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Introduction

The increase in consumption of water resources, combined with climate change impacts, calls for new sources of water supply and/or different managements of available resources in agriculture. One way to increase the quality and quantity of agricultural production is using modern technology to make farms more “intelligent”, the so-called “precision agriculture” also
known as ‘smart farming’. To this aim hydrological models play crucial role for their ability to simulate water movement from soll surface to groundwater and to predict onset of stress condition. The models accuracy when implemented for this aim is very important. Right decisions are taken based on right data while uncertain data leads to unreliable results and thus
Inadequate decisions. Many uncertainties are limiting the implementation of these models for irrigation scheduling due to: meteorological data, field measurements and the formulation of some processes such as infiltration, evapotranspiration...etc. Typically, soils to be characterized, exhibit large variations in space and time as well during the cropping cycle, due to
biological processes and agricultural management practices: tillage, irrigation, fertilization and harvest. Solil properties are subjected to diverse physical and chemical changes that lead to a non-stability in terms of water and chemical movements within the soil and to the groundwater as well. The knowledge of the soil properties variability is highly recommended to
define the water stress thresholds based on which the decision to irrigate is taken. The aim of this study is to assess the variability of soil hydraulic properties over a cropping cycle and their effect on soil moisture simulations and irrigation scheduling. To investigate soil properties variations, both measurements in the field and laboratory tests on both undisturbed and
disturbed collected samples were performed. VADOSONE Model was implemented as tools to assess the efficiency of the irrigation schedule. Performed simulations allowed to evaluate the irrigation schedule of maize field in the Po Valley-Northern Italy. Temporal and spatial variations of soil properties have been implemented instead of the constant ones to compare
their impact on simulated water status thus on the evaluation of previously implemented irrigation schedule.

Material and methods Results and discussions

It has been proven from the performed measurements that soil properties, in particular near the surface, are subjected to temporal variation during the cropping cycle that can be due
to many factors : drying/wetting cycles, fertilization , roots development, irrigation, tillage and harvest. The time variability affected more the cropped part of the field. The saturated
hydraulic conductivity is a sensitive parameter to temporal changes. This parameter is required as input for many ecological, environmental and agricultural models and this variation
should be taken into consideration. Comparing spatial and temporal variations of measured soil properties showed that temporal changes are greater.
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The study site is a maize field (45°13'31.70" N, 9°36'26.82 E) located in Northern ltaly-Lombardy region. This field belongs to the Consortium of Muzza Bassa Lodigiana. This site . o While for S3 and S4 where soil
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During several field campaigns soil samples were collected at different points (A0O1, A02, AO3 Period1 Period 2
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particle size distribution and organic matter content. The selection of sampling points aimed at measurements of the first campaign Figure .6 Percentages of stress, surplus and optimum conditions during the 2015
assessing the spatial variability of soil properties). The point AO4 was selected from an o e R ” e - |were used as first set and the growing season with and without irrigation a. without time variable soil hydraulic
uncultivated part of the field, for more than 8 years, in order to assess the effect of agronomic measu_rements of the second properties b. with time variable soil hydraulic properties
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Model simulations

Figure .4 Soil moisture simulations VS
simulations with time variable soil properties

To assess the effect of spatial and temporal variability of soil properties water movement within
the soil profile was simulated. Soil moisture simulations were carried out using VADOZONE
model , developed at Politecnico di Milano. This physically based model uses Richards

Although there is a small disagreement between simulations and measurements, S6

equation for the simulation of 1D water flow yielded the best result. This confirms that taking into consideration the temporal variability What if we consider the spatial variation of soil properties ?
A common way of characterizing unsaturated flow is Richards' equation (Richards, 1931). L?’gs?mjl;mt: ;Eealﬁsrtlcal heterogenetty of soll properties yielded a significant improvement i i i
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Where Ols th_e V°|Umetf'°_ Water1conten’§, his t_he pressure hea}d L), Z Is the soil depth (L)_= K spatial variability of soil moisture at field scale at three different days during the 2015
Is the hydraulic conductivity (LT™") and t is the time (T). Richard's equation was solved following cropping season. The simulation results using data from the first field campaign are PN— woss VG20t ston || A02- 20 cm without irigatin e | —— N

Ross (2003) Fast solution. Several simulations were performed, as presented in table 3, with

_ _ _ presented in the figure 5-a and results of simulations based on data from the second field
different sets of soil hydraulic parameters
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At an hourly time step a stress index (Sl) is calculated. The evaluation of the stress conditions . : L .y .
. . . . " as well the soil moisture distribution within the study field was heterogeneous = =
Is carried out according to a fixed stress and surplus thresholds. The surplus conditions : : — : :
corresponds to situations where the water content is higher or equals to the field capacity and 20 June 2015 a. b. Figure .7 Pergeqtag{gs of_i;c]restsi[_surplus_ ?D':d OPT'?udm Cf_"d't'ons rt\{wth and without
this situation is identified by a stress index equals to 1.Instead, the stress threshold was — = i . Sai iy e,
calculated according to the following equation: ,Qc}b Q \ 4 - - S The percentages of occurrence of stress, surplus and optimum conditions at the
Q@" Q@c} § 1July 2015 - e different sampling points of the field were different. As observed at AO1, no stress was
Stress Threshold = 0, — p X (8zc — Owp) o 54 & B ot o4 recorded even without irrigation and stress appeared only when the second set of soil
035{3’(9 Q@b 6? EEEE% parameters was introduced. On the contrary to the results of assessment of the stress
\NherePeFCr:s tr;le wal’:c)tler tc:iontlent at _1;_iﬁld ce:pacit;/ I::;:;:md G\NPbis the w%ter (;oqtei:lt a; the v;ilting 11.July 2015 index at AO1, the stress appeared at AO2 and AO3 even when the first set of soill
point. P is the allowable depletion. The value of P ranges between 0 an that depends on \ \ Ootimum \ an - u . o hydraulic properties was introduced. Considering or not the temporal variability of soil
ci!lima:cl éI:or;.lditions anddthe crop. II:or gva:ler content ve:jlues between ﬁel?j capaiity and stress S’[I’BSSSGIOI;dI’[IOHS coﬁditions SUFP|USS<I301"d't'0"S v - hydraulic properties, the irrigation didn’t reduce efficiently the stress while it developed
threshold, the stress index is equal to O that corresponds to optimum conditions for roots water = S|=0 = more surplus for both A0O2 and AO3. These results confirm that the use of local
extraction. While when the soil moisture is lower than the stress threshold the stress index Is / Figure.5 Spatial distribution and temporal variation of soil water content (a. soil data from simulations can lead to inadequate evaluation results or decisions if used to schedule
equal to 2. the first measuring campaign, b. soil data from the second measuring campaign) . future irrigations.

Conclusions

The main use of dynamic simulations of soil moisture is for irrigation water management purposes. Knowing the soil water content at a given time step allows to evaluate if the available water allows to meet the evaporative demand or not.. Results of this study illustrated the importance of considering time and space variable soil properties while modeling soil water movement. Yet constrained by the effort
and cost required to monitor these changes, soil hydraulic properties variability in time and space should be further investigated. This will help for a better planning of cropping practices. A stress index has been suggested as an indicator used to evaluate the soil water conditions. At each time step a stress index was calculated. It has been proved that accounting or not for time and spatial variation of soil

properties yielded different results of the evaluation of irrigation scheduling. Neglecting the time variation of stress thresholds during the cropping season can lead to erroneous decisions. According to the results of this study, accounting for spatial distribution of soil water status is crucial since soil hydraulic properties are subject to spatial variability even at small scales. If the monitoring and modeling are
carried out locally in the field, the selected location to carry out these activities should be adequately chosen in order to be representative for the entire field.
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