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ABSTRACT 

 
In a successful irrigated agriculture, developing and maintaining soil layer is a fundamental requirement for 
adjusting moisture, oxygen and appropriate salt needed for plant growth. Water and soil sciences are 
responsible for investigating water behavior in soil, adjusting moisture, air and appropriate soil for plant growth 
in the root. In this regard, potential of soil water, moisture and hydraulic conductivity of soil are the most 
significant physical features of soil which play important role. In most of the hydrological models, hydraulic 
conductivity of soil is essential as the primary input for measurements. In this research, hydraulic conductivity 
of soil saturation is determined using dropper and double cylinder methods in loam sandy, loam silty and loam 
silty-clay soils, and the results of the methods are statistically analyzed. In this research, R2 is calculated as 
0.936, which represents aligned change process of both methods that justify each other. However, it was shown 
that in these soils, saturated hydraulic conductivity coefficients (Ks) of both double cylinder and dropper 
methods are in accordance with each other. However, dropper method can be used with high accuracy in the 
soils studied in this paper. 
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1. INTRODUCTION 

 
To recognize most of the important agricultural and biological processes, it’s necessary to have adequate 

information about soil features. Soil texture, soil structure, specific surface mass, actual specific mass, soil water 
potential, moisture, and hydraulic conductivity of soil are the most significant features of soil. Determining 
velocity of water passing through the soil or hydraulic conductivity coefficient is one of the important factors in 
soil and water studies. Hydraulic conductivity of soil depends on different factors: a) soil type and its permeability 
rate, b) ions of soil and their quantity, c) soil germs, and d) viscosity and the type of fluid entered to the soil [1]. 

There are different methods to evaluate and measure Ks, some of which are in vitro and some are in field. 
The most limitation in in vitro measurements of Ks is the smallness of sample volume that indicates coefficient of 
small amount of soil. To solve this problem, there should possibly be more samples. Therefore, field 
measurements of Ks coefficient are preferred to in vitro measurements [2]. Also, there are different methods for 
field measuring, all of which are based on measuring horizontal or vertical water flow rate. Various methods are 
used in measuring water flow rate under or on the static level of water. In under static level and horizontal flow, 
two methods are more common: sump and piezometric. On the static level, the applied methods include reversed 
sump, sump infusion, and golf penetrometer. In vertical flow, tube or double cylinder methods are used 
(instructions for determining hydraulic conductivity of soil using different methods, planning and management 
organization of the country).  

Since hydraulic conductivity coefficient or dynamic coefficient of soil represents the status of water flow 
rate in soil, it’s necessary to have information about its changes in different places and times to optimize soil and 
water management [3]. Bouma [4] stated that Clap and Horn Berger in 1978 followed Campbell work in 1974 and 
not only improved his work, but used it to estimate coefficient (s) in Philip’s equation in 1957. To test their 
hypothesis, they used moisture curve of about 1600 soil sample in USA and represent their result in a table. 
Talsma and Holman [5] used Dayzerns method in 1934 to measure hydraulic conductivity coefficient of forest 
basins with deep underground water, and considerably reduced test time by changing radius size of sump. 
Reynolds et al. [6] invented a cost-efficient simple Mariot bottle and placed it in the sump, that enables measuring 
hydraulic conductivity profile and Ks in the depth more than 1 meter in short time. Comparing the results of this 
method and other methods, Reynolds et al. [6] approved accuracy of the method. Zhang [7] suggested a method to 
measure hydraulic conductivity of soil, which uses a penetrometer with a small plate that is applicable in 2 cm 
suctions in 1.59 cm radius. In this method cumulative penetration and time should be measured. In their study, 
Cron et al. [8] concluded that hydraulic conductivity of soil depends on viscosity changes and fluid density. Input 
water temperature to soil temperature changes has direct impact on hydraulic conductivity by influencing 
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viscosity (µ) and density (ρ). In a research, Boynton et al. [3] considered due to dependency of hydraulic 
conductivity of soil saturation depends on cation exchange capacity and soil electrolyte density, long term 
irrigation with salty-sodium water decreases stability of aggregate and soil porosity, which leads to hydraulic 
conductivity and soil productivity. Bagarello et al. [9] studied the effect of loop size on measuring hydraulic 
conductivity of saturated soil. A test was done by small loop that contain information to predict hydraulic 
conductivity coefficient, acquired from bigger loops. Skoglund et al. [10], carried some tests on Swedish farm 
lands to investigate relationship between product output and soil structure of farm lands, and to evaluate 
applicability of hydraulic conductivity of soil saturation as a simple and measurable index of product output. 
Based on obtained relative amounts, they observed hydraulic conductivity of soil saturation is a suitable index to 
evaluate the product. In high density and high surface density soils, saturated hydraulic conductivity and product 
output is low. 

This study aims to evaluate and compare double cylinder and dropper methods in measuring hydraulic 
conductivity coefficient of above-mentioned soil textures. 

 
2. MATERIALS AND METHOD 

 
2.1. Geographical situation of the area 
This study is done on three soils with different texture of Tabriz plain, East Azerbaijan province. 

Regarding texture diversity of soil, Shahid Madani Azerbaijan University was selected as the research area. The 
university is located in "19´56 °45  of east and "46 ´48 °37  of north. The main site of university is located in 1 
hectar away from Mamaghan, 4 Km of Azar Shahr and 35 Km of Tabriz. Soil texture diversity of the university is 
because of different agricultural operations of previous owners of the lands. 

To do the research, 3 areas were selected. The first area was arid with no agricultural operations on it. In 
the second area, halophytes was recently implanted by, but no considerable plant growth is observable. The third 
area was completely implanted by grass, pine and ornamental trees. 

 
2.2. Evaluating hydraulic conductivity coefficient of soil 
After determining physical features of soil, double cylinder and dropper methods were used for 

measuring and estimating hydraulic conductivity coefficient. To measure cumulative penetration or permeability 
rate on the field, penetrometer was used. It was made from two cylindrical loops with 30 and 60 cm diameters. 
Loops were steel with 2 mm thickness. First, the small loop was placed on the ground and stubbed to about 5-10 
cm of the soil. Then, bigger loop was placed on the ground concentric with smaller loop. The place of bigger loop 
stubbed was covered by clay to prevent water leakage. 

In the small and big loops water was poured up to the specified height. Adding water to the small loop 
was in a way that water depth inside it was 7-12 cm space away from its edge which let the water to penetrate the 
soil. To prevent destruction of soil texture and pores obstacle by soil aggregates, a plastic cover was placed inside 
the small loop before adding water. After preparing for measurement, the plastic was suddenly drawn out of the 
water. Results of the method in under study soils are represented in tables 1-3. 
 

Table 1. Results of double cylinder methods in loam sandy soil 
t (hr) h (mm) f (mm/hr) 

0 ∞ ∞ 
0.17 65 382.35 
0.34 25 147.06 
0.5 20 117.65 

0.67 20 117.65 
0.84 20 117.65 

1 20 117.65 
24 35 205.88 

24.17 20 117.65 
24.34 20 117.65 
24.5 18 105.88 
24.67 20 117.65 
24.84 20 117.65 

48 19 117.77 
48.17 20 117.65 
48.34 20 117.65 
48.5 20 117.65 
48.67   
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Table 2. Results of double cylinder methods in loam silty soil 

t (hr) h1(mm) q1(mm/hr) h2(mm) q2(mm/hr) 

0 ∞ ∞ ∞ ∞ 
0.17 20 117.65 25 147.06 

0.34 10 58.82 20 117.65 

0.5 10 58.82 15 88.24 
0.67 9 52.94 15 88.24 

0.84 9 52.94 9 52.94 

1 12 70.59 9 52.94 
24 9 52.94 9 52.94 

24.17 7 41.2 15 88.24 
24.34 7 41.2 10 58.82 

24.50 7 41.2 8 47.06 

24.67 10 58.82 8 47.06 
24.84 9 52.94 8 47.06 

48 6 35.3 8 47.06 

48.17 7 41.2 10 58.82 
48.34 7 41.2 8 47.06 

48.50 7 41.2 8 47.06 

48.68 7 41.2 8 47.06 

48.84     
 

Table 3. Results of double cylinder methods in loam silty-clay soil 
t (hr) h1(mm) q1(mm/hr) h2(mm) q2(mm/hr) 

0 ∞ ∞ ∞ ∞ 
0.17 65 352.94 45 264.71 

0.34 45 264.7 40 235.3 

0.5 50 294.12 35 205.88 
0.67 40 235.3 30 176.47 

0.84 20 117.65 30 176.47 

1 30 176.47 30 176.47 
24 30 176.47 30 176.47 

24.17 35 205.88 25 147.06 
24.34 30 176.47 25 147.06 

24.5 30 176.47 25 147.06 

24.67 32 188.23 25 147.06 
24.84 30 176.47 25 147.06 

48 40 235.3 25 147.06 

48.17 30 176.47 25 147.06 
48.34 30 176.47 25 147.06 

48.5 30 176.47 25 147.06 

48.67 30 176.47 25 147.06 

48.84     
 

 
 
 
 

Figure 1. Double loops to measure  
hydraulic conductivity coefficient 
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2.3. Evaluating hydraulic conductivity using dropper method 
This test was done on dry soil, therefore, instead of air entrance suction, water suction was replaced. 
To do the test, a water reservoir was used with an air inlet and a water outlet. The reservoir was located 

in a flat land of 0.8×0.8 m2, and the discharge was determined by a scaled cylinder. After creating flow with 
specified discharge, diameter of saturated area was measured. 

The measurements started exactly after initiation of the flow, and continued until the cycle of saturated 
area reach a stable amount; which was acquired after about 15 minutes or less. Average diameter of saturated area 
was determined by measuring real diameter in different levels and in four directions. The area has usually a 
splendid surface and was recognizable by moisture front. 

 

 
Figure 2. Assessing boundary of saturated and unsaturated area in dropper method 

 
Measuring moisture front diameter of saturated area was done in varius times when the saturated area 

reached a stable amount and continued until the diameter was fixed. After fixing radial of saturated cycle, rs was 
calculated for each specific discharge. The following formula was used to calculate flow rate of q,. 

푞 =      1 
After calculating q, Ks and α were measured by correlation between q and 1/rs. 

푞 = 	퐾 + 	
∝

. 1/푟    2 
At the end of measurement, the quantity of water in saturated area of Өs was evaluated. Moisture percent 

was measured in weight. Results of the dropper method are represented in tables 4-6. 
 

Table 4. Results of dropper methods in loam sandy soil 
q(cm/min) 1/rs(1/cm) rs(cm) ds(cm) Q (cm/min) 

0.63 0.44 2.25 4.5 10 
0.53 0.33 3 6 15 
0.54 0.31 3.25 6.5 18 
0.52 0.29 3.5 7 20 

0.521 0.27 3.75 7.5 23 
0.395 0.21 4.75 9.5 28 
0.264 0.154 6.5 13 35 

 
 

 
Figure 3. Linear correlation between q and 1/rs in loam sandy soil 

 
According to figure 3, hydraulic conductivity coefficient of soil is 0.143 cm/min. 
According to figure 4, hydraulic conductivity coefficient of soil saturation is 0.143 cm/min 

y = 1.1986x + 0.1432
R² = 0.8612

q 
(c

m
/m

in
)

1/rs (1/cm)
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According to figure 5, hydraulic conductivity coefficient of soil saturation is 0.143 cm/min. 
 

Table 5. Results of dropper methods in loam silty soil 
q(cm/min) 1/rs(1/cm) rs(cm) ds(cm) Q (cm/min) 

0.36 0.25 4 8 18 
0.21 0.17 5.74 11.5 22 
0.21 0.154 6.5 13 28 

0.175 0.13 7.75 15.5 33 
0.166 0.114 8.75 17.5 40 

 

 
Figure 4. Linear correlation between q and 1/rs in loam silty soil 

 
Table 6. Results of dropper methods in loam silty-clay soil 

q(cm/min) 1/rs(1/cm) rs(cm) ds(cm) Q (cm/min) 
0.286 0.286 3.5 7 11 
0.265 0.235 4.25 8.5 15 
0.242 0.2 5 10 19 
0.274 0.182 5.5 11 26 
0.188 0.138 7.25 14.5 31 
0.163 0.118 8.5 17 37 
0.157 0.111 9 18 40 

 

 
Figure 5. Linear correlation between q and 1/rs in loam silty-clay soil 

 
3. RESULTS AND DISCUSSION 

 
After collecting data from dropper and double cylinder methods, Excel, 2007 software was used to 

evaluate the methods in calculating hydraulic conductivity coefficient under study soils. For statistical analysis of 
the results, statistical parameters of the regression coefficient (R2) and root mean square error (RMSE) were used. 

RMSE is calculated by the following formula: 

푅푀푆퐸 =
∑ ( )

                                                                                                                        3 
Results of the measuring hydraulic conductivity coefficient of loam sandy, loam silty and loam clay-silty 

soils using double cylinder and dropper methods are represented in table 7. Regression coefficient of statistical 
indexes of R2 and RMSE is shown in figure 6. 

According to the figure 6 (R2=0.936), it’s concluded that there is appropriate correlation between 
observed data and calculated data, which represents correlation between double cylinder and dropper methods. 

y = 0.7046x + 0.0047
R² = 0.9864f (

cm
/m

in
)

1/rs ( 1/cm)

y = 0.7651x + 0.0862
R² = 0.8258

q 
(c

m
/m

in
)

1/rs (1/cm)
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Applying required correction factors, dropper method can be used in soil studies. RMSE of all studied soils in this 
research is 0.11. According to RMSE and high regression coefficient of dropper method, it was concluded there is 
appropriate consistency between dropper and double cylinder methods.  
 
Table 7. Results of hydraulic conductivity coefficient measurement using double cylinder and dropper methods 

double cylinder method 
(observed data) 

(cm/min) 

Dropper method 
(calculated data) 

(cm/min) 
Soil type  

0.196 0.143 Loam sandy soil 
0.074 0.06 Loam silty soil 
0.269 0.086 Loam clay-silty soil 

 

 
Figure 6. Correlation between data acquired from double cylinder and dropper methods 

 
As it mentioned previously, there are different methods for field measuring, all of which are based on 

measuring horizontal or vertical water flow rate. Various methods are used in measuring water flow rate under or 
on the static level of water. In under static level and horizontal flow, two methods are more common: sump and 
piezometric. On the static level, the applied methods include reversed sump, sump infusion, and golf 
penetrometer. In vertical flow, tube or double cylinder methods are used (instructions for determining hydraulic 
conductivity of soil using different methods, planning and management organization of the country [11]).  

Since hydraulic conductivity coefficient or dynamic coefficient of soil represents the status of water flow 
rate in soil, it’s necessary to have information about its changes in different places and times to optimize soil and 
water management [3, 12, 13, 14]. Boynton et al. [3] considered due to dependency of hydraulic conductivity of 
soil saturation depends on cation exchange capacity and soil electrolyte density, long term irrigation with salty-
sodium water decreases stability of aggregate and soil porosity, which leads to hydraulic conductivity and soil 
productivity [15, 16]. Based on existed data, researchers observed that hydraulic conductivity of soil saturation is 
a suitable index to evaluate the product. In high density and high surface density soils, saturated hydraulic 
conductivity and product output is low. 
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