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BASIC CONCEPTS

WHAT DOES HYDROBALL® MEASURE?

HYDROBALL® takes four measurements in a single device:

1. Volumetric water content (%); 2. Water tension (kPa); 3. Apparent
electrical conductivity (dS/m); and 4. Soil temperature (°C). Through
data interpretation, DENODL®App can infer a fifth parameter:
5. Soil water characteristic curve and soil texture.

1. VOLUMETRIC WATER CONTENT (VWC*)

This is a key parameter in agronomy that quantifies the volume
of water contained relative to the volume of soil**, expressed as
a percentage (%). It is calculated as the volume of water divided
by the volume of soil***.

The reason why soil can hold water without increasing its volume
is that there are pores between soil particles. These can contain
water or air (see image). Generally, this “empty” space corresponds
to 50% of the soil volume.
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The VWC measurement range of HYDROBALL® is 0% to 70%
(value usually well above saturation). The sensor is located on the
perimeter of the probe, inside the housing.

* Abbreviation for: Volumetric Water Content.
**In agronomy, it is important not to confuse the terms “soil” and “earth”. The latter should not be used.
*** For example: a VWC of 20% indicates that, given a soil volume of 10 litres, it will contain 2 litres of water.

2. WATER TENSION

Also called “Water Potential” or “Suction”. It expresses the force
that must be exerted (for example, by the plant) to extract water
from the soil. It is expressed in kilopascals (kPa)*.

Water tension is a direct way of knowing the availability of water
for the plant. The greater the water availability, the lower the water
tension value. Thus, saturated soil (with excess water) will show
water a potential close to O kPa, while soil with less available
water will show a higher potential, for example, 150 kPa. Generally
optimal water tension values are around 30 kPa.

The sensor for measuring water tension in HYDROBALL® is located
in the ceramic**, which acts as a tensiometer**,

The water tension measurement range for HYDROBALL® is O kPa
to 200 kPa.

* It can be expressed in other equivalent units, such as pascals (Pa), bars (bar), atmospheres (atm)
or centimetres (cm). All are measures of pressure.

** It wets by absorbing water from the soil. This is a technical ceramic developed in-house, in collaboration
with the prestigious German company Rauschert. The sensor measures the water content in the ceramic,

which is directly correlated with the water tension value, based on laboratory experimentation.
*** Sensor dedicated to measuring water tension.

3. ELECTRICAL CONDUCTIVITY (EC¥)

In agronomy, the apparent electrical conductivity (EC) of the soil
is an important measure for evaluating the salinity and nutrient
availability, which directly affects the health and yield of crops.
EC is measured in dS/m (decisiemens per metre) and provides
information on the amount of salts dissolved in the soil water.
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EC values below 1dS/m are considered low, while EC values above
4 dS/m are considered very high.

High apparent electrical conductivity can negatively affect crops,
potentially causing significant yield losses, although this depends
on the species and variety. Soils with extremely low EC may have
nutrient deficiencies, which can also impact plant productivity.

The EC measurement range of HYDROBALL® is 0-5 dS/m.

* Apparent Electrical Conductivity.

4. SOIL TEMPERATURE

In agronomy, soil temperature is crucial for certain physiological and
biochemical processes that affect plant growth and development.
For example, soil temperature influences seed germination, root
growth, nutrient and water uptake, and microbial activity.

Moreover, soil temperature data can be used to perform predictive
agronomic calculations and analyses related to potential plant
growth, disease prevention*, nutrient absorption, and more.

HYDROBALL® can operate at temperatures up to 50°C, making
it suitable for monitoring composting processes.

* Specific examples: in golf courses, greenkeepers often take into account the relationship between VWC
and soil temperature to predict the onset of dollar-spot disease, which is very common in sports turf.
In another example, DENODL® customers have monitored temperature using HYDROBALL® to determine

the optimal timing for disease and pest treatments, which are more effective within certain temperature
ranges.

5. SOIL WATER CHARACTERISTIC CURVE AND SOIL TEXTURE

There are 12 standard soil textures used in agronomy, defined
by the USDA (United States Department of Agriculture), based
on composition*.

The 12 soil types are: sand, sandy loam, loamy sand, loam, silt, silty
loam, sandy clay loam, clay loam, silty clay loam, sandy clay, silty
clay, and clay.

The different soil types have different water retention capacities.
This influences the availability of water for the plant. Specifically,
the water retention capacity of a soil is determined by the size
of its particles and pores*. For a given VWC, water is more
available to plants in sandy or silty soils than in clay soils. In other
words, for the same VWC, the water tension is lower in sandy soils
than in clay soils.
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It is precisely through this correlation between VWC and
water tension, which varies for each texture, that soil texture
is characterised. By plotting these pairs of values on a graph,
the so-called “soil water characteristic curve”** is obtained.
Each of the 12 soil types has a characteristic and standardised
soil water characteristic curve™**,
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Since HYDROBALL® records real-time pairs of VWC and water
tension, the system (DENODL®°App) can dynamically construct
the soil water characteristic curve. The system then compares the
obtained curve with standardised curves, producing a soil texture

value (see image).
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The soil texture value is displayed in the DENODL®App, interface
and is also used in agronomic analyses.

* Soil type is classified according to the proportion of its three main components (inorganic substances),
which are: sand, silt and clay. A balanced soil, i.e. with around 33% of each component, is called “loam”
soil. The soil texture pyramid shows the 12 soil types according to the proportion of these components
(see image).

**For example, soil particles and pores in sandy textures are larger, and therefore the retention capacity is
lower. Water “runs off” quickly and is more readily available to plants. However, it is also more easily lost
to the subsoil (percolation). The opposite occurs in clay soils, with finer particles and smaller pores, where
water is “trapped” due to capillarity and surface tension.

*** Typically, the vertical axis represents VWC, and the horizontal axis represents water tension.

**** Specifically, using the van Genuchten model.

BASIC CONCEPTS FOR SAVINGS AND EFFICIENCY

There are characteristic points in the soil that correspond
to certain VWC levels, which in turn depend on the soil texture.
Knowing these characteristic points helps maintain crops
at optimal moisture levels.

Saturation Point:

This is the maximum amount of water that the soil can hold in its
pores. It is around 50% VWC. Above this VWC level, water is not
absorbed into the soil but is lost through percolation or runoff*.
Maintaining soil near saturation can reduce crop productivity,
in part due to poor root oxygenation.

Field Capacity: o

This /is the VWC that the soil is naturally capable of retaining when
it has lost excess water through gravity. FC depends on soil texture.
For example, FC in sandy soils is around 10% of VWC, while clay
soils have an FC around 40% VWC**.

Thus; irrigation applied above the FC will be lost and will therefore
generally be excess water. In any case, such irrigation will not
benefit the plant and will be unnecessary.

Refill Point: rp)

This is the VWC level below which it becomes “difficult” for the
plant to extract water from the soil. No damage is caused, but crop
efficiency is lost. As is the case with FC, the RP also depends on
soil texture. Soil moisture should be maintained above the RP.
In this way, the optimal VWC range is observed to lie precisely
between the FC and the RP.

Permanent Wilting Point: pwr)

This is the VWC level below which the plant suffers irreversible
damage or dies. At this point, the VWC is so low that the plant
is unable to extract water from the soil. The PWP should always
be avoided, as reaching it will result in severe productivity losses
or, in extreme cases, total crop loss. The PWP also depends on
soil texture. For example, in sandy soils it is around 5% VWC, while
in clay soils it can be approximately 30% VWC.

* Percolation is the water that is lost into the subsoil. Runoff is the water that does not penetrate the soil
and “runs” off the surface.

** Remember that soil texture defines water retention capacity. For example, clay soils retain more water
than sandy soils. Therefore, the VWC at FC will be higher in clay soils than in sandy soils. This is easy

to see for ourselves: if we take sand in our hands, the water drains away easily; this is not the case with
a piece of clay.
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Therefore, knowing the soil texture is essential for irrigation
management: it allows the identification of characteristic soil
points, enabling crops to be maintained generally within optimal
VWC ranges. That is, below FC and above RP, avoiding both
saturation and PWP.

Experience shows that, in agriculture, irrigation is generally applied
in excess, above FC according to soil texture.

Therefore, maintaining crops within optimal ranges results in water
savings and increased crop yield and productivity*.

The DENODL®App interface displays the range of optimal values
and uses it to automate the alert functionality, among other things.
It is also used for the automation of agronomic analysis (IA).
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* Compared to a crop outside this optimal VWC range, all else being equal, although many variables
affect crop productivity.

AGRONOMIC ANALYSIS

With the above concepts in mind, it is possible to perform an agronomic
analysis based on the graphs and data recorded by HYDROBALL®.

Let’s consider the following graph (real case):
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Initially, periods are observed where the soil is saturated: the VWC
remains stable at around 50%".

When irrigation ceases, excess water drains due to gravity. This is
visible as a sharp drop on the graph. The inflection point indicates
that FC** has been reached.

From that moment, the decline in VWC broadly corresponds to
evapotranspiration**, which represents the water needs of the plant.

By knowing the VWC lost per unit time, and considering other
variables such as weather conditions, forecasts, and crop type
and status, it is possible to provide simple and precise irrigation
recommendations through prescriptive reports.

* VWC does not increase beyond saturation as the soil cannot contain more water. Any water applied at
this point (irrigation) is lost. Such irrigation should be avoided.

** Likewise, all water applied above FC is excess water. This irrigation should be avoided. The inflection
point indicates FC, as the soil has stopped losing water by gravity. Remember that FC represents the water
naturally retained by the soil after draining the excess.

*** This is the sum of water lost from the soil by direct evaporation and transpired by plants into the
atmosphere. This is the water that must be applied (or replenished) to maintain plants at optimal levels.
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