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Abstract. Theuse ofLoRa sensors and IoT in farming is increasing progressively.
For this study, we installed a series of LoRa soil moisture and conductivity sensors
at 5 cm and 30 cm depth in aCamelina sativa (L.) Crantz cultivar. The information
gathered by the sensors show how rain or irrigation water infiltrates in the soil.
This allows the farmer to take decisions regarding the use of water in a very
effective, cheap and reliable way. Although the use of LoRa sensors is more
common in irrigated crops of high economic value and yield, the use of cheap
sensors in rainfed agriculture can be a great contribution to manage the crop and
add additional value to the production. It could provide information on the water
stress and needs of the crop and be decisive in assessing whether, in large areas of
dry land, it will be economically profitable to cultivate.
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1 Introduction

The growing demand of new techniques for developing intelligent agriculture implies
the adoption of technologies such as the Internet of Things (IoT) on farms. This kind
of IoT technology allows the farmer to monitor his crop in real time and to identify
the fundamental factors of agricultural production. The IoT sensors are connected to
the Internet and transmit the information to a platform where it is collected and can be
analyzed automatically [1].

There are several IoT systems, but currently the aim is to send certain environmental
data such as temperature, soil moisture or irrigation water conductivity. Although these
systems are useful for farmers, they can be useless if the crops are not in the right plot or
have been affected by events such as a natural disaster or pests. Therefore, a monitoring
system like this is an important factor in agriculture: 1) ensures and reduces the loss
of productivity in high-yielding crops; 2) provides accurate and visual information to
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farmers; 3) improves decision-making in short time; 4) and ensures the right soil and
plant conditions, thus increasing the value and yield of the crops [2, 3].

On the other hand, modern agriculture aims to answer the increasing worldwide need
for foodproduction.Thus, new technologies and solutions in the agricultural field provide
an optimal alternative to collect and process information while improving productivity.
At the same time, the alarming climate change and the growing water crisis require new
and improved methodologies for the agricultural and farming fields of the modern era.
Automation and intelligent decision-making are also becoming more important to fulfill
this mission. Therefore, the combination of IoTwith other technologies such as Big Data
Computing or remote sensing is becoming increasingly popular and more often [4].

Consequently, IoT is an environment where objects, animals or people are equipped
with unique identifiers capable of data transmission over Internet network without the
need for human interaction. Thus, it has great potential and is one of the key areas for
future development of internet services. New uses of IoT are being searched for and
established, but most of the effort is in the area of solution standardization [2, 5, 6].

1.1 LoRa Technologies

The challenge arises when implementing a real-time visual monitoring system to con-
trol an entire farm and increases as the farm grows bigger or is in places with difficult
access. It is not possible to wire the entire farm to deploy sensors, so IoT and technolo-
gies such as LoRa (short for long range) take advantage. This radio information packet
handling technology is characterized by high tolerance to interference, low power con-
sumption, long range and low data transfer rate. This allows the deployment of low-cost
sensor networks in large areas like farms or woods. Thus, LoRa provides long-range
and low-power consumption, a low data rate, and secure data transmission. It can be
used with public, private, or hybrid networks to achieve a greater range than cellular
networks. LoRa technology can easily integrate with existing networks and enables
low-cost, battery-operated Internet of Things (IoT) applications. A single gateway can
cover huge areas of square miles/kilometers. Therefore, LoRa networks are considered
low-power wide area networks (LPWANs). The nodes can be battery powered, and the
lifetime of the battery is about ten years, plus they transmit data in small amounts over
long distances and a few times per hour (for example, every ten minutes), thus enhanc-
ing the battery stamina. LoRa-based environmental sensing system enables farmers to
remotely monitor the status of a large farm in near real-time. On the other hand, coverage
is highly dependent on obstructions (buildings, trees, hills), environment (heavy rain)
and technical factors (high-level radio interference, antenna type), so it is necessary to
design the system deployment correctly to achieve full performance [1, 3, 7–9].

1.2 Camelina Culture

An example of the use of LoRa sensors in precision agriculture is the CAMEVAR
project of the CAMELINA Operational Group (OG), which focuses on the cultivation
of Camelina sativa (L.) Crantz. Oil crops such as camelina are one of the major plant
groupswith the highest production, research, experimentation andmarketingworldwide.
They are very useful and generate seedswith a high percentage of fatty acids and proteins
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of high quality that can be used in the chemical, pharmaceutical, cosmetic or animal and
human food industries, among others. Its fruit is shaped like a small siliqua with 6–
16 seeds with an oil content of between 30% and 40% in dry weight. Oil is very rich in
alpha-linolenic acid (ALA), omega-3 fatty acids and high levels of gamma-tocopherol
(vitamin E) [10–14].

Camelina cultivation stands out for its high resistance to drought and the reduced
need for inputs. Therefore, it is an alternative crop when compared with more demand-
ing rainfed crops. Moreover, among other advantages, it can be adapted as a rotation
crop in semi-arid and arid rainfed regions, thus minimizing fallow, where other oilseed
alternatives are less competitive [15–18]. In addition, it can be used in crop rotations,
as it can grow without fertilization by exploiting residual nitrogen (N), phosphorus (P)
and potassium (K) in the soil from previous crops [19–22].

The OG, composed by Camelina Company Spain (CCE), IMIDRA, ASAJA and the
farmer, Julián Caballero de la Peña, aims to research on the improvement of the varieties
of this oil crop in the central Spain area. To this extent, research is carried out on combin-
ing traditional cultivation techniqueswith new technologies such as remote sensing using
Sentinel-1 and Sentinel-2 images or crop monitoring using IoT technologies [23, 24].

1.3 Related Works

The selection of LoRa technologies sensors for the CAMEVAR project was due to the
ease of its implementation and its proven performance in other experiences, measuring
the soil moisture and soil temperature. This kind of IoT networks have a prolonged
lifetime at lower cost compared to other sensors due to the optimized sleep time of
sensor nodes and less power consumption. In addition, the use of solar-powered features
on sensor nodes extends the lifetime of the network. Thus, this kind of LoRa based
gateway is demonstrated to solve power problems and cover large areas in agriculture
fields [7].

In addition, it is more suitable for battery-powered devices such as the soil moisture
sensors. Reliable communication over long distance is possible because of techniques
like adaptive data rate, LoRa’s chord spread spectrum radiomodulation scheme, andgate-
ways that decode data received on multiple channels modulated with different spread-
ing factors. In precision agriculture, LoRa technology provides low-cost low-power
communication solution for prolonged monitoring operations [25].

The rest of the paper is organized as follows: Sect. 2 presents the methodology
employed to deploy the LoRa sensors network and collect data. Section 3 depicts the
raw results gathered from the sensors and the weather station. This data is discussed in
Sect. 4. Lastly, the conclusions and future works are presented in Sect. 5.

2 Materials and Methods

We selected a 2.5-hectare plot (plot X), located on Finca El Encín IMIDRA, in the
municipality of Alcalá de Henares, Madrid, Spain. On January 23, 2020, we seeded the
plot with camelina’s V1 variety (provided by CCE). We used a conventional Solà cereal
seeding machine, calibrated at a dose of 8 kg/ha to 10 kg/ha. Later, since rainfall was
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scarce during the germination period, we performed two short irrigations on plot X to
boost the growth of the seeds. The plot is technically divided into 5 sectors that have
an independent sprinkler irrigation system, which allows differential irrigation of the
crop and soil. On February 13, 2020, we installed sensors in each sector to measure
soil moisture (sM) and soil conductivity (sC) (at a depth of 5 cm and 30 cm), as well
as ambient temperature (T). We placed the LoRa network hub-gateway close to these
sensors (<200 m), on the border of the field. Additionally, as a control plot (plot Y), we
installed sensors on another camelina rainfed plot 2000 m away from the experimental
plot (Fig. 1 and Fig. 2). We gathered information from the sensors every 15 min. The
meteorological data was extracted from the weather station located on the farm, which
collects daily data on rainfall and maximum and minimum temperatures.

The monitoring system was formed by LoRa wireless nodes, a local gateway with
3G connectivity, and a cloud data server provided by Plantae®.
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Fig. 1. Sensors and zones distribution in plot X.

The final goal was to perform different stages of irrigation in each sector and to
compare the data on soil moisture and conductivity with the rainfed plot. We aimed to
assess how the changes in the soil moisture and conductivity took place along with the
rainfall or irrigation periods. Thus, even though it is a rainfed crop, we would be able to
simulate different rainfall scenarios and evaluate how the soil moisture or conductivity
affects the growth and final yield of the camelina.
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Fig. 2. Average slope between the rainfed control sensor and the hub-gateway.

Unfortunately, because of the COVID 19 situation we were not able to proceed with
the differential irrigation calendar in plot X, so all the zones (1 to 5) where rainfed, as
in plot Y.

3 Results

In this section, we provide an overview of the data collected by the LoRa sensors and
the weather station and explain the possible variables that may have affected the results.

3.1 Meteorological Data

To assess the rainfall and estimate how was its availability for the crop through the
infiltration,weprocessed themeteorological data from theweather station.Wecalculated
the total (68 mm) and diary rainfall (2.16 mm/day), as long with the average temperature
since the day we sowed the camelina crop (11.90 °C).

Rainfall was concentrated in the first weeks after the camelinawas seeded and in final
weeks, where the crop’s water demands are higher because it is growing and developing
the fruits and seeds (Fig. 3).
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Fig. 3. Finca El Encín weather station (from January 23, 2020, to April 30, 2020).
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3.2 LoRa Network Sensors Data

LoRa network sensors gathered data from soil moisture and conductivity along with
superficial temperature for plot X and plot Y. We harvested moisture data from the soil
at 5 cm and 30 cm. Therefore, there are differences in the variation of soil moisture
mainly due to the amount of rainfall and speed of water infiltration through the soil. On
the other hand, conductivity remains quite constant, as it was gathered at 30 cm (Fig. 4
and Fig. 5).

In both plots (X and Y) conductivity values at 30 cm are related to moisture at 30 cm,
as it is calculated through electrical conductivity variability within the sensor probes, so
the graphical representation has certain correlation.

Although the two plots were finally rainfed, because we were unable to apply dif-
ferential irrigation to plot X, the plot Y “rainfed” sensor showed a remarkable decrease
in conductivity. Probably due to the installation method or differences in the soil
composition (Fig. 5).

Date

Date

A

B

Fig. 4. Soil moisture (HR %) at 30 cm (A) and 5 cm (B).
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Date

Fig. 5. Soil conductivity (dS/m) at 30 cm.

4 Discussion

Camelina crop is a rainfed culture, thus it only needs rainwater as input, and it is enough
tomake the crop grow healthy and profitable. In this situation, as OGCAMELINAworks
to research in best camelina varieties, we wanted to test the behavior of V1 variety in
different irrigation scenarios, to simulate several rainfall areas. However, because of the
COVID 19 situation we were not able to proceed with the differential irrigation calendar,
so all the zones (1 to 5) from plot X where rainfed. This is the reason why the graphs do
not show differences in terms of soil moisture, and have a similar behavior. The collected
data is based only on the water provided by the rain. Even so, some interesting patterns
appear, that may help in understanding soil and crop behavior.

The graphs plot shows how the sensors effectively and quickly detect the increase of
moisture in soil at 5 cm because of rainwater; although some differences are appreciated
related to the soil texture or the placement of the sensors. In addition, intraday variations
in soilmoisture are shown because of the day-night cycle, solar radiation and temperature
variations.

If this was a conventional irrigation process with sprinklers, this information would
allow the farmer to determine when the water begins to infiltrate and is already available
for the roots. Every time a rainfall is recorded, there is an increase in the soil moisture
at 5 cm, but not at 30 cm. This only happens when rain exceeds certain threshold.
Furthermore, there are no significant variations in the soil conductivity, so there is no
water infiltration generating soil washing.

Therefore, the rain regime in this central Spain area is not generatingwater infiltration
since moisture is retained in the soil or being used by camelina crop and it is enough for
the crop to grow. This fact is important for a rainfed crop like camelina, as we can be
sure that the water needs of the plant are fully covered.

Water management is paramount in countries with water scarcity like Spain. This
also affects agriculture, as a large amount of water is dedicated to this use. The rising
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concerns about global warming have led to the consideration of creating water manage-
ment measures to ensure the availability of water for food production and consumption.
Thus, the researches on water usage reduction for irrigation have increased over the
years [26]. Therefore, the deployment of cheap LoRa sensors has proven to be a useful
system of controlling and managing irrigated crops, but it is also a convenient way to
manage rainfed crops to guarantee the yield of the crop or foresee future problems in
the development of the plant.

Also, as the future of precision agriculture lies upon modern technological advance-
ments, different kind of smart sensors and remote sensing techniques using Unmanned
Aerial Vehicles (UAV), profitability in production farming depends on making correct
and timely operational decisions based on current conditions and historical data [27, 28].
Precision agriculture is a comprehensive system designed to optimize agricultural pro-
duction by carefully tailoring soil and crop management to correspond to the unique
conditions found in each field while maintaining environmental quality [28].

5 Conclusions

The use of LoRa sensors for estimating soil moisture and conductivity proves to be a
cheap and effective tool as it provides real-time data. This allows the farmer to make
decisions about his crop that can be fundamental for its good development and pro-
ductivity. The installation of a pool of sensors below and under the plants root makes it
possible to assess when it is necessary to stop irrigation. If irrigation keeps flowing when
moisture increases below the roots, we would be losing water, fertilizers and money.

Gathering data every 15 min in a rainfed field has proven to be enough to understand
the behavior of the soil and moisture as a large amount of information is provided.
Therefore, increasing the threshold to 1–2 h would not be a problem in rainfed systems
were the speed of the physical changes (temperature, moisture, conductivity) is slow.

Although the use of LoRa sensors is more common in irrigated crops of high eco-
nomic value and yield, the use of cheap sensors in rainfed agriculture can be a great
contribution to manage the crop and add additional value to the production. It could
provide information on the water needs of the crop and be decisive in assessing whether,
in large areas of dry land, it will be economically profitable to cultivate.

As a future work, we aim to install sensors in upcoming rainfed camelina plantations,
alternating different varieties of plants and soil management. Therefore, we will be able
to gather data on the variation of soil moisture and the final crop yield.
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