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ABSTRACT

In this article given we specialized on the evaluation of soil infiltration ability during
the application of additional watering. On the chosen location were grown potatoes of
GALA variety (early). The area of the location was 6.23 ha. We chose 9 monitoring spots.
The whole process was monitored during the vegetation period. At the beginning of the
research of the infiltration there was the average value 12.43 cm.s™, which was caused by
the residual winter soil moisture and the planting of potatoes. In the second measurement
which was practised after the first application of the irrigation rate and erratum terra, the
value of infiltration rapidly rose to 50.24 cm.s™. It was caused by the insufficiency of the
irrigation water and the rain water. Immediately after the application of the irrigation rate,
we made the third measurement. The results were obvious, when the value decreased by
51% (from 50.24 cm.s™ to 24.43 cm.s™). The results were only changed partially, which
was caused by the right application of irrigation rates. Before the gathering the irrigation
rate was not applied, what was manifested by raising value of infiltration of soil from the
fifth measurement. The last measurement manifested the depression of infiltration caused
by the atmospheric precipitation, which were three days before the measurement (2012-10-
09). In conclusion, we can state that the irrigation rate and its influence on infiltration
ability of soil are not negligible.
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1. INTRODUCTION

The process of water penetration into the soil is called infiltration and it happens
mostly through its surface. From the hydrological point of view the most interesting
infiltration is from precipitation. From the intensity of infiltration the formation of surface
runoff depends and it’s associated with soil erosion. The aim is to create such a conditions
which allows that the greatest amount of rainfall are infused into the soil so needed for
plants growth (Velebny et al., 2000).

Infiltration is the process through which the water enters the soil and it can be
described by infiltration rate which in soil science is the rate at which the soil is able to
absorb water from rainfall or irrigation. Infiltration rate (capacity) of the soil is measured by
the rate of water column displacement in mm per unit of time (mm.s™), or in millilitres per
time unit (mL.s™). Overall, the more water soil absorbs, the more it rate reduces in advance.
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If rainfall exceeds the infiltration rate, drainage of water into the soil will be slower.
Infiltration rate can be measured by device called infiltrometer. Measurements and
evaluation of infiltration by hydraulic conductivity is shown on Figure 1 wherein the
cumulative infiltration values ranged from 0.26 to 0.84 cm (Kukan et al., 2008).

Infiltration can be measured by several methods such as block furrow infiltrometer,
ring infiltrometer, respectively by devices that measure the inflow and outflow of water
(Davis and Frey, 1963). The most commonly used became a ring infiltrometer (Hills,
1970). Measurements of infiltration rate are different in the method of water application to
the soil surface. There are three most basic ways of measuring infiltration (Schulin, 1995)
namely, reservoir method (water usually soak in from two concentric cylinders or large
infiltrometers with different plan shape), tenziometric method (in this method the
infiltration water passes through the porous plate with low permeability) and method of
artificial rain (in this method, measurements of infiltration are made indirectly).

Among modern measurement methods includes the measurement by Minidiscs
infiltrometer. The advantage of this measurement of infiltration is its low water
consumption of about 135 ml per one measurement. The water infiltrates into the soil
through a semi-permeable and stainless steel membrane and on water infiltration into the
soil is read on the scale.
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Fig. 1. Dependence of cumulative infiltration on the square root of time (Kukan et al.,
2008)

2. MATERIAL AND METHODS

The aim of the study was to observe the effect of irrigation dose and others working
operations on infiltration rate during growing season. On a given plot area of 6.23 ha were
cultivated potato, Gala varieties. There were selected 9 observation points on the selected
field where infiltration measurement were conducted by MiniDisc Infiltrometer
(DECAGON DEVICES, Figure 2 A). For recording of the field boundaries and position of
observation points were used handheld satellite navigation system Garmin Oregon 450
(Figure 2 B).

MiniDisc Infiltrometer consists of polycarbonate tubes with a diameter of 31 mm
and a height of 327 mm. The tube is divided into two parts which are filled with water. The
upper part is for setting air intake using adjustable steel tube (depending on soil type). The
water from the lower part is infiltrated into the soil through a semi-permeable stainless steel
membrane disposed on the bottom of the tube. The lower part is also equipped with a scale
in millilitres from which are subtracted the volume of infiltrated water. Measurements were
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carried out following the procedure as described in procedure manuals. MiniDisc
Infitrometer package provides also the software for processing results.

L -

Figure 2 MiniDisc Infiltrometer (A) and GPS unit (B)

Hydraulic conductivity of the soil can be defined as: ,,how many meters of water per
day seep down into the soil, namely by the gravity or pressure gradient unit*“(Kirkham,
2005).

The hydraulic conductivity of the soil is calculable by various methods. One of them
is the method for calculating infiltration and hydraulic conductivity of soil which was set by
Zhang (1997). This method requires the measurement of cumulative infiltration with
respect to time and determining the results by function.

| =Ct+C, Jt (1)
where:

C, - parameter of function associated with hydraulic conductivity (m.s™)
C, - parameter of function associated with sorptive capacity of soil (m.s™?)

The hydraulic conductivity of the soil (k) is then calculated by function:
=22 @
Af

where:

C, - is the slope of the curve of cumulative infiltration depending on the square root
of time.

As - is van Genuchton’s parameter which is based on the settings of air intake tube
and the soil type and it is provided by manufacturer's manual.

After calculating hydraulic conductivity (k) for each monitoring point, a map of
hydraulic conductivity of soil was constructed.
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3. RESULTS AND DISCUSSION

Measurements were carried out on a plot where potato varieties Gala (early) were
planted and owned by private farmer Zdenko Cernay, located in Senec. The selected plot is
part of a large estate with an area of 81 ha in the administrative territory of Velky Biel. The
land is under irrigation with built-in distribution of irrigation water which comes from the
nearby lake - a former gravel pit. With regards to the soil and climatic conditions selected
field belongs to corn production area. It is a very warm and very dry lowland region, where
the main soil unit is typical black soil, carbonated on carbonate alluvial sediments, medium
duty - loamy.

The outcome of our research was to evaluate the impact of irrigation dose and work
activities during the growing season on the infiltration capacity of the soil expressed by
hydraulic conductivity. The field was fertilized during the pre-plan cultivation by
ammonium nitrate with dose of 300 kg.ha™. Fertilizers were incorporated into the soil by
compactor, after which potatoes were planted by potatoes planter GRIME GL 34T (4-lines)

and followed by turn-up operation by covering machine GRIME.
BT

' Monitoring points
D Field boundaries

After these operations first measurement took place. Figure 4 shows the dependence
of cumulative infiltration on the square root of time. The results are valid for the monitoring
point 1. It showed almost a fluent change of cumulative infiltration with curve slope
parameter C; determined according to the methodology as 0,0006. The value of van
Genuchton’s parameter A, determined according to the methodology enclosed to MiniDisc
infiltrometer, was 7 for given soil type. After calculation of these results hydraulic
conductivity (k) was concluded as it is showed in Table 1. Negative values reflect
deceleration during the infiltration which occurred in the monitoring point 4. In the
monitoring point 8 was value of infiltration already positive as in the rest of field area. Itis
possible to conclude from mentioned figure that the field consist of areas passing through it
with different characteristics in comparison to the edges of the field. The low value of the
calculated weighted average of hydraulic conductivity (12.44 cm.s') expresses the
remaining reserve of winter moisture which was able to get into the shallow layers of the
soil during extensive operations connected with potatoes planting and it’s covering with
additional soil.
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Fig. 4. Dependence of cumulative infiltration on the square root of time.
Table 1 Hydraulic conductivity (1% measurement).
Measurement point C, A¢ k

1 0.0006 | 7 | 8.57.10°
2 00014 | 7 | 20.10°
3 0.0007 | 7 | 10.10°
4 -0.0001 | 7 | -1.43.10°
5 0.0018 | 7 | 25.71.10°
6 0.0006 | 7 | 8.57.10°
7 0.0007 | 7 | 10.10°
8 0.0003 | 7 | 4.29.10°
9 0.001 | 7 | 14.28.10°
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Fig. 5. Map of hydraulic conductivity of soil (1% and 2"® measurement).
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Before the second measurement irrigation dose of 30 mm was applied. It was
followed by another turn-up and covering potatoes with additional soil. Later, when the
weeds emerged pesticide spraying took place and there we applied Sencor (dose of 1 kg.ha"
1) and Garland Forte (dose of 0.8 I.ha™). Weighted average of hydraulic conductivity at the
second measurement has increased more than four times (50.25 cm.s™). Graphical display
of the results can be seen in Figure 5. The measured values indicate reduced reserves of soil
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moisture in the shallow layers which resulted in increased hydraulic conductivity.
Sometime after the second measurement it was followed by supplementary irrigation with
dose 40mm. After the irrigation third measurement was conducted. The last two
measurements (second and third) were performed three days apart. It means a significant
effect of high doses of irrigation on hydraulic conductivity where the value of weighted
average decrease from 50.25 cm.s on dry soil to 24.43 cm.s™ on soil saturated with
irrigation water. The decrease in hydraulic conductivity has been 51%. After third irrigation
dose was applied, fourth measurement was carried out with distance in time about 2 weeks.
Weighted average of hydraulic conductivity was 25.26 cm.s* what means only slight
decrease in comparison with third measurement on 0.83 cm.s™. Measurements were not
done immediately after irrigation dose however the value of hydraulic conductivity
indicates that there were still sufficient reserves of soil moisture. It can be concluded that
the distribution of irrigation doses for this period has been optimal.
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Fig. 6. Map of hydraulic conductivity (3" and 4" measurement).

Before the fifth measurement there were no additional irrigation on the field and
crops were harvested by potatoes harvesting machine GRIME SE 170 — 60. The fifth
measure has taken place on the field without a crop and without post-harvest treatment of
soil, containing crop residues. Average value of hydraulic conductivity in the fifth
measurement was 41.01 cm.s™. Increased value of hydraulic conductivity indicates a
reduction in soil moisture reserves and application of irrigation dose would be then
recommended, what has not taken place with regard to the period of harvest.

The last working operation on the field was soil tillage and crop residues
incorporation into the soil with disk-harrow Grégoire Bessou. After these operations the
sixth measurement took place. Before the last measurement an increased hydraulic
conductivity was expected due to the loosened soil surface but three days prior the
measurement there were an excessive rainfall. Increased soil moisture was observed in soil
layers and decreased hydraulic conductivity occurs (weighted average 24.66 cm.s™).

Soil erosion is a major environmental threat to sustainability and production
capacity of agriculture. In the last 40 years almost one third of the world's arable land was
destroyed by soil erosion (Pimentel et al., 1995).

Soil erosion affects the dynamics of carbon in the soil. Ecological and
environmental effect erosion indicated by changes in soil carbon ensures a serious and
experimental reduction of soil carbon and minimize the transport of sediment to the world's
water channels (Lal, 1995).
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The infiltration of water into the soil is such a characteristic of the soil, which
describes the ability of water penetration into the soil. To its specification a several
methods exists. The measurement results will help to determine the effect of soil erosion
and its control (Sindelar et al., 2007).

One of the main reasons for soil conservation technologies integration into the
system of soil management is currently decrease in the flooding of the surface layer of soil
and its drainage (Shipitalo et al., 2000).

Economically effective way to prevent water pollution and its flush out is the tillage
which leaves a crop residues on the soil surface (Ginting et al., 2003) also called
conservation tillage.

In application of supplementary irrigation and determination of its doses it is needed
to determine hydrolimits, soil moisture and monitoring of precipitation and address their
effect on the erosion. One of the effects which can maintain the erosion is to keep sufficient
infiltration capacity of the soil. Adversely affect on the infiltration capacity of the soil are
an extremely high irrigation doses but also use of inappropriate machinery to its
application. It can cause the degradation of soil surface by improper spraying of the
irrigation water which is caused by kinetic energy of the drops falling on the soil surface.

4. CONCLUSION

The issue of the paper was to assess the effect of irrigation not only benefits but also
work activities during the growing season on the infiltration capacity of the soil. The
infiltration is closely related to the hydraulic conductivity of the soil and according to our
findings is mainly dependent on soil moisture. It was clearly confirmed by measurements
taken immediately before and immediately after supplementary irrigation when the soil
hydraulic conductivity decreased by up to 51%. Progressively as the soil surface dries out
hydraulic conductivity was increasing. The last measurement not confirmed our
expectations whereas shown no elevation in hydraulic conductivity after the last
measurement which should result in a change of soil structure by performing stubble
breaking. This phenomenon could be caused by several factors such as rainfalls as a result
of impact on the hydraulic conductivity which obscure the effect of stubble breaking. It
would be interesting to examine, in this case, the whole soil horizon and to conclude further
consequences.
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OCENA KAPACITETA INFILTRACIJE NA ZEMLJISTE TOKOM MERE
NAVODNJAVANJA
Jobbagy J, Kristof K, Findura P, Angelovi¢ M, Folkman M?, Turan J?

REZIME

U ovom ¢lanku specijalno je data ocena kapaciteta infiltracije kao sposobnosti zemljista tokom
dodatnog navodnjavanja. Na odabranim lokacijama gajen je rani krompir sorte Gala. Povrsina lokacije je
6.23 hektara. lzabrano je 9 monitoring mesta . Ceo proces je pracen u toku vegetacije . Na pocetku
istrazivanja infiltracija prose¢na vrednost iznosila je 12,43 cm.s™, koji je uzrokovan od zaostale vlage
zemljista usled zime i sadenja krompira. U drugom merenju koje je praktikovano nakon prve primene
norme navodnjavanja i Erratum Terra, vrednost infiltracije brzo je porastao na 50,24 cm.s™. To je
uzrokovano usled insuficijencije vode od navodnjavanja i ki$nice. Odmah nakon tre¢eg navodnjavanja,
uradeno je merenje. Rezultati su bili o¢igledni, vrednost je smanjena za 51% (sa 50.24 cm.s™ na 24.43 cm.s”
!). Rezultati su samo delimi¢no promenjeni, $to je uzrokovalo pravu primenu norme navodnjavanja. Pre
merena, navodnjavanje nije bilo primenjeno, Sta se manifestuje u podizanju vrednosti infiltracije zemljista
kod petog merenja. Poslednje merenje manifestuje depresiju infiltracije prouzrokovane atmosferskim
padavinama, koje su bile tri dana pre merenja (2012-10-09) . U zaklju¢ku, moZe se konstatovati da uticaj
koli¢ine navodnjavanja na stopu infiltracije nije zanemarljiv.

Kljuéne re¢i: norma navodnjavanja, infiltracija, ocena, navodnjavanje.
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