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Abstract 

 

Mexican citrus-growers observe the Brazilian citrus-industry as an example about dealing 

against HLB, the most of this kind devastating disease worldwide. The purpose of this paper 

is to propose a strategy to manage and control HLB in Mexico. From the Brazilian advise, 

four scenarios (A,B,C,y D) to manage and control this disease were evaluated, in order to 

determine if adopting this approach is feasible to Colima and other Mexican citrus-growers 

states, assuming similar agronomic, economic and biological citrus conditions. The Benefit-

Cost Ratio (BCR), the present value of expenses and incomes, and the Net Present Value 
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(NPV) were estimated. The scenarios were evaluated through a model, which was built up 

from the fitting of two logistic models and a Gompertz model, for forecasting citrus tree 

productivity, severity and disease spread. The best fit for Colima´s key lime growers is 

scenario D with a BCR of 10.9. Scenario D is the one that kept the highest BCR, under 

changes in price and interest rate. Similarly to Brazil, many Mexican citrus-regions are at risk 

of being affected by HLB, this paper provides a sense on which strategies are the best to apply 

in uninfected citrus-regions in Colima and other states within Mexico. 

 

Keywords: Greening. Citrus. Plant Health Control 

 

1. Introduction 

 

After a century of the appearance of HLB (Greening) in the world, it has been 

qualified as the most severe disease that has ever appeared in the citrus groves because of its 

consequences (Bové, 2006). China was the first country that officially identified this malady. 

A renowned pathologist named Dr. K.H. Lee designed the Chinese strategy against Geening 

(HLB), which was the first attempt to deal with this disease, and implied eradicating diseased 

citrus trees, and starting plantations all over again. Later, the role of the Asian Citrus Psyllid, 

Diaphorina citri Kuwayama, the vector which population transmits HLB (Xia, 2011), was 

included in the Chinese grove management measures to control the disease.  

During 2004, HLB stroke the Brazilian citrus industry, which asked for consultants as 

Dr. Bové from France with a strong background on the knowledge of the disease. Dr. Bové 

suggested the whole Chinese strategy against HLB (Xia, 2011), and advised the Brazilian 

producers with a series of reinforced strategies. The Brazilian approach means having a grove 

management with new planting settings and eradicating trees as soon as they display HLB 

symptoms; this also involves replanting of the complete grove every twenty years, and also 

includes vector population control through continuously spraying authorized insecticides. 

In Mexico, the first HLB alert was observed in the state of Colima, in April 2010; 

since then, citrus growers have adopted diverse approaches in order to counter attack the HLB 

effects. These management strategies have effectively avoided losses in productivity; however 

there is no economic information about the impact of combating the disease.  

The purpose of this paper is to propose a strategy to manage and control HLB in 

Mexico. From the Brazilian expertise, four scenarios to manage and control this disease were 

built and economically evaluated, in order to determine if adopting this approach is feasible to 

Colima and other Mexican states citrus-growers, assuming similar agronomic, economic and 

biological citrus conditions. 
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Among other works and documents related with building a benefit ratio analysis 

would be the one applied by Salcedo et al (2011), in the book about assessment of the 

campaign against HLB in Mexico. However, this analysis takes into consideration the whole 

citrus industry in the country and the analysis is based on the federal public investment for 

controlling HLB. Further documents using a Private Benefit Cost methodology are those 

published by Miranda (2011 and 2010) where the Sao Paulo citrus industry was assessed and 

the information obtained gave a good input to the Northeast citrus industry, from the same 

country, that could be under the same plant health threats suffered by Sao Paulo’s citrus 

industry. There are also documents where the benefit cost assessment was applied in the 

Floridian citrus industry by Spreen (2013), and those under the threat of citrus canker and the 

assessment of the program build by Zansler et al (2012). In the same way as Brazil, Mexican 

citrus regions are affected differently, so a benefit cost analysis in the state of Colima on key 

lime, may provide good insights to the citrus decision makers of the rest of Mexico, which are 

still not affected by HLB.  

The present document establishes in the introduction the general background about the 

HLB disease and using of models for similar papers; the methodology section explains how 

the Gompertz and logistic models were arranged and how the four scenarios were built based 

on the methodology proposed by Miranda (2010, 2011) using the benefit cost methodology on 

the citrus production taking in consideration the incidence and the severity of the disease 

proposed by Bassanezi & Bassanezi (2008). In the results section, several graphs display the 

benefits of adopting the strategies according to the stated scenarios. A sensitivity analysis was 

done changing several variables in the model that integrates the three biological and economic 

models. The conclusions chapter establishes that the benefit cost ratio is a reliable 

methodology to decide which strategies are the best fit. 

 

2. Methodology 

 

From the Brazilian advise, four scenarios (A,B,C,y D) to manage and control this 

disease were built: scenario A production (without disease), scenario B (assuming spread of 

the disease without any control), scenarios C and D (intermediate situations between 

controlling and eradicating). 

With the methodology proposed by Miranda (2010, 2011), which is based on 

technicians direct observations, information on costs and income obtained by University of 

Sao Paulo, the model made by Bassanezi & Bassanezi (2008). In Mexico, the model was 
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made with the data available from State and Governmental agencies such as COEPLIM-

Colima State key lime producers Council (2013), INIFAP (Agriculture Research Institute) 

(Robles-González et al, 2011), INEGI (National Institute of Statistics and Geographic 

Information, 2007) and CESAVECOL (Colima Plant Health Committee, 2013). The 2012 

field information used to integrate in the model ranges from the count of trees by citrus 

grower in the Mexican state of Colima done by COEPLIM, the observations by hectare on 

severity and incidence of HLB done by the scouts hired by COEPLIM and CESAVECOL, the 

prices provided by Colima´s citrus growers in the Cost Assessment done by University of 

Chapingo (2013), which includes information on costs and income obtained by hectare, the 

tree age on the groves provided by INEGI and COEPLIM. Once gathered these pieces of 

information, an economic analysis was made based on present value of incomes and expenses, 

the Benefit-Cost Ratio and the Net present Value (NPV). 

This sort of analysis comes from a multiple arrangement of models and key variables 

that integrate several actual and observed conditions. The general model takes into account 

the Gomperts model based on Bassanezi et al (2008), which gives the estimation of the 

incidence of HLB infection at different levels of tree age in the grove. The following 

matching model is a logistic model that forecast the level of severity of the disease based on 

the number of trees per hectare in the orchard. The model fits citrus trees productivity 

individually with citrus trees productivity per hectare, plants age when the disease was first 

detected, costs of production (fixed and variable), costs of management, costs of applying an 

integrated pest management program at different levels of efficiency. The price per ton and 

the interest rate are also assumed as given in the general model. Once all the models were 

arranged together, a sensitivity analysis was run with different trials and changes on interest 

rate and observed prices in the records given by FAO on its key lime trade data base. 

The chosen forecasting horizon was 20 years. The reference year selected in this paper 

was 2012, taking the economic conditions that prevailed during this year as foundation, as 

well as the plant health, and the policy enforced in the state of Colima on the citrus groves at 

that time The year 2012 is also important for Mexican citrus growers in Colima, because that 

year several strategies were tested and several documents were published in order to control 

HLB, such as the Protocol to establish regional areas for controlling psyllids that transmit 

HLB (ARCOS). 

On the other hand, and according to the methodology proposed by Miranda (2010, 

2011) the model requires of identifying the benefits and the parallel tangible and intangible 
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costs, either direct and indirect, involved in the application of a plant health private policy. 

Once they are acknowledged, and databases are prepared for calculations, it is possible to 

build scenarios in order to calculate the net present value of benefits and costs under the 

referenced scenario.  

Once this is stated, and the alternative scenarios are defined, projections can be done 

for a chosen time horizon analysis. For each scenario outlined, there is a flow of projected 

benefits and costs present on the time horizon, under the prevailing 2012 economic scenario. 

With the sum of the present values of benefits and costs, it becomes possible to calculate the 

benefit- cost ratio. The benefit -cost ratio is calculated according to the equation 1. 

B/C =                                                        (1) 

Where: 

Bj = Benefits of avoided losses Investment on defense program in the year j ;  

Cj = Associated costs with the maintenance of citrus grove in year j (provided by the 

private sector);  

i = discount rate; the discount rate used was assumed at 5%, which is a basic interest 

rate used in the Mexican economy by Banxico for the UDIBONOS 1A. 

n = orchard´s span life.  

To evaluate the economic viability of an investment, Miranda´s methodology adopts 

the method of the Net Present Value (NPV) , as it is one of the most used in the field of 

investment analysis due to its reliability. It is important to remember that, as recommended by 

Miranda et al. (2010), the actions in favor of plant health may be seen as an investment, 

because they seek to safeguard production in future periods. The calculation of NPV can be 

seen in equation 2 and it is closely linked with the Benefit-Cost model. 

NPV =                                                   (2) 

 

An investment is considered feasible, from an economic and financial point of view, 

when the net present value is higher than zero (NPV > 0), when this occurs, benefits outweigh 

the costs, and when considering the case of benefit-cost analysis, the value has to be higher 

than 1, as seen in equation 3. Thus, when NPV > 0 

NPV =  and B/C>1                                    (3) 
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This number can be interpreted as the return on investment (producer = private) or  

(government=public); which is the obtained profit for each currency unit invested in the 

considered action or program of plant health. In this case, the NPV represents the return, or 

benefit, that a citrus plant health strategy will deliver in the chosen currency units, therefore, 

benefits are taken from the estimation of keeping healthy citrus trees in a hypothetical 

scenario and therefore keeping production at several levels without losing the market. Costs 

are obtained from the activities to control HLB, such as elimination of infected trees and 

increase in production costs (due to inspections, insecticide applications, tree elimination and 

replanting), key lime production and costs of production to grow the crop, crop loss damage 

related to citrus orchard size and the assumption to control the disease over 20 years, and at 

the end of this time period the producer will replant the whole grove. 

For obtaining the benefit cost ratio using this proposed methodology, the plant health 

benefits come from the valuation of avoided losses by the action of prevention policy, and 

control and eradication of the citrus greening disease fitting in a logistic model. Since this is a 

private estimation of the benefits and costs of the strategies applied, the costs do not include 

the government’s expenditures through programs or campaigns of plant health. In the same 

way, Miranda (2011) also states that all the data added up from avoided losses are considered 

benefits. Costs and benefits have to be converted to net present value at a chosen discount rate 

(Banxico's 5%). At the end, the benefit-cost ratio is obtained by calculating the relationship 

between all the added values of the given benefits and divided by the sum of all the added 

costs associated to the activities proposed by the program of defense of agriculture. It is 

possible to compare the original and the alternative scenarios because in all the calculations, 

the variation on the conditions is added up in the same way so the benefit-cost ratio is stated 

in the same terms. This proposed methodology considers the action of plant defense as an 

investment.  

Scenario A is the scenario without the disease; consequently there aren’t any citrus 

growers expenditures on plant health strategies to control HLB.  

In scenario B, the losses caused by the bacterium are considered at a maximum level; 

according to Bassanezi et al (2008) there are several assumptions based on direct 

observations, such as: it is considered that only 30% of producers spontaneously adopt proper 

management and procedures to accomplish the Brazilian rule named IN53, about eradicating 

plants at the indicated rate by the survey made by the Agency Fundecitrus (Belasque 2010). In 

the case of Mexico, Citrus growers have to accomplish the protocols on HLB control 

http://www.custoseagronegocioonline.com.br/


Economic impact analysis for combating HLB in key lime citrus groves in Colima, Mexico, 

 assuming the Brazilian approach 

Vera-Villagrán, E.; Sagarnaga-Villegas, L.M.; Salas-González, J.M.; Leos-Rodríguez, J.A.; Miranda, 

S.H.G. de; Adami, A.C. de O. 

Custos e @gronegócio on line - v. 12, n. 4 – Out/Dez - 2016.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

350 

published in 2010 and 2012. Moreover, COEPLIM and CESAVECOL did a similar survey 

and they got the following numbers: 59% have a 15% incidence of HLB and they want to 

keep it this way, 33% have almost 50% incidence of affected trees in their groves and they do 

some investment to deal against HLB in their groves. Just 8% of the citrus producers are not 

applying any control at all, therefore they have more than 50% incidence of HLB. However, 

for simulation purposes, it will be stated in the model that between 26% and 30% of the citrus 

growers will have the economic power to deal with the strategy. The losses caused by HLB 

are considered at an assumed maximum level; considering that only 30% of Colima´s citrus 

producers spontaneously adopt proper management and procedures established by protocols 

of control. 

In scenarios C and D, since the strategies are kept for a 20-year projection, it is 

assumed that 3% of the trees are eliminated for reasons different than HLB, besides the trees 

cut by the citrus producers under the eradication rates established by Bassanezi & Bassanezi 

(2008). Finally, a 100% of the trees will be eliminated at the end of the 20 years period, when 

citrus growers are doing proper management of the grove and the disease. Thus, orchard 

productivity can be maintained at economically feasible levels.  

For scenario A since there is no disease. Nevertheless, a 3% annual replanting in the 

grove due to reasons other than HLB is considered. The four scenarios assume that every 20 

years the citrus growers renew the whole grove. In Table 1, data about citrus trees in citrus 

areas was provided by COEPLIM and CESAVECOL in 2013, as well as about the incidence 

level of HLB in these zones for the same period.  

 

Table 1: Sample data about citrus areas established by COEPLIM and CESAVECOL, 

in 2013. 
MODULE GROUPS % 

ADVANCE 

(%) 

INCIDENCE 

HAS CITRUS TREES 

1 Cerro de Ortega 2 33.16 2.4 155.75 32,270 

2 Ahijadero 

Tecuanillo 

1 13.08 2.31 1,912.50 406,914 

3 Chanchopa Saucito 7 38.64 1.61 711.85 128,951 

4 Cofradia Morelos 1 13.44 1.06 696.45 121,471 

5 Tecuanillo Real 2 8.02 0.97 1,786.36 331,843 

6 Tecolapa 

libramiento 

6 21.65 0.86 709.9 142,617 

7 Llano 1 20.44 0.77 964 200,512 

8 Madrid 2 16.36 0.54 236 47,200 

9 Caleras  5 28.44 4.47 359.22 80,687 

10 Cuyutlán Paraíso 3 24.71 4.51 767 166,200 

11 Periquillo Juarez 3 17.93 3.04 382.5 76,500 

12 Coalatilla 4 6.53 7.71 441.75 88,350 

12 Cofradía. 

Excaltitan 

3 2.96 0.89 317.25 55,350 
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MODULE GROUPS % 

ADVANCE 

(%) 

INCIDENCE 

HAS CITRUS TREES 

12B Cofradía. Peña 1 51.69 3.74 297 54,945 

13 Cofradía. Cañita 4 19.53 6.24 317 63,060 

13B Cofradía. 

Puertecito 

3 17.34 0.59 212.1 35,547 

14 Rincón 1 17.74 0.84 343.05 68,610 

15 Pueblo Esperanza 5 28.71 0.99 448.33 86,302 

16 Coquimatlán 

Colima 

4 41.46 1.25 236.6 50,219 

17 Reyes - Carranza 4 33.08 2.06 444.5 88,900 

18 Colomo Charco 3 85.84 2.7 347.4 52,110 

Source: Prepared with data from INEGI 2013, CESAVECOL AND COEPLIM 2013 

 

In Table 2, the number of plants per age in the state is observed; this was used for 

forecasting how the disease is progressing in the citrus groves. 

The forecast of the incidence of the disease, in the long run uses information about age 

categories and group of age. Trees can be classified as young, middle aged, and old, and were 

identified by the technicians as with or without symptoms. So, the affected trees in the State 

were obtained with the given information for the number of trees and the disease incidence 

level for all the modules shown in table 1. This information was also calculated based on the 

work done by COEPLIM and CESAVECOL in 2012 (2013). The reports are available in the 

National Service for Plant Health, Safety and Agri-Food Quality (SENASICA) website 

(SENASICA 2015).  

 

Table 2: Sample data about citrus trees by ages category with data from INEGI 

CENSUS, COEPLIM and CESAVECOL, in 2013 
Municipality 0-2.9 Years 3-5.9 Years 6-10 Years > 10 Years TOTAL 

Armería 183,653 292,597 360,412 131,930  968,592  

Colima 22,239 30,391 26,707 15,665  95,002  

Comala 7,072 4,328 - 101  11,502  

Coquimatlán 52,106 52,113 53,462 4,262  161,944  

Cuauhtémoc 323 101 625 -  1,049  

Ixtlahuacán 5,989 2,922 931 13,184  23,026  

Manzanillo 36,320 60,384 62,838 14,825  174,366  

Minatitlán  1,407    1,407  

Tecomán 463,197 703,485 920,588 647,501  2,734,771  

Total 770,898 1,147,728 1,425,562 827,468  4,171,657  

Source: Prepared with data from INEGI 2013, CESAVECOL AND COEPLIM 2013 

 

As mentioned earlier, the epidemiologic model is the one proposed by Bassanezi and 

Bassanezi (2008). This document is important because it gives a sense of the spread of the 

disease and the consequential decrease in yield, taking as reference the productivity of a 

healthy citrus tree. It is important to mention that, Bassanezi´s calculations (2008) are based 

on the observations of the Brazilian technicians from Fundecitrus, at the beginning of the 
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infection and in their program was built to even forecast the progress of the disease related 

with age of the tree. The number of diseased trees and the loss of productivity per each 

scenario take into consideration the region characteristics.  

All calculations are done taking into account the number of boxes produced annually. 

For this paper’s purpose, the considered boxes are the standard 40 pound ones, managed 

commonly for limes. Another important assumption in Miranda’s model (2010 and 2011), and 

also managed in Bassanezi’s (2008), is defining the annual rates of replanting the grove. This 

rate can be a decision coming from the grower or it can be pushed by enforcement of public 

policy of eradication and replanting. In the model was used the 3% replanting rate stated by 

citrus growers in the interviews. 

Another important input for the model is the database with the historic prices paid to 

the citrus grower in every harvesting season in Colima. The price frame provided is monthly 

prices from 2000 to 2012 (SNIIM 2014 and UACh 2013). According to Miranda (2011), data 

included in the model in this way allows to forecast prices during the 20 years time horizon 

and they include the overall movements of the market. 

In all the scenarios, there weren’t any government expenses considered, such as 

federal campaigns or programs intended to control and eradicate HLB. The main investment 

comes from the citrus producers own budget, such as frequent insecticide pulverization, 

inspections, elimination of diseased plants from the groves and replanting of certified healthy 

citrus trees.  

 

3. Results and Discussion  

 

Scenario A represents the production of key lime without HLB. Since this data was 

obtained just before the disease invaded the state completely, this could be the ideal or the 

hypothetical condition to accomplish once the disease is controlled. Scenario A is also the 

reference to compare scenarios B, with no control, C with no citrus trees eradication and just 

vector population control and D with eradication, vector control, citrus trees eradication and 

replanting. The graphs show the results in boxes as the units of production (Figure.1). 
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Figure 1: Production observed after estimating the application of several scenarios to 

control HLB 
Source: Own elaboration from the model 

 

 

It can be observed that scenario D, with presence of the disease and all the strategies 

applied, eventually can behave very similarly as scenario A. Similar trends to figure III:1 can 

be observed in figure 2, where instead of quantity, productivity and the value of production 

are expressing the same behavior in scenarios B, C and D.  

 

 

Figure 2: Comparing value of production scenarios under several scenarios to control 

HLB 

Source: Own elaboration from the model 
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After running the model and adjusting to the conditions of the State of Colima in 

Mexico, as other studies have already mentioned, it was confirmed that reduction in yield is 

the main cause for the economic losses caused by HLB (Figures 1 and 2). 

Scenario B is assumed with no insecticides application, no eradication of infected trees 

and no replanting. The behavior stated by Bassanezi (2008) according to his epidemiological 

model gives this dramatic loss in yield. The figure compares scenario C line with application 

of insecticides but no eradication of infected citrus trees and no replanting and the scenario D 

line, which includes application of insecticides, eradication of symptomatic citrus trees and 

replanting. Keeping good collaboration among citrus growers on good management practices 

leads to a strict control of the psyllid, and to a good control of the disease. Therefore, the 

citrus trees yield will behave in a similar way as a scenario without the presence of the 

disease. 

Scenario C also shows that partial strategy application gives scenarios with partial 

control of the disease. This is because just the control of the psyllid is not enough to get rid of 

the infection. The high investment on frequent pulverizations does not increase production so 

the business declines for citrus growers not applying all the treatment. So, keeping decaying 

trees and investing on numerous pulverizations increases cost of production, in such a way 

that keeping the business is very difficult for most citrus producers.  

 

 

Figure 3: Cost of production under scenarios B, C and D 
Source: Own elaboration from the model 

 

In figure 3, scenario B has the lowest costs because there is no eradication and no 

investment in vector control. Scenarios C and D are more expensive because scenario C 

increases the number of insecticide applications on an average of 10% more during the whole 
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20 years period. In scenario D the cost increases because of insecticides application for the 

reduction in population of psyllids, and replanting because of eradication of trees.  

In scenario D-B, the benefits of controlling the disease will be increasing at the 

beginning until the year nine and it is positive along the time of simulation, because new 

plantings increase production and income. This is because of the elimination of an important 

amount of diseased trees at the beginning of this first stage to control. However, over time, the 

orchard recovers profits on the basis of reduction in the rate of spread of the disease. 

 

 

 

 

 

Figure 4: Differences on benefits among scenarios considering value of production in 

dollars 
Source: Own elaboration from the model 

 

Differences among scenarios considering value of production are shown in figure 4. If 

the program is adopted, losses in productivity are compensated while keeping healthy 

replanted citrus trees. The benefit of lowering the inoculum in the grove will be observed over 

time. On the other hand, scenario D-C will give fewer benefits because the strategies are just 

focused on controlling the vector population. The infected citrus trees will decrease 

production because of the disease and the profitability of the grove will diminish accordingly. 
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Table 3: Summary of economic results  

 
Scenario B (WO/ Eradication + WO/ vector control) 

Years forecast 20. 

Original Number of trees 4,171,656.  

Lost trees because of disease 2,839,745 

Production year 1 before detection (boxes) 25,048,137 

Value of production year 1 of detection US dollars 118,728,172 

Production value in year 20 US dollars 787,098,546. 

Production Cost US dollars 890,657,994 

Sum Value of Production in20 years US dollars -103,559,448.  

Removed plants because of greening 0.0  

Scenario B Total Cost after 20 years US dollars 890,657,994.  

  Scenario C (WO/ Eradication + W/vector control) 

Years forecast 20.  

Original Number of trees 4,171,656 

Lost trees because of disease 2,839,745.  

Production year 1 before detection 25,048,137 

Lost Production after 20 years (Boxes) 20,358,106.  

Value of production year /1 of detection US dollars 118,728,172 

Value of production after 20 years of infection and control 

(US dollars) 1,279,430,749 

Difference among Value of Production in year 1 with 

respect to year 20 US dollars 96,497,423 7.  

Removed plants because of greening 0  

Scenario C Total Cost after 20 years US dollars 980,558,486.. 

Sum Value of Production in20 years US dollars 298,871,614.  

  Scenario D (W/ Eradication + W/vector control) 

Years forecast 20. 

Original Number of trees 4,171,656  

Lost trees because of disease 2,502,635 

Production year 1 before detection boxes 25,192,036. 

Value of production after 20 years  (US dollars) 1,865,190,369 

Lost Production after 20 years (Boxes) 14,759,473 

Value of production year 1 of detection US dollars 119,410,254 

Value of production after 20 years of infection and control  

(US dollars) 49,450,352 

Lost Value of Production after 20 years US dollars 69,959,902 

Removed plants because of greening -1,182,500 

Scenario D Total Cost (US dollars) 984,203,072  

Sum Value of Production in 20 years US dollars 880,987,298.  

  

  D-B Difference  

 Production (Boxes) 227,445,532.  
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Table 3: Summary of economic results  

 
Removed plants because of greening 2,492,951 

  Benefit Cost Ratio for Production Difference  

 

 

Production Benefit (US dollars) 1,078,091,824 

Net Present Value Benefits (US dollars) 663,292,062 

Production Costs (US dollars) 93,545,078.  

Net Present Value of Costs (US dollars) 60,763,607.  

Benefit Cost Ratio Producer 10.92 

Sum total benefit coming from applying D-B (US dollars) 602,528,455. 

  D-C Difference 

 Production (Boxes) 123,578,116 

Removed plants because of greening 2,492,951 

  Benefit Cost Ratio for Production Difference   

Production Benefit 585,760,269 

Net Present Value Benefits US dollars 356,957,641 

  Production Costs US dollars 3,644,585. 

Net Present Value costs (US dollars) -2,562,149 

Benefit/ Cost Ratio Producer  -139. 

Sum of total benefit coming from applying D-C (US dollars) 359,519,790.  

Source: Own elaboration form the model 

 

Table 3 shows the results on the calculations made in scenarios B, C, and D. 

Comparisons to Scenario A can be done on figure 1. The model shows that D-B scenario 

production boxes are 227,445,532., and the Sum of total benefit coming from applying D-B 

obtained by the private investment made by citrus growers in the State of Colima, per the 

whole stock of key lime trees, is US$602,528,455/, after applying the whole strategies and 

constantly eradicating, replanting and pulverizing insecticides to keep the vector population 

controlled. On the other hand, the benefit cost ratio is US$10.92, which is positive and 

supports the viability of the decision of eradicating, replanting and pulverizing. Looking at 

other references about the advantages of applying scenario D to cover up scenario B generates 

a production benefit of US $1,078,091,824. 

Scenario D-C production boxes are US$123,578,116 almost half of production 

obtained in scenario D-B. The benefit cost ratio obtained is -139. Therefore, it is negative, so 

the decision of just pulverizing insecticides without eradicating and replanting is not 
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financially and economically viable after applying the whole strategies and constantly 

eradicating, replanting and pulverizing insecticides to keep the vector population controlled. 

In the other hand, the Sum of total benefit coming from applying D-C is US $359,519,790, 

which is wide lower than D-B, so this numbers supports the viability of the encouraging citrus 

producers to prefer D-B decision. Other measurements about the advantages of applying 

scenario D to cover up scenario B instead of C are a production benefit of US $585,760,269, 

almost half of the amount given by D-B. 

 

4. Sensitivity Analysis 

 

The sensitivity analysis' purpose is to determine how changes on the main parameters 

of the model affect the proposed strategies and their viability. The analysis is based on the age 

of the tree and the rate of spread of the disease (β) affecting the grove, because they would 

modify fruit yield and net profits with a resulting impact on the established scenarios. Other 

parameters that affect the model include the latency, which is the time the disease does not 

show symptoms at different ages during 20 years. The age dependent rate of spread and the 

latency time are also adjusted to observe their effect on model results. Changes in the price 

per ton affect the net present value estimations. They are external changes, which affect the 

model, and they are the more likely to be overviewed in a sensitivity analysis. Also, low 

international prices have been the main reason because of many medium and small producers 

have left citrus production in many countries, especially in the last decade in Brazil and the 

US. The considered feasible changes on scenario D-B is the impact of a price decrease from 

$4.74/box to $3.39, and later a price increase from $4.74 to $7.43/ton. These prices come 

from the observed Colima´s key lime market survey recorded by FAOSTAT. 

 

Table 4: Results on sensitivity analysis at different observed prices 

D-B Scenario  Selling price 

Price/box sensitivity analysis US $4.74 US $3.39 US $7.43 

Benefit Cost ratio for Production Difference    

Net Present Value Benefits 663,292,062 474,379,765 1,039,717,303.39 

Net Present Value Costs 60,763,607.  60,763,607.  60,763,607.  

Benefit Cost Ratio Producer 10.92 7.81 17.11 

Source: Own elaboration from the model 
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Table 5: Results on sensitivity analysis at different interest rate 

D-B Scenario  Interest rate 

Interest rate for sensitivity analysis 5% 2% 12% 

Benefit Cost ratio for Production Difference    

Net Present Value Benefits 663,292,062 879,977,323 374,857,245 

Net Present Value Costs 60,763,607.  77,639,597.  39,303,791.  

Benefit Cost Ratio Producer 10.92 11.33 9.54 

Source: Own elaboration from the model 

 

Tables 4 and 5 show the net present values for scenario D-B, considered the most 

feasible, at interest rate of 5% and price per box registered by the FAO database of USS4.74. 

Table 5 also shows that net present values change when interest rate and price are modified. 

When interest rate goes down, 2%, the BCR goes up to 11.33. But when interest rate goes up, 

12%, the BCR goes down to 9.54. Similarly, a lowered price results in lower net present value 

for all groves at all levels of disease incidence and the benefit cost ratio falls to 7.81. A fall in 

price may favor a scenario B, or do nothing. Therefore, the producer will be out of business as 

soon as the interest rate increases and the price lowers until the grove is economically 

unproductive. When price is increased from US$4.74 to US$7.89 per box, the net present 

value is positive for all levels of incidence of the disease. The benefit cost ratio goes up to 

17.11, then this change incentives the producer willingness to produce citrus and stay in the 

market. This analysis purpose is aimed to pair the economic and biological facts of HLB 

influencing citrus production into an economic decision making framework for producers. 

Therefore high prices and low interest rate favor the combat against the disease and make 

feasible to the citrus grower to maintain production. 

 

5. Conclusions 

 

Comparing all the results of scenarios about applied strategies that deal with HLB to 

Scenario A, of no disease, it is evident that the strategies involved in scenario D lead to the 

original yield before HLB but with more investment. Comparing with the scenario of no 

control at all (B), it is noticeable there are many losses that can be avoided. When citrus 

producers are not eradicating, the loss in productivity will decline rapidly. This analysis 

confirms that in three years, losses could be very high. 

After applying the complete set of strategies stated for scenario D, the resulting yield 

is due to a result on reduction of the severity of symptoms exposed on well-maintained plants. 

http://www.custoseagronegocioonline.com.br/


Economic impact analysis for combating HLB in key lime citrus groves in Colima, Mexico, 

 assuming the Brazilian approach 

Vera-Villagrán, E.; Sagarnaga-Villegas, L.M.; Salas-González, J.M.; Leos-Rodríguez, J.A.; Miranda, 

S.H.G. de; Adami, A.C. de O. 

Custos e @gronegócio on line - v. 12, n. 4 – Out/Dez - 2016.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

360 

If the grower spends money on controlling and eradicating, they are investing in future health 

conditions of the grove as the benefit cost analysis shows.  

Comparing the Benefit Cost Ratio among scenarios D-C is -139, with NPV of US 

$356,957,641 on benefits and NPV of US $2,562,148.811 on Costs; therefore the feasible 

choice is D-B. Therefore, the private investment by the grower benefits the continuity in the 

citrus production in the long run. There are higher costs in scenario D at the beginning and as 

time goes by, costs will be decreasing steadily until the vector population is controlled and the 

inoculum is reduced. 

Benefits from collaboration are seen as the success in the control of the vector 

population and consequently the spread of the disease. However, the bad neighbor effect is 

the key hindrance to vector control because spreading insecticides jointly by all growers may 

be the most important measure to control HLB that should be taken. This means scenario B, 

with no control of HLB, would be the one that would prevail eventually if there were no ways 

to coordinate the interested citrus growers. 

As stated by COEPLIM and CESAVECOL, most of the citrus growers in Colima have 

just implemented the pulverization of insecticides program but not adopted the regular 

eradication of plants with HLB symptoms, which is the other key measure to ensure disease 

control. As seen in the results, the benefits of the strategy cannot be seen if trees are not 

removed. Eradication of diseased trees still generates an immediate loss of income, while 

representing high expenses in workers’ need to do frequent inspection of the citrus grove, and 

all the expenditures on removing and replanting.  

Scenario D has several advantages over scenarios B and C. The first one is keeping 

production steady. The benefits are considered avoided loses therefore, they pay off the 

investment on eradicating and replanting, besides vector control. This means citrus groves 

have to be organized in strategic regions to obtain the benefits of the Brazilian approach. The 

sensitivity analysis confirmed the feasibility of Scenario D at different levels of prices and 

interest rate, obtaining in all cases positive NPV and benefit cost ratios. The benefit cost ratio 

obtained from this analysis may be considered feasible in other producing states in Mexico, 

such as Michoacán, Guerrero and Oaxaca. These states’ status is still not as infected by HLB 

as Colima. Thus, it is very important to considerate that the Brazilian strategy is mainly a 

preventive measure especially during early stages of the disease or in low levels of incidence. 

The Brazilian strategy has to be applied in full to work, because applying one or two prongs 

do not allow a control of the vector and therefore doesn’t allow control of the disease 

http://www.custoseagronegocioonline.com.br/


Economic impact analysis for combating HLB in key lime citrus groves in Colima, Mexico, 

 assuming the Brazilian approach 

Vera-Villagrán, E.; Sagarnaga-Villegas, L.M.; Salas-González, J.M.; Leos-Rodríguez, J.A.; Miranda, 

S.H.G. de; Adami, A.C. de O. 

Custos e @gronegócio on line - v. 12, n. 4 – Out/Dez - 2016.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

361 

 

 

6. References 

 

BASSANEZI, R.B. AND R.C. BASSANEZI. An approach to model the impact of 

Huanglongbing on citrus yield. Intl. Res. Conf. on Huanglongbing (IRCHLB) Proc., Orlando, 

FL. Dec. 2008. 

 

BELASQUE JR., J.; BASSANEZI, R.B.; YAMAMOTO, P.T.; AYRES, A.J.; TACHIBANA, 

A.; VIOLANTE, A.R.; TANK JR, A.; DI GIORGI, F.; TERSI, F.E.A.; MENEZES, G.M.; 

DRAGONE, J.; JANK JR., R.H.; BOVÉ, J.M. Lessons from Huanglongbing management in 

Sao Paulo State, Brazil. Journal of Plant Pathology. vol.92, n.2, p.285-302, 2010. 

 

BOVÉ, J. M. Huanglongbing: A destructive, newly-emerging, century-old disease of citrus. J. 

Plant Pathol. Vol. 88, p. 7-37, 2006. 

 

CESAVECOL. Colima Plant Health Committee. CASO COLIMA. SENASICA website; 

Accessed March 2015. 2013 

 

COEPLIM, Colima State key lime producers Council 2013; El Impacto Social, Económico y 

en el Comercio del HLB en la cadena de limón Mexicano en Colima; IX Simposio 

Internacional Citricola. 2013 

 

COEPLIM. Proyecto integral para reducir el impacto de la enfermedad del HLB, en las 

plantaciones de cítricos del Estado de Colima, 2013. 

 

INEGI. National Institute of Statistics and Geographic Information 2007. Principales cultivos 

frutícolas en Colima. Censo Agropecuario 2007. 

 

MIRANDA, S.H.G.; BASSANEZI, R.B.; ADAMI A.C.O. ABC das ações de defesa 

fitossanitária para o HLB em São Paulo: lições para a citricultura do Nordeste. Bahia 

Agrícola.  vol. 9, p. 64-71, 2011. 

 

http://www.custoseagronegocioonline.com.br/


Economic impact analysis for combating HLB in key lime citrus groves in Colima, Mexico, 

 assuming the Brazilian approach 

Vera-Villagrán, E.; Sagarnaga-Villegas, L.M.; Salas-González, J.M.; Leos-Rodríguez, J.A.; Miranda, 

S.H.G. de; Adami, A.C. de O. 

Custos e @gronegócio on line - v. 12, n. 4 – Out/Dez - 2016.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

362 

MIRANDA, S. H. G. DE; NASCIMENTO, A. M.; XIMENES, V. P.; BASSANEZI, R. B. 

Uma aplicação da análise benefício-custo para políticas de defesa sanitária: alguns estudos 

de caso para o Brasil. Brasília: CNPq,. 110np. (Relatório de pesquisa). 2010. 

 

ROBLES- GONZÁLEZ M.; VELÁZQUEZ-MONREALJ.; MANZANILLA-RAMIREZ M. 

Á.; OROZCO-SANTOS M., R.; FLORES-VIRGEN Y V. M. MEDINA-URRUTIA . 1 

INIFAP-Campo Experimental Tecomán, 2Comité Estatal de Sanidad Vegetal de Colima, 

Universidad de Guadalajara- CUCBA. robles.manuel@inifap.gob.m, 2011 El HLB en árboles 

de limón mexicano [Citrus aurantifolia (Christm) Swingle] su dispersión y síntomas en 

Colima, México INIFAP. 2011.  

 

SALCEDO. B.D. H.; GONZALEZ, E.; RODRIGUEZ L. E.; VERA VILLAGRAN. 

Assessment of the HLB campaign in Mexico from 2008 to 2010” IICA Inter-American 

Institute for Cooperation on Agriculture . Evaluation of the campaign against Citrus Greening, 

ISBN13: 978-92-9248-398-2 

http://www.iica.int/Esp/regiones/norte/mexico/Publicaciones%20de%20la%20Oficina/libroH

BL_2008_2009_2010 IICA pdf. 2011. 

 

SENASICA- National Service for Plant Health, Safety and Agri-Food Quality- Campaña 

contra el Huanglongbing de los Cítricos- Accessed April 2015, 

http://www.senasica.gob.mx/?id=4512. 2015. 

 

SPREEN, T.H.; BALDWIN, J.P. The impact of Huanglongbing (HLB) on citrus plantings in 

Florida. Proceedings of the Southern Agricultural Economics Association Conference, 

Orlando, FL (February). 2013. 

 

XIA Y.;. OUYANG, G.; TAKEUCHI,, Y.; BAEZ, I.; CHEN, J. A Review of Huanglongbing 

(Citrus Greening) Management in Citrus Using Nutritional Approaches in China; Plant 

Management Network. Published 3 October 2011  

 

ZANSLER M. L. T.; SPREEN, H.; MURARO, R.P. Florida's Citrus Canker Eradication 

Program (CCEP): Benefit-Cost Analysis. FE531, a publication of the Department of Food and 

Resource Economics, Florida Cooperative Extension National Service for Plant Health, 

http://www.custoseagronegocioonline.com.br/
mailto:robles.manuel@inifap.gob.m
http://www.senasica.gob.mx/?id=4512


Economic impact analysis for combating HLB in key lime citrus groves in Colima, Mexico, 

 assuming the Brazilian approach 

Vera-Villagrán, E.; Sagarnaga-Villegas, L.M.; Salas-González, J.M.; Leos-Rodríguez, J.A.; Miranda, 

S.H.G. de; Adami, A.C. de O. 

Custos e @gronegócio on line - v. 12, n. 4 – Out/Dez - 2016.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

363 

Safety and Agri-Food Quality (SENASICA), Institute of Food and Agricultural Sciences, 

University of Florida, Gainesville, FL. 2005. 

 

 

http://www.custoseagronegocioonline.com.br/

