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Meassurement of soil physical properties 
 

Soil physical properties of the subsoil (soil cores from 0.6 m) were measured using the pressure plate and 

sandbed [1]. Suction was applied at eight points with different soil water potential, from pF 1 – pF 4.2. Soil 

water retention was measured in-situ using sensors carefully installed at field capacity. A small trench of 2 x 

0.5 x 0.4 m (L x W x D) was excavated two weeks after germination of a spring barley crop in late April 2017.  

A VWC sensor True TDR-315 (Acclima, Inc., Boise, ID, USA), a T4 Tensiometer (UMS GmbH, Münich, 

Germany) and a matrix potential sensor MPS6 (Decagon devises, inc., Pullman, WA, USA) were inserted side-

by-side into the undisturbed soil matrix to a final depth of 0.6 m, with a sensor-to-sensor distance of 0.1 m; 

tensiometers were installed with a 10o incline to the vertical line. In all, three replicated groups were made 

with a distance of 0.5 m within the trench.  The soil was carefully backfilled, the spring barley seedlings 

replanted, and 25 mm of water added by a 30 min irrigation by a dripline system UniRamTM HNCL (Netafim, 

Tel Aviv, Israel). Data were collected by a CR1000 datalogger (CAMPBELL SCIENTIFIC, INC., UT, USA), with a 1 

min sample interval. Water potential and content were recorded from pF 1.1 –  pF 2. 93 by the T4 

Tensiometer, while the potential at the dry end of the retention curve was measured by the MPS6 sensor pF 

2.93 – pF 4.2. For each sensor group retention curves were fitted for each sensor position using a 

generalized additive model [2] using the software R (V. 3.5.1). Based on these three retention curves a single 

final subsoil retention curve was fitted using a local polynomial regression model (Fig. S1). Porosity was 
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calculated using the average bulk density and a particle mass density of 2.65 g cm3. Field capacity was 

defined at pF 1.8 (Fig. S2). 

  Significant differences were observed between the retention curves measured in-situ and lab 

measurements made by pressure plates and oven drying, but only at water potentials larger than pF 2 ( Fig, 

S3). Up to 4 vol %, more water was present in the soil cores in the laboratory at wilting point compared to 

the field. However, it must be noted that suction above field capacity (>pF 1.8) was applied by pressure 

plates in the laboratory, while suction in the field was applied by root water uptake driven by transpiration. 

Similar discrepancies have been seen in other studies comparing water retention curves determined by 

pressure plates to other methods, e.g., [3, 4]. Consequently, it was decided to use the in-situ measurements 

from the field to parametrize soil water retention curves for the subsoil. Recently, a similar strategy has been 

successfully applied in a facility developed to investigate root zone processes [5]. 

 

Water Balance Simulation 

Water balance simulation was made using the mechanistic plant and soil model “Daisy” with water flow 

simulated by the Richards equation [6]. The simulation was made by parameterizing a 2 m reference soil 

column with drainage placed with a 50 cm lateral distance on top of an impermeable bottom. Parameterized 

topsoil physical properties (0 m - 0.4 m; ϴres=2 %; ϴsat=36 %; Ksat= 25 mm h-1; α=0.0685 cm; n=1.30  ) were 

described by a Van genutchen model guided by Mualem theory with parameters obtained from topsoil bulk 

density and texture using the HYPRESS pedotransfer function  [7]. Subsoil physical properties (0.4 m – 2 m; 

ϴres=7.44 %; ϴsat=35.3 %; Ksat= 10 cm h-1; α=0.99 cm; n=1.19) were described using the in situ measured data 

points and the non-linear fitting program SWRC-FIT program using a Van Genutchen model.  [8, 9]. No 

measure of saturated hydraulic conductivity (Ksat) was available. Instead, saturated hydraulic conductivity 

was calibrated to reflect sensor curves at 50 cm (Fig, S2). Potential evapotranspiration and drainage was 

simulated for the spring barley experiments in 2016 and 2017 (1. February to 2. of August). To compare the 

degree of soil drying between the two seasons, the FAO-Penman-Montieth (ETo) was used as input for the 

simulation of potential evapotranspiration (ETC) from the barley crop. ETc was modeled using the standard 

Spring Barley development module in DAISY and assuming no limitation from lack of nitrogen and water. The 

model was parameterised with Soil preperation, Fertilization and sowing dates as presented in Table 2. 

Simulated ETc and drainnage is presented in Fig. S4. 
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Fig S1. In-situ measured retention properties of the subsoil at 60 cm. a) Three curves fitted to sensor 

measurements from three positions using a generalized additive model. Original measured values are shown 

as grey dots (data points = 85155). b) Predicted In-situ measured retention curve by polynomial regression 

model (span=0.2) based on data points from the three curves in A (n=240). Grey shade indicates a 95 % 

confidence interval of the predicted curve. 

 

 

  



Fig. S2. Soil water release curves and simulated soil water content a) Van Genutchen water retention 

curves off topsoil determined by Hypress pefotransfer function and of the subsoil by fitting to measured 

data points at 60 cm (black dots, n=81). Original data points shown as grey dots. b) Measured volumetric 

water content at 50 cm as a solid line (mean value with standard error as grey shade, n=8 ). The solid blue 

line is simulated water content at 50 cm during drainage situations in early spring by the DAISY model. 

 

 

  



Fig. S3. Subsoil water retention at 60 cm.  VWC is measured by TDR sensors using the Topp equation and by 

soil coring at seven different water potentials, followed by soil drying in the laboratory.  Suction was applied 

by evapotranspiration in the field and by sand-bed (pF 1.3 – pF 1.7) and pressure plates (pF>1.7) in the 

laboratory. Mean values with ± 95 % confidence interval (Laboratory n=8, Field n=3). One-way ANOVA 

results for each group shown with black labels (***=P<0.001; **=P<0.01,*=P<0.05, · =P<0.1, ns (not 

significant)=P>0.1). 

 

 

 

 

  



Fig. S4. Measured cumulated precipitation (solid black line) and simulated cumulated drainage (dashed blue 

line) and cumulated potential evapotranspiration of a barley crop (P_Evap, dashed red line) assuming no lack 

of water and nitrogen in two seasons. The dashed black line indicates precipitation received if the rain-out 

shelters had not been used. 

 

 

 

 

 

 

 

 

 

 

 

 


