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ABSTRACT

In addition to bud rot, lethal wilt (LW) can also be considered as one of
the most challenging diseases for the Colombian oil palm agro-industry.
In fact, in December 2020, 7693 ha out of 560 000 ha planted with oil
palm trees in Colombia were eliminated due to LW. This study provides
an economic model intended to help growers deciding the moment at
which oil palm business ceases to being profitable due to IW epidemic
breakthrough. The developed model ultimately proposes an interaction
between the incidence of LW disease and, the expected net cash flow for oil
palm operations. Its purpose is to determine when the disease incidence is
so high that revenue is not attained. This model allows for testing different
alternatives of disease control, such as planting LW resistant cultivars,
as opposed to planting susceptible cultivars, which is the case presented
here. Results indicate that if one has planted LW susceptible cultivars and
the LW attack occurs before the 10" year of the crop, the decision should
be to exit business. On the other hand, if there are cultivars with some
degree of resistance to LW, then LW may attack in any year and although
the profitability of the business decreases, it is possible to coexist with the
LW, This model resulted in a powerful tool for growers to consider their
choice on cultivars when planning an oil palm plantation in Colombia.

Keywords: bioeconomic model, decision making, disease control,
economic assessment, perennial crops.
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INTRODUCTION

Oil palm planted areas in Colombia
had increased significantly during
the last two decades with areas
growing from 175 000 ha in 2001
to 590 188 hain 2021 (Fedepalma,
2021). Oil palm crops can be
found in 25 out of 32 provinces
and 162 out of 1103 municipalities
(Fedepalma, 2020). It is estimated
that the number of growers is

around 7000 and that 80% of these
were small and medium scale, with
farms covering a total area of less
than 500 ha (Bernal-Hernandez et
al., 2021). The dynamism of the
international markets for fats and
biofuels indicates great growth
potential for oil palm in Colombia
(Fedepalma, 2007).

Oil palm contributed 11%
of agricultural GDP for 2019
(Fedepalma, 2020). The 2018 figures
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from the Colombian Department of
Statistics (DANE) censuses indicate
that the oil palm agribusiness has
positively impacted the quality of
life of oil palm growers in the rural
areas (Gutiérrez and Rico, 2021;
Mosquera and Garcia, 2005). In
addition, oil palm provides its
workers with better working and
social conditions and a stable job
(DANE, 2018; Oliveiraetal., 2011).
The economic importance of oil
palm crops and the economic welfare
provided by this agroindustry, point
out that threats to the development
of oil palm crops in Colombia can
generate unwanted socio-economic
impacts in communities involved in
this economic activity.

One of these threats is the disease
known as lethal wilt (LW). IW has
been responsible for the elimination
of 1.1 million oil palm trees and
the total eradication of 7700 out
of a total of 590 000 cultivated
hectares in Colombia (Fedepalma,
2021). LW was first recorded in
the 1980s (Martinez, 1985). Later,
in the 1990s, it was reported that
oil palm trees were attacked by LW
in the Eastern Zone of Colombia
and since then, its incidence in oil
palm crops has steadily grown all
over this region (Cenipalma, 2011;
Martinez, 1985; Torres and Tovar,
2004: Rocha et al., 2007).

The symptoms of the disease
consist of generalised chlorosis of
the leaves and their progressive
drying up, which begins at the tips
of the leaflets. Additionally, the
fruits and roots rot (Cenipalma,
2001; Rodriguez, 2007). LW alters
the physiological process of water
absorption and translocation in the
palm, which leads to the collapse of
the foliar tissues, until the palm dies
within a maximum period of three
months (Torres and Tovar, 2004).

Management of the disease is
based on monitoring LW cases and
the immediate elimination of the
affected palms. Planting broad leaf
legume covers is recommended to
avoid the proliferation of grasses

that host LW vector insects. Finally,
one should use insecticides to
mitigate the presence of vector
insects themselves (Martinez, 2010;
Martinez and Sarria, 2013; Sierra et
al., 2014). This strategy has proven
to be effective if the cultivars show
a certain degree of resistance to LW
(Rairan et al., 2015). In this regard,
it is reported that the contagion of
LW is more accelerated in oil palm
crops with cultivars Deli x Yangambi
and Deli x Avros. On the other hand,
contagion is less accelerated in oil
palm with Deli x La Mé cultivars
(Tovar, 2018).

Bioeconomic Models of Pest
Control

Strategies for pest control
in perennial crops may include
prevention, exclusion, eradication,
protection and treatment of diseased
plants, which are not mutually
exclusive (Ploetz, 2007; Tisdell
et al., 2017). Prevention consists
of reducing the possibilities of
introducing the pest or pathogen to
the crop, or preventing them from
having the necessary conditions for
their development. In this category,
one includes strategies such as
the selection of land for planting,
the management of predisposing
factors, the use of soils free of pests
or pathogens in the nurseries, and
the sowing of healthy plants (Ploetz,
2007). Exclusion consists of trying to
keep pests and pathogens out of the
fields, through population censuses
or early detection of diseased
plants, use of certified seeds, and
disinfection of machinery and tools.
The elimination of diseased plants
or eradication consists of removing
infested plants and tissues from the
field (Ploetz, 2007; Tisdell et al.,
2017). Finally, the protection of the
crop and the treatment of affected
plants include a wide range of
biological and chemical strategies,
and the selection of cultivars resistant
to the problems that afflict the plant
(Grogan and Mosquera, 2014).

Most of the pest studies in the
literature dealing with perennial
crops evaluate the reductions they
cause in yield and or economic
damage. Little research has been
done on conceptual frameworks,
which facilitate decision-making for
producers, to choose management
strategies when infestation of their
crops by pests or diseases occurs
(Mosquera, 2013). This article
focuses on the economic analysis
of pest control in perennial crops,
which involves the damage they
cause on crop yield.

Unlike semi-annual crops,
perennials involve long-term
investments, requiring large capital
outlays early in the project life cycle,
even before they begin to bear fruit.
Consequently, they are not easy to
modify or reset. Complicating things
even more, is the fact that affected
plants can continue to bear fruit
for a time, although with reduced
yields and probably with lower
quality (Mosquera et al., 2015).
Therefore, growers must decide
whether to continue production
by eliminating plants affected by
pests and diseases, running the
risk of suffering a greater loss due
to their spread; or if they eradicate
the entire crop to make way for new
ones (Mosquera et al., 2013). If one
considers removing diseased plants,
then some questions arise, namely:
1. How many plants can be

removed to keep the operation

profitable?

2. After a disease attacks, when
is it known that it gets out of
hand and is it better, from an
economic point of view, to
finish the project?

3. Is the investment related to
implementing  the  control
strategy profitable? In conse-
quence, a suitable approach to
the economic evaluation of pest
management in perennial crops
must consider the factors just
mentioned. This has been done
by developing bioeconomic
optimisation models.
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Economics has developed a set
of analytical capabilities, which
facilitate decision-making. The
starting point is to understand
the threat posed by pests, and
then evaluate control strategies.
Specifically, bioeconomic models
are the result of the joint work of
academics from various disciplines,
such as agricultural economics,
agronomy, plant pathology, plant
physiology, mathematics, ecology,
among others. Potential yield and
damage function are the main
elements for the construction of an
optimisation model. The potential
yield is defined as the maximum
production that can be obtained
in the absence of pest attacks
(Mosquera, 2013). Consequently,
control strategies should focus on
reducing the damage caused by
pests.

Although the objective of each
model varies, each one tries to
develop an optimal pest control
strategy (Chen-Charpentier and
Jackson, 2020; Tisdell et al., 2017).
Three large groups of optimisation
models were identified, namely:

» Assessment of the effectiveness
from pest control strategies

* Damage function - reduced
form

* Damage function - structural
form

Models that Assess the
Effectiveness from Pest Control
Strategies

Saminathan et al. (2019) studied
the management of Rhynchophorus
ferrugineus, a pest that destroys
coconut crops, through the use of
pheromones. The results showed
that in the plots in which it was
used, the percentage of captures was
21.7% higher, which was reflected
in a decrease in the damage caused
by the insect, measured from an
economic point of view. The net
income in the plots using pheromone
was 30% higher. The benefit / cost
ratio was 3.28 in the treated ones,
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and 2.85 in the untreated ones
(15% higher in the treated plots).
These models also make it possible
to determine the effectiveness of
management strategies that are
applied simultaneously. For example,
Blackwood et al. (2012) used a
bioeconomic model to determine
the synergistic effects of applying
multiple control strategies for
Lymantria dispar, taking into account
the dynamics of the species and
the costs of the different control
measures. They found that combining
the application of pesticides and
techniques for mating interruption,
a better profitability is obtained than
the implementation of each strategy
separately (Blackwood et al., 2012).

Models with a Reduced Form
Damage Function

The literature on pest
management tends to link biological
and economic systems through the
damage function, which relates
the loss of crop yield with the pest
population. In other words, there is
a known parameter that links pest
population and economic damage,
and it is considered stable over
time. These models have been used
to evaluate the effects on consumer
welfare, caused by attacks by pests
and diseases that, by reducing supply,
affect prices and therefore demand
(Alamo et al., 2007). Oliveira et al.
(2014) studied the losses caused by
pests in the main crops in Brazil. The
method used was the assessment of
the percentage of damage caused to
the crop yield, with respect to the
potential yield. Economic losses
were estimated by multiplying the
loss caused by pests by the market
price paid for the production of each
crop. The results showed that the
economic losses for the 35 evaluated
crops ranged between 2% and 43%,
and those caused by pest insects
were in the order of USD14.7 billion,
equivalent to 7.7% of the value of
agricultural production (Oliveira et
al., 2014).

Models with a Structural Form
Damage Function

In order to incorporate the
dimension of time into the damage
function, researchers developed
models treating pests’ dynamics
as an endogenous variable of the
same. An earlier example of this
type of work is that of Cobourn et
al., (2008), who built a bioeconomic
model for the study of olive groves
threatened by the olive fly. This
specified the damage of the fruit at
a time and place, as a function of
climatic variables, characteristics of
the fruit that attract the insect and
management practices. By including
dimensions of space and time,
decision makers could consider
damage rates by site and time, rather
than getting a cumulative figure for
the entire crop. These models allow
a more rational use of pesticides.
Indeed, the main result was that
pesticide applications were not
necessary for a period of two months
(Cobourn et al., 2008).

For their part, Fuller et al.
(2011) proposed a bioeconomic
model to study the case of Pierce’s
disease (PD), a disease that affects
grape crops, transmitted by an
insect (sharpshooter) that feed on
vine trees. This work involved the
spatial dimension of the spread of
the pest in perennial crops, in order
to consider the effect of vector and
disease management decisions,
at the individual and collective
level. It was about studying the
benefit of cooperation between
nearby producers, including
the externalities associated with
individual decisions. Three scenarios
were used: 1) Isolated producer. 2)
Two producers, one control and
the other does not. 3) An external
planner that maximises the benefit of
the two producers, considering the
space-time dynamics of the insect.
The results suggest that coordinated
action between producers generates
the greatest benefit for them (Fuller
etal.,2011).
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Chen-Charpentier and Jackson
(2020), presented an optimisation
model to evaluate control strategies
for a viral disease (which attacks
the plants of a crop), transmitted
by a vector. The authors proposed
a dynamic model, the objective of
which was to minimise the cost
of production for a plantation in
which, through vector control, it
is possible to reduce the incidence
of a disease (and reduce the cost of
treating it). This work considered
two disease management strategies;
use of chemically synthesised
insecticides and favouring the
establishment of predatory species.
From the methodological point of
view, functions were included that
describe the interactions between
vectors, predators and the number of
infected plants. The main result was
the need to combine management
alternatives to minimise the total
cost of disease control.

Finally, Mosquera et al. (2015)
proposed an economic model for
decision-making in the scenario
of avocado crops attacked by the
Laurel wilt disease, for which no
control strategy had been found
according to Ploetz et al. (2011).
Laurel wilt is transmitted by the
Xyleborus glabratus insect, infected
with the Raffaelea lauricola fungus.
In this work, a biological model of
disease dissemination (Gompertz)
interacted with one of net crop
income, in which it is assumed that
as the trees are infested with Laurel
wilt, the corresponding production
is lost. Additionally, the age of the
avocado orchard at the onset of the
disease was considered. The results
shed light on when an avocado crop
is no longer profitable because of the
trees that have been eliminated due
to the Laurel wilt.

The model proposed in this
paper builts on the work by
Mosquera et al. (2015), since there
are similarities between Laurel wilt
and the LW diseases such as: both
are vectored by insects, both are
lethal and both attack perennial

crops. Our model is intended to fill
the knowledge gap in determining
when the number of oil palm
trees eliminated by LW makes the
palm growing business unviable.
Consequently, this study presents
the results of the development of a
bioeconomic model that makes it
possible to determine the optimal
moment to cease business in crops
affected by LW.

METHODOLOGY
The Theoretical Model

With one of the goals of the
present research being to develop
a model with which profitability
could be assessed in the presence
of LW, the model assumes that an
oil palm plantation is an asset with
a useful lifetime and a stream of net
benefits during that time. The model
estimates the economic impact
of IW by applying the income
method developed by Spreen et al.
(2003). Future costs and revenues
are estimated to obtain net revenue
per annum, and net future revenue
is discounted such that the net
present value (NPV) is obtained
using the formula

T (sz_Cer_F> (1)

NPV= 1
=1 (1)

where ¢ indexes the corres-
ponding time period; p is the price
paid per kilogram of fresh fruit
bunch (FFB); Q, is the marketable
yield per hectare of oil palm crop
in time period t; ¢, represents
the wvariable costs per hectare
(harvesting and transportation
to a palm oil mill) at time period
t; F represents production costs
(sanitary, irrigation, weed control,
and nutrition expenses) and
fixed costs (land, supervision,
and management overhead) per
hectare; and r is the discount rate.

It should be noted that
LW affects net revenue by both

decreasing  fruit  production
(causing the death of palm trees)
and increasing management costs
(scouting, sanitation, and any
other prophylactic treatments).
The anticipated increase in
management costs can therefore
be accommodated in the model
through an adjustment (reduction)
of the net price received for FFB by
producers. In this application, net
price is adjusted accordingly to the
disease cases which in turn yield
an increase in total costs due to LW
management.

The effect of LW on oil palm
yields per hectare is obtained as
indicated by Lopez-Vasquez et al.
(2021). To calculate the value of
cumulative disease incidence at time
t, Lopez considers the summation
of palms eliminated since the
beginning of the LW outbreak up
to period t, this is the moment in
which the first LW case is detected.
For the model with LW, a disease
incidence function is used, which
describes the area under the curve
for disease incidence progress over
time AUCDI as:

n-1 (d+d.,,)
AUCDI= ) .~ %* (t,—t) )
Where ¢t indexes the time

period, d indicates the percentage
of oil palm trees affected by LW,
this is the ratio between infected
trees with respect to the total
number of trees planted. Note
the expression in Equation 2
indicates the amount of diseased
oil palm trees at each period.
Consequently, if one has planted
a LW susceptible cultivar one may
expect greater values of disease
incidence at each period, compared
to those coming from plots
planted with a cultivar featuring
some resistance to LW. The approach
by Lopez-Vasquez et al. (2021) was
used to describe data coming from
oil palm plantations that did not fit
traditionally used epidemic models
such as: Exponential, Gompertz,
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Monomolecular or Logistic. Finally,
it must be highlighted that the time
period unit is year and, the space
unit is a hectare.

Optimal Period to Exiting Business
(Elimination of the Whole Oil
Palm Lot)

By interacting the net cash flow
and the disease incidence functions,
a unique solution of when to destroy
all oil palm trees in the plot or to
replant can be determined. The
profit maximising objective implies
that producers will stay in the
oil palm business until operating
costs become greater than returns,
at which time they will either exit
the business or replant with more
resistant varieties.

It is assumed that LW attacks
oil palm crops at any age after
the beginning of the production
of the first bunches, this is about
second or third year after planting
an oil palm stand. Given that LW is
lethal in nature, the palms that had
been eliminated made it possible to
estimate the decline in production
for each period and the consequent
drop in gross income. Similarly, T'W
management costs are also associated
with the number of palms attacked
by the disease. They make it possible
to estimate the increase in costs for
each period and the consequent fall
in net income.

As a reference, the scenario
without LW was assumed. This
was contrasted with the scenario of
having a cultivar with some degree of
resistance to LW and with that having
a cultivar susceptible to IW. In the
latter, the evolution of the cases of the
disease is expected to be greater and
therefore, 1) production will decrease
to a greater extent and 2) the costs of
treating a greater number of palms
with LW will increase in comparison
with the scenario in which the
cultivar shows some resistance to LW.

Given that the IW can attack
at any time after the first bunch is
produced, the model will consider
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the year when oil palm is being
attacked by the IW as one of its
variables. If the IW attacks in year
30, which in turn is the year in which
replanting was planned, it is closer
to the ideal scenario of not having
LW in the project. The calculation
of the net present value (NPV)
considered the periods between
sowing and the moment the cost
becomes higher than income and,
the producer would decide to stop
their production activity. If this
calculation yielded a positive value,
it can be concluded that the project is
viable. On the other hand, a negative
NPV value can be interpreted as
a non-viable project and from an
economic viewpoint, it would be
recommended not to continue in
the business.

Model Parameterising

As mentioned before, during the
1990°s the LW was first reported in
the Eastern Zone of Colombia and
since then, the largest number of LW
incidences had been recorded at this
region (Ruiz-Alvarez et al., 2020).
This explains why this research had
been carried out at the plantation
in this zone area. Figure 1 is a
map by the Statistical Information
System of the Colombian Oil Palm
Agroindustry (SISPA) presenting the
location of oil palm crops and palm
oil extraction mills, according to
Colombian oil palm growing zones.

As mentioned above, the model
has two interacting components,
an economic component and a
biological component that describes
the behaviour of LW over time.
Their interaction makes it possible
to simulate the effect of the IW on
the producer’s cash flow.

Crop Yield and Gross Income

Information on production in
tonnes of fresh fruit bunch (FFB)
obtained in the lots with susceptible
and tolerant genetic material was
collected. To calculate the income

obtained from the sale of FFB, the
average of the real sale price of FFB
per tonne for the period 2014-
2020 was used (Fedepalma, 2020).
Considering the average of the real
price allows us to consider the
fluctuations in the palm oil price,
which determines the FFB price of
the fruit.

Production Costs

The life cycle of an oil palm
project is assumed to be 30 years
and consists of establishment — year
0, immature stage of the crop — from
year 1 to year 3, stage of palm in
development — from year 4 to year 6
and, adult palm — from year 7 to year
30. For each stage, the plantation
under study was investigated in
terms of the costs of maintaining
the cultivation, harvesting and
transportation, using the costing
methodology proposed by Mosquera
et al. (2020). The unit costs were
calculated based on the ratio between
the total costs incurred per hectare
throughout the productive cycle of
the crop and the sum of the tonnes
produced per hectare in the same
period.

Lethal Wilt Control Costs

The value of wages and the
yields of tasks involved in controlling
LW were investigated. To calculate
the value of equipment and tools
involved in LW controlling, the
fixed costs were estimated from their
price, useful life, and depreciation.
Additionally, the variable costs were
estimated from plantation records
on fuel, maintenance costs and
spare parts. Finally, information was
collected at the plantation on IW
control costs such as pesticides price,
doses, and frequency of application.

Lethal Wilt Dynamics
As mentioned above, the

incidence of LW over time was
determined using the method
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Source: SISPA (2021).

proposed by Lopez-Vasquez et al.,
(2021). The data were gathered
from the sanitary records of the
plantation corresponding to the lots
under study. This data confirmed
that the number of palms removed
by LW attacks was higher when LW
susceptible cultivars were planted
with respect to when LW partially
resistant cultivars were planted. Field
verification of the removed palms
was carried out.

RESULTS AND DISCUSSION
Crop Establishment Costs
Establishment costs for Elaeis
guineensis cultivars amounted to

USD3297 per ha (Figure 2). The task
that had the highest proportion in the

Figure 1. Oil palm growing zones from Colombia.

cost of establishment with 24% were
the construction of infrastructure
such as roads, drainage channels
and overpasses. It was followed
by the production of seedlings for
planting at the nursery with 17%.

Production Costs by Stage of the
Crop Life Cycle

The sum of the maintenance
costs of the three years of the
immature stage was estimated at
USD3882 (Figure 3). Meanwhile,
the sum of the costs of the three
years in the development stage,
which already includes the
harvest of the first FFB was put at
USD5334. The estimated annual
value of the costs of the adult stage
was USD1944 per year.

il Pam Od M

ol Cd Paim Crops

Yield and Gross Income

Figure 4 illustrates the expected
yield information for the plantation
for cultivars E. guineensis, expressed
in FFB per hectare. It was obtained
from the plantation records.
Meanwhile, Figure 5 presents the
data on the real average sale price
of FFB for the 2014-2020 period
the value of which was USD115.3
(Fedepalma, 2020).

Lethal Wilt Management Costs

The lots attacked by IW were
assumed exercising the same
management practices, since they
are lots from the same plantation.
It was observed that the practices
implemented depended on the
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number of LW cases. In highly
affected lots, a greater investment
of money, personnel and supplies
was required to control LW. The
LW control costs are presented in
Table 1. The LW control costs value
in scenario 2 was USD76.6 per
hectare per year. Meanwhile, the LW
control costs value was estimated
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Figure 4. Expected yield cultivars E. guineensis.

at USD53.4 per hectare per year in
scenario 3.

Dynamics of LW

Figures 6 and 7 illustrate the
progression of the incidence of LW
according to the plantation data
for the two scenarios proposed,

respectively. Some values of possible
years in which the LW attack begins
were illustrated to encourage the
reader’s understanding of the impact
that this parameter has on the
viability of the business. Specifically,
for both cases the cumulative
incidence values were plotted over
time if the IW attack started in
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Figure 7. Dynamics of the cumulative incidence of LW in lots with cultivars with

years 3, 8, 15,22 and 29. Note that,
incidence curves are steeper in the
case of susceptible cultivars, which
means that once disease attack
the fields the infection process
is faster, compared to resistant

some resistance to LW,

cultivars. In consequence, the
number of productive oil palm trees
decreases faster in crops planted
with susceptible cultivars, which in
turn decreases crop yield. On the
other hand, the more infected oil

palm trees the greater are the LW
control costs and are also greater
the oil palm elimination costs.
Both decrease progressively the net
income and drive business to the
point in which costs exceed gross
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resistance to LW.

TABLE 1. LETHAL WILT (LW) CONTROL COSTS

LW scouting
Timely eradication *
Insecticide spraying on foliage

Note: *
Source: Plantation information.

income, moment at which a grower
decides to stop their operation.

Optimal Period to Leave the
Business

Calculation of the net present
value (NPV) for any possible year
of LW attack, considers the net
present value for the period elapsed
from the crop establishment to the
moment in which the costs of crop
maintenance and disease control are
higher than the gross income, this
is the moment in which one reaches
negative net income because of L'W.
It was assumed that, if a grower
does not obtain a positive value
of net income, he/she decides to
leave business. Figure 8 presents the
results for the two scenarios with LW
attack, this is susceptible cultivar
and partially resistant cultivar, for
each of the years in which the LW
attack may occur and compares
them to the scenario where there is
no LW attack (NPV = USD6349).
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Scenario 2
cultivar susceptible to LW

USDA49 per ha per year
USDA4.7 per oil palm
USD23.2 per ha per year

Eradication of a single palm by using a herbicide injection.

For illustrative purposes, if the
W attacks in year 3 of crop ‘s life cycle
and there is a W susceptible cultivar
planted, the net income will become
negative after 11 years because of the
increase in LW incidence which in
turn generates increasingly higher
control costs and a growing loss of
FFB production. In consequence the
NPV from establishment to year 14
yields a negative value (-USD4268).
Under these circumstances, the
decision must be to eliminate the
productive project. On the other
hand, if LW attacks in year 3 a crop
with some degree of resistance
to LW, the negative value in net
income will not be attained within
the oil palm economic life cycle (30
years), because LW spread is quite
slow. In this case the summation of
cropping costs, the increase in TW
control costs and, the value of crop
yield loss, do not get over the gross
income. In fact, the NPV calculated
from establishment to year 30 yields
a positive value of USD4744. The

Scenario 3

cultivar partially resistant to LW

USDA49 per ha per year
USDA4.7 per oil palm
0

latter indicates that the project is still
viable even facing the threat of LW, if
there is a partially resistant cultivar
to IW. Both scenarios compare to
dotted line corresponding to the
initially projected NPV value of
USD6349 (Figure 8).

In summary, when the LW
attack occurs in years 3, 4, 5, 6, 7,
8 and 9 in plantations planted with
susceptible cultivars, the decision
should be to eliminate the business
and either replant with a variety of
palms resistant to LW or switch to
another economic activity. For LW
attacks after year 10, in plantations
with susceptible cultivars, positive
NPV values are obtained but the
profitability of the business is
seriously affected.

If the plantation has cultivars
with some degree of resistance
to LW, the LW may attack the
crops in any year of the production
cycle and the NPV will remain
positive. This indicates that although
the profitability of the business
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decreases, it is possible to coexist
with the presence of IW.

This result encourages the
planting of materials that have proven
to have some degree of resistance to
LW through extension strategies
that guarantee that LW ceases to be
a threat to the sustainability of an
agribusiness on which not only small
and medium scale growers depend
but also plantation workers.

CONCLUSION

The scope of the study must be
analysed from two perspectives: 1)
its contribution to the management
of the disease through a decision
making tool and ii) the benefits
to the environment due to the
reduction of agrochemical molecules
used to control LW.

This model should be considered
as a useful tool for mitigating the
phytosanitary problem of LW. The
sowing of cultivars with some
degree of resistance is highlighted as
a control strategy since the decrease
in incidence and the lesser impact
of IW on the profitability of the
business is evident. In addition,
the sowing of resistant cultivars
would make it possible to reduce the
inoculum pressure by avoiding the
presence of susceptible individuals,
thus reducing the risk of disease
to nearby or neighbouring lots.
In other words, planting resistant
cultivars makes it possible to stop
the progression of the disease.

The use of cultivars resistant to
LW makes it possible to reduce the
use of chemical molecules and hence
has benefits for the health of field
workers and growers, in addition
to the reduction of the impact of
pesticides on the environment.

In this article, some approaches
to studying the economic efficiency
of disease control strategies were
presented. As evidenced, there is a
portfolio of methods that serve to
carry out this type of evaluation, and
its application depends largely on
the available data and the purpose
for which the investigative work
is carried out. The works range
from the decisions of an individual
producer about a known control
strategy, through comparisons
between alternative management
tactics, and even reaching such
complex issues, such as the revenue
that cooperation between producers
leaves to face a common enemy.
The objective was to present some
relevant literature, so that interested
people can resort to texts that fit
their needs.

In this vein and according to the
authors’ criteria, the most complete
models are those in which the
behavior of the pest population is
determined endogenously and is not
taken as external data (optimisation
models with function of structural
damage). Naturally, such models
also embody a higher degree of
complexity, and require high
computing power to obtain optimal
solutions. These correspond to the
maximum profit, which is usually
measured in terms of net income.
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