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ABSTRACT

Weather conditions in agriculture are determinants due to their effects on plants. Depending on
the species, they will have values or adequate ranges within which their physiological
functioning will be optimum; however, if weather or climatic conditions are outside these ideal
range, their growth and development will be affected. The objective was to compare temperature
records obtained from the weather station Block 910-CIANO and those obtained from the digital
sensor datalogger LCD-520, located within a wheat plot at the Norman E. Borlaug Experimental
Station in Sonora, Mexico. The sensor was set up to record hourly air temperature data, and data
were obtained from the automated weather station network which was closest to the plot were
the sensor was located; data comprise the wheat season fall-winter 2019-2020, from February 4
to May 5, 2020. Data were filtered into daily and night schedule, considering the time from 7:00
to 18:00, and from 19:00 to 6:00. The t-students was performed in order to determine mean
significant differences between the datalogger and the weather station (WS). The results
indicated significant mean differences between both instruments. The minimum temperature
recorded by the datalogger was 1.2°C and 0.76°C below the range shown by the WS, while the
maximum temperature recorded by the datalogger was 1.42°C and 5.39°C above the range
shown by the WS. The overall average temperature recorded by the datalogger was 0.44°C
higher than the WS, and it also recorded 122 more cold units more than the WS.
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1. INTRODUCTION

Weather conditions in agriculture are determinants due to their effects on plants. Depending on
the species, they will have values or adequate ranges within which their physiological
functioning will be optimum; however, if weather or climatic conditions are outside these ideal
range, their growth and development will be affected [1]. Therefore, it is important to monitor
the climatic variables, so that the farmer may know when and how to produce a crop according
to the climate, following a prediction model for the phenology of a crop, pests, and diseases [2].
There are different tools or electronic instruments from which it is possible to obtain weather
data, such as the combination of sensor/data recorder (dataloggers) which are economically
feasible, and seem to be precise enough to unfold into measurements matrix to solve the local
atmospheric structure during periods of weeks or months [3]. Dataloggers are autonomous
devices which can read a diverse type of signals (temperature, relative humidity, barometric
pressure, height pressure, dew point, acceleration), and store data in the internal memory in order
to be discharged later on into a computer [4]. Weather data can also be obtained from automated
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weather stations (AWS) which are electronic devices with autonomous energy, that measures
and records weather conditions through electronic sensors [5]. In the state of Sonora, Mexico,
there are 113 weather stations (WS) which comprise the automated weather station network of
Sonora (REMAS), which have the objectives of generating, storing, processing, and
disseminating weather data in the state. REMAS WS record data every 10 min and also provide
integrated data by the hour and day; therefore, air temperature can be evaluated (minimum and
maximum), relative humidity, rainfall, solar radiation, direction and wind speed, barometric
pressure, and evapotranspiration [6]. The dissemination of the weather data is esential for the
agricultural sector, since it constitutes a highly useful tool in the decisidn-making process for the
best agricultural management of crops, and because climatic conditions can not be managed
directly. However, as climatic conditions are measured and recorded by sensors and WS, the
farmer may take preventive or adjust activities in order to protect the crop from adverse climatic
conditions or to take advantage of the good ones [7]. Information about weather is also very
useful for analysis of current conditions, preparation of forecasts and alerts, agroclimatic studies,
preparation of operations dependent of the weather, like construction activities, aerodromes [8-
10], application in thematic associated to hydrology or agronomy, specifically frost alert systems
and pests, as well as in flood of rivers [11, 12]. The objective of this work was to gather and
analyze weather data obtained from the weather station Block 910-CIANO and from the sensor
datalogger LCD-520 within a wheat plot at the Norman E. Borlaug Experimental Station, and to
make comparison between the information provided by the two devices.

2. MATERIALS AND METHODS

Climatic data were recorded within the wheat crop with wireless sensors LCD-520 (dataloggers,
Measurement Computing Corporation), at the Norman E. Borlaug Experimental Station which
belongs to the National Institute for Forestry, Agriculture, and Livestock Research (INIFAP),
located in Block 910 (27°22°3.01” N and 109°55°40.22” W, 37 masl) of the Yaqui Valley in the
state of Sonora, Mexico. The sensor was set up to record hourly air temperature data. Also, data
were obtained from the automated WS network in Sonora (REMAS) which was closest to the
plot were the sensor was located with the objective to compare the data obtained from both
sources. Data set comprises the wheat season fall-winter 2019-2020, from February 4 to May 5,
2020. The average temperature from the sensor and from the WS were calculated, taking into
consideration the maximum and minimum temperatures as well as the cold units. Data were
captured in Excel with the daily and hourly records. Data were also filtered into daily (7:00 to
18:00) and nightly (19:00 to 06:00) schedules. The t-student test was applied in order to test if
there were significant mean differences between data from the datalogger and the WS.

3. RESULTS AND DISCUSSION

The t-student test detected significant statistical differences the mean hourly temperature
between the datalogger and the WS Block 910 (t=1.89, p > 0.05). The calculated standar
deviation, variance, and coefficient of variation of the temperature (Table 1) showed greater
dispersion in the datalogger than in the WS.
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Table 1. Statistical summary for the air temperature recorded by the
datalogger and the weather station Block 910-CIANO.

Weather  station

Stadistical Datalogger  Block 910-
CIANO

N 2161 2161

Minimum -0.017 1.04

Maximum 41.75 36.36

Mean 19.27 18.83

Standard deviation 8.42 6.78

Variance 70.86 45.94

oo o

Statistical t 1.89

P(T<=t) two tails 0.06

:aicigl)tlcal value (two 1.96

The minimum temperature recorded by the datalogger located within the wheat plot oscillated
between -0.17°C and 17.33°C (Fig. 1) with an average temperature of 9.69°C while in the WS it
oscillated between 1.04°C and 18.09°C with an average temperature of 11.14°C. The maximum
temperature recorded by the datalogger located within the wheat plot oscillated between 18.33°C
and 41.75°C (Fig. 2) with an average temperature of 30.26°C while in the WS it oscillated
between 16.91°C and 36.36 °C with an average temperature of 27.67°C. The overall average
temperature recorded by the datalogger located within the wheat plot oscillated between 10.51°C
and 27.21°C (Fig. 3) with an average temperature of 19.27°C while in the WS it oscillated
between 10.33°C and 26.10°C with an average temperature of 18.83°C.

Cold units recorded by the datalogger were 306 while the WS recorded 184 (Fig. 4). It can be
observed that the accumulation of cold units recorded by the datalogger started to be more
consistent by the middle of February. On February 15 there was a difference of 14 cold units
between the sensor and the WS, which with time it became larger, 37 on February 29, 49 on
March 15, 70 on March 31, 101 on April 15, 122 on April 30 and on May 5. Heat waves ocurred
during the season; from February 18 to 24 there was a short heat wave, and a shorter one on
February 28 to March 2.
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Figure 1. Minimum temperature recorded by the datalogger LCD-520 and the weather station
Block 910-CIANO from February 4 to May 5, 2020, at the Norman E. Borlaug Experimental
Station in the Yaqui Valley, Sonora, Mexico.
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Figure 2. Maximum temperature recorded by the datalogger LCD-520 and the weather station
Block 910-CIANO from February 4 to May 5, 2020, at the Norman E. Borlaug Experimental
Station in the Yaqui Valley, Sonora, Mexico.
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Figure 3. Average temperature recorded by the datalogger LCD-520 and the weather station
Block 910-CIANO from February 4 to May 5, 2020, at the Norman E. Borlaug Experimental
Station in the Yaqui Valley, Sonora, Mexico.

In March, the first heat wave occurred from the 6th to the 15th and no cold units were recorded,
then, the second took place on March 17 and 18. The third heat wave recorded by the station
occurred from March 24 to 27 while the sensor did not recorded cold units on March 27 and 30.
The next heat wave recorded by the station occurred from April 1 to 9, while the sensor detected
a heat wave from April 4 to 8. From April 15 to May 5 the WS only recorded one cold unit on
April 20, while the sensor recorded 4 cold units on April 16, 2 on April 18, 1 on April 19, 6 on
April 20, 6 on April 21, and 3 on April 22.

Temperatures recorded at the crop level are different than those recorded by the WS which is
positioned at 3 mt above the soil level. The crop canopy might induce an effect on the sensor so
that the temperature is different and it has a greater impact on development of the plant. Another
aspect of interest is the hourly average temperatures (Fig. 5), where it can be observed that the
difference in temperature recorded by the datalogger located within the wheat plot, indicates that
the WS during the day is 1.89°C in average lower than the datalogger, while at night, the
datalogger records colder temperatures, that is, an average of -0.98°C lower than the records of
the WS.

It appears that the location is the key factor that causes the value differences in temperature
measurements from each instrument. The datalogger is located within the wheat plot where
irrigation might have an important effect, as well as plant development, while the WS on top of a
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concrete platform at the soil level, and additionally 1 km away from the wheat plot; therefore, the
absorption properties and heat radiation are different in both scenarios. In 2005, several studies
were conducted by the National Weather Service of the United States, where they found that the
differences between the temperatures recorded by sensors with different technologies could be
relevant [13].
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Figure 4. Accumulated cold units recorded by the datalogger LCD-520 and the weather station
Block 910-CIANO from February 4 to May 5, 2020, at the Norman E. Borlaug Experimental
Station in the Yaqui Valley, Sonora, Mexico.

Gattinoni et al. [14] compared the quality of data gathered daily and monthly of temperature and
precipitacion during the year 2007, between three WS simultaneously (one conventional and two
automated) at daily and monthly scales; the statistical parameters, specially temperature, resulted
to be similar between the stations, but the annual cumulative values and extremes of precipitation
showed greater differences.

Pefia Quifiones et al. [15] quantified the difference between the air temperature (AT) measured at
a standard WS and the AT within a six-year-old vineyard, by installing thermistors and
thermocouples within the vine canopy at heights of 0.5 m and 1.2 m above the soil surface and
adjacent to the berry clusters. In the middle of the clusters sensors were installed to determine the
AT surrounding the clusters facing east and west. The data were recorded within the canopy
from December 2015 to June 2017 as well as at the standard WS that was installed close to the
vineyard (410 m). Significant differences were found between the AT measured at the WS and
those within the vineyard during the summer, when the average daily minimum AT within the
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canopy was 1.2°C less than at the WS, and the average daily maximum AT in the canopy was
2.0°C higher than at the WS. The mean maximum AT measured in the clusters facing east was
1.5°C higher and west 4.0°C higher than the temperature measured at the WS. They concluded
that models that assume that AT measured at a WS is similar to AT measured in the vineyard
canopy, could have greater uncertainty than models that consider the temperature within the
canopy.

=== Datalogger == == == W. Station

30
23_ / \
26 o

’I b Y \
24 - 4 M\
\
22 A /’ \
’ \

20 - /’ \

18 A é §\

16 / \\\

14 - NS S~

12 A ~—
10

Temperature (°C)

07:00:00
08:00:00
09:00:00
00:00:00

— ] =] -

Day Night

] =] =] =] =] =]~

Figure 5. Average hourly temperature recorded by the datalogger LCD-520 and the weather
station Block 910-CIANO from February 4 to May 5, 2020, at the Norman E. Borlaug
Experimental Station in the Yaqui Valley, Sonora, Mexico.

In our study, the same phenomenon was observed between the digital sensor and the WS
(Figures 1, 2, and 5). Pefia Quifiofies et al. [16] reported that for the daily AT data for 158 WS in
the Pacific Northwest in the USA, the mean radius of influence (RI) for minimum temperature
(20 km) was significantly different from the RI calculated for maximum temperature (23 km).
They also found high spatial and temporal variability. They indicated that the landscape and
season of the year were crucial factors that define the Rl of AT recorded for a particular location.
In flat regions, the Rl was greater than in areas where the elevation varied over a short distance,
and the RI was smaller during the summer than during any of the other seasons. Their results
showed that for complex terrain it was not possible to define a general RI for daily AT. In the
case of our study in the Yaqui Valley, flat land defines almost the whole region. Monitoring
different climatic variables in agriculture through the use of new technologies is very important,
as it is the case where sensors have been developed for monitoring soil humidity and other
variables throughout the crop season [17]. Results of other investigations agree with the
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usefulness of sensor technology as a tool to economize fertilizer, reduce the environmental
impact, and contribute to the cost effectiveness of wheat production [18].

4. CONCLUSIONS

Comparison of air temperature data obtained from the weather station (WS) and the sensor
located within the wheat plot, showed significant differences between the mean of both devices.
The minimum temperature recorded by the datalogger was 1.2°C and 0.76°C below the range
shown by the WS, while the maximum temperature recorded by the datalogger was 1.42°C and
5.39°C above the range shown by the WS. The overall average temperature recorded by the
datalogger was 0.44°C higher than the WS, and it also recorded 122 more cold units more than
the WS.
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