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Abstract: Recently field measurement of surface unsaturated hydraulic properties by disc permeameter has
gained widespread acceptance. In this study, three soils with nearly the same texture, one silt loam texture and
two loam soils were selected to carry out field experiments. Experiments on the first, second and the third sites
were performed respectively one day, two weeks and one month after plowing operations. No irrigation was
performed after plowing operations until the time of experiments. For steady state analysis of disc permeameter
measurements of the two methods; Logsdon and Jaynes and Reynolds and Elrick; were used. The mean values
of estimated hydraulic conductivity in silt loam texture in the two methods did not reveal significant differences
at 0.05 confidence level, but in the two loam textures, the differences between estimated values by the two
methods were significant. In addition, results of this research showed that, under the same field conditions with
increasing sand percentage, the Gardner also increased but under a different field situation, the soil with more
consistent structure demonstrated a lower  value.
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INTRODUCTION These methods require elaborate techniques which make

Unsaturated hydraulic conductivity is an important of tension disc permeameters, it is becoming a convenient
soil parameter for characterizing many aspects of water and relatively cheap device for in situ measurement of
and solute transport in crop root zone. This parameter is near-saturated soil hydraulic properties [12]. A large
also used in management models developed to monitor number of techniques are available for analyzing disc
irrigation systems [1]. Hydraulic conductivity is described infiltration data [12-15]. Each method has its own
as the ease of water flow in the soil. It is a constant of advantages and disadvantages. Data collected by disc
proportionality between the flux of water and its driving permeameter are used to estimate saturated and
force (hydraulic gradient). Under saturated conditions, the unsaturated hydraulic conductivity based on Wooding
saturated  hydraulic  conductivity reflects the number of
pores and their arrangement. Hydraulic conductivity also
depends  on  the water content and soil water potential
[2]. These properties are known to vary in space [3-7].
Direct measurement of soil hydraulic conductivity in the
laboratory is a tedious and time consuming process and
requires elaborate laboratory facilities that are not
available everywhere. Recently, disc permeameter has
been used for in situ measurement of the near-saturated
hydraulic properties by many investigators [8-11]. A
variety of  direct  laboratory  methods  have  been  used
to  measure  the  hydraulic  conductivity  in  the  past.

them tedious and expensive. With the recent development

analysis [16]. Logsdon and Jaynes [17] and Hussen and
warrick [18] suggested that multi tensions with nonlinear
regression method based on the Wooding equation [16]
gave fast and stable results and did not produce any
negative values compared to other methods. Furthermore,
the nonlinear regression method does not require
knowledge of soil moisture data. The method is also
capable of determining the pore size distribution
parameters. The estimated hydraulic conductivity values
are influenced by the selected analysis method and the
analysis method itself is influenced by soil texture, soil
structure and  field  situation.  Therefore,   it   seems  that
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presenting suitable analysis methods are necessary for each tension. At the end of each experiment, after
different soil textures. This study is an attempt to compare obtaining the steady state infiltration rate in the zero
the two current analysis methods in the three soil textures potential, the disc and the cloth with sand were removed.
and also to compare the effects of field situations on the The soil samples were taken from beneath the disc to
estimated parameters in the three kinds of soil textures in determine the moisture percentage and maximum soil
the   two methods.   In   this   study,   for  the  analysis porosity. In addition, samples from the soil surface near
of measured steady state infiltration data with multi the experimental sites were taken in order to determine the
tension method using one disc, two steady state analysis initial moisture content. One day after all the experiments
methods of Reynolds and Elrick [19] and Logadon and on one site were completed, undisturbed samples were
Jaynes [17] were used. The unsaturated hydraulic taken to determine bulk density and soil texture. After
conductivity was estimated in a silty loam and two loam separating the coarse part of the soil particles (particles
soils in the Chamran University experimental site in with the sizes over 0.075 mm), soil particle size analysis
Ahwaz. Moreover, the estimated values of hydraulic was performed with a Mastersizer 2000 laser particle size
conductivity and the two estimating methods were analyzer produced by Malvern. Soil texture was
compared with each other in these soils. characterized by USDA classification. The soil organic

METERIALS AND METHODS were determined. The results of the measurement of soil

Disc-Permeameter Field Experiments: In this study, the soil and soil texture are presented in Table 1 for all the
three soils with nearly the same texture, one silty loam and 3 sites.
two loam soils, were selected to carry out field
experiments. Experiments on the first, second and the third Effect of Plowing Operations and Field Conditions on the
sites, were performed respectively one day, two weeks Three Sites: The soil of the first area with silt loam texture
and one month after plowing operations. All the after harvesting of wheat was plowed to a depth of 20 cm.
experiments (six replications) on one site were carried out One day after plowing operations, the field experiments
during a two-day period in the spring. Disc permeameter were conducted. At this stage, the soil was powdery and
model 2805D20K1 with a radius of 10 cm was used in all structureless. The field experiments in the second area
the experiments. Replication experiments in each area were with loam texture were performed two weeks after plowing.
spaced 1 meter apart. Before performing the experiments, The  soil was again powdery and structureless like the
the  soil surface was cleaned from straw and stubble. first one. No irrigation or rainfall occurred before the start
After smoothing soil surface with the least disturbance, of the experiments. In the third area with loam texture, the
the soil surface was covered with a fine mesh “guard experiments  were  performed one month after plowing.
cloth” to prevent macropore infilling [20]. In order to For this site, no irrigation was performed but it rained
improve the contact surface between permeameter disc several times for a short period before the start of the
and the soil, fine sand with a thickness of 3 millimeters experiments. The soil of the third site formed clods after
over a radius of 10 cm was placed on the cloth [21]. The plowing which had harder and more consistent structure
sand surface was wetted to prevent the entry of air at the than the other two areas.
contact with permeameter disc. After preparing the soil
surface, the apparatus were placed on the measurement Analysis  of  Disc Permeameter Data: Reynolds and
site. The level surface was controlled via water surface in Elrick [19] presented a data analysis procedure to
the  disc-permeameter  storage  tube.   Tensions  of  15, 10, determine the saturated and near saturated hydraulic
6, 3 and 0 cm, alternatively were supplied by disc conductivity. The method uses the steady state
permeameter in each site. Experiments in each replication infiltration data measured by one disc applying several
lasted until steady state infiltration rate was reached at tensions.  A  piecewise  exponential   function   is  applied

carbon, EC and PH of the saturated extract of the samples

organic  matter,  EC  and  PH  of the saturated extract of

Table 1: Physical and chemical properties of the investigated soils
Location Sand % Silt % Clay % Textural class Soil bulk density (gr.cm ) Soil porosity (cm.cm ) Organic matter % EC (ds.cm ) PH3 3 1

1 24.49 53.37 22.14 Silty loam 1.48 0.46 0.30 14.19 7.80
2 50.01 36.14 13.85 Loam 1.57 0.48 0.68 10.53 7.23
3 39.75 47.47 12.78 Loam 1.6 0.45 0.37 4.79 7.30
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between two consecutive tensions. Interpolation between In the above equations, Q (L . T ) is the product of
two points (applied tensions) is used to estimate K at the steady state infiltration rate (q (L.T )) by the cross
midpoint between the two points. The analysis is a sectional area of permeameter disc (L ).
modification of Wooding solution [16], which is combined
with numerically determined shape factors describing RESULTS AND DISCUSSION
interaction effects between flow geometry and soil
properties. The procedure for estimating k(h) for a series The measured steady state infiltration rates at
of tension permeameter measurements is described as different tensions by disc permeameter, for all the
follows. Firstly, a sequence of q values (i=1,2,3,...,n-1) was repetitions are presented in Table 2 for loam1. Accordingi

measured by setting a sequence of h values (i=1,2,3,…,n-1 to the results presented in Table 2, with the increase ini

applied  tension) on a tension infiltrometer. Then the pressure head, steady state infiltration rate increased
value of  was calculated using Equation 1 as the because in the lower tension range, the size and number
piecewise linear shape factor between adjacent (h , q ) of contributing pores to flow will rise. Furthermore, withn n

data pairs. After that, the value of Q  is calculated via increasing infiltration at a particular tension, underi+1/2

Equation 3: successive tensions procedure, initial moisture content

resulting in a further rise in the infiltration rate. On the

tension values with time (curve slope is equal to steady

conductivity curves for the silty loam texture lie above

The value of k  is calculated through Equation 4: conductivity increases. Estimated hydraulic conductivityi+1/2

values by Reynolds and Elrick's method [19] are given in

And finally, the value of k is calculated through location (loam 2). According to the results, it can bes

Equation 5: deducted that under the same field situations, in the first

textures but under different field situations, on the second

Logsdon and Jaynes [17] adopted Gardner's K(h) in the range of values obtained by Reynolds and Elrick
relationship [22] and estimated the k  and  parameters [23] for all the different soil textures. The mean of thes g

from all different h  and q data simultaneously by using estimated  value in the six repetitions can be seen in0

nonlinear regression. For a correct regression procedure, Table 4, with the method of Logsdon and Jaynes [17], in
more than two measurements (h ,q) are needed. the first area (silt loam), the second area (loam1) and the0

0.187  and  0.11 and with the method of Reynolds and

i
3 1

i
1

2

for the following tensions will also increase successively

basis of Figure 1, in each of the three areas, the slope of
the cumulative infiltration curve has increased with
increasing time because of the stepwise reduction in

state infiltration rate at each tension). Figures 1 and 2
show that cumulative infiltration and hydraulic

these curves for the other textures. These results indicate
that with increasing infiltration rate, hydraulic

values at each tension are presented in Table 3 and the
estimated Gardner  and saturated hydraulic conductivity

Table 4. With regards to data presented in Tables 4 and 5,
both methods give the largest Gardner  value for the
second location (Loam1) and the least value for the third

and second locations, with increasing sand percentage
(Table 1), Gardner's  increases. However, For the same

and third locations, with a hard soil structure yield, a
lower Gardner . The  values obtained in this study were

third  one  (loam2)  respectively  were  equal  to  0.157,

Elrick [19],  were  equal  to  0.174,  0.23  and  0.16  (1/cm).
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Table 2: The values of measured steady state infiltration rates by disc permeameter (Loam1)
Test Pressure head (cm) Initial water content cm . cm Applied time period (min) Infiltration rate (cm.sec )3 3 1

1 -15 0.1207 12 0.00083
-10 10 0.00330

-6 8 0.00920
-3 18 0.01700
0 14 0.03200

2 -15 0.1159 8 0.00170
-10 22 0.00330

-6 10 0.00750
-3 12 0.01400
0 18 0.02700

3 -15 0.1475 12 0.00250
-10 10 0.00330

-6 10 0.00580
-3 8 0.00920
0 18 0.03200

4 -15 0.1402 14 0.00170
-10 18 0.00250

-6 14 0.00580
-3 20 0.01100
0 16 0.03200

5 -15 0.0968 31 0.00110
-10 16 0.00170

-6 8 0.00420
-3 8 0.00830
0 26 0.02700

6 -15 0.0411 12 0.00120
-10 8 0.00170

-6 10 0.00330
-3 16 0.00670
0 14 0.01700

Table 3: The estimated unsaturated hydraulic conductivity values by Renolds and Elrick's method only for Loam1 in the six repetitions
Test 1 Test 2
------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------
h  (cm)  (cm ) k  (cm.sec ) k  (cm.sec ) (cm ) k  (cm.sec ) k  (cm.sec )i+1/2 i+1/2 i+1/2 s (I+1/2) i+1/2 i+1/2 s (I+1/2)

1 1 1 1 1 1

-12.5 0.227 0.00013 0.0041 0.139 0.00014 0.0008
-8 0.235 0.00041 0.0031 0.203 0.00034 0.0017
-4.5 0.199 0.00085 0.0021 0.212 0.00072 0.0019
-1.5 0.223 0.00166 0.0023 0.211 0.00136 0.0019
Mean 0.230 - 0.0020 0.200 - 0.0010
Test 3 Test 4
-12.5 0.058 0.00010 0.0002 0.081 0.00009 0.0002
-8 0.140 0.00026 0.0008 0.212 0.00027 0.0015
-4.5 0.151 0.00044 0.0009 0.206 0.00055 0.0014
-1.5 0.311 0.00116 0.0019 0.366 0.00156 0.0027
Mean 0.210 - 0.0010 0.250 - 0.0020
Test 5 Test 6
-12.5 0.081 0.00006 0.0002 0.081 0.00006 0.0002
-8 0.229 0.00090 0.0012 0.173 0.00015 0.0006
-4.5 0.231 0.00043 0.0012 0.231 0.00034 0.0010
-1.5 0.388 0.00126 0.0023 0.305 0.00083 0.0010
Mean 0.270 - 0.0010 0.230 - 0.0010

Table 4: The means of K and  values estimated at the method of Elrick and Reynolds in the three investigated soil texturess

Texture
----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameter Silty Loam Loam1 Loam2
 (1/cm) 0.17400 0.2300 0.160

K (cm/sec) 0.00176 0.0013 0.001s
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Table 5: Estimating parameters of Gardner's exponential function by the nonlinear regression method in the three investigated textures
Soil texture
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Loam1 Loam2 Silty Loam
----------------------------------------- ------------------------------------------ -------------------------------------------

Test  (cm ) k  (cm.sec )  (cm ) k  (cm.sec )  (cm ) k  (cm.sec )1 1 1 1 1 1
s s s

1 0.240 0.003581 0.12 0.0018 0.150 0.0029
2 0.180 0.002400 0.13 0.0020 0.190 0.0043
3 0.140 0.001500 0.13 0.0014 0.120 0.0025
4 0.190 0.002200 0.10 0.0018 0.190 0.0027
5 0.200 0.001720 0.08 0.0020 0.130 0.0012
6 0.170 0.001100 0.10 0.0014 0.160 0.0012
Mean 0.187 0.002100 0.11 0.0016 0.157 0.0024

Table 6: Comparison of estimated  and ks values by the two methods for each soil texture
Texture
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sig Silty Loam Loam1 Loam2parameter

Sig 0.946 0.025 0.12
Sig 0.204 0.095 0.001ks

Table 7: Comparison  of  the  estimated  hydraulic  conductivity values by the two methods for each soil texture (Sig is the level of significance at theh

indicated tension h)
Sig h(cm)

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Texture Sig Sig Sig Sig Sig15 10 6 3 0

Silty Loam 0.147 0.073 0.074 0.121 0.204
Loam1 0.004 0.001 0.003 0.021 0.04
Loam2 0.012 0.003 0.000 0.000 0.001

Table 8: The calculated variation coefficient percentages (CV%) for the estimated hydraulic conductivity values in each tension by Elrick and Reynolds’s
method

Cv (%)h(cm)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------
Soil texture CV (%) CV (%) CV (%) CV (%)12.5 8 4.5 1.5

Silty Loam 40.19 36.84 56.32 46.57
Loam1 35.00 35.29 35.06 22.49
Loam2 39.37 30.43 18.43 17.99

Table 9: The calculated percentage of variation coefficient for the estimated hydraulic conductivity values at each tension by the nonlinear regression method
Cv (%)h(cm)

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Soil texture CV (%) CV (%) CV (%) CV (%) CV (%)15 10 6 3 0

Silty loam 43.96 38.57 39.39 42.92 48.26
Loam1 34.67 25.38 26.39 32.48 41.34
Loam2 39.95 29.69 22.46 18.20 15.76

T-Test  comparison  of the means (Independent samples methods in the second and third locations are significant
T-Test), as shown in Table 5, revealed that both of the (Sig<0.05). The calculated variation coefficients for the
two methods  for  silty loam texture with a 0.05 confidence values of estimated hydraulic conductivity at all the
level have estimated the same values of saturated tensions  in the sequence exponential method, in the
hydraulic conductivity and Gardner  (Sig>0.05), while range of 17.99% to 56.32% are given in Table 7 and by the
differences between  values estimated in loam1 and K nonlinear regression method are given in Table 8, for thes

values estimated in loam2 by the two methods are range of 15.76 to 48.26%. Variation coefficients for the
significant (sig<0.05). Statistical analyses were done with estimated values by the two methods on to the third
SPSS11.  According  to the presented results in Table 6, location was the lowest, because the soil structure at this
at all the tensions, both of the two methods have resulted location was more consistent at the time of field
in the same hydraulic conductivity values (Sig>0.05), experiments. Calculated variation coefficients of the
while differences between estimated values by the two spatial  changes  of  soil  hydraulic   properties    of  these
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Fig. 1: The measured cumulative infiltration curves by Disc permeameter for the three different textures

Fig. 2: The estimated hydraulic conductivity curves for Reynolds and Elrick's method with three different textures

Fig. 3: The estimated hydraulic conductivity curves by the nonlinear regression method for the three different textures
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Fig. 4: Standard  error  of  mean  at  each  tension  for  hydraulic  conductivity  values  estimated  on  the  three
investigated sites (The data points are the mean values and standard error of mean in the six replications are
shown with error bars)

results indicate that these changes on the first and Gardner   obtained  by disc-permeameter measurements
second sites have been greater compared to the third can well describe grain size and hence the pores size
location because of the differences in soil structure. Soil distribution  in  a   soil   structure.   Also,  results
structure in these two locations was powdery and loose, illustrated   that   unsaturated   hydraulic   conductivity is
while in the third location it was firm and stable. more sensitive to soil structure than soil texture. The
According to Figure 4, in the first and second sites, the comparison between the results of the two estimation
value of the standard error of mean between replications methods  for  each  soil texture, showed that both of the
decreased with increasing tension. Therefore it can be two investigated methods, for silty loam texture predicted
said that due to an increase in tension, the number of the same values with 0.05 confidence level while these
pores participating in the flow decreases, thus reducing two methods in the case of loam textures estimated
the range of values for the tested parameters. different values. These results suggest the need for

CONCLUSIONS future.

Generally, the results of comparing hydraulic REFERENCES
properties of two types of loamy soils with different
structures and two different types of textures with similar 1. Bagarello, V., M. Castellini and M. Iovino, 2005.
structures showed that when soil structure and clods are Influence of the pressure head sequence on the soil
firm and hard,  value will be smaller and whenever sand hydraulic conductivity determined with tension
percentage  is higher and the soil has a loose structure, infiltrometer. Applied Engineering in Agriculture,
the value will be larger. These results indicate that 21(3): 383-391.

further investigations with different soil textures in the



World Appl. Sci. J., 14 (7): 1107-1114, 2011

1114

2. Minasny, B. and A.B. McBratney, 2000. Estimation of 12. Ankeny, M.D., T.C. Kasper and R. Horton, 1991.
sorptivity from disc-permeameter measurements. Simple field method for determining unsaturated
Geoderma., 95: 305-324. hydraulic conductivity. Soil Science Society of

3. Nielsen,  D.R.,  J.W.  Biggar and K.T. Erh, 1973. American Journal, 55: 467-470.
Spatial variability of field measured soil water 13. White, I and M.J. Sully, 1987. Macroscopic and
properties. Hilgardia., 42: 215-259. microscopic capillary length and time scales from

4. Sisson, J.B. and P.J. Wierenga, 1981. Spatial field infiltration. Water Resources Res., 23: 1514-1522.
variability of steady-state infiltration rates as a 14. Ankeny, M.D., T.C. Kasper and R. Horton, 1988.
stochastic process. Soil Science Society of America Design for automated tension infiltrometer. Soil
Journal, 45: 699-704. Science Society of American Journal, 52: 893-896.

5. Byers, E. and D.B. Stephens, 1983. Statistical and 15. Smettem, K.R.J. and B.E. Clothier, 1989. Measuring
stochastic analysis of hydraulic conductivity and unsaturated sorptivity and hydraulic conductivity
particle size in a fluvial sand. Soil Science Society of using multiple disc permeameter. Soil Science Society
America Journal, 47: 1072-1080. of American Journal, 40: 563-568.

6. Hopmans, J.W., H. Schukking and P.J.J.F. Torfs, 1988. 16. Wooding, R.A., 1968. Steady infiltration from a
Two-dimensional  steady state unsaturated water shallow   circular    pond.    Water   Resources  Res.,
flow  in  heterogeneous  soils with auto correlated 4: 1259-1273.
soil  hydraulic  properties.  Water  Resources Res., 17. Logsdon, S.D. and D.B. Jaynes, 1993. Methodology
24: 2005-2017. for determining hydraulic conductivity with tension

7. Strock,  J.S.,  D.K.   Cassel   and   M.L.  Gumpertz, infiltrometers. Soil Science Society of American
2001. Spatial variability of water and bromide Journal, 57: 1429-1431.
transport  through  variably  saturated  soil  blocks. 18. Hussen, A.A and A.W. Warrick, 1993. Alternative
Soil    Science      Society     of      America    Journal, analyses of hydraulic data from disc tension
65: 1607-1617. infiltrometers. Water Resources Res., 29: 4103-4108.

8. Bodhinayake,  W.,  B.C.  Si   and   C.   Xiao,  2004. 19. Reynolds, W.D. and E.D. Elrick, 1991. Determination
New method for determining water conducting of hydraulic conductivity using a tension in
macro-   and   mesoporosity   from  tension infiltration. Soil Science Society of American Journal,
infiltrometer. Soil Science Society of American 55: 633-639.
Journal, 68: 760-769. 20. Reynolds, W.D. and W.D. Zebchuk, 1996. Use of

9. Lee, D.H., 2005. Comparing the inverse parameter contact material in tension infiltrometer
estimation approach with pedo-trandfer function measurements. Soil Technol., 9: 141-159.
method for estimating soil hydraulic conductivity. 21. Perroux, K.M. and I. White, 1988. Design for disc
Geoscience Journal, 9(3): 269-276. permeameters. Soil Science Society of American

10. Yoon, Y., J.G. Kim and S. Hyun, 2007. Estimating soil Journal, 52: 1205-1215.
water retention in a selected range of soil pores using 22. Gardner, W.R., 1958. Some steady-state solution of
tension disc infiltrometer data. Soil and Tillage Res., the unsaturated moisture flow equation with
97: 107-116. application to evaporation form a water table. Soil

11. Hu, W., M. Shao, Q. Wang, J. Fan and R. Horton, Science Society of American Journal, 85: 228-232.
(2009). Temporal changes of soil hydraulic properties 23. Elrick, D.E. and W.D. Reynolds, 1992. Methods for
under  different   land   uses.   Geoderma  Journal, analyzing constant head well permeameter data. Soil
149: 355-366. Science Society of American Journal, 56: 320-323.


