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ABSTRACT

Due to the importance of potato cultivation in Narifio, Colombia and the high participation of fertilizer in
production costs (25%), as well as the great variability of soils in the region, we evaluated three fertilizer le-
vels for six cultivars of Solanum tuberosum subsp. andigena in four homogeneous production environments. We
recorded physiology and yield of the potatoes in experimental plots in a randomized complete block design
with three replications in each environment. Analysis of variance, comparison of means for yield compo-
nents, and discriminant analysis of principal components were performed for all variables. For the economic
analysis we used the partial budget net benefit methodology. The environments generated differential res-
ponses in the cultivars. Between fertilization levels there were significant differences; however, there was no
interaction between levels and environments. The cultivars ‘ICA Unica’, ‘Pastusa Suprema’, ‘Parda Bilingte’,
and ‘Roja Huila’, showed the highest yields with the application of 262, 600, and 538 kg ha™ of N, P,Os, and
K,0 (level L3). ‘Diacol Capiro’ and ‘Superior’ did not show yield differences between levels. Economically,
the alternative that would generate the highest return on investment was fertilization with level L2 (N 180,
P,05 400, K,0 358 kg ha!) in ‘Diacol Capiro’, ‘Superior’, and ICA Unica’ cultivars. For ‘Roja Huila’ and ‘Parda
Bilingtie’ the highest return was level L1 (N 150, P,O5 200, K,O 100 kg ha). In the case of ‘Pastusa Suprema’
the Marginal Rate of Return was 18.5% with the L2 fertilization level.
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RESUMEN

Debido a la importancia del cultivo de papa en Narifio, Colombia, la alta participacién de fertilizantes en los costos
de produccién (25%) y la gran variabilidad de suelos en la region, se evaluaron agronémica y econémicamente tres
niveles de fertilizacién para seis cultivares de Solanum tuberosum subsp. andigena en cuatro ambientes homogéneos
de produccién. Variables fisiolégicas y de rendimiento fueron registradas en parcelas experimentales con un disefio
de bloques completamente al azar con tres repeticiones en cada ambiente. Se realizaron anélisis de varianza, compa-
racién de medias para componentes de rendimiento y anélisis discriminante de componentes principales con todas
las variables. En el anélisis econémico se us6 la metodologia de presupuesto parcial de beneficio neto. Los ambientes
generaron respuestas diferenciales en los cultivares. Entre niveles de fertilizacién hubo diferencias significativas,
sin embargo, no hubo interaccién entre niveles y ambientes. Los cultivares ICA Unica’, ‘Pastusa Suprema’, ‘Parda
Bilingtie’, y ‘Roja Huila’ presentaron los mayores rendimientos con la aplicacién de 262, 600 y 538 kg ha? de N,
P,05y K,O (nivel L3). ‘Diacol Capiro’ y ‘Pastusa Suprema’ no presentaron diferencias de rendimiento entre niveles.
Econémicamente, la alternativa que generaria mayor retorno por la inversién fue la fertilizacién con el nivel L2 (N
180, P,0O5 400, K,O 358 kg ha') en los cultivares ‘Diacol Capiro’, ‘Superior’, and ‘ICA Unica’, mientras que para
‘Roja Huila’ y ‘Parda Bilingtie’ fue el nivel L1 (N 150, P,O, 200, K,O 100 kg ha). En el caso de ‘Pastusa Suprema’, la

tasa de retorno marginal fue de 18,5% con el nivel L2 de fertilizacion.

Palabras clave adicionales: Andisoles; disponibilidad de nutrientes; indice de crecimiento; rendimiento;

costos, nutricion vegetal.
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The potato crop in Colombia for 2019 represented
3.3% of the agricultural gross domestic product
(AGDP). The departments of Cundinamarca, Boya-
ca, and Narifio contributed 85% of production and
84% of the area planted (Ministerio de Agricultura y
Desarrollo Rural [Colombia MADR], 2021). In the
same year, 24,906 ha were cultivated in Narifio with
a production of 569,163 t (Colombia MADR, 2021),
involving about 25 thousand families, 3,600,000-day
laborers and 350,000 indirect jobs (Colombia Gober-
nacién de Narifio, 2020), so the crop represents great
economic, social, and cultural importance in the
department.

In Narifio four zones or homogeneous environments
for potato production are delimited and described
with different biophysical and climatic characteris-
tics, but each one is similar to the others. However,
we identified common attributes associated with the
productive system among other attributes. These
were soil fertilization distributed in two seasons and
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INTRODUCTION

the low use of soil analysis (Benavides et al., 2021;
Marcillo ez al., 2021).

The soils of the potato producing zone in Narifio
show variability in the content and distribution of
their chemical characteristics. Strong to moderately
acid soils predominate with pH between 4.7 and 6.1,
medium to high contents of phosphorus and potas-
sium with values higher than 20 mg kg’, and 0.3
cmol,, kg'. In the case of the bases, calcium contents
are between 1.6 and 10.9 cmol ,, kg, although val-
ues between 3 and 6 cmol ;) kg prevail, while mag-
nesium contents are low (less than 1.5 cmol ,, kg?).
Greater variability is observed in organic matter con-
tent with respect to the other characteristics. The
organic matter range varies between 2.6 and 32.6%
(Marcillo ez al., 2021).

The items associated with inputs within the produc-
tion costs for Narifio in 2018 in the cultivars ‘Diacol
Capiro’ and ‘Superior’ is 45 and 43%, respectively
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(Federacion Colombiana de Productores de Fapa [Colom-
bia Fedepapa], 2021). Specifically, for amendments,
manures, and fertilizers, the Colombia MADR (2021)
calculated 25% for the same year, underlining that
this item represents an important factor in the in-
vestment made by the farmer to produce the crop.

Unlike other crops of economic and food importance
such as cereals, there is little information about the
potato on nutrition and fertilization, and the existing
information is based on data elaborated in past de-
cades (Koch et al., 2020). This situation is not limited
to the department of Narifio, because the recommen-
dations based on critical levels and responses to ferti-
lization are found in technical manuals, such as that
of the Instituto Colombiano Agropecuario (Colombia
ICA, 1992), or response trials (Garcia and Obando,
1993; Garcfa and Pantoja, 1998).

The present research aimed to contribute to the fer-
tilization management of potato crops, analyzing the
agronomic responses and economic implications of
six potato cultivars Solanum tuberosum subsp. andige-
na, subjected to three levels of fertilization in four po-
tato producing environments of Narifio, Colombia.

MATERIALS AND METHODS

Location

The present study was carried out in southwestern
Colombia, Department of Narifio, in four representa-
tive zones for the environments characterized for po-
tato production in this region. These were chosen by
edaphoclimatic characteristics, such as altitude, pre-
cipitation, temperature, and prevalent slope (Bena-
vides et al, 2021). The evaluations were carried out
in farms located in the municipalities of Guaitarilla
(HE1), Providencia (HE2), Pupiales (HE3), and Gua-
chucal (HE4) located in each environment (Tab. 1).
The chemical properties of the soils of the site where
the evaluation was developed are described in table 2.

Plant material

The potato cultivars used were the ones with the
highest planting frequency for this group in the pro-
ducing area of Narifio (Benavides et a/., 2021): ‘Diacol
Capiro’, ‘Pastusa Suprema’, ICA Unica’, ‘Superior’,
‘Roja Huila’, and ‘Parda Bilingtie’ that have been de-
scribed by Nistez (2011) and Moreno (2000).

Experimental design

In each environment, experimental plots were estab-
lished in a randomized complete block design with
three replications. The treatments corresponded to
three levels of fertilization (Tab. 3). The first was
based on the interpretation of the nutrient contents
in the soils and the needs of the potato crop (Co-
lombia ICA, 1992); the second and third levels corre-
sponded to 50 and 75% of the requirements of a crop
to produce 40 t ha' (Garcia and Pantoja, 1998). Along
with the evaluated levels, secondary and micronutri-
ents were applied in doses per hectare of MgO 30 kg,
S15kg, B2.25 kg, Cu 0.6 kg, Mn 3 kg and Zn 4.8 kg.
We established a sowing density for the experiment
of 33,333 plants/ha. Each experimental plot occupied
an area of 45 m? of which 27.6 m? were used for re-
cording yield variables.

Table 3. Fertilizer levels applied to six potato (Solanum tu-
berosum subsp. andigena) cultivars evaluated in
four homogeneous production environments.

N P,0; K,0

L1 150 200 100

L2 180 400 358

L3 262 600 538

Variables evaluated

Each 15-d destructive sampling was carried out to re-
cord the dry matter during the productive cycle. The
leaf area index (LAI) was estimated from the total
leaf area and the area of soil covered by it. With this
information, the growth indices were calculated as
follow: net assimilation rate (NAR), crop growth rate
(CGR), and relative growth rate (RGR) (Mohamed et
al., 2017; Hunt, 1978; Pandey et al., 2017). At the end
of the cycle, the harvest index (HI) was calculated for
each cultivar. In addition, we evaluated the yield per
experimental unit, number and weight of tubers by
size at harvest, according to the Colombian techni-
cal standard for potato classification NTC — 341 (Co-
lombia ICONTEC, 1996), where large and very large
sizes are those of commercial interest.

Statistical analysis

We used the multivariate method of principal
component discriminant analysis (DAPC) for the
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identification and evaluation of groups by cultivars
and environments, using physiological indices and
yield variables together. We performed an analysis
of variance according to the experimental design and
Tukey’s test (P<0.05) for each cultivar, for compari-
son of averages of the yield of each component. The
statistical program R version 4.0.4 was used (R Core
Team, 2021) and the packages Adegenet (Jombart,
2008) for DAPC and ExpDes (Ferreira et al., 2013) for
analysis of variance.

Economic analysis

For economic determination of the effects of nutri-
tion levels, the methodology of partial budget net
benefit and marginal analysis was used (CIMMYT
et al., 1988; Reyes, 2001). An adjustment rate was
applied to the experimental yields to represent the
yield under commercial production conditions. The
selling price used was the historical departmental av-
erage for each cultivar from 2018 to 2020 (Colombia
Fedepapa, 2021). The price of production before har-
vest was estimated from the difference of the unit
costs of marketing and harvesting. The marginal
rate of return (MARR) was determined as the ratio
of gross field profit to net field profit. The minimum
rate of return (MIRR) was established as the sum of
the 2020 average of the fixed term deposit rate (FTD)
(BANREP, 2020), the expected inflation for Colombia
in 2021 (BANREP, 2021), and the expected return on

equity reported in 2020 that considers a 3-year aver-
age (Corficolombiana, 2020). For the selection of the
best treatments, the MARR and MIRR rates were
contrasted.

RESULTS AND DISCUSSION

Cultivar responses to productive environments
in Narifo

The physiological and yield responses of the cultivars
generated groupings showing differences among the
environments (Fig. 1A). This suggested that there
were different growth, development, and production
responses due to the particularities of each environ-
ment (Tab. 2). These results underline the differen-
tiation of homogeneous production environments
carried out for the department of Narifio (Benavides
et al., 2021). The variables that most contributed to
the grouping in the DAPC for environments were
mainly physiological and secondly productive.

The physiological indices that provided a greater
contribution to the differentiation of behavior in
environments and between cultivars were CRT and
NAR. CRT is an index of dry matter production ef-
ficiency that allows quantifying the growth rate. Its
contribution to the discrimination of environments
is influenced by the environment where the crop

DA eigenvalues

-

/ISupremal/ DA eigenvalues

Y e

the experimental units.

Figure 1. DAPC biplot with groupings of six potato (Selanum tuberosum subsp. andigena) cultivars in four homogeneous pro-
duction environments. The dispersion in the first two principal components is plotted, using in (A) the homogeneous
environments (HE) as a priori groups and in (B) the cultivars. The biplot synthesizes information on physiological
variables and yields components. Inertia ellipses of each homogeneous environment or cultivar are presented around

Rev. Colomb. Cienc. Hortic.
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develops (Mora-Aguilar et al., 2006). Although, the
CRT also allows the separation of behaviors between
genotypes since it is a measure that integrates the
physiological behavior of plants (Mora-Aguilar et al.,
2006; Santos et al., 2010), it was also important in
the grouping of cultivars. On the other hand, NAR
is an indicator of average photosynthetic efficiency,
and depends on genetic factors, so it is useful for es-
timating the efficiency and physiological differences
between potato cultivars (Borrego et al., 2000; Jerez et
al., 2016; Santos et al., 2010).

For ‘Roja Huila’ and ‘Parda Bilingtie’ cultivars, statis-
tical differences were found between environments
(Tab. 4), showing higher yields in environments HE2
and HE4, exceeding 31 and 37 t ha! and with a bet-
ter proportion of tubers of higher commercial value
with respect to the other environments. In the DAPC
these two cultivars formed the first separate group
(Fig. 1B), given that the NAR and CRT indices were
the highest (NAR between 0.194 and 0.249 g dm™
d* and CRT between 0.141 and 0.148 g g* d) in the
phase of highest growth and their lower yields com-
pared to those evaluated. These cultivars are planted
by producers in the department of Narifio (Benavides
et al.,2021) and are marketed in low volumes, mainly
for regional fresh consumption. ‘Parda Bilingtie’ can
be used for frying (Tinjaca and Rodriguez, 2015). Ac-
cording to the results, these cultivars are an option
for producers in the HE2 environment.

‘Diacol Capiro’, ‘Pastusa Suprema’ and ‘Superior’
in the DACP formed the second group of cultivars,
according to the physiological responses in the envi-
ronments (between 0.144 - 0.194 g dm? d! for NAR
and between 0.103 - 0.116 g g! day! for CRT), in
the phase of highest growth; and the yields achieved
were higher than those of ‘Roja Huila’ and ‘Parda Bil-
ingtie’ and lower than those of “ICA Unica’ (Fig. 1B;
Tab. 4). However, the yields of these three cultivars
responded differently within the productive evalu-
ated environments. ‘Diacol Capiro’ reached yields
between 28 and 32 t ha'in environments HE1, HE2
and HE3, like commercial yields ranging between 25
and 30 t ha?! (Moreno, 2000). In HE4 it exceeded the
potential yield reported by Ntstez (2011) of 40 t ha-
1. ‘Pastusa Suprema’, in the environments HE3 and
HE4 exceeded 54 t ha! and was statistically superior
to the yields in the environments HE1 and HE2 that
did not reach 46 t ha'. However, the results exceeded
the yields under optimal production conditions that

for Nistez (2011) are around 45 t ha. In the ‘Supe-
rior’ cultivar no statistical differences were observed
in the four environments. Its yield was between 35 t
ha'and 44 t ha, higher than the 32 t ha™ produced in
Narifo in 2018 (Colombia Fedepapa, 2021).

The responses of these cultivars could be attributed
to the optimal ranges of adaptation of each cultivar.
Thus, for ‘Diacol Capiro’ adequate production is re-
ported at altitudes between 2,000 and 3,200 m a.s.l.
(Moreno, 2000; Ntstez, 2011). For ‘Pastusa Suprema’
adequate production is seen from 2,500 to 3,200 m
a.s.l. (Nustez, 2011). For the ‘Superior’ cultivar a de-
fined range is not reported in the literature; however,
in this research its yields were adequate for the four
environments. In addition to altitude, the observed
differences may be due to the interaction of cultivars
with the different edaphoclimatic factors of the en-
vironments in the producing area; these are tempera-
ture, precipitation, soil pH, and slopes. In the HE1
environment, temperatures range from 14°C to 17°C,
precipitation up to 3,000 mm year!, moderately acid
pH and slightly steep slopes (5-12%). In the HE4
environment the temperature range is 9 - 12°C, pre-
cipitation up to 2,800 mm year!, neutral or nearly
neutral soils, and steep slopes (50-75%) (Benavides et
al., 2021).

The cultivar ‘ICA Unica’ differed in the DACP (Fig.
1B), since it reached growth rates of 0.149 g dm?
d? of NAR and 0.118 g g d* of CRT and attained
yields superior to other cultivars. This produced
more than 49 t ha' in the four environments evalu-
ated, highlighting its behavior in HE3 and HE4 for
exceeding 60 t ha' (Tab. 4). One of the character-
istics of this variety is the production of large tu-
bers, mainly observed in the environments HE2,
HES3 and HE4 that produced yields of large and
very large tubers greater than 47.5 t ha'. The varia-
tion in yield between environments may be due to
the adaptation of the variety to the environments
HE3 and HE4, where yields were higher (from 30
to 45 t ha') than the commercial ones reached at
altitudes between 2,600 to 3,200 m a.s.l. (Moreno,
2000). A commercial limitation of the cultivar is the
tendency to greening of the skin (Nustez, 2011), so
the light conditions for transport or storage must
be considered. This is one of the reasons why this
variety is less sown in Narilo compared with the
cultivars of the second group.

Vol. 16 - No. 2 - 2022
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Table 4. Analysis of variance in six potato (So/lanum tuberosum subsp. andigena) cultivars for the evaluation of three fertiliza-
tion levels in four homogeneous production environments in Narifio, Colombia.
Level 2 0.479"s 0.335" 0.016*
L1 30.7a 206a 3.4b
L2 354a 26.0a 50a
L3 346a 2442 3.9ab
Environment 3 <0.001*** <0.001*** 0.044*
Diacol Capiro HE1 28.0b 199b 3.7b
HE2 27.7b 18.0b 36a
HE3 31.9b 21.0b 40ab
HE4 46.7a 35.7a 51a
Level*Environment 6 0.443%8 0.375" 0.270M
CV(%) 29.6 37.4 29.3
Level 2 0.007** 0.027* 0.977"
L1 46.5b 296b 57a
L2 53.2 ab 34.4 ab b6a
L3 55.7a 370a b8a
Environment 3 <0.001*** <0.001 *** 0.014*
Pastusa Suprema HE1 455 be 252¢ 50b
HE2 453 ¢ 29.6 be 53b
HE3 54.1ab 37.7ab 5.4 ab
HE4 62.2a 42.2a 71a
Level*Environment 6 0.064" 0.245" 0.815"
CV(%) 12.8 18.9 23.3
Level 2 0.035* 0.002** 0.054"s
L1 56.2b 429b 54a
L2 62.4 ab 52.8a 6.3a
L3 63.0a 493 a b8a
Environment 3 <0.001%** <0.001%** 0.660"
ICA Unica HE1 499¢ 40.1b 56a
HE2 58.0 be 475 ab 59a
HE3 67.8a 52.8a 58a
HE4 66.3 ab 52.8a 6.0a
Level*Environment 6 0.550™ 0.537" <0.001***
CV(%) 10.9 12.3 13.9

to be continued

Rev. Colomb. Cienc. Hortic.
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Table 4. Analysis of variance in six potato (So/lanum tuberosum subsp. andigena) cultivars for the evaluation of three fertiliza-

tion levels in four homogeneous production environments in Narifio, Colombia.

Level 0.153 0.096" 0.170"s
L1 342a 200a 42a
L2 42.1a 212a b54a
L3 426a 215a b51a
Environment 0.276" 0.173" 0.337"¢
Superior HE1 352a 19.2a 42a
HE2 36.ba 24.7 a 46a
HE3 429a 279a 5.1a
HE4 440a 2718a b6a
Level*Environment 0.319" 0.304"s 0.295"
CV(%) 28.7 36.5 33.5
Level 0.041* 0.028* 0.044*
L1 27.3b 16.9b 42b
L2 30.2ab 19.6 ab 4.7 ab
L3 353a 23.7a 58a
Environment <0.001*** <0.001*** <0.001***
Parda Bilinglie HE1 304b 201D 6.1a
HE2 429a 29.3a 6.1a
HE3 13.2¢ 8.7¢ 35b
HE4 37.2ab 22.3ab 40b
Level*Environment 0.204Ns 0.206" 0.431M8
CV(%) 23.4 28.6 29.3
Level 0.041* 0.072" 0.087"
L1 19.4b 10.0a 25a
L2 245ab 145a 34a
L3 286a 16.3a 38a
Environment <0.001%** <0.001%*** 0.060"
Roja Huila HE1 20.0b 11.5be 36a
HE2 33.7a 17.3ab 3.7a
HE3 11.0b 5.4c 21a
HE4 319a 203a 36a
Level*Environment 0.182"s 0.289"¢ 0.553"¢
CV(%) 34.0 47.6 411

* significance level P<0.05, **: significance level P<0.0

1w

significance level P<0.001; ™: not significant. Means with different letters within each factor of
variation indicate statistical differences according to the Tukey test (P<0.05).
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Cultivar response to fertilization

The evalutated genotypes did not show an interac-
tion between fertilization levels and environment,
apart from ‘ICA Unica’ in the number of tubers (Tab.
4) that allow a general discussion of the levels evalu-
ated in all environments. The L3 level significantly
increased the total yield in the cultivars ‘Pastusa Su-
prema’, ‘ICA Unica’, ‘Roja Huila’, and ‘Parda Bilingiie’
with experimental values of 56, 63, 29 and 35 t ha™.

Levels L2 and L3, with respect to L1, increased the
number or yield of tubers of higher commercial val-
ue in all cultivars, except for ‘Superior’ that did not
respond to the increase in fertilization, although its
yield was higher than that reported for Narifio in
2018 of 32.1 t ha' (Colombia Fedepapa, 2021). In
'Diacol Capiro’, the levels increased the number of
tubers of higher commercial value from 4 to 6 tubers/
plant. In ‘Pastusa Suprema’ the yield of this type of
tubers reached 37 t ha' and in ‘Parda Bilingtie’ 24 t
ha' with approximately 5 tubers/plant. Finally, ‘ICA
Unica’ had interaction between environments and
levels with higher values in HE1 with level L2 (7.5
tubers/plant) and in environment HE3 with level L1
(7 tubers/plant).

Yield components in ‘Diacol Capiro’, ‘Pastusa Su-
prema’, ICA Unica’, ‘Roja Huila’ and ‘Parda Bilingiie’
indicate that L2 and L3 levels outperformed L1. This
response suggested that the L1 level did not supply
enough nutrients for the cultivars to increase their
yield. Meanwhile, L2 and L3 efficiently provided ni-
trogen (N), phosphorus (P,Os) and potassium (K,0O).
The highest yields are found when applying the
highest dose, 3,000 kg ha' of 10-20-20 fertilizer to
‘Diacol Capiro’ when compared to doses of 500, 1500,
and 3000 (Rios et al., 2010).

In general terms, soils in the production zone of Nari-
fio belong to the order of Andisols (low availability of
phosphorus, generated by the presence of allophane,
as well as by the formation of insoluble compounds
with iron and aluminum) (Bravo et al., 2016; Garcia
and Pantoja, 1998). There is also reduced mineraliza-
tion of organic matter (Sdnchez and Rubiano, 2015)
and limited availability of potassium, due to fixa-
tion processes that can immobilize between 20 and
40% of the nutrient (Henriquez er al., 1994). These
soils have low pH that can be lower than 5.5 in some
productive areas (Marcillo ez al., 2021) and can limit
the availability of nutrients for the crop. Consider-
ing these characteristics in the soils of the producing

Rev. Colomb. Cienc. Hortic.

area, the contributions provided by the L2 and L3
levels decreased the restrictions for a good supply of
nutrients to the crop. This generated a positive effect
on the production of most of the cultivars evaluated.
In addition, the fractionation of nutrients and time
of application must be considered according to the
phenological state.

Individual application of each element generates
yield increases with the highest doses, with up to
228 kg ha' of nitrogen (Pinochet et al., 2018), with
500 kg ha™ of P,0O5 (Fernandes and Soratto, 2016) or
with doses up to 300 kg ha' of K,O (Zelelew et al.,
2016). Evaluations of compound applications also in-
dicate that high doses improve potato yields (Rios et
al., 2010), however, this is true up to a certain limit,
as too high amounts could have a negative effect on
commercial tuber yields (Pinochet et al., 2018).

Additionally, the proportion of each nutrient applied
with reference to total fertilization should be consid-
ered, because it can generate a negative nutritional
effect on the crop. The proportion of nitrogen sup-
plied by L3 was less than 20% of the total fertiliza-
tion, while for Pinochet et al. (2018) it was higher
than 43% in the presence of 200 kg ha' of P,O5 and
100 kg ha' of K,O, reporting yield decreases with
doses higher than 228 kg ha!of N. With L3 no such
effects were observed when applying 262 kg ha' of
N, possibly due to the balance of proportions of this
formulation.

Economic analysis

In the dominance analysis, the L1 level was used as
a basis for the identification of fertilization alterna-
tives. In the cultivars ‘Diacol Capiro’, ‘ICA Unica’,
‘Pastusa Suprema’ and ‘Superior’ higher economic
benefits and lower variable costs could be achieved
with L2 for 'Parda Bilingtie’ with L3 and for 'Roja
Huila” with L1 (Tab. 5). From this information, in
the partial budget analysis, favorable changes were
found, with a MARR higher than MIRR (22.3%) in
the fertilization level for ‘Diacol Capiro’, ICA Unica’
and ’Superior’, while ‘Pastusa Suprema’ had a posi-
tive response, but it was not higher than MIRR. or
‘Parda Bilinglie’ a negative MARR was shown.

The L3 fertilization level had the highest yields in
the cultivars ‘ICA Unica’, ‘Pastusa Suprema’, ‘Parda
Bilingtie’ and ‘Roja Huila’ while in ‘Superior’ no agro-
nomic differences were found. In the case of ‘Diacol
Capiro’, only the effect on the number of tubers of
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Table 5. Dominance and partial budget analysis for the evaluation of three fertilization levels in six potatoes (Solanum tu-
berosum subsp. andigena) cultivars in Narifo, Colombia.
Cultivar Alternative nutrition Net benefit Variable cost Marginal return rate | Economic decision
level COP COP MARR (%) (MARR > MIRR*)
) ) L1 13.764.080 2.335.000
Diacol Capiro L2
12 14.243.760 4.320.000 24.2
. L1 21.406.690 2.335.000
ICA Unica L2
12 22.040.880 4.320.000 31.9
L1 13.992.080 2.335.000
Pastusa Suprema L1
12 14.359.584 4.320.000 18.5
, L1 10.961.960 2.335.000
Superior L2
L2 12.048.480 4.320.000 54.7
y L1 10.402.361 2.335.000
Parda Bilinglie L1
L3 10.029.921 6.440.000 -9.1
Roja Huila L1 4.665.296 2.335.000 - L1

* Minimum rate of return (MIRR) = 22.3%.

higher commercial value was seen. This contrasts
with the results of the economic analysis, where L2 is
indicated as the alternative that would generate high-
er income to the producers in ‘Diacol Capiro’, ‘Supe-
rior’ and ‘ICA Unica’, while for the cultivars ‘Roja
Huila’ and ‘Parda Bilingtie’ the level L1 is indicated
since their income would be higher and their costs
lower than the proposed alternatives. This depends
on the relationship between the additional yields
and the production costs to generate those yields,
therefore, producing higher tuber yields does not im-
ply higher economic gains for the farmer (Morales-
Hernéndez et al., 2015). The selling price is a highly
influential variable in the analysis and decision mak-
ing, hence the difference in economic results is also
related to the price contrast between cultivars. In the
period 2018-2020, ‘Diacol Capiro’ had average selling
prices of COP $663/kg, while ‘Roja Huila’ had COP
$455/kg (Colombia Fedepapa, 2021).

The failure to find economic response in ‘Roja Huila’
and ‘Parda Bilingtie’ could also be related to other
technical factors not considered, such as the avail-
ability of good quality seed, linked to the presence of
negative phytosanitary factors that affect crop yield
and prevent the expression of its productive poten-
tial (Wassihun et al., 2019; Avendafio and Gonzélez,
2015; Esprella et al., 2012).

In the case of ‘Pastusa Suprema’, the MARR was not
higher than the MIRR, that is, the remuneration that
the farmer would receive for the investment when

using the L2 level would not be higher than the op-
tions of the fixed income financial market. However,
with L2 there was an increase in profit of 18.5% with
the MARR. This rate may be acceptable for producers
with marginal technological levels, whose income is
below that rate, placing the L2 level as a fertilization
alternative for that specific case.

Finally, it should be noted that the amounts of com-
mercial fertilizer (packages per hectare) applied by
farmers are like those used in L2; however, the contri-
bution of nutrients is different. L2 provides 180 - 400
- 358 kgha' of N, P,0O; and K,O, while the producer’s
fertilization provides 292 - 297 - 354 kg ha’ (Mon-
salve et al., 2020).

CONCLUSIONS

The present study found different responses of the
genotypes evaluated at both agronomic and eco-
nomic levels. From the agronomic component, yield
varied with respect to the nutritional levels evaluated
without interacting with the homogeneous produc-
tion environments. The cultivars ‘ICA Unica’, ‘Pas-
tusa Suprema’, ‘Parda Bilingtie’ and ‘Roja Huila” were
favored by the high level L3 (262, 600 and 538 kg ha™
of N, P,0O5 and K,O), that resulted in higher yields.
On the other hand, the cultivars, ‘Superior’ and ‘Dia-
col Capiro’, did not show yield different responses
with respect to nutrition levels. The latter, however,
increased the number of tubers of higher commercial
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value under the medium level L2 (N 180, P,O5 400
and K,O 358 kg ha™). Economically, the level L2 is the
alternative that would generate higher returns on in-
vestment in the cultivars ‘Diacol Capiro’, ‘Superior’
and ‘ICA Unica’, since in these, the MARR higher
than the MIRR level L1 (N 150, P,O5 200 and K,O
100 kg ha'). ‘Pastusa Suprema’ presented an MARR
of 18.5% with L2.
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