This is an open acce @
article under the CC B @
license Creative Common

Suitable weather condition frequency for fungicide soybean application
in Tangara da Serra, Mato Giosso, Brazit

Grazielle Martinez da Silv®, Rivanildo Dallacort, Maria Carolina da SilvaAndre&,
Tadeu Miranda de Quei@

10.1590/0034-737X202168040001

ABSTRACT

The aim of this study was to model the decendial and hourly variability of meteorological variables, namely air
temperature, relative air humidity and wind speed, iT#mgara da Serra region, Mato Grosso, Brazil, to determine
the best schedules for fungicide applications to soybean crops. Hourly weather data between 2004 and 2017 from the
Tangara da Serra municipalisyautomatic station were made available by Braklktional Meterological Institute
(Instituto Nacional de MeteorologiiNMET). Decendial variability (ten days 01 to 36) and hourly variability were
analyzed for ten days that concentrated fungicide soybean crop applications, namely ten days 34, 35, 36 and 01. The
following parameters were adopted as suitable fungicide application climate: wing-$p88d 2.77 m s, relative air
humidity>50% and air temperatue30 °C. Relative humidity was not a limiting factor for application on ten days 34,
35, 36 and 01. Due to hourly maximum temperatures, suitable application conditions are less than 10% at 1:00 PM. The
most frequent suitable weather conditions schedules are concentrated betwéeévi &r@d7:00AM, and at night,
from 7:00 PM.

Keywords: variability; pulverization; climate.

INTRODUCTION overcomingspecific problems such as effective

The Brazilian state of Mato Grosso exhibitg?hytosanitary product deposition on desired crop targets
pronounced geoenvironmental diversity (climate, Soi(Azevedo, 2007). Certain environmental variables play an
relief), due to its geographical position. This environmentdnPortant role in phytosanitary product application
heterogeneity has influenced land occupation processdtccess and may either aid or hinder product deposition
and different land use arrangements which have, in tupf their targets, subsequently affecting plant absorption
altered environmental responses to climate variatio@d translocation (Azevedo, 2007).

(Souzeet al, 2013). In this sense, air temperature, relative humidity and

Agricultural activities are the main economic sourcewind speed comprise climate elements that may impair
in this state, and are highly dependent on climatic factoféingicide application and should be considered in
Thus, understanding climatic factor variability throughphytosanitary product application (Azevedo, 2007). Their
time series assessments enables the implementationrderactions influence both phytosanitary product
research concerning agroclimatic crop adaptabilisld deposition and drift potential during spraying (Fritz &
and zoning (Moreirat al,, 2015). Hoffmann, 2008).

Crop application technology continues to be the In this context, the aim of the present study was to
bottleneck for better efficiency and economic revenuandyze the monthly behavior of meteorological variables
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obtained from 2004 to 2017 and determine suitablgobal solar radiation at 2 m in height, wind speed and
fungicide application times for soybean crops from hourlwind direction at 10 meters in height, psychrometer with a
air temperature, relative air humidity and wind speethermometer shelter set 2 m high and rainfall determined
analyses, using climatic data time series fronTdrgard at 1.50 m n height. The time partition database was made
da Serraregion, Mato Grosso, Brazil. These analyses valtailable by the INMET automatic stations network.
provide subsidies for agricultural planning and decision- The criteria used for the climate variables analysis
making, aiding in the determination of the most appropriateas established based on the parameters described by
times for crop fungicide application. Brazil's National Plant Defengessociation Associagéo

Nacional de Defesaegeta) (ANDEF, 2004) (Rble 1)
MATERIAL AND METHODS which have been used in several prior assessments

This study evaluated data from an automatic surfag€unhaet al., 2008; Cunhat al, 2011; Reist al,,
observation weather station Bangard da Serra, Mato 2010;Aguiar Junioret al., 2011).
Grosso, Brazil (latitude 14° 39' 0" S, longitude 57° 25' 53" For the decendial variability analysis, the hourly data
O). The area exhibits an type WAclimate (tropical for average air temperature, average relative air humidity
savanna climate) by the Képpen classification, with a rairgnd average wind speed for all months of the year obtained
season in summer (from NovemberApril) and a dry from January 2004 to December 2017 were used. The
season in winter (from May to October), with averagerganization of the hourly variables was performed using
temperature in the coldest month above 18° C arnhbe R statistical software, through the tidyversecham,
precipitation of the driest month of less than 60 mm (Al2017), readxl, and lubridate (R Cdeam, 2018) packages.
vareset al, 2013). The consistency of the hourly database was analyzed
The weather station is equipped with sensonssing spreadsheets, and periods in which sensors did

connected to a measuring datalogger central memory umigt record information were excluded. Subsequetityy
recording hourly measurements of the following variablestata were distributed into ten days of each yeaurs in

each of the ten days and the daily average values of each

times (Santost al, 2013). The meteorological variables
Table 1:Reference values of suitable fungicide spraying weathgjere submitted to descriptive statistical analysis. The data

conditions percentages used in the decendial and hourly analyses
. Relative air Air are presented ifable 2.
Wind speed L )
humidity temperature Soybean cycles in the state of Mato Grosso range
>0.83<2.77még > 50% <30°C from October tApril (CONAB, 2018), and fungicide
Search:ANDEF, 2004. Elaborated by the author applications are concentrated in the sequential ten

Table 2 Meteorological data percentages used in the decendial and hourly wind speed, air temperature and relative air humidity
analyses, obtained from the applied INMET time partition from 2004 to 2017

Variable Period Tem days Percentage (%)
Minimum Maximum

Average wind speed Decendial 01 to 36 58.39 86.04
1 59.29 71.43
Average wind speed Hourly 34 70.71 82.86
35 66.43 76.43
36 61.69 68.83
Average air temperature Decendial 01 to 36 68.63 97.89
1 70.71 80.00
Average air temperature, maximum and minimum  Hourly 34 83.57 91.43
35 75.00 86.43
36 70.13 79.22
Average air humidity Decendial 01 to 36 68.63 97.89
1 70.71 80.00
Average air humiditgnd minimum Hourly 34 83.57 91.43
35 75.00 86.43
36 70.13 79.22
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days 34, 35, 36 (December) and 1 (January). TherefoRESULTS AND DISCUSSION

air temperature (maximum and average), humidityjeteorological analysis from 2004 to 2017 for
relative air (minimum and average) and wind speed Tangara da Serra, Mato Grosso, Brazil
average) hourly variability analyses were performed ’ ’

( ge) y y y P The municipality ofTangara da Serra exhibits rainfall

for this period. iability. with hiah rainfall October tépril
The percentage frequency distribution was obtainefr'aont: Wi g rapar from eionet “epr.

by dividing the absolute frequency by the total numbdemprising 92.06% of total rainfall volume, and a dry period

of observations of each climatic condition for therrom June téugust, with precipitation volume of around

0 .

determination of frequency occurrence percentages %59309/;(th33).. M(::thly, rainfall rangec:jftrjorln 282%108;0

suitable and unsuitable weather conditions, (Equation 1). " mm “””9 eramny sea.son, an i elow c2.Uomm
uring the dry period, corroborating previous assessments

F=Fa . 100 Equation By Martinset al (2010) and Dallacost al (2011).

N Temperatures displayed an annual variation due to
where: F =relative frequency (%); Fa = absolute freqyendye alternation of a wet and dry season, with higher
corresponding to the number of observations for a givaeamperatures in late winter and early spring, particularly
variable and the variation class; N = total number dh Septemberbefore water behavior changes in the state
observationsTo identify favorable weather conditions (Marcuzzoet al, 2012). The Intertropical Convergence
times for fungicide application, a 10-hourly calendar wagone ¢ona de Convergéncia IntertropicaZCIT),
prepared from the frequency data for each of the analyzeldlaracterized by intense convective actjvitgtermines
ten days. the rainy season in the region (Rebeital, 2010).

Table 3 Monthly descriptive statistics for the assessed climate variables air temperature, relative air,iwimidifyeed (WS) and
precipitation (Prec.), from 2004 to 2017 Tangara da Serra, Mato Grosso, Brazil

Month Prec. (mm) Air temperature (°C) Relative air humidity (%) WS ms?
Total Max Med Min Max Med Min Med
January 278.59 25.27 24.66 24.09 85.73 82.91 79.87 2.34
February 280.18 24.93 24.35 23.8 86.98 84.32 81.43 2.25
March 222.76 25.34 24.72 24.15 86.19 83.43 80.43 2.02
April 113.92 25.17 24.54 23.95 83.53 80.77 77.81 2.15
May 44.44 23.75 23.11 22.5 79.62 76.99 74.25 2.36
June 13.65 24.00 23.26 22.54 71.94 69.00 66.04 231
July 11.24 24.15 23.3 22.47 60.87 57.81 54.83 2.48
August 22.05 26.54 25.61 24.71 49.94 47.03 44.17 2.72
September 36.86 27.34 26.5 25.69 57.64 54.51 51.4 2.63
October 136.76 26.69 25.95 25.25 73.65 70.37 66.97 2.51
November 183.69 26.04 25.38 24.77 80.43 77.35 74.11 2.47
December 273.03 25.31 24.68 24.1 85.06 82.22 79.14 2.36

Max: Maximum average. MedAverage. Min: Minimum average.
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Figure 1 Variability of the mean decendial air temperatur@aatgara da Serra, MBrazil, from 2004 to 2017The dotted line
represents the maximum limit recommended byAIRBEF (2004).

Rev CeresVigosa, v68, n.4, p. 245-256, jul/aug, 2021



248 Grazielle Martinez da Silvat al.

36 -
a 34 T Maximum

§32* .

< 30 A s

gzs— %Eééé@%é
;‘;Z: é% ééég

522—99'%@-1-ég _e
<20 -
18 -
16

012345678 91011121314151617181920212223
Hour

36

b 34. 4 == T Maximum
032

30 4

228

1

HIH
HIH
HIH

£y |®Ceccss
=
<20
18 -

T T

012345¢6738

91011121314151617181920212223

Hour
Figure 2 Average (a) and maximum (b) hourly air temperatures on December ten dapBdat da Serra, Mato Grosso, Brazil,
from 2004 to 2017The dotted line represents the upper limit recommended FYNBEF (2004).
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Figure 3 Average (a) and maximum (b) hourly air temperatures on ten dayf@bgsra da Serra, Mato Grosso, Brazil, from 2004
to 2017.The dotted line represents the upper limit recommended ANDBEF (2004).
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The relative humidity average (ratio between théehaviorindicating that the decendial thermal amplitude
absolute humidity and the saturation point) (Queiroz & lower during months that concentrate the highest
Costa, 2012) afangara da Serra during the year ranggrecipitation volumes.
from 47.0 to 84.0%As it is proportionally inverse to Temperatures above 30.0 °C, unsuitable for fungicide
temperature, it is a factor that delimits the occurrence application, occurred in the late winter and early spring,
greater intensity rainfall (Menezesal,, 2015). on ten days 22 to 38n average increase of 3.3 °C in the
minimum temperature was noted, with a maximum
temperature of 32.9 °C observed in September (ten days
The highest thermal amplitudes recorded@iaatgara 25), considered a transition month (Martetsal, 2010;
da Serra (Figure 1) were observed in JulyAanglust, in  Marcuzzoet al, 2012). The average hourly temperature
ten days 23, 22, 21 and 24, respectivelyen the average analysis on ten day 34 indicated unsuitable conditions
temperatures ranged from 14.9 °C, with a maximum &r application at 2 PM, with variations ranging from 26.5°
32.4°C on December 23, and a minimum of 17.4 °C, dhto 30.6° C, and atypical temperatures at 1 PM and 3 PM
December 21. (Figure 2a). Maximum temperatures exceeded the ideal limit

The dry months between June aAdgust are between 12 and 2 PM hours, with typical records exceeding
characterized by concentrating, on average, less thad.0° C between 2 and 4 PM (Figure 2b).

3.0% of the annual rainfall volume (Martiesal., 2010). For average temperatures on ten day 35 (Figure 3a),
Due to low precipitation volumes and lower water vathe highest amplitude was recorded at 2 PM, the only time
por concentrations in atmosphere, heat exchanges wihday when the temperature exceeded 30.0° C. Concerning
the atmosphere decrease, resulting in higher thernthle maximum temperature data series, records of
amplitudes, a phenomenon often observed in regiotmmperatures over 30.0° C are noted between 12 and 4
where climate is influenced by continentality (Roetha PM, especially at 1 and 2 PM hours, when higher

al., 2018). frequencies of unsuitale improper fungicide application

The lowest thermal amplitude was observed in the téemperatures are observed (Figure 3b).
days 5, ata minimum of 21.6 °C and a maximum of 27.6 °C. The average air temperature series on ten day 36 was
The ten days 01 to 09 and 34 to 36 exhibited similalways lower than 30.0° C throughout the day (Figure 4a).
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Figure 4 Average (a) and maximum (b) hourly air temperatures on ten day3&tgara da Serra, Mato Grosso, Brazil, from 2004
to 2017.The dotted line represents the upper limit recommended ANDBEF (2004).
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Average hourly data variability peaked at 2 PM, the time During period 1, the average temperature at 2 PM was
exhibiting the largest data amplitude. Comparing averagdove 30.0 °C (2.8 °C amplitude) (Figure 5a). The maximum
hourly temperature (Figure 4a) and maximum hourly valudmurly temperature series (Figure 5b) indicates critical high
(Figure 4b) behaviors, the period between 12 and 4 Pfdmperature occurrences from 1 to 3 PM, with atypical

hours becomes critical, due to the occurrence of higkcords at 4 PM.

maximum temperatures, with the highest temperature The hourly maximum temperature averages indicate
recorded at 1 PM (31.0°C). variations in unsuitable fungicide application hours, with
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Figure 5 Average (a) and maximum (b) hourly air temperatures on ten dayiadgsra da Serra, Mato Grosso, Brazil, from 2004
to 2017.The dotted line represents the upper limit recommended ANDEF (2004).
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higher frequencies between the ten-days, generally Relative air humidity
between 12 and 3 PMiter 4 PM, with the solar decline e ten day relative air humidity as lowest during the

and decreased solar radiation available for air heatingriest months of the year (Figure 6). The transition months
gradual air cooling begins. of May and September presented minimum values of
The ten days 34, 35 Q“q :_36 (December). arng3.12% and 28.70%, respectivehhile the wetter months
characterized by regular precipitation, and, according & october toApril displayed values above 53.12¥his
Martinset al (2010), the variation between maximum andjimatic variability is typical of Cerrado areas, with only
minimum probable precipitation values are lesgyo annual seasons, similar behavior to that observed in
pronounced in December compared to the other montig;mantino, also in the state of Mato Grosso (Raztha
of the yearThe findings reported by Dallac@tal (2011) 5., 2018) and in Ituiutaba, in the state of Minas Gerais
reinforce that the average monthly occurrence of rai'"(YQueiroz & Costa, 2012).
days with precipitation equal to or greater than 5.1 mmis The most severe relative air humidity conditions
higher from December to March. throughout the year were observed between ten days 22
During the rainy season, the greater presence of clouglgq 25, when maximum values did not exceed 70.0% and
influences direct solar radiation dissipation, resulting ifinimum values reached 28.11%. The critical low relative
lower solar irradiation values (Maciet al, 2014), since 4, humidity period occurs during the dry season of the
clouds tend to scatter and reflect shortwave radiation "’%ar especially i\ugust. On ten days 34, 35, 36 and 01,
the atmosphere (Querired al, 2011). The intensity of \yhen fungicide soybean crop applications are most

absorbed and reflected solar radiation acts on surfaﬁ;gquem, the median and minimum values were higher than
temperature fluctuation. Increasing surface temperaturgs 0o, and 64.0%, respectively

immediately raise surrounding air temperatures and, by The hourly minimum relative air humidity variability
convection, increase upper layer air temperatures laygfigten days 34, 35, 36 and 01 (Figure 7) was similar among
(Macielet al, 2014). the analyzed ten days. The highest relative air humidity

It is estimated that most products sprayed on Crogg|yes wer eobserved between 2 aA#6 and the lowest
are lost during application (Ressal, 2010)Applications  ygjyes, at 3 PM on all ten days.

under high temperature conditions and winds over 2.77 m

s® may result in pesticide volatilization and product drift Wind speed

to non-target locations. Pesticide application drift raises Wind directly interferes with spray drop deposition,
concerns, as off target pesticides represent decreasaddroplets are more likely to move away from the
doses over the intended target and exhibit the potentagplication zone, also providing better coverage due to
to cause damage to other crops, as well as leaditige higher number of drops érand the ability to penetrate
implications for human health and environmental damagdke crop canopyFigure 8 exhibts the variability of the

implications (Hoffmanret al,, 2011). decendial wind speed &angara da Serra.
5.0
18 = WS Minimum —— WS Maximum
4.0
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Figure &8 Wind speed (WS) variability &iangara da Serra, Mato Grosso, Brazil, from 2004 to 2l dotted lines represent the
maximum and minimum limits recommended byAINDEF (2004).
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The ten day 28 displayed the smallest data dispersidan days 36, 35 and 01, and betwedéirand 5 PM on
while ten days 22 and 23 exhibited the highest amplitudésn day 34.
(~2.45m 3). No period in the analyzed set presented an All records in the series meet the ideal limits for
ideal wind speed (minimum of 0.88 mand maximum of fungicide applications between 7 PM andM on ten
2.77ms). days 35 and 36, and a®®1 and 10 PM on ten days 34
The highest decendial averages were recordeahd 01, including the gap between ARI and 4
between ten days 20 and 26, with winds above 3.6.m $AM.Chemical control efficiency depends, among other
Ten days 07 and 08 exhibited the lowest averages, fattors, on target coverage, especially in lower plant third
2.10 and 2.26 m'srespectivelyConcerning hourly wind portions, a critical site for soybean rust control and thus,
behavior on ten days 34 (Figure 9), a higher occurrenoeder unfavorable weather conditions, i.e. strong winds,
of winds above 2.77 msthroughout the day was smaller drops are more susceptible to drift and less plant
observed compared to the other ten days, except atd€position (Cunhat al, 2008).
and 10AM, when records fall within the recommended Costaet al. (2007) demonstrated a linear relationship
minimum and maximum wind limits. The highest amplitubetween drift and wind speed in field essays with
des were observed at 2 and 3 PM. herbicides, where winds above 3.89 msevented a
For ten days 35, unsuitable times were observddgher number of drops from reaching their target.
between 8AM and 6 PM, as well as at 8 PM, with theDifferent weather conditions lead to spray drops reaching
smallest data dispersion observed at 1 PM. In the morning to 150 m beyond their targets in herbicide applications
data dispersion was greater between 9 ahd\M (Carlseretal, 2006), with 5- to 7-fold increased drift with
compared to the other hours, ranging between 2.58 miscreasing wind speeds from 2.0 te 4.8 m . Figure
(10AM) and 4.33 m3(9AM). 10 displays the hourly frequency occurrence of suitable
On ten day 36, values above the recommended limiteather conditions for fungicide soybean crop
were observed betweeAK and 6 PM, with the greatest applications.
amplitude noted at 18M. At all other times, wind Both ten days exhibited similar behavior regarding
conditions were favorable for fungicide applicationhourly variable variabilityBetween 41.55 and 54.55% of
although it should be noted that atypical winds werthe hourly records showed optimal air temperature and
observed in the early morningA®), and early evening (8 wind speed conditions between 5 ad. Below-optimal
and 9 PM). On ten day 01, the occurrence of winds beyomdnd speed is the main event that makes this period
those considered adequate were observed betw&lh 7 unsuitable for fungicide applications, especially on ten-
and 9 PM hours, as well as &8l and 11 PM. days 01 and 36, where, 38.49 and 35.65% of the
For ten days 34 and 35 from 12 to 2 PM, all winebservations, respectiveiyndicated wind speeds below
speed values were above 2.77fvath maximum wind  0.83 m &. On the other ten days, the frequencies of
speed recorded at 2 PM on ten-day 34, of 5.00,raredl  unfavorable application wind conditions were 21.31% (TD
at 12 PM on ten day 35, of 4.50 m. ©n tenday 3,6, 35)and 27.72% (TD 34) of records above 2.77m s
values above the ideal, of up to 4.98hhvgere observed Btween 8 and 1@M, ideal conditions frequencies
between 1AM and 2 PM, and between® and 2 PM  were on average 32.21% (TD 34), 27.60% (TD 35), 23.04%
on ten day 0O1. (TD 36) and 24.76% (TD 1). On average, 73.10% of events
When wind speed was higher than the ideal limit, thewere classified as unsuitable during this period. On ten
median exceeded 2.77 misetween &M and 5 pM on days 01 and 36, approximately 30% of occurrences were

TD. 1
TD. 36
TD. 35
TD. 34
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Figure 10. Hourly frequency (HF%) occurrence of suitable fungicide soybean crop application weather conditions on ten days 1
(TD 1); 34 (TD 34); 35 (TD 35) and 36 (TD 36),Taingara da Serra, Mato Grosso, Brazil, from 2004 to 2017.
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