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• Surface and root zone soil water affect plant growth which is
important for agricultural producers and to all food value
chain stakeholders
• Soil water state is used in irrigation scheduling, site-specific
management of diseases and pests, improving crop yield,
indicator of plant health, mobility of light weight vehicle, etc.
• Variability of soil water at the field scale is not only affected
by precipitation, soil texture, slope, etc., but it is also affected
by adopted land management practices

Research Goal
• Investigate soil water dynamics with SHAW (Simultaneous
Heat and Water) model for soybean growing season under
conventional and no-tillage practices (Fig. 1) during 2010

• Simultaneous Heat and Water (SHAW) model uses
information on vegetation canopy, snow and surface residues
to describe one-dimensional coupled water and heat flow in
soils. Water flow (θ) at z vertical distance and t time is
molded in both liquid and vapor forms using the Richards
equation (Flerchinger and Saxton, 1989):
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where θl and θi are volumetric liquid water and ice contents,
respectively, ρl and ρi are liquid and ice densities,
respectively, K is unsaturated hydraulic conductivity, Ψ is
matric potential and qv is vapor flux
• Model requires weather data (max. and min. daily air
temperature, dew-point temperature, total wind run for the
day, daily precipitation, average daily solar radiation), site
characteristics (location, slope, plant, snow, residue, soil,
etc.), plant growth, and initial soil water and soil temperature
data
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Fig. 1: Two classifications of tillage type; conventional tillage (CT) (a) leaves the soil surface very rough and buries most of the
crop residue and no-tillage (NT) (b) involves no soil disturbance and leaves all residue intact; installation of soil water content
sensor – Campbell Scientific model (CS 615) (c).
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Methods
• Study was conducted in 2 no tillage
(NT) and 2 conventional tillage (CT)
plots (100 m x 150m each) at the
University of Guelph Elora Research
Station (25 km northwest of Guelph)
• Water content reflectometers and
thermocouples placed at 0-10 cm, 1040 cm, 40-70 cm and 70-100 cm
depths provided average observations
for 5 cm, 25 cm, 55 cm and 85 cm of
soil depths
• Climate data received from
meteorological station at Elora
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Results
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* gaps in observed soil water are missing or not available during cultivation and plantation
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Fig. 3: Management operations for conventional tillage (CT) and no-tillage (NT)

Fig. 2: Physical system described by SHAW
model where T is temperature (deg C), u is
wind speed (mph), h is relative humidity
(%), St is solar radiation (W m-2), i is
precipitation (in) and θ is soil water content
(m3 m-3) (Flerchinger and Saxton, 1989).

Fig. 4: Simulated and observed soil water at depths of 5 cm (M1), 25 cm (M2), 55 cm (M3) and
85 cm (M4) in conventional tillage (left) and no-tillage (right)*

• Soil water was found to be higher at the 5cm and 25cm
depths for the no-tillage land management practice.
• Simulated soil water at different soil depths followed the
general trend of field observed data (Fig. 4), however,
lowest r values were observed for the surface soil water
simulation in conventional tillage
• Generally, the RMSE results of the two simulated land
practices were similar, however, higher RMSE is found at
the surface (top 5 cm) for conventional tillage (Tables 1-2).
• For both managements, SHAW model significantly
underestimated soil water at higher soil depth (85 cm)

Table 1: Statistics of conventional tillage
Measure
Bias
RMSE
r

M1
0.0215
0.1026
0.6426

M2
-0.0684
0.1287
0.7968

M3
-0.0146
0.0415
0.8545

M4
-0.0874
0.0968
0.9070

Table 2: Statistics of no-tillage
Measure
Bias
RMSE
r

M1
-0.0021
0.0270
0.8150

M2
-0.1066
0.1106
0.8836

M3
-0.0051
0.0561
0.5586

M4
-0.0878
0.0945
0.7719

Conclusions
• SHAW model has some capacity for the
prediction of soil water under different
agricultural management practices,
however, further parameter estimation will
be required particularly for estimation of soil
water under conventional tillage at the near
surface and under both management
practices with depth
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