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ABSTACT 

Wetted soil shape under trickle irrigation is an important parameter in 

irrigation scheduling and design in agricultural farms. Irrigation water 

should not be beyond crop root zone to avoid deep percolation. Moreover, 

irrigation water applied should adequate crop water use in irrigation 

interval. The purpose of this work is to figure out the suitable shape of 

wetted soil based on soil type, flow rate, and crop water use. A field 

experiment was conducted in sand, silt and clay soils under trickle source 

with varying flow rates as 2, 4, 8, 16, and 24 liter/h. Squash, corn, and 

grape crops were selected to represent different root zones for irrigation 

scheduling. Field results showed that horizontal and vertical water 

movements were related to both emitter flow rate and soil intake rates. 

Suitable flow rate and irrigation interval were found for selected soil and 

crop types. Soil moisture content was contoured directly after irrigation and 

soil-water redistribution. Optimal flow rates were 2 and 4 liter/h in clay 

soil, 8 and 16 liter/h in loam, 16 and 24 liter/h in sand. Adjusted method was 

recommended to calculate irrigation interval by revising wetted root zone 

volume, taking into account different soil, crops, crop stages, and seasons. 

Keywords: Wetted soil volume; Trickle irrigation; Irrigation scheduling. 

INTRODUCTION 

ost of Egyptian croplands must be irrigated because rainfall is 

insufficient during the year-long growing season. Increased 

demands for water, and its high cost, necessitate efficient 

irrigation practice that is, practices that make the best possible use of 

irrigation water for crop production. Irrigation practice depends on the 

information among soil, weather, irrigation system, and crop that be used 

to schedule water by irrigation system. Precision irrigation requires a 

method of quantifying the root zone depletion of water to determine 
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when and how much water to apply to the soil. Soil water deficit has 

been used to assess the need of irrigation (Bjerkholt and Myhr, 1996; 

Howell et al., 1997; Amer et al., 2009). The irrigation practices needed to 

give the most efficient use of water may vary widely within Egypt soils 

and locations. Soil properties are the responsible indicators to determine 

the amount of water that should be stored into crop root zone per 

irrigation, thus, irrigation interval. Therefore, water demands varies 

according to soil type from sandy to clay soils, amount per irrigation that 

the soil can be hold it, weather condition that crops growing in tropical 

area or dry seasons need more water than in semi-tropical and humid area 

or wet seasons.  

Wetted soil volume geometry under trickle irrigation takes ellipsoidal-

like shape when water is applied from a point source (Zur, 1996). Wetted 

volume dimensions under a point source, its width and depth, depend on 

soil hydraulic properties, emitter flow rate, and water applied amount. 

Wetted soil volume is heterogeneous in water distribution and 

surrounded by drier soil. As, soil water content distribution within wetted 

volume is not uniform; it decreases with radial distance from the water 

source. Thus, wetted soil shape under a point source is representative of 

most practical situations in trickle irrigation design. One approach to 

estimate wetted soil volume under a given trickle system is to use 

analytical or numerical solutions of two- or three-dimensional 

unsaturated flow equations such as those presented by Brandt et al. 

(1971), Bresler (1978), and Fernandez and Simmonds (2006). These 

methods are capable of computing both the wetted soil depth and width, 

and thus the extent of the wetted volume under a range of soil, emitter 

flow rate and amount of water application. Emitter spacing can then be 

estimated, provided detailed information on soil hydraulic properties is 

available. However, these methods are of limited practical value because 

of their relative complexity, limited testing under field conditions, and 

lack of sufficient information on soils hydraulic properties in field. 

A more widely used procedure to account wetted soil volume under 

trickle irrigation is to assume that wetted soil volume can be represented 

by the geometry of a rectangular column. The area of its base equals the 

product of the spacing between emitters and the distance between lines, 
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while its height equals the depth of the root zone. Keller and Bliesner 

(1990) present a table where the spacing between emitters and between 

lines under an emitter with a flow rate of 4 l h
-1

 are given for a number of 

soils, rooting depths and degrees of soil profile homogeneity. Similar 

tables have been presented by Schwartzman and Zur (1986) studied the 

geometry of wetted soil volume under trickle irrigation and developed a 

series of empirical equations relating the width and depth of the wetted 

soil volume to emitter flow rate, saturated hydraulic conductivity of the 

soil and volume of water applied. They computed empirical coefficients 

for these equations based on laboratory tests and on solutions of the two-

dimensional flow equation presented by Bresler (1978). Schwartzman 

and Zur (1986) have shown that the ratio of the width of the depth of the 

wetted soil volume would tend to decrease with an increase in the 

hydraulic conductivity of the soil. An increase in the depth of applied 

water would also decrease the width to-depth ratio; this is especially 

significant in light textured soils. In addition, an increase in emitter flow 

rate would increase the width-to-depth ratio with a more pronounced 

effect in medium-to-heavy textured soils. They proposed a procedure for 

selecting emitter spacing and emitter flow rate in order to obtain a 

desired geometry of the wetted soil volume. Amir and Dag (1993) 

published field data on the width and depth dimensions of wetted soil 

volumes under trickle source and reported good agreement with the 

empirical model presented by Schwartzman and Zur (1986). They stated 

that wetted soil volume can be controlled by emitter flow rate and 

spacing and amount of water applied. This fact creates an ideal situation 

for using an inverse approach to the design process. The inverse 

approach would start by estimating the magnitude of a desired wetted soil 

volume, then compute a number of possibilities of its width-depth 

relations and only then select possible combinations of emitter spacing 

and emitter flow rate to satisfy the possible width-depth combinations. 

The final step could then be the selection of an optimal combination of 

emitter flow rate and emitter spacing for the given field situation. 

Previous studies on water infiltration into soils under a point-source dealt 

mainly with the soil moisture content or wetting front advance pattern 

during or just after the termination of the irrigation process (Brandt et al., 
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1971; Ben- Asher et al., 1978; Schwartzman and Zur, 1986; Ben-Asher et 

al., 1993; Zur, 1996: Wu et al., 1999; Elmaloglou and Malamos; 2006). 

In contrast, a few studies dealt with the wetted pattern when soil moisture 

content redistributed around field capacity point as interrelated to 

irrigation scheduling (Fernandez and. Simmonds, 2006; Elmaloglou and 

Diamantopoulos, 2007). 

The objectives of the present work are to define wetted soil volume under 

trickle irrigation directly after irrigation and redistribution and select 

appropriate flow rate based on soil type. One goal of the study is to 

determine irrigation duration and interval proposing different plant root 

zones. 

MATERIALS AND METHODS 

Field experimental work was conducted in Agriculture College, Menofia 

University, Egypt which clay soil was located. Sand and loam soils were 

previously moved from Behera Governerate to college farm at Shibin El 

Kom. The average values of particle size distribution, bulk density, and 

saturated hydraulic conductivity for the selected soil types are presented 

in Table 1. Soil infiltration was measured using double-ring infiltrometer. 

Saturated hydraulic conductivity was considered as final infiltration rate 

for each soil type.  

The soil wetting patterns included maximum depth (z) and maximum 

width (d), surface width (ds), and depth between maximum and surface 

widths (h) of wetted zone were observed for different emitter flow rates 

of 2, 4, 8, 16, and 24 liter/h after 6, 3, 1.5, 0.75, and 0.5 h operating 

duration of emitter, respectively. Moreover, 24 liter/h flow rate was 

studied for operating durations of 0.5, 1, and 1.5 h on sand soil. The 

wetting pattern was measured by digging soil pits across the wetted 

length on the surface. It was confirmed by tracking soil moisture content 

measurements. The horizontal and vertical wetting distances on wetted 

face of pit were recorded in a grid form for each emitter flow rate and 

operating duration of emitter. 
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 Table 1: Physical properties of soil types, bulk density, and conductivity. 

Soil 

type 

Particles size distribution 

 (%) 

Volumetric water content at  

(%)
* 

Bulk 

density
 

g m
-3 

ks 

 

mm h
-1 

Sand Silt Clay PWP
 

FC
 

SP
 

Sand 86.7 7.8 5.5 3.6 11.8 26.4 1.57 252 

Loam 61.3 23.1 15.6 10.4 21.8 34.6 1.42 126 

Clay 17.79 31.14 51.07 21.5 42.3 65.7 1.28 32 

*
PWP, permanent wilting point; FC, field capacity; SP, saturation point; ks, saturated 

hydraulic conductivity. 

Since soil moisture dielectric sensors could be affected by soil texture, 

bulk density and the soil properties, also measurements require an in situ 

calibration because they are in the sphere of the influence of the 

dielectric sensor; soil samples were taken by delicate auger each 10 cm 

of horizontal and vertical distances in soil wetting volume. Soil moisture 

content measurements before irrigation, just after irrigation, and after 

soil-water redistribution were radially measured around selected emitters. 

Soil surface just after irrigation was covered with plastic sheets to be 

protected from evaporation until taking samples after irrigation 

redistribution (24 h). 

Squash, corn, and grape crops were selected to express three different 

irrigation schedule depths as 0.6, 1.0, and 2.0 m for each soil type and 

full vegetative growth, respectively. Irrigation duration and interval were 

determined based on wetted soil depth after irrigation redistribution 

which was not greater than the root zone depth. Projected area as 

recommended was 0.5×0.5 m for squash, 0.25×0.6 m for corn, and 2×2.5 

m for grape. In summer season, a 6 mm of peak daily crop water use for 

the selecting crops was regionally recommended according to Amer 

(2010). For a given plant root zone, an emitter was used for each squash 

plant and for two corn plants. Emitters were installed 0.5 m along lateral 

for squash and corn crops. For given emitter flow rate and full-vegetative 

of grape tree, four emitters where each emitter set 0.2 m apart from the 

grape tree on perpendicular directions were projected for each grape tree.  

For a given projected crop area, peak daily crop water use (PET) was 
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determined as 1.5, 0.9, and 30 liter/day for each squash plant, corn plant, 

and grape tree, respectively.  

The volume of the wetted soil under a point source could be described as 

a vertical truncated ellipsoid with horizontal circular area directly after 

irrigation, Fig. 1. The volume (V in m
3
) of a truncated ellipsoid was 

developed in this work using integration methods as follows: 

 )1(
126
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where d is the maximal width occurring at a depth h below the soil 

surface (m), ds is the width occurring at the soil surface (m), and z is the 

vertical extent of this volume (m).  

Equations 2 and 3 express the relationship of wetted soil depth and width 

to emitter flow rates directly after irrigation (Schwartzman and Zur 1986) 

as follows: 
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where Vw is volume of water applied to the soil (m
3
), ks is saturated 

hydraulic conductivity of the soil (m s
-1

), and q is point source flow rate 

(m
3
 s

-1
). 

After soil-water redistribution, wetted soil volume was vertically 

extended by  length due to gravitational effect; but, it was 

insignificantly changed in horizontal directions as shown in Fig. 1. 

Therefore, the length  was developed in this work in the following 

equation: 

 )4(
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where, θf, θfc, and θi are, respectively, volumetric soil moisture content 

just after irrigation, at field capacity, and before irrigation.  

Irrigation duration (t) was derived by setting Vw = q t in Eq. 2; therefore, 

t in second was found as a function of z, q, and ks as follows: 

 )5(22.0 72.029.059.1  skqzt  
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Irrigation interval (I in day) that should be applied was determined as 

follows: 

 )6(
ETK

tqn
I

c

  

where ET is crop water use (liter/day), Kc is crop coefficient which  

equals unity in full vegetative growing stage, and n is emitters number.  

Wetted soil depth after soil-water redistribution (z+) should not exceed 

more than crop root zone depth. Therefore, z and  should be managed 

from Eq. (4) and crop root zone. Because irrigation interval should be 

integral number, adjusted irrigation operating time (ti) was determined to 

match the integrity of interval and number of emitters per plant.  

 

 

Linear regression was used to test the agreement between two variables, 

x and y. Here, the regression was analyzed where the best fitting line was 

forced through the origin (zero intercept, y = b x) and getting their 

original coefficient of determination (r
2
). According to Singh et al. 

(2006), coefficient of efficiency (E) which shows the closeness between 

two variables y and x was determined as follows:  
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Fig. 1. Schematic of 

wetted soil volume 

after irrigation and 

redistribution. 
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where x and y are the observed and predicted values, respectively, and 

x is the mean of measured values. 

According to Singh et al. (2006), root mean square error (RMSE) was 

estimated as follows: 

 )8(
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where n is the number of observations. 

RESULTS AND DISCUSSION 

Wetted soil patterns as influenced by different emitter flow rates (q) with 

constant amount of water applied (12 liter) were experimentally found in 

clay soil as presented in Fig. 2. Consequently, operating emitter time (t) 

was 6, 3, 1.5, 0.75, and 0.5 h for 2, 4, 8, 16, and 24 l/h emitter flow rate, 

respectively. Surface wetted soil width (ds) was 0.33, 0.41, 0.50, 0.54, 

and 0.64 m, respectively. Maximum wetted soil width (d) was 0.42, 0.48, 

0.54, 0.60, and 0.67 m, respectively. Wetted soil depth (z) was 0.52, 0.40, 

0.32, 0.24, and 0.21 m, respectively. For given water applied amount, 

results showed that irrigation duration and wetted soil depth values 

significantly increased as emitter flow rate decreased; nevertheless, ds 

and d decreased. These results were also presented in Table 2 for clay 

soil. Initial soil moisture contents of 0.318 m
3
 m

-3 
was found in the 

beginning of the irrigation for all considered clay sites. At the end of the 

irrigation, final moisture contents were measured as 0.516, 0.529, 0.537, 

0.551, and 0.594 under 2, 4, 8, 16, and 24 liter/h emitter flow rate, 

respectively. It seemed that the higher the flow rate of emitter the higher 

the final moisture content in soil. These results obtained because soil 

water transient from quickly drainable pores under low flow rate was 

higher than that under high flow rate of emitter. Moreover, irrigation 

duration (t) was also higher for low flow rate of emitter compared with 

that of high flow rate in which all had the same amount of water applied; 

therefore, some water leaching from the upper soil surface during 

irrigation duration. 
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Wetted soil patterns front as influenced by different soil types under 8 

liter/h flow rate of emitter with 1.5 h operating time were presented in 

Fig. 3. Surface wetted soil width (ds) was 0.49, 0.44, and 0.36 m for clay, 

loam, and sand soils, respectively. Maximum wetted soil width (d) was 

0.54, 0.49, and 0.42 m, respectively. Wetted soil depth (z) was 0.32, 0.54, 

and 0.75 m, respectively. For given flow rate of emitter and water applied 

volume, results showed that z values significantly increased as soil 

infiltration increased; but, ds and d decreased. Field saturated hydraulic 

conductivity (ks) was found using infiltrometer as 32, 126, and 252 mm 

h
-1

 for clay, loam, and sand soils, respectively. Using 8 liter/h flow rate 

with 1.5 h operating time of emitter, water transient was fast achieved 

with soil that had light texture and high final infiltration rate.  Initial soil 

moisture content was 0.318, 0.142, and 0.05 m
3
 m

-3
 for clay, loam, and 

sand soils, respectively, as presented in Table 2. But, final soil moisture 

content was 0.537, 0.323, and 0.222 m
3
 m

-3
, respectively.  

 

 

 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

Initial soil moisture content  

was 0.318 m3 m-3 

35 - 30 - 25 - 20 - 15 - 10 - 5 0 5 10 15 20 25 30 35 
S

o
il

 d
ep

th
 (

cm
) 

 
Distance from emitter (cm) 

Fig. 2. Wetting patterns front under different emitter flow rates with 12 liter water 

amount in clay soil. 

q = 24 l/h  

q =16 l/h  

q=8 l/h  

q=4 l/h  

q=2 l/h  



IRRIGATION AND DRAINAGE 

 The 17
th

. Annual Conference of the Misr Society of Ag. Eng., 28 October, 2010 - 1171 - 

 
Wetted soil patterns front as affected by different operating durations of 

emitter under 24 liter/h flow rate in sand soil were presented in Fig. 4. 

Emitter operating duration (t) of 0.5, 1.0, and 1.5 h achieved 0.50, 0.53, 

and 0.60 m maximum wetted soil width (d) and 0.50, 0.70, and 0.90 m 

wetted soil depth (z), respectively. For given emitter flow rate and sand 

soil type, results showed that wetted soil width and depth were increased 

as operating time of emitter increased, suggesting that rising water 

volume applied needed to store in larger wetted soil volume.  

The individual effects of different emitter flow rates and soil types on 

wetted soil widths, depths, and moisture contents after irrigation and its 

redistribution were presented in Table 2. By applying 12 liter water 

volume, operating duration of emitter (t) as well as vertical water 

movements (z, z+, and h) increased as flow rate of emitter (q) 

decreased. However, horizontal water movements (ds and d) decreased as 

q decreased. Initial soil moisture content was 0.318, 0.142, and 0.05 m
3
 

m
-3

 for clay, loam, and sand soils, respectively. Final soil moisture 

content after irrigation increased from 0.516 to 0.594 m
3
 m

-3
 in clay soil, 

from 0.294 to 0.338 m
3
 m

-3
 in loam soil, and from 0.195 to 0.238 m

3
 m

-3
 

in sand soil as q increased from 2 to 24 liter/h, respectively. Nevertheless, 

final soil moisture content after soil-water redistribution was 
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Fig. 3. Wetting patterns front under different soil types with 

8 liter/h flow rate of emitter with 1.5 h operating time. 
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insignificantly changed in all soil types and reserved around field 

capacity point for each soil type as shown in Table 2. Final soil moisture 

contents after irrigation and soil-water redistribution for each emitter 

flow rate were used to figure out hereafter irrigation duration and 

interval. For a given flow rate of emitter, results in Table 2 showed that 

horizontal water movements were greater in clay soil followed by loam, 

and then sand; however, vertical water movements were greater in sand 

soil which had the higher water intake compared with loam and clay 

soils.  

 
  

The predicted values of wetted depth and width which represented y 

values (obtained from Eqs. 2, 3, and 4) were compared with those 

obtained through field experiments in which represented x values (Table 

2) conducted under clay, loam, and sand soils. Linear regression 

equations were found as y=1.044x with r
2
=0.98 and y=0.978x with 

r
2
=0.97 for wetted soil width and depth after irrigation, respectively. It 

was y=0.962x with r
2
=0.95 for wetted depth (z+) after soil-water 

redistribution. Statistical analysis revealed that there was no significant 
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Fig. 4. Wetting patterns front under different operating times 

of emitter with 24 liter/h flow rate of emitter in sand soil. 
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difference between predicted (y) and observed (x) values of wetted soil 

width and depth. The effect of flow rate, soil type and duration of water 

application on wetted width and depth were almost similar for predicted 

and observed values. Predictability of model was expressed in terms of 

model efficiency (E) which was 0.97 and 0.943 with root mean square 

error (RMSE) as 0.05 and 0.02 m, respectively, for prediction of wetted 

width and depth, respectively. Predictions of the wetted soil extended 

depth () after soil-water redistribution calculated with Eq. (4) were 

found to be in good agreement with the observed data. E and RMSE 

were, respectively, found as 98% and 0.73 m for predicting extended 

wetted soil depth after soil-water redistribution (). 

Table 2. Measured parameters after irrigation and soil-water redistribution for 12 

liter water volume.
†
 

Soil 

type 

θi  

(m3 m-3) 

q 

(l/h) 

t 

(h) 

ds 

(m) 

d 

(m) 

h 

(m) 

Wetted 

depths (m) 

Final soil moisture 

content after 

 (m3 m-3) 

z z+ IR IRR 

  

  

Clay 

 

  

  

0.318 

 

 

 

2 6 0.37 0.44 0.19 0.55 0.90 0.516 0.427 

4 3 0.45 0.5 0.12 0.4 0.75 0.529 0.429 

8 1.5 0.52 0.56 0.08 0.31 0.60 0.537 0.431 

16 0.75 0.59 0.64 0.06 0.22 0.50 0.551 0.432 

24 0.5 0.6 0.65 0.05 0.18 0.45 0.594 0.432 

  

  

Loam 

 

  

  

0.142 

 

 

 

2 6 0.33 0.35 0.27 1.1 1.80 0.295 0.214 

4 3 0.36 0.4 0.22 0.75 1.50 0.313 0.217 

8 1.5 0.41 0.45 0.16 0.55 1.30 0.323 0.217 

16 0.75 0.46 0.5 0.11 0.45 1.00 0.327 0.218 

24 0.5 0.52 0.55 0.09 0.35 0.90 0.338 0.218 

  

  

Sand 

 

  

  

0.05 

 

 

 

2 6 0.3 0.32 0.32 1.4 > 2 0.195 0.114 

4 3 0.32 0.35 0.28 1.0 > 2 0.218 0.116 

8 1.5 0.37 0.4 0.2 0.75 > 2 0.222 0.118 

16 0.75 0.42 0.45 0.15 0.56 1.53 0.232 0.118 

24 0.5 0.45 0.5 0.11 0.5 1.28 0.238 0.12 
†
q is emitter flow rate, t is operating time, ds is surface wetted width, d is maximum 

wetted width occurring at a depth h below the soil surface, z and (z+) are wetted soil 

depths after irrigation (IR) and after soil-water redistribution (IRR), respectively. 

Irrigation scheduling parameters determined for squash, corn, and grape 

were presented in Table 3. For a given soil type, root zone (z+) as a 

constraint parameter for squash, corn, and grape was 0.6, 1.0, and 2.0 m, 

respectively. By using Eq. 4, extended wetted soil depth ( after IRR) 
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after soil-water redistribution was firstly determined. Secondly, wetted 

soil depth (z) after irrigation was determined by subtracting the extended 

length () from crop root zone depth (z+). Therefore, irrigation duration 

(t in Eq. 5) as well as irrigation interval (I in Eq. 6) was determined based 

on each soil type and crop. For a given soil type, irrigation interval 

increased as crop root zone increased. Results concluded that the greater 

the root zone the greater the stored water. Therefore, irrigation duration 

increased as root zone increased. For given root zone and emitter flow 

rate, irrigation interval firstly increased with high storage capacity of soil 

which was clay followed by loam, and then sand. For a clay soil, emitters 

with 2 and 4 liter/h were recommended because they achieved 3.90 and 

5.81 d irrigation interval for squash, 7.33 and 10.85 d for corn, and 5.30 

and 7.84 d for grape, respectively. For a loam soil, emitters with 8 and 16 

liter/h which achieved 1.97 and 3.11 d irrigation interval for squash, 3.70 

and 5.81 d for corn, and 2.68 and 4.24 d for grape, respectively, were 

recommended.  

Table 3. Developed wetted soil depth, operating time of emitter, and irrigation 

interval based on squash, corn, and grape root zones in three different soil types.
†
 

Crop root 

zone 

(z+) 

Flow 

rate 

(l/h) 

Clay soil Loam soil Sand soil 

z 

(m) 

t  

(h) 

I  

(d) 

z 

(m) 

t  

(h) 

I  

(d) 

z 

(m) 

t  

(h) 

I  

(d) 

  

Squash   

(0.6 m) 

  

  

2 0.35 2.93 3.90 0.27 0.72 0.96 0.25 0.40 0.53 

4 0.33 2.18 5.81 0.24 0.50 1.34 0.22 0.26 0.68 

8 0.31 1.65 8.81 0.23 0.37 1.97 0.21 0.20 1.07 

16 0.30 1.25 13.32 0.22 0.29 3.11 0.20 0.15 1.59 

24 0.25 0.83 13.31 0.21 0.24 3.77 0.19 0.12 2.00 

  

Corn  

(1.0 m) 

  

  

2 0.58 6.60 7.33 0.45 1.64 1.82 0.42 0.89 0.99 

4 0.54 4.88 10.85 0.40 1.12 2.48 0.36 0.57 1.27 

8 0.52 3.76 16.71 0.38 0.83 3.70 0.35 0.45 2.02 

16 0.49 2.80 24.88 0.37 0.65 5.81 0.33 0.34 3.00 

24 0.42 1.91 25.47 0.35 0.53 7.08 0.30 0.26 3.44 

Grape 

(2.0 m)  

 

  

2 1.15 19.86 5.30 0.89 4.92 1.31 0.83 2.66 0.71 

4 1.08 14.70 7.84 0.80 3.37 1.80 0.72 1.73 0.92 

8 1.04 11.32 12.08 0.75 2.51 2.68 0.70 1.35 1.44 

16 0.98 8.42 17.97 0.74 1.99 4.24 0.66 1.02 2.17 

24 0.83 5.70 18.23 0.70 1.62 5.17 0.64 0.86 2.74 
†
z is wetted soil depth, t is operating time of emitter, and I is irrigation interval. 
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Table 4. Revised wetted soil depths and operating time of emitter based on the 

integral irrigation interval in three different soil types. 
 

Flow 

rate 

(l/h) 

Clay soil Loam soil Sand soil 

Crop z 

(m) 

z+ 

(m) 

ti 

(h) 

I 

(d) 

z 

(m) 

z+ 

(m) 

ti 

(h) 

I 

(d) 

z 

(m) 

z+ 

(m) 

ti 

(h) 

I 

(d) 

 

 

Squash 

2 0.29 0.51 2.25 3 -- -- -- -- -- -- -- -- 

4 0.30 0.55 1.88 5 0.20 0.50 0.38 1 -- -- -- -- 

8 0.29 0.56 1.50 8 0.23 0.60 0.38 2 0.20 0.57 0.19 1 

16 0.29 0.59 1.22 13 0.21 0.58 0.28 3 0.15 0.44 0.09 1 

24 0.24 0.59 0.81 13 0.18 0.51 0.19 3 0.19 0.59 0.13 2 

 

 

Corn 

2 0.56 0.98 6.30 7 0.31 0.69 0.90 1 0.42 1.01 0.90 1 

4 0.52 0.95 4.50 10 0.35 0.87 0.90 2 0.31 0.86 0.45 1 

8 0.51 0.97 3.60 16 0.33 0.87 0.68 3 0.35 0.99 0.45 2 

16 0.48 0.98 2.70 24 0.33 0.90 0.56 5 0.33 0.99 0.34 3 

24 0.41 0.99 1.88 25 0.34 0.98 0.53 7 0.27 0.85 0.23 3 

 

 

Grape 

2 1.12 1.94 18.75 5 0.75 1.69 3.75 1 -- -- -- -- 

4 1.01 1.87 13.13 7 0.55 1.38 1.88 1 -- -- -- -- 

8 1.04 2.00 11.25 12 0.62 1.66 1.88 2 0.55 1.58 0.94 1 

16 0.95 1.94 7.97 17 0.71 1.92 1.88 4 0.62 1.89 0.94 2 

24 0.82 1.98 5.63 18 0.68 1.95 1.56 5 0.52 1.63 0.63 2 
†
z and (z+) are wetted soil depths after irrigation and redistribution, respectively, ti is adjusted 

operating duration of emitter, and I is irrigation interval. 

For a sand soil, emitters with 16 and 24 liter/h which achieved 1.59 and 

2.00 d irrigation interval for squash, 3.00 and 3.44 d for corn, and 2.17 

and 2.74 d for grape, respectively, were recommended. The decimal 

values of irrigation interval were revised to integral numbers as presented 

in Table 4; therefore, revised wetted soil depths and operating durations of 

emitter were found for purpose of irrigation scheduling in the three 

different soil types and crops. Thus, these techniques of irrigation 

scheduling could only prevent the deep percolation beyond crop root 

zone in irrigation uniformity condition. But in non-uniformity condition 

of irrigation, it should be utilized based on irrigation system design. 

For clay soil, moisture content contours after irrigation and soil-water 

redistribution were drawn under recommended 4 liter/h flow rate, 3 h 

operating duration of emitter, and 0.318 m
3
 m

-3
 initial soil moisture 

content as presented in Figs. (5a) and (5b). Figure (5a) showed that 

volumetric soil water content just after irrigation ranged from 55 to 53% 

was concentrated in the upper 7 cm soil depth where presented the water 
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bulb point. Soil moisture content distributed from 55-47% in the upper 

20 cm of the soil surface. It reached 32% at 40 cm soil depth where 

vertical water advance was terminated. Average moisture content of 

wetted soil after irrigation was recorded as 52.9% in Table 2. Wetted soil 

volume after irrigation (0.08 m
3
) was left for 48 h; then, soil moisture 

content was measured and contoured as shown in Fig. (5b). It seemed 

that water was moved from drainable pores (macro-pores) in the upper 40 

cm of clay soil to fill water holding pores  (medium and micro pores) 

below in the next forty centimeters. Figure (5b) showed volumetric soil 

moisture content was distributed from 42 to 43% and placed in the upper 

50 cm of the soil surface. It decreased from 42 to 34% when soil depth 

increased from 50 to 80 cm, respectively. Wetted area volume after soil-

water redistribution was 0.2 m
3
 with 42.9% final soil moisture content. 

Wetted soil volume shape occurred under 4 liter/h trickle source shown 

in Fig. (5b) was used to be revised by changing operating duration of 

emitter to be 1.88 and 4.50, and 13.13 h for squash, corn, and grape, 

respectively. So, water losses beyond root zone could be prevented by 

selecting the integral interval as shown in Table 4. 

 

 
 

 

 

Fig. 5. Wetted patterns under 

          4 liter/h flow rate and 3 h 

          operating time of emitter  

          for clay soil. 
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For loam soil, volumetric soil moisture content under 16 liter/h flow rate, 

0.75 h operating time of emitter, and 0.142 m
3
 m

-3
 initial soil moisture 

content was contoured just after irrigation as shown in Fig. (6a), it was 

after soil-water redistribution in Fig. (6b). Figure (6a) showed moisture 

content decreased from 34 to 30% in the upper 25 cm from the soil. It 

reached 20% at the upper 50 cm from soil depth where wetted soil was 

ended. After soil-water redistribution, figure (6b) showed moisture 

content was around 20% in the upper 70 cm from soil depth and ended to 

16% at 110 cm soil depth. Average volumetric soil moisture was 0.327 

and 0.210 m
3
 m

-3
 after irrigation and soil-water redistribution, 

respectively, for 0.124 and 0.416 m
3
 wetted soil volume. After soil-water 

redistribution, drainable water moved from the upper 50 cm from soil 

depth to fill fine holding pores (medium and micro pores) in the beneath 

60 cm of soil depth. Wetted soil depth under 16 liter/h shown in Fig. (6b) 

was, respectively, revised to be as 0.58, 0.90, and 1.92 m to suit squash, 

corn, and grape irrigation scheduling as shown in Table 4. 

 
 

 

 

 

Fig. 6. Wetted patterns under 16 l/h 

flow rate and 0.75 h operating 

time of emitter for loam soil. 
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Fig. 7. Wetted patterns under 24 l/h 

flow rate and 0.5 h operating 

time of emitter for sand soil. 

 

 

For sand soil, volumetric soil moisture content under recommended 24 

liter/h flow rate, 0.5 h irrigation duration, and 0.05 m
3
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moisture content was contoured just after irrigation as shown in Fig. (7a), 

it was after soil-water redistribution in Fig. (7b). Figure (7a) showed 

moisture content decreased from 26 to 22% in the upper 35 cm of soil. It 

reached 16% at 50 cm soil depth where wetted soil was ended. After soil-

water redistribution, figure (7b) showed that soil moisture content was 

around 11% in the upper 80 cm soil depth and ended to 6% at 130 cm 

soil depth. Average volumetric soil moisture under 24 liter/h trickle 

source and 0.5 h operating time was 0.238 and 0.10 m
3
 m

-3
 after 

irrigation and soil-water redistribution, respectively, for 0.124 and 0.364 

m
3
 wetted soil volume. After soil-water redistribution, drainable water 

moved from the upper 50 cm soil depth to fill holding pores (medium and 

micro pores) in the beneath 80 cm soil depth. Wetted soil depth under 24 
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liter/h trickle source shown in Fig. (7b) was, respectively, revised to be as 

0.51, 0.98, and 1.95 m to suit squash, corn, and grape irrigation 

scheduling. 

CONCLUSION 

The research aims to study the wetted soil volume as affected by soil 

type, flow rate, and operating duration of emitter and how to reconcile 

the performance of emitter to adjust the shape of wetted soil just after 

irrigation to make the wetted soil depth after soil-water redistribution is 

less than the depth of the root zone, thus preserve the water district only 

in root zone.  

Experiments were conducted on three types of soil which were clay, 

loam, and sand with initial soil moisture content as 0.318, 0.142, and 

0.05 m
3
 m

-3
, respectively. Wetted soil and moisture distribution have 

been identified under different emitter flow rates as 2, 4, 8, 16, and 24 

liter/h with irrigation duration as 6, 3, 1.5, 0.75, 0.5 h, respectively.  

The results of this study demonstrated that trickle irrigation system 

performance could be improved by adjusting wetted soil volume for 

irrigation scheduling to account the differences in soil hydraulic 

properties, trickle flow rate, and irrigation interval. For a given flow rate 

of emitter, the wetted soil depth increased directly after irrigation as 

saturated hydraulic conductivity of soil increased, on the contrary wetted 

soil width decreased. Also given water applied amount and soil type, the 

wetted depth of soil increased, but width decreased as flow rate of emitter 

decreased. The study showed that the depth of wetted soil after soil-water 

redistribution increased almost double the depth just after irrigation or 

less more, but wetted soil width was not increased significantly. A 

mathematical equation was found to predict wetted depth after soil-water 

redistribution. Average soil moisture content of the final size of the 

wetted soil just after irrigation increased from 0.516 to 0.594 m
3
 m

-3
 in 

clay soil, 0.294 to 0.338 m
3
 m

-3
 in loam, and 0.195 to 0.234 m

3
 m

-3
 in 

sand, respectively, as flow rate of emitter increased from 2 to 24 liter/h. 

But, results proved that the final moisture content after soil-water 

redistribution was around the point of field capacity. 

Comparison between calculated and measured values achieved high 

correlation (r
2
 = 0.96) with less error of estimate. Field results were 
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incorporated to schedule squash, corn, and grape crops on basis of the 

recommended of root zone depths as 0.6, 1.0, and 2.0 m, respectively. 

For a given projected crop area, peak daily crop water use was 

determined as 1.5, 0.9, and 30 liter/day for each squash plant, corn plant, 

and grape tree, respectively. Root zone depth was considered as wetted 

soil depth after soil-water redistribution (z+). Therefore, by using the 

characteristics of each soil and trickle system design for each crop with 

its daily water use, irrigation duration (t) and interval (I) on necessary to 

prevent leakage of water beyond the root zone were found. To integer 

irrigation interval to days, operating duration of emitter (t) had been 

modified; therefore, depth of wetted soil just after irrigation and after 

soil-water redistribution were found to ensure that no increase more than 

the root zone. In full vegetative stage, optimal flow rate of 4 liter/h for 

clay soils which achieved irrigation interval as 5, 10, and 7 day, 

respectively, for squash, corn, and grape, 8 liter/h for loam which had 2, 

3, and 2 day irrigation interval, respectively, and 16 liter/h for sand which 

had 1, 3, and 2 day, respectively, as shown in Table 4. 
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 الملخص العربى

 جدولة الريلغرض حجم التربة المبتل تحت مصدر النقاط  عديلت

*
عامر كمال حسنى 

1
أمال الشرقاوى    

2
حسن أحمد صلاح     

2 

حيث يهدف  الري,شكل حجم التربة المبتل من العوامل الأساسية لغرض تصميم وجدولة يعتبر 

 بتغير نوع التربة وتصرف النقاط ومدة تشغيلهالبحث إلى دراسة تأثر شكل حجم التربة المبتل 

ل بحيث لا وافق أداء النقاط لنوع التربة وتحديد مدة تشغيله لضبط شكل حجم التربة المبتوكيفية ت

عن عمق منطقة الجذور, بالتالي تحفظ المياه فقط  تربةلعمق المبتل بعد إعادة توزيع مياه اليزيد ا

   بمنطقة الجذور ولا يحدث تسرب عميق لها خارج نطاقها.

 جامعة المنوفية على ثلاث أنواع من التربة هي طينية –أقيمت التجربة بمزرعة كلية الزراعة 

 ورطوبة في البداية هال حيث كان محتوى )منقولة سابقاَ( لية, رم)منقولة سابقاَ( , طمييه)أصلية(

م 0.05, 0.142, 0.318على التوالي 
3

م 
-3

حجم التربة المبتل وتوزيع  تم تحديد شكلحيث , 

, 3, 6 هيمدة تشغيل مع لتر/س  24, 16, 8, 4, 2 هيرطوبة التربة تحت تصرفات نقاط 

لتر/س لمدة تشغيل  24النقاط دراسة أداء  علاوة على على التوالي. ,ساعة 0.5 ,0.75, 1.5

 ساعة على التربة الرملية. 1.5, 1, 0.5هي 

مع تزايد  بعد الري مباشرة عمق التربة المبتل ازدادأن بثبات تصرف النقاط أوضحت النتائج 

أيضاً بثبات حجم كمية  ,معامل التوصيل الهيدروليكي للتربة, على العكس تناقص عرض الابتلال

تصرف  عمق الابتلال لكن تناقص عرضه بتناقص نوع تربة ازدادلكل لمعطاة من النقاط المياه ا

, أوضحت الدراسة أن عمق التربة المبتل بعد إعادة توزيع مياه الري عند نقطة السعة النقاط

َ إلى ضعف وتم استنتاج معادلة رياضية  العمق بعد الري مباشرة الحقلية لكل تربة تزايد تقريبا

َ  لذلك, على لحجم  النهائي كان متوسط محتوى الرطوبة , العكس لم يتزايد عرض الابتلال معنويا

 0.516حيث تزايد من  نقاطات عالية التصرفأعلى باستخدام  بعد الري مباشرة التربة المبتل

م 0.594 يإل
3

م 
-3

م 0.338إلي  0.294في التربة الطينية ومن  
3

م 
-3

 0.195ومن  هفى الطميي 

م 0.234إلى 
3

م 
-3 

لكن ثبت تقريباَ  ,لتر/ساعة 24إلي  2بزيادة تصرف النقاط من  الرملية في

   .حول نقطة السعة الحقلية مياه التربةمحتوى الرطوبة النهائي بعد إعادة توزيع 

ة عمق الابتلال يبمعلومو تربةللتربة بعد الري مباشرةَ وبعد إعادة توزيع مياه ال الرطوبةمحتوى 

ومقارنة القيم  في إيجاد عمق التربة المبتل بعد إعادة التوزيع ماستخدامه مباشرة تم بعد الري

( َ rالمحسوبة بالحقلية حيث حققت ارتباطا عاليا
2
تم ( مع قلة خطأ القياس, وعلى ذلك 0.95=

الكوسة, الذرة, العنب على أساس أن عمق الجذور الموصى  ري جدولة فياستخدام هذه النتائج 

, وعلى أساس أن هذه المحاصيل تنمو صيفاَ فإن التوالي, على د النضجعن م 2, 1, 0.6 هوبه 

وعلى أساس أن  , بمنطقة شبين الكوم مرحلة النمو الكامل فيمم 6أقصى استهلاك مائي لها هو 

م  0.6×0.25م ونقاط لكل نبات, والذرة يزرع على  0.5×0.5الكوسة تزرع على مسافات 

وذلك لأنواع التربة  م وأربع نقاطات لكل شجرة 2.5×2على ونباتين لكل نقاط, أما العنب يزرع 

تم فرض عمق منطقة الجذور على أنه عمق التربة المبتل  ,الثلاث مع تصرف النقاط الموصى به

                                                           
*

معهد البحوث للهندسة الزراعية . -2المنوفية.         جامعة –قسم الهندسة الزراعية -1  
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(z+بعد إعادة توزيع مياه ال )تربة ( وبالتالي حساب عمق التربة المبتلz ثم إيجاد زمن الري ,)

ما بعد منطقة الجذور, ثم استخدام خواص كل تربة وتصميم لي إفادى تسرب المياه يبحيث اللازم 

شبكة الري بالتنقيط لكل محصول, تم إيجاد الفترة بين الريات, ولكي نجعل الفترة بين الريات 

تم استنتاج عمق التربة المبتل بعد الري تكون أياماَ صحيحة تم تعديل مدة تشغيل النقاط وبالتالي 

كما يراعى الحساب بهذه الطريقة  عدم زيادته عن منطقة الجذوروبعد إعادة توزيعه لضمان 

لتر/س  4كان التصرف الأمثل  للمحاصيل المختلفة وكذلك مراحل نموها واختلاف مواسمها.

على التوالي,في مرحلة النضج يوم,  7, 10, 5للتربة الطينية حيث حقق فترة مابين الريات هى 

يوم فترة بين  2, 3, 2حقق  هييملتر/س للتربة الط 8للكوسة, الذرة, العنب, والتصرف الأمثل 

على يوم,  2, 3, 1لتر/س حقق  16الريات, على التوالي, والتصرف الأمثل للتربة الرملية 

 التوالي.


