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Abstract 13 

The Andean region of Ecuador is the place of origin of many maize landraces grouped into 14 

24 races. Definition of priorities for maize diversity conservation in this region can be 15 

supported by the spatial identification of areas with a high eco-geographical and phenotypic 16 

diversity. Six hundred thirty-six maize samples were morphologically characterized using 14 17 

descriptors and assigned to a distinctive race. Additionally, sampled farms were characterized 18 

by 12 environmental variables. From these data, maps of morphological and eco-19 

geographical diversity were obtained by using techniques to determine eco-geographical and 20 

phenotypic distances and applying them to each geographical neighbourhood. The races 21 

Patillo Ecuatoriano, Racimo de Uva and Uchima exhibited high intra-racial morphological 22 

variation, particularly in the shape of the ear, kernel row layout, cob diameter and total kernel 23 

number. The highest number of different races was observed in Imbabura, Azuay and 24 

Chimborazo provinces. The highest levels of morphological diversity were found in three 25 

cells (10 × 10 km), located in Pichincha, Chimborazo and Loja provinces. Two ecological 26 

niches, located in Loja province, showed high levels of eco-geographical diversity. A 27 

comparison between diversity maps revealed shared hotspots of morphological and eco-28 

geographical diversity in the central and southwest areas of Imbabura province. The Andean 29 

highlands of Ecuador are an optimal refuge for the conservation of maize diversity, and the 30 

criteria of eco-geographical and morphological diversity and race richness should be 31 

considered when defining priority in situ conservation areas. 32 

Keywords: agricultural biodiversity, diversity maps, eco-geographical diversity, 33 

morphological characterization, on-farm conservation  34 
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Introduction 35 

In the high-altitude Andean region of Ecuador, maize diversity is associated with increased 36 

levels of food supply. In this region, maize is a product of family farming; in fact, almost 37 

three-quarters of the total production originates in peasant family units (INEC, 2012). There 38 

is a great need to prioritize the few economic and human resources available for maize 39 

germplasm conservation in this country due to its high phenotypic variability, as well as its 40 

contribution to the food security of the farmer communities who carry out this work (de la 41 

Torre and Balslev, 2008; Carrera, 2013; INIAP, 2018). Most of the diversity of maize is 42 

distributed throughout the high altitude Andes region of Ecuador, with cultural importance 43 

translated in terms of uses, landscape, agrobiodiversity, languages and peoples (de la Torre 44 

and Balslev, 2008). Farmers consider the flavour, texture, cooking time of the grain, 45 

adaptation to adverse abiotic and biotic factors, productivity, etc., when choosing their 46 

varieties of maize. 47 

For this reason, projects have been developed in the high Andean zone of Ecuador 48 

(O’Brien, 2009; Tapia and Carrera, 2011; Drucker and Ramirez, 2020) where maize diversity 49 

was the focus of the conservation activities. Those studies have provided important lessons 50 

about the performance of measures to maintain sustainability and diversity of maize races in 51 

Ecuador. From these initiatives, the identification of maize diversity hotspots has emerged as 52 

a key element for boosting effectiveness in conservation actions. 53 

Inevitably, any approach to efficient on-farm conservation of maize diversity must 54 

consider any previous knowledge about the nature of that diversity and its distribution. 55 

Relevant in this context, the concept of races appeared with the first attempts to study maize, 56 

to classify and quantify the existing diversity. The concept of ‘race’ was defined by Sánchez 57 

and Goodman (1992) as ‘a group of individuals with enough characteristics in common to 58 

permit their recognition as a group’. Therefore, any means to describe those widely 59 
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recognized groups by local breeders and farmers is valid, but considering crop evolution 60 

makes ‘race’ a dynamic concept. 61 

As early as the 1940s, the Rockefeller Foundation funded studies in several South 62 

American countries for the identification of maize races via morphological characterization 63 

of collected materials (Roberts et al., 1957; Grobman et al., 1961; Ramírez et al., 1961; 64 

Timothy et al., 1963). However, despite the abundance of studies carried out on the 65 

germplasm of maize in South America, there is no standard classification of the maize races 66 

in the Andean highlands (Bracco et al., 2009). Ecuador is no exception, as the only 67 

characterization of Ecuadorian maize germplasm was undertaken by Timothy et al. (1963). 68 

The spatial analysis of the data used to characterize genotypic, phenotypic and/or eco-69 

geographical germplasm diversity can significantly contribute to the detection of distribution 70 

patterns and diversity hotspots (Parra-Quijano et al., 2012). Knowledge of the patterns and 71 

peaks of diversity in each geographic area is beneficial for assessing current conservation 72 

strategies and prioritizing future efforts (Lowe et al., 2000; Kiambi et al., 2007; Scheldeman 73 

and van Zonneveld, 2010; Thomas et al., 2012). 74 

A new approach to the analysis of spatial patterns of genetic diversity was published in 75 

2012, using the case of cherimoya (Annona cherimola) samples collected in Ecuador, Peru 76 

and Bolivia as an example (van Zonneveld et al., 2012). This approach introduces a 77 

methodology for determining the distribution of genotypic diversity. The DIVmaps tool, 78 

included in the CAPFITOGEN program (Parra-Quijano et al., 2016), allows generating 79 

diversity maps by using phenotypic or eco-geographical data. The ease of interpretation of 80 

the characterization data provided by these maps makes them powerful tools for ex-situ and 81 

in-situ conservation decision-making. 82 

The present study had the following objectives: (1) identification of the phenotypic 83 

relationships between maize races in the high altitude Andes region of Ecuador; (2) 84 
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evaluation of the current intra-racial morphological variability; (3) identification of the sites 85 

with a high richness of maize races within the study area; and (4) identification of the spatial 86 

patterns in the distribution of the phenotypic and eco-geographical diversity of maize across 87 

the high altitude Andes region of Ecuador. This new way of visualizing the characterization 88 

analyses of the material con-served by INIAP will give additional value to its national maize 89 

collection. This information is expected to enhance the knowledge of the agrobiodiversity of 90 

Ecuador and is vital for decision-making and future actions aimed at the conservation of 91 

these valuable genetic resources. 92 

Materials and methods 93 

Maize germplasm collections were carried out in 10 provinces of the high altitude Andes 94 

region of Ecuador (study area), at altitudes greater than 1600 masl. Farms (303 in total) were 95 

visited considering information on maize-producing areas and sites not represented in the 96 

maize collection of the INIAP Germplasm Bank. From each farm, a sample of 10 ears (one 97 

ear each from 10 randomly selected plants) per race was collected. The ears of maize were 98 

duly documented in a passport database, and their collecting sites were geo-referenced by 99 

GPS. Both the germplasm and the data collected are kept in the Banco de Germoplasma del 100 

Instituto Nacional de Investigaciones Agropecuarias (Germplasm Bank of the National 101 

Institute of Agricultural Research, INIAP, 2018), at the Santa Catalina Experimental Station, 102 

Mejía, Pichincha, Ecuador. 103 

Morphological characterization 104 

Collected germplasm samples were morphologically characterized using ear and kernel 105 

descriptors that had shown a high discriminatory capacity in previous studies (Abu-Alrub et 106 

al., 2004; Fernández et al., 2011). Specifically, six qualitative (shape of the uppermost ear, 107 

cob colour, kernel row arrangements, kernel, shape, kernel colour and kernel type) and eight 108 

quantitative descriptors (ear length, ear diameter, cob diameter, number of kernel rows, the 109 



6 

total number of kernels, kernel length, kernel width and kernel thickness) were recorded 110 

(online Supplementary Table S1). These descriptors were used by Timothy et al. (1963) to 111 

define the races of Ecuador and included in the list of maize descriptors developed by the 112 

CIMMYT (2018) with minor modifications. As in other cases (Fernández-Granda et al., 113 

2013; Mejía et al., 2013; Montes-Hernández et al., 2014), the current study used in situ 114 

characterization as a valid method to determine inter and intra-racial phenotypic diversity 115 

and as the only possible way to evaluate 636 samples from 303 farms under the conditions 116 

farmers select them. 117 

Observations on qualitative characters defined by Timothy et al. (1963) such as ear 118 

shape, cob colour and kernel row arrangement were carried out on two ears per sample; 119 

kernel shape, colour and endosperm type were measured in 20 kernels (10 kernels per ear). 120 

On the other hand, data about quantitative traits such as ear length and diameter, cob 121 

diameter, number of kernel rows and total number of kernels were collected from 10 ears per 122 

sample; kernel length, width and thickness were measured in 20 kernels (10 per ear). 123 

Analysis of morphological diversity 124 

Morphological diversity was initially analysed at the race level. The absolute frequencies of 125 

categories from each qualitative variable and the index of deviation from the mode (DM) 126 

proposed by Wilcox (1973) were calculated for each of the qualitative descriptors. The 127 

formula used was as follows:  128 

DM = 1 − �∑ (𝑓𝑓𝑚𝑚 − 𝑓𝑓𝑖𝑖)k
i=1 N(𝑘𝑘 − 1)⁄ �, where fm is the frequency of the modal category, fi is 129 

the absolute frequency, k is the number of categories and N is the number of cases. Thus, DM 130 

ranges from 0 when all cases fall into the same category, to 1 when all cases are evenly 131 

distributed among the categories of each descriptor. Means were also calculated for each race 132 

(DM�����). 133 

The means and Pearson’s coefficients of variation (CV) of quantitative variables were 134 



7 

calculated to identify the variables and races showing the most significant relative dispersion 135 

of data and, therefore, the greatest variability. 136 

Differences between races were evaluated using the Kruskal–Wallis test (Vargha and 137 

Deláney, 1998). This test requires the size of the groups to be extensive (>7), so it was 138 

applied to races with an absolute frequency above this threshold. 139 

Maps of race richness and abundance of maize 140 

To identify the areas of high richness of races in the high-altitude Andean region of Ecuador, 141 

a 5 arc-minute resolution (⁓10 × 10 km grid cell at the Equator) map was created, in which 142 

each cell contained the number of different races present. 143 

Additionally, a map of abundance or sampling intensity was also created to support the 144 

interpretation of the results of spatial analysis. Thus, the number of samples collected in each 145 

grid cell was calculated using the same resolution of the race richness map. 146 

Morphological and eco-geographical diversity maps 147 

The morphological diversity map was generated using both the information obtained in the 148 

morphological characterization and the collection coordinates for each sample. To achieve 149 

this, a grid of cells (10 × 10 km) was created, and a circular neighbourhood area (buffer) of 150 

30 km in diameter was generated from the centroid of each cell. The samples occurring in 151 

each buffer area were identified; the mean value of morphological distances was calculated 152 

for those samples and was assigned to the central cell. Due to the mixed (i.e. quantitative–153 

qualitative) nature of the morphological descriptors, Gower’s general similarity coefficient 154 

was used to obtain morphological distances (Gower, 1971). Finally, a map of the mean value 155 

of Gower’s coefficient was obtained. This map, hereafter referred to as ‘morphological 156 

diversity map’, was obtained using ArcGIS v 10 (ESRI, 2011) and R v 3.1.3 software (R 157 

Core Team, 2017). 158 

The R script developed is part of the DIVmapas tool script (Parra-Quijano et al., 2016) and 159 
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can be downloaded as a component of the set of CAPFITOGEN tools from http:// 160 

www.capfitogen.net. 161 

The eco-geographical diversity map was generated similarly to the morphological one, 162 

using the same cell size, extent and buffer areas. However, in this case, characterization data 163 

correspond to 12 environmental variables (five bioclimatic – seasonal mean temperature, 164 

annual mean temperature range, December minimum temperature, seasonal rainfall and 165 

October rainfall; two geophysical – elevation and slope; and five edaphic – main soil texture, 166 

rock depth, pH, fertility and soil organic matter) extracted from the coordinates of each 167 

collecting site (online Supplementary Table S2). These quantitative eco-geographical 168 

variables were prioritized in the description of abiotic adaptive characteristics of maize in 169 

Ecuador, in keeping with the study conducted by Tapia et al. (2015). At the end of the 170 

process, each cell of this map represents the mean value of the eco-geographic Euclidean 171 

distance among the accessions occurring in its buffer area. 172 

Additionally, maps of administrative areas (see https://gadm.org/about.html) were used 173 

in the diversity analysis to locate the cells at the provincial and cantonal levels. 174 

Results 175 

Morphological variability 176 

The analysis of the six qualitative descriptors for each race revealed differences in the 177 

degree of intra-racial variability, with the samples of Sabanero Ecuatoriano (DM����� = 0.201), 178 

Morochón (DM����� = 0.228) and Mishca-Chillo complex (DM����� = 0.235) showing the lowest 179 

variability; the highest levels of variability were observed in Patillo Ecuatoriano (DM����� = 180 

0.626) as well as races identified as ‘mixed’ (DM����� = 0.572), Racimo de Uva (DM����� = 0.549) 181 

and Uchima (DM����� = 0.541) (Table 1). 182 

As shown by the stacked histogram by race for the six variables (Fig. 1), the cylindrical 183 

and cylindrical-conical ear shape was observed in the samples of all races. In contrast, the 184 

http://www.capfitogen.net/
http://www.capfitogen.net/
https://gadm.org/about.html
https://gadm.org/about.html
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spherical shape was only observed in specific samples of the races Chulpi Ecuatoriano, 185 

Cuzco Ecuatoriano, Mishca, Racimo de Uva and Uchima. The most common cob was white 186 

in all races, except for the races Chaucho, Mishca-Chillo complex, Mishca-Huandango 187 

complex, Racimo de Uva and Uchima, whose samples had mostly orange, red or purple cobs. 188 

In all races except Canguil, the majority of the samples (>70%) were concentrated in the 189 

regular and irregular categories. 190 

In terms of kernel shape, half of the races with more than one sample showed a relative 191 

modal frequency between 80 and 100%, meaning that all or almost all their samples had 192 

identical kernel shapes. The samples of seven races had yellow kernels, whereas samples of 193 

the other seven races had white kernels (Fig. 1). 194 

The analysis of the eight quantitative descriptors showed differences in the degree of 195 

variability (Table 2; Fig. 2). Based on the mean coefficient of variation (CV����), the races with 196 

the greatest variability were Montaña Ecuatoriana (21.6%) and Chulpi Ecuatoriano (20.0%) 197 

(Table 2). Additionally, the Kruskal–Wallis test showed significant inter-racial differences 198 

in the eight variables considered. 199 

The greatest intra-racial variability in ear diameter, in terms of coefficient of variation, 200 

was observed in the samples of Cuzco Ecuatoriano (CV = 15.9%) and Zhima (CV = 14.9%) 201 

(Table 2). Similarly, inter-racial differences were observed, particularly between Kcello 202 

Ecuatoriano, whose samples had significantly thinner ears, and Blanco Harinoso Dentado, 203 

Chillo, Cónico Dentado and Guagal that were the races with the thickest ears. Out of the 204 

three variables related to ear size, cob diameter showed the greatest intra-racial variability 205 

(CV���� = 24.2%); the highest variability for this character was observed in the races Chulpi 206 

Ecuatoriano (CV = 34.7%), Kcello Ecuatoriano (CV = 32.2%) and Cuzco Ecuatoriano (CV 207 

= 28.1%). 208 

Regarding the number of kernel rows, the races with the greatest intra-racial variability 209 
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were Montaña Ecuatoriana and Patillo Ecuatoriano (CV > 23%) (Table 2). The total number 210 

of kernels was the variable with the highest intra-racial variability, particularly in Montaña 211 

Ecuatoriana (CV = 60.9%, Uchima (CV = 41.0%) and Guagal (CV = 38.5%) (Table 2). 212 

In terms of inter-racial kernel variability, Kcello Ecuatoriano, Morochón and Modern 213 

Variety showed a significantly shorter kernel length than Blanco Blandito, Blanco Harinoso 214 

Dentado and Chillo. On the other hand, Chulpi Ecuatoriano and Modern Variety showed 215 

narrower kernels. Regarding kernel thickness, the race Chulpi Ecuatoriano stood out from 216 

the rest due to its thinner kernels (Fig. 2). 217 

Maps of the richness of races and abundance of maize 218 

In the map of abundance or sampling intensity (Fig. 3(a)), an outstanding single cell 219 

containing 32 samples was observed in Otavalo canton (Imbabura province). In terms of 220 

abundance per canton, a larger number of maize samples was observed in the northern area, 221 

mainly in the cantons of Otavalo (74 samples), Cotacachi (34 samples) and Urcuquí (28 222 

samples) in Imbabura province, and in the southern area in Sevilla de Oro canton (25 223 

samples), Azuay province. 224 

Regarding the values of the richness of races at the cell level (Fig. 3(b)), between 9 and 225 

10 different races were detected in two cells located in the province of Imbabura, in Otavalo 226 

canton. The following six cells in terms of richness of races (between 6 and 10 races each) 227 

were detected in the northern region, specifically in the provinces of Imbabura (five cells) 228 

and Pichincha (one cell). Three cells were observed in the central zone of the high-altitude 229 

Andean region (two in the province of Chimborazo and one in Tungurahua) with seven to 230 

nine races each, and five cells were detected in the southern region (four in Azuay and one in 231 

Cañar) with six to eight races each. In 115 cells, values ranged between one and four races 232 

each. Regarding richness at the province level, between 10 and 18 races were determined in 233 

all the studied provinces, except for Bolívar (four races). The highest richness of races was 234 
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found in the provinces of Imbabura (18), Azuay (15) and Chimborazo (15). 235 

Morphological and eco-geographical diversity maps 236 

The map shown in Fig. 4(a) represents the morphological diversity (measured in spatial 237 

neighbourhoods) in the high-altitude Andean region of Ecuador. This morphological 238 

diversity is expressed as mean morphological dissimilarity coefficient, with values ranging 239 

from 0 (in which a single sample makes up the neighbourhood or there is no variability 240 

between samples) to 0.93, with a maximum possible value of 1. The highest morphological 241 

values (0.93) occurred in three cells in the following locations: Quito canton, province of 242 

Pichincha; Guano canton, province of Chimborazo; and Loja canton, province of Loja. In 243 

these areas, there were up to seven races with cylindrical to spherical ear shapes, mealy to 244 

crystalline endosperm and a range of kernel colours (white, yellow and black). 245 

Additionally, 48 cells showing values above 0.5 were detected in all 10 provinces, with the 246 

highest number (10 cells) located in the province of Azuay. 247 

In terms of eco-geographical diversity, also based on the Gower coefficient of 248 

dissimilarity, the map showed two cells with values higher than 0.90 in Loja canton, 249 

province of Loja. Eighteen cells with values >0.5 were identified; of these cells, five were in 250 

the province of Loja, three in Azuay and Tungurahua, two in Cotopaxi and Imbabura, and 251 

one in the provinces of Carchi, Chimborazo and Bolívar (Fig. 4(b)). 252 

A comparison between the maps of richness of races, morphological diversity and eco-253 

geographical diversity revealed the existence of sites with a high richness of races (more than 254 

six races) and morphological and eco-geographical diversity (distances >0.5) in the centre 255 

and southwest of the province of Imbabura. Several sites with a high richness of races and 256 

morphological diversity were also observed in the north of the province of Chimborazo. High 257 

morphological and eco-geographical diversity was observed in several sites in the southeast 258 

of the Cotopaxi province, in the southwest of the Azuay province, and in the north and 259 
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southeast of the Loja province. 260 

Discussion 261 

This study indicates that maize diversity is not concentrated in specific places or a few 262 

communities, while at the same time, it is not randomly distributed. Interestingly, maize 263 

diversity hotpots are distributed in all 10 high Andean provinces of Ecuador. However, some 264 

particular cells of high diversity associated with Kichwa indigenous communities can be 265 

highlighted in Cotacachi canton (Tapia and Carrera, 2011). In this particular canton, maize is 266 

more than food, and is involved in recreational or religious events such as Inti Raymi festival 267 

(Cevallos, 2013). 268 

Morphological variability 269 

The analysis of the six qualitative morphological characters indicated that the highest index 270 

of variation occurred in the race Patillo Ecuatoriano, even though only 10 samples of this 271 

race were analysed. It is probable that the definition of this race by Timothy et al. (1963) was 272 

ambiguous enough to include highly different samples. For instance, two states or categories 273 

are indicated for the shape of the ear (conical to oval) and another two for the arrangement of 274 

the kernel rows (irregular to spiral) for this race. Additionally, regarding cob and kernel 275 

colours, the possibility of unspecified colours other than red is mentioned. The variability 276 

within Patillo Ecuatoriano may also be related to the age of this race. According to Sevilla 277 

(1991), Patillo Ecuatoriano is as old as Confite Morocho, which is considered one of the 278 

oldest races present in the Andean region; this might have led to the development of more 279 

significant variation than in other races. 280 

Regarding the race Chulpi Ecuatoriano, its ear shape was defined as conical in the 281 

samples characterized by Timothy et al. (1963). However, in the present study, this variable 282 

exhibited the highest index of variation, as the samples collected for this race corresponded 283 

to all four ear shape categories. This suggests that Chulpi Ecuatoriano has been gradually 284 
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mixed with other races present in the agroecosystems where it grows. This race exhibited 285 

the highest coefficient of variation in the number of kernel rows per ear (14–22 rows), with 286 

ranges very similar to those defined by Timothy et al. (1963). These ranges are among the 287 

highest reported, only surpassed by the race Pojoso Chico Ecuatoriano grown in the 288 

lowlands of Ecuador. 289 

Similarly, no categories of qualitative descriptors used in the characterization 290 

performed by Timothy et al. (1963) were found to be missing in the characterization of the 291 

material collected for the present study. However, an increase in intra-racial variability was 292 

observed, and this study found descriptor categories that were not defined for individual 293 

races. This might be caused by the gene flow resulting from the geographical proximity 294 

between races, with a greater number of ‘mixed’ populations found. Thus, race 295 

identification becomes increasingly difficult, at least using the same morphological 296 

parameters valid in earlier studies. 297 

High morphological variability was observed in the ‘mixed’ races, possibly due to the 298 

presence of different races in adjoining plots of land as a result of cross-pollination. 299 

The emergence of these ‘blends’ usually makes the identification of races very complex 300 

(Hatheway, 1957). It is very likely that maize races were more divergent from each other in 301 

ancient times than they are now (Sevilla, 2006). However, social development and the 302 

evolution of transportation and trading activities significantly boosted the possibility of race 303 

blending (Fernández et al., 2009). Additional studies on the factors that contribute to the 304 

emergence of these mixtures should be undertaken, and their occurrence and coevolution 305 

with other native maize avoided in cases where the conservation of the original races 306 

prevails (Navarro-Garza et al., 2012; Ayala et al., 2019). 307 

Maps of the richness of races, morphological diversity and eco-geographical diversity 308 

Spatial analyses of diversity, in the form of maps of the richness of races, morphological 309 
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diversity and eco-geographical diversity, provide a novel approach to the conventional 310 

analysis of characterization data. In the case of maize, studies on the richness of races have 311 

been conducted (Perales and Golicher, 2014). In the present study, the resulting diversity 312 

has been shown in the form of maps that allow quick and straightforward identification of 313 

the areas or regions with high variability. 314 

This study identified several sites with high eco-geographical and morphological 315 

diversity as well as a high richness of races. The greatest number of samples (abundance) 316 

occurs in the northern zone and is not related to greater morphological or eco-geographical 317 

diversity, which indicates that a higher sampling effort does not necessarily increase local 318 

diversity values. The cells with the greatest richness of races do not coincide with the cells 319 

with the highest morphological diversity. This result indicates that the presence of different 320 

races does not reflect a high morphological diversity since races can be related to each other. 321 

One particular area, in the province of Imbabura, showed high values in all three conditions, 322 

possibly as a result of a mix of micro-climates and the high cultural diversity of the 323 

indigenous communities present there. However, factors such as climate change could affect 324 

these highly diverse sites soon, due to the prolonged droughts experienced by the Andean 325 

highland region over the last decade (INAMHI, 2012) that have caused crop losses. In this 326 

context, it is worth noting that more than 80% of the cultivated land is not irrigated (INEC, 327 

2012). In the high altitude Andes region of Ecuador, the map of the richness of races showed 328 

high values in the provinces of Imbabura and Azuay, possibly due to the greater cultural 329 

diversity related to recreational, social and religious events strongly associated with maize 330 

(Coba, 1989; Lema, 2005). The opposite happened in the province of Bolívar, where samples 331 

of six races (Blanco Blandito, Cónico Dentado, Cuzco Ecuatoriano, Kcello Ecuatoriano, 332 

Mishca and Patillo Ecuatoriano) were collected in the 1960s according to Timothy et al. 333 

(1963). The current race count was lower with three races, two of which were not reported in 334 
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the 1963 study (Blanco Harinoso Dentado and Racimo de Uva). 335 

The low frequency of samples of the races Chaucho, Complejo Chillo-Huandango, 336 

Complejo Mishca-Huandango, Clavito, Montaña Ecuatoriana and Yunga on farms is a matter 337 

of concern. A great reduction in the cultivation and conservation of races such as Yunga or 338 

Clavito may reflect a current lack of interest due to the destination of their products. For 339 

these races in particular, which are used to produce animal food, historical national and 340 

international production increases and price reductions (MAGAP, 2019) were key factors in 341 

the loss of competitiveness. This product replacement can also play an important role in the 342 

erosion of traditional knowledge regarding the qualities or properties of these races for 343 

specific uses. Additionally, it appears that the ‘Complejo’ types of races and the race 344 

Chaucho are replacing the races Chillo and Mishca, which have similar ear and kernel 345 

characteristics. In the case of Montaña Ecuatoriana, a white kernel race, its low frequency is 346 

possibly due to its replacement by races of a similar kernel type that are better suited to 347 

particular uses. 348 

The morphological diversity map has made it possible to identify areas with 349 

considerable morphological differences in germplasm collected across the work-frame. 350 

Morphological hotspots might be due to several factors, such as the influence of the cultural 351 

and management practices of the indigenous and mestizo people. Additionally, the number 352 

of cells of high morphological diversity shown on this map is sufficiently high to justify 353 

conservation activities in all of them, which would be technically challenging and 354 

economically impossible. In this case, it would be advisable to prioritize certain areas based 355 

on other factors, such as cultural, social, economic and political criteria. 356 

The eco-geographical diversity map revealed collection sites with very heterogeneous 357 

environmental conditions. The main reason for this is the great abundance of water basins, 358 

inter-Andean valleys, micro-climates and life zones (Holdridge, 1978) present in the Andes 359 
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Mountains. It is well known that this richness of micro-climates that characterizes the 360 

Andean highlands has allowed the development of a high diversity of maize and many other 361 

crops and wild plants over time (Tapia et al., 2017). Specifically, an extensive area in the 362 

east of the province of Loja showed the greatest distances, suggesting that this is an area 363 

with high morphological diversity of maize exposed to very heterogeneous adaptive 364 

scenarios. This combination can contribute to the emergence of new maize landraces or 365 

races, having an essential role in future maize evolution. On the other hand, eco-366 

geographical diversity maps can help to prioritize conservation efforts even when no 367 

genotypic or phenotypic data are available. 368 

The Ecuadorian maize races with the highest variation in the high-altitude Andean 369 

region were Patillo Ecuatoriano, Racimo de Uva and Uchima. Some maize races had 370 

disappeared from certain areas due to replacement or simply because they are not cultivated 371 

anymore, and other races were observed in areas where they had not previously been 372 

reported. According to our results, the diversity of races did not appear to have been 373 

drastically eroded, at least in terms of the number of extinct races. Nevertheless, genetic 374 

erosion at the level of the number of different traditional varieties may be occurring, as 375 

evidenced in Mexico (Dyer et al., 2014). 376 

High levels of intra-racial morphological variability were detected, particularly 377 

regarding ear shape, cob diameter, kernel row arrangement and total number of kernels 378 

com-pared to Timothy et al. (1963), that is the only information available from studies of 379 

maize races in Ecuador. In the same way, all the races reported by Timothy et al. in 1963 380 

were found. Finally, the information on diversity provided by spatial analyses of 381 

characterization data and race distribution can be a crucial element to assess the current 382 

conservation strategies for these plant genetic resources. The results of this research could 383 

help to target areas for on-farm conservation, or for reinforcing the collection of germplasm 384 
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intended for ex situ conservation. The central and south-western areas of the province of 385 

Imbabura are a particularly high priority for the conservation of maize diversity. 386 
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The supplementary material for this article can be found at 388 
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Table 1. Wilcox variation index for the qualitative morphological variables in the high 530 

altitude Andes region of Ecuador. Shape of the uppermost ear (SE), cob colour (CC), kernel 531 

row arrangements (KR), kernel shape (KS), kernel colour (KC) and kernel type (KT). 532 

 533 
Race Code Samples sizes SE CC KR KS KC KT Mean 

Blanco Blandito BBl 47 0.652 0.213 0.482 0.153 0.026 0.195 0.287 
Blanco Harinoso Dentado BHa 40 0.800 0.531 0.633 0.180 0.000 0.029 0.362 
Chillo Chil 49 0.571 0.638 0.463 0.220 0.049 0.023 0.327 
Chulpi Ecuatoriano ChEc 30 0.889 0.417 0.444 0.320 0.680 0.000 0.458 
Cónico Dentado CoDe 8 0.500 0.000 0.167 0.300 0.600 0.286 0.309 
Cuzco Ecuatoriano CuEc 18 0.815 0.139 0.741 0.267 0.600 0.444 0.501 
Guagal Guag 9 0.444 0.556 0.296 0.533 0.000 0.000 0.305 
Huandango Huan 11 0.485 0.568 0.848 0.655 0.000 0.104 0.443 
Kcello Ecuatoriano KcEc 61 0.459 0.328 0.481 0.020 0.039 0.412 0.290 
Mishca Mish 48 0.639 0.651 0.750 0.825 0.100 0.024 0.498 
Mishca-Chillo complex Mi-Ch 21 0.254 0.595 0.444 0.114 0.000 0.000 0.235 
Mixed Mixe 84 0.778 0.476 0.730 0.586 0.400 0.463 0.572 
Modern Variety MoVa 19 0.772 0.132 0.561 0.568 0.568 0.602 0.534 
Morochón Moro 65 0.554 0.192 0.513 0.037 0.055 0.018 0.228 
Patillo Ecuatoriano PaEc 10 0.667 0.875 0.800 0.240 0.600 0.571 0.626 
Racimo de Uva RaUv 37 0.721 0.608 0.757 0.389 0.357 0.463 0.549 
Sabanero Ecuatoriano SaEc 12 0.556 0.000 0.556 0.000 0.000 0.095 0.201 
Uchima Uchi 12 0.667 0.729 0.667 0.100 0.700 0.381 0.541 
Zhima Zhim 36 0.519 0.174 0.556 0.300 0.000 0.349 0.316 
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Table 2.  Coefficient of variation by race of morphological variables in percentage in the 536 

high altitude Andes region of Ecuador. Ear length (EL), ear diameter (ED), number of 537 

kernel rows (NK), total number of kernels (TNK), cob diameter (CD), kernel length (KL), 538 

kernel width (KW) and kernel thickness (KT). 539 

 540 
Ear  

Cob 
Kernel 

Race code Samples sizes EL ED NK TNK CD KL KW KT Mean 

BBl 47 14.7 9.3 13.7 23.4 15.1 8.7 8.0 11.9 13.1 
Bha 40 19.0 9.7 14.2 22.8 18.1 9.1 7.9 13.0 14.2 
Chil 49 16.6 12.1 17.7 26.3 18.4 12.8 12.0 16.1 16.5 
ChEc 30 18.7 13.1 21.9 28.2 34.7 14.0 14.6 14.7 20.0 
CoDe 8 13.3 6.9 14.4 28.4 25.3 13.9 10.3 12.0 15.6 
CuEc 18 20.5 15.9 18.3 24.4 28.1 13.4 11.5 12.9 18.1 
Guag 9 14.6 10.6 18.2 38.5 17.3 19.1 9.3 13.8 17.7 
Huan 11 18.9 11.0 16.7 28.0 14.1 15.7 12.2 14.9 16.4 
KcEc 61 23.7 11.1 17.2 35.3 32.2 12.9 11.3 13.3 19.6 
Mish 48 22.5 13.0 15.7 32.8 24.5 12.0 12.0 12.7 18.2 
Mi-Ch 21 17.0 9.0 16.1 27.2 21.1 10.8 12.3 12.5 15.7 
Mi-Hu 5 21.9 12.1 20.5 28.3 0.0 8.4 12.2 19.0 15.3 
Mixe 84 21.2 11.6 16.0 32.0 25.8 14.7 10.7 14.0 18.2 
MoVa 19 16.5 7.6 11.9 19.8 31.4 12.0 10.8 14.8 15.6 
MoEc 5 13.5 9.0 60.9 28.1 25.1 16.3 8.9 11.4 21.6 
Moro 65 17.4 12.4 14.6 24.9 22.5 13.4 10.4 16.6 16.5 
PaEc 10 17.8 7.0 23.2 31.5 25.4 15.6 12.5 20.3 19.2 
RaUv 37 23.7 8.5 14.5 34.9 26.1 14.6 10.7 13.0 18.3 
SaEc 12 17.2 11.4 11.8 25.4 22.7 13.1 6.6 6.1 14.3 
Uchi 12 24.1 9.5 18.9 41.0 19.6 15.2 12.2 13.0 19.2 
Zhim 36 12.1 14.9 15.7 22.1 29.4 13.4 10.9 15.0 16.7 
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Fig. 1. Morphological variability by race for six qualitative variables in 636 maize samples 543 

from the high altitude Andes region of Ecuador. Absolute frequency (AF). 544 

Fig. 2. Morphological variability by race of eight quantitative variables of the ear and kernel 545 

in 636 maize samples from the high altitude Andes region of Ecuador. Circles represent 546 

atypical values and asterisks represent extremes. 547 

Fig. 3. Maps of sampling intensity and richness of maize in the high altitude Andes region 548 

of Ecuador. (a) Abundance and (b) richness of maize races. 549 

Fig. 4. Maps of diversity by neighbourhood in the high altitude Andes region of Ecuador 550 

using Gower coefficient of dissimilarity. (a) Morphological distances and (b) eco-551 

geographical distances. 552 
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