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ABSTRACT 
This work aims to use the neutron moisture meter and the soil moisture 

retention curve to quantify the soil moisture flux in the soil profile of Nubarria soil 
in Egypt at 15, 30, 45, and 60-cm depths during the growth season of Chickpea. 
This method depends on the use of in situ θ measurements via neutron moisture 
meter and soil matric suction using model of the soil moisture retention curve at 
different soil depths, which can be determined in situ. Total hydraulic potential 
values at the different soil depths were calculated as a function (θ) using the 
derivative model. The gradient of hydraulic potential at any soil depth can be 
obtained by detecting of the hydraulic potential within the soil profile. The soil 
water fluxes at the different soil depths were calculated using In situ measured 
unsaturated hydraulic conductivity and the gradient of hydraulic potential, which 
correlated with soil moisture contents as measured by neutron probe. Values of 
hydraulic potentials after and before irrigation indicate that the direction of soil 
moisture movement was downward after irrigation and was different before next 
irrigation. Collecting active roots for water absorption of chickpea were defined 
from direction of soil water movement from up and down  to a certain soil depth  
was 19 cm depth from the soil surface. Active rooting depth was 53 cm depth, 
which separates between evapotraspiration and gravity effects The soil water fluxes 
after and before the next irrigation of chickpea were 1.2453, 0.8613, 0.8197 and 
0.6588 cm/hr and 0.0037, - 0.0270,- 0.1341, and 0.2545 cm/hr at 15, 30, 45 and 60 
cm depths, respectively. The negative values at 30 and 45 cm depth before the next 
irrigation indicates there were up ward movement for soil water flux, where 
finding collecting active roots for water absorption of chickpea at 19 cm depth. 
   Direction of soil water movement, soil water flux, collecting active roots for water 
absorption and active rooting depth can be determined using the combination work 
between neutron probe and soil moisture retention curve. 
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INTRODUCTION 
  

Combination work between tensiometers and neutron scattering method had been playing 

important role in situ measurements to obtain the actual hydrophysical soil properties. 

Neutron moisture meter is an indirect tool to determine the soil moisture content in situ using 
fast neutron scattering. The advantage of this method is determining soil moisture contents for the 
deeper soil depths immediately. Add to this the soil volume of the determination is large that 
results to a high accuracy. As well as, neutron moisture meter could be used to determine many of 
soil hydraulic properties, which are related to the soil moisture content e.g. soil water storage [1], 
soil moisture depletion [2 &3], soil moisture distribution within soil profile and soil water flux [1], 
soil moisture characteristic curve in tensiometric range only [1,4,5], irrigation scheduling [1], 
saturated hydraulic conductivity under unsaturated state [6], unsaturated hydraulic conductivity  



 

[1,7,8], field capacity [7], hydraulic diffusivity[9] , macropore conductivity and matrix pore 
conductivity[10]  , active rooting depth[11] , evapotranspiration[12]  ,   rate of soil moisture 
depletion[13] , pore size distribution and soil pore diameters[14] . Combination work between 
neutron probe and Tensiometers was also used to detect the direction of soil water movement in 
the soil [15, 16). 

Soil moisture retention curve (SMRC) is the relationship between values of soil moisture 
content (θ) and soil matric suction (h). It is a main soil hydro-physical property and important for 
determining soil hydraulic properties and their applications (i.e. unsaturated hydraulic 
conductivity, hydraulic diffusivity, diameters of soil pores, soil field capacity, wilting point, 
available water, soil water stress and irrigation scheduling).  

SMRC in tensiometric range had been done [17] , using some in situ measurements of neutron 
moisture meter and tensiometers. SMRC of Nubarria and Wadi Sudr soils in tensiometric range 
had been determined [1, 2,2] according to IAEA method. .  

Many authors used the outputs of the laboratory method and the numerical models to 
express SMRC [18,19,20] . van Genuchten ‘s model of SMRC is a famous model since 1980 until 
now. It depends on five parameters (i.e. residual soil moisture content θr), total soil porosity 
(φ) or saturation point, bubbling pressure (hb) and n, m which are constants and depend on 
fitting curve. 

The bubbling pressure (air entry suction (hb)) and pore size index (λ) had been calculated using 
the matric suction up to 100 cm [21]. The later parameter (λ) is related with n, m, of the van 
Genuchten constants (λ = n×m).  

Neutron count ratio was used to obtain the soil matric potential in situ directly [8]. They entered 
the neutron calibration equation to express the soil moisture content in van Genuchten’s model to 
carry out the irrigation scheduling on the basis of detecting the soil matric suction. 

The objective of this work is to use neutron moisture meter and tensiometers to detect the 
direction of soil moisture movement, in situ SMRC and soil water flux. 

 

Theory Basis 

   Van Genuchten presented his model to represent SMRC as in Eq. 1:  

 θ h =  θr  + ( θs - θr  ) [ 1+ (α h) n ] – m
                                                                                                                                          ( 1)    

Where: 
       θ h , is the volumetric soil moisture content at h, mbar. 
       θr , is the volumetric residual soil moisture content. 
       θs , is  saturation point on volume fraction. 
       α, is the inverse of the air entry suction ( hb, mbar

-1), and 
       n &m, are constants of the fitting curve. 
   By rewriting this model to predict the soil matric suction (h, mbar) as in Eq. 2: 

               h = -(1/ α)[ (Se) –1/m –1] 1/n                                                                                       (2) 

Where :  
                        Se = ((θ-θr)/ (θs-θr)) 

   Total hydraulic potential (H) in unsaturated state is the summation of both matric and 
gravitational potentials (Eq.3)  

              H= -h –Z                                                                                                                (3) 



 

 

 

Where: 

h, is the soil matric potential at Z soil depth, the negative sign before Z because the reference 
level was taken at the  surface soil. 

   The total hydraulic potential can be obtained at Z soil depth using substitution h from Eq.2 
in Eq.3 as shown in Eq.4:  

           H      = -hb[((θ-θr)/ (θs-θr))–1/m –1] 1/n – Z                                                                     (4) 

After obtaining values of the total hydraulic potential along the soil profile, it can be 
obtained on the relationship between H and Z (i.e. H= F (Z)) at any time and any depth.  
The gradient of hydraulic potential can be obtained at any soil depth by using the first 
differentiation of H relative Z   [dH/dZ = d F (Z)/dZ].  

Unsaturated hydraulic conductivity (K (θ)) can be determined in situ using neutron 
moisture meter [23] at the different soil depths for any soil moisture content (θ). The soil 
moisture flux will be calculated using Eq. 5 

Soil Water Flux= - K (θ)[dH/dZ]                                                                                (5) 

 

MATERIALS AND METHODS 

This work includes two parts: The first part is determining the soil moisture retention curves 
and unsaturated hydraulic conductivity in situ using neutron probe using the method [22, 21]. The 
experimental area was a plot 100m2

 (10 × 10m) in Nubarria calcareous soil. An access tube of 
neutron moisture meter was installed in the center of the plot to determine the soil moisture 
content at different soil depths (30, 45, and 60cm). Water content of the surface soil depth (15 –
cm) was determined by gravimetric method to avoid escape of the fast neutrons into air. Three 
sets of tensiometers were replicated at the studied soil depths. Each set was installed at 50- cm 
distance far from the neutron access tube to avoid the interaction between the fast neutrons and 
the water in tensiometers. These tensiometers were used to determine the soil matric potentials 
(850 mbar). After the irrigation and the infiltration cased the plot was covered with polyethylene 
to prevent the evaporation in order to make the down ward movement for the soil water.  

The experimental data (θ & h) in tensiometric range (0-850 mbar) could be used to calculate 
the pore size index (λ) of Brooks and Corey [18] according to [21]. This method calculates (λ) from 
the Logarithm of the effective soil moisture content [Se = ((θ-θr)/ (θs-θr)) and Logarithm of soil 
matric suction, mbar. Corresponding parameters between pore size index (λ) and (n &m) of van 
Genuchten model of SMRC had been done according to [23]. These correlations were (n=λ+1) and 
m =λ/ (λ+1)  . hb will be calculated using eq.7 by substitution with Se=1 in the linear regression 
equation (Eq.6): 

   Log Se=A-B Log h                                                                                                            (6) 
By using Se=1 in equation (6) h b  can be obtained it as the following steps: 
       0 = A - B Log hb                                                                       
     . Log hb =A/B                                                                              
Then 
 hb=10A/B                                                                                                                               (7) 



 
 
From hb, α will be calculated using this relationship (α=1/hb). 

Total hydraulic potentials had been calculated using Eq.4 at 15, 30, 45, 60 and 60-cm depths 
from determination values of water content, residual water content (air dry) and saturation point 
(total porosity) at these soil depths. 

 
 
 
K (θ) had been determined via recording the soil moisture content at different times for the soil 

depths under study according to [22] . 

Troxler neutron moisture meter, which comprises a portable counting assembly model (2651) 
and probe with a safety – plate model (104 A) was used. The probe has a source of 100 mci 
gamma/ neutron (Am:Be) and one detector tube for Model 1255( S/N, 729) with sensitivity only 
to slow neutrons. Table (1) includes the neutron calibration curves of the soil under study of 
Nubarria soil according to[17] . Table (2) includes also some physical and chemical properties of 
the soil under study according to[24] . 
   Table (1) Neutron calibration curves of the soil depths under study 

Soil depth (cm) Regression equation Coeff. of Dert.( R2) 
 

30 
45 
60 
75 

CR =0.0413 θ + 0.1901 
CR =0.0279 θ + 0.3472 
CR = 0.0067 θ + 0.5664 
CR = 0.0383 θ + 0.2088 

0.97 
0.98 
0.94 
0.96 

 
   Table (2): Some physical and chemical properties of the soil under study    

Particle size 
distribution Soil 

layer, 
Cm Sand 

% 
Silt 
% 

Clay 
% 

Tex. 
Class 

Bulk 
density 
g/ Cm3 

EC. dS/m 
(Soil paste) PH* Ca CO3 

% 

0 – 15 
15 – 30 
30 – 45 
45 – 60 
60 - 75 

69.03 
68.52 
68.56 
69.33 
66.68 

03.20 
14.04 
03.90 
03.95 
05.96 

27.77 
17.44 
27.54 
26.72 
27.36 

S.C.L 
S.L 

S.C.L 
S.C.L 
S.C.L 

1.57 
1.75 
1.67 
1.67 
1.75 

2.87 
1.90 
1.40 
1.52 
1.63 

8.42 
8.01 
8.11 
8.10 
8.20 

17.7 
16.9 
20.5 
23.7 
26.9 

  *pH (1: 2.5 Soil / Water suspension)   
 

RESULTS AND DISCUSSION  

  
Data in Table (3) includes values of volumetric water content and soil matric suction (mbar) in tensiometric range at 15, 30, 45, and 

60 -Cm soil depths beside the residual water content and total porosity. These data indicate that the soil water content and matric 
suction were lower and behaved like sandy soil resulted from the effect of calcium carbonate, which made coating around the soil 
particles. This coating reduces the soil matric suction of soil particles and consequently the soil water storage [25]. Data in Table (3) had 
been used to calculate hb , n and m using(21)  and the corresponding parameters[23]  for each soil depth under study. For example, the 
calculations at 45-cm depth had been mentioned in Table (4). 



   Table (3): Volumetric water content and soil matric suction in tensiometric range at 15, 30, 45and 
 60 cm depth. 

15Cm  30Cm 45Cm  60 Cm  
θ H θ h θ h θ h 

0.1600 080 0.1500 100 0.1460 120 0.1300 120 
0.1300 120 0.1200 115 0.1240 130 0.1110 127 
0.1200 125 0.1210 120 0.1000 140 0.0910 130 
0.1100 180 0.1000 150 0.0800 150 0.0700 145 
0.0900 210 0.0800 350 0.0600 205 0.0500 210 
0.0700 305 0.0600 630 0.0400 415 0.0300 355 
0.0500 535 0.0590 650 0.0300 650 0.0200 560 
0.0400 700 0.0530 750 0.0260 750 0.0180 650 
0.0380 800 0.0500 810 0.0250 800 0.0150 725 

Θ r 0.0294 0.0243 0.0211 0.0131 
φ 0.4075 0.3396 0.3698 0.3698 

  
   Table (4) Calculations constants of soil moisture retention curve of van Genuchten’s model (1980) 

at  45-cm depth 
h, mbar Exp. θ Log h Log Se A = 2.8635 

120 0.1460 2.0792 -0.4459 B =  1.6238  
130 0.1240 2.1139 -0.5301 λ  =  1.6238  
140 0.1000 2.1461 -0.6454     Log hb =1.7635 
150 0.0800 2.1761 -0.7724    hb = 58.0038 
205 0.0600 2.3118 -0.9526 α= 0.0172 
415 0.0400 2.6180 -1.2662    n =2.6239 
650 0.0300 2.8129 -1.5936     m = 0.6189 
750 0.0260 2.8751 -1.8531 
800 0.025o 2.9031 -1.9525 

 
Parameters in the fifth column in Table (4) had been obtained from the regression equation, 

which is represented by the independent variable (log h) and dependent variable (Log Se). 

This method had been used (h & θ) data in tensiometric range to predict (h & θ ) data up to 
wilting point. Table (5) includes the different parameters were used by van Genuchten’s model of 
SMRC (Eq.1) and for predicting the total hydraulic potential at each soil depth (Eq. 4). 
For example at 45-cm depth: 
 

Soil Moisture Retention Curve 
 
θ h =  θr  + ( φ - θr  ) [ 1+ (α h) n ] – m 
     = 0.0221 + (0.3698-0.0221)[1+(0.0172 h) 2.6238] – 0.6189                                                    

(  8) 

   At any soil matric suction (h, mbar) soil moisture content can be predicted using Eq.8  

Total Hydraulic Potential 

H      = -hb [((θ-θr)/ (θs-θr))–1/m –1] 1/n – Z 
         = - 58.1395[((θ- 0.0221)/0.3477)–1/0.6189 –1] ½.6238 – 45                                                 ( 9) 



Total hydraulic potential at Z soil depth can be predicted by using soil moisture content from 
Eq.9. 
Table (5) Main parameters of models for predicting soil matric suction and total 

potential at the soil depths under study  
Depth, 

cm θ r φ φ −  θ r α n m hb, mbar 

 
15 
30 
45 
60 
75 

 

 
0.0294 
0.0243 
0.0211 
0.0131 
0.0221 

 

0.4075 
0.3396 
0.3698 
0.3698 
0.3396 

0.3781 
0.3153 
0.3487 
0.3567 
0.3175 

0.0245 
0.0495 
0.0172 
0.0158 
0.0733 

2.1920 
1.6511 
2.6238 
2.9262 
1.7034 

0.5438 
0.3943 
0.6189 
0.6583 
0.4129 

40.8206 
20.1990 
58.0038 
63.3179 
13.6477 

  
Fig (1) illustrates soil moisture retention curves of the soil depths under study 

according to van Genuchten’s model. These curves show the effect of total porosity 

and air entry suction on values of soil moisture contents at the same soil matric 

potentials for four soil depths. The lowest values of soil moisture were for 30 and 60 –

cm depths, whenever, the highest one was at 15 –cm depth.  
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      Fig. (1) Soil moisture retention curves at 15, 30, 45, and 60 -cm depths of Nubaria soil 
 



Total hydraulic potentials had been calculated using equation (4) for the four soil depths as 
shown in Table (6). Total potential differed at the same water content for the four soil depths (i.e. 
at water content 0.16 values of the total hydraulic potential were –108, -98,-138 and -151. for 15, 
30. 45.and 60 -cm depth, respectively). To study the direction of soil water movement within the 
soil profile, neutron probe was used to determine the soil moisture contents at 15, 30, 45, and 60 -
cm depths. From equation 4 total hydraulic potential was calculated at each soil moisture value 
for these soil depths as shown in Table (6). The soil moisture contents after irrigation were 13.4, 
11.4, 9.5 and 8.0% and before the next irrigation were 5.8, 7.7, 6.2 and 5.2% at 15, 30, 45 and 60 
cm depth, respectively. Total hydraulic potential values after irrigation were –130, -166, -191, 
and –207 mbar, whenever before the next irrigation were –370, -343, -259 and –258 mbar for the 
soil depths, respectively, as shown in Table (7). The direction of soil water movement after 
irrigation and before the next irrigation for the experimental and calculated data using equations 
(10 and 11) had been shown on Figs. (2 and 3). The direction of soil water movement after 
irrigation was upward. Whenever it was downward before the next irrigation from 15-cm depth to 
19-cm depth and up ward from 30 and 45-cm depth to 19-cm depth, also it was downward from 
53-cm depth to 60-cm depth. These results indicate that there is a collection of roots at 19-cm 
depth because the directions of soil water were toward this depth from up and down [Table (7) 
and Fig. (3)]. 

Total hydraulic potential values after irrigation ( HA ) and before the next irrigation ( 

H BNI ) were represented by equations (10 and 11) as follow: 

HAI = 0.0222 Z2 – 3.3733 Z – 84.5, R2 =1.0                                                                              ( 10) 
H BNI = -0.0069 Z 3 + 0.7489 Z 2 – 21.011 Z –200, R2 =1                                                         ( 11) 

These equations used to obtain the total hydraulic potentials as functions of the soil depth. Also 
they used to obtain the gradient of hydraulic potential by taken the first differentiation relative of 
soil depth (Z) for equations 10 and 11 as shown in equations (12 and 13): 

 (dH/dZ)AI  = -0.0444 Z – 3.3733                                                                                             ( 12) 
 (dH/dZ)BNI = -0.0207 Z2 + 1.4978 Z – 21.011                                                                          ( 13)  

To get the maximum and minimum points which separate between up and downward 
movement is via the solution of each equation at dH/dZ = zero. These points were 19 and 53-cm 
depths. The minimum point was at 19-cm points to find a collection of active roots for water 
absorption because of the soil water motion toward to this point from up and down. As for the 
maximum point was used to define active rooting depth (53- cm). It is worthy to mention that 
active rooting depth is the soil depth, which separates between evapotranspiration effect and 
gravity effect (drainage effect). 

The hydraulic potential gradient after and before irrigation was calculated at the four soil depths 
(15, 30, 45, and 60- cm depths) using equations 12 and 13 as shown in Table (7). These gradients 
are important parameters to determine the soil water flows (Flux) at these soil depths.  

The soil water fluxes need to values of unsaturated hydraulic conductivities and direction of 
soil water movement in order to know this flux is water feeding from down to up or deep 
percolation from up to down. 

 Different regression equations (14, 15, 16, and 17) used to calculate values of unsaturated 
hydraulic conductivity at the different soil depths as functions to soil moisture values: 
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These equations were used to predict K ( θ) at the different soil depths after and before the 
second irrigation using the percentage of soil moisture contents, which were determined by 
neutron probe except at 15 cm depth (The fast neutrons escape into air at this soil depth). Values 
of soil moisture and the predicted K ( θ) are shown in Table (7). 

Table (6) Total hydraulic potential values versus soil water content for the four soil depths under 
study.  

15- Cm depth 30- Cm depth 45- Cm depth 60- Cm depth 
θ H (15) θ H (30) θ H (45) θ H (60) 

0.1340* -130 0.1140* -166 0.0950* -191 0.0800* -207 
0.0580** -370 0.0770** -343 0.0620** -259 0.0520** -258 

* The soil moisture content after irrigation at 15, 30, 45 and 60 cm depths, respectively 
** The soil moisture content before the next irrigation at 15, 30, 45 and 60 cm depths, respectively 
 Table (7): Soil water fluxes at different soil depths after and before irrigation under cultivation 

chickpea crop 
24 hr after irrigation Before next irrigation 

Soil depth, cm Soil depth, cm 
Soil water 
parameter 

15-cm 30-cm 45-cm 60-cm 15-cm 30-cm 45-cm 60-cm 
θ 13.4000 11.4000 9.5000 8.000 5.8000 7.7000 6.2000 5.2000

(dHldZ) -4.0930 -4.7053 -5.3713 -6.0373 -3.2015 5.2930 4.4725 -5.663 

KH(θ) 0.3083 0.1831 0.1526 0.1091 0.0012 0.0051 0.0360 0.0449
SWF 

(cm/hr) 1.2453 0.8613 0.8197 0.6588 0.0037 -0.0270 -0.1341 0.2545

The soil water flux (SWF) values were calculated after and before the next irrigation as 
mentioned in Table (7). It worthy to mention that the sign of hydraulic gradient is inverse sign of 
soil water flux. The direction of soil water movement is downward for negative values but on 
contrary SWF takes the same direction at positive sign and vice versa. 
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    Fig. (2) Direction of soil water movement after and before irrigation for the experimental data 

 



 

Data in Table (7) indicate that SWF after irrigation is downward resulted from the water 
head for the furrow irrigation system. It was high value at 15-cm depth (1.2453 cm/hr) and 
decreases gradually for the other sequence depths. As for before the second irrigation SWF 
values were lower than after irrigation (at 15-cm was 0.0037 cm/hr down to 19-cm depth, 
where finding active roots). SWF values at 30 and 45-cm depths were upward flux (water 
feeding to 19-cm depth) but at 60-cm depth SWF was affected by the gravity effect).  
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     Fig. (3) Direction of soil water movement after and before irrigation for the  calculated 
data 
 

CONCLUSIONS  
 

The combination work between neutron moisture meter, tensiometers can be used to predict in 
situ soil moisture retention curve, which can be used with neutron probe to detect the direction of 
soil water movement via the derivative model. Soil water flux becomes to easy determination in 
situ from the measured data using neutron probe and tensiomters.  
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