to C points 

is considered the layer of water feeding to active roots for water 

absorption, where, at B point (45 cm depth) is the lowest water potential 

(-1032 mbar) rather than at A point   (-709 mbar) and C point (-460 

mbar). 

This due to water absorption by active roots, which causes 

decreasing in water potential, so, direction of soil water movement directs 

to B point ( 45 cm depth) and from up (at 30 cm depth). At 72 cm depth 

(C point) there is level separates between gravitational force (down ward 

movement below this depth) and Roots effect (upward movement this 

level), this soil depth is called active rooting depth (ARD) 

ARD is important to classify the soil moisture depletion during 5 

days to two components, the first is due to Evapotranspiration effect 

(above ARD to the soil surface) and the second is due to gravitational 

effect (below ARD) it is called water deep percolation.  
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Fig. (9) The relationship between hydraulic potential and soil depth of the studied 
treatments under 5 day irrigation interval.  
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From the abovementioned discussion, the combination work 

between neutron scattering meter and soil moisture retention techniques 

were a helpful toot to define the relationships of soil / water/plant. 

Definition of total hydraulic potential is useful for detecting the direction 

of soil moisture movement within the soil profile, definition the depths of 

active roots for water absorption, which was used to define the actual 

depth of evapotranspiration (actual water consumptive use) and water 

deep percolation  depth. 

 
Table (8): Values of soil hydraulic gradient and the direction of soil water movement in 
the soil profile. 
 

Sٍoil depth 
(cm) 

 (dH/dZ) 
= [(h2-h1)/(Z2-Z1)] 

(dH/dZ) 
value 

Direction of soil water 
movement 

15- 30 (-709-(-1026))/(30-15) +21.13 Upward 

30-45 (-1032-(-709))/(45-30) - 21.53 Downward 

45-60 (485-(-1032))/(60-45) +36.47 Upward 

60-75 (-460-(-485))/(75-60) +1.67 Upward 

75-90 (-563-(-460))/(90-75) - 6.87 Downward 

 

4.4.2. Soil Water Distribution. 

 

Soil moisture contents were determined after irrigation and the 

before next irrigation, the importance of this study soil moisture 

distribution (SMD) is for different targets:- 

- Calculating soil moisture depletion, this is due to surface 

evaporation and transpiration of onion plant. 

- Calculating actual evapotranspiration (ET) (Water consumptive use 

of onion plant) 

- Calculating soil moisture depletion, through gravitational effect. 

-  Calculating water deep percolation rate (DR) 

Fig. (10) illustrates soil moisture distribution after irrigation and 

before next irrigation control treatment at irrigation interval 5 days of 

onion yield.  
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SMD as affected by evapotranspiration is 13 mm/ 5days, 19 

mm/10days, 20mm /15 days and equals 2.6 mm/day 3.8 mm/day and 4.0 

mm/day for 5, 10 and 15 days irrigation intervals respectively. This soil 

moisture depletion occurred above active root depth, but below it soil 

moisture depletion is due to deep percolation effect, which equals 0.3 

mm/5days 0.0mm/10 days and 0.2 mm/15 days , so deep percolation rate 

equals 0.1, 0.0 and 0.0 mm/day for 5, 10 and 15 days irrigation intervals 

respectively. 
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Fig.(10): soil water distribution within the soil profile in control treatment for 5 days 
irrigation interval of onion yield. 
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Table (9) summarized the values of soil moisture suction within 

active rooting depth, hydraulic parameters and active rooting depth in 

different sites of wet area around a dripper for control treatment for 5 

days interval. The same table showed that the soil moisture suction at the 

dripper (finding roots of onion) reaches -732 mbar. The highest value 

resulted from water absorption by roots. Also, it reached - 644 mbar at 

five sites, which resulted increase actual Evapotranspiration (3.3 

mm/day). Generally value of soil moisture suction within the ARD for the 

five sites in wet area around dripper was - 437 mbar for sandy treatment 

of 5 days interval. 

Average of soil moisture depletion (SMD) is due to actual 

Evapotranspiration is about 12 mm where all sites converged. As for 

SMD, which is due to deep percolation reached to 0.38 mm/day through 5 

days interval. 

ETa values differed from one site to another site, where it fluctuated 

from 2 to 3.8 mm/day for the five sites around the dripper with an average 

of 2.6 mm/day. This indicates that values of ETa change according to soil 

moisture availability and soil moisture values were variable in wet area, 

so, the degree of availability is variable too. 

Deep percolation rate values converged and ranged from 0.1 to 0.2 

mm/day within the five sites around the dripper with 0.1 mm/day as 

average.  Ratio of deep percolation rate to actual Evapotranspiration 

reached 3.8%, so, ETa is the dominative factor on the soil moisture 

depletion. 
Table (9) values of soil moisture suction values within active rooting zone ARZ, 

hydraulic parameters and active rooting depth in different sites of wet area around a 
dripper for control treatment for 5 days interval 

Site No. 
h in ARZ, 

mbar 
SMD is due 
to ETa mm 

SMD is due to 
deep percolation, 

mm 

ARD, 
cm 

ETa, 
mm/day 

deep percolation 
rate, mm/day 

1 
2 
3 
4 
5 

-385 
-732 
-420 
-385 
-644 

13 
12 
12 
10 
13 

0.3 
0.3 
0.5 
0.0 
0.8 

74 
75 
78 
69 
78 

2.6 
2.5 
2.4 
2.0 
3.3 

0.1 
0.1 
0.1 
0.0 
0.2 

Ave. -437 12 0.38 74.8 2.6 0.1 
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Table (10) shows  the values of  soil moisture suction within active 

rooting depth, hydraulic parameters and  active rooting depth in different 

sites of wet area around a dripper for rate 1 treatment 5 days irrigation 

interval. This table explains that the soil moisture suction beside the 

dripper reaches -2306 mbar where, the highest value of water depletion 

occurred by roots. Also, at this site (site No.1) there is an increasing in 

actual Evapotranspiration (3.8 mm/day). 

Generally the value of soil moisture suction within the ARD for the 

five sites in wet area around dripper was -1334 mbar for rate treatment of 

5 days irrigation interval. 

Average of soil moisture depletion (SMD) as a result of actual 

Evapotranspiration is 14.4 mm where all sites converged. 

While SMD, as a result of deep percolation was reached to 0.4 

mm/day thought 5 days interval. 

 ETa values differed from one site to another site around the 

dripper, which fluctuated from 2 to 3.8 mm/day for the five sites with 

average of 2.9 mm/day. This indicates that values of ETa are changed 

according to soil moisture availability and soil moisture values were 

variable in wet area (Dooernbos & Kassam 1979), so, the degree of 

availability is variable too. 

The values of deep percolation rate were ranged from 0.0 to 0.2 

mm/day within the five sites around the dripper with 0.1 mm/day as an 

average.  Ratio of deep percolation rate to actual evapotranspiration is 

3.4%, so, ETa also is the dominative factor on the soil moisture depletion. 

Data in table (11) show  the summarized of  soil moisture suction 

values within active rooting depth, hydraulic parameters and  active 

rooting depth in different sites of wet area around a dripper for rate 2 

treatment 5 days irrigation interval. This table determined that the soil 

moisture suction at the dripper (finding roots of onion) reaches -2643 

mbar the highest value occurred from water absorption by roots. Also, at 

this site (site No.4) the increasing in actual Evapotranspiration (4 

mm/day) was found in site No.1 as shown in the table. 
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The value of soil moisture suction within the ARD for the five sites 

in wet area around dripper was -2206 mbar for rate treatment of 5 days 

irrigation interval. 

 Average of soil moisture depletion (SMD) as a result of actual 

Evapotranspiration is 14.8 mm where all sites converged. 

While SMD, as a result of deep percolation was reached to 0.38 

mm/day thought 5 days interval. 

ETa values are, fluctuated from 2.6 to 4 mm/day for the five sites 

around the dripper with average of 2.96 mm/day. (Dooernbos & Kassam 

1979). 

The values of deep percolation rate are ranged from 0.0 to 0.1 

mm/day within the five sites around the dripper with 0.1 mm/day as an 

average.  Ratio of deep percolation rate to actual evapotranspiration is 

3.37 %, it also means ETa is the dominative factor also in rate 2 on the 

soil moisture depletion. 
 
Table (10) values of soil moisture suction within active rooting depth, hydraulic 
parameters and active rooting depth in different sites of wet area around a dripper for 
rate 1 treatment for 5 days interval 

Site No. 
h in ARZ, 

mbar 
SMD is due to 

ETa mm 

SMD is due to 
deep 

percolation, mm 

ARD, 
cm 

ETa, 
mm/day 

deep percolation 
rate, mm/day 

1 
2 
3 
4 
5 

-2306 
-1723 
-788 
-712 

-1143 

19 
13 
14 
12 
14 

0.0 
0.9 
0.0 
0.9 
0.8 

75 
75 
75 
75 
75 

3.8 
2.6 
2.7 
2.4 
2.8 

0.0 
0.2 
0.0 
0.2 
0.2 

Ave. -1334 14.4 0.5 75 2.9 0.1 

Table (11) values of soil moisture suction within active rooting depth, hydraulic 
parameters and active rooting depth in different sites of wet area around a dripper for 
rate 2 treatment for 5 days interval 

Site No. 
h in ARZ, 

mbar 
SMD is due to 

ETa mm 

SMD is due to 
deep 

percolation, mm 

ARD, 
cm 

ETa, 
mm/day 

deep percolation 
rate, mm/day 

1 
2 
3 
4 
5 

-1046 
-2857 
-2143 
-2643 
-2339 

20 
13 
13 
14 
14 

0.2 
0.5 
0.3 
0.5 
0.4 

66 
66 
63 
63 
72 

4.0 
2.6 
2.6 
2.8 
2.8 

0.0 
0.1 
0.1 
0.1 
0.1 

Ave. -2206 14.8 0.38 66 2.96 0.1 
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4.4.3. Direction of Soil Water Movement within the wet area around 

a dripper.  

Under control treatment. 

 

Figs. (12) illustrate the collection of active roots for water 

absorption depth and active rooting depth using average of total potential 

values after and before next irrigation. These figures represented the 

direction of water movement along dripper line (A) and orthogonal on 

dripper line (B). 

These figures illustrate the direction of soil water was to 45 cm 

depth from up and down 45 cm depth. These indicate that finding a 

collection of active roots for water absorption. Also, they indicate that 

around 75 cm depth finding active rooting depth, where up and down 

ward movement around this soil depth. ARD reflects the effect of roots 

and gravity. 

 

 

 



 ٦٤

  

Fig. (11) Horizontal and vertical direction of soil water movement for control treatment, 
five days interval, along dripper line and vertical direction on dripper line. 

 

Under rate1 treatment. 

 

The direction of water movement along dripper line is presented in 

Table (13).  

The direction of soil water is from the upper layer (0-45 cm) 

downward, while it moves from the lower layer (30-45 cm) upward in soil 

profile, this may be due to high effect of soil water depletion by root 

uptake at this point (45cm) Also, at 75 cm depth there is finding of active 

rooting depth, where up and down ward movement around this depth.  

The soil depths, which collection of active roots for water 

absorption are presented in tables (12).  

 

 

A B 
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Table (12) The active roots for water absorption under rate 1 treatment and 5 days 
interval. 
 

Site No. active roots for water absorption rooting depth, cm 

1 
2 
3 
4 
5 

30 
45 
45 
45 
49 

Table (13) The direction of soil water along and perpendicular the dripper under rate 1 
treatment and 5 days interval. 
 

Soil depth Direction of soil water 

movement along the dripper 

Direction of soil water movement 

perpendicular the dripper 

15-30 

30-45 

45-60 

60-75 

75-90 

Downward 

Upward 

Downward 

Upward 

Downward 

Downward 

Upward 

Downward 

Upward 

Downward 

 
 

Under rate2 treatment. 

 

The soil depths, where collection of active roots for water 

absorption and active rooting depth using average of total potential values 

after and before next irrigation for the five sites are presented in tables (14 

&15).  

The direction of water movement along dripper line was presented 

also in Table 15.  The direction of soil water was to 45 cm depth from up 

and down 45 cm depth. These indicate that finding a collection of active 

roots for water absorption at this depth. Also, around 66 cm depth finding 

active rooting depth. 

 

 

 

 



 ٦٦

 
Table (14) The active roots for water absorption under rate 2 treatment and 5 days 
interval. 

Site No. active roots for water absorption rooting depth, cm 

1 
2 
3 
4 
5 

46 
41 
45 
36 
33 

 
Table (15) The direction of soil water along and perpendicular the dripper under rate 2 
treatment and 5 days interval. 

Soil depth Direction of soil water movement 

along the dripper 

Direction of soil water movement 

perpendicular the dripper 

15-30 

30-45 

45-60 

60-75 

75-90 

Downward 

Upward 

Downward 

Upward 

Downward 

Downward 

Upward 

Downward 

Upward 

Downward 

 

4.4.4. Soil Water distribution in two directions within the wet area 

around a dripper using contour lines. 

 

Under control treatment. 

 

Fig. (12 A) Illustrates soil moisture distribution under control 

treatment after irrigation with the five days interval along dripper line. 

After irrigation the soil moisture values affected by moisture values 

before irrigation resulted from the redistribution of moisture from up and 

downward movement and water absorption via active roots. So,  soil 

moisture values in 0-15 cm layer reaches to 10.5% on the left side of 

dripper, whenever moisture values decreased in 15-30 cm layer from 9.5 

to 3.5% under the dripper (plant) around 45 cm depth, where finding 

active roots for water absorption. In the deeper soil layer, moisture values 

decrease to 2.5% around the dripper at 60 and 90 cm depths, that is due to 
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up and downward movement, which resulted from roots and gravity 

effects.  

Fig. (12 B) Illustrates the soil moisture distribution perpendicular on 

dripper line. The same trend in along the dripper line was occurred 

exception in the deeper soil layers (82.5 to 90 cm depth) where the 

moisture value increased to 4.5 and 5.5% on the right side of the dripper 

(plant). That is due to moisture redistribution resulted from the pervious 

reasons mentioned in along dripper line.  

 

Fig. (12) Water distribution under control treatment, after irrigation, five days interval 
along dripper line and for perpendicular on dripper line 
 

Fig. (13 A) Illustrates the soil moisture distribution via contour lines 

of soil moisture content for control treatment, before next irrigation for 

the five days interval for along dripper line. Soil moisture values ranged 

from 2.6 to 3.5% in different soil depths. In 0-30 cm layer, moisture 

values under 12.5 site was 2.6% and extended to 60 cm depth in range 2.6 

to 2.9% in the three sites(+12.5, 0, -12.5). Moisture values increased to 

A B
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3.5% below 60 cm depth and extended to 90 cm depth below 12.5 site 

and also in the soil layer 67.5 to 90 cm depth. 

From the discussed before, decreasing soil moisture values is due to 

ETa, deep percolation rate and the changes in total hydraulic potential 

resulted from the redistribution process in the soil profile. 

Fig.(13 B) illustrates the contour lines of soil moisture content  for 

control treatment before next irrigation for the five days interval and for 

the perpendicular on dripper line. This figure indicates that there is 

homogeneity in water distribution as in along the dripper lines, where soil 

moisture values ranged from2.6 to 3.5%. 
 

  

 
Fig. (13) Water distribution under control treatment, before irrigation, five days interval 
along dripper line and for perpendicular on dripper line 

 

 

 

A B
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Under rate 1 treatment. 

 

The soil moisture content for rate1 treatment after irrigation for the 

five days interval along dripper line in 0-15 cm depth was 12.6% 

whenever moisture values decreased in 15-30 cm layer from 10 to 5.0 % 

under the dripper, the soil moisture content was decreased to 3.5 at the 45 

cm depth (the depth of active roots for water absorption), also water 

content reached to 3.0% in 60-90 cm that was occurred as a result of the 

up and downward movement, which resulted from roots and gravity 

effects. As shown in Fig. (14 A) 

Soil moisture content after irrigation for perpendicular direction on 

dripper line was as shown in Fig. (14 B). Soil moisture values ranged 

from 10.5 to 12 %, 11 to 14 % and 3 to 3.5 % for 0-15, 15-30 and 30 -90 

cm layer, respectively.   

  

Fig. (14) Water distribution under rate 1treatment, after irrigation, five days interval 
along dripper line and for perpendicular on dripper line 

A B
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The soil moisture distribution under rate 1 treatment before next 

irrigation for the five days interval along dripper line is shown in fig. 

(15A). Soil moisture values are ranged between 2.5 to 6.5% within the 

soil profile where minimum value (2.5%) was found from 45 to 75 cm 

depth, while the value of soil moisture is increased gradually to reach the 

maximum value (6.5%) in the soil surface (0-15 soil layer). Also reached 

to be 3.5 % within 75-90 cm layer. The decreasing in soil moisture in 

these layers was referred to active roots for water absorption and active 

root zone. 

Fig.(15B) illustrates that soil moisture values in case perpendicular 

on lateral lines from 4 to 6.5 % in 0-15 cm layer and from 3.5 to 6% in 

15-30 cm layer but from 3 to 3.5 % in 30 – 90 cm layer. 

 

 

 

 

 
Fig. (15) Water distribution under rate 1treatment, before irrigation, five days interval 
along dripper line and for perpendicular on dripper line 

 

A
B
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Under rate 2 treatment. 

 

The soil moisture content for rate 2 treatment after irrigation for the 

five days interval along dripper line in 0-15 cm depth ranged from 9-11% 

whenever moisture values decreased in 15-90 cm layer from 9to 3.0 % 

below the dripper. As shown in figure (16A). Values of soil moisture 

content after irrigation for perpendicular direction on dripper line, ranged 

from 11-9% in the 0-15 cm depth. It also decreased to reach 2% at 30-45 

cm depth, soil moisture content in 60-90cm depth was 3%.(16B).  

  

Fig. (16) Water distribution under rate 2 treatment, after irrigation, five days interval 
along dripper line and for perpendicular on dripper line 
 

The soil moisture distribution for rate 2 treatment before next 

irrigation for the five days interval along dripper line, the Soil moisture 

values ranged from 1.8-3.2%. The maximum value is shown in Fig. 

(17A). in the surface layer 0-15 cm depth. This refers to the hydraulic 

gradient made by the water uptake by the plants. The minimum value of 

moisture content was 1.8 in the soil layer 30-45 cm this cause to the 

existence of collection of active roots for water absorption. 

A B
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As for the perpendicular direction on dripper the water was distributed as 

shown in figure (24) 2.8-3.6% in 0-15cm layer, 1.6-2.0 in 15-30 cm layer 

and ranged from 2.0-2.8 in 30-90 cm layer (17B). 

 

 
 

Fig. (17) Water distribution under rate 2 treatment, before irrigation, five days interval 
along dripper line and for perpendicular on dripper line 
 

  

4.4.5. Soil Water distribution as ratio from field capacity in two 

directions within the wet area around a dripper. 

 

Under control treatment. 

Fig.(18A) illustrates the soil moisture distribution as a ratio from 

field capacity for control treatment after irrigation for the five days 

interval along dripper line. surface 0 -15 and subserface15-30 cm layers 

represent the highest ratio , where it was over 50% from F.C, as for the 
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rest of the soil profile (30 to 90 cm depth) the ratio ranged from 25 to 50 

% from F.C. 

Fig.(18B) illustrates the soil moisture content distribution as a ratio 

from field capacity under control treatment after irrigation for the five 

days interval as perpendicular on dripper line.  This figure illustrates also, 

the soil moisture distribution as ratio from field capacity took the same 

trend in along drip lines. This makes sure high homogeneity in two 

dimensions.  

 
 

25

50

75

100

125

 

 

 25

50

75

100

125

 

Fig.(18) soil water distribution as a ratio from field capacity under control treatment 

after irrigation ,  five days interval along dripper line and perpendicular on dripper line. 
 

Fig. (19A) illustrates the soil moisture distribution as a ratio from 

field capacity under control treatment before next irrigation for the five 

days interval for along dripper line. values of soil moisture as ratio from 

F.C ranged from 27 to 45% and the lowest value ranged from 27 to30% 

below onion plant (at 0 site) around 45 cm depth resulted from finding 
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active roots for water absorption. The highest value was 45% from F.C 

was also within the surface soil layer between o and +12.5 sites. 

Fig.(19B) illustrates soil moisture  distribution as a ratio from field 

capacity under control treatment, before next irrigation for the five days 

interval as perpendicular on dripper line. The same behavior of water 

distribution along dripper lines but the lowest ratio was 27 to 30% from 

F.C between the two sites (0 and +12.5), whenever was along dripper 

lines 45% from F.C for the same sites.  
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Fig.(19) soil water distribution as a ratio from field capacity under control treatment, 
before next irrigation for the five days interval along dripper line and perpendicular on 
dripper line. 
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Under rate1 treatment. 

 

The soil moisture distribution as a ratio from field capacity for rate 1 

treatment after irrigation for the five days interval along dripper line, 0 -

15 and 15-30 cm layers represented the highest ratio, it was 50-100%. 

The soil layers from 30 to 90 cm depth has the ratio ranged from 25 to 50 

% from F.C.  

For the perpendicular direction on dripper line the water distribution 

took the same behavior, the highest ratio was found in the layers from 0-

30 (over 50%), the rest soil layers (30-90) has less than 50%, It is worthy 

to mentioned that there was a decreasing in the ratio to be 70% in 

+12.5&-10.5 distance from the dripper, it was from 95 to 100% under the 

dripper. Also data show homogeneity in water distribution around the 

dripper. 

 

Under rate2 treatment. 

 

The soil moisture distribution as a ratio from field capacity for rate2 

treatment after irrigation for the five days interval along dripper line, 0 -

15 cm layers represented the highest ratio, it was 55-100%, and this ratio 

decreased to reach 25% in 30-45 cm layer because of Collective active 

roots for water absorption depth. 

For the perpendicular direction on dripper line the water distribution 

in the layer 0-15 has 50-100% soil moisture content as a ratio from F.C.  

Also the soil layers from 30 to 90 cm depth has the ratio ranged 

from 20 to 50 % from F.C.  

Values of soil moisture as ratio from F.C ranged from 14-40%, the 

maximum value was in the surface layers away the dripper, but the ratio 

under the dripper directly was ranged from 20-30 % as a result of plant 

action.  

For the perpendicular direction on dripper line the ratio was ranged 

from 32-20%.  
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Values of soil moisture as ratio from F.C ranged from 34 to 44%, 

the lowest was in the depth 30-45 cm, and the highest values were under 

the dripper.  

For the perpendicular direction on dripper line the same behavior of 

water distribution along the dripper, the ratio was ranged from the 34-

54%, the lowest values in 30-60 cm depth and the highest values was in 

0-15 cm depth under the dripper. 

4.4.6. Actual Evapotranspiration at developing and late seasons as 

affected by animal manure additions and irrigation intervals. 

 

Figs. (20) Illustrate the effect of irrigation intervals on actual 

evapotranspiration (water consumptive use) through developing stages 

within soil rooting zone for the three treatments. This figure shows that 

the five days of irrigation interval is the highest actual evapotranspiration 

(ETa), where ETa after 5 days of irrigation intervals was 2.4, 2.8, and 3.0 

mm/day for control, rate 1 and rate 2, respectively. Whenever it was 1.5, 

2.0 and 2.3 after 10 days of irrigation interval then after 15 days of 

irrigation interval was 0.9, 1.5 and 1.8 for control, rate 1 and rate 2, 

respectively (table16). 

 

 
Fig.(20) Effect of irrigation intervals on   actual evapotranspiration (water consumptive 
use) through development  stage within soil rooting zone for the three treatments. 
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Increasing animal manure additions for 5 days of irrigation interval 

made soil moisture content is very high and decreasing soil moisture 

suction, which increases the actual evapotranspiration through developing 

stage. But at long irrigation intervals to 10 and 15 days water content 

decreased. 

 
               Table (16) illustrate the values of Eta through development stage. 
 

treatments 5 days 10 days 15 days 

Control 

R1 

R2 

2.4 

2.8 

3.0 

1.5 

2.0 

2.3 

0.9 

1.5 

1.8 

 

At late season stage the highest ETa values was after 5 days of 

irrigation interval, which was 2.2, 2.7 and 3.1 mm/day for control, rate 1 

and rate 2, respectively (table 17). That is may be due to the decreasing 

soil moisture suction with the 5 days of irrigation interval and high soil 

moisture values. Also, at late season stage, the water requirement of onion 

crop was low. For 10 and 15 days of irrigation intervals values of soil 

moisture values decreased, so, ETa decreased too as shown in fig. (21). 

 

 
Fig.(21) Effect of irrigation intervals on actual evapotranspiration (water consumptive 
use) through late season  stage within soil rooting zone for the three treatments. 
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               Table (17) illustrates the values of Eta through late season stage. 
 

treatments 5 days 10 days 15 days 

Control 

R1 

R2 

2.4 

2.8 

3.0 

1.5 

2.0 

2.3 

0.9 

1.5 

1.8 

 

 

4.4.7. Soil moisture suction within active rooting zone as affected by 

irrigation intervals and rates of animal manure during developing 

and late season stages. 

 

Fig. (22) Illustrates Soil moisture suction within active rooting zone 

as affected by irrigation intervals and rates of animal manure during 

developing and late season stages. This figure clears that through the 

developing and late season stages, the soil moisture suction increases 

from 691 to 1044 and 1690 mbars after 5 days as irrigation interval for 

the three treatments (control, rate 1 and rate 2, respectively. But after 10 

days as irrigation interval, the soil moisture suction increases from 1125 

to 1598and 2022 mbars respectively for the control, rate 1 and rate 2 

treatments. Whenever, after 15 days as irrigation interval, the soil 

moisture suction increases from 2936 to 3575 and 5757 mbars for the 

three treatments control, rate 1 and rate 2, respectively.  

In late season stage, soil moisture suction decreased rather than the 

developing season stage as shown in table (18) that is due to the 

decreasing of water requirements for onion plant in the late season. These 

results indicate that soil moisture suction increase with the addition of 

animal manure increases.  
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Fig. (22): Behavior of soil moisture suction within active rooting zone through the 
developing and late season stages as affected by irrigation intervals and rates of animal 
manure additions. 

 

4.4.8. Rate of soil water deep percolation during developing and late 

seasons, as affected by irrigation intervals and rate of animal manure 

additions. 

 

Figs.(23 & 24) illustrate the  behavior of soil water deep percolation 

rate through developing  and late season stages as affected by  irrigation 

intervals and rates of animal manure additions. 

Fig.(23) clears that rate of soil moisture deep percolation for 

development season stage reached to maximum (0.1 mm/day) for the 

three treatments (control, rate 1 and rate 2) after 5 days as irrigation 

interval. That is due to increasing soil moisture values in active rooting 

zone, so, the rest of moisture after plant took its water requirements went 

down below active rooting depth. This rate cased for 10 and 15 days 

irrigation intervals for the three treatments of animal manure additions. 

 As for the late season stage, as a result of increase soil moisture 

values within active rooting zone, which resulted from the reduction of 

water requirements of onion plant at late season stage, the gravitational 
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potential had been taken the moisture extra below active rooting depth as 

shown in fig.(24) 
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Fig.(23)  Rate of water deep percolation rate through development stage as affected by  
irrigation intervals and rates of animal manure additions. 
 

 
Fig.(24)  Rate of water deep percolation rate through late season stage as affected by  
irrigation intervals and rates of animal manure additions. 

 

4.4.9. Active root depth (ARD). 

 

Data in tables 9, 10 and 11 illustrated the active root depth values 

for the three rates of organic manure; the active root depth was 74.8, 75 
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and 66 cm for control, rate 1 and rate 2 respectively, It is clear from the 

results that there is reducing in the value of ARD in rate 2 these is 

because the water is retained in the soil surface (addition surface) 

reducing the downward movement (the same amount of water was added 

to the three treatments), this make the hydraulic between the surface layer 

and the deeper layers is low , therefore the ARD is lower in the rate 2 

application than rate 1 and control.   

 

4.4.10. Effect of irrigation intervals on each of soil moisture tension 

and onion yield. 

 

Figs. (25) Illustrate effect of irrigation intervals on each of soil 

moisture tension within soil rooting zone and onion yield of control, rate1 

and rate 2 treatments. These figures clear that increase of irrigation 

intervals from 5 to 10 to and to 15 days had increased soil moisture 

tension from 0.691 to 1.125 to 2.936 bars in control treatment (sandy 

soil), respectively. The same trend was noticed with onion yield, where 

yield decreased from 4.64 to 4.20 and 1.37 ton/fed, respectively, also 

effect of irrigation intervals on soil moisture tension within soil rooting 

zone and onion yield of control treatment. 

The same Fig. illustrate that the soil moisture tension and onion 

yield had been increased for rate1 and rate 2 treatments rather than in 

control treatments. In spite of increasing soil moisture suction, resulted 

from addition of organic manure but the onion yield had been increased, 

that is due to increasing water holding capacity, where the increasing of 

soil moisture suction did not increase over 15 bar. 
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Fig. (25) Effect of irrigation intervals on of soil moisture tension within soil rooting zone 
and onion yield for three treatments. 

 

 

 



5. SUMMARY 

 

The aim of this work is to study the direction of soil moisture soil 

water behavior in sandy soil profile, to optimize irrigation water 

management to save the irrigation water and minimize the losses. 

This done by using neutron scattering technique and soil moisture 

retention curve model for different soil layers, where neutron scattering 

meter was used to detect soil water after and before next irrigation, to 

determine soil moisture depletion which happened during irrigation 

interval in active root depth, also van Genuchten (1980) model for water 

retention after estimate the equation parameters α, m, and n. 

Therefore it is possible to predict soil moisture tension at different 

moisture content after and before irrigation, as for it is possible to 

determine total hydraulic potential witch equal soil matric suction plus 

gravitational potential. 

By knowing total hydraulic potential through soil profile up to 

active root depth it is possible to determine the losses of soil water by 

evaporation, water uptake by plant roots and deep percolation (under 

active root depth). 

Three treatment of organic manure were done control (sand soil), 

20m3 and 30m3 was added to the soil surface layer (0-15 cm) beside three 

irrigation intervals. 

Onion was planted under drip irrigation system, to studies the 

water distribution around the drippers, also between the laterals, four 

access tubes were installed around the dripper close the distance of 

12.5cm around the dripper and the fifth was installed adjacent to the 

dripper, these access tubes used for neutron scattering meter. The results 

can summarized in this points 

- Neutron scattering technique and soil moisture retention curve 

model helps more to study the water behavior in the soil profile. 

- It was Possible to predict the active root for water absorption, and 

thus the soil layer which are present the active root for water absorbing, it 

is very useful for studying water movement and nutrients in soil . 
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- Irrigation to field capacity helps to minimize the losses by deep 

percolation. 

 - Active root depth helps to divide the water depletion into two 

components the first one is due to the effect of evapotranspiration and the 

other is by gravity force. 

- Detecting soil moisture by neutron scattering meter helps to 

determine the total hydraulic potential in active root depth.  Also can 

helps to detect the direction of water movement in soil profile. 

By using neutron scattering meter, moisture retention curve model 

and surfer program, it is possible to study the movement of soil water 

vertically and horizontally around the dripper. 

Animal manure helps to increase the soil water content in the 

available range from (0.1 to 15 bar). 

The addition of animal manure and irrigation to field capacity can 

maximize the water use efficiency and minimize the water deep 

percolation, which was 0 mm/day in some treatments. 

The best irrigation interval under the conditions of this study to 

onion plant is 5 days with rate2 of organic manure.  

Constants of van Genuchten (1980) model are affected by the 

animal manure addition; parameter "α" were 1.825, 1.191 and 0.0712 for 

control, rate 1 and rate 2 respectively , while parameter "n" were 1.662, 

1.492 and 1.508 for control, rate 1 and rate 2 respectively.  
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 ١

 الملخص العربى

 

دراسة اتجاه حركة الرطوبة االرضية فى االراضى   إلىيهدف هذا البحث

دارة إالرملية المكانية دراسة سلوك الماء فى القطاع االرضى حتى نتمكن من 

 .فيها  الفقد قليل بشكل جيد والمحافظة على مياه الري وتمياه الرى

ونى و نمـاذج منحنيـات      تقنية التشتت النيوتر   ذلك من خالل استخدام      وتم  

، حيث استخدم جهاز التشـتت       الشد الرطوبى االرضى لطبقات القطاع االرضى     

النينرونى لقياس الرطوبة بعد الري وقبل الرية التالية لتقدير االستنزاف الرطوبى           

الحادث خالل المده المحددة للري وذلك خالل العمق الجذرى النشـط ،            االرضي  

لتحديـد العالقـة بـين المحتـوى        ) ١٩٨٠(جنختن  كذلك استخدمت معادلة فان     

ومن ثم التنبؤ   α , n , m حساب ثوابت المعادلة وهى الرطوبى والشد الرطوبى

قبل وبعد الري ومن ثـم      بقيم الشد الرطوبى االرضى عند قيم الرطوبة المختلفة         

تحديد الجهد الكلى والمساوى لمجموع جهد مادة االرض المتحصل عليـة مـن             

حتـى العمـق    وبمعرفة الجهود خالل القطاع االرضى      . جهد الجاذبية   النموذج و 

الجذرى النشط تم تحديد الجزء المفقود من الماء خالل عمليـة البخـر والجـزء               

سفل العمق  أ( المستعمل بواسطة جذور النباتات والمفقود بواسطة الرشح العميق         

 .) الجذرى النشط 

لرى مع ثالث معدالت مختلفة مـن       ثالث معامالت مختلفة لفترات ا    وقد تم عمل    

 :كانت كالتالى و يةالحيوان العضوية مخلفاتال

 . يوم ١٥، ١٠، ٥بالنسبة لمعامالت الري كانت على فترات كل 

 للفدان اضـيفت للطبقـة       ٣ م ٣٠،    ٣م٢٠والمادة العضوية كانت بمعدل صفر ،       

 .)  سم ١٥-صفر (السطحية 

بالتنقيط ودراسة التوزيع الرطـوبى  تم زراعة محصول البصل تحت  نظام الري    

حول النقاطات بين الخطوط والنقاطات حيث تم وضع انابيب القيـاس الخاصـة             



 ٢

سـم مـن االربعـة      ١٢,٥بجهاز الرطوبة النيترونى حول النقاطات على ابعـاد         

 .اتجاهات 

 :ص أهم نتائج البحث في النقاط االتية يويمكن تليخ

ى ونماذج الشد الرطوبى قد ساعدت كثيـرا         تقنية التشتت النيوترون   استخدامان   -

 .فى دراسة سلوك مياه الرى بالقطاع االرضى 

امكن التنبؤ بالعمق الجذرى النشط وعمق الجذور النشطة المتصـاص الميـاه             -

وبالتالى الطبقة االرضية التى تتواجد بها الجذور النشطة المتصاص الماء وهـذا            

سى حركة المغذيات االرضية وأمتصاص العناصر السمادية مـن         يفيد كثيرا دار  

  .التربة

 اسفل العمق   تسرب العميق الرى للسعة الحقلية ساعد كثيرا فى تدنى معدالت ال         -

  .الجذرى النشط

  إلـى  ساعد العمق الجذرى النشط فى تقسيم األستنزاف الرطـوبى األرضـى           -

  .اجع لتأثير الجاذبية األرضيةمكونين أحدهما راجع لتأثير البخرنتح واالخر ر

تتبع القياسات الرطوبية الفورى بالتقنية النووية ساعدت فى تقدير جهد الشـد             -

الرطوبى األرضى والجهد الرطوبى الكلى  وبالتالى تقدير األجهاد الرطوبى فـى            

منطقة الجذور النشطة كما أمكن تتبع اتجاه حركة الرطوبة خالل القطاع االرضى        

 من البخر نتح والجاذبية     ديد المستوى الذى يفصل بين تأثير كل       من تح  الذى مكننا 

  .األرضية

باالستعانة بالتقنية النووية ونماذج الشد الرطوبى األرضى وبرنامج الكمبيـوتر    -

امكن دراسة حركة الماء أفقيا ورأسيا وتتبع اتجاه حركة الماء باالستعانة           ) سرفر(

ماق المختلفة رأسيا وأفقيا للمواقع المختلفة حول       بتقدير الجهد الرطوبى الكلى لالع    

 النقاط حيث يتواجد النبات

 الحيوانية تعمل على زيادة الجهـد        العضوية تؤكد الدراسة ان اضافة المخلفات     -

الرطوبى األرضى فيزداد المحتوى الرطوبى األرضى التى عملت علـى زيـادة            



 ٣

 ٠,١ مدى الماء الميسر مـن       حيث المهم تواجد الرطوبة فى حدود     ( الماء بالتربة   

  .) بار١٥الى 

 رفع كفاءة استخدام الماء   على   للسعة الحقلية     والرى عملت المخلفات الحيوانية    -

يصل الى صفر   التسرب العميق أسفل العمق النشط لتأثير الجذور      وجعلت معدالت   

  . فى بعض المعامالتاليوم/مم

متحسن مع اضافة المعـدل      ايام ليعطى انتاج     ٥افضل مناوبة رى للبصل هى       -

 . يةالحيوانالعضوية مخلفات ال منالثانى 

تأثرت بإضافة المادة العضوية حيث قلت قيم        ١٩٨٠ ثوابت معادلة فان جنختن      -

α   وذلك الكنترول والمعدل االول والثـانى       ٠,٠٧١٢ ،   ١,١٩١ ،   ١,٨٢٥ فكانت 

ذلك الكنترول   و ١,٥٠٨،  ١,٤٩٢،  ١,٦٦٢ فكانت   nعلى التوالى أما بالنسبة لقيم      

 .والمعدل االول والثانى على التوالى 

 

 

 

 

 

 

 

 

 

 

 



 
  المياه في األراضي الرملية باستخدام طريقة تشتت النيتروناتإدارة

 
 

 رسالة مقدمة من

 
 خلود محمود محمد

 1992 ، قناه السويس، جامعة ) شعبه عامة(بكالوريوس علوم زراعية 

 2004،  عين شمس، جامعة ) أراضي(ماجستير علوم زراعية 

 

 
 

 للحصول على

 عية درجة دكتور فلسفة فى العلوم الزرا

 )أراضي(
 

 
 

   األراضيقسم 

 كلية الزراعة 

 جامعة عين شمس

 

 

 

 

 

2011 



  

 صفحة الموافقة على الرسالة
 

 إداره المياه في األراضي الرملية باستخدام طريقة تشتت النيترونات

 

 
 

 رسالة مقدمة من

 

 خلود محمود محمد

 1992، جامعة قناه السويس ، ) شعبه عامة(بكالوريوس علوم زراعية 

 2004، جامعة عين شمس ، ) أراضي(اجستير علوم زراعية م
 

 

 

 للحصول على

 درجة دكتور فلسفة فى العلوم الزراعية 

 )أراضي(
 

 وقد تمت مناقشة الرسالة والموافقة عليها 

 :اللجنة

 ...........................                          محمود محمد أبراهيم  .د

 طنطا، كلية الزراعة ، جامعة متفرغ  ال األراضيأستاذ      

 

 ...........................                              التونى محمد على  .د

 ، كلية الزراعة ، جامعة عين شمس المتفرغ األراضيأستاذ     

 

 ............................                              محمد السيد جالل. د

 ، كلية الزراعة ، جامعة عين شمساألراضي أستاذ    

 

 ...........................                          الحسناء أبوجبل محمد. د

  المتفرغ ، كلية الزراعة ، جامعة عين شمساألراضيأستاذ     
 

 

     26/7/2011 :تاريخ المناقشة



  

 جامعة عين شمس 

  كلية الزراعة 

 
 رسالة دكتوراه

 
  خلود محمود محمد :    ةم الطالباس

 إداره المياه في األراضي الرملية باستخدام طريقة: لةاعنوان الرس
          تشتت النيترونات                 

 ) أراضي(دكتور فلسفة فى العلوم الزراعية :     اسم الدرجة 
 

 :لجنة اإلشراف

            الحسناء أبوجبل محمد .د

    ، كلية الزراعة ، جامعة عين شمساألراضي، قسم  المتفرغ األراضي طبيعةأستاذ    

 ) الرئيسيالمشرف (   

                                                         

          محمد السيد جالل. د

                                   أستاذ طبيعة االراضي ، قسم األراضي ، كلية الزراعة ، جامعة عين شمس                      

 

         رشدي واصف الجندي. د

   ، مركز البحوث النووية ، بحوث األراضي والمياه،  المتفرغ األراضيأستاذ طبيعة    

 هيئة الطاقة الذرية   

 

 2006 / 9 /11 تسجيلالتاريخ 

 الدراسات العليا

 أجيزت الرسالة بتاريخ ختم اإلجازة     

       /    /    2011 

 موافقة مجلس الجامعة موافقة مجلس الكلية

     /   /  2011        /    /   2011 


