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ABSTRACT 

Land suitability analysis using geographic information systems (GIS) is one of the most widely used method today. 

In this type of studies, GIS and geo-spatial statistical tools are used to evaluate land units and present the results in 

suitability maps. The present work aims to characterize the suitability of soils in the province of Catamarca for pecan nut 

production according to the variables: rockiness, salinity, risk of water-logging, depth, texture and drainage described in 

the Soil Map of Argentina at a scale of 1:500,000 published by the National Institute of Agricultural Technology. A clas-

sification of the suitability of the soil cartographic units was made according to crop requirements, applying the method-

ology proposed by FAO. The standardization of variables made by omega score and the calculation of the spatial classi-

fication score were carried out as a result of the synthesis of the spatial distribution of soil suitability. The applied 

methodology allowed obtaining the soil suitability map resulting in a total of 60,662 km2 suitable for pecan nut production, 

which accounts for 59.8% of the total area of the province. 
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1. Introduction 

One of the main steps for sustainable land use planning is land suit-

ability assessment[1] and determining the optimal land use based on its 

potential. Land assessment is a process used to define[2] and measure the 

degree of adaptability for certain types of uses[3] and group land units 

accordingly[1] through a systematic comparison of use requirements with 

available resources[4]. 

Various land evaluation approaches have been developed over time 

and each has a specific methodological procedure[4], The most wide-

spread is the one proposed by FAO[5] which consists of five suitability 

classes: very suitable, moderately suitable, marginally suitable, tempo-

rarily unsuitable and permanently unsuitable. Although there is no stand-

ardization in the choice of criteria to be used in this type of work, climatic 

conditions, topography and soil properties are widely used[2,4]. 

Land suitability analysis based on geographic information systems 

(GIS) is a widely used line of analysis for land planning[6] by using a 

valuable tool to store, retrieve and process a large amount of data in 

quantitative form needed to calculate and assign land suitability indices[3]. 

In this type of studies, GIS and geo-spatial statistical tools are used to 

evaluate land units and present the results in the form of suitability 

maps[4]. In all cases, it is assumed that a given area is subdivided into a 

set of basic units of observations and that the problem of land use suita-

bility involves the evaluation and classification of these units according  
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to their suitability for a particular activity[7]. 

There are several alternatives for the application 

of GIS technology as a tool for locational decision 

making. Among them, the Weighted Linear Combi-

nation (WLC) is a Multicriteria Evaluation (MCE) 

technique that applies a weighting to the variables 

considered and leads the solution to a medium risk 

level in the decision making[8]. The application work 

in vector structure is supported by the mathematical 

processing of the associated data matrix, where each 

column contains the data that at a cartographic level 

allows representing and analyzing the spatial distri-

bution of a variable and therefore each column 

can be considered a map[9]. In a first instance of the 

WLC, the variable layers go through a standardiza-

tion process, which in this application was performed 

from the omega score (OS) and subsequently a spa-

tial classification score (SCS) is obtained that repre-

sents the spatial distribution of the result. The carto-

graphic modeling is therefore based on the 

standardization of data and the combination of col-

umns, with the purpose of synthesizing them in a col-

umn that presents, as thematic overlap, the spatial 

classification scores (SCS). 

GIS has been used by various authors to deter-

mine the suitability of land for certain uses[4], such as 

suitability for agricultural crops in Turkey[2] and in 

rural coastal areas of Italy[6], for wheat cultivation in 

Egypt[3] and in Algeria[10], for tea cultivation in 

Zhejiang province in China[11], for cotton production 

in Central India[4] and citrus crops in India[12]. Simi-

larly, Bunruamkaew & Murayam[13] used this meth-

odology for the selection of optimal areas for the de-

velopment of eco-tourism in Thailand. Lanzelotti 

and Buzai[14] designed suitability models for the de-

velopment of pre-Hispanic agriculture and current 

agriculture in a sector of the Santa María Valley. It 

was also used in the province of Catamarca (Argen-

tina). Buzai and Principi[15] used to identify con-

flicts between land uses in the Luján river basin (Ar-

gentina). 

The pecan walnut (Carya illinoiniensis) crop 

adapts very well to varied environmental condi-

tions[16] and in Argentina, by 2015, there were ap-

proximately 8,000 hectares planted[17]. Gomez & 

Cruzate[18] used soil maps of Argentina at scales 

1:500,000 and 1:1,000,000[19] and moisture and tem-

perature regimes to determine the suitability of Ar-

gentine soils for pecan walnut production taking into 

account the crop requirements defined by Herrera[20]. 

As a result of this study, four suitability classes were 

established: optimum, suitable, marginal and unsuit-

able. These results have allowed the delimitation of 

regions with different degrees of suitability for pecan 

nut production according to the biological-produc-

tive requirements of the species and this information 

served as a basis for the pre-selection of areas in 

which pecans can be produced at the national level, 

within which the province of Catamarca is located. 

The objective of this work is to characterize the 

suitability of the soils of the province of Catamarca 

for pecan nut production according to 6 (six) edaphic 

variables, according to the requirements defined by 

Herrera[20], and through the use of GIS, in order to 

generate a tool for the spatial planning of pecan nut 

production. 

2. Description of the study area 

The province of Catamarca is located in the 

northwestern region of Argentina (Figure 1) be-

tween 25º12′ S and 30º 04′ S and between 69º 03′ W 

and 64º 58′ W. It covers an area of 102,602 km2 and 

only 22% of this area is made up of valleys and plains, 

the rest being mountainous, which is unsuitable for 

agricultural activities[21]. It has a temperate continen-

tal climate with an average rainfall that varies be-

tween 400 and 500 mm per year in the east, decreas-

ing towards the west to less than 150 mm in the Puna 

Cordillera, where the water deficit is compensated by 

snowfall[21,22]. 

3. Selection, evaluation and classifi-

cation of edaphic variables 

The application was carried out using QGIS 

3.10.4 software and taking the vector layer (polygon) 

of soils as a data source. Argentina 1:500,000 comes 

from the National Institute of Agricultural Technol-

ogy (INTA 2011). This layer has the soil cartographic 

units described by INTA and a total of 32 edaphic 

variables associated with these units. 

The soils of Argentina layer was clipped using 

as a mask the polygon Province of Catamarca obtain-  
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Figure 1. Province of Catamarca. 

Source: Own elaboration. Landsat 5 background image natural color composition (RGB, p. 321) obtained from Google Earth Engine. 

Cloud-free mosaic from January to December 2010. 

Reference system: EPGS: 4326, WSG84. 

ed from the SDI (Spatial Data Infrastructure) of the 

National Geographic Institute[23], so as to extract the 

cartographic units corresponding to the province. 

The obtained layer was reprojected from the EPSG: 

4326-WGS84 system to the EPSG: 5344 POSGAR 

2007/Argentina 2 coordinate system. When estimat-

ing the surface area of the layer, a total of 101,491.7 

km2 was obtained, a value that differs from the sur-

face area cited by Nuñez Aguilar and Alvarez de To-

ledo[21] of 102,602 km2. 

The variables defined as edaphic requirements 

for pecan production according to Herrera[20] were 

selected from the database: Effective depth, subsur-

face texture, rockiness, drainage characteristics, sa-

linity and risk of water-logging. 

The description of the main, secondary and ter-

tiary limitations and the position in the landscape of 

the cartographic units were also taken into account. 

These last parameters were later used as auxiliary in-

formation to define the suitability of each variable 

for each cartographic unit. 

For the classification of the variables according 

to their degree of suitability, the principles of the 

FAO land evaluation methodology[5] were applied, 

This methodology consists of a multidisciplinary ap-

proach through which the spatial units are evaluated 

and classified according to the degree of limitations 

they present with respect to specific types of uses. 

these degrees of limitations correspond to reductions 

in potential yields. In this case, a suitability index 

was assigned to each spatial unit for each selected 

variable according to the percentage of expected 

yield, with the following categories being defined: 

Very suitable (80–100%), suitable (60–80%), mod-

erately suitable (40–60%), marginally suitable (20–

40%) and not suitable (0–20%). 

 A physical evaluation of the soil mapping 

units was carried out according to the requirements 

defined by Herrera[20]: 

 Depth of soil: Greater than 100 cm. 

 Texture of the sub-surface horizon: Loam. 

 Salinity: Non-saline to weakly saline soils. 

 Drainage: Well drained and moderately 

well drained. 

 Waterlogging: No danger and very little. 

 Rockiness: Less than 20%. 

Table 1 (see next page) presents the fitness cat-

egories assigned and a summary of the criteria used 

for the classification of each variable. 

Effective depth is a variable that represents the 

volume of soil where crop roots perform nutrient ab-

sorption, water and gas exchange[24]. This variable 
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presented values between 0 and 120 cm depth. 

The subsurface texture considers the granulo-

metric composition of the subsurface horizon and in-

fluences soil moisture retention capacity and root 

growth. The criteria used for the classification of the 

different units were defined taking into account the 

Productivity Index (PI) values estimated by Morales 

Poclava et al.[24] for different textural classes of soils 

in Northwest Argentina. It was considered that the 

silty clay loam, sandy loam and clay loam classes 

may present problems for root exploration due to 

their clay and silt percentages. The sandy and sandy 

loam classes have a good texture for root explora-

tion but low water retention. The clayey class has a 

fine texture and may present problems for root ex-

ploration. The sandy-gravelly, sandy-gravelly, 

sandy-gravelly, sandy-gravelly and coarse sandy 

classes have very low water retention. 

Table 1. Classification of edaphic variables according to their degree of suitability 

 Very Suitable Suitable Moderately Suitable Marginally Suitable Not Suitable 

Depth (cm) >=100 cm 80–100 cm 60–80 cm >0–60 cm 0 cm 

Texture Franca 

Sandy loam, clay 

loam and silty clay 

loam 

Clayey Sandy loamy, sandy 

sandy-gravelly, 

sandy-gravelly, 

sandy-gravelly, 

coarse sandy, not 

determined 

Drainage 
Well drained without 

limitations 

Well drained asso-

ciated with poor 

drainage associated 

with tertiary limit-

ing, moderate 

Somewhat excessive 

drainage associated with 

low moisture retention 

as a limiting factor. 

secondary 

Imperfect drainage, exces-

sive drainage, somewhat 

excessive drainage associ-

ated with low moisture re-

tention as a primary limit-

ing factor. 

Poor drainage as pri-

mary constraint, 

rocky outcrops, ex-

cessive drainage, la-

goons, salt ponds, 

salt pans 

Rockiness 

Units with no rockiness 

constraints, no “inter-

feres with tillage” clas-

sification, no stoniness 

in soil descriptions 

Units with less than 

35% rockiness in 

the profile accord-

ing to soil descrip-

tion. 

Units that, due to the 

characteristics of their 

soils, have low stoni-

ness but are classified as 

“interferes with tillage”. 

Units that, according to the 

soil description, present 

abundant stoniness and are 

classified as “interfering. 

Tillage” 

Units with “interfer-

ing tillage” or that 

present rockiness as 

limiting, rocky out-

crops, lagoons, salt 

pans, etc. 

Salinity 
Non-sodium. Unlim-

ited. 

No cartographic 

unit 
No cartographic unit 

Weak alkalinity without 

limiting factors 

Weak alkalinity, sa-

linity and/or alkalin-

ity in the first 50 cm 

as limiting factors. 

Strong alkalinity 

Waterlogging 

Middle, apical, or upper 

cone sector, plains and 

extended plains, sandy 

plains, esplanades, hill-

ocks, steep slopes, steep 

slopes and steep slopes 

Plains Runoff paths 
Lowlands, floodplains and 

flood plains 

Alluvial plains, rocky 

outcrops, lagoons and 

salt flats 

Source: Own elaboration. 

The drainage variable presented the following 

qualitative data: Poor, imperfect, well drained, some-

what excessive, excessive, moderate. For the assign-

ment of suitability values, in this case, the primary, 

secondary and tertiary limiting factors of each carto-

graphic unit were also taken into account as auxiliary 

data. 

The descriptions of the cartographic units of the 

Atlas de Suelos de la República Argentina[19,25] and 

the primary, secondary and tertiary limitations of the 

Suelos de Catamarca layer were taken into account 

to classify and assign suitability for the variable 

rockiness, since in the data matrix there were carto-

graphic units without data for the column corre-

sponding to this variable. The presence of rocks in 

the soil profiles that compose each unit was analyzed 

taking the descriptions of epipedons and diagnostic 

horizons of the Key to Soil Taxonomy of the United 

States Department of Agriculture[26] as a reference. 

The salinity variable was classified taking into 

account the description of alkalinity and those limit-

ing factors about primary, secondary and tertiary. 

The variable of water-logging (risk of water-

logging) of the Catamarca soils layer was classified, 

taking into account the position in the landscape of 
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each mapping unit. 

4. Creation of the suitability field 

In the GIS attribute table, the fields ap_salinity, 

ap_depth, ap_rockiness, ap_texture, ap_water-log-

ging and ap_drainage were created. These fields 

were completed with the suitability indexes assigned 

in the previous procedure according to the classifica-

tion presented in Table 2. 

Table 2. Suitability categories assigned to the cartographic 

units 

Suitability Category Index 

Very suitable 4 

Suitable 3 

Moderately suitable 2 

Marginally suitable 1 

Not suitable 0 

5. Standardization by Omega Score 

and PCE calculation 

For the soil suitability map, the spatial classifi-

cation score was calculated by calculating the aver-

age of the columns standardized by omega score (1): 

Omega Score = ((xi - xm))/((xM - xm))*100 

Where xi is the value of the variable in each spa-

tial unit, xm and xM are respectively the minimum and 

maximum value of the data series. The results pro-

vide values between 0 and 100, where 0 corresponds 

to the worst situation and 100 to the best situation in 

the case of profit variables as in this work. Once the 

variables were standardized, the PCE was calculated 

according to formula 2. 

PCE = (salinity + drainage + depth + rockiness 

+ water-logging + texture)/6 

As a last step, the PCE was reclassified into five 

fitness categories according to the Table 3. 

Table 3. Reclassification of the PCE into five categories of ap-

titude 

PCE Omega Suitability index Fitness class 

100-80 4 Very suitable 

80-60 3 Apt 

60-40 2 Moderately suitable 

40-20 1 Marginally suitable 

20-0 0 Not suitable 

Source: Own elaboration. 

6. Soil suitability for edaphic varia-

bles 

The results obtained regarding the spatial distri-

bution of soil suitability for the selected variables are 

presented below. The suitability maps obtained for 

each edaphic factor are shown (Figures 2a, 2b, 3a, 

3b, 4a and 4b) and a summary of the areas obtained 

(km2) for each suitability category according to each 

of the variables (Table 4). 

For the analysis of these results, the description 

of the cartographic units of the soil layer of Cata-

marca (INTA 2011) was taken into account as auxil-

iary information, especially the position in the land-

scape and the primary, secondary and tertiary 

limitations. 

Table 4. Surface areas (km2) of each suitability category according to selected variables 

Category Waterlogging Depth Rocosity Salinity Texture Drainage 

Not suitable 42,509.8 54,639.6 57,874.1 59,930.5 68,687.9 57,209.7 

Marginally suitable 381.4 0 14,129.4 25,682.7 3,963.5 30,935.1 

Moderately suitable 555.1 378.8 18,308.0 0 15,534.7 373.8 

Apt 2,195.4 11.015.6 1,166.2 0 9,978.6 1,568.1 

Very suitable 5,850.0 35,457.7 10,014.0 15,878.5 3,327.0 11,405.0 

Source: Own elaboration. 

For the depth variable (Figure 2a) the areas 

classified as very suitable and suitable are distributed 

in plains, alluvial plains and also in middle, apical 

and lower cone sectors (in mountainous areas). Ac-

cording to the information presented in Table 4, 

these categories total around 46,473.3 km2, which 

corresponds to 45.8% of the province’s surface area. 

With respect to the texture variable, the units 

classified as very suitable represent a small propor-

tion of the total surface area of the province (a total 

of 3,327 km2, see Table 4). Figure 2b shows that 

these units are distributed towards the southeast of 

the study area and correspond to esplanades and 

plains with loamy textures. On the other hand, the 

areas classified as suitable represent 9,978.6 km2 

(Table 4) and are distributed in mountainous areas. 

Both categories (very suitable and suitable) represent 

13.1% of the total provincial surface. It should 

also be mentioned that for this variable, there is a to-

tal of 15,534.7 km2 of land classified as moderately 
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suitable (Table 4) distributed in mountainous areas, 

mainly in units with clayey textures. 

Regarding the drainage and rockiness factors 

(Figures 3a and 3b respectively), the units classified 

as very suitable and suitable are those distributed in 

the southeast of the province, corresponding to es-

planades and plains, without stoniness or drainage 

limitations. For the rockiness variable, these catego-

ries total 11,180.2 km2, while for the drainage factor, 

they yield a total of 12,973.1 km2 (Table 4); these 

values represent 11% and 12.8% of the total provin-

cial surface area, respectively. For the rockiness var-

iable, there are also 18,308 km2 of areas classified as 

moderately suitable, distributed in mountainous ar-

eas, mainly in units with stoniness as a primary lim-

itation. 

 
Figure 2. Soil suitability for the variables depth (a) and texture (b). 

Source: Own elaboration. 

 
Figure 3. Soil suitability for drainage (a) and rockiness (b) variables. 

Source: Own elaboration. 

With respect to the salinity variable (Figure 4a), 

the areas classified as very suitable are distributed in 

mountainous areas (in middle and apical sectors of 

cones), and in esplanades and plains in the southeast 

of the province. This category has an area of 

15,878.5 km2 (Table 4), which represents 15.6% of 

the total study area. 

The flooding variable (Figure 4b) shows the 

highest proportion of very suitable land (55,850 km2, 

see Table 4) distributed in slopes and mountainous 
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areas. If we also add the areas classified as suitable 

(2,195.4 km2, Table 4), we obtain that 57.2% of the 

provincial surface has good suitability in terms of 

this variable. 

 
Figure 4. Soil suitability for salinity (a) and water-logging (b) variables. 

Source: Own elaboration. 

In relation to the lowest categories of suitability 

(marginally suitable and unsuitable), it can be ob-

served that the variables drainage, rockiness and sa-

linity present significant areas of units classified as 

marginally suitable (Table 4), mainly distributed in 

mountainous areas and steep slopes (Figures 3a, 3b 

and 4a). In general, for all variables, the areas classi-

fied as unsuitable are distributed mainly in carto-

graphic units composed of rocky outcrops (in moun-

tainous areas), salt flats and lagoons (these last two 

units located in the southeast of the province). Con-

sidering the total surface of the study area, the lowest 

proportion of unsuitable land is presented by the 

flooding variable with 42,509.8 km2 (44.8%), while 

the texture variable presents the highest proportion 

for this category with a total of 68,687.9 km2 (67.7%, 

see Table 4). 

7. Soil suitability for pecan nut pro-

duction 

The final soil suitability map obtained (Figure 

5) and a summary of the areas obtained for the final 

soil suitability map of the province of Catamarca in 

percentages and km2 (Table 5) are presented below. 

The soil suitability map standardized by PCE 

(Figure 5) shows 59.8% of land area suitable for pe-

can nut production (Table 5: Sum of very suitable, 

suitable, moderately suitable and marginally suitable 

categories) distributed in areas of plains, extended 

plains and plains located in the southeast of the prov-

ince, and in middle and apical sectors of cones in 

mountainous areas. Only 13.3% of these lands corre-

spond to the highest suitability categories (very suit-

able and suitable). The rest of the suitable land is dis-

tributed in the moderately suitable (30%) and 

marginally suitable (16.5%) categories. The areas 

classified as moderately suitable are distributed in 

middle and apical sectors of cones with steep slopes, 

low water retention and stoniness problems, while 

those classified as marginally suitable are distributed 

in flood plains with limitations due to the presence 

of salinity, poor drainage and coarse textures. 

Table 5. Surface area (in km2 and in %) according to soil suita-

bility category for pecan nut production 

Category Surface area (km2) Surface area (%) 

Not suitable 40,829.5 40.2 

Marginally suitable 16,743.6 16.5 

Moderately suitable 30,411.0 30.0 

Apt 7,607.7 7.5 

Very suitable 5,899.9 5.8 

Total 101,491.7  

Source: Own elaboration. 

The total land classified as unsuitable repre-

sents 40.2% of the provincial surface (Table 5) and 

is mostly distributed in the cartographic units classi-

fied as salt pans, lagoons and rocky outcrops, and in 



 

117 

units that present limitations due to rockiness or ef-

fective depth, mainly located in mountainous areas. 

 

 
Figure 5. Soil suitability map for pecan nut production in the province of Catamarca. 

Source: Own elaboration. 

8. Final considerations 

Through the application developed in this work, 

it was determined that the province of Catamarca has 

59.8% of land area suitable for pecan nut production. 

Of this total, only 13.3% corresponds to the very 

suitable and suitable categories, where the crop could 

reach between 60 and 100% of its potential yield ac-

cording to the categorization adapted from FAO[5]. 

The remaining 46.5% of the suitable land corre-

sponds to the moderately suitable and marginally 

suitable categories, which implies that the crop could 

reach between 20 and 60% of its potential yield. For 

these categories, the implementation of management 

practices aimed at modifying or eliminating edaphic 

limitations can be considered, depending on their 

origin, nature and magnitude, in order to improve 

growing conditions and achieve increases in ex-

pected yields. 

It was also determined that unsuitable lands rep-

resent 40.2% of the provincial total and are distrib-

uted mainly in salt flats, lagoons, rocky outcrops, and 

cartographic units with limitations due to rockiness 

or effective depth in mountainous areas. 

The methodology applied in this work allowed 

meeting the objectives set, obtaining the characteri-

zation of the suitability of soils in the province of 

Catamarca for pecan nut production. The location of 

areas with different degrees of suitability was 

achieved by adapting the methodology proposed by 

FAO[5] and taking into account the spatial distribu-

tion of the edaphic factors considered for this study. 

Finally, the results obtained constitute a tool for 

decision making in the establishment of pecan wal-

nut orchards in the province of Catamarca. 
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