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Abstract

The factors involved in the prediction of areas for food production are subject to cultural, socio-
economic variables, water availability and particular characteristics of its management and
production. Agriculture as a micro business activity is subject to risks that force to improve
predictive mechanisms of climatic and edaphic variables. The main objective is to generate models
from various databases and thematic maps at the same observation scale to locate areas with
productive potential of 16 crops with economic value in the national and strategic market for the
state of Nuevo Leon. This state was selected for belonging to three physiographic regions with
great edaphoclimatic diversity, which requires proven methods both nationally (Ortiz, 2011) and
internationally for zoning. Different databases such as aptitude in terms of thermal efficiencies,
frost-free period and classification, degradation and water regime of the soils were used. The results
show that with the information collected and analyzed, the areas on maps for basic grains,
vegetables and fruit can be located and quantified in more than 50% of the state agricultural area
and other crops in areas less than 10%. The best agricultural area is located in the central north of
the state; however, the determining factor for the growth of the main crops is the frost-free period.
It is recommended to grow early varieties of basic grains and vegetables to take advantage of the
months with greater efficiencies.
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Introduction

Given the growing concern about climate change, demographic increase, socioeconomic and
migratory limitations, it is necessary to carry out predictive studies of a region with respect to the
potential agricultural vyield; furthermore, it is of paramount importance to implement
methodological strategies and techniques that allow locating areas destined for intensive
agricultural production.

Furthermore, it is necessary to consider not only crops that are economically viable with
commercial value in the markets, but also to find other crops that can be incorporated to increase
their diversity and agroecological sustainability (Hansen, 2004; Intergovernmental Panel on
Climate Change, 2014). Johnson et al. (2016) indicate that early and reliable projections of crop
yields in large areas allow authorities and producers to plan exports and imports for the benefit of
rural areas.

According to Valin et al. (2014), food production is subordinated to dependent and independent
variables that imply the behavior of the internal and external market of a region and socioeconomic
elements of the population. The meteorological factor is the one that most influences production in
opencast agriculture systems (Cai et al., 2016) and it is estimated that it will change more due to
climate change. In fact, the predictions are not at all encouraging, since an increase of 60% is
projected for the year 2050 in agricultural production and between 20% and 30% in livestock
(Tilman et al., 2011). Consequently, applied science strategies and research are required to increase
certainty about food production in the field (FAO, 1978), as a first alternative and preliminary
studies of potentially agricultural areas that project the sustainability and diversification of crops
(van Ittersum et al., 2013).

Crop simulation models offer robust results for the estimation and prediction of potential yield
(van Ittersum et al., 2013) with the virtue that areas suitable and unsuitable for food production
can be projected and limited. However, these yield projections are defined only by their
biophysical capacity and not by biotic and abiotic stress (de Wit, 1965). For this reason, the
Food and Agriculture Organization of the United Nations (FAO, 1978) proposed
agroecological zoning (ZAE), being a methodology that uses climate databases and soil
information to delimit areas, regions or even the entire country with older with greater
agronomic and socioeconomic potential.

In the case of the state of Nuevo Ledn, like any other federal entity, it is necessary to locate
potentially productive areas with the possibility of diversification and without climatic
limitations (frost). Therefore, it is necessary to generate modeling systems that guarantee land
information with the possibility of going from a monoculture system (spring-summer) such as:
potatoes, tomatoes and grasses (SIAP, 2018), to a crop rotation system in two cycles. Fraisse
et al. (2006)- mention that the analysis of climatic and edaphic data offers an alternative for
large territorial extensions with direct influence on the potential of crops. Although caution
should be exercised in the management of scalar variation (Grassini et al., 2015) and geospatial
interpolation reflected in the digital quality of the thematic maps (Van Wart et al., 2015) of
each region.
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Based on the above, the objectives of the present investigation were: 1) to generate models from
different databases, and thematic maps at the same observation scale; 2) identify and locate
potentially agricultural areas with the possibility of implementing intensive food production
throughout the agricultural year; and 3) incentivize the diversity and planning of the agricultural
zones destined to the production of food with economic interest.

Materials and methods

The methodological sequence and integration of predictive models consists of: 1) digital
vectorization of agricultural areas under the Google Earth Pro® platform; 2) use of climatic, edaphic
and crop requirements databases; 3) interpolation of results on thematic maps; 4) extraction of
polygons from agricultural areas through map algebra; and 5) integration of potential yield
databases with thematic maps of agricultural areas.

Location

This study was carried out in the state of Nuevo Ledn, Mexico, which is located between the
coordinates 23° 10’ 27” and 27° 46’ 06” north latitude and 98° 26° 24” and 101° 13’ 55 west
longitude, with an area of 6 455 500 ha.

Delimitation of the study area

The digitization of the state consisted of first delimiting the federal entity and municipalities of
Nuevo Leon through vector masks in shape file format, taking as a reference the study carried out
by the Ministry of the Environment and Natural Resources (SEMARNAT) and the College of
Postgraduates (CP). (2001-2002). Subsequently, areas with agricultural potential were identified
with interaction and direct visualization on the screen on the Google Earth Pro® digital platform.

Satellite images with a flight height (eye height) of Google Earth Pro® of 2.19 km were
photointerpreted to map at an average scale of 1:50 000, in addition, associative interpretation
methods were used considering elements both in the field and in the cabinet to generate the
agricultural facets (Ortiz-Solorio and Cuanalo de la Cerda, 1984).

Databases and thematic maps

The database with climatic information of the state was extracted from the National Meteorological
Service (SMN) using the climatological normals of climatic stations (1951-2010). 83 climatic
stations, located geospatially, were considered within the entity, and 24 in the neighboring states,
as follows: 10 in Coahuila, 5 in San Luis Potosi and 9 in Tamaulipas with a total of 107 stations,
for analysis (Figure 1).

Another database used was the ECOCROP platform which is integrated with climatic and edaphic
information on the requirements and needs of the crops. On this basis, data on economically viable
crops for the federal entity were extracted, such as: a) type and agricultural cycle; b) temperature
needs (maximum and minimum) and annual precipitation; and c) edaphic requirements of: depth,
texture, salinity, pH and drainage of the profile.
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Figure 1. Geospatial distribution of meteorological stations.

In relation to the edaphic resource, the thematic maps used were: a) those generated by the National
Institute of Statistics, Geography and Informatics at a scale of 1:1 000 000 (INEGI, 2005) using
the soil classification of the world reference base (WRB, 2015); b) 1: 250 000 scale maps of
dominant soil degradation caused by man in the Mexican Republic (SEMARNAT-CP, 2001-2002);
and c) the maps of soil moisture and temperature regimes prepared by de Sanchez et al. (2009).

Tours and field verification of agricultural areas
The field trips were made in transects from North to South and from East to West on roads and

direct access to the selected points was considered, which were used as verification and correction
points (Figure 2).

Figure 2. Tours in municipalities (projection in UTM). a) Galeana (2737650, 394916); b) Aramberri
(2669386, 393500); c) Anahuac (3015776, 386979); and d) Linares (2752594, 437753).

Crop diversification
Crop diversification in the study area consisted of selecting crops of different species based on their

climatic efficiency for both the spring-summer cycle and the autumn-winter cycle, estimating their
maximum yields per unit area in specific regions of the state.
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Potential yield

The potential yield of each crop was estimated with the established methodology of the agro-
ecological zones (GAEZ, 2006) based on the work of Wit (1965). The modifications proposed by
Ortiz (2011) were also used to estimate the fresh weight from of the dry weight proposed by the
agroecological model in vegetables and fruit trees and photosynthetically active radiation on very
clear days, daily gross photosynthesis rate on closed days and daily gross photosynthesis rate on
clear days.

Crop index and potential thermal efficiency

To estimate the index and thermal efficiency of each crop, the methodology of Neild and Boshell
(1976) was used for the main crops in the state of Nuevo Ledn, based on monthly maximum and
minimum temperatures reported in the climatic normals. Subsequently, the indices were valued
using rating tables that range from to ‘zero’ as a minimum to ‘five’ as the maximum monthly
thermal value for each crop and region in the state.

Frost free period

The frost-free period (PLH), which corresponds to sequential cumulative days that did not
present said event throughout the year using, was determined using the methodology proposed
by Ortiz and Pajaro (1985). The PLH uses average monthly minimum and average temperature
information for its prediction, which was obtained from the climatological normals (SMN,
2018).

Soil classification system with the world reference base (WRB, 2015)

The soil classification system is based on diagnostic criteria for one or more horizons and
subhorizons, which are presented in the soil reference groups, which are reported in the thematic
maps of the soil charts produced by INEGI (2005). Each reference group, with several
hierarchically assigned diagnostic horizons, were adapted to quantitative values of *-1°, ‘0’ and ‘1’
corresponding to low suitability, medium suitability, and high suitability respectively, both for
rainfed agriculture and under irrigation.

Soil moisture regime

The evaluation of the efficiency of the soils by the type of humidity regime is considered by the
amount of water and the time that the control section remains consecutively humid (Ortiz et al.,
2014). The thematic map of humidity regime was estimated based on the Newhall model reported
by Sanchez et al. (2009). This model uses the temperature and precipitation of each climatic station
and the allocation process was as follows: aridic and aquic regime: low fitness (value of ‘-1”), due
to the absence or waterlogging of the control section, to the ustic regime, medium aptitude (value
'0") due to reporting favorable conditions for the growth of plants with water limitations and the
udic regime: high aptitude (value ‘1), when presenting accumulated humidity for 90 consecutive
days in normal years or be irrigated.
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Results and discussion

With the digital vectorization of the state on the Google Earth Pro® platform, the geospatial
distribution of exclusively agricultural areas (17.03% of the total area, 1 099 372 ha) used in the
state zoning was located. Each of the edaphoclimatic databases that allowed estimating the
productive potential of the agricultural area of the state of Nuevo Leon is analyzed below.

The municipality of Allende, NL was selected to exemplify the results. It has an agricultural area
of 44 676 ha, where annual maximum, minimum and average temperatures of 28 °C, 13.2 °C and
20.5 °C respectively are reported; with an average annual rainfall of 933 mm, an edaphic aptitude
for potato cultivation: High located in the southern area of the agricultural area (51%), average in
the north-center (44%) and low in the northern area (5%). It was also found that the area may have
a fitness: high for sorghum in 100% of the area. The soils that dominate in this area are Vertisols
(72% of the agricultural area) located in the north and center with the pelic subunit, Leptosol (7%)
and Phaeozems (21%) in the center with the haplic subunit.

The humidity regime is udic covering 95% in the central and southern zones, along with the ustico
with 5% in the northern zone. The area has two frost-free periods between the months of February
and November in the southern area with an area of 7% and from February to December in the
northern and central area with an area of 93%. This information is concentrated on each of the crop
maps to determine suitability and yield in agricultural areas.

Thermal index and efficiency

Table 1 reports the ratings for the maximum and minimum temperatures for the potato crop, where
5 means the optimal conditions for the development of this crop.

Table 1. Qualification of maximum and minimum monthly temperatures (Neild and Boshell
(1976) for potato cultivation (five months), in the municipality of Allende, NL, based on
the optimal requirements established by ECOCROP.

Potato (five months)

Max temperature (°C) Score Min temperature (°C)

33 0 19
31 32.9 1 18 18.9
29 30.9 2 17 17.9
27 28.9 4 16 16.9
24 25 26.9 (optimal) 5 (max.) 14 15 15.9
22 23.9 4 13 13.9
19 21.9 3 12 12.9
16 18.9 2 9 11.9
13 15.9 1 8.9

12.9 0 <8.9
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Table 2 shows the procedure for calculating the Monthly thermal index and the potential thermal
efficiency for the entire five-month potato crop cycle. For example, in January an average monthly
maximum and minimum temperature of 20.6 °C and 5.1 °C respectively were reported, these values
are located between the intervals of <21.9 °C and <8.9 °C (Table 1), which correspond to the
qualification cumulative of 3 (3 + 0).

Table 2. Monthly index and thermal efficiency of potato cultivation (Allende station, NL).

';?;?]tt%/ January February March April May June July August September October November December
Tmax  20.6 23.2 278 31.7 351 37.6 38.3 38.1 35.3 30.9 25.7 21.8
Tmin 51 7 10.3 139 17.5 20.2 20.6 20.5 18.5 14.5 9.5 5.7
C(Tmax) 3 4 4 1 0 0 O 0 0 2 5 3
C(Tmin) 0 0 2 4 2 0 O 0 1 5 2 0
IT 3 4] 6 5 2 0 0 0 1 [7 7 3

Tmax= maximum temperature; Tmin= minimum temperature; C (Tmax)= Tmax rating; C (Tmin)= rating of Tmin;
IT=thermal index (months with maximum values). ET= thermal efficiency.

The maximum accumulated estimated value of the thermal index starts from the sum of individual
qualifiers of monthly maximum and minimum temperature, reaching a total of 10 (Table 1). The
theoretical consecutive monthly sum is 50 and corresponds to five months of the agricultural cycle,
in this case of the potato. Equation 1 exemplifies the thermal efficiency for potato cultivation for
the entire cycle, where the sum of the continuous monthly thermal indices (7+7+3+3+4) is divided
by the theoretical maximum rating multiplied by the number of months (10 x 5) of the crop, and

its result in turn is multiplied by 100 to obtain the percentage of the agricultural cycle.

ETpotam:%me: gXIOOZ 48; where: ET,,,= thermal efficiency for the five-month

potato crop.

The diversification of crops for the municipality of Allende, NL is shown in Tables 3 and 4. The
rotations that can be made in this municipality in the same agricultural cycle without interference
in its agronomic management are: potato cultivation for the autumn-winter cycle and sorghum in
spring-summer, because sorghum has a high aptitude (77.54%) and can be grown without risk the
months between May and August (sowing-harvest).

Table 3. Index and thermal efficiency for sorghum cultivation with a four-month cycle.

Four-month sorghum

C(T max) 0O 1 2 3 5 4 4 4 5 3 1 0
C(T min) 0O 0 0 0 2 4 4 4 2 0 0 0
IT= C(Tmax)+C(Tmin) o 1 2 3 [T 8 8 8 7 3 1 0

Table 4. Potato-sorghum rotation for the area of influence of the Allende station per month.

January February March April May June July August September October November December
Potato] [ Sorghum ] [Potato
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Table 5 shows the estimated thermal efficiencies for each crop in the entire state of Nuevo Leon.
The 2-month bean, 3-month onion and grapefruit crops obtained the highest suitability values in
51%, 51% and 41% respectively of the agricultural area. In addition, this table reports the
percentage of the state area that must be established during the months with the highest thermal
efficiency. In this sense, the five-month potato crop can cover 82.2% of the surface during the
months of October, November and December, while the sorghum crop can cover up to 80.4% if
sown in May. In Figure 3 cartographically locates the agricultural areas with the greatest
agricultural potential in the potato-sorghum rotation.

Table 5. Percentage of state agricultural area with respect to the aptitude of crops.
Grain  Low Mid High Vegetables Low Mid High Fruittrees Low Mid Alta
Rice 27 50 23 Broccoli 49 51 0.2 Grapefruit 32 27 41
Bean(2) 22 27 51 Onion(3) 22 27 51
Bean(9) 49 51 Onion (6) 46 49 4
Corn 4 27 30 Habanero 29 71 0.2
Sorghum 14 69 17 Potato(3) 43 42 15
Soy 39 27 34 Potato(5) 49 51
Wheat 20 71 Cucumber 49 51 0.1
Tomato 48 48 4

The numbers within the parentheses represent the crop cycle in months.

|

——— | coanusa.

A Zone 14N Leyenda | e
Municipio de Allende
I sicmbra de Papa en Octubre

Siembra de Sorgo en Mayo

®  Estacion Metereoldgica

Figure 3. State zone with projected areas for potato-sorghum diversification and rotation.

Agricultural diversification

The efficiencies and planting dates of annual crops generate the combinations of the groups of
basic grains and vegetables projected as crop rotations to increase agricultural diversification with
a reduction in the incidence of pests, diseases or weeds difficult to control with agrochemicals Ball
et al. (2005). As well as the conservation of water resources and minimization of salinity problems
(Turner, 2004) (Table 6).
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Table 6. Crop rotations in the state.

Rotation Jan Feb March April May June July August September October November December

Broccoli-tom 13.9 29.2 48.1 14.1
Broccoli-potato(3) 25 29.2 48.1

Broccoli-hab 49.3 29.2 48.1

Ceb(3)-corn 26.1 18.7 0.2

Ceb(3)-sorghum 19.6 18.7 0.2

Ceb(5)-sorghum 19.6 78.6

Ceb(5)-corn 73.8 78.6

Bean(2)-corn 26.1 73.8 62.8

Hab-wheat 49.3 53 3.6

Potato(3)-wheat 65.4 16.1 53.8
Potato(5)-wheat 2.1 53.8
Sorghum-bean(2) 19.6 174 62.8

Tom-wheat 24.421.2 404 53.8
Wheat-bean(2) 6.3 135 17.4 53.8

Ceb= onion; hab= habanero pepper; tom= tomato; the square brackets represent the cycle in months.
Biophysical yield

The biophysical yield of the crops allows determining the maximum potential that can be achieved
in an area, considering a forecast of the capacity to be developed by the crops with record of their
production (de Wit, 1965). In the state of Nuevo Ledn, the basic grains, horticultural and fruit that
reach the highest yield are: corn (10 t ha) located in the central, north and northeast zone, 6-month
onion (65 t ha*) located in the southern and grapefruit zone (45 t ha) in the southern and central-
eastern zone (35 t hal) of the state. According to GAEZ (2006), the maximum average potential
of corn is 11.8 t ha, onion 10.1 t ha*; however, the yield for grapefruit does not report it.

On the other hand, the rest of yields with a maximum and minimum are: in basic grains such as
rice between 6 and 8 t hal, 2-month beans between 1 and 2 t hat, beans (9 months) between 5 and
7 t ha, sorghum between 4 to 5 t ha'l, soybeans between 4 to 6 t ha™, wheat between 6 to 9 t ha;
while vegetables such as broccoli are quantified between 14 and 19 t ha'*, onion (3 months) between
16 to 23 t ha, habanero pepper between 32 to 36 t ha, potato (3 months) between 20 to 30 t ha?,
potato (5 months) between 42 to 48 t ha, cucumber between 32 to 40 t ha and tomato between
(15 to 23) t ha.

Frost free period (PLH)

PLH varies by state; for example, in the central-north zone the largest agricultural area (59%) is
free of frost; while in the southern zone it is where the highest incidence of frost occurs, shortening
free periods during the February-December periods; February-November; March-November and
April-October (with 20%, 1%, 9% and 10% respectively), as can be seen in Figure 4. These areas
would be limited for tropical crops (Ortiz and P4jaro, 1985; Duman and Wisniewski, 2014).
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Soil classification system

The reference groups with high fitness of the agricultural areas that occur in the state are: Cambisols
(0.8%) located in the center-southeast, Kastanozems (0.9%) in the central-east zone and isolated in
the northwest, Luvisols (0.7%) in the central-southeast zone, Phaeozems (5.2%) in the center and
south, Vertisols (22.7%) in the center-east and north. Pelico subunits (7%) in the center southeast.
(WRB, 2015). In addition, the soils with medium aptitude correspond to Calcisols with 26% and
finally 43% with low aptitude to Leptosols (26.2%), Regosol (10.2%) and Solonchak (6.9%),
together with subunits that have 67% aptitude average to Calcaric (13.1%), Calcic (40%), Chromic
(4%), Eutric (0.03%), Haplic (5%), Luvic (5%) and lastly of low fitness with 5% to Gypsic horizon
(4.3%), Ortic (0.4%).

Soil moisture regime

The humidity regime (Figure 4), is important to know the number of months that humidity is
conserved in the soil (Ortiz et al., 2014) and the problems that can be met to meet the water demand
of crops during the cycle of production. In the study area, there is a ‘low and medium fitness’ in
the northern, central and southern areas of the state when there is an aridic and ustic humidity
regime (46 and 43% respectively) and ‘high aptitude’ (11%) in the central zone of the state when
a udic regimen occurs.

@ 3 Regimén de Humedad @ - Periodo Libre de Heladas
s R
2 Los Leyenda
¢ o ; Leyén & s 7 PerodoLir de Holdas
“Yk 5% < [ eeroocaise
3 : I Avidico ) FEBRERO-DICENBRE
o N Ustico + ¥ FEBRERO-NOVIEMBRE
- Udico ~ JARZONOVENERE

Mt - ABRILOCTUBRE

Figure 4. Soil moisture regime and frost-free periods.
Potential crop yield

The potential yield and location on the thematic map in Figure 5. The crops with potential were: a)
basic grains such as beans (2 and 9 months) and sorghum are proposed in 51%, 51% and 69% of
the area, with an estimated potential yield between 2, 4 and 4 t ha™* respectively; b) vegetables such
as: habanero pepper with 63% of the agricultural area and an estimated yield of 21 t ha™ and c) with
fruit trees such as grapefruit proposed in 41% of the area, with an estimated yield of 35 t ha™.

Between 2006-2015, there was an average yield of 37.3 t ha® for habanero peppers (municipalities
of Hualahuises, General Teran and Cadereyta Jiménez), for beans of 0.8 t ha (to refer to some
municipalities of Cadereyta Jiménez, Linares and Rayones); sorghum with 3.3 t ha® (to name a
few municipalities of Anahuac, China, Doctor Gonzélez, General Bravo and Salinas Victoria); and
grapefruit with 13.2 t ha' (to mention some General Teran, Linares and Montemorelos
municipalities).
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Figure 5. Potential yield (t hal) in agricultural areas: a) rice; b) broccoli (6 months); c) onion (3
months); d) onion (6 months); e) beans (2 months); f) beans (9 months); g) habanero pepper;
h) corn; i) potato (3 months); j) potato (5 months); k) cucumber; 1) sorghum; m) soy; n)
tomato; o) grapefruit; p) wheat.

In the case of grapefruit, it would increase to 35 t ha™t if the information generated in this study
were used in the north and northeast areas of the state (Agualeguas, Salinas Victoria and China, to
mention a few municipalities). In the case of basic grains for the 2018 cycle, the planted area
covered 13% of the agricultural area in the municipalities of: China, Doctor Arroyo, Linares,
General Teran and Galeana, (SEDGRO, 2018; SIAP, 2018). However, the predictions made place
the northern and central zones with the best yields to name some municipalities: Anahuac,
Cadereyta Jiménez and General Bravo, together with isolated areas in the southeast zone (General
Zaragoza).
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The estimated potential yield in percent of state agricultural areas for basic grain crops were: a)
rice with yields of 1, 2, 4, 5and 7 t ha™* in areas of 0.01%, 27%, 31%, 24 % and 18% respectively;
b) beans (2 months) with 0.5, 1, 1.3 and 2 t ha in 27%, 0.02%, 22% and 51% respectively; c)
beans (9 months) with 2 and 4 t ha® in 49% and 51% respectively; d) corn with 2, 3, 6 and 9 t ha*
in 0.03%, 43%, 27% and 30% respectively; e) sorghum with 1, 3 and 4 t ha® in 17%, 14% and
69% respectively; f) soybeans from 1 to 5 t ha™ from 0.3% to 39%; g) wheat with 2, 4 and 6 t ha™*
in 29%, 49% and 22% respectively.

On the other hand, vegetables and fruit trees were estimated in: a) broccoli with yields of 4, 5, 9,
10, 12, 14 and 17 t ha in an area of 33%, 16%, 33%, 12%, 6%, 0.01% and 0.2% respectively; b)
onion (3 months) with 5, 6, 10, 11, 14, 16 and 20 t ha™* in 14%, 13%, 0.002%, 18%, 3%, 45% and
6% respectively; c) onion (6 months) with 16, 39, 41, 55 and 57 t ha™* in areas of 46%, 46%, 3%,
0.6% and 4% respectively; d) habanero pepper with 9, 21, 23 and 32 t ha! in 29%, 63%, 8% and
0.2% respectively; €) potato (3 months) with 6, 8, 16, 19, 22 and 26 t ha™* in 27%, 16%, 38%, 4%,
10% and 5% respectively; f) cucumber with 8, 10, 20, 24, 25 and 33 t ha™* in 33%, 16% 46%, 1%,
4% and 0.02% respectively; g) tomato with 5, 6, 14, 18 and 20 t ha™ in 22%, 26%, 27%, 21%, 3%
and 1% respectively; and h) grapefruit with 10, 11, 25, 28 and 35 t ha' in 16%, 16%, 22%, 5% and
41% respectively (Figure 5).

Conclusions

The combination of climate databases and edaphic thematic maps can reduce uncertainty in
locating areas with high crop yields and proposing potentially agricultural areas. Likewise, planting
dates can be established at a monthly level, which lead to maximum climatic capacity and
recommend crop rotations that allow generating intensive and diversified agriculture taking
advantage of commercial windows.

In crops of early varieties such as three-month onion, two-month bean and three-month potato
despite low yields compared to late cycles, they may be more efficient. Frost periods also limit the
production of tropical crops such as grapefruit; however, the prediction increases the areas with the
lowest risk of frost in the north and northeast of the state.

The state has a greater capacity to produce basic grains since it has a greater surface area and
efficiency in its yield; however, there are crops with areas less than 10% of the agricultural area
with high yields.
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