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ABSTRACT

The objective of this study was to introduce a new approach to recommend sowing dates for soybean crop in Brazil,
considering the climatic conditions and crop yield. The first step was to define the periods when air temperature
is smaller than 40 °C and greater than 1 °C in at least 80% of the years, and with at least 60% of relative crop
evapotranspiration during the establishment phase in more than 50% of the years. The actual yield of crop was
estimated by FAO Agroecological zone model for the suitable sowing dates. Based on that, when actual yield
overcome the production cost in more than 80% of years and mean air temperature along the cycle is between 20
and 30 °C, the sowing date is classified as suitable, but if actual yield overcome the production cost only between 60
and 80% of the years or mean air temperature is not between 20 and 30 °C, the date is classified as marginal. Sowing
dates are considered as unsuitable if actual crop yield overcome the production cost in less than 60% of the years.
The new approach was applied, as case studies, for Cruz Alta, RS, Jatai, GO, and Balsas, MA, in order to compare
it with the agroclimatic zoning approach presently used in Brazil. The new procedures can generate more accurate
information to support sowing dates recommendation for soybean, minimizing yield losses from climatic risk.
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Nova abordagem para recomendac¢do de datas de semeadura
na cultura da soja: Estudo de caso

RESUMO

O objetivo deste trabalho foi apresentar uma nova metodologia para a recomendagio das datas de semeadura paraa
cultura da soja no Brasil, considerando-se as condigdes climéticas e a produtividade. Definem-se, primeiro, as datas
de semeadura em que ndo ha ocorréncia de temperatura do ar acima de 40 °C ou abaixo de 1 °C em pelo menos
80% dos anos e com disponibilidade maior que 60% da demanda hidrica da cultura na fase de estabelecimento em
mais de 50% dos anos. Para as datas aptas foi estimada a produtividade da cultura por meio do modelo da zona
agroecologica FAO. Se a produtividade superar o custo de produgio em mais de 80% dos anos e a temperatura média
do ar durante o ciclo da cultura for entre 20 e 30 °C, a data ¢é classificada apta e marginal quando a produtividade
estimada supera o custo de produgéo entre 60 e 80% dos anos ou a temperatura média nao esta entre 20 e 30 °C. Se
esses niveis probabilisticos ndo sdo alcangados a data de semeadura é classificada inapta. Como estudo de casos, a
metodologia foi aplicada para as localidades de Cruz Alta (RS), Jatai (GO) e Balsas (MA) de modo a ser comparada
com a metodologia do zoneamento agricola atualmente em uso no Brasil. Com esses procedimentos propostos
para recomendar as datas de semeadura da soja é possivel gerar informagdes mais acuradas, minimizando o risco
climético para a producéo desta cultura.

INTRODUCTION

Crop yield is mainly influenced by climatic conditions

influence soybean growth stages, due to variation in photoperiod
(Han et al., 2006; Kumudini et al., 2007), air temperature (Chen
& Wiatrak, 2010), and rainfall distribution and amount during

throughout the growing season, especially when the crops are
cultivated under rainfed conditions. In Brazil, the soybean
yield gaps are caused mainly by droughts. In 2011/2012 crop
season, soybean had an average yield losses of 44, 29 and 10%,
respectively, in the states of Rio Grande do Sul, Parana and
Mato Grosso do Sul (CONAB, 2013), which were caused by the
reduction in rainfall in southern Brazil due to a "La Nifa" event.

The yield gaps can be reduced with better crop management,
which include the sowing in the best dates. Sowing dates

the crop cycle (Hu & Wiatrak, 2012). In Sao Domingos,
SC, Meotti et al. (2012) observed that 77% of soybean yield
variability was associate with the climate conditions induced
by the sowing dates.

Therefore, sowing soybean in the best dates offer the best
climatic conditions to obtain high grain yield. In Nebraska,
EUA, Bastidas et al. (2008) showed that there were yield
reductions of 17 and 43 kg ha' d*, respectively in 2003
and 2004 seasons, when soybean was sown after 1 May. In
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Dourados, MS, Brazil, Fietz & Rangel (2008) identified that
November is the best month for soybean sowing due to the
increase in photoperiod and decrease of water deficit, when
compared to other dates.

Environmental conditions can change the yield in the
same sowing date in different years, therefore, just one field
experiment can not bring conclusive results for choosing the
best sowing date (Egli & Cornelius, 2009). This problem can
be solved by the use of historical climatic series applied to crop
models for estimating yield in such a way that the choice of
the best sowing date is based on a probabilistic level. Similar
method has been used by several authors to define sowing dates
for different crops and places (Farias et al., 2001; Anapalli et al.,
2005; Soler et al., 2010; Battisti et al., 2013).

In Brazil, Minister of Agriculture, Livestock and Food
Supply (MAPA) implemented the agroclimatic risk zoning
to define the suitable sowing dates for several crops (MAPA,
2012). Soybean sowing dates are recommended based on
the relative evapotranspiration during the flowering/grain
filling phases. This kind of zoning does not consider water
availability during other growth stages, the potential yield,
extreme temperature conditions, water availability for sowing,
cultivars characteristics, as drought tolerance, actual yield and
economic aspects.

Based on that, the aims of this study were to introduce a
new approach to recommend the best soybean sowing dates in
Brazil based on climate variability, crop yield and net income,
assisting farmers in their agricultural planning, and to apply
this methodology to three soybean producing regions, as case
studies, and compare it with agroclimatic risk zoning presently
used in Brazil.

MATERIAL AND METHODS

The new approach for recommending the best sowing
dates for soybean crop considers maximum and minimum air
temperature, water availability at the sowing, estimated actual
yield and its probability of occurrence, production cost and the
soybean price, mean air temperature and the interaction among
these factors to define sowing dates as suitable, marginal or
unsuitable. The six steps for defining sowing dates as suitable,
marginal or unsuitable are described below:

Step 1 - Maximum and minimum air temperature: Air
temperature is not favorable for soybean when maximum
air temperature is greater than 40 °C (Farias et al., 2009) and
minimum air temperature is below 1 °C (Rosenberg et al.,
1983). High temperature affects growing rate and reduces the
capacity of pod retention during flowering/grain filling phases
and reduces plant population during establishment phase.
Minimum air temperature below 1 °C is considered critical for
soybean crop during all crop phases, since it represents frost
events. Sowing dates are considered as suitable in the absence
of extreme temperatures in at least 80% of the years during
all crop phases. This probability should be based on a daily
historical data series with at least 15 years, as is considered
in agroclimatic risk zoning (MAPA, 2012). Sowing dates are
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classified as unsuitable when extreme air temperature events
are greater than 20% of the years.

Step 2 - Water availability at the sowing: For the soybean
sowing the available soil water should be high enough to allow
seed germination and plant establishment. In the Midwest
and North regions of Brazil the winter is normally dry and the
sowing needs to wait for the first rains to be started. Therefore,
soybean sowing only will be suitable when at least 60% of crop
evapotranspiration could be supplied during the establishment
phase in more than 50% of the years. When such conditions are
not achieved the date is considered unsuitable. Water demand
probability was determinate using the crop water balance model
based on the method proposed by Thornthwaite & Mather (1955).

Step 3 - Actual yield and its probability of occurrence: The
soybean vyield estimates were based on simulations done by
the following crop models: FAO Agroecological zone model
for estimating potential yield (Yp) (Pereira et al., 2002) and
yield depletion by water deficit model for attainable yield (Ya)
(Doorenbos & Kassam, 1979). Yp was estimated considering the
interaction between the genotype, solar radiation, photoperiod
and air temperature, through the following equation (Pereira
et al.,, 2002):

Yp= ZGP % Cpy X Crggp X Cy x (1= Cy, )™ (1)

i=1

where:
Yp -kgha'
GP - gross photosynthesis, kg DM ha™' d*!

C,,, - depletion coefficient to leaf area index (LAI)

C,pp - depletion coefficient associated to the maintenance
respiration process (function of the air temperature)

C, - crop harvest index

C,, - water content in the harvested part of the plant

T - day in the crop cycle; and ‘n’ is the total of days of

the crop cycle, from sowing to harvesting.

After determining Yp, Ya was estimated by the depletion of
Yp by the negative effect of water deficit on crop growth, with
the equation presented by Doorenbos & Kassam (1979):

Ya:prﬁ{l—Kyi x(l— E;i H )

i=1 i

where:

Ya -kgha'

Ky, - water deficit sensitivity index for each phenological
phase 1: establishment (S-V2), vegetative growth (V2-R1),
flowering/yield formation (R1-R5) and full grain/maturity (R6-
RS)

ETa - actual evapotranspiration, determined by the crop
water balance (Thorthwaite & Mather, 1955) for each ‘i’ phase

ETc - maximum crop evapotranspiration, which is the
product of reference evapotranspiration and crop coefficient
(kc) for each ‘T’ phase of the crop.



FAO - Agroecological zone model uses few crop parameters,
which makes the calibration process easier, being an advantage
in relation to other crop yield models. The main crop variables to
be considered to differentiate cultivars are cycle, leaf area index,
harvest index and drought tolerance (Andrioli & Sentelhas,
2009).

Attainable yield was estimated for all sowing dates classified
as suitable, according to the extreme air temperature and soil
water availability criteria. Crop yield was estimated considering
soybean cycle of 120 days and cultivars with high, medium
and low drought tolerance, with Ky values for flowering/yield
formation (R1-R5) phase, respectively, of 0.78, 0.88 and 0.97
(Battisti, 2013). For the case studies, only the crop cycle of 120
days between sowing and maturity was simulated. The results
were compared with the MAPA agroclimatic risk zoning, with
the same cycle, soil condition and locations.

Weather data to simulate yield were obtained from the
National Institute of Meteorology (INMET) and from the
National Water Agency (ANA) in a daily time-scale, being
rainfall (R), mean air temperature (T) and sunshine hours (n).
The weather data series were obtained for the period between
1980 and 2012 for all locations, totaling 32 crop seasons, with
exception only for Cruz Alta, RS, where data from 4 years were
missing.

Step 4 - Production cost and soybean price: In agricultural
systems is important to evaluate the net income from the crop,
since sometimes, maximum yield does not represent maximum
net income. Therefore, the best sowing dates should be the ones
when net incomes are positive. Production costs can be obtained
from different agencies or estimated by the farmers, considering
costs with machine, seed, fertilizer, agrochemicals and those
with transportation, grain storage, insurance, depreciation,
technical assistance and others.

Production costs and prices paid for soybean were obtained
from CONAB (2013), for the years between 2007 and 2012. Crop
yield can be estimated for a long series by crop models, and it
can be converted to monetary value to be compared to costs or
vice-versa. With production costs and crop prices is possible
to identify how much grain yield is necessary to overcome
costs, and identify which sowing dates are the most profitable
in terms of the probability of grain yield overcome costs, based
on a historical yield series.

Step 5 - Mean air temperature for crop development: Sowing
dates are considered suitable when the mean air temperature
during all crop phases is between 20 and 30 °C (Farias et al.,
2009), that is the ideal range for soybean growth. Sowing
dates are considered as marginal when average temperature is
lower than 20 °C or greater than 30 °C. The sowing dates are
considered as unsuitable just when extreme temperatures occur,
as presented in step (1).

Step 6 - Sowing dates suitability: Sowing dates are considered
suitable, marginal or unsuitable depending on the combination
of the conditions previously described (Figure 1). Sowing dates
are considered suitable when extreme air temperatures are not
observed in more than 80% of the years (Step 1), available soil
water for sowing is high enough (Step 2), and estimated crop
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yield overcome production costs (Step 4) in more than 80%
of the years, and historical mean air temperature is between
20 and 30 °C during all crop cycle (Step 5). The sowing dates
are considered as marginal when extreme air temperatures are
observed in less than 20% of the years, there is available soil
water for sowing in more than 50% of the years, and crop yield
overcome production costs between 60 and 80% of the years,
and/or average air temperature along the cycle is lower than
20 °C or greater than 30 °C. Sowing dates are considered as
unsuitable when extreme air temperatures are observed in more
than 20% of the years, or unavailable soil water for sowing is
observed, or estimated actual yield is below production costs
in more than 40% of the years.

Sowing dates for
soybean
Extreme air
temperature

<50 % of the years

<20 % of the years >20 % of the years

Soil water
available

>50 % of the years

<60 % of the years

Yield > costs

Between
60 and 80 % of the years

>80 % of the yearsl

<20°Cor>30°C
Mean air
temperature

Between 20 °C and 30 °C

C Sowing dates ) < Sowing dates ) < Sowing dates )
suitable marginal unsuitable
Figure 1. Summary of the conditions for classifying
the soybean sowing dates as suitable, marginal and
unsuitable, based on extreme air temperatures, soil

water availability, actual yield, net income and mean
air temperature

The proposed method was applied to classify the soybean
sowing dates as suitable, marginal and unsuitable for Cruz Alta,
Rio Grande do Sul state, Jatai, Goids state, and Balsas, Maranhao
state, localized respectively in South, Midwest and Northeast
regions of Brazil. These locations have different climatic
conditions (Table 1) and are important soybean producing
regions. The results from the new approach were compared
with soybean sowing dates recommended by the agroclimatic
risk zoning developed by MAPA.

RESULTS AND D1SCUSSION

The first step to classify the sowing dates was by defining
the probability of extreme air temperature for each sowing date.
The probability of maximum air temperature above 40 °C in
more than 20% of the years was not observed in the locations
(data not shown). On the other hand, extreme minimum air
temperature was observed in Cruz Alta and Jatai, but only
in Cruz Alta it was recorded above the threshold of 20% of
the years, limiting soybean sowing between 11/Mar and 01/

R. Bras. Eng. Agric. Ambiental, v.18, n.11, p.1149-1156, 2014.
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Table 1. Monthly average maximum and minimum air temperature, sunshine hours and rainfall for Cruz Alta, RS,

Jatai, GO, and Balsas, MA, Brazil"

Location and variable ionih

Jan Feb Mar  Apr May  Jun Jul Aug  Sept  Oct Nov Dec
Cruz Alta, RS
Air temperature maximum °C 298 289 284 256 216 192 188 212 218 250 277 297
Air temperature minimum °C 186 183 173 146 115 9.9 89 104 113 138 156 17.8
Sunshine Hours per day 8.1 7.5 7.5 6.4 5.7 4.5 5.2 5.8 5.8 6.6 7.9 8.3
Rainfall mm 153.0 147.0 1250 167.0 157.0 143.0 1540 138.0 179.0 2150 1720 136.0
Jatai, GO
Air temperature maximum °C 303 306 306 305 290 288 294 316 322 321 31.0 304
Air temperature minimum °C 201 198 196 179 140 15 112 122 164 187 195 2041
Sunshine Hours per day 4.7 52 54 6.9 7.3 7.6 7.9 7.7 6.0 5.9 5.7 49
Rainfall mm 266.0 238.0 2730 1130 480 20.0 80 240 620 1330 189.0 278.0
Balsas, MA
Air temperature maximum °C 309 311 312 317 325 330 335 348 353 338 320 310
Air temperature minimum °C 219 220 222 224 217 203 196 209 221 227 222 220
Sunshine Hours per day 4.6 4.7 5.1 6.3 7.8 9.0 9.4 9.5 8.2 6.1 5.0 4.4
Rainfall mm 207.0 1950 2050 1330 420 3.0 2.0 30 290 960 1420 192.0

The period considered were between 1980 and 2012, totaling 32 years for Jatai, GO, and Balsas, MA, and 28 years for Cruz Alta, RS

Aug (Table 2). Balsas had no records of extreme minimum
air temperature since it is located in the north of the country,
close to equator line. When the soybean is sown lately and
growth occurs in less favorable conditions, as under cooler days,
soybean crop has its yield reduced at a rate of 56 kg ha' per day
of delay in the sowing date after 25" December in the southern
Pampa (Calvino et al., 2003; Monzon et al., 2007).

The next step was to assess the water availability for
sowing, where the threshold is at least 50% of the years with
more than 60% of relative evapotranspiration during the crop
establishment phase. Cruz Alta had no limitations of water
availability for soybean sowing in all dates of the year (Table
3). Jatai and Balsas had no soil water availability for sowing
during the dry period, which occurred mainly during the winter.

The dry period limited the soybean sowing dates in these two
locations, between 21/Apr and 11/Sept in Jatai, and 01/May and
11/Oct in Balsas (Table 3). Under dry soil conditions, as well
as under low soil temperature, the soybean emergence is very
slow, which can expose the seeds to pests and diseases, reducing
plant population (EMBRAPA, 2011).

The results show that the limitations to start the soybean
sowing is related to the minimum air temperature in Cruz
Alta, RS, while in Jatai, GO, and Balsas, MA, it is associated
to the lack of enough available soil water. In Cruz Alta, the air
temperature can affect plant emergence, which will be longer.
In Jatai and Balsas, available water defines the beginning of the
sowing period, which is only possible after the first effective
rainfalls. However, the early or late soybean sowing has been

Table 2. Percentage of years with extreme minimum air temperature below 1 °C in Cruz Alta, RS, and Jatai, GO, Brazil

Percentage
Location Sowing date!
01/Jan 11/Jan 21/jan 01/Feb 11/Feb 21/Feb 01/Mar 11/Mar 21/Mar 01/Apr 11/Apr 21/Apr 01/May 11/May
Cruz Alta 0 0 0 0 0 0 4 20 22 41 44 59 67 70
Jatai 0 0 0 0 0 0 0 0 3 3 3 6 9 9
21/May 01/Jun  11/Jdun  21/Jun  01/Jul  11/dul 21/Jjul 01/Aug 11/Aug 21/Aug 01/Sept 11/Sept 21/Sept 01/Oct
Cruz Alta 74 74 78 74 74 67 56 33 13 8 8 0 0 0
Jatai 9 9 9 6 6 6 3 0 0 0 0 0 0 0

Data not shown had no records

Table 3. Percentage of years with enough available soil water for soybean sowing in Cruz Alta, RS, Jatai, GO, and

Balsas, MA, Brazil

Percentage
Location Sowing date
0i/Jan 11/Jan 21/Jan  01/Feb  11/Feb  21/Feb  01/Mar 11/Mar 21/Mar  01/Apr  11/Apr  21/Apr
Cruz Alta 63 63 78 70 67 63 67 56 63 81 81 85
Jatai 100 100 100 97 97 100 100 100 94 78 72 47
Balsas 97 91 84 88 97 81 97 97 97 84 72 53
01/May 11/May 21/May 01/Jun  11/Jun  21/Jun 01/Jul 11/Jul 21/Jul  01/Aug 11/Aug  21/Aug
Cruz Alta 70 70 85 89 96 100 100 96 89 83 79 83
Jatai 31 25 38 16 9 6 0 0 6 9 9 19
Balsas 31 16 3 3 0 0 0 0 0 0 0 0
01/Sept  11/Sept 21/Sept 01/0ct  11/0ct  21/0ct 01/Nov 11/Nov 21/Nov 01/Dec 11/Dec  21/Dec
Cruz Alta 79 92 96 92 79 71 75 63 58 58 71 67
Jatai 31 44 50 66 84 91 91 94 100 97 100 100
Balsas 0 6 16 28 44 63 56 69 81 75 97 97
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an alternative strategy for growers in order to have two crop
seasons, as soybean-maize, maize-soybean or even soybean-
soybean along the main growing season (Meotti et al., 2012)
which brings a higher climatic risk for soybean.

Attainable yield was estimated for all the suitable sowing
dates, determined according to the previous criteria, shown in
Table 4. The next step was to obtain the production costs for
all locations. For Cruz Alta, Jatai and Balsas, the yield should
be respectively more than 2,000, 2,500 and 2,000 kg ha™ to
cover the production costs. It is important to highlight here
that production costs and price paid for soybean can vary
among farms, regions and seasons of the year, and also between
transgenic and conventional soybean cultivars, as showed by
Furlaneto et al. (2008). Production costs and price paid for
soybean bags are important aspects to be considered in the
definition of the soybean sowing dates due to the substantial
diferences of them among the Brazilian regions.

The percentage of years with yield covering the production
costs is shown in Table 5 for each soybean sowing date for
different drought tolerant cultivars for Cruz Alta, Jatai and
Balsas. Low probability was observed during January, 21/Feb
and 01/Mar in Cruz Alta. In Jatai and Balsas such probability was
drastically reduced in January and early February, respectively,
which is due to the lower soil water availability to crop growth.
Cruz et al. (2010), in the western region of Bahia state, also
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observed drastic reduction of soybean yield when sowing was
performed after the end of December, which is associated to
the reduction of rainfall along the crop cycle.

Following to the last step, average air temperature during
crop cycle was evaluated. In Cruz Alta, average air temperatures
out of the best interval were observed between 21/Apr and 21/
Oct. These results show that when soybeans is grown under low
air temperature there are reductions in grain yield as observed by
Meotti etal. (2012) in Sdo Domingos, SC, where the sowing dates
of 15/Dec and 15/]Jan had lower soybean yields than sowing
dates of 15/Oct and 15/Nov, due to the cooler temperatures in
the last half of the cycle. In Palotina, PR, Dallacort et al. (2008)
also observed such yield decrease for the later sowing dates.
For Jatai and Balsas, average air temperature is normally within
the favorable conditions between 20 and 30 °C during the crop
cycle for all sowing dates (data not shown), which means that
thermal conditions are totally suitable for soybean growth and
development.

After finishing all steps presented in Figure 1, Cruz Alta
had suitable soybean sowing dates between 01/Nov and 11/
Dec, except in 01/Dec for high drought tolerant group cultivars,
when it was marginal (Table 6). Bonato et al. (1998) found, based
on three field experiments in five locations of Rio Grande do
Sul state, that the better sowing window for medium soybean
cultivars is November, similar to the results obtained in this

Table 4. Suitable (S) and unsuitable (U) soybean sowing dates according to extreme air temperature and soil water
availability in Cruz Alta, RS, Jatai, GO, and Balsas, MA, Brazil

Location Sowing date

01/Jan 11/Jan 21/Jan 01/Feb 11/Feb  21/Feb 01/Mar 11/Mar 21/Mar 01/Apr  11/Apr  21/Apr
Cruz Alta S S S S S S S U U U U U
Jatai S S S S S S S S S S S U
Balsas S S S S S S S S S S S S

01/May 11/May 21/May 01Jun 11/dun  21/Jun  01/dul  11/Jul  21/Jul 01/Aug 11/Aug  21/Aug
Cruz Alta U U U U U U U U U U S S
Jatai U U U U U U U U U U U U
Balsas U U U U U U U U U U U U

01/Sept 11/Sept 21/Sept 01/0ct  11/0ct  21/0ct 01/Nov 11/Nov 21/Nov 01/Dec 11/Dec  21/Dec
Cruz Alta S S S S S S S S S S S S
Jatai u U S S S S S S S S S S
Balsas U U U U U S S S S S S S

Table 5. Percentage of years with soybean yield greater than production costs for cultivars with different levels of
drought tolerance in Cruz Alta, RS, Jatai, GO, and Balsas, MA Brazil

Percentage
Location/ Sowing dates
DT Aug Sept Oct Nov Dec Jan Feb Mar
01 11 210 o1 11 219 01 11 219 o0 11 21 o1 11 21 01 11 219 01 11 21 01
Cruz Alta, RS
High - 9% 96 83 83 88 8 83 92 92 92 96 83 92 8 78 70 67 81 81 63 56
Medium - 92 92 83 83 83 88 88 92 92 92 96 8 92 88 74 70 63 8 81 63 56
Less 92 8 8 79 83 83 8 83 8 92 96 79 83 88 67 67 63 81 81 63 56
Sept Oct Nov Dec Jan Feb Mar Apr
21 01 11 219 o1 11 21 o1 11 21 o1 11 21 o1 11 21 o1 11 21 01 11 21
Jatai, GO
High 97 97 100 100 100 100 100 100 100 100 100 100 88 59 25 9 0 0 3 0 0
Medium 97 100 100 100 100 100 100 100 100 100 100 100 94 59 34 13 3 3 3 0 0
Less 97 97 100 100 100 100 100 100 100 100 100 100 94 66 38 19 6 6 3 0 0
Balsas, MA
High - - 100 100 100 94 94 97 100 100 97 100 97 91 78 53 38 19 9 0 0 0
Medium - - 100 100 100 94 94 97 100 97 97 97 97 8 75 50 34 16 3 0 0 0
Less - 100 100 97 94 94 97 97 97 97 97 97 88 69 44 28 13 3 0 0 0

R. Bras. Eng. Agric. Ambiental, v.18, n.11, p.1149-1156, 2014.
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Table 6. Soybean sowing dates suitability in Cruz Alta, RS, Jatai, GO, and Balsas, MA, Brazi, considering cultivars
with different drought tolerances, climate limitations, crop yield and net income

Sowing dates'?

DT Aug Sept Oct Nov Dec Jan Feb Mar
o1 11 210 o1 11 29 o1 11 29 o1 11 29 o1 11 219 o1 11 219 01 11 21 01
Cruz Alta, RS
High uy M M M M M M M M S S S M S M M M M M M M U
Medum U M M M M M M M M S S S S S M M M M M M M U
Less U M M M M M M M M S S S S S M M M M M M M V]
Sept Oct Nov Dec Jan Feb Mar Apr
21 01 11 210 o1 11 29 01 11 21 01 11 21 01 11 21 01 11 21 01 11 21
Jatai, GO
High S S S S S S S S S S S S S M U U U U U U U U
Medium S ) S S S S S S S S S S S U U U U U U U U U
Less S S S S S S S S S S S S S U U U U U U U U U
Balsas, MA
High U U U u § S S S S S S S S S M U U U U U U U
Medium U U U u § S S S ) S S S S S M U U U U U U U
Less U U U u § S S S S S S S S S M U U U U U U U

' Dates not show are unsuitable.
2 (unsuitable), M (marginal) and S (suitable)

study. For Dourados, MS, Fietz & Rangel (2008) observed
the same, which is caused by the best interaction between
photoperiod and water deficit.

Cruz Alta presented marginal suitability for soybean sowing
from 11/Aug to 21/Oct and from 21/Dec to 21/Feb, which is
associated to the average air temperature out of 20-30 °C interval.
The soybean sowing during these periods can bring undesirable
consequences for crop, such as early flowering, short stature
and low grain yield (Sinclair et al., 2005; Meotti et al., 2012).
These proposed soybean sowing dates are different from those
recommended by MAPA for marginal period, however, the
suitable dates are similar, starting from 21/Oct to 21/Dec. The
main difference between the proposed methodology and with the
one recommended by MAPA is the possibility of anticipating the
sowing to August and September. Also, the new approach enables
to identify which factor is limiting the sowing in a given date,
helping to choose alternative practices. The weather conditions
which classify the early sowing dates as marginal is the low air
temperature, but in years in which soil temperature is greater than
historical mean, it is possible to anticipate the soybean sowing
and thus to have two successive crop seansons, like soybean in
the main season and maize as a second season.

In Jatai the sowing dates were suitable between 21/Sept and
21/Jan for all cultivars, while between 01/Feb and 11/Apr the
conditions were unsuitable, except for less drought tolerant
cultivar that has 01/Feb classified as marginal (Table 6). The
sowing dates recommended by this procedure is different from
those recommended by MAPA, which considers as suitable
the sowing dates between 01/Oct and 21/Dec. The differences
between the two methodologies is caused by the use of potential
and attainable yields, production costs and other limiting
weather conditions in the new procedure. When comparing
the new approach with MAPA methodology, Jatai had a longer
sowing window, showing that even occuring water deficit, that
classified January like unsuitable by MAPA, estimated yield was
greater than production costs.

Balsas had suitable sowing period between 01/Nov and
01/Feb for all cultivars (Table 6), which is very similar to the
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period recommended by MAPA, between 21/Oct and 11/
Feb. However, the present procedure shows that 11/Feb was
marginal for all cultivars. Based on that, it is clear that Balsas
had a reduction of the sowing window when compared with
MAPA recommendation, opposite behavior to that found for
Cruz Alta, RS, and Jatai, GO, which showed a longer period than
recommended by MAPA recommendation. In the beginning of
the sowing window (21/Oct), this operation was limited by the
low soil water availability, condition not considered by MAPA,
whereas in the end of the sowing window (11/Feb) the new
approach considered a marginal condition due to the drastic
reduction in the actual yield, reducing the probability of the
yield to be greater than production costs. At these early or late
sowing dates it would be important to consider the irrigation as
a management procedure for reducing the risks in this region.

The longer suitable soybean sowing window, from 21/Sept
to 21/Jan, in Jatai and, from 01/Nov to 01/Feb, in Balsas, just
can be a fact if the cultivars have an appropriate adaptation of
juvenile period and photoperiod, which will help to increase the
cycle and grain weight (Sinclair et al., 2005). According to Lima
etal. (2000), the cultivars more adapted for such longer sowing
window are those with longer juvenile period.

It is important to highlight that this approach need much
more information and need to be defined at the farm level,
since it considers information about production costs, regional
soybean price and cultivar characteristics to estimate yield.
About the yield estimate, many studies have been developed
in Brazil, calibrating and evaluating crop models for different
crops, cultivars and regions. By this way, the new approach can
be applied for different soybean production regions for defining
with more details the better sowing dates, increasing yield and
reducing yield gaps.

CONCLUSIONS

1. The procedures proposed by this study can generate
more accurate information to support soybean sowing dates



recommendation, minimizing yield losses from climatic risk
and increasing economic profits;

2. The new approach showed potentiality to define sowing
dates, by considering agronomic and economic aspects of the
crop, differing from MAPA’s methodology, mainly in the
beginning and end of the sowing window;

3. Farmers can improve agricultural planning choosing
the best sowing dates through this new approach, reducing
soybean yield gap.
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