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Problems and possibilities in agricultural irrigation from a soil hydrologi-
cal point of view

Sven Grashey-Jansen
Universitdt Augsburg, Institut fiir Geographie

1. Introduction

Approximately 70% of the global water withdrawal and 85% of the consumptive water use are for
irrigation (Goodwin and 0Conell 2008). Unfortunately water use efficiency in the agricultural sector
is very poor with more than 50% water losses (Hezarjaribi and Sourell 2007). In most cases the main
goal in water management is to optimize irrigation water use efficiency (IWUE) not only to produce
high quality, high yielding crops but also to ensure that runoff and leaching are minimized (Sadler
et al. 2000). Mostly climatic and phenological factors are used to regulate irrigation. But irrigation

efficiency is strongly influenced by soil properties.

2. Materials and Methods

Since 2003 soil tensiometric time-series data were measured in an hourly time resolution and re-
corded in irrigated orchards in South Tyrol (Northern Italy). Intervals of irrigation were registered by
pressure sensors in the irrigations lines. The pedological field-research at soil pits was combined
with analysis in the laboratory which provided quantitative information about the particle-size dis-
tributions at all measuring points.

The gained database (built by 131 seasonal time-series (April-November) of soil water tensions in
different soil depths) made it possible to use statistical methods to describe the influence and effi-
ciency of irrigation on different soils and in different soil depths (Grashey-Jansen 2008, 2010 and
2012). Furthermore, the derivation of pedotransferfunctions (Grashey-Jansen and Timpf 2010,
Grashey-Jansen 2011) made simulative approaches concerning precision irrigation possible.

The statistical analyses and simulation approaches were performed using the proprietary software
SPSS®, the free statistical software environment of R and the generic environment for modelling and

experimenting SeSAm (Shell for Simulated Agent Systems).

3. Results and Discussion

Figure 2 shows the time lags of the irrigation signals between 20cm and 40cm and 20cm and 60 c¢cm
soil depth of three different soil profiles each composed of equal soil textures (Sa, LoSa, SiLo). The
time lags were calculated by cross correlations of 18 tensiometric time series captured at these loca-

tions.
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Fig. 1: Legend for Figure 2 and Figure 3.
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Max. significant coefficients of cross correlations r,,,, for:
20:40 = CCF between 20 cm and 40 cm soil depth (soil textures: @ Sa; @ LoSa; @ SiLo)
20:60 = CCF between 20 cm and 60 cm soil depth (soil textures: ASa AloSa; A SiLo)

Fig. 2: Significant coefficients of cross-correlations in the 24-hour timeframe of three uniform soil
profiles (significance level o = 0.01).

The shortest time lags can be detected for the sand profile (Sa). Irrigation signals need less than
two hours to pass the soil depth of 60cm due to higher ratios of macro and medium pores. In the
loam sand profile (LoSa) signals cause significantly longer time lags to reach the depth of 60cm. The
silty loam texture with a higher ratio of micropores in the third profile causes signal delays up to 23
hours.

There are significant time differences in the soil hydrological response to the water-influx. The re-

sults of tensiometric time series analysis indicate that the pedological characteristics with their
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spatial variability decisively control the efficiency of irrigation (e.g. Grashey-Jansen 2008). As a
consequence appropriate and precise irrigation must take soil conditions into account.

Grashey-Jansen and Timpf (2010) created an agent-based simulation of a soil dependent precision
irrigation system. The model calculates an irrigation plan to ensure water application which is effi-
cient and meets the demands (Figure 3). Thereby, the irrigation does not happen intermittently but
in a continuous and dynamic way. This means that the amount of the water applied during the irri-
gation process is subject to controlled dynamic fluctuations. The irrigation plan shows these dynam-
ics. The intensity of irrigation is variable during the whole period of irrigation because each soil
depth (= area of virtual sensor nodes) contains the amount of water which corresponds to its maxi-
mal volume of water content at field capacity. This explains the varying values of the effective water
amount. In addition to the intensity of irrigation the duration of irrigation is also controlled. Be-
cause of this dynamic way of irrigating the soil is given the needed water gradually, following the

soil hydrological characteristics.
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Fig. 3: Output of a simulated irrigation schedule with the corresponding soil profile.
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4. Conclusions

To optimize irrigation practice economically and ecologically it is essential to provide an objective
basis for the irrigation process. However, atmospheric parameters as well as groundwater proximity
must not be overrated: close attention to the pedological conditions should be a primary considera-
tion. Soil physical properties can change enormously over small distances but the composition and
properties of the cultivated soils are rarely taken into consideration. An approach of precision irriga-
tion requires precise knowledge of soil properties. The presented irrigation plan adapts to measured

soil water dynamics, differentiating between different soil strata and soil depths.
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