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Characterization of three Arracacia xanthorrhiza Bancroft
genotypes using morphological and color parameters

Caracterizacion de tres genotipos de Arracacia xanthorrhiza
Bancroft mediante parametros morfoldgicos y de color
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Arracacha genotypes evaluated in the study.
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ABSTRACT

In Colombia, the arrachacha is a crop with high economic and nutritional value. Despite its agricultural im-
portance, few studies have focused on characterizing morphological parameters between genotypes. Some
arracacha genotypes have been classified based on their qualitative traits such as coloration of the root, stem
and leaf. Because of the variability of this characteristic, it is necessary to use the colorimetric system for
greater precision. Color characterization was performed using the CIELab colorimetric system and morpho-
logical parameters (plant height, root diameter and number of fleshy roots) on three different genotypes
of A. xanthorrhiza Bancroft (Yema de huevo, Paliverde and Yucatana) in the municipalities of Boyaca and
Somondoco in the Department of Boyaca, Colombia. The results showed differences in the morphological
characteristics plant height, root diameter and number of fleshy roots. The Yema de huevo genotype had
a greater root number and diameter and a higher height, closely followed by the Paliverde genotype. This
response depended on the environmental conditions of each municipality. The root and stem coloration had
differences between the three genotypes, meaning these morphological characteristics can differentiate these
genotypes. The Yema de huevo and Paliverde genotypes had the highest color index, a response that depended
on the characteristics of each municipality. This research provides information on the physical characteristics
of each genotype, which allows for easier visual identification.

Additional key words: arracacha; color index; leaf color; root color; stem color; Andean root.
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RESUMEN

En Colombia, la arrachacha es un cultivo con un alto valor econémico y nutricional. A pesar de su importancia
agricola, pocos estudios se han enfocado en la caracterizacién de pardmetros morfoldgicos entre genotipos. Algunos
genotipos de la arracacha han sido clasificados con base en sus caracteristicas cualitativas como color de la raiz,
tallo y hojas. Debido a la variabilidad de esta caracteristica se considera necesario el uso del sistema colorimétrico
para mayor precisién. Se realiz6 la caracterizacién del color mediante el sistema colorimétrico CIELab y de algunos
pardmetros morfolégicos en tres diferentes genotipos de A. xanthorrhiza Bancroft (Yema de Huevo, Paliverde y Yuca-
tana), en los municipios de Boyaca y Somondoco del departamento de Boyacd, Colombia. Los resultados mostraron
diferencias en caracteristicas morfolégicas tales como altura de la planta, didmetro de la raiz y ntmero de raices
carnosas. El genotipo Yema de huevo presenté mayor nimero y didmetro de raices, y mayor altura, seguido muy de
cerca del genotipo Paliverde, esta respuesta dependié de las condiciones ambientales de cada municipio. La colora-
cién de raiz y tallo registré diferencias de color entre los tres genotipos, siendo estas caracteristicas morfoldgicas las
que pueden servir para diferenciarlos. Los genotipos yema de huevo y paliverde fueron los que presentaron un ma-
yor indice de color, respuesta que depende de las caracteristicas de cada municipio. Esta investigacién proporciona
informacién relacionada con las caracteristicas fisicas propias de cada genotipo que puede permitir més facilmente

su identificacién visual.

Palabras clave adicionales: arracacha; indice de color; color de la hoja; color del tallo; color de la raiz; raices Andinas.
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Roots are one of the more important food products,
after cereals in tropical regions (Chandrasekara and
Kumar, 2016). In Colombia, arracacha (Arracacia
yanthorrhiza Bancroft) is a product with high socio-
economic importance (Mufoz ez al., 2015), like other
crops in the zone (Gallo ez al., 2018). In recent years,
this crop has increased in the Boyaca Department,
mainly in zones at altitudes between 2200 and 2800
m a.s.l. (Alvarado et al., 2016). In 2016, more than
6,500 ha of arracacha were planted in Colombia, with
a total production of 70,000 t, an average yield of 9.3
t ha™. In the case of Boyaca in 2016, production rates
for arracacha, which represents a significant percent-
age of the cultivated land area (12.4%), reached 13.47
t ha' (Agronet, 2018). This root has a high nutrition-
al value because of its high content of protein and
macronutrients, such as calcium and phosphorous.
Leidi et al. (2018) indicated that it has potential as
functional foods. Moreover, this root is used in the
pharmaceutical and cosmetic industries (Gutiérrez,
2011), and it can be used as an alternative source for
starch extraction because of its attractive properties
(Castanhaer al., 2018; Londofio-Restrepo et al., 2018;
Cruz-Tirado et al., 2019).

The arracacha is a minor ecosystem (Cleves-Leguiza-
moet al.,2017), one of the more ancient domesticated
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plants in the Americas; different types or varieties
of arracacha genotypes have been characterized ac-
cording to the descriptors developed by International
Potato Center (CIE, Peru), with partial modifications
done by CORPOICA’s Plant Genetic Resources and
Biotechnology program; these descriptors have exhib-
ited a discriminatory power and have been easy to re-
cord at field and laboratory levels in Colombia (Lobo
et al., 2002). Ignacioer al. (2017) found three different
morphotypes of grown arracacha with 21 descrip-
tors. Alvarado and Ochoa (2010) characterized some
arracacha genotypes and found that one variety was
white like radishes and turnips, another was yellow,
and the last one was white with a violet ring around
the insertion of the crown. This authors also reported
that the root characterization was based mainly on
the physical appearance, but there was not a mor-
phological and genetic classification (Alvarado and
Ochoa, 2010). Likewise, Mufoz et al. (2015) reported
the preliminary characterization of six genetic mate-
rials in the Boyaca Department, which were named
Huevo, Paliverde, Palirrusia, Palinegra, Sata, and Sa-
tamorada. This study was based on basic traits such
as coloration of leaves, stem and roots, but the color
was an estimate of the visual and qualitative form.
This characterization leads to confusion among
farmers when choosing a genotype. Because of the
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variability of this characteristic, it is necessary to use
the colorimetric system for greater precision in physi-
cal characterizations.

On the other hand, environmental variations influ-
ence root quality, and differences between genotypes
are not considered when these varieties are cultivated
in different regions (Oliveira et al., 2005). Indeed,
farmers tend to cultivate only two genotypes, not
considering whether the light, soil and temperature
are suitable for arracacha crops, which leads to a re-
duction in the number of genotypes and, in turn, an
agro-biodiversity loss (Alvarado and Ochoa, 2010).
In the last decade, this crop has seen growing de-
mand, being cultivated in countries such as Austra-
lia, the United States and different Central American
countries. Despite being long considered a crop with
potential economic value, the plant is still almost
exclusively produced by smallholder farmers, where
80% of farmers have farms under 3 ha (Alvaradoet al.,
2016). For these reasons, knowledge on arracacha bi-
ology, conservation, and the implementation of tools
that allow scientists and farmers to recognize exist-
ing genetic materials or genotypes and their yield in
different climate conditions is essential. This knowl-
edge will allow farmers to reduce the loss of agro-
briodiversity and increase arracacha crop production
(Alvarado and Ochoa, 2010). Moreover, knowing the
effects that different growing environments have on
crops may provide information about changes related
to pigments, nutrients, and others important aspects
(Haynes et al., 2010).

The objective of this study was to carry out a char-
acterization of color and morphologic parameters of
three genotypes of Arracacia xanthorrhiza Bancroft
(Yema de huevo, Paliverde and Yucatana) in Somon-
doco and Boyaca, Boyaca Department, Colombia.

MATERIALS AND METHODS

Location

The study was carried out in Somondoco and Boyaca,
Boyaca Department (Colombia). Somondoco is local-
ized to latitude 4°58’59” N, longitude 73°2549”"W,
altitude: 1,670 m a.s.l., with solar radiation of 3.5-4
kWh m?, mean temperature of 19.9°C and precipi-
tation of 1,340 mm y'. Boyaca (latitude 5°27'24” N,
longitude 73°21°32” W, 2,420 m a.s.1.) has a solar radi-
ation of 4.5-5 kWh m?, mean temperature of 15.2°C
and precipitation of 992 mm y!. The analyses were
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done in the Laboratory of Plant Physiology in the
Faculty of Agricultural Sciences at the Universidad
Pedagédgica y Tecnoldgica de Colombia, Tunja.

Morphological characterization

Plant samples in the vegetative stage (which corre-
sponds to 10 months after sowing) were collected.
Five samples of plant material, from randomly select-
ed batches (#=30), were collected. Three genotypes:
Yema de huevo, Paliverde and Yucatana of A. xan-
thorrhiza were characterized using morphology pa-
rameters. Yema de huevo and Paliverde are the most
commercial genotypes, while Yucatana is a less com-
mercial genotype and is mainly cultivated for self-
consumption (Alvarado and Ochoa, 2010; Alvarado
et al., 2016).

Arracacha samples were washed in the laboratory
and air dried before taking the measurements. The
color was determined on the surface of the plant with
the CIELab coordinates system L*, a* and b* (Men-
doza et al., 2006; Balaguera-Lopez et al. (2015) using a
digital colorimeter, Minolta CR-300 (Minolta, Osaka,
Japan). Each value was the average of three readings.
L* indicates luminosity and, a* and b* chrome. Nega-
tive a* values mean a green color, and positive values
indicate a red color. For b*, negative values mean a
blue color, and positive values mean a yellow color.
With the data, the color index was calculated us-
ing the formula CI= (1000 x a*) / (L* x b*). The
secondary color index in the root (SCIR), primary
color index in the root (PCIR), root pulp color index
(RpCl), color index of upper side of leaf (CIUL), color
index of back side of the leaf (CIBL), primary color
index of the stem (PCIS) and secondary color index
of the stem (SCIS) were measured. The predominant
color in tissue was considered primary. All measure-
ments were taken using the same parameter to mea-
sure surface color. The measurements were taken on
fully expanded leaves, in the middle part of the stem
and the roots.

The plant length was determined by measuring from
ground level to the apex using a flexometer. The di-
ameter was measured at the basal part of the fleshy
root with a vernier caliper, and the number of fleshy
roots was determined with direct counting.

Statistical analysis

The assumptions of the model were visually inspect-
ed, and the correct error distribution was chosen. A
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two-way ANOVA for medians in a completely ran-
dom design using the WRS2 package (Mair and Wil-
cox, 2019) was performed in order to compare the
effect of genotype, site, and their interaction on the
different morphological variables (color index of the
root, leaves and stem; length and number of roots and
root diameter). The post hoc tests used to compare
groups were percentile bootstrap (function mcp2a)
and Tukey. The summary statistics were presented
as median = IQR (interquartile range). Generalized
linear models were used for analyzing the number of
roots (Poisson); the mean = SD (standard deviation)
were shown for this test. The software R, version
3.5.1 (R Development Core Team 2018), was used for
all Statistical analysis.

RESULTS

Significant differences in the secondary color index
of the root between the genotypes and site were ob-
served (Tab. 1). The Paliverde genotype had a higher
index value (4.984) than ‘Yema de huevo’ and ‘Yucat-
ana’. Moreover, in Boyaca, higher coloration values
(5.237) were observed than in Somondoco. An effect
from the interaction on the secondary index color
was not observed (Tab. 1).

There were differences between genotypes for the
primary color index of the root, where ‘Yema de
huevo’ (0.782) had higher values than ‘Yucatana’
(-0.204). The site did not have any effect on the color,
but the interaction was statistically significant. This
means that the genotype differed in respect to each
province. In Boyaca, ‘Yema de huevo’ had higher val-
ues (2.085; Tab. 1).

Statistical differences were found in the root pulp
color index between the genotypes, where ‘Paliverde’
had higher color values (1.02) than “Yema de huevo’
(-0.3975), but not Yucatana. The site and the interac-
tion did not have any effect on the root pulp color
index (Tab. 1).

In the color index of upper side of the leaf, differences
between genotypes were not observed, but, between
sites, there were differences (Tab. 1). Higher color in-
dex values were observed in Somondoco (-9.804) than
in Boyaca (-11.519). Likewise, the interaction had an
effect on the upper side of the leaves, with variation
between the genotypes and the sites. In the Paliverde
genotype in Boyaca, lower color values (-14.3) were
observed in ‘Yema de huevo’ and ‘Paliverde’ than in
Somondoco. The Yucatana genotype had lower val-
ues than ‘Yema de huevo’ and ‘Paliverde’ in Somon-

doco (Tab. 1).

Table 1. Means and P values of the secondary color index of the root (SCIR), primary color index of the root (PCIR), root pulp
color index (RpCl), color index of upper side of leaf (CIUL), color index of back side of the leaf (CIBL), primary color
index of the stem (PCIS) and secondary color index of the stem (SCIS), traits evaluated in the Yema de Huevo (YH),
Paliverde (PV) and Yucatana (Y) genotypes in the municipalities of Boyaca (B) and Somondoco (S).

Traits SCIR PCIR RpCI CIUL CIBL PCIS SCIS

Genotype <0.001 <0.001 <0.001 NS NS <0.001 <0.001

YH 3.901b 1.685a -0.3975b -9.937 -8.851 -6.018a 41741 a

PV 4984 a 0.782a 1.02a -9.6695 -8.1405 -5.2015 a 29.478 b

Y 3.247b -0.204 b 0.686 ab -11.4405 -8.337 -13.8585b 19.112b

Site <0.05 NS NS <0.001 <0.001 <0.001 <0.001

B b.237a -0.037 0.626 -11.515b -8.612b -5.712a 38.897a

S 3.912b 1.573 0.587 -9.804a -7.864a -6.324 b 19.112b

Interaction NS <0.001 NS <0.001 <0.001 <0.001 NS

YH*B 423 2.085a -0.589 -11.501 be -9.535b -5.712 ab 50.081

PVxB 5.371 0.113 cd 1.158 -143¢ -8.324 ab -5.065a 32.337

YxB 3.509 -0.312¢ 0.648 -11.048 be -8.228 ab -8.542 be 23.856

YHXS 3.89 1.285 ab -0.252 -71.162 a -7.831a -6.324 ab 39.386

PVxS 4.416 1.832 ab 0.869 -7.856 a -1.454 a -5.531 ab 19.12

YxS 2.985 0.11 abc 0.724 -12.377 be -8.446 ab -20.062 ¢ 12.692

*Means with different letters indicate significant statistical differences for each factor and interaction, according to Tukey's test (P<0.05) (n=5); NS = not

significant.
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The genotype did not have an effect on the color in-
dex of the back side of the leaf. However, a signifi-
cant difference between sites was observed, where
the most negative values (-8.612) were observed in
Boyaca (Tab. 1). Moreover, the interaction had a sig-
nificant effect on the color index of the back side of
the leaf. “Yema de huevo’ showed negative values
(-9.54) in Boyaca, as compared to Somondoco and the
Paliverde genotype at this site.

The genotype, site and the interaction had a signifi-
cant effect on the primary color index in the stem.
The Yucatana genotype had low values (-13.86).
Furthermore, Boyaca had less negative color values
(-5.712) than Somondoco. For the interaction, ‘Yema
de huevo’ and ‘Paliverde’ in Boyaca and Somondoco
had higher color values than ‘Yema de huevo’ in So-
mondoco (Tab. 1).

In the secondary color index of the stem, the geno-
type and site had an effect on the color variation, but
the interaction did not. When the genotypes were
compared, ‘Yema de huevo’ had higher color values
(41.741). Between sites, the color index in Boyaca
was higher with a value of 38.897 (Tab. 1).

The plant length of the genotypes showed differ-
ences between the Paliverde and Yucatana genotypes
(P=0.04), but not between the sites. Similarly, it was
observed that the interaction between genotype and
province for plant length was significant (P=0.001).

The genotype ‘Yema de huevo’ had a higher plant
length in Boyaca than in Somondoco and “Yucatana’
in Boyaca. In addition, the Paliverde genotype had a
longer plant length than ‘Yema de huevo’ in Somon-
doco and ‘Yucatana’ in Boyaca.

For the number of fleshy roots, there were significant
differences between all genotypes (P=0.001), where
Yema de huevo had a higher number of roots than
‘Paliverde’ and ‘Yucatana’, and, in turn, ‘Paliverde’ had
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Figure 2. Differences in the number of roots between
three arracacha genotypes Yema de huevo (YH),
Paliverde (PV), and Yucatana (Y). Means with dif-
ferent letters indicate statistical differences ac-
cording Tukey's test (P<0.05) (n=5). The vertical
bars indicate = standard error.
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Figure 1. Effect of sites, Boyaca (B) and Somondoco (S), on
plant length of three arracacha genotypes Yema
de huevo (YH), Paliverde (PV), and Yucatana (Y).
Medians with different letters indicate statisti-
cal differences, according to percentile bootstrap
(P<0.025) (n=5). The vertical bars indicate the
interquartile range.

Figure 3. Effect of site, Boyaca (B) and Somondoco (S) on
root diameter of three arracacha genotypes, Yema
de huevo (YH), Paliverde (PV), and Yucatana (Y).
Medians with different letters indicate statisti-
cal differences, according to percentile bootstrap
(P<0.025) (n=5). The vertical bars indicate the

interquartile range.
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a higher number than ‘Yucatana’. The site (P=0.169)
and the interaction between genotype and site did
not have an effect on the root number (Fig. 2).

When the diameter of the root was compared, it was
observed that the genotype (P=0.001), site (P=0.001)
and interaction (P=0.001) had a significant effect on
the diameter. In Somondoco, the Yema de huevo and
paliverde genotypes had a higher diameter (Fig. 3).

DISCUSSION

The change of coloration in the roots, leaves and stems
was represented by the index color (Tab. 1). The CI
may be correlated to pigment composition in vegeta-
bles tissues. Negative values represent green colors,
while values higher than zero are related to yellow
or red coloration (Mendoza et al., 2006; Balaguera-
Lopez et al., 2017). In our case, it was observed that
the secondary CI of the roots had positive values and
that ‘Paliverde’ (dark brown) had a higher value than
“Yema de huevo’ and “Yucatana’ (pale brownish), pos-
sibly because of anthocyanins present in the tissues

(Azcon-Bieto and Talon, 2013).

Similarly, in Boyaca, the CI in all genotypes had hi-
gher values than in Somondoco, which indicates that
location had an effect on this index, but that the in-
teraction between them did not. Boyaca is located at
a high altitude and presents major radiation, which
stimulate the biosynthesis of anthocyanins as a pro-
tection mechanism against damage from excess radi-
ation, which can affect the photosynthetic apparatus
(Jimenez-Suancha er al., 2015). Similar differences
have been observed in carrots, where changes in pig-
ments are associated with temperature, light condi-
tions, and humidity (Garcia de Souza et al., 2012). In
the primary CI of the root, it was observed that the
interaction affected pigmentation in ‘Paliverde’ and
“Yema de huevo’ (pale brown), as compared to ‘Yu-
catana’ (wheat color). For this parameter, differences
were observed between the genotypes. In this case,
“Yema de huevo’ (dark golden rod) and ‘Paliverde’
(pale brownish) showed positive values, and ‘Yucata-
na’ (olive) had negative values, which means that the
root pigment content was affected by the genotype
(Schmidt ez al., 2018). These results agree with Mu-
noz et al. (2015), who reported that “Yema de huevo’
and ‘Paliverde’ genotypes had a yellow color in the
root; this measurement was taken with the qualita-
tive method. In addition, the differences between the

genotypes was also due to the fact that some have a
ring at the root, as seen in ‘Paliverde’.

In the leaf color index (CIUL, CIBL, Tab. 1), it was ob-
served that the interaction between genotype and site
had significant effects, where fewer negative values
were observed in Somondoco than in Boyaca. More-
over, the genotypes ‘Yema de huevo’ and ‘Paliverde’
had lower values in Boyaca (dark olive green) than
in Somondoco (grey green), but the location did not
affect the ‘Yucatana’ genotype. The pigment content
in leaves and its accumulation depend on the amount
that is produced, but the destruction of pigments is
caused by factors such as wave length of radiation,
temperature, and light intensity (Taiz and Zeiger,
2010; Macedo, 2012). For instance, light affects chlo-
rophyll production in different types of plants and
also in older and younger leaves (Manrique, 2003; Li
et al., 2018). It is possible this could explain the varia-
tion in the coloration index between the genotypes
in different regions, such as Boyaca, which has higher
solar radiation, which reduces chlorophyll produc-
tion, as compared to Somondoco. In the Paliverde
and Yema de huevo genotypes, the visual color of the
leaves was green (Alvarado and Ochoa, 2010; Mufioz
et al., 20195).

Finally, it was observed that the interaction had an
effect on the stem color index (Tab. 1). For the prima-
ry color index of the stem, the genotypes in Boyaca
had higher color values than in Somondoco, ‘Yema de
huevo’ and ‘Paliverde’ had olive colors, as compared
to “Yucatana’, which showed a pale olive color. In
the secondary color index of the stem, the genotypes
and location only differed with respect to “Yucatana’,
where ‘Yema de huevo’ had lower values than all
genotypes and locations. As with the root and leaf
CI, the stem CI showed variation probably because
of environmental variables such as temperature and
solar variation. For instance, in Boyaca, an average
temperature of 15.2 °C and solar radiation of 4.5 kW
m™? were observed, as compared to Somondoco where
the temperature is higher (20°C) with a lower level
of solar radiation (3.5 kW m?) (Climate-Data, 2018).

[t is important to highlight that a variety of environ-
mental factors affect coloration and pigments in crops
(Balaguera-Lépez et al., 2017). Coloration changes in
vegetables and fruits are correlated with pigment
changes such as chlorophyll degradation (Quesada
and Valpuesta, 2013; Paliyath et a/., 2008). Knowledge
on how growing environments affect individuals
and coloration might provide evidence on pigment
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content, such as carotenoids in potatoes (Haynes et
al., 2010). Similarly, different crop plant structures
show diverse physiological, physical, chemical reac-
tions, which in turn are affected by environmental
conditions (Garcia de Souza et al., 2012). In the case
of the arracacha, determining the optimal conditions
for each genotype might increase yield, production
and quality of crops.

According to the morphological variables analyzed in
the genotypes Yema de huevo, Paliverde and Yucatan
in Boyaca and Somondoco, variation in plant length
was observed between the Paliverde genotypes with
respect to ‘Yema de huevo’ and ‘Yucatan’. The ob-
served difference was most likely because ‘Paliverde’
grows better under the environmental conditions
of Somondoco than the other genotypes, possibly
because this municipality has a higher mean envi-
ronmental temperature (19.9°C), a situation that ap-
parently favors cell division and elongation processes
that generate a higher plant height. For ‘Yema de
huevo’, the results show that this genotype grew bet-
ter in Boyaca than in Somondoco (Fig. 1) because, in
Boyaca, it might capture a higher proportion of light,
which influences growth. Similar results have been
observed in carrot crops where climate variations
in different regions can affect adaptability, stability,
production and yield of genotypes (Oliveira et al.,
2005; Garcia de Souza et al., 2012). The values ob-
tained were higher than those reported by Lobo et al.
(2002) in the southern Narifio arracacha collection,
whose average plant height at harvest was 37.57 cm.

For the number of roots, differences between geno-
types were observed (Fig. 2), where ‘Yema de huevo’
had a higher number of roots. In this case, the loca-
tion did not have an effect, meaning that the num-
ber of roots depended on the genotype, as reported
by Oliveira er al. (2005). This parameter is important
because it is a yield component, so, ‘Yema de huevo’
may be a more productive genotype.

On the other hand, Lobo e a/. (2002) reported similar
values for root width (root diameter) to those found
in this study. It was observed that the diameter of the
roots was affected by genotype, location, and the in-
teraction between these variables. The Yema de huevo
and Paliverde genotypes in Somondoco had a higher
diameter than in Boyaca, The Somondoco site has a
higher temperature and precipitation average than
Boyaca (Climate-Data, 2018). Therefore, it is likely
that the environmental conditions in Somondoco,
such as temperature and humidity, can generate more
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root growth, mainly as a result of increased metabolic
activity, according to Azcén-Bieto and Talén (2013).
It has been shown that higher temperatures increase
photosynthesis and the transport rate of photo as-
similates from leaves to sink organs (Taiz and Zeiger,
2010). It is important to note that ‘Yema de huevo’ is
a well-adapted genotype, with better growth at both
sites (Figs. 1, 2, 3) because this genotype appears to
have high rates of photosynthesis and a high percent-
age of photassimilates stored in sink organ, as Vega et
al. (2012) observed in carrots.

The highest values of root diameter and number of
roots have been reported for cassava at lower altitudes
(Noerwijati and Budiono, 2015), probably caused by
the higher temperature at lower altitudes. Similarly,
it is probable that a higher production and number
of roots are related to a higher photosynthetic rate,
as found by Jaimez et al. (2008) in arracacha crops,
where plants cultivated at a lower altitude (1,580
m) had a higher photosynthetic rate and yield than
plants cultivated at higher altitudes (1,930). Effect of
the zone was also found by Vergel et al. (2016).

CONCLUSION

The results show variation in all morphological traits
of the genotypes Yema de huevo, Paliverde and Yu-
catana with respect to location. Color differences
from the CIElab coordinate system were found be-
tween the genotypes, except in the leaves, indicating
that the root and stem coloration can differentiate
the genotypes. However, this response depended on
the characteristics of each municipality, where ‘Yema
de huevo’ and ‘Paliverde’ presented a higher color in-
dex than the Yucatan genotype. Also, the genotypes
Yema de huevo and Paliverde had better performance
in both sites (Boyaca and Somondoco), with a longer
plant length, higher number of roots, and larger di-
ameter. This information may allow for a more cor-
rect visual identification of each arracacha genotype
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