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ABSTRACT - Climatic risk zoning allows the identification of areas of low risk of reduced crop productivity due to climatic
events. In Brazil, losses to agriculture due to climate are mainly caused by drought. The objective of this research was to
determine areas of low climatic risk for corn and palisade grass cultivated in integrated crop-livestock systems in Sao Paulo
state. Corn varieties characterized by a 120-day growing cycle and soil with three different water holding capacities (sandy,
medium and clayey soils) were considered. A daily water balance model was used to simulate planting dates between September
and December. The water requirement satisfaction index (WRSI) was calculated for critical phenological phases of both cultures
(germination, emergence and tillering of palisade grass and flowering and grain filling of corn). The WRSI values, calculated
for a minimum frequency of 80%, were located spatially using the SPRING v. 5.1 geographic information system and the most
favorable periods for sowing in different areas were determined. The results showed that there are areas of low climatic risk
for cultivation of corn and palisade grass in integrated crop-livestock production systems in Sao Paulo state. Although climatic
risk in these areas also depends on soil type, the most favorable period for planting is between October and November.
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Introduction

Brazil has the largest commercial cattle herd of the
world, and isthe global leader in beef exports (ABIEC, 2010).
The results of the Agricultural Census, conducted in 2006,
indicate that pastures are present in over 50% of the
country’s rural establishments, occupying around 160
million hectares (IBGE, 2009).

Although grasses are perennial plants, there is still a
need for frequent replanting of pastures, due to factors that
degrade them and reduce their productivity (for example,
overgrazing and inadequate soil management). Estimates
made from data on grass seed sales indicate that roughly 10
million hectares of pasture are planted annually in Brazil.

Palisade grass (Brachiaria brizantha) is the most
commonly planted forage grass in Brazil (Milesetal., 2004)
and has been recommended for integrated crop-livestock
systems, both through combined planting and crop rotation.
According to the results of the 2006 Agricultural Census,
about 5% of farms and ranches in the country use crop
rotation for revitalization of pasture areas (IBGE, 2009).

The combined sowing of corn and palisade grass is a
means of preventing degradation of pasture in integrated
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crop-livestock systems. In tests to assess the suitability
of corn cultivars for joint planting with palisade grass,
Oliveira et al. (1996) observed corn yields from 2,227 to
4,246 kg/ha. In an evaluation conducted 150 days after
planting, Araljo (2011b) observed lower dry mass output
of palisade grass in combination with corn (1,181 kg of DM/ha)
thanfor palisade grass grownalone (5,722 kg DM/ha). In that
experiment, the cornyield was approximately 10,000 kg/ha
(Araujo, 2011b).

The individual analyses of the two cultures show that
unfavorable climate conditions limit the growth and
development of the plants, particularly water deficiency
(Guennietal., 2002; Bergamaschietal., 2006). For corn, the
most critical periods are flowering and grain filling
(Sansetal.,2001; Bergamaschietal.,2004), while for palisade
grass the germination, emergence and tillering phases are
the most critical for establishment of productive pastures
(Araujoetal., 2011a).

Climaticrisk zoning isatechnique that allows choosing
the best time of the year and/or region to sow crops, based
on knowledge of the variability of climate elements such
as rainfall and reference evapotranspiration, aiming to
select periods during which the prevailing climate
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conditions indicate sufficient water availability for the
plants” most critical periods, thus helping to reduce
exposure to climate risks (Andrade Junior et al., 2007;
Pezzopaneetal., 2010).

The objective of this study was to conduct climatic risk
zoning for the joint planting of corn and palisade grass in
the state of S@o Paulo, in order to indicate the most favorable
period for establishment of these crops based on the risk of
water deficiency, considering both rainfall and soil type.

Material and Methods

Identification of the most favorable periods for combined
planting of corn and Brachiaria brizantha cv. Marandu in
S8o Paulo state was based on the interaction of water
availability, soil type and critical development periods, as
these are the main factors that determine the success of
integrated planting.

The water balance simulations for the joint corn-palisade
grass cropping were performed with the aid of the Sarrazon
computational program (Baron et al., 1996), considering
sowing on the 5t 15t and 25t day of each month, in the
period from September to December. For the simulations,
historical series consisting of daily rainfall data going back
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from 15 to 30 years, obtained from measurement posts
located in the state of Sdo Paulo belonging to the National
Water Agency (ANA) and the Department of Water and
Electricity (DAEE) were used (Figure 1). The reference
evapotranspiration (ETo) estimate was obtained by the
Penman-Monteith method.

To estimate crop evapotranspiration (Etc), crop
coefficient (Kc) values, necessary for quantification of the
water demand of the combined crops, were obtained from
Silva(2007) (Table 1).

An average corn growing cycle of 120 days was
considered; a figure that is representative of a normal
cultivation cycle in different regions of the state for the
planting times used in this study (Brunini et al., 2001)

The water balance was calculated considering three
soil types regarding available water capacity (AWC): soil
type 1 =low water storage capacity (20 mm), corresponding
to quartz neosols and alluvial soils, with clay concentrations
under 15%; soil type 2 = medium water storage capacity
(40 mm), corresponding to yellow and reddish-yellow
latosols, with clay concentrations between 15 and 35%; and soil
type 3 =highwater storage capacity (60 mm), corresponding
to reddish-yellow and dark red podzols, purple cambisols
and purple and dark red latosols, with over 35% clay.
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Table 1 - Ten-day crop coefficient (Kc) for combined growing of corn and palisade grass in Brazilian savanna regions

Ten-day period after planting

1 2 3 4 5 6

7 8 9 10 11 12 13

Kc 0.51 0.86 1.16 1.39 1.56 1.67

1.71 1.69 1.61 1.46 1.26 0.99 0.65

Source: Silva et al. (2007).

The water requirement satisfaction index (WRSI),
defined as the ratio between real evapotranspiration (ETr)
and maximum evapotranspiration (ETm), was used as a
climatic risk indicator for the different combined planting
periods. For this purpose, the WRSI was considered in two
periods: (1) the phases of germination, emergence and tillering
of the palisade grass, which are critical for establishment of
pastures (Araujo, 20011a); and (2) the flowering and grain
filling phases of corn, which are critical for yield and are
strongly affected by water deficit (Brunini et al., 2001).

Three WRSI classes were defined for each crop to
differentiate the locations within S&o Paulo state. In the
case of palisade grass these areas were defined as having
WRSI1>0.60 (lowrisk); 0.60>WRSI>0.50 (medium risk); and
WRSI<0.50 (highrisk). The respective areas for corn were
defined as WRSI>0.55 (lowrisk); 0.55>WRSI1>0.45 (medium
risk); and WRSI1<0.45 (high risk). Both analyses included
assessment of the WRSI frequency for 80% occurrence.

The WRSI values calculated to define the regions
regarding climatic risk were spatialized with the SPRING
computational program (INPE). After verification of the
errors and the fit of the interpolation values, thematic maps
were prepared to represent the best dates for combined
sowing of corn and palisade grass in the state of Sdo Paulo,
to identify the regions with higher and lower risk of this
integrated cropping system.

The climatic risk analysis for each joint planting date
entailed assessment of the behavior of the WRSI in the two
phases, to demarcate the regions based on the three risk
levels for each phase (Table 2).

Table 2 - Definition of the climatic risk for joint growing of corn
and palisade grass in the state of Sdo Paulo based on
the behavior of the water requirement satisfaction
index (WRSI) for palisade grass (Phase 1) and corn

(Phase 2)

Phase 12 Phase 2P Result
Low risk x Low Risk Low risk
Low risk X Medium Risk Medium risk
Low risk x High Risk High risk
Medium risk x Low Risk Medium risk
Medium risk X Medium Risk Medium risk
Medium risk x High Risk High risk
High risk x Low Risk High risk
High risk x Medium Risk High risk
High risk x High Risk High risk

@ Germination and emergence of palisade grass.
b Flowering and grain filling of corn.

Results and Discussion

The definition of the favorable sowing periods only
considered the water availability criteria. Therefore, the
indication of the favorable periods is related to the times of
the year when there is a lower chance of losses caused by
lack of water during the most critical phases for the two
crops (Phases 1 and 2).

By considering the interaction between the periods of
joint planting and soil types, 36 maps defining the areas and
type of associated risk due to water deficiency for the state
were prepared. Each map indicates, for a ten-day period in
the months of September through December, the state
regions with high, medium and low risk for each soil type,
based on the spatial distribution of the WRSI values.

As an example, we present spatial distribution maps of
the climate risks for joint planting of corn and palisade grass
in the second ten-day period of each month (11t through
20" day), during the months of September through December,
considering the soil types with water storage capacities of
20,40and 60 mm (Figure 2).

For these three soil types, there is a wide spatial
variation for the joint planting, which evidences the
variability of rainfall in the state during the period analyzed.
Regardless of the soil type, the areas with lowest climatic
risk occur in October and November. In the planting
simulations in September and December the areas with
medium and high climate risk increase, showing there is a
climatic restriction caused by low rainfall.

Analysis of a single planting period for different soil
types shows that at any time there is a positive relationship
between increased water retention capacity and reduced
planting risk, due to the increased water available from soils
with higher clay contents (Figure 3). Considering the average
of all the simulated sowing dates, the areas considered as
having low climate risk are those with more presence of soils
able to retain 60 mm (74.3%), followed by soil with water
storage of 40 mm (52.3%) and 20 mm (7.28%). These results
are similar to those reported by Andrade Junior etal. (2007).

For soils with medium water retention (40 mm), over
50% of the area of the Sdo Paulo state presents low risk for
jointplanting inthe period from October through December,
and there are practically no regions with high risk for soils of
this type. In turn, for soils with high water storage capacity
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Figure 2 - Spatial distribution of climatic risks of joint planting of corn and palisade grass between September 11 and December 20,

considering soils with water storage capacities of 20, 40 and 60 mm, for the state of Sdo Paulo.
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Figure 3 - Fraction of area (%) and associated risk levels for joint planting of corn and palisade grass in the state of Sdo Paulo from
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(60 mm), over 70% of the state area shows low risk for joint
sowing in the period from October through December.

The distribution of the percentages of high-risk areas
in the state for the three soil types is associated with the
rainfall levels in the state during the spring-summer. In
September and October, the small volume of rain associated
with the large annual variability causes risks mainly to the
planting of pasture, while in December, the increase of
risky areas is associated with the occurrence of dry spells,
because of the effect of water deficiency on the flowering
and grain-filling states of corn, impairing the yield of this
crop (Brunini et al., 2001). The situation tends to invert
when analyzing the percentages of low-risk areas.

The results found in this study show more restricted
low-risk periods and areas than what was reported by
Bruninietal. (2001) inarisk zoning study for cornalone in
S&o Paulo. It must be considered that, with joint planting,
the water demand, expressed by crops evapotranspiration,
is higher because of the greater crop coefficient values
used, as proposed by Silva et al. (2007).

In these two situations (analyses of the percentages of
high- and low-risk areas), it is evident that the behavior of
the percentage curves of the areas is influenced by the
water storage capacity of the soil.

Conclusions

The state of S&o Paulo has areas of low climatic risk for
crops of cornand palisade grass, with the variations imposed
by the water availability level. For soils with low water
retention capacity, there is restriction on sowing in most of
the state in the months of September through December,
while for soils with greater water storage capacity, the
period with the lowest climate risk for these two crops
occurs from October and November.
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