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ROSION in ditches and furrows is an important issue associated 

with surface irrigation, in Egypt, representing a serious problem 

in Delta region, where most of land still under furrow irrigation 

system. In this study we describe a new measurment method for 

different soil furrows and ditches profiles. This method includes a new 

designed soil profile meter, digital imaging equipment and image 

tracking & analyses software. Using such modified soil profile meter 

can help to observe and measure changes occur in irrigation channels, 

small ditches and to quantify changes at a specific cross sections 

within soil furrows. Using image processing and tracking system, we 

can trace marked points located in fixed level of meter pins, these 

points have vertical displacements and vary according to existing 

profiles and cross-sectional shape in different locations, which give 

the ability to record the presented form of different profiles. The 

recorded profiles heights for different locations gave perspicuous 

knowledge about the geometry of furrows and ditches shapes before 

and after seasonal irrigation process. The differences in measurements 

for the same location and sites were noted. Designed soil profile meter 

successfully demonstrated changes in profiles pattern due to surface 

irrigation erosion in term of height variations. In shallow and wide 

ditches, the differences in measured heights by soil profile meter after 

and before irrigation ranged from 0 to 11 mm, while in deep ditches, 

differences in heights ranged from 0 to 44 mm. With ridge profiles, 

the measured heights ranged from 0 to 13.88 %. High percentage of 

variation obtained by studying flat top bed furrow changes, the 

maximum percentage was 17.1 % at the beginning of the furrow 

line.This clarifies the ability to track and record erosion effect in 

different furrows and ditches by using soil profile meter as a part of 

used image processing and tracking system. In addition, soil analyses 

were done to interpret the results and to measure the credibility of the 

erosion behavior measurements aquired by the system.  

 

Keywords: Soil profile meter, Surface irrigation, Erosion, Soil 

properties, Ditches, Furrows, Image tracking.  

 

 

Furrow irrigation is one of the oldest methods of surface irrigation, which is 

being used in Egypt for a long time. Improvement in furrow irrigation 
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performance and reduction of soil erosion due to furrow irrigation erosion are 

very important and always connected with the way for measuring furrows and 

ditches profiles. Different studies on furrow irrigation have been carried out to 

reduce water losses and erosion related to furrow irrigation, parameters such as 

furrow stream size, field slope, furrow length, soil type, plant coverage and soil 

density have been studied (Leib et al., 2005, Szögi et al., 2007, Silva, 2006, 

Younts et al., 2003 and Mintesinot et al., 2004).  

 

Each type of tillage tool and ditch creating method generate a characteristic 

oriented roughness and profile pattern which is relatively easy to quantify using 

simple geometric models. Many common techniques for collecting soil surface 

data and the analysis of the respective dataset have been discussed. Pin meters 

are the devices most widely used for their simplicity. They consist in a single 

probe or a row of probes spaced at pre-established intervals and designed to slide 

up or down until the tip just touches the soil surface. Pin positions are recorded 

either electronically or manually (Römkens et al., 1986 and Wagner & Yiming, 

1991). The chief disadvantage to this technique is its destructive impact on the 

soil surface while recording data in the field. Kornecki et al. (2008) designed and 

tested a portable meter under typical field conditions; the tool can measure 

depths up to 500 mm and easily be modified for usage with large ditches. The 

device was successfully employed after rainfall events to assess soil 

erosion/deposition from quarter-drains. 

 

Moreno et al. (2008) conducted study to develop a new method for 

measuring soil surface roughness that would be more reliable by using the 

principle underlying shadow analysis is the direct relationship between soil 

surface roughness and the shadows cast by soil structures under fixed sunlight 

conditions. He showed that shadow analysis yielded results significantly 

correlated to the pin meter findings, but with the advantage that the time invested 

in gathering field data was 12 to 20 times shorter. Another work has been carried 

out by Borselli and Torri (2010) in order to reproduce reliable rough surfaces 

able to maintain stable, un-erodible surfaces to avoid changes of retention 

volume during tests by a set of roughness indices was computed for each surface 

by using roughness profiles measured with a laser profile meter, and roughness is 

well represented by quantiles of the Abbot–Firestone curve.  

 

Material and Methods 

 

Soil profile meter has been developed to determine specific cross sections 

and furrow profiles in ditches and soil, new futures were added to soil meter to 

overcome some existing problems related to error measurement in fields. The 

main concept used with soil meter is to manufacture movable, stable and precise 

device to measure soil profile and ditches cross-sections without deformation, 

designed profile meter came with attached wheels to provide smooth movement 

on ditches side or within soil furrows, this movement ability can be used in field 

during manually recording of data sets or can be replaced with modified one with 
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full control system in case of applying image tracking and processing techniques. 

For more stability and adequate measurement, it was important to provide a 

modified frame and tighten methods for movable parts in the soil profile meter. 

 

Based on above mentioned points, the manufactured soil profile meter 

consisted of a frame holding multiple equally spaced (every 50 mm) stainless-

steel pins (2000 mm long) that can be easily positioned and fully controlled by 

two rows of tie-bolts. Soil profile pins can move freely under gravity or be fully 

controlled at the time we measure sensitive profile surfaces. The pin housing 

consisted of two pairs of parallel aluminium bars with 950 mm length and 850 

mm height, both sides are fixed together and mounted as a frame with 2 pairs of 

double wheel in each side (Fig. 1). The aluminium pins were located between the 

aluminium housing; these bars can be easily modified or replaced with another 

set of different diameter pins. Hydrostatic balance tool was attached to main 

frame to provide sufficient levelling. 

  

      
 

Fig. 1. Trimetric view (a) and photograph (b) of constructed soil profile meter. 

 

Image acquisition and analysis  

The video and pictures for image analysis were taken by a high resolution 

video camera (Sony DCR-HC54E -40x optical zoom/2000x digital zoom), video 

camera was connected to laptop on the site of measurements as shown in Fig. 2. 

There is continuous video recording of soil profile meter in different locations 

and sets of images can be generated by using image tracking and analysis 

software. Practical implementation of video and image processing done by using 

Open CV program as a software library projected with Microsoft Visual C
++

 

2010 Express. Different codes used to simply access, display and trace specified 

marked points within images. The software classes provide C
++

 video recording 

and images capturing from video as first step for the process. 
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Fig. 2. Camera and sets used in experiments. 

 

Tracking soil profile meter  

At the time we need to recode and determine profiles at fixed location, 

manually we can adjust pins in soil profile meter above required position without 

disturbing the profile form. In this case we need only to generate pictures of 

profile meter after and before adjusting its pins, two pictures will be generated 

and enough to make a comparison between them to read and analyze the vertical 

distance of marked points along with profile meter pins. 

 

Profile measurement and differences 

Two locations have been located in two different places, two types of ditches 

and two different furrows after soil preparation were noticed and marked, in each 

location one type of ditch and one type of furrow have been chosen.  Sketching 

of profile geometry was done for each ditch and furrow in three different sites 

along with their length, these sites covered start, middle and end point of their 

length. Data recorded two times after and before running surface irrigation to 

address the change occurred in profiles and the distribution of soil erosion along 

subsections of ditches and furrows. Two common types of ditches were taken as 

ditches profile example, one type is normally made shallow and wide, and the 

other one made by farmers and it is deep and has no sidelong edges. Also, two 

type of soil furrows were profiled, ridges and flat top beds. 

 

Locations of the study sites and analytical data 

The designed profile meter was fabricated in January, 2012 and it used to 

measure different profiles before irrigation processes same year in February and 

again after completing the irrigation season in May, 2012 for fixed marked 

points along with the furrows and ditches. Both site description and analytical 

data have been done before first use of soil profile meter to describe particle size 

distribution, soil chemical analysis, aggregation parameters and hydraulic 

conductivity for each location. Data of description for profiles 1 and 2 showed in 

Table 1. 
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TABLE 1. Profiles description. 

 

Profile  description Location 1 Location 2 

Location Soil Kafr El-Sheikh Univ. Soil Kafr El-Sheikh Univ. 

Elevation 5 m a.s.l. 5 m a.s.l. 

Soil taxonomy Torrifluvents Torrifluvents 

Soil climate Torric, Thermic Torric, Thermic 

Topography Flat Flat 

Slope Nearly level Nearly level 

Land use Vegetated soil Vegetated soil 

Parent material Lacustrine deposits Alluvial deposits 

Effective soil depth Moderately deep Moderately deep 

Drainage Well drained Moderately drained 

Ground water table 1060 mm > 900 mm 

 

Soil physical analysis 

To determine particle size distribution, sodium hexameta phosphate as a 

dispersing agent was used by pipette method (Bandyopadhyay, 2007). For 

aggregate stability parameters, wet sieving technique described by 

Bandyopadhyay (2007) was carried out using a set of sieves having 2.00, 1.00, 

0.5 and 0.25 mm screen opining to determine the aggregate size distribution. 

Water stable aggregates (WSA), aggregation index (AI), optimum size of 

aggregates (Op. size), mean weight diameter (MWD) and structure coefficient 

(SC) were calculated and recorded according to Bandyopadhyay (2007).  

 

Soil color in both wet and dry samples was determined with the aid of 

Munssel color charts (Berms, 2000). 

 

Soil chemical analysis 

In soil paste extract, Na
+
 and K

+
 were estimated, using flame photometer. 

Ca
++

 and Mg
++

 were determined by the versenate (Na-EDTA) method according 

to USDA (2004). CO3
=
 and HCO3

-
 were determined volumetrically (USDA, 

2004), Cl
-
 was determined following Mohr’s method and SO4

=
 was computed 

from the difference between sum of the cations and the anions (USDA, 2004). 

 

Electric conductivity EC was determined conductmetrically in the soil past 

extract (Rowell, 1995). Soil reaction (pH) was determined in the 1: 2.5 

suspensions (Rowell, 1995). Organic matter content was determined using the 

modified walkley and Black methods (USDA, 2004). Calcium carbonate was 

determined using the collin’s calcimeter methods (Rowell, 1995). 
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Results and Discussion 

 

Analysis of soil profile geometry for ditches 

All measurements have been done by soil profile meter presented in terms of 3-

D area charts. For location 1, the geometric shape of shallow and wide ditch in 

three different sites along with its length before and after seasonal surface 

irrigation presented in Fig. 3 a at the beginning of the ditch, site 1, the maximum 

differences in measured height by soil profile meter concentrated in bottom of the 

ditch with 10, 11 and 9 mm, that’s mean there is erosion occurred and affected the 

origin cross-section of the ditch, while in both sides of the ditch the differences in 

measurements after and before surface irrigation were less, 7 and 5 mm were 

maximum changes in readings in both sides after and before surface irrigation. In 

some points, there was decreasing in profile meter reading for the same point after 

and before irrigation, that’s mean more sediment in ditch side, it was low but it was 

measurable, the reason may be due to accumulative of some water residue or mud 

in these points. At the middle of the ditch, same pattern for erosion effect but the 

changes occurred in soil profile meter readings were similar in bottom and sides as 

well. At the end of the ditch, the bottom reading by soil profile meter recorded very 

less change in the center of the ditch and also changes around the center, maybe 

due to slow water streaming at the end of the ditch made the effect of water erosion 

less, the changes recorded in end of the ditch generally were lower than changes 

notices for middle and beginning of the ditch. 

 

For second type of deep ditch that has and has no sidelong edges in location 2, 

changes in side measurements for it were very less due to its special constructed 

shape (Fig. 3b), but there were changes in bottom of the ditch after surface 

irrigation in all ditch sites, the maximum changes in reading obtained in the 

beginning where the differences in soil profile meter measurements were high. The 

values of profile meter differences reached 44, 42 and 34 mm around center point 

at the beginning of the ditch, while maximum difference in profile meter reading 

was 30 and 25 mm for center point at the middle and the end , respectively.  

 
As a comparison between erosion behaviors in above mentioned ditches, the 

changes occurred in the ditch in location number 1 were less and the differences 
in soil profile meter readings were little compared to location 2, that was because 
of water erosion effect was less also in location 1, from locations analytical data 
in Tables 2, 3 and 4 it was clear that clay percentage in location 1 was higher 
than location number 2 (Table 2). Also, organic matter (O.M.) in location 1 was 
higher in all layer compared to the amount of organic matter found in location 2 
(Table 3), for drainage condition, location 1 had better drainage system than 
location 2. In addition, water stable aggregates (WSA), aggregation index (AI), 
optimum size of aggregates (Op. size), mean weight diameter (MWD) and 
structure coefficient (SC) for location 1 were always better location 2 as 
presented in Table 4. All soil physical and chemical characteristics as we saw 
lead to more sustainability for the soil against erosion in location 1 more than 
location 2 and measurements done by soil profile meter cleared that also and 
showed the differences due to erosion in both locations. 
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Fig. 3. Differences in geometric shape between origin and formed ditch after surface 

irrigation for three different locations: (a) shallow and wide ditch in location 2 

(b) deep and has no sidelong edges ditch in location 1. 
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TABLE 2 . Particle size distribution and CaCO3 content. 
 

Depth, mm 

Sand % Silt % Clay % Texture 

Class 

CaCO3 

2-0.02 0.02-0.002 < 0.002 % 

L1 L2 L1 L2 L1 L2 L1 L2 L1 L2 

0-250      for L1 

0-200       for L2 
1.50 1.46 50.02 51.3 48.3 47.2 Silty clay Silty clay 2.2 1.4 

0-250       for L1 

200-750   for L2 
1.70 1.75 69.87 71.82 28.43 26.43 

Silty clay 

loam 

Silty 

loam 
0.6 1.8 

0-250     for L1 

750-900 for L2 
2.03 2.13 69.82 67.72 28.15 30.15 

Silty clay 
loam 

Silty clay 
loam 

0.1 1.8 

 L1: Location 1.       L2: Location 2. 
 

 

TABLE 3. Soil chemical analysis. 
 

Location 
Depth, 

mm 

SP Soluble cation meq/L* Soluble a nine meq/L* pH EC* O.M 

% Ca++ Mg++ Na++ K+ CO--
3 HCO3

- CL- SO4
-- 

1: 2.5 

susp. 

dS/

m 
% 

L1 

0-250 108.6 2.0 2.8 6.4 0.3 1.5 3.2 6.1 0.7 8.05 1.15 1.89 

250-
900 

127.6 2.8 4.6 9.7 0.8 1.5 5.0 9.5 2.7 8.25 1.77 1.5 

900-

1060 
168.2 3.2 4.8 9.6 1.2 1.0 4.8 10.2 2.8 8.15 1.88 0.69 

L2 

0-200 95.87 1.6 2.6 8.2 0.4 1.5 3.5 8.4 0.4 7.78 1.28 1.61 

20-750 98.56 2.8 4.2 14.2 0.8 0.8 4.4 15.6 1.20 7.85 2.20 0.88 

750-

900 
102.75 2.2 4.6 15.4 0.8 0.0 4.5 16.0 2.5 7.78 2.3 0.49 

* Soil extract .                              L1: Location 1.       L2: Location 2. 
 

 

TABLE 4. Aggregation parameters and hydraulic conductivity. 
 

Depth, mm 

WSA % O.P. mm SC MWD AI H.C 

L1 L2 L1 L2 L1 L2 L1 L2 L1 L2 L1 L2 

0-250    for L1 

0-200    for L2 
43.782 41.74 34.641 23.662 0.689 0.716 0.538 0.5628 0.2689 0.2814 1.05 0.46 

0-250     for L1 

200-750 for L2 
40.621 38.857 25.043 19.241 0.684 0.6355 0.299 0.2943 0.1497 0.1472 0.98 0.92 

0-250     for L1 

750-900 for L2 
47.284 46.575 15.262 27.175 0.897 0.8718 1.371 0.5215 0.6856 0.2607 n.d n.d 

L1: Location 1.       L2: Location 2. 
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Analysis of soil erosin for ridge 

For ridge in location 1, after using soil profile meter to measure different ridge 

profile points on the surface, the geometric shapes in Fig. 4a showed that there was 

erosion effect along with ridge length in end, middle and beginning of the furrow. 

The maximum differences in measurements were about 25 mm at the beginning in 

the bottom followed by 22 and 15 mm for the middle and end of the furrow, 

respectively. The differences in readings recorded by the soil profile meter for the 

furrow sides were very less in all furrow sites, and there were six points on ditch 

sides gave same profile meter reading before and after surface irrigation. 

 

      
 
Fig. 4. Differences in geometric shape between origin and formed furrow after 

surface irrigation for three different locations, (a) ridge profile in location 2 

(b) flat top beds in location 1. 
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For flat top bed furrow in location 2, same pattern was observed from data, 

where in the beginning of the furrow line there was maximum difference in 

profile meter reading followed by the middle of the furrow then the line end. 

Major changes done around center points in furrow bottom, but changes in both 

sides of the furrow were less maybe because running water in furrow remain 

only in bottom and don’t cover all side height. 

 

From soil analysis, again we can see that the better soil analysis results for 

location 1 presented in Tables 2, 3 and 4 played an important rule to slightly 

prevent erosion in this location as it was clear from soil profile meter readings. 

  

Conclusion 

 

Using soil profile meter to record different soil profiles is an effective method 

to referee to any changes could happen in soil surface. It was clear that the 

modified soil profile meter gave adequate results to measure different heights for 

different profiles, and this gave us idea about the changes happened in different 

locations related to seasonal surface irrigation in land. Matching between data 

collected by profile meter and expected behavior of erosion according to soil 

physical and chemical analysis increased the credibility of the modified device. 

Using image tracking and analyses technique was very operative method to 

measure soil profiles with minimum disturbance of soil surfaces, which is 

important to achieve a better understanding of the behavior of a soil under 

different conditions. In addition, designed profile meter is very flexible and can 

be used for a wide range to measure different type of furrows, ditches, rills and 

drainage canals. 
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بعاد السطح الخارجي أقياس لستخدام جهاز ُمعدل  طريقة جديدة إل

لري لنتيجة والقنوات للتربة لتعقّب التغيرات التي تحدث في االخاديد 

 السطحي

 
رشاد عزيز حجازي

*
فرحات سعد ُ مغنم و  

**
 

*
قسم الهندسة الزراعية و 

**
امعة ــج –زراعة ـــة الــكلي –قسم األراضى والمياه 

 .مصر  – كفر الشيخ – كفر الشيخ

 

عملية نحر التربة في الخنادق واألخاديد هي قضية هامة تتعلق بالري السطحي في 

ن معظم األراضي ال تزال أحيث  مصر وتعتبر مشكلة خطيرة في منطقة الدلتا،

بعاد السطح أفي هذا البحث تطوير جهاز قياس  تم .تحت نظام الري السطحى

تغير وسع لقياس الأستخدام علي نطاق الئمة لإلكثر مأالخارجي للتربة ليصبح 

. خاديد وقنوات الري بدقة نتيجة الري السطحيالحادث في قطاعات ما بين األ

ختالفات إو الهدف من الدراسة لم يكن ليقتصر علي القياس اليدوي لتحديد شكل

يد شكل ستخدام الجهاز كجزء من مجموعة هدفها تحدإقطاعات التربة ولكن ب

لي إضافة باإل. خصائص التعقب ومعالجة الصورستخدام إلتربة المختلفة بقطاعات ا

ستخدام كاميرا تصوير إم ، تبة بعاد السطح الخارجي للترأالجهاز المعدل لقياس 

ديو عالية الدقة موصلة بجهاز حاسب محمول ومجموعة من البرامج التي تستخدم في

 .في تحليل الصور حسابيا  

 

تلفة ماكن مخأالممثلة لشكل القطاع عند ثالثة  في النقاط تم قياس التغير الحادث

تم . الدراسةو قناه ولكل موقع من موقعي أخدود أتمثل بداية ووسط ونهاية كل 

ثناء تجهيز األرض للزراعة وكذلك بعد أالجهاز فى بداية الموسم الزراعى ستخدام إ

تم عمل . م الزراعى وتم عمل مقارنة بين شكل قطاع التربة فى الحالتينالموس

جراء إكال الموقعين موضع الدراسة قبل  ميائي للتربة فييتحليل فيزيائي وك

 . التجارب لربط وتفسير النتائج المتحصل عليها وتحديد عالقتها بخواص التربة

 

 هن هذألقطاعات كما بعاد اأن هناك تغيرات حدثت في قيم وأاثبتت الدراسة 

يضا أو القناة وأخدود ختالف الموقع الموجود به األإختلفت في قيمها بإالتغيرات 

التغيرات . خدودو األأو نهاية القناة أو وسط أخذ القطاع في بداية أماكن أختالف إب

مم لكل النقاط الُمشكلة  11لي إقطاعات عموما تراوحت ما ببن صفر الحادثة في ال

كثر عمقا أقل عرضا واأل تريضة الضحله بينما في القنواي القنوات العللقطاعات ف

لتربة المشكل في قطاعات ما بين متن ا 44ختالفات ما بين صفر الي تراوحت اإل

لي إمقاسة قبل وبعد الري ما بين صفر ختالفات في القيم الوحت اإلاتر و بالحراثة

قصي أعداد كان عمليات اإل ة فيالُمشكل، بينما في ما بين  المصاطب  ٪ 18.11

اية المصطبة في بد  ٪ 1..1بعاد القطاع أف لنقطة موجودة ضمن نقاط تحديد ختالإ

من تلك الجهاز كجزء و   قبل الري السطحي خالل الموسم همقارنة بما كانت علي

وات كل والتعرية الحادث في القنآستفادة منه في تحديد مقدار التالمنظومة يمكن اإل

يرات التي تحدث علي طول مجري و دراسة التغأتيجة الري السطحي والمصارف ن

عادة تشكل القنوات بعد إحده وبالتالي دراسة الحاجة الي  و قناه عليأخدود أكل 

اء الري نثأمثل للمياة ستخدام األب عليه من اإلنتهاء الموسم الزراعي وما يترتإ

 . السطحي

 


