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Genotype-environment interaction and guata potato yield
(Solanum tuberosum L.) in the Department of Narifo
(Colombia)
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ABSTRACT

Estimating the genotype-environment interaction (GEI) for potato genotype yield is very useful for the iden-
tification of outstanding genetic material that can adapt to specific environmental conditions and shows
productive potential for breeding programs, selection processes and cultivar recommendations because it
improves the efficiency of the genetic improvement process. The objective of this study was to determine
the GEI of yield, expressed as t ha, in 21 potato genotypes. Four municipalities in the Department of Narifio
were considered: Tangua, Pupiales, Imues, and Pasto. A randomized complete block design and an additive
main effects and multiplicative interaction model (AMMI model) were used. Highly significant differences
between the environments were found across the genotypes and GEI. Of the total variation, 42.43% was ex-
plained by the environment, 13.84% by the genotypes, and 15.49% by the GEI. The genotypes that showed
stable behaviors were UdenarStGuadd, UdenarStGua78, UdenarStGua24, UdenarStGua61, UdenarStGua20,
and UdenarStGua98. Genotypes UdenarStGua78 and UdenarStGua98 stood out with 53.49 and 48.42 t ha™.
Furthermore, genotypes UdenarStGua93, UdenarStGua97, and UdenarStGua91 showed a positive interac-
tion with the environments of Tangua and Pupiales. Similarly, genotypes UdenarStGuad8, UdenarStGua83,
UdenarStGuad7, and UdenarStGua87 positively interacted with Pasto, while genotypes UdenarStGua78 and
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UdenarStGua98 showed positive interactions with Imues. The genotypes displayed different behaviors in response
to the areas where they were established, which varied in altitude, soil type, and environmental conditions.

Additional keywords: AMMI; genotype by environment; variation; stability; Andean tubers.

RESUMEN

Estimar la interaccién genotipo por ambiente (IGA) del rendimiento en genotipos de papa es de gran utilidad para
la identificacién de material genético sobresaliente, con adaptacién a condiciones ambientales especificas y con po-
tencial productivo para los programas de mejoramiento, procesos de seleccién y recomendacién de cultivares, dado
que permite mejorar la eficiencia del proceso de mejoramiento genético. El objetivo de este trabajo fue determinar
la IGA del rendimiento expresado en t ha' para 21 genotipos de papa guata. Se consideraron cuatro municipios del
departamento de Narifio, que corresponden a Tangua, Pupiales, Imués y Pasto. Para analizar los datos se utilizd
el Disefio de Bloques Completos al Azar y el modelo de efectos principales aditivos e interaccién multiplicativa
(Modelo AMMLI). Se presentaron diferencias altamente significativas entre ambientes, genotipos y para la IGA. La
variacién total fue explicada en 42,43% por el ambiente, en 13,84% por los genotipos y en 15,49% por la IGA. Los
genotipos que presentaron un comportamiento estable fueron UdenarStGuadd, UdenarStGua78, UdenarStGua24,
UdenarStGua61, UdenarStGua20 y UdenarStGua98, destacdndose los genotipos UdenarStGua78 y UdenarStGua98
con 53.49 y 48.42 t hal. Se determiné que los genotipos UdenarStGua93, UdenarStGua97 y UdenarStGua91 pre-
sentaron una interaccién positiva con los ambientes de Tangua y Pupiales, para Pasto los genotipos UdenarStGua58,
UdenarStGua83, UdenarStGuad7 y UdenarStGua87 y en Imués los genotipos UdenarStGua78 y UdenarStGua98.

Se presentaron genotipos con comportamientos diferentes de acuerdo con la zona donde se establecieron, las cuales

se diferenciaron por la altitud, el tipo de suelo y las condiciones ambientales.

Palabras clave adicionales: AMMI; genotipos por ambiente; variacion; estabilidad; tubérculos Andinos.
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The potato (Solanum tuberosum L.) is one of the more
important crops for human nutrition (Salcedo y
Guzman, 2014). It is grown under different produc-
tion systems, and the highest diversity is found in
South America, its center of origin (Septlveda-Cano
et al., 2017; Khoury et al., 2016). There are more than
3000 cultivars of this tuber, and it is adaptable to
different altitudes (Berdugo-Caly et al., 2017; Caro
et al., 2019; Gil-Rivero et al,, 2019). Most native po-
tatoes belong to the Phureja group and have great
scientific and conservation value for farmers given
their organoleptic, agricultural, nutritional proper-
ties and cultural identity (Calliope et al., 2018). Co-
lombia has a high genetic diversity of potatoes that
is useful to improvement programs; furthermore, it
has one of the most important and promising potato
germplasm collections (Berdugo-Cely et al., 2017).
Given its favorable agroclimatic conditions for potato
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INTRODUCTION

production, Colombia is considered a highly feasible
region for large-scale cultivation of this plant mate-
rial and the development of genetic improvement
processes and programs (Ghislain et al., 2006). The
largest potato production in Colombia is in the de-
partments of Cundinamarca, Boyaca, Narifio and
Antioquia, which together provide 91% of the to-
tal production area, where Narifio contributes 19%
(Agronet, 2019). In 2020, the national average was
20.9 t ha', and the Department of Narifio reached
22.2 t ha' (MADR, 2020).

The assessment of work collections through genetic
improvement programs represents an alternative for
increasing potato crop yield. This evaluation sought
to identify and select genotypes with outstanding
yield and adaptability or stability in diverse environ-
ments, as well as the capacity to tolerate biotic (e.g.,



pests and diseases) and abiotic factors (e.g., drought
and soil salinity, among others) that can damage
crops (Picardi, 2018; Yahaya et al., 2015). The im-
pact of these factors varies according to the genetic
composition of the plant material and the environ-
ment where the crop is established (Cooper and Byth,
1996).

The response of genotypes to the environment is de-
termined by estimating the genotype-environment
interaction (GEI) (Vargas et al., 1999; Abbott and Pis-
torale, 2011). This interaction is highly important in
improvement programs and is a determinant factor
in cultivar selection and recommendation processes
since it allows improving the efficiency of the genetic
improvement process (Sleper and Poehlman, 2006;
Andrade et al., 2016; Marquez-Vasallo et al,, 2020).
The significance of GEI allows evaluating the be-
havior of genotypes (in this case, through yield) and
determining whether genotypes adapt to the study
areas or environments (Mohammed, 2017). The
GEI enables the identification of superior genotypes
and ideal conditions for their development (Lule et
al., 2014; Thiyagu et al., 2013). Furthermore, it esti-
mates the differential behavior of genotypes under
contrasting conditions (i.e., agroecological, climatic,
and agronomical) that influence plant growth and
development (Haynes et al., 2012; Mohammadi ez al.,
2016; Tirado er al., 2018).

A GEI analysis is supported by an additive model of
main effects and multiplicative interaction (AMMI)
(Tirado et al., 2018). This model assesses the effect
of the interaction in experimental plots, provid-
ing important and necessary data for the selection
of varieties (Negash er al., 2013). The AMMI model
shows the behavior of genotypes and environments
through a biplot graph (Vargas and Crossa, 2000),
while a principal components analysis (PCA) enables
the identification and selection of superior genotypes
based on their yield in a given environment (Adebola
et al., 2013). A PCA is based on the decomposition of

GENOTYPE ENVIRONMENT INTERACTION IN POTATO 3

eigenvalues and can be applied to yield data (Gauch,
2006). On the other hand, biplot graphs provide in-
formation for drawing important conclusions about
the environment and genotype (Elias et al., 2016).

It is necessary to identify genotypes with optimal
yields that contribute to breeding programs and gen-
eration of varieties that would benefit potato produc-
ers. Therefore, this study aimed to determine the GEI
of yield in 21 guata potato genotypes, selected based
on their response to water stress conditions in previ-
ous studies, in four localities in the Department of
Narifio.

MATERIALS AND METHODS

This research was conducted in four potato-growing
regions in the Department of Narifio, Colombia,
in the first half of 2019, located at 1°09°33.5” N
and 77°16'34.6” W in the municipality of Pasto;
1°03’48.2” N and 77°25’14.2” W in Tangua; 1°04’08.1”
N and 77°28’01.8” W in Imues, and 0°52’05.2” N and
77°37'15.1” W in Pupiales. These localities are distrib-
uted across four producing zones, with different al-
titudes and edaphic conditions, as shown in table 1.

This study evaluated 20 experimental guata potato
clones from the work collection of the Universidad
de Narifio, which were previously selected and as-
sessed under water stress conditions in a greenhouse.
Additionally, a commercial control (‘Diacol Capiro’)
was used (Tab. 2), a widely adaptable variety that is
grown in several departments of Colombia between
2,000 and 3,200 m a.sl. The commercial control
shows high chip production quality and has a high
industrial demand (Porras and Herrera, 2015).

The fresh weight of the tuberes, expressed as kilo-
grams per plot, was recorded at harvest. Furthermore,
the number of tons per hectare were calculated. Data
were recorded at 180 d after planting.

‘ Table 1. Altitude and edaphic conditions of the study zones.

Pasto 2,820 Sandy- loam 6.4 2.75 72.83 8.26 3.67 1.39
Tangua 2,098 Loam 6.18 2.47 14.52 6.21 2.58 0.51
Imues 2,108 Loam 6.46 1.39 39.22 6.62 2.00 0.85
Pupiales 2,966 Loam 5.3 13.7 41.68 4.62 1.47 1.74

Loc = locality; m a.s.Il. = meters above sea level; Tex = soil texture; OM = organic matter; P = phosphorous; Ca = calcium; Mg = magnesium; K = potasium.
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Table 2. Guata potato (S. tuberosum var. tuberosum) genotypes selected from the work collection of the Universidad de Nariio.

1 ‘Unica M2’ 20 ‘Unica M2’ ('Unica Vieja La Cocha’) Colombia
2 ‘Diacol Capiro’ 24 ‘Diacol Capiro’ Colombia
3 Suprema M2 31 ‘Pastusa Suprema’ certificada M2 Colombia
4 UdenarStGuab5 55 CIP 3777441 Kori-INIA Peru
5 UdenarStGuab7 57 CIP 384866.5 Amarilis-INIA Peru
6 UdenarStGuab8 58 CIP 387164.4 LBr-40 Peru
7 UdenarStGuab9 59 CIP 389746.2 Peru
8 UdenarStGuab1 61 CIP 391011.17 Peru
9 UdenarStGua68 68 CIP 392657.171 Peru
10 UdenarStGua71 Al CIP 393077.159 Peru
11 UdenarStGua72 72 CIP 393079.24 Peru
12 UdenarStGua78 78 CIP 393371.58 INIA 310 Peru
13 UdenarStGua82 82 CIP 394904.20 Peru
14 UdenarStGua83 83 CIP 395112.32 Peru
15 UdenarStGua87 87 CIP 396012.266 Peru
16 UdenarStGua89 89 CIP 396034.268 Peru
17 UdenarStGua91 91 CIP 396285.1 Peru
18 UdenarStGua93 93 CIP 397196.3 Peru
19 UdenarStGua94 94 CIP 398190.404 Peru
20 UdenarStGua97 97 CIP 398193.553 Peru
21 UdenarStGua98 98 CIP 398208.620 Peru

A complete randomized block design with four rep-
etitions was used. The experimental plot was formed
with four rows, and the useful plot comprised two
rows of five plants, separated by a distance of 0.4 m
between plants and 1.20 m between rows. The rows
were established as the useful plot (9.6 m?), and one
tuber was planted per site. This experiment was es-
tablished in four potato-growing localities of the De-
partment of Narifo (Marcillo et a/., 2021). Sanitary
and agronomic management was done according to
the technical recommendations and requirements of
the crop (ICA, 2011).

An additive main effects and multiplicative interac-
tion (AMMI) model (Eq. 1) was used to determine
the phenotypic stability. The AMMI model adjusts
the analysis of variance and thus obtains the main
effects of the genotype and the environment togeth-
er with the analysis of main components, providing
the genotypes with greater adaptation to each zone
(Sharifi et al,, 2017). This model analyzed the main
additive effects of the potato genotypes and the

Rev. Colomb. Cienc. Hortic.

localities through a conventional analysis of variance,
followed by a description of the non-additive vari-
ance with a multivariate principal component analy-
sis (PCA). The following model was used as described
by Crossa et al. (1990):

k
Yy=p+g+e+ D oy Yy + R, )

A
i=1

where, Y; was yield of the /-th genotype of the j-th lo-
cality, u was overall mean, g; was the mean of the i-th
genotype minus the overall mean, ¢; was the mean of
the j-th locality minus the overall mean, &, was the
eigenvalue of the principal component (PCA),, o, Y},
was the PCA score of the k-nth axis of the i-th geno-
type and the j-th locality, and R; was the residual of
the model.

A biplot graph was generated from the first two prin-
cipal components (PC1 and PC2). This plot repre-
sented the similarities of the potato genotypes and
their interaction with the localities. The statistical



analyses were conducted using the agricolae package
in Rv. 4.2 (R Core Team, 2008).

For the comparison of means between the treatments,
significant differences were established according to
De la Cruz-Lézaro et al. (2010) when the mean of the
genotypes exceeded the overall mean plus one stan-
dard deviation (u+o) or twice the standard deviation
(u+2o0) (i.e., highly significant).

RESULTS AND DISCUSSION

The analysis of variance of the main and additive
effects of the environments, genotypes, and GEI on
yield was highly significant (P<0.001) (Tab. 3). The
significance of the interaction justified conducting
further analyses to determine the behavior of the
genotypes across the localities, indicating an impor-
tant variation across the genotypes (Maharana et al.,
2017). Similar results were found by Cabrera (2019),
who evaluated stability parameters in eight potato
genotypes across six localities through a combined
analysis of variance. This author reported significant
results for environments, genotypes, and GEI, with
yields of up to 22.09 t hal.

Table 3 shows that the total variation of the ex-
periment was largely explained by the environment
(42.43% of the total sum of squares), indicating that
yield was highly influenced by environmental factors.
Furthermore, the results suggested that the localities
were highly different. Environmental heterogeneity
was determined mainly by differences in altitude,
temperature, and soil nutrient availability in the field
evaluations (Tab. 1). Temperature was one of the
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more important elements in the production behav-
ior, in addition to the response of each genotype with
the environment (Martin ez al., 2017). Moreover, the
phenotypic effects, expressed here as yield, were not
controlled by a single gene but rather were the re-
sult of the interaction of many genes that generated
a cascade of chemical reactions and were influenced
by the environment (Habtamu et a/., 2016).

On the other hand, the genotypes accounted for
13.84% of the variation, and the GEI explained
15.49% of the variance (Tab. 3).

These results differed from those reported by Iraga-
ba (2014), Gedif and Yigzaw (2014), Muthoni et al.
(2015) and Tirado et al. (2018), who found that the
GEI accounts for a larger percentage of the variation
than the environment and the genotypes, thus, ex-
plaining the behavior of yield in potato genotypes.
Shahriari et al. (2018) studied the behavior of 30 po-
tato genotypes in 10 different environments, finding
that the environmental variation least explains the
variability of the experiment, followed by the geno-
type and the GEI, which was attributed to the effect
of the environment on yield.

Moreover, Hassanpanah (2011) evaluated the behav-
ior of three potato varieties using the AMMI model,
finding that yield was significantly different between
environments and in response to the GEI. Lozano-
Ramirez et al. (2015) stated that GEI occurs when
genotypes behave differentially in response to the
variation at each zone. In the absence of this inter-
action, yield results could be obtained from a single
location and be considered universal data (Hallauer
etal., 1978).

Table 3. AMMI analysis of potato (S. tuberosum var tuberosum) yield in four localities of the Department of Narifio. ‘

Environments 3 101.335 33.778 42.43 wEE
Repetitions 12 3.735 N 1.56 e
Genotypes 20 33.047 1.652 13.84 Fxx
GenxEnv 60 36.987 616 15.49 *xx
PC1 22 13.618 619 73.64 e
PC2 20 3.372 169 18.22 **
PC3 18 1.504 83 8.10 NS
Error 576 63.699 1M 26.67

***0.001 P-value; ** 0.05 P-value; ™: Not significant.
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The comparison of means test (Tab. 4) showed the
mean yields obtained in the four localities. Imues
showed an overall mean of 31.89 t ha', where geno-
types 68, 98, and 83 exceeded the overall mean (47.78,
47.22, 46.43 t ha'!, respectively). Additionally, in this
locality, 90.5% of the genotypes exceeded the national
yield (20.9 t ha''), and mean yield of Narifio (22.2 t ha-
1 (MADR, 2020). In Pasto, the average yield was 46.5
t ha! (Fig. 1), where genotype 83 (69.86 t ha'), geno-
type 58 (68.29 t ha'), and genotype 57 (68.24 t ha)
showed outstanding yields that exceeded the overall
mean for this locality (46.56 t ha') (Tab. 4). These
yields were also higher than those found by Vasquez
et al. (2021) and Vésquez et al. (2019), which ranged
from 19.64 to 38.66 t ha' across eight genotypes ob-
tained from five cycles of recurrent selection and six
experimental genotypes from Bafos Experimental
Stations of Inca-INIA Cajamarca, respectively. In ad-
dition, Mufioz and Lucero (2008) evaluated the be-
havior of potatoes in the Department of Narifio with
different levels of fertilization and found yields that
varied between 10 t ha' and 13 t ha.

Pupiales showed the highest mean yield among the
localities (56.34 t ha') (Tab. 4 and Fig. 1). This result
indicated that it is the most favorable environment
for the expression of yield in the different genotypes,
which ranged between 45.17 t ha (genotype 71) and
76.51 t ha' (genotype 78).

The yield reached by genotype 78 was similar to the
one found by De la Cruz (2015), who evaluated eight
potato genotypes in Ecuador, obtaining a yield of
78.6 t ha! for the Superchola genotype in San Isidro.
Furthermore, the yield of genotype 78 exceeded that

GOS-BURBANO / DUARTE-ALVARADO

reported by Roa et al. (2010) in two localities of Vene-
zuela, who indicated yields ranging from 18.4 to 27.7
t hal. Possibly the genetic makeup of each genotype
influences performance in the same way that the
environmental variation does (Tirado et al., 2018).
Overall, Pupiales exceeded the national yield by
169.6% and the departmental yield by 153.8%. These
findings were attributed to the influence of soil nutri-
ent availability, optimal temperatures for vegetative
growth, precipitation, radiation, and low pressure
from pests and diseases in this locality (Tirado-Lara
et al., 2020).

Finally, Tangua showed the lowest overall mean
among the localities, with a yield of 24.92 t ha' (Fig.
1). However, genotypes 93, 68, 58, and 98 showed sig-
nificant means that ranged between 29.39 and 33.96
t ha' (Tab. 4). Probably, the altitude where the crop
was established was at the lower limit of potato ad-
aptation, which generated these low yields. De Al-
meida er al. (2015) maintained that temperature is
one of the main variables for vegetative development
and reproduction.

The results of the stability analysis are shown in ta-
ble 3 and figure 1. The decomposition of the sum of
squares of the GEI into principal components (PC)
under the AMMI model demonstrated that the first
two principal components were significant (P<0.05).
The first principal component (PC1) explained 73.6%
of the variation, and the second component (PC2) ac-
counted for 18.2% of the variance. Altogether, PC1
and PC2 explained 91.8% of the inertia present in the
interaction, which facilitated the analysis of the be-
havior of the experiment.

8 1 Pasto
6 - | °
4! |
87! 8§
- 21 31 9. 7 ° 570
Rl mues o 978»° o8 78
o
2491 o7 8\Ifupiales
OO 5] ]
-4 1 93° Tangua
25 28 31 34 37T 40 43 46 49 52 55 58
Yield
Figure 1. Graphical representation of CP1 as a function of yield for 21 guata potato (S. tuberosum var. tuberosum) genotypes
evaluated in four localities of the Department of Nariio.
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Table 4. Yields of 21 guata potato (S. tuberosum var tuberosum) genotypes evaluated in four localities of the Department of
Narifo.

Imues Pasto Pupiales Tangua
UdenarStGua20 20 29.22 38.01 52.27 18.86
UdenarStGua24 24 25.36 41.03 58.82 22.38
UdenarStGua31 31 20.69 54.57 49.07 25.49
UdenarStGuabb 55 31.16 49.95 57.45 22.44
UdenarStGuab7 57 39.82 68.24% 58.01 25.67
UdenarStGuab8 58 30.27 68.29* 55.59 30.29%
UdenarStGuab9 59 27.67 35.97 59.33 25.12
UdenarStGua61 61 34.79 43.59 58.66 23.47
UdenarStGua68 68 47.78% 4512 60.97 30.33%
UdenarStGua71 Al 33.25 50.66 45.17 24.83
UdenarStGua72 72 29.44 58.84 61.28 25.17
UdenarStGua78 78 47.55% 61.39 76.51** 28.5
UdenarStGua82 82 32.16 55.66 57.99 26.47
UdenarStGua83 83 46.43* 69.86* 51.64 25.92
UdenarStGua87 87 28.71 58.67 51.98 15.93
UdenarStGua89 89 33.51 36.61 52.35 27.14
UdenarStGua91 91 24.09 15.86 49.39 16.4
UdenarStGua93 93 8.33 16.19 53.5 33.96**
UdenarStGua94 94 29.21 39.35 58.67 25.35
UdenarStGua97 97 23.04 13.73 53.63 20.23
UdenarStGua98 98 47.22* 56.23 60.84 29.39*
ug 31.89 46.56 56.34 24.92
>g 9.60 16.32 6.25 44
ug+og 41.49 62.88 62.59 29.33
Ug+20g 51.08 79.20 68.84 33.75

* kK

Table 5 shows the scalar values of the first two PCs
obtained with the AMMI model, the mean of the
genotypes, and the analyzed localities. The sign and
magnitude of each genotype and locality in the com-
ponents indicated the interaction and orientation of
the interaction, which is shown in the biplot graph
in figure 2. The genotypes with values close to zero
for PC1 had superior yields, while those with values
less than zero displayed low yields (Yan and Tinker,
2006). Values close to the origin in PC1 had higher
magnitudes for the interaction, resulting in a lower
GEI and more stability (Yan et al,, 2000; Bassa et al.,
2019). Stability is important in potato crops because

= Significant at 0.05 and 0.01, respectively; g = overall mean; og = standard deviation.

it obtains progenitors that can be used in selection
processes for improved potatoes (Affleck et al., 2008).

The biplot graph was obtained using the PCs and
represented the potato genotypes and environments
(Fig. 2). Genotypes 55, 78, 24, 61, 20 and 98 had an
IEG close to zero, indicating that these materials had
stable behaviors across the environments. Tena et al.
(2019) stated that a suitable genotype would have
medium to high yields that are maintained across dif-
ferent environments. Tirado (2019) and Mohammadi
et al. (2016) stated that new potato varieties should
display wide stability in multiple environments and

Vol. 15 - No. 3 - 2021



Table 5. Contribution of 21 potato (S. tuberosum var tu-
berosum) genotypes and four localities of the
Department of Narifo to the first two principal

components (PC) obtained with the ANIMI model.
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express high productive potential. In this study,
genotype 78 (53.49 t ha') and genotype 98 (48.42 t
ha?) showed high stability and yields above the de-
partmental and national means (39.93 t ha). Accord-
ingly, these genotypes are new promising varieties in

southern Colombia.
UdenarStGua20 20 34.59 -0.38 -0.61
UdenarStGua24 24 36.90 -0.57 0.55 For the environments (Tab. 5), Pupiales and Imues
UdenarStGua31 31 37.46 1.25 2.04 showed values below zero in PC1 (-3.04 and -0.18, re-
UdenarStGuass 55 40.25 0.44 0.07 spectively). Pupiales presented yields above the gene-
UdenarStGua57 57 47.93 219 010 ral average, 41.0 t ha', and Imues did not exceed the
UdenarStGuas8 58 46.11 210 176 general average. On the other hand, Tangua showed
UdenarStGuasg 59 37.02 130 0.21 a negative value for PC1 (-3.08) but had a yield below
UdenarStGuag 1 61 1013 037 0.68 the overall mean. Moreover, Pasto .showed a positive
value for PC1 (6.29) and a mean yield of 46.56 t ha!
UdenarStGua68 68 46.05 -0.73 -1.91 .
that exceeded the overall mean. Additionally, Pasto
UdenarStGua71 71 38.47 1.02 -0.20 .
had the best adaptation in terms of genotype perfor-
UdenarStGua/2 72 43.68 1.06 1.06 mance, as represented by the length of its vector in
UdenarStGua78 8 53.49 0.31 -1.06 the biplot graph. (Fig. 2) (Yan and Tinker, 20006).
UdenarStGua82 82 43.07 0.81 0.56
UdenarStGuaB3 83 48.46 2.66 1.1 Genotypes 93, 31, 58, 83, 98, 68, 91, and 97 created
UdenarStGua87 87 38.82 2.02 0.18 a polygon of variation that suggested a greater effect
UdenarStGua89 89 37.40 -0.99 -0.58 of the interaction on their behavior across the locali-
UdenarStGuad1 91 26.44 -2.48 -1.14 ties. The environments had a positive or negative ef-
UdenarStGuag3 93 28.00 353 2.96 fect on these materials, largely on yield. Furthermore,
UdenarStGuag4 94 38.15 091 015 when a genotype vector had the same direction as
UdenarStGua97 97 27 66 313 067 the environment vector, the interaction was positive,
UdenarStGuags 98 4842 053 47 indicating favorable adaptation (Tirado et a/., 2018).
Imues 31.89 -0.18 -4.47
The biplot graph (Fig. 2) and the mean yield per local-
Pasto 46.56 6.29 1.38 . T
_ ity (Tab. 4) indicated that genotypes 97 and 91 had a
Pupiales 56.34 -3.04 0.46 N . . . . .
positive interaction with Pupiales, with mean yields
Tangua 29.20 3.08 263 of 53.63 and 49.39 t ha, respectively. These values
Hg genotypes 33.93 were higher than the overall mean, as we well as the
jg environments 41.00 departmental and national means. Moreover, geno-
g = overall mean type 93 had a positive interaction with Tangua and
4 -
3 4
2 1
= 1
o
=0
5
o. _2 1
-3
4
-5 . .
-4 -2 0 2 4 6
PC1 (73.6)

Figure 2. Biplot of tuber yield (t ha') in 21 potatoes (S. tuberosum var tuberosum) genotypes in four environments in the south-

ern region of the Department of Nariio.
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a significant mean yield of 33.96 t ha'. Thus, geno-
types 97, 91, and 93 are promising for these localities.
The yield was attributed to the specific environmen-
tal conditions (Tirado et al,, 2018).

Similarly, genotypes 57, 87, 58, and 83 showed posi-
tive interactions with Pasto. The genotypes exceeded
the mean yield in this locality (46.56 t ha) (Tab. 5),
indicated by significant mean yields ranging from
68.24 to 69.86 t ha' (Tab. 4). Finally, the location of
genotypes 78 and 98 in the biplot graph (Fig. 2) indi-
cated that they were better adapted to Imues, with
yields above the mean of 31.89 t ha for this locality
(Tab. 5).

CONCLUSIONS

The broad variation and significant effect of the envi-
ronment on yield caused diverse yields per plant ma-
terial in each zone. Furthermore, this study showed a
differential behavior of the potato genotypes accord-
ing to the growing region, which were influenced by
the altitude and soil conditions of each zone.

Genotypes UdenarStGua55, UdenarStGua78, Ude-
narStGua24, UdenarStGua61, UdenarStGua20 and
UdenarStGua98 had a low GEI, which indicated that
their yields were stable; therefore, these genotypes
are promising for the evaluated areas.
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