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ABSTRACT

The propagation of plant material in the arracacha crop is commonly done vegetatively through asexual seed, this
activity has allowed its multiplication and conservation over time. The plant material available is of low quality, affect-
ing the development and potential yield of the crop and therefore the producer’s income. The objective of the research
was to comparatively analyze two technologies for the production of arracacha seed: local technology and Agrosavia
technology. The information for the local technology was obtained from surveys applied to farmers and the selection
was made using the deterministic sampling technique, and for the Agrosavia technology through the recording of data
and production costs in research lots at commercial scale. Descriptive statistics and calculation of economic return in-
dicators were applied for the two situations. The results show that the use of quality seed allows obtaining higher seed
production (251,559 unit ha™!) and tuberous roots (25,875 kg ha!), being superior to local technology by 14% and 28%
respectively; thus, the arracacha producer acquires greater economic efficiency by obtaining lower unit cost per kilo
produced and better net income with a marginal rate of return of 316.45. The results achieved are useful for farmers,
companies and entities that wish to produce quality seed and support the arracacha production system in Colombia.
Keywords: Asexual Seed; Quality; Production System; Arracacha; Propagation

ARTICLE INFO 1. Introduction

Arracacha (Arracacia xanthorrhiza Bancr.) is an important part of
the food diet of the human population, due to its high nutritional value
represented in the contribution of proteins, calcium, phosphorus, iron,
carotenes, vitamins A, B and E!"%. In Colombia, the crop occupies an
important position in the primary sector due to its planting area and par-
ticipation in the gross domestic product (GDP). Durante 2019 was
planted in 14 departments in a total area of 9,277 ha, which produced
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101,604 t with an average yield of 8.5 t ha', with the main producing
departments being Tolima, Boyaca, Norte de Santander, Cundinamarca
and Huila. The municipality with the largest planting area is Cajamarca
(Tolima), which provides 53% of national production!®’.

Three main arracacha materials are grown in Tolima: yema de
huevo, cartagenera and amarilla comtn. The latter occupies 80-90% of
the planted area and is characterized by high agronomic adaptation,
good production of tuberous roots, which are yellow with purple pig-
mentation in the pulp and peel, a condition punished in the fresh con-
sumption market*>!,

For commercial purposes, the propagation of the arracacha crop is
developed through asexual seed, commonly called: seed, propagule, son,
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shoot or sprout?®. This type of propagation has been
effective in the conservation and production of
crops of different root and tuber species. Asexual
reproduction uses a plant tissue or section obtained
from the mother plant with great potential for cell
differentiation!®, resulting in a rapid and effective
multiplication of plants, without genetic variabil-
ityt”.

Low quality propagation material affects crop
development, yield potential® and producer income.
In arracacha-producing areas in Colombia, vegeta-
tive seed comes from the same commercial produc-
tion lots and the extraction process has an inade-

quate selection®™'"!

, favoring the dispersion of
ntopathogens!'"! and affecting crop development,
production and quality of commercial roots'.

This problem has been evidenced in different
production regions of countries such as Brazil; for
this reason, in Brazil and Colombia, seed produc-
tion models have been developed that recommend
the application of genetic, physical, health and
physiological quality criteria to ensure the homo-
geneity of the material established in the field,
health and increase in the production and quality of
tuberous roots'* 14,

The objective of this work was to make a
comparative analysis of the production technologies
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of vegetative seed of arracacha in Cajamarca (Toli-
ma), considering the agronomic and economic
component of the local production system and the
technology recommended by Agrosavia in the
framework of the National Seed Plan (2013-2018).

2. Materials and methods

2.1 Location

The present study was conducted in the mu-
nicipality of Cajamarca, located in the central
mountain range in the western part of the depart-
ment of Tolima, in the altitudinal strip from 1,800 to
2,700 m, a life zone of very humid premontane for-
est and humid low montane forest, with an average
temperature of 17.5 °C, average relative humidity
of 84.7% and annual precipitation of 802.1

mm/year’),

2.2 Agronomic component

Data collection: Two arracacha vegetative seed
production technologies were analyzed for the re-
gional material Amarilla comin during 2015 and
2018. The implementation of descriptive and ana-
lytical methods was contemplated to define and
compare the two systems.
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Figure 1. Methodological scheme for the capture of technical information of local arracacha seed production in Cajamarca, Tolima.

* The thombus ¢ in the figure indicates the producer selection criteria.
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Local technology: Corresponds to traditional
management in the area; the information collected
was obtained from farmers with experience in the
production system and who had established com-
mercial plots in the Roédano, Tigrera, Cucuana and
Leona villages. The information was collected using
the deterministic or non-probabilistic sampling
technique!" (Figure 1).

Agrosavia Technology: The information was
obtained from the technological recommendations
generated by the Colombian Corporation of Agri-

cultural Research - Agrosavia, based on the results
of research trials and field validation tests, during
three production cycles in the Leona district, each
with 12 months for common Amarilla.

Production variables: seed yield (%), seed
yield per area (unit ha'), seed yield per plant
(unit/plant), diseased seed (%), tuberous root yield
(t ha™') and tuberous roots with purple pigmentation
(%) were taken into account in the data collection
for the two technologies.

Table 1. Parameters for the estimation of production costs, economic indicators and marketing margins in two product technologies of

arracacha in Cajamarca, Tolima

Equation Where:

n

Cd = Cd1 + Cd2 + Cd3 + -+ Cdn
Cd=0

Ci=Cil+Ci2+Ci3 + -+ Cin

Cd: direct costs; Cdi: seeds; Cdz: agrochemicals; Cds: daily wages, etc.

Ci: indirect costs; Cii: land rental; Ci2: financial costs; Cis: other, etc.

Ci=0
CP =cCd+Ci CP: production costs; Cd: direct costs; Ci: indirect costs.
n
Rdo = PC1+ PC2+ PC3+ -+ PCn Rdo: yield; PC: total production of tuberous roots per hectare.
Rdo=0
cp . . .
CU = Rdo CU: unit costs; CP: production costs; Rdo: yield.
IB = Rdo + PV IB: gross income; Rdo: yield; PV: selling price of tuberous roots production.
IN=1IB - CP IN: net income; IB: gross income; CP: production costs.
IB - Cd
RT = =~ " 100 RT: technical profitability; IB: gross income; Cd: direct costs.
IB—-CP .. . .
RN = T 100 NR: net profitability; IB: gross income; Cd: production costs.
cP . . . .
Peq = PV Peq: break-even point; Cd: production costs; PV: selling price.

cpP
PPeq = 5" 100

Et 4 100
= —%
cu

Pc—P
MBC = -

PDP =100-MBC

MNC =

PPeq: break-even percentage; Cd: production costs; IB: gross income.
Et: technical efficiency; PV: selling price; CU: unit costs.
+100 MBC: gross marketing margin; Pc: consumer price; Pp: producer price.

PDP: producer direct participation; MBC: gross marketing margin.

MBC —Cm «100 MNC: net marketing margin; MBC: gross marketing margin; Cm: marketing

costs; Pc: consumer price.

Source: Martinez-Reina et al.[2]
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2.3 Economic component

For the two technologies, economic indicators
were estimated based on the identification of pro-
duction cost patterns!'®, in which the main compo-
nents are differentiated: unit, quantity, unit value
(COP) and total value (COP) of direct, indirect and
total costs. Labor was valued according to the agri-
cultural daily wage in the region and the cost of in-
puts at field price (price paid by the producer for the
purchase of the input, plus the cost of transportation
to the farm), according to the methodology!'”. For
the analysis of crop management activities, we used
the methodology employed by Agredal'®. With the
information on yields in the two technologies, unit

and return costs were calculated, as well as net in-
come, profitability, break-even point and efficien-
cyt™l,

The price of tuberous root was calculated tak-
ing into account the average monthly value in the
region (1,298 COP kilo™), this value was multi-
plied by the yield (Rdo) and the gross income (IB)
was obtained. Thus, by subtracting the total produc-
tion costs (COP) from the IB, the net income (IN)
was calculated. Profitability was calculated by the
IN/CT ratio. The break-even point (Peq) was also
estimated, which is the minimum quantities re-
quired to produce to make income equal to costs
(Table 1).
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Figure 2. Scheme for two arracacha seed production technologies in Cajamarca, Tolima.
* The diamonds ¢ in the figure indicate that a decision must be made based on the criteria associated with the factor. 1. Does the
mother plant meet quality criteria? 2. Does the seed meet quality criteria? 3. Does the lot meet the criteria for the production of ar-
racacha seed?
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Once the economic returns for the two produc-
tion technologies were calculated, a comparative
analysis was made, considered as a total pre-budget
analysis and then applying the partial budget and
marginal analysis!'”. The increase in net income
(AIN) and the increase in variable cost (ACV) were
determined from tuber root yields (kg ha™), field
price (COP) and variable costs.

Yields were multiplied by prices, then, variable
costs were subtracted and net income was obtained.
The increases in net income (AIN) and the increases
in variable costs (ACV) were related to give the
Marginal Rate of Return which is the possibility of
recovering the additional costs for the technology.

3. Results and discussion

3.1 Agronomic component

The study identified three stages for the two
technologies analyzed: lot and seed identification,
agronomic management and tuber root harvesting.
These are defined with particular activities depend-
ing on the production technology (Figure 2).

3.1.1 Local technology

Batch and seed identification: According to the
information provided by the farmers surveyed, the
selection of the lot for planting is based on their
empirical experience, without taking into account
the incidence of soil pests and diseases, crop rota-
tion and land fallow, which coincides with the find-
ings of Alvarado et al.’!. Meanwhile, seed produc-
tion is derived from traditional practices, a factor
that is common in other arracacha-producing are-
aS.[IO’ZI]

The seed is obtained from plants with a visu-
ally healthy aerial part, located in lots with undu-
lating to broken relief, close to the tuberous roots,
and its preparation does not include the extraction
of the whole plant, so it is not possible to know the
health status of the subway organs such as stock and
tuberous roots, favoring the spread of pathogens!'l.
In the end, the producer obtains seed without ho-
mogeneity in age, origin and quality.

Agronomic management. The production sys-
tem does not have specialized technical assistance
and much of the knowledge is passed down from

generation to generation. Farming practices include
fertilization without soil analysis and continuous
drench applications, sanitary management without
monitoring of canopy and soil populations, manual
weed control and herbicide application close to
harvest as a strategy to reduce production costs.
These agronomic practices coincide with those
documented in the work carried out in the depart-
ment of Boyacad by Alvarado & Ochoa®”! and
Muiioz et al.l**!,

Harvesting. In the common yellow material,
the tuberous roots are harvested at 12 months for
the altitudinal range of 1,800 to 2,200 m a.s.l., and
at higher altitudes after 13 months of age. In this
technology, the tuberous roots are the main product
and the vegetative seed is considered a by-product
with no commercial value, which is why it is ac-
quired by exchange or gift between farmers in a
process of local mobilization (spontaneous flow)
without applying selection criteria of genetic, phys-
ical, physiological and sanitary quality.

3.1.2 Agrosavia technology

Plot and seed selection. It is recommended to
select plots with a slope greater than 30%, deep
soils with sandy loam texture and good drainage,
access to water, absence of production limiting
weeds such as Artemisia spp, low pressure of pest
insects such as chiza and nematodes identified by
field diagnosis and microbiological analysis of the
soil, lots with rest and crop rotation, avoiding
planting in areas established in recent years with
tomato and cabbage for sharing soil pathogens.

For obtaining asexual seed, the quality criteria
set out in Table 2 are followed, which are con-
sistent with research on vegetative seed production
models in Brazil by Madeira et al.l"*! and Sou-
sa-Balbino!'.

Agronomic management. The establishment
prioritizes pre-rooted seed in seedbeds, after disin-
fection with 5% sodium hypochlorite and/or 2%
agricultural iodine, to reduce losses of material and
have homogeneity in the field. Crop nutrition
is based on soil analysis, health management ac-
cording to biweekly and monthly monitoring, which
includes the elimination of atypical or diseased
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plants and weed control using herbicides in the ear-
ly stages of growth and manual cleaning after root
filling. According to Garnica et al.l’y and Sou-
sa-Balbino!'*, timely crop management following
technical recommendations improves yield and en-
sures quality seed.

Obtaining products. Cultivation is directed
with two purposes: semilla and quality tuberous
roots. Seed with better yield, greater number per

unit area and absence of health problems is
achieved, and greater production of tuberous roots
with lower percentage of purple pigmentation is
obtained (Table 3)!'?!. To promote the quality of the
two products, product readiness activities (seed and
tuberous roots) should be programmed in advance
of harvest, considering the altitudinal location of the
lot.

Table 2. Quality criteria for the selection of plants and seed in the arracacha amarilla comiin material, Cajamarca, Tolima

Criteria Plants

Asexual seed

Genetic quality .

Physiological .
quality e No nutritional deficiencies

Not affected by water deficit

Physical quality Height greater than 50 cm

Plants with 30-45 petioles
Plants with 10—15 developed seeds

ation.
No mechanical damage
Completely yellow tuberous roots

Phytosanitary °
quality

Characteristics of common yellow material
e Homogeneous characteristics in the crop, without mixing of genotypes

Vigorous between 10 and 14 months of age

Weight of tuberous roots between 2 and 2.5 kg

Internal tissues of seeds and tuberous roots without alterations in color-

Leaf spots caused by Alternaria sp., Cercospora sp. and Colletotrichum
sp. fungi should not exceed 5% severity.

Must correspond to the genotype
to be sown

Round base selected from the
periphery of the stock

Homogeneous characteristics
2-3 distinct rings of the stock
and 5-7 cm in length

e Absence of violet pigmenta-
tions in internal tissues

Absence of damage associated
with pests and/or diseases.

e Plants free of insect pests, virine worms, slugs, thrips, aphids, mites and
soil diseases associated with fungi, bacteria and/or nematodes.
e Strain without tissue alterations (watery rot or brown pigmentations)

Source: Authors.

Table 3. Comparative analysis of production variables for two technological methods for obtaining arracacha seed in Cajamarca,

Tolima, 2020

Variables Local technology Agrosavia technology
Yield (%) 90 95

Seed production (unit ha'") 216,000 251,559

Seed production (unit/plant) 10 22

Diseased seeds (%) 5 0

Tuberous root production (kg ha'!) 18,625 25,875

Purple pigmentation of tuberous roots (%) 7 4

3.1.3 Production variables

The methodology applied to the two technolo-
gies made it possible to determine production indi-
cators on the basis of which a comparative analysis
was made (Table 3).

Agrosavia technology showed higher seed
production per unit area (251,559 seeds ha™), 14%
more (35,559 seeds) than the local technology,
which allows the establishment of 12.6 ha on aver-
age and guarantees higher yield (95%), uniform

plant population, higher yield and less purple pig-
mentation in tuberous roots (4%).

Similarly, the Agrosavia technology yielded a
total tuberous root production of 26,953 kg ha™, of
which 96% (25,875 kg ha™') corresponded to com-
mercial roots and the remaining 4% (1,078 kg ha™)
to non-commercial roots that were discarded due to
the presence of purple pigmentation. In comparison
with the local technology that achieved a total tu-
berous root production of 20,027 kg ha!, where,
93% (18,625 kg ha') are commercial and 7%
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(1,401.9 kg ha') are discarded due to purple pig-
mentation.

The discussion of technologies focused on the
production of arracacha seed; however, commer-
cially the main product is the tuberous root. Under
this condition, it is important to highlight that the
seed currently has no commercial value, despite this,
with the application of recommendations and the
emergence of experts for seed production in the fu-
ture, it could acquire economic value that would in
turn represent an added value for the farmer, as

happens in Brazil, where planting is generally done
from seed selected with quality criteria, which has
allowed high yields in production!'?'.

3.2 Economic component

Based on the production indicators, Table 4
presents the economic analysis for the two technol-
ogies, based on 2020 prices (COP) for fresh tuber-
ous roots and a population density of 16,666 plants
ha™'.

Table 4. Comparative analysis of costs and economic returns of two arracacha seed production technologies in Cajamarca, Tolima,

2020

Indicator Local technology Agrosavia technology
Labor (COP) 8,135,000 9,472,300
Inputs (COP) 1,435,450 2,210,034
Tools (COP) 898,400 898,400
Subtotal Direct Costs (COP) 10,468,850 12,580,734
Indirect Costs (COP) 2,032,820 2,180,651
Total Costs (COP) 12,501,670 14,761,385
Yield (kg ha'') 18,625 25,875
Unit cost per kg (COP) 671 570

Sales price per kg (COP) 1,298 1,298
Gross Income (COP) 24,175,250 33,585,750
Net Income (COP) 11,673,581 18,824,365
Profitability (%) 93 128
Breakeven point (kg) 9,631 11,372
Percentage of break-even point 52 44
Efficiency 1.9 2.3

Source: Based on Garnica et al.[%!

The results show that both technologies are ef-
ficient in the commercial production of tuberous
roots. The Agrosavia technology allows higher tu-
ber root yields, with a difference of 7,250 kg ha™,
compared to the local technology. In addition, unit
costs in Agrosavia technology are lower, with a dif-
ference of 101 COP kg', which allows a higher in-
come (18,824,365 COP), achieving a favorable dif-
ference of 7,150,784 COP ha'. The break-even
point is higher in the local technology, requiring
52% of production to recover production costs,
compared to 44% in the Agrosavia technology,
which represents economic advantages for the pro-
ducer.

Marginal analysis is used in some situations

when evaluating new technologies in order to pro-
ceed with a recommendation!'’”). In this case,
changes in net income and variable cost were tak-
en, but it should be noted that only the components
that changed and were related to changes in
net benefit were taken into account. The changes in
the net benefit were greater than the variable cost,
while the variable cost changed by 2,259,716 COP
ha!, the net benefits changed by 7,150,784 COP
and the marginal rate of return was 316.45. This
indicates that, for each monetary unit invested, an
additional 2.16 COP is recovered and generated,
which increases the net income with respect to the
investment costs and makes Agrosavia technology
viable (Table 5).

18



Table 5. Marginal analysis for two technological alternatives of arracacha production in Cajamarca Tolima, 2020

Indicator IN Cv

AIN ACV TRM

Local technology 11,673,581 0

Agrosavia technology 18,824,365 2,259,716

7,150,784 2,259,716 316,45

IN = Net Income, CV = Variable Cost, AIN = Increase in Net Income, ACV = Increase in Variable Cost.

However, Agrosavia technology incurs higher
costs, which are compensated with better yields
evidenced by a higher net income, i.e., every time
the farmer incorporates this technology to local
production, net income increases, which suggests
making these changes to the arracacha production
system in the region.

4. Conclusions

The arracacha crop in Cajamarca (Tolima) has
an informal seed production system developed in
three stages: lot and seed identification, traditional
agronomic management and harvesting of tuberous
roots, where there is a cultural approach based on
spontaneous seed mobilization.

The production of quality seed requires the se-
lection of lots with low pest and soil disease pres-
sure and known history, seed selection from mother
plants that meet genetic, physical, physiological and
phytosanitary quality criteria, agronomic manage-
ment with an agro-ecological approach and obtain-
ing two products (tuberous roots and quality seed).

The mother plant is the main input for the
production of quality seed, the main criteria that
define the selection in the common yellow cv. are:
vigorous plants free of insect-pests and diseases of
the canopy and soil, without nutritional deficiencies
and affectation by water deficit, completely yellow
roots and without damage by nematodes.

The use of quality seed allows obtaining high-
er production of seeds ha™' and tuberous roots, with
less purple pigmentation, favoring the farmer's in-
come.
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