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Abstract: The Kostiakov equation was extensively used to estimate furrow infiltration but it is unadjusted
for different field conditions. The Kostiakov infiltration parameters (k and a) were therefore developed as a
function of initial soil moisture content and irrigation events in current study. The field experiments comprised
two types trials. The first was infiltration measuring at 56 sites over the field for the first irrigation event. The
second measurements were at the furrows along the same field for five successive irrigation events. Infiltration
measurements were taken by blocked furrow infiltrometers. Results showed that the averages of k ranged from
272.84 to 733.991 mim'min™ and for a were from 0.614 to 0.815. The parameter a was described as a non-
linear function of initial soil moisture content and as a logarithmic function of k. The parameter k was developed
as a non-linear function of initial soil moisture and irrigation events. Cumulative infiltration from five successive
irrigation events were correlated to each others and according to the results cumulative infiltration from each
irrigation event can be predicted from the other previous irrigation events.
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Baslangi¢ Toprak Nemini Kullanarak Kostiakov infiltrasyon
Parametrelerinin Tahmini

Oz: Kostiakov esitligi, farkli tara kosullar igin gegerli olmamasina ragmen uzun bir sure gizi
infiltrasyonunutahmin etmede kullaniimigtir. Bu nedenle Kostiakow infiltrasyon parametieri (k ve a), bu
caligmada bashngi¢ toprak nemi igerigi ve sulama uygulamalarimin bir fonksiyonu ortaya konulmustur. Tarla
denemeleri iki tip uygulamayi karsilagtirmigtir. Birincisi, ilk sulama uygulamasi i¢in 56 bdigede infiltrasyonun
dlguimesidir. ikinci élgimler ise ayni alanlarda birbirini izleyen 5 sulama uygulamasi stiresince cizilerde
yapiimigtir. Iifiltrasyon 8igimleri bioklu gizi ilfiltrometreleri ile yapiimistir. Sonuglar, ortalama k degerinin 272.84-
733.991 m/m -'min® ve a degerinin 0.614-0.815 arasinda degistigini gdstermistir. a parametresi ilk toprak nem
kapsaminin non-linear bir fonksiyonu ve k'nin logartmik fonksiyonu olarak tanimianmigtir. K parametresi ilk
toprak neminin ve sulama uygulamalarinin non-inear bir fonksiyonu olarak bulunmustur. 5 sulama
uygulamasindaki kimdlatif infiltrasyon digerleri ile baglantilidir. Sonuglar her sulama uygulamasindaki kimdlatif
infiltrasyon daha 6nceki sulama uygulamalarindan tahmin edilebilecedini gostermektedir.

Anahtar Kelimeler: Infiltrasyon parametreleri, Kostiakow parametreleri, gizi infiltrasyonu

Introduction

Infiltration affects the advance of the irrigation
streams, recession of water from soil surface,
infiltrated and runoff volumes as well as uniformity of
water application within the field (Jobling and Turner
1973, Fonteh and Podmore 1993). Consequently,
design and management of irrigation systems depend
on infiltration characteristics. Furthermore, since furrow
infiltration depend on soil and furrow hydraulic
properties, initial soil moisture content, permeability
changes due to the surface water movement, irrigation
events and air entrapment (Walker and Skogerboe

1987), its modeling is somewhat difficult. Nevertheless,
empirical opportunity time-based functions are
employed for describing furrow infiltration. The most
often used is Kostiakov (1932) equation, which has
been developed as below:

Z=kt? (1)
where Z and t are cumulative infiltration and
opportunity time, respectively. Exponent a and the
coefficient k known as infiltration parameters or
empirical  coefficients. Generally, the exponent a is
greater than zero butless than one. Several

" Irrigation and Drainage Division, Agricultural Engineering Research Department, East Azarbaijan Research Center for

Agriculture and Natural Resources, Tabriz- Iran

2 Department of soil Science, Faculty of Agriculture, Tabriz University, 51664, Tabriz- Iran




268

researches were based on water advance data to
estimate Kostiakov infiltration parameters
(Christiansen et al. 1966, Noroum and Gray 1970,
Elliott et al. 1983, Smerdon et al. 1988, Blair and
Smerdon 1988, Wallender and Sirjani 1988). Also,
Cahoon (1998) used kinematic wave model for
estimating the infiltration characteristics  from
coincidence between observed and predicted advance
and runoff. The Kostiakov equation couldn't be
adjusted for different field conditions such as initial soil
moisture content (6,) that affect infiltration (Philip 1957)
and this is its major weakness. Philip (1957) showed
that increasing 6, decreases infiltration rate at small
opportunity time and there is no influence of 6, on the
final infiltration rate. Recently, Nasseri et al. (2004)
presented a regression model indicating cumulative
water infiltration at 4 hr as a function of initial soil
moisture content. Although the infiltration function
changes for each surface irrigation event (Walker and
Skogerboe 1987). Childs et al. (1993) found no
correlations among cumulative infiltrations from various
irrigation events and it was attributed to the changes in
cultural practices during the season. The purpose of
the present study is to investigate and mode! of
Kostiakov infiltration parameters (k an a) as a function
of initial soil moisture content and irrigation events.

Material and Methods

The field experiments were conducted during the
summer of 2002 at the Karkaj Research Station of
Tabriz University, Iran (latitude 38° 5° N, longitude 46°
17’ E and 1360 m above mean sea level). The field soil
has been classified as loamy, mixed, mesic and typic
calcixerept and its physical properties are summarized
in Table 1.

Experiments comprised two type trials. The first
was furrow infiltration measuring at 56 sites over a 70
X130-m field plot for the first irrigation event. The
second experiment was infiltration measuring at the
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furrows along the same field for five successive
irrigation events (IRR1 to IRR5) with seven days
intervals. Measurements were taken in the bare field
with a furrow spacing of 65 cm and slope of 1.56%.

Cumulative infiltration was measured by blocked
furrow method for an 85 cm furrow segment as
described by Oyonarte et al. (2002) along the triplicate
furrows for 240 min. The middle and two adjacent
furrows from each triplicate furrows were considered to
be “measure” and “buffer” furrows, respectively. The
furrows cross-sections were measured at three
locations along the blocked segments using a
profilometer. Initial soil moisture content was measured
by gravimetry and drying by burning alcohol method
(Gardner 1976) for the samples taken from soil surface
up to 90 cm depths with 20 cm intervals during five
irrigation events (IRR1 to IRR5). More details about the
first experiment can be found in Nasseri et al. (2004).

Results and Discussion

Principle statistics for measured initial soil
moisture content and acquired Kostiakov infiltration
parameters (k and a in Equation 1) by non-linear
regression were presented for experiments 1 and 2 in
Table 2. The averages of initial soil moisture content
ranged from 4.9 to 12.56 % and from 6.95 to 15.01 %
for measurements made over the field (experiment#
1)and during irrigation events (experiment # 2),
respectively, and CVs ranged from about 5 to 48%.
The average of k ranged from 272.84 to 733.991 mim’
'min® and CVs were relatively high with average of
about 53 and 33 % for over the field and irrigation
events data. Such variability in k could be arose from
changeability of soil and furrow hydraulic properties.
The average of a were from 0.614 to 0.815 and CVs
were low with average of about 12 to 14.5% for the
experiments 1 and 2 data, respectively. Table 2

Table 1. Soil physical properties for different soil depthes (Jafarzadeh et al.1993).

Depth Texture Sand Silt Clay Po FC AW TPS
(cm) (%) (%) (%) (g cm®  (gravimetric %)  (gravimetric %) (%)

0-25 Sandy loam 69.5 240 6.5 1.61 ) 12.2 10.7 356
25-38 Sandy loam 55.5 29.7 148 1.37 18.2 12.9 46.5
38-65 Sandy loam 63.8 278 84 1.28 23.2 171 50.0
65-90 Loamy sand 80.4 16.2 34 1.57 171 16.7 37.2

p», FC, AW and TPS are bulk density, field capacity, available water and total pore space, respectively.
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showed that the Kostiakov coefficient k had positive
skewness (except for IRR1) with average of 0.73
indicating that the k has a distribution with a long right
tail. The exponent a with average of —~0.11 had both
positive and negative skewness.

Frequency distribution and normal curves of k and
a for cumulative infiltration measured at the four
furrows and over the field as well as during five
irrigation events were shown in Figures1 and 2. The
most frequencY acquired k ranged from 600 to 800 and
was 600 mim™'min™ for the four furrow and field-wide
data, respectively (Figure.1). Corresponding figure was
400 mim'min® for all five irrigation events (Figure1).
The most frequency obtained a ranged from 0.65 to
0.78 and was 0.76 for the four furrow and field-wide
data, respectively (Figure 2). Corresponding figure was
0.72 for all five irrigation events (Figure 2).

For describing k and a as a function of measured
8, and irrigation events (IRR), as well as a as a
function of k from cumulative infiltration data measured
over the field and during five irrigation events, non-
linear regression were applied using the least squares
regression procedure (Kohler 2002) and results were
presented in Table 3. Coefficient of determination (Rz),
t-statistics and F-ratio (Kohler 2002) were used as
criteria in selecting the models (Table 4). Results
showed that the exponent a was worked out as a
function of 8, with average coefficient of 0.908.
The exponent was also developed as a function of log
(k) with average coefficient of 0.1145. Infiltration
parameter k acquired as a function of 8, °% for field-
wide data. It also was as a function of 8,°% and IRR 2
for irrigation events data. R-squared of the models
were high (except for k (8,) at the first experiment)
indicating that the acquired models explains more than
94% of the variability in k and a. Since the P- values of
parameters and the models were less than 5%
rejection level (Tables 4 and 5), there is a statistically
significant relationship between the variables at the 5%
level (p <0.05). Kostiakov infiltration parameters (k
and a) from measured cumulative infiltration over the
field and during irrigation events were compared with
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predicted values (from Table 3) in Figure 3. The
agreements were satisfactory.

Cumulative infiltrations from [RR1 to IRR4
against Cl from the other irrigation events for the first
replication were displayed in Figure 4, for instance.
Their relationships can be expressed as linear
functions. Accordingly cumulative infiltrations from
IRR1 to IRR4 were linearly regressed against Cl from
the successive irrigations (IRR2 to IRR5). Results
including linear regression line slops (LRLS) and R?
were presented in Table 6. The coefficient of
determinations with average of 0.997 were highly
statistically  significant; implying that cumulative
infiltration for each irrigation event can be predicted
from the other previous irrigation events

Conclusion

The Kostiakov infiltration parameters were
adjusted for initial soil moisture content and irrigation
events in the present study. Modeling was based on
measured Cl from 56 blocked segments over the field
and from five irrigation events. According to this
modeling, the infiltration parameters k and a can be
only estimated from initial soil moisture content and
irrigation event. The most frequency for k and a
acquired from field-wide data were 600 mim'min™ and
0.76, respectively. The correlation between cumulative
infiltration from five successive irrigation events found
to be significant. For Cl data from IRR1 vs. IRR2, IRR2
vs. IRR3 and IRR3 vs. IRR4, Childs et al. (1993) found
R-squared of regression models to be 0.04, 0.34 and
0.64, respectively. Lack of correlation among irrigation
events especially between IRR1 and IRR2 were
attributed to different cultural practices that affect
infiltration. The current study finding is however conflict
with those reported by Childs et al. (1993) but is
accordance with Walker and Skogerboe  (1987).
According to current finding, Cl for IRR5 can be
predicted based on C! from other irrigation events even
from IRR1.In this case, it will cause to save up on time
and cost.

Table 3. Regression models to estimate k and a as a function of initial soil

For Cl measured over the field (Experiment #1) R?

a =0.9138,""° 0.98
a =0.114 log(k) 0.96
k =3492.27 8,°% 0.71
For Cl measured during irrigation events (Experiment #2) R?

a =0.9038,%"° 0.98
a =0.115 log(k) 0.98
k =8.4917 IRR?+3138.450,°% 0.94

moisture content and irrigation events.
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Figure 1. Frequency distribution of k for cumulative infiltration measured over the field and for five irrigation events.
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Figure 2. Frequency distribution of a for cumulative infiltration measured over the field and for all irrigation events.
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Table 4. Muitiple regression analysis for k and a as dependent variables

Variables Estimate Standard error t-statistic P-value
Dependent variable: k
Experiment # 1 Indegendent variable:
Experiment # 2 8,°* 349227 310.798 11.236™ 0.00
IRR? 8.492 3.895 2.180" 0.05
8,%% 3138.45 336.606 9.324** 0.00
Dependent variable: a
lndegendent variable:
Experiment # 1 . 0.913 0.016 55.08* 0.00
Experiment # 2 8,%" 0.903 0.038 23.581** 0.00
Dependent variable: a
Independent variable:
Experiment # 1 Log (&) 0.114 0.003 3587 0.00
Experiment # 2 Log (k) 0.115 0.005 23.72* 0.00
*: P<0.05, ***: P<0.001
Table 5. Analysis of variance for acquired models to estimate k and a.
Sum of DF Mean squares F-ratio P-value
squares
Dependent variable: k
Source:
Experiment #1  Model 2.3569E7 1 2.3569E7 126.26** 0.00
Residual 9.5203E6 51 186673.0
Total 3.30893E7 52
Expetiment #2 Model 3.58 2 1.79 84.88*** 0.00
Residual 232039.00 11 21094.50
Totai 3.81 13
Dependent variable: a
Source:
Model 28.533 1 28.533 3033.99" 0.00
Experiment #1  Residual 0.479 51 0.009
Total 29.012 52
Mode! 6.54 1 6.54 556.09*** 0.00
Experiment #2  Residual 0.14 12 .01
Total 6.68 13
Dependent variable: a
Source:
Modet 27.9066 1 27.907 1287.05*** 0.00
Experiment #1  Residual 1.10581 51 0.022
Total 29.0124 52
Model 6.54 1 6.54 562.64*** 0.00
Experiment #2  Residual 0.139 12 0.01
Total 6.68 13

***: P<0.001
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Table 6. Linear regression line slop and Correlation coefficient between cumulative infiltration set from IRR1 to IRR5

IRR2 IRR3 IRR4 IRR5
IRR1
LRLST 1.046 +0.723+ 0.268 £ 0.058 0.971 +0.844 0.398 + 0.586
R% 0.998 +0.000 0.997 + 0.004 0.997 + 0.002 0.995 + 0.003
IRR2
LRLS 1.000 0.407 + 0.371 2.195 +0.000 0.861 +0.928
R? 1.000 0.996 + 0.000 0.995 + 0.002 0.993 +0.008
IRR3
LRLS 1.000 3.122 +2.430 1.281+0.784
R? 1.000 0.997 + 0.002 0.998 + 0.000
IRR4
LRLS 1.000 0.466 + 0.098
R? 1.000 0.997 + 0.005
IRRS
LRLS 1.000
R? 1.000

1. Linear regression line slope. $: Coefficient of determination. * : Figures in the Table are mean + S. Dev.
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Figure 3. Measured Kostiakov infiltration parameters versus predicted values for over the field and five irrigation events.
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