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The current dissertation studies the economics of Huanglongbing or HLB, an 

infectious citrus disease, and its effects on Florida’s citrus industry’s main commodities, 

orange and grapefruit. First we consider orange production, and we present a capital 

budgeting model that combines economic, financial and biological aspects of HLB to 

estimate the economic profitability of a stylized Floridian citrus grove, and contrasted 

three different management mechanisms to confront HLB: 1) Do nothing as a baseline 

scenario; 2) Undertake a foliar nutrition program to counteract the adverse effects of 

HLB; and 3) Implement a program of trunk injection of bactericides. The results suggest 

that new plantings of orange production in Florida is not profitable, as all three 

alternatives exhibit negative Net Present Values computed over a 15-year horizon. 

More mature orange groves can be profitable, depending on the strategy selected. In 

general, it has been found that a novel treatment consisting in the injection of plant 

activators and bactericides is, albeit costly, the most profitable management practice for 

all groves, regardless of average age and initial HLB incidence. 

Secondly, we present a different methodology to analyze grapefruit production. 

We use a multi-market model that allocates grapefruit production into world markets in 
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order to calculate dynamic prices. We consider two scenarios in order to cope with HLB, 

doing nothing or implementing a trunk injection of bactericides. The results confirm that 

trunk injection is the best strategy in terms of production, but we also show that this 

increase in supply considerably affects forecasted prices in the long run. Grapefruit 

growers still face dire options: fighting HLB, which increases supply and reduces prices, 

or accepting as permanent historically low production levels. 
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CHAPTER 5 
THE GRAPEFRUIT SUB-SECTOR 

Importance of Grapefruit within Florida’s Citrus Industry 

In this chapter, we continue our effort to assess the economic impact of HLB in 

Florida’s citrus industry by considering the disease’s impact in grapefruit production. 

Grapefruit production in Florida used to be a major piece of the industry, but as the 

sector coped with HLB and other major natural disasters it has faced dismal prospects 

in the latest production seasons. In order to assess the economic impact of HLB in the 

grapefruit sector we present a model of the world market in which Florida’s grapefruit is 

still a relevant player. Conceptually, the market is modeled using a linear multi market 

allocation methodology that is developed in two phases:  

1) The first phase calculates a total supply quantity. This first phase can be 

subdivided into two scenarios: a) A normal scenario that follows strategy 1 of Chapter 3 

of doing nothing, which constitute a baseline comparison scenario; and b) A second 

scenario is evaluated assuming that the producer follows strategy 3 of Chapter 3 which 

consist on applying an HLB management program of trunk injection of bactericides. 

Both scenarios take as inputs many findings of Chapter 3 such as all the logistic results 

in terms of spread and survival rates, which in turn affects yield and total production, 

which in turns allows to calculate total supply. The implicit assumption is that the 

biological results found in chapters 2 and 3 for orange production are also applicable to 

grapefruit production. 

2) The second step calculates a world demand. In this phase, we allocate the 

total supply calculated in phase 01 into the most important world markets for fresh and 

processed fruit and for grapefruit varieties red and white, using several assumptions on 
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market size and demand elasticities. Finally, our model makes supply and demand 

interact in order to compute a dynamic forecast of production, allocation and on tree 

prices eleven years forward. This chapter contributes to the literature by using an 

otherwise common spatial equilibrium model, and then modify several assumptions and 

incorporate some epidemiological results from chapter 03 to be able to measure the 

impact of HLB on forecasted estimation of supply and prices, as well as to contrast 

those estimations with the effects of using a simulated response to cope with HLB. 

The grapefruit sub-sector has always been a crucial part of Florida’s citrus 

industry. At its zenith during the 2002-03 season, Florida’s grapefruit production was an 

enormous player at international level, as it used to account for almost 80 percent of 

U.S. grapefruit production and more than half of the total world grapefruit production 

(USDA-NASS, 2017). It used to be the second largest commodity in the citrus sub-

sector, representing about a fifth of the industry in terms of cash receipts from farming. 

Nowadays it is the third largest commodity after oranges and lemons, partly because as 

lemons and limes have shown more tolerance towards HLB infection growers have 

sometimes replaced orange and grapefruit production for lemon. However, as we are 

interested about the impacts produced by HLB in the citrus industry, we consider an 

analysis of the grapefruit sub-sector critical, particularly as Florida’s grapefruit 

production remains a key international player next to China and South Africa (USDA-

FAS, 2019). 

After a combination of natural disasters in conjunction with the appearance of HLB 

occurred, the sector took a hit arguably even harder than orange production. Table 5-1 

presents key indicators of Florida’s grapefruit production. We can see how cash receipts, 
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for instance, dropped from a peak of 290 million to 110, while the total number of acres 

went from 146 to 30 thousand. Production went down from a maximum of almost 56 

million boxes during the 1996-97 season to 7.7 million during 2016-17, the last season 

for which we have available information. The total value of grapefruit production collapsed 

from a maximum of about 280 million to 87.  

Multi-market Equilibrium Model  

Supply 

The supply side of our multi-market model is relatively simple: a perfectly inelastic 

supply with no transportation costs. However, in order to accurately calculate total 

production, the model first considers estimations using data on the number of grapefruit 

trees and yield of different age groups. The number of trees multiplied by the yield of each 

age group gives the production for that group. Thus, the production of each age group 

will be summed up to get the supply of grapefruit. Then, the total supply will be distributed 

to fresh and processed markets, both domestic and foreign. The production of seedy 

grapefruit, being almost negligible, has been ignored in the model.  

 This simple calculation is further complicated since we must take into 

consideration the economic impact of HLB. We build up from Chapter 3 by using the 

logistic estimates found there as parametric information to be used in order to calculate 

the probability of tree survival under two scenarios: a) Scenario 01, the baseline, 

considers the strategy do nothing; b) Scenario 02, the treatment effect, considers the 

strategy of employing trunk injection of bactericides in the same fashion as in Chapter 3. 

Table 5-2 presents the assumed effects of each scenario. This calculation is key as it is 
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used as a proxy of tree mortality, which impacts the total number of trees for any given 

season, which in turns affects production, yield and finally grapefruit supply. 

 Yield and pack-out rates are initially considered from survey data (USDA-NASS, 

2018) for production season 2016-2017, which becomes our baseline season. Then, the 

model uses this baseline information, as well as the impacts of HLB in terms of spread 

rate in order to estimate tree mortality, which effectively affects yield, production and 

costs for the seasons 2017-18 until 2027-28, which is our forecasted period.  

The model defines two commodities, white grapefruit and red grapefruit, which 

are produced in two regions, the Indian river (IR) region and the interior (INT) region. 

The output is distributed to fresh and processed markets, both domestic and export, 

using two different HLB management strategies as previously described to calculate a 

total supply quantity that will assess HLB economic impacts once the demand of the 

most important markets is considered. This model is similar to the Takayama (1971) 

spatial equilibrium model except transportation costs are not included.  

Demand 

We consider two varieties, white and red grapefruit, and two utilizations, fresh 

and processed. In all, we have five markets: (1) domestic market for fresh white, (2) 

domestic market for fresh red, (3) export market for fresh white, (4) export market for 

fresh red and (5) the market for processed juice, following a modified approach by 

Pana-Cryan (1991). In our approach, no distinction is made between juice from white 

grapefruit and juice from red grapefruit. Red seedless and white seedless grapefruit are 

sold in both the domestic and export markets.  We consider as export markets: (1) 



 

98 

 
 

 

Japan, (2) Canada, and (3) The European Union. Let the inverse derived demand in 

each fresh market at the output door of the packinghouse be: 

D

vj vj vj vjP Q = −  
(5-1) 

where Pvj is the price per box (one and three fifth bushels) of variety v (red and white) and 

market j (domestic and export); αvj and βvj are positive parameters and D

vjQ is the quantity 

(i.e., number of boxes) of variety v and market j.  

 Now, assume the supply Xvj be the boxes of variety v sold in market j. The derived 

demand for the fresh markets is: 

D

vj vj vjQ X=  
(5-2) 

where Xvj differs from 
D

vjQ  because only a portion of the fruit intended for market j will meet 

the quality standard associated with market j.  In the industry, the proportion of fruit that 

meets the fresh market standard is called the pack-out rate, denoted in Equation (5-2) by 

vj . The portion of fruit that does not meet the specification of the fresh market is called 

eliminated fruit or “eliminations.” Eliminations are sent to the processing plant to be 

processed into juice.  Let the eliminated fruit be denoted by 
E

vjQ  and: 

( )1E

vj vj vjQ X= −  
(5-3) 

Since differences in eliminated fruit are mainly cosmetic and does not affect the 

size of the fruit, it is safe to assume that the juice content of eliminated fruit is the same 

regardless of whether it was intended for the domestic or export market. Let JU be the 

juice yield associated with one box of grapefruit. In this analysis no attempt is made to 

differentiate between the juice derived from red seedless and white seedless grapefruit. 

Therefore, juice production is given by: 
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( )1 vj vj

v j

JP JU X
 

= − 
 

   
(5-4) 

where JP denotes the single strength equivalent (SSE) gallons of juice produced in a 

season and JU is gallons of juice per box (4.8 gallons) that does not vary by variety. The 

inverse derived demand Equation (FOB at packinghouse) for grapefruit juice is: 

J JP Q = −  
(5-5) 

where PJ is the price per SSE gallon for market j and QJ denotes the gallons consumed 

in market j.  If juice inventory adjustment is ignored, then in any season: 

JP = QJ 
(5-6) 

 Define PDv as the total boxes of variety v in a season. Let PCj  be the packing costs 

per box associated with fruit destined for market j. The absence of a subscript for variety 

implies that packing costs do not depend upon variety. Let PR denote processing costs 

expressed in dollars per SSE gallon of final product. 

 With these assumptions and definitions, an allocation model can be written in 

which the competitive allocation of fruit by variety is: 

( ) ( )

( )

Max 

 = red, white

             = domestic, export 

1

D D D

vj vj vj vj J J j vj J

v j v j

vj v v

j

D

vj vj vj

J vj vj v

v j

Q dQ Q dQ PC Q PR Q

s.t. a ) X FR PD v

b ) Q X j

c ) Q JU X FR

   





− + − − −

+ 



   
 − +     

   

  



 

 
(5-7) 

where FRv is the quantity of variety v that goes from the grove directly to the processing 

plant. All variables are non-negative. 
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In essence, this is a multi-market equilibrium model with the slight variation from 

other specifications in the literature (Pana-Cryan, 1991) that supply is determined each 

season. Also, no transportation costs are considered. The output markets are FOB at 

packinghouse. The objective function (Equation 5-7) maximizes the area under the 

derived demand functions at the equilibrium quantities for all the markets. It allocates fruit 

to fresh and processed markets to attain equilibrium prices given that the supply of 

grapefruit is fixed in the short run, which implies supply is perfectly inelastic, as the 

producers cannot respond to a price change in the short run. It takes at least three years 

after producers plant new trees for them to bear fruit. The first constraint (set of Equations 

5-7a) in the model balances total derived demand with supply, which ensures that boxes 

sent to the packinghouse for fresh domestic and export markets along with the boxes sent 

directly to the processing plant (field run) for the juice market must be less than or equal 

to the total production of each type of grapefruit. The second constraint (set of Equations 

5-7b) is the balancing constraint between boxes sent to the packinghouse and the boxes 

packed for fresh use. The last constraint (set of Equations 5-7c) represents the balance 

between juice from the boxes not qualified for the fresh market (elimination) plus juice 

from the field run boxes with total consumption of juice. Juice storage is not allowed in 

this specification.  

The algorithm uses historical data from season 1992-93 up until season 2016-17, 

then uses the information to calculate optimal values for each year. Season 2017-18 is 

the first season forecasted by the model. At that point, prices and quantities of equilibrium 

are found FOB at packinghouse. Then, the model performs the same subroutine for each 

one of the following years until the 2027-28 season, iterating from the previous year’s 
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optimal values and updating a solution for each year. One derived supply point and five 

derived demand points (two domestic and two export for fresh red and white, and one for 

juice) are specifically described in this model. Since juice exports are minimal, the two 

juice demand points (domestic and export) are assumed to be one. 

Data and Assumptions 

The yield data for grapefruit trees by age groups were collected from various 

issues of the Citrus Summary (USDA-NASS, 2018). Citrus summaries present data in 

cohorts according to the age of trees, clustered in cohorts from 3 to 5 years, 6 to 8 years, 

9 to 13 years, 14 to 23 years, and finally 24 years and above. Since the data are for a 

range of tree ages. In order to get a point estimation for each number of years of age, the 

data from citrus summaries was interpolated. The tree inventory numbers are also taken 

from FASS publication (Commercial Citrus Inventory, 2002). The problem of unidentified 

trees (of less than 3 years old) allocated into white or red grapefruit has been minimized 

by using the percentage of their respective identified numbers.  

Another determinant of supply is new tree planting dynamics. We specify one 

equation for plantings of new grapefruit trees as: 

, 0 1 , 1v t v v v t tNEWPLANT PLANT  −= +  +   
(5-8) 

where, NEWPLANTv,t  is the new planting of grapefruit trees of variety v in period t, 

PLANTv,t –1  is grapefruit trees of variety v planted in period t-1 and μt  is a stochastic error 

term. Parameter estimation of Equation 5-8 has found the intercept to be statistically non 

significant and values for α0red  and α1red of -39.7 and 0.58 respectively for red grapefruit, 

and of α0white = -110 and of α1white = 0.57 for white variety (Ali, et al., 2000). 
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In order to calculate demand equations, elasticity estimation from previous 

studies (Brown and Lee, 2002, Perez and Pollack, 2003), as well as current FOB 

packinghouse prices  were used assuming a linear demand. The equations for red and 

white fresh grapefruit exports to Canada are estimated based on an own price elasticity 

of - 1.67 (Lee, 2004). The same strategy was employed in order to calculate demand 

functions for fresh grapefruit exported to Europe and Japan (Lee, 2004), as well 

grapefruit juice demand. The pack-out rates are based on an informal survey (Muraro, 

et al., 2003); however, the pack-out rates used in the model were slightly adjusted in 

order to calibrate the FOB prices and quantities.  

The model also employs several other parameters such as processing costs of 

grapefruit and packing costs for sending the produce which varies depending on the 

market, which are difficult to estimate. We used previous estimations of these 

parameters from several sources (Muraro, 2004, Muraro, 2010, Muraro, et al., 2003). 

However, since some estimations have not been updated, we adjusted them using CPI 

values as previously suggested by Trejo-Pech, et al. (2018). Other values such as 

grapefruit juice single strength gallons yield and price for the base season of 2016-17 

were taken directly from statistical sources (USDA-NASS, 2018). 

Empirical Results for Red Grapefruit 

Model estimation for key variables forecasted by the model is presented in 

Tables 5-3 and 5-4, which shows estimations for scenario 01 and 02 respectively. The 

model uses historical information, as well as data from the 2016-17 season, to compute 

a solution for the baseline for the first year, allocates production and forecast prices, 

new plantings and total trees for season 2017-18, and then repeats the process 
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iteratively until the end of the forecasted period, season 2027-28. As expected, total 

production declines rapidly under the doing nothing assumption, or scenario 01, and 

remains relatively stable up until the end of the forecasted period. In accordance with 

the relative scarcity of production, price increases from $15.70 which is the actual figure 

achieved in season 2017-17, to around $20 in average, reaching a peak of $22.59 in 

season 2021-22. After that the price tends to stabilize below $20 per box. 

Column (b) reports total utilization, and is almost identical to total production, 

meaning than the model allocates total production between fresh consumption and 

processed fruit almost frictionless, with wastes being almost nil. The model also 

computes new plantings (column d) considering a rule of tree replacements of three 

trees per acre as it was assumed in Chapter 3, and estimates the number of total trees 

(column e) which responds very slowly at the beginning of the period, until the yearly 

change is composed and increases importantly by the end of the forecasted period.  

The difference in terms of total production is very significant when we consider 

the different scenarios proposed. Total production under the assumption of doing 

nothing is significantly lower for every year when compared with the scenario in which 

trunk injections are used. Commensurate with less supply, on tree prices remain higher 

on average for scenario 01. The behavior of these key variables is summarized 

graphically in Figure 5-1. 

Empirical Results for White Grapefruit 

The estimation for white grapefruit, presented in Tables 5-5 and 5-6 and 

summarized in Figure 5-2, portray a dire situation for the commodity. The production 

figure of 1,480,000 boxes achieved during the 2016-17 is the lowest production point 
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ever for Florida white grapefruit, and as the model uses it as a baseline for calculation it 

shows a production forecast that never fully recovers under the do nothing scenario. 

Total production under scenario 01 stays almost flat for the forecasted season of 2017-

18, and then falls consistently and increases only partially to finish at 1,078,000 boxes 

at the end of the forecast horizon on 2017-28. Accordingly, on-tree prices remain 

relatively high, reaching a maximum value of $21.61 per box on season 2022-23 and 

then decreases as a reduction in supply is not capable of counteracting a weak 

demand. 

Following a strategy of administering Trunk injection of bactericides achieves its 

goal of recovering total production, which increases every year of the forecast period, 

more than doubling the baseline production figure to 3,002,000 boxes on season 2027-

28. However, this has a negative effect on prices as they remain relatively flat by the 

beginning of the forecast period until eventually leveling down to around $10 per box at 

the end, a decrease of almost 50%. The total number of trees jumps from 808,000 in 

2016-17 to 1,539,000 in 2027-28. 

Simulation 1, Changes in Planting Equation 

Suppose that we want to make more explicit the role of output prices in the decision-

making process of growers. One way to do this is to modify Equation 5-8 to incorporate 

lag price dynamics (Kalaitzandonakes, 1992) as in: 

, 0 1 , 1 2v t v v v t v v tNEWPLANT PLANT MOVAVG   −= +  +  +   
(5-9) 

In which MOVAVGv is a three-year moving average of the on-tree price of grapefruit 

variety v and γt a stochastic error term. Empirical estimation of Equation 5-9 have found 
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intercept to be statistically non significant while both parameters for PLANT and MOVAVG 

are statistically significant and close to one (Spreen, et al., 2007). 

 Simulation results are presented in Tables 5-7 and 5-8 for red variety, and 5-9 and 

5-10 for white grapefruit. A graphic summary of key forecasted variables is also presented 

in Figures 5-3 and 5-4 for red and white varieties respectively. Table 5-7 presents the 

results under strategy 1, doing nothing, and it calculates total production, utilization, on-

tree prices, new plantings and total trees. Under strategy 1 total production falls deeply 

until season 2021-22 and then start to recover, albeit slowly. Correspondingly, on-tree 

prices jump to a high of $22.78 in the same season, and then start to decrease. Table 5-

8 shows how employing a program of trunk injection of bactericides increases production 

consistently and under all the forecasted period, which decreases prices every year until 

a minimum of $12.55 is reached at season 2027-28.  

 Results of strategy 1 for white variety are shown in Table 5-9. We can see a small 

increase in production right after the first year probably due to previous tree stock inertia, 

but then decreases deeply to a minimum of 486 thousand boxes in season 2023-24, less 

than a third of the 1,480 boxes produced during season 2016-17. On-tree price increases 

to a maximum of $23.32 in the same season, and only after those high prices are realized 

production starts to increase, although it never recovers completely, ending the 

forecasted season with a production of 786 thousand boxes and an on-tree price of 

$18.13. 

 Table 5-10 presents the results of assuming that a program of trunk injections is 

used for white grapefruit portraying a completely different situation. The modeled yield 

impact of the program consistently increases production every season until reaching a 
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maximum of 2,660 thousand boxes at the end of the forecast in season 2027-28.  

Conversely, prices decrease in all the years reaching the lowest value of $12.21 in the 

same year. Those on-tree prices are very low, and a calculation done using the results 

on Table 5-10 show that total revenue can be as low as 11.3 million dollars for season 

2023-24. As is not clear that such low revenue level can support the increasing costs of 

programs to cope with HLB, further research is necessitated. 

Finally, as chapter summary, we used a multi-market model in order to calculate 

supply and demand for the grapefruit subsector of the citrus industry. We evaluated two 

scenarios to cope with HLB, doing nothing or implementing a trunk injection of 

bactericides. The results confirm that trunk injection is the best strategy in terms of 

production, but we also show that this increase in supply considerably affects 

forecasted prices in the long run, so growers still face dire options, fighting HLB and 

learning to live with the depressed prices forecasted by the model, or accepting as 

permanent historically low production levels if not. 
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Table 5-1. Key indicators of Florida’s grapefruit citrus production compared before and 
after HLB occurrence. 

Indicator Before HLB 
Value (Year) 

After HLB 
Value (Year) 

Size, relative to max 
value 

Cash receipts 
(x1000 $)  

290,178 
(2006-07) 

110,990 
(2016-17) 

38% 

Acreage 
(acres) 

146,915 
(1994-95) 

30,923 
(2017-18) 

21% 

Production 
(x1000 boxes) 

55,800 
(1996-97) 

7,760 
(2016-17) 

14% 

Price per Box 
($) 

13.47 
(2004-05)* 

11.30 
(2016-17) 

83% 

Value of Production 
(x1000 $) 

280,629 
(1991-92) 

87,574 
(2016-17) 

31% 

* Atypical value as a result of Hurricane Charley. For comparison, average price in previous season (2003-
04) was $3.33. The value in parenthesis below the figure represents the season in which such value was 
achieved. 

 
 
 
Table 5-2. Modeled assumption on the effect of HLB on the probability of survival for 

two management strategies: Do Nothing and Trunk Injection of bactericides. 

Tree Age Variety Ir Inter Ir Inter 

  Do Nothing Trunk Injections 

1 Red 0.99 0.99 0.99 0.99 

1 White 0.99 0.99 0.99 0.99 

2 Red 0.99 0.99 0.99 0.99 

2 White 0.99 0.99 0.99 0.99 

3 Red 0.98 0.99 0.98 0.99 

3 White 0.97 0.98 0.98 0.99 

4 Red 0.96 0.96 0.98 0.98 

4 White 0.92 0.92 0.98 0.98 

5 Red 0.88 0.88 0.98 0.98 

5 White 0.86 0.86 0.98 0.98 

6 Red 0.82 0.82 0.98 0.98 

6 White 0.82 0.82 0.98 0.98 

7 Red 0.77 0.77 0.98 0.98 

7 White 0.77 0.77 0.98 0.98 

8 Red 0.76 0.76 0.98 0.98 

8 White 0.75 0.75 0.98 0.98 

9 Red 0.74 0.74 0.98 0.98 

9 White 0.73 0.73 0.98 0.98 

10 Red 0.72 0.73 0.97 0.98 

10 White 0.68 0.69 0.97 0.98 
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Table 5-2. Continued 

Tree Age Variety Ir Inter Ir Inter 

  Do Nothing Trunk Injections 

11 Red 0.68 0.68 0.97 0.97 

11 White 0.68 0.68 0.97 0.97 

12 Red 0.68 0.68 0.97 0.97 

12 White 0.68 0.68 0.97 0.97 

13 Red 0.68 0.68 0.97 0.97 

13 White 0.68 0.68 0.97 0.97 

14 Red 0.68 0.68 0.97 0.97 

14 White 0.68 0.68 0.97 0.97 

15 Red 0.68 0.68 0.97 0.97 

15 White 0.68 0.68 0.97 0.97 

16 Red 0.67 0.68 0.96 0.97 

16 White 0.67 0.68 0.96 0.97 

17 Red 0.67 0.67 0.96 0.96 

17 White 0.67 0.67 0.96 0.96 

18 Red 0.67 0.67 0.96 0.96 

18 White 0.67 0.67 0.96 0.96 

19 Red 0.67 0.67 0.96 0.96 

19 White 0.67 0.67 0.96 0.96 

20 Red 0.67 0.67 0.96 0.96 

20 White 0.67 0.67 0.96 0.96 

21 Red 0.67 0.67 0.95 0.96 

21 White 0.67 0.67 0.95 0.96 

22 Red 0.67 0.67 0.95 0.96 

22 White 0.67 0.67 0.95 0.96 

23 Red 0.67 0.67 0.95 0.95 

23 White 0.67 0.67 0.95 0.95 

24 Red 0.66 0.67 0.94 0.95 

24 White 0.66 0.67 0.94 0.95 

25 Red 0.66 0.66 0.94 0.94 

25 White 0.66 0.66 0.94 0.94 
Survival rate probability under doing nothing consider regular pesticides and tree replacement but no 
additional effort to contain HLB spread rate. Trunk injection of bactericides is assumed to be as effective 
in containing HLB as the historical survival rates prior to HLB appearance.  
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Table 5-3. Baseline model forecast for key variables under the strategy Do Nothing, for 
Red Grapefruit. 

Production 
Season 

Total 
Production (a) 

Total 
Utilization (b) 

On tree 
price (c) 

New 
plantings (d)  

Total  
Trees (e) 

2016-17*     6,280      6,280    15.70          76        3,183  
2017-18     5,193      5,193    19.26         222        1,827  
2018-19     3,762      3,762    20.87         429        1,547  
2019-20     2,772      2,772    22.00         637        1,621  
2020-21     2,274      2,274    22.59         856        1,998  
2021-22     2,329      2,329    22.59      1,081        2,652  
2022-23     2,821      2,821    22.14      1,307        3,559  
2023-24     3,662      3,662    21.33      1,528        4,685  
2024-25     4,819      4,819    20.19      1,741        5,989  
2025-26     6,237      6,237    18.77      1,943        7,425  
2026-27     7,867      7,867    17.13      2,131        8,947  
2027-28     9,656      9,656    15.32      2,303      10,516  

* Season 2016-17 data is the baseline, taken from Florida citrus statistics. (a) and (b) in thousands of 
boxes; (c) in dollars per box; (d) and (e) in thousands of trees. 

 
 
 
Table 5-4. Baseline model forecast for key variables under the strategy Trunk Injection 

of bactericides, for Red Grapefruit. 

Production 
Season 

Total 
Production (a) 

Total 
Utilization (b) 

On tree 
price (c) 

New 
plantings (d)  

Total  
Trees (e) 

2016-17*     6,280      6,280     15.70         76      3,183  
2017-18     7,273      7,273     16.89        214      2,457  
2018-19     7,270      7,270     16.85        400      2,577  
2019-20     7,233      7,233     16.87        570      2,882  
2020-21     7,350      7,350     16.73        739      3,353  
2021-22     7,746      7,746     16.33        906      3,988  
2022-23     8,381      8,381     15.69     1,070      4,780  
2023-24     9,224      9,224     14.83     1,227      5,723  
2024-25   10,331    10,331     13.72     1,375      6,808  
2025-26   11,658    11,658     12.37     1,513      8,022  
2026-27   13,243    13,243     10.87     1,637      9,353  
2027-28   15,105    15,105       9.13     1,746    10,783  

* Season 2016-17 data is the baseline, taken from Florida citrus statistics. (a) and (b) in thousands of 
boxes; (c) in dollars per box; (d) and (e) in thousands of trees. 
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Table 5-5. Baseline model forecast for key variables under the strategy Do Nothing, for 
White Grapefruit. 

Production 
Season 

Total 
Production (a) 

Total 
Utilization (b) 

On tree 
price (c) 

New 
plantings (d)  

Total  
Trees (e) 

2016-17*     1,480      1,480    18.50          27           808  
2017-18     1,521      1,521    17.52          38           503  
2018-19     1,136      1,136    18.77          55           409  
2019-20        851         851    19.53          76           367  
2020-21        672         672    19.81          99           372  
2021-22        572         572    21.17         122           415  
2022-23        546         546    21.61         146           490  
2023-24        577         577    20.31         170           592  
2024-25        654         654    18.13         193           715  
2025-26        769         769    17.25         214           854  
2026-27        912         912    16.17         234        1,005  
2027-28     1,078      1,078    14.94         254        1,161  

* Season 2016-17 data is the baseline, taken from Florida citrus statistics. (a) and (b) in thousands of 
boxes; (c) in dollars per box; (d) and (e) in thousands of trees. 

 
 
 
Table 5-6. Baseline model forecast for key variables under the strategy Trunk Injection 

of bactericides, for White Grapefruit. 

Production 
Season 

Total 
Production (a) 

Total 
Utilization (b) 

On tree 
price (c) 

New 
plantings (d)  

Total  
Trees (e) 

2016-17*     1,480      1,480     18.50         27         808  
2017-18     2,125      2,125     15.55         37         666  
2018-19     2,187      2,187     15.49         52         681  
2019-20     2,212      2,212     15.48         71         710  
2020-21     2,248      2,248     15.36         89         757  
2021-22     2,289      2,289     15.05        107         821  
2022-23     2,347      2,347     14.57        125         903  
2023-24     2,428      2,428     13.93        143      1,001  
2024-25     2,532      2,532     13.09        160      1,115  
2025-26     2,662      2,662     12.07        176      1,243  
2026-27     2,818      2,818     10.86        191      1,385  
2027-28     3,002      3,002       9.44        205      1,539  

* Season 2016-17 data is the baseline, taken from Florida citrus statistics. (a) and (b) in thousands of 
boxes; (c) in dollars per box; (d) and (e) in thousands of trees. 
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Table 5-7. Simulation 1: forecast for key variables under the strategy Do Nothing, for 
Red Grapefruit. 

Production 
Season 

Total 
Production (a) 

Total 
Utilization (b) 

On tree 
price (c) 

New 
plantings (d)  

Total  
Trees (e) 

2016-17*     6,280      6,280     15.70        112     2,475  
2017-18     5,193      5,193     19.26        185     1,863  
2018-19     3,762      3,762     20.87        289     1,546  
2019-20     2,812      2,812     21.96        394     1,480  
2020-21     2,300      2,300     22.57        395     1,615  
2021-22     2,145      2,145     22.78        508     1,810  
2022-23     2,282      2,282     22.68        622     2,150  
2023-24     2,522      2,522     22.46        737     2,611  
2024-25     2,867      2,867     22.11        850     3,169  
2025-26     3,439      3,439     21.53        961     3,804  
2026-27     4,138      4,138     20.81     1,069     4,504  
2027-28     4,937      4,937     19.99     1,174     5,257  

* Season 2016-17 data is the baseline, taken from Florida citrus statistics. (a) and (b) in thousands of 
boxes; (c) in dollars per box; (d) and (e) in thousands of trees. 

 
 
 
Table 5-8. Simulation 1: forecast for key variables under the strategy Trunk Injection of 

bactericides, for Red Grapefruit. 

Production 
Season 

Total 
Production (a) 

Total 
Utilization (b) 

On tree 
price (c) 

New 
plantings (d)  

Total  
Trees (e) 

2016-17*     6,280      6,280     15.70        112      2,475  
2017-18     7,273      7,273     16.89        182      2,493  
2018-19     7,270      7,270     16.85        275      2,580  
2019-20     7,274      7,274     16.83        360      2,759  
2020-21     7,381      7,381     16.71        445      3,022  
2021-22     7,586      7,586     16.49        529      3,366  
2022-23     7,916      7,916     16.16        613      3,788  
2023-24     8,360      8,360     15.71        694      4,287  
2024-25     8,959      8,959     15.10        774      4,859  
2025-26     9,658      9,658     14.39        850      5,500  
2026-27   10,490    10,490     13.55        923      6,206  
2027-28   11,470    11,470     12.55        991      6,971  

* Season 2016-17 data is the baseline, taken from Florida citrus statistics. (a) and (b) in thousands of 
boxes; (c) in dollars per box; (d) and (e) in thousands of trees. 
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Table 5-9. Simulation 1: forecast for key variables under the strategy Do Nothing, for 
White Grapefruit. 

Production 
Season 

Total 
Production (a) 

Total 
Utilization (b) 

On tree 
price (c) 

New 
plantings (d)  

Total  
Trees (e) 

2016-17*     1,480      1,480     15.70         25        661  
2017-18     1,521      1,521     17.52         32        501  
2018-19     1,136      1,136     18.77         42        402  
2019-20        849         849     19.51         55        348  
2020-21        663         663     19.79         67        332  
2021-22        548         548     21.89         91        344  
2022-23        494         494     23.24        104        389  
2023-24        486         486     23.32        119        452  
2024-25        523         523     22.14        133        531  
2025-26        595         595     19.90        147        620  
2026-27        681         681     18.61        160        717  
2027-28        786         786     18.13        173        819  

* Season 2016-17 data is the baseline, taken from Florida citrus statistics. (a) and (b) in thousands of 
boxes; (c) in dollars per box; (d) and (e) in thousands of trees. 

 
 
 
Table 5-10. Simulation 1: forecast for key variables under the strategy Trunk Injection of 

bactericides, for White Grapefruit. 

Production 
Season 

Total 
Production (a) 

Total 
Utilization (b) 

On tree 
price (c) 

New 
plantings (d)  

Total  
Trees (e) 

2016-17*     1,480      1,480     15.70         25         661  
2017-18     2,125      2,125     15.55         32         664  
2018-19     2,187      2,187     15.49         41         674  
2019-20     2,210      2,210     15.46         52         692  
2020-21     2,240      2,240     15.35         63         720  
2021-22     2,267      2,267     15.18         73         759  
2022-23     2,300      2,300     14.93         84         807  
2023-24     2,344      2,344     14.59         94         865  
2024-25     2,402      2,402     14.14        104         932  
2025-26     2,473      2,473     13.60        115      1,007  
2026-27     2,559      2,559     12.97        124      1,091  
2027-28     2,660      2,660     12.21        134      1,183  

* Season 2016-17 data is the baseline, taken from Florida citrus statistics. (a) and (b) in thousands of 
boxes; (c) in dollars per box; (d) and (e) in thousands of trees. 
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Figure 5-1. Multi market model forecast for Red Grapefruit of two key variables, total 

production and on-tree prices, for scenario 01 of doing nothing, and scenario 
02 of applying Trunk Injection of bactericides. 

 

 
 
 
Figure 5-2. Multi market model forecast for White Grapefruit of two key variables, total 

production and on-tree prices, for scenario 01 of doing nothing, and scenario 
02 of applying Trunk Injection of bactericides. 
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Figure 5-3. Simulation 1: multi market model forecast for Red Grapefruit of two key 
variables, total production and on-tree prices, for scenario 01 of doing 
nothing, and scenario 02 of applying Trunk Injection of bactericides. 

 
 

 
 
Figure 5-4. Simulation 1: multi market model forecast for Red Grapefruit of two key 

variables, total production and on-tree prices, for scenario 01 of doing 
nothing, and scenario 02 of applying Trunk Injection of bactericides. 
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CONCLUSIONS 

Everywhere one goes in Florida one is reminded of the importance of the citrus 

industry: from the fruit stands on the edge of the road, to the colors at our university and 

the license plates of most of the vehicles. Citrus production is as Floridian as the 

alligators. In fact, the state of Florida used to be the third largest orange producer, only 

behind Brazil and China. This is not so anymore. The culprit is HLB, an infectious 

disease for which we do not have a confirmed and permanent cure.  

One of the initial motivations to undertake this research was not only the utmost 

importance of the citrus industry for the state, but also the need to provide a rigorous 

answer to the dismal question that seemed to prevail in both industry and academic 

circles: Could it be that HLB may achieve what decades of weather events didn’t? Could 

this be really the end of the citrus industry in Florida?  

This dissertation has studied the economics of HLB and its effects on Florida’s 

citrus industry. It first modeled the economic profitability of a stylized Floridian orange 

citrus grove, and contrasted three different management mechanisms to confront HLB: 

1) Do nothing as a baseline scenario a control comparison; 2) Undertake a foliar 

nutrition program to counteract the adverse effects of HLB; 3) Implement a program of 

trunk injection of bactericides. The results suggest that, regardless of the management 

control strategy employed, any new commercial citrus operation is unprofitable, at least 

under the considered assumptions. This does not imply the end of the citrus industry, as 

more mature groves continue to be profitable. 

Then, we focused on grapefruit production, which has been decimated in the last 

couple of years. We considered the effects of doing nothing or implementing a trunk 
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injection program of bactericides to manage HLB. The results, which of course depend 

on many factors and uncertainties, are not particularly encouraging. Grapefruit growers 

face a dire choice of fighting HLB, which depresses prices as new treatments are 

starting to get more and more effective overtime or doing nothing and accepting both 

the smaller size of the industry and the higher prices that a reduced supply implies. 

Overall, the results suggest that the industry must continue to wait for current 

efforts directed to achieve a real, long term solution for HLB, such as genuinely HLB 

resistant rootstock or a combination of new bactericides and plant activators that may 

prove to fully immunize citrus trees. We will continue to have orange juice on our 

breakfast table regardless. But we may end up paying a little more for it. 
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