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Maintaining global competitiveness and offsetting cost increments due to the incursion of 

new management strategies to combat citrus greening and canker are two reasons why the 

Florida citrus industry needs to find ways to reduce costs. Since harvesting costs play such an 

important role in citrus production, the Florida Department of Citrus (DOC) has dedicated a 

portion of grower taxes (public funds) to develop and register an abscission agent compound, 

CMNP, with the U.S. Environmental Protection Agency as part of its effort to make citrus 

mechanical harvesting cost effective. Total cost of registration is estimated to be between $7 and 

$10 million. In addition, the University of Florida-IFAS has spent between $500 and $700 

thousand of public dollars annually since 1996 to research abscission compounds and develop 

management strategies. 

The primary objective of this research was to compare a discounted stream of private 

benefits of mechanical harvesting with abscission agent application against the public costs of 

abscission development and chemical registration. The time period for this analysis spans 22 

years, from 1996 to 2018. This research assumes that abscission agent application is the solution 

to harvesting “late-season” ‘Valencia’ oranges. Without abscission agent application, mechanical 

harvesting systems would have a negative impact on next year’s yield due to the removal of 
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young immature fruit at the time of harvesting during the present year. Two benefits of CMNP 

with mechanical harvesting late-season ‘Valencia’ are estimated: 1) harvest cost savings during 

the current year, and 2) preserving the value of fruit that would have been lost in the next season 

by mechanically harvesting during the current season without abscission. 

The net present value (NPV) of mechanically harvesting 25,000 acres (acreage limit by an 

anticipated Experimental Use Permit) through the 2018 season ranges between $30.62 and 

$50.67 million, depending on price, production, and fruit loss scenarios. For any of the scenarios 

considered, the discounted value of abscission benefits with mechanical harvesting fully pays for 

the costs of registration and development within four years. A subsequent analysis of minimum 

acreage of CMNP application during the late season and levels of savings indicates that there 

exists a threshold level under which the NPV of this investment is not longer positive. Results 

from this analysis should provide: 1) a measure of confidence that the pay-off to the general 

industry should be positive and significant and 2) information about threshold levels of acreage 

and cost differential between hand and mechanical harvesting options to assure a positive NPV 

for the public investment into the abscission compound, CMNP. 
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CHAPTER 1 
INTRODUCTION 

Problem Setting and General Problem 

In the 2006-07 season, Florida citrus industry total production was 162.1 million boxes1  

and accounted for 70 percent of the total U.S. citrus production. Total preliminary value of the 

2006-07 Florida crop equaled $1.36 billion (FASS, 2008). As a country, the United States ranks 

third behind Brazil and China for total citrus production (Figure 1-1). In terms of the orange 

juice market, Brazil and United States are the major producing countries. During the 2007-08 

season, Brazil produced about 56% of the world's orange juice, while the United States produced 

34% (Foreign Agricultural Service, USDA, 2008). 

   Florida growers produce a variety of citrus fruits including oranges, grapefruit, temples, 

tangerines, and tangelos within a harvesting season of 10 months (Figure 1-2). Florida’s 

subtropical climate and abundant water provides a comparative advantage for citrus production. 

However, long-term economic sustainability of Florida’s citrus industry depends on finding ways 

to reduce costs of production. 

Total cost of production, for a typical cultural program for processed oranges has been 

increasing steadily from 2003-04 through 2005-06. With the inclusion of new management 

strategies to combat citrus greening and citrus canker diseases, the estimated average total cost to 

produce ‘Valencia’ oranges jumped from $973.79 to $1462.52 per acre (Figure 1-3; Muraro, 

2007). Offsetting these costs increases is pushing the Florida citrus industry to utilize new 

technologies that could reduce production costs.  

                                                   
1  A “box” is a standard unit of measure for citrus fruit. One box of oranges weighs 90 pounds 
(40.8 kg). 
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Another important reason to reduce costs has to do with maintaining global 

competitiveness. A comparison between Florida and Sao Paulo (Brazil) for the 2000-01 citrus 

season suggested that the largest cost gap between the two states lies in harvest costs, a 

difference of $1.569 in cost per harvested box (Table 1-1). Brazil enjoys a significant advantage 

in lower labor costs (Muraro et al., 2003). Nearly all of Florida’s 621,373 commercial citrus 

acreage (FASS, 2008) is hand harvested. Harvesting costs exceed production costs under typical 

cultural programs, and represent more than 70% when compared to the production costs of 

programs including canker-greening management (Table 1-2).    

Since 1995 the Florida Department of Citrus (DOC) has been investing grower taxes in a 

mechanical harvesting program. Mechanical harvesting increases harvest labor productivity, and 

when combined with economies of scale, there is a potential to reduce the unit cost of harvesting 

(Roka, 2007). Although citrus mechanically harvested acreage is increasing (Figure 1-4), only 

35,600 acres were mechanically harvested during the 2006-07 season, representing about 7% of 

the total citrus acreage (UF/IFAS, 2008). Roka (2007) lists several significant impediments to 

the widespread adoption of mechanical harvesting systems, of which the most significant 

obstacle is harvesting late-season ‘Valencia’ oranges [Citrus sinensis (L.) Osb.].  

Late season ‘Valencia’ harvest is defined as harvest occurring sometime after May 1st. 

During a typical year, ‘Valencia’ trees flower and set fruit during March. This crop is harvested 

12 to 15 months later between March and mid-June the following year. Sometime during May of 

the current year, next year’s growing fruit reaches one-inch in diameter (Figure 1-5). Previous 

studies estimate the fruit loss from mechanical harvesting with young fruit greater than one-inch 

diameter to be between 20% and 50% of next year’s crop (Hedden and Coppock, 1971; Coppock 

et al., 1981; Roka et al., 2005; Whitney, 1975; Whitney and Hedden, 1973). Therefore, 
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mechanical harvesting systems are forced to shut down sometime during May, leaving an 

estimated 25% to 30% of Florida’s mature ‘Valencia’ crop on the tree (FASS, 2005) with hand 

crews as the only means of harvesting. Cost efficiencies of mechanical harvesting could be 

enhanced if equipment could operate throughout the ‘Valencia’ season. This requires keeping the 

removal rates of mature fruit at high percentage while at the same time having little or no impact 

on next year’s yield. 

Abscission compounds offer one solution to the “late-season” problem when sprayed on 

pre-harvested fruit. An effective abscission compound should selectively loosen this year’s 

mature fruit. With a reduction in the required force to remove fruit, harvesting equipment should 

be able to operate with less force, thereby preserving the young fruits on the tree for next year’s 

crop. One compound, 5-chloro-3-methyl-4-nitro-1H-pyrazole (CMNP) has attracted a significant 

amount of attention. CMNP loosens fruit over wide ranges of concentrations. It is non-

phytotoxic and does not affect tree health or yield (Burns, 2002).     

CMNP application combined with mechanical harvesting systems is expected to improve 

overall efficiency throughout the season. By extending the season through selectively loosening 

of mature fruit after early-May, harvesting capacity of the machines increases. Unit cost of 

harvesting should decrease. As unit harvest costs decrease, growers will have more incentive to 

implement mechanical harvesting and the transition from hand harvesting to mechanical systems 

should accelerate. On the basis of this anticipated benefit, the Florida Department of Citrus has 

begun the formal EPA (U.S. Environmental Protection Agency) registration process to register 

CMNP in 2005. An experimental use permit (EUP) is expected by spring of 2010. If no problems 

are identified during the two years under EUP provisions, full registration should be completed 

by 2012. 
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Research Question 

Since 1995 the Florida Department of Citrus (DOC) and the state of Florida through the 

University of Florida/IFAS have invested more than $7 million of public funds into the research 

and development of abscission compounds. In addition, DOC has spent more than $750 thousand 

on the formal CMNP registration process as of July 1, 2007. Grants from the federal government 

have provided $2.054 million toward CMNP registration. An estimated $6.5 million of 

additional funds will be required to complete the full registration process, which is anticipated by 

spring 2012. Under the assumption that abscission is the solution to mechanically harvest 

‘Valencia’ oranges during the late season, this research examines the following question:   

 Does the private benefit of extending mechanical harvesting into late May and June with 
the abscission compound CMNP more than offset the public costs to develop and register 
CMNP? 

Research Objectives 

The overall objective of this research is to estimate the future private economic benefits 

from the application of the abscission compound CMNP, which should allow mechanical 

harvesting to proceed through the ‘Valencia’ orange “late-season,” specifically after mid-May. In 

order to meet this general objective, the following specific objectives need to be achieved: 

1. Estimate the value of the expected yield reduction in next year’s crop if late season 
‘Valencia’ oranges are mechanically harvested this year without CMNP application. 

2. Estimate the savings in harvest cost by extending the mechanical harvesting season into late-
May and June with CMNP.  

3. Estimate the total cost of development and registration of CMNP. 

Results from objectives 1, 2 and 3 will be incorporated into a spreadsheet model. Static 

future production and price expectations will be developed to determine the net present value 

(NPV) of abscission compound application for mechanically harvesting late season ‘Valencia’ 

oranges (i.e. after early-May).  
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Figure 1-1. Top citrus producing countries. Source: Foreign Agricultural Service, USDA, 2008. 

 
 
 
 
 
 
 
 

 
Figure 1-2. Florida citrus harvesting season. Source: Florida Agricultural Statistics Service, 

USDA, 2008. 

 

  



 

18 

 

Figure 1-3. Total production cost per acre ($) for processed oranges with and without the 
additional cultural management program for canker-greening, from 2003-04 through 
2006-07. Source: Muraro R. P., 2004, 2005, 2006 and 2007. 

 
 
 
 
 
Table 1-1. Comparative costs in processing oranges in Florida and Sao Paulo, 2000-01. 
Costs $/box Florida Sao Paulo Difference  
Total production  1.874 1.378 0.496  
Total harvesting 2.103 0.534 1.569  
Assessments and other 1.125 0.768 0.357  
Total delivered-in  5.102 2.680 2.422  
Processing 1.322 1.015 0.307  
Domestic N/A 0.175 -0.175  
Foreign N/A 2.514 -2.514  
Total FOB costs 6.424 6.384 -0.040  
Source: Muraro et al. 2003. 
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Table 1-2. Total production and harvesting costs ($/box) for central Florida (Ridge) ‘Valencia’ 
oranges under two cultural programs, 2006-07.  

   Without Canker-Greening With Canker-Greening 
Weed management  0.459 0.526 
Pest management 0.368 1.069 
Fertilizer 0.489 0.561 
Pruning 0.066 0.076 
Tree replacement 0.209 0.505 
Irrigation 0.390 0.447 
Mandatory canker 
decontamination/other 0.085 0.315 
Total production/cultural costs 2.066 3.499 
Total Harvesting   
Picking, roadsiding, Hauling   
and Canker decontamination  2.561 2.561 
Total Costs 4.627 6.060 

Source: Muraro R. P., 2007.  
 
 
 

 
Figure 1-4. Citrus mechanically harvested acreage from 97-98 to 06-07 season. Source: 

UF/IFAS, 2008a. 
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Figure 1-5. Presence of young growing fruit along with mature fruit on the same ‘Valencia’ tree. 

Source: UF/IFAS, 2008b. 
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CHAPTER 2 
REVIEW OF MECHANICAL HARVESTING SYSTEMS AND THE ABSCISSION 

COMPOUND CMNP 

Problems associated with harvesting costs and labor shortages to meet steadily increasing 

citrus production motivated the Florida citrus industry to establish a mechanical harvesting and 

abscission research project. Early research and development efforts into citrus mechanical 

harvesting spanned four decades, from the late 1950’s into the early 1980’s (Coppock and 

Hedden, 1977; Wilson et al., 1977; Whitney and Sumner, 1977; Sumner and Churchill, 1977; 

Hedden and Coppock, 1977). Mechanical harvesting R&D (research and development) efforts 

stopped during the mid 1980’s for several reasons such as limited production due to freezes, 

abundant labor supply at a reasonable cost and relatively high fruit prices. Also numerous 

problems were encountered with mechanical harvesting, such as low harvesting efficiencies with 

‘Valencia’ oranges (Whitney, 1995).    

In 1994, the Florida Department of Citrus initiated a second mechanical harvesting 

program. Harvesting costs were a major concern because of high production levels, low labor 

availability and low fruit prices due to foreign competition. During the mid 1990’s harvesting 

costs were almost equal to the cost of production. These conditions motivated the Florida citrus 

industry to renew mechanical harvesting R&D efforts to determine if future crops could be 

harvested at a competitive level (Whitney et al., 1996).   

Current Mechanical Harvesting Systems 

Roka and Hyman (2004) evaluated the performance of three citrus mechanical harvesting 

systems for the 2003-04 season (Table 2-1). The data collected represents more than 2,750 acres 

and nearly 1.25 million boxes of harvested oranges. The average performance by machine was 

calculated for: removal percentage, recovery percentage, harvest speed, machine productivity, 
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labor productivity, and percent runtime. The three systems evaluated in this study (Roka and 

Hyman, 2004) were: 

Trunk shake and catch (TSC, Figure 2-1). This system shakes the trunk of a tree and removes on 
average 95% of the fruit. Between 85% and 93% of the available fruit is collected by the 
catch frame and labor productivity averages nearly 100 boxes/hour per person2. 

Continuous canopy shake and catch (CCSC, Figure 2-2). Two harvesting units work in tandem 
on either side of the tree row. The shaker heads remove 95% of the fruit, and overall 
recovery averages 91%. Although each set of harvesters requires 6 people compared to 3 
for TSC, labor productivity for CCSC systems average close to 100 boxes/hour per person. 

The tractor drawn canopy shaker (T-CS, Figure 2-3) unit is similar to the CCSC only that it is 
not self propelled, but instead drawn by a tractor and harvest one side of the tree at a time. 
The harvesting unit removes nearly 95% of the fruit. Fruit falls to the ground where a pick 
up crew recovers almost a 100% of the fruit available. Labor productivity is much lower 
than the other systems with catch-frames. However, given the fact that much of the data 
collected on T-SC systems came from harvesting large, widely spaced trees, average labor 
productivity of 12 boxes per hour may represent a 2-fold increase in hand-harvest 
productivity in the same tree conditions (Roka, 2008).  

For a more detailed description of the above mentioned mechanical harvesting systems you 

may visit the UF/IFAS Citrus Mechanical Harvesting web page at 

http://citrusmh.ifas.ufl.edu/index.   

Effect of Mechanically Harvesting Late-season ‘Valencia’ Orange 

In the early 1960s, research was mainly directed towards harvesting processed oranges, 

which employed the vast majority of the harvesting labor. Development of limb, air, trunk, and 

foliage (canopy) shakers began without the fruit loosening aid of abscission chemicals. A five-

year study by Hedden and Coppock (1968) showed that early and mid-season varieties yields 

were not affected significantly by a 15-cm stroke limb shaker. Yields of ‘Valencia’ oranges, 

however, were reduced up to 40% in the subsequent year when limb shaking occurred during late 

May and early June. 

                                                   
2 Average productivity of hand harvesters is between 8 and 10 boxes per hour (Roka and Emerson, 1999). 



 

23 

With no abscission chemicals available to loosen mature ‘Valencia’ oranges, shaking 

strokes of 10, 15 and 20 cm at different frequencies were investigated as shaker adjustments 

were made to minimized young fruit removal without compromising mature fruit removal 

efficiencies. Subsequent yield reductions over the harvest season ranged from 8% to 28% at an 

average mature fruit removal of 81% (Coppock, 1971). These field trials concluded that 

‘Valencia’ oranges can be mechanically harvested without abscission until the young fruit is 

about 0.50 inch in diameter, without significant reduction in yield during the subsequent season.            

Coppock (1972) evaluated the influence of date on the diameter of young fruit for three 

harvest seasons. He determined that the diameter of young fruit increased according to the linear 

equation 

Y = 0.472X – 0.69,         (2-1) 

where X is the number of days after April 1. Around May 15 or when the young fruit reach 22 

mm in diameter (0.8 inches), several changes begin to occur in young fruit, specifically young 

fruit weight and detachment force, which have a marked influence on harvesting with limb 

shakers. In his study Coppock also estimated that the subsequent yield of shaken trees ranged 

from 80% percent at the beginning of the season to 94% percent about May 15 after which it 

decreased rapidly (Figure 2-4). 

Several experiments were conducted to determine the effect of mechanical harvesters on 

subsequent ‘Valencia’ orange yield with the use of abscission chemicals. Abscission chemicals 

affect the fruit removal percentage by loosening mature fruit, thus improving mechanical 

harvesting efficiency. Mechanical harvesting efficiency was defined by Whitney (1976) as the 

percentage of crop that could be recovered mechanically compared to manual harvesting. For 

‘Valencia’ oranges the combination of sufficient mature fruit removal with large yield reductions 



 

24 

resulted in low harvesting efficiencies. In 1976, Whitney calculated harvesting efficiencies of the 

AREC (Agricultural Research and Education Center) air shaker with 2 different concentrations 

of the abscission compound Release (5-chloro-3-methyl-4-nitro-1H-pyrazol) on ‘Valencia’ 

oranges when the young fruit diameter averaged 1.2 inches. Harvesting efficiency of the shaker 

was 80 percent with 250 ppm and 78 percent with 375 ppm Release. No significant reduction in 

next year’s yield was calculated when spraying 250 ppm Release.    

Coppock et al. (1985) conducted an experiment to determine the effect of three shaker 

strokes (15.2, 20.3 and 25.4 cm) with and without the Release abscission compound. Subsequent 

fruit yields were reduced an average of 15 percent over the corresponding initial yield. Although 

not statistically significant, there was an indication that fruit yield reduction was less with the 

less aggressive shaker strokes. Mature fruit removal with abscission averaged 96.5 percent 

versus 93.1 percent for treatments without the compound. They also concluded that the 

abscission chemical had little effect on selectivity of mature fruit when combined with the more 

aggressive shaker stroke treatment. Overall, the most efficient treatment was combining 

abscission compound application with the 20.3 cm stroke; a harvesting efficiency of 87.5 percent 

was calculated for this treatment. 

Burns et al. (2006) suggested that the appropriate equipment operation parameters, in 

combination with CMNP application significantly influenced mature fruit removal. Differences 

were greater and statistically significant (p>0.01) for the treatment with 4 seconds shake duration 

at half of the full-throttle (4.8 Hz.). Such treatment significantly decreased immature fruit 

removal and did not significantly reduce subsequent yield. Therefore it was concluded that the 

application of the abscission compound CMNP combined with low frequency trunk shaker 
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harvesting can achieve a high percentage of mature fruit removal with no significant impact on 

yield of next year crop.     

Abscission Compounds and CMNP Studies 

Several abscission chemicals were developed and screened during the early abscission 

program (1960s to 1980s). A few compounds emerged as viable abscission agents and after years 

of testing, one compound, ‘ABG-3030’, was identified as a superior compound. Initially 

identified by Abbott Laboratories, North Chicago, IL, USA, this compound was formulated as 

‘Release’. The activity of ‘ABG-3030’ was first detected in January, 1971 (Wilson, 1973) and 

additional testing during the ‘Valencia’ orange season was conducted to demonstrate the 

effectiveness of ‘ABG-3030’ as an abscission agent.  

Kenney et al. (1974) suggested that early and mid season varieties are more sensitive to the 

activity of ABG-3030 than the ‘Valencia’ variety. This was reflected in the concentration range 

required to reduce the pull force to 5.0 pounds or less (Table 2-2). Unfortunately, mature fruit 

burn occurred on all varieties. With respect to the phytotoxicity, Kenney et al. (1974) 

summarized the effect of ABG-3030 on the various stages of development foliage and immature 

fruit of the ‘Valencia’ variety (Table2-3) and concluded that the margin between the effective 

concentration and the concentration that causes significant adverse effect was large.       

Several experimental use permits were granted by EPA for the active ingredient in 

‘Release’, 5-chloro-3-methyl-4-nitro-1H-pyrazole (CMNP, initially called ABG-3030). Although 

the material was tested in Florida for several years (Biggs and Kossuth, 1980; Wilson et al., 

1977), the product was never formally registered as a fruit abscission agent. Several reasons 

explain why enthusiasm waned: high cost for full registration of Release, high fruit prices, 

adequate labor availability, and initial indications of problematic toxicology for the active 

ingredient. 
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Burns (2002) screened several abscission materials for citrus including CMNP. Her work 

tested different concentrations of CMNP to measure selectiveness and phytotoxicity. 

Applications of 200 mg.L-1 (ppm) of CMNP to ‘Valencia’ trees resulted in a reduction in FDF 

(fruit detachment force) 24 hours after treatment. FDF continued to decline after the first 24 

hours (Figure 2-5). She also documented that leaf drop in ‘Valencia’ was generally unaffected by 

CMNP treatment at recommended rates. Leaf drop was low at 0 to 1000 mg.L-1 of CMNP, but 

rapidly increased at concentrations greater than 2000 mg.L-1 (Figure 2-6).  

Several recent studies (Burns, 2002; Burns et al., 2005; Burns et al. 2006) confirmed that 

CMNP is a selective abscission agent and that it loosens mature fruit within 3 to 5 days after 

application. Despite the high concentration of CMNP applied during these tests, trees did not 

exhibit phytotoxicity; however, fruit removal rates significantly increased when combining 

CMNP and mechanical harvesters. Although there are clear advantages to using CMNP, Burns et 

al. (2005) indicated that more work is needed to determine the concentration needed to maximize 

removal and recovery and hence grower advantage.    

Economics of Mechanization 

According to Samuelson (1970) increasing returns to scale, or so-called “economies of 

mass production,” are often associated with one of the following advances: (1) the use of non-

human and non-animal power sources; (2) the use of automatic self-adjusting mechanism; and 

(3) the specialization of function and division of labor. Unit cost savings accrue only if a 

sufficient number of units are being produced. Consider the general shape of a long run average 

total cost curve as shown in Figure 2-7. When the long run average cost curve declines as output 

level increases from Q1 to Q2, there are said to be economies of scale, the average cost will go 

down from C1 to C2 which it can be translated, in the case of the citrus industry, into lowering 

the unit cost per box. 
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Economies of scale in citrus mechanical harvesting systems can be achieved by increasing 

their capacity. Capacity is measured as boxes per season. As capacity in a harvest season 

increases, fixed costs are spread over more harvested boxes, thus, lowering the unit cost to 

harvest. With CMNP application, the capacity of a mechanical harvester can be improve (Burns 

et al., 2005). The primary effect of CMNP application is extending the mechanical harvesting 

season beyond mid May, thus, allowing these systems to access a significant portion of the 

‘Valencia’ crop. More than 40% of the ‘Valencia’ crop is harvested after May 1st. 

CMNP could also have a positive impact on boxes per hour (Bx/hr). Boxes per hour can be 

improved by increasing recovery percentage. An abscission compound can influence the Bx/hr 

by allowing the equipment to harvest faster without compromising fruit removal rates. Burns et 

al. (2005) calculated that harvest speeds can be increased by 25% with CMNP while maintaining 

high percent mature fruit removal (Figure 2-8).  

With CMNP application, less machine force will be necessary to achieve high rates of 

mature fruit removal, thus minimizing the possibilities of machine wear and breakdown (Roka, 

2006). Decreasing machine breakdowns has a positive impact on runtime percentage which in 

turn, improves equipment efficiency. Higher system efficiencies will result in higher labor 

productivity or boxes per hour per crew member, therefore, increasing the number of boxes 

harvested in 8 hours/day.    
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Table 2-1. Average performance statistics of Coe-Collier Trunk-Shake-Catch (TSC) system, 
Oxbo Continuous Canopy Shake Catch (CCSC) system and Oxbo Tractor Drawn 
Canopy Shaker (T-CS) on early-mid and late season oranges, 2003-04 season.      

    TSC (Coe-Collier) CCSC (Oxbo) T-CS (Oxbo) 

Measure Units 
Early/ 
mids 

Late 
season 

Early/ 
mids 

Late 
season 

Early/ 
mids 

Late 
season 

Removal % 95 97 94 95 91 94 

Recovery % 86 88 88 91 99.5 99 

System efficiency (% runtime) % 66 51 60 78   

Harvest speed tree/hr 209 261 481 527 200 450 

Machine productivity boxes/hr 420 512 968 1223   

Crew size # 2.7 2.6 6 6 23 27 

Labor productivity boxes/hr 108 101 100 169 7 12 

Source: Roka and Hyman, 2004. 
 

 
Figure 2-1. Trunk shake and catch system, position of shaker (right) and receiver (left) units. 

Source: UF/IFAS, 2008a. 
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Figure 2-2. Overhead view of the OXBO continuous canopy shake and catch system. Source: 

UF/IFAS, 2008a. 

 

 
Figure 2-3. Tractor drawn canopy shake system. Source: UF/IFAS, 2008a. 
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Figure 2-4. Influence of date on subsequent yield of trees harvested with limb shaker measured 

as a percentage of the yield of hand-picked trees. Source: Coppock, 1972. 

 
Table 2-2. Spray concentrations of ABG-3030 required to reduce pull force to five pounds or 

less. 
Variety Concentration (ppm)  
Hamlin 50-100  
Parson Brown 50-100  
Pineapple 25-75  
Valencia 150-200  

Source: Kenney et al. 1974. 
 
Table 2-3. Spray concentrations of ABG-3030 required to cause objectionable damage at various 

growth stages. 
Growth stage (Valencia) Concentration (ppm)  
Feather flush >800  
Six inch flush >800  
3 month leaves 800  
1 year or older leaves 400  
Pin-head bloom >800  
Full bloom >800  
Immature fruit (all stages) >800  

Source: Kenney et al. 1974.  
 
 
  

 



 

31 

 
Figure 2-5. The effect of CMNP and Ethrel® on reduction of FDF in ‘Valencia’ orange from 0 to 

72 hours after abscission material application. Source: Burns, 2002. 

 
Figure 2-6. Leaf abscission induced by increasing concentrations of CMNP and Ethrel® in 

calamondin 5 days after application. Source: Burns, 2002. 
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Figure 2-7. Example of average total cost curve and economies of scale. 

 

 

Figure 2-8.Effect of canopy shaker ground speed and CMNP on percentage mature fruit removal 
in ‘Valencia’ orange. Means followed by the same letter are not statistically different, 
p=0.05. Source: Burns, et al., 2005.  
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CHAPTER 3 
DEVELOPING A MODEL TO ANALYZE THE POTENTIAL ECONOMIC BENEFIT OF 

CMNP APPLICATION 

This chapter presents a model, its key components (equations), data sources, and 

methodology to derive cost/benefit values for developing and registering the abscission 

compound CMNP. Effective use of CMNP should allow citrus mechanical harvesting to extend 

through the ‘Valencia’ season without adversely affecting fruit yields in the following season. 

Increasing the hours of equipment operation should increase harvest capacity of the harvesting 

systems and thus, lower unit costs of harvesting. The model compares projections of future 

private benefits with known and projected public expenditures. The model evaluates four 

scenarios to examine the sensitivity of future benefits under various levels of price, production, 

and fruit loss. The economic success for the CMNP public investment is defined as a positive net 

present value (NPV) of net cash flows over a 10-year planning horizon, discounted at an interest 

rate of 10% (Moss et al., 1991). 

The cost/benefit analysis proceeds in five steps: 1) identify relevant costs and benefits; 2) 

measure past and future costs related to abscission compound registration and development; 3) 

estimate value of future benefits from abscission agent application during the late season 

‘Valencia’ harvest; 4) calculate the performance of this public investment by comparing cost and 

benefit streams accruing during the pre-defined lifetime for this project (10 years) in constant 

dollars (NPV); and 5) conduct a sensitivity analysis of key assumptions embedded in the 

cost/benefit analysis.  

The model consists of two equations, one estimating economic benefits and the other 

quantifying cost of developing and registering CMNP for commercial use. All the variables 

included in these equations are explained in detail in the following sections. Economic viability 

of CMNP will be evaluated by calculating the NPV of accrued costs since 1995 and anticipated 
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benefits starting in 2010 and continuing through the 2018 season. A payback period and the 

internal rate of return (IRR) will be calculated as additional measures of financial performance. 

Outline of the Model 

Benefits 

Two benefits of abscission are quantified in the model. First, the dollar value of fruit that 

would have been lost in the next season if the crop were to be mechanically harvested in the 

current season without abscission compound application. Second, the harvest cost savings earned 

by a mechanical system in the current season with abscission compound application. All the 

variables used in the following equations are listed and defined in Table 3-1.  

Equation 3-1 estimates a dollar value of lost fruit (VA) in the season following mechanical 

harvesting of late season ‘Valencia’ oranges without abscission compound application. This 

value equals the expected future fruit price (Pt+1) multiplied by the projected quantity of 

‘Valencia’ oranges during the specified harvest dates ( vls
tQ 1+ ). This value, in turn, is multiplied by 

the percentage of lost fruit ( λ ), to account for the proportion that would be adversely affected by 

mechanically harvesting during the previous ‘Valencia’ late season without using abscission (i.e. 

after early May). The ( tγ ) represents the area (acres) of abscission application, and hence the 

area of late season ‘Valencia’ that will be mechanically harvested.   

[ ]t
vls
tt

T

at
A QPV γλ *** 11 ++

=
∑=         (3-1) 

A second benefit of CMNP is the cost savings (SA) generated by mechanically harvesting 

the additional boxes of late season ‘Valencia’ oranges preserved due abscission application 

compound. Harvest cost savings (Equation 3-2) equals the unit cost savings multiplied by the 
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projected number of preserved boxes mechanically harvested with abscission during early-May, 

mid-May, early-June and mid-June.  

[ ])(*** ttt
vls
tt

T

at
A AMHHHQS −−=∑

=

λγ     (3-2) 

where ( λγ ** vls
tt Q ) corresponds to the number of additional boxes harvested during the 

current season as a result of abscission compound application. The dollar per box unit cost 

savings is calculated as the difference between the cost per box to hand harvest (HHt) and the 

combined cost to mechanically harvest (MHt) with abscission compound application (At). 

The calculation of total economic benefit of abscission (BA) (Equation 3-3), for a given 

year t, is the sum of the value of lost fruit (3-1) with the total harvest cost savings generated by 

mechanically harvesting ‘Valencia’ oranges with abscission after the specified dates (3-2).  
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Costs 

 Equation 3-4 calculates the cumulative CMNP expenditures (CA) over 22 years, from 

1996 to 2018. Abscission expenditures are divided into two categories. The first category 

includes expenditures from both the Florida Department of Citrus (FDOC) and federal grants to 

register the compound CMNP with the U.S. EPA (Regt). The second category includes 

abscission research and development expenditures by FDOC ( FDOC
tDR & ), and UF/IFAS (

UF
tDR & ). For the purposes of this analysis, abscission R&D and CMNP registration costs were 

totaled from 1996 and are expected to continue until CMNP is fully registered for commercial 
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use, expected in 2012. In addition, research and development costs included only “direct” 

expenditures and do not include faculty salaries and university overhead costs. 

[ ]UF
t

FDOC
tt

T

at

T

at
tA DRDRRegCC && ++==∑ ∑

= =
    (3-4) 

where, time t=a represents the period of analysis that is from 1996, where a=-12, through 2018, 

where a=10, with 2008 as the base year, where a=0. 

NPV and Discount Factors 

A net present value (NPV) was calculated for each scenario evaluated in this study. The 

calculation of this appraisal method is given in equation 3-5 (Brigham and Ehrhardt, 2005): 

∑
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         (3-5) 

where, CFt  is the expected net cash flow at period t, r is the discount rate and n corresponds to 

the project’s planning horizon. CFt is calculated as the difference between benefits of CMNP 

(inflows, equation 3-3) and total costs of CMNP (outflows, equation 3-4), during the tth year. 

Incorporating equation 3-5, benefits and costs are rewritten as: 
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Benefit Equation Components 

Value of Lost Fruit 

The value of lost fruit is calculated as the dollar value of the anticipated yield reduction on 

next year’s ‘Valencia’ crop from mechanically harvesting this year’s crop without abscission. 

The value of lost fruit is estimated by: 1) percent yield reduction in next year’s crop, 2) 

forecasted quantity of next year’s late season fruit, and 3) forecasted on-tree fruit price during 

next season. The calculated value of lost fruit was constrained by the area over which CMNP 

will be applied. All the data were tabulated and organized within an Excel spreadsheet. 

Averages, proportions, mean values and their respective confidence intervals were calculated. 

Percentage yield reduction of late season ´Valencia´ from mechanical harvesting 

For the purposes of this paper, late season ‘Valencia’ is defined as oranges harvested after 

May 1. This definition corresponds to a field trial that was conducted in a commercial grove 

south of Immokalee from 2003-2005 during four harvest periods (early-May, mid-May, early-

June, and mid-June). Two years of yield impact data were collected during the trial and a 

description of the trial is reported in Roka et al. (2005). Treatments included both canopy and 

trunk shakers operating at three intensities and without abscission compound application. 

Treatments were applied in the first and second year of the trial. In the second and third year of 

the trial, yields were compared across all harvest dates and among mechanically harvested and 

handpicked control plots.  

Results from this trial are summarized in Figure 3-1. Significant production losses in 2004 

were attributable to the mechanical harvesting treatments applied during 2003. Losses increased 

from 15% for early May harvest date to nearly 50% for the mid June harvest date.  In 2005, 

however, yield reductions resulting from mechanical harvesting during the two May 2004 

harvest dates were not significantly different from hand harvested plots. Yields from trees 
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mechanically harvested during early and mid June 2004 were 15 and 20 percent lower than hand 

harvested plots.  

Two cost/benefit scenarios are developed around these results. A high-loss scenario (H%) 

assumes that yield reductions occur at each harvest date, starting with a 15% yield reduction 

from an early May harvest and increasing to 20%, 45% and 50% for late May, early June, and 

mid June dates, respectively. A low-loss scenario (L%) assumes no yield reductions during the 

May harvest dates. Yield reductions of 15% and 20% occur for the early and mid June harvest 

dates, respectively.  

Late season ‘Valencia’ by harvest date 

The expected quantities of ‘Valencia’ oranges harvested during the four late-season dates 

were estimated by analyzing the historical proportion of the total Florida orange crop that 

represents processed ‘Valencia’ oranges, and then determining the proportion of ‘Valencia’ 

production harvested in early May, mid May, early June, and mid June. The harvest date 

percentages were used to apportion forecasted ‘Valencia’ production between 2008 and 2018 by 

the four late season harvest dates.  

The percentage of total ‘Valencia’ processed boxes harvested during a typical year was 

estimated using the historical FASS data from 1985-86 through 2005-06 (Table 3-2). On average 

‘Valencia’ oranges for the processed market represent 40.74% of the total orange crop in Florida. 

A 95% confidence interval reflects a lower and upper bound of 39.31% and 42.17%, 

respectively.  

Table 3-3 utilizes historical data from crop years 1985-86 through 2005-06 to estimate the 

proportion of ‘Valencia’ oranges that have been harvested by early May, mid May, early June, 

and mid June (Florida Agricultural Statistics Service (FASS)). Figure 3-2 presents the mean 

value and the 95% confidence interval for these proportions. On average 43.50% of total 
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‘Valencia’ crop is still on the tree during the “late season” period; 30.65% is allocated during 

early and mid May leaving the final 12.85% to be harvested during June harvest dates.   

Florida Department of Citrus (FDOC) economists annually project the next ten years of 

citrus production (Brown, 2007). High and low production trends reflect varying assumptions 

about the future affect of pests and diseases on total fruit production. FDOC production 

projections are for total oranges, grapefruit, and specialty fruit. In order to differentiate late 

season ‘Valencia’ oranges, the previously calculated percentages of ‘Valencia’ oranges were 

applied to the FDOC estimates of Florida orange production for 2007-08 through 2017-18 (Table 

3-4). Future ‘Valencia’ production is allocated to one of the four harvest dates considered in this 

study (Table 3-5) according to the percentages presented in Table (3-3).               

Fruit price 

During most harvest seasons, ‘Valencia’ oranges command a higher delivered-in price than 

early and mid season oranges. A percentage differential between ‘Valencia’ and all round 

oranges on-tree price per box was estimated from historical price data (FASS) from 1985-86 

through 2005-06 season (Table 3-6). ANOVA was used to determine the mean value of the price 

differential and its respective confidence intervals. A mean value of 16.9 % reflects the historical 

price premium paid for ‘Valencia’ oranges as compared to all round oranges.  

Future on-tree ‘Valencia’ prices were estimated over a 10-year planning horizon starting in 

the 2007-08. Future prices for all Florida oranges were estimated by the Florida Department of 

Citrus (Brown, 2007) from 2007-08 through 2017-18. The historical price differential was 

applied to the FDOC projected on-tree price per box for all Florida oranges (Table 3-7).    

Abscission (CMNP) acreage constraint 

FDOC will submit an application package to the U.S. EPA for the registration of CMNP as 

an abscission compound to be used as part of citrus harvesting. As part of that package, FDOC 
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will be asking for an experimental use permit (EUP) that will allow an expansion of the available 

acreage to receive CMNP material. FDOC is expected to request an EUP for 25,000 acres to be 

mechanically harvested with CMNP (Roka, 2008). If the EPA review process finds little or 

minimal risk from CMNP use, the EPA should grant an EUP by spring of 2010. The acreage 

amount of the EUP is at the discretion of the EPA. A major assumption of this model is that the 

entire 25,000 acre request is granted and utilized immediately for CMNP application during the 

late-season ‘Valencia’ harvesting period. It is important to note that once CMNP reaches full 

registration (perhaps as early as 2012), the EUP acreage is no longer going to constrain usage of 

this compound. For the purposes of this analysis, however, it was assumed that only late season 

‘Valencia’ orange acreage will be treated with CMNP and total area will be limited by the EUP 

over the next 10 years.  

An average yield per acre was calculated for ‘Valencia’ oranges. This value was applied to 

the acreage constraint to project the number of boxes that will be available for mechanical 

harvesting with abscission during the late season ( vls
tt Q*γ ). FASS production data from 1985-86 

through 2005-06 season was used to calculate an average yield per acre for ‘Valencia’ oranges. 

‘Valencia’ blocks averaged 305.09 boxes per acre, a 12.61% reduction in average yield per acre 

from all round oranges (Table 3-8). This percentage differential was applied to the FDOC 

projected yield per acre for all round oranges for seasons 2007-08 through 2017-18 and, 

converted to boxes by multiplying the number of acres allowed by EUP (Table 3-9). The model 

allocates CMNP on the basis of one harvest date at a time. That is, if the entire EUP acreage 

allotment, converted to boxes, can be consumed during the first harvest date where abscission is 

needed to eliminate a subsequent reduction in yield (i.e. early May in scenarios with high 
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percentage of yield reduction), then no mechanical harvesting with CMNP will be applied during 

the rest of the season. 

Savings in Harvest Cost 

Preserving the value of next year’s fruit with abscission is a benefit that accrues next year. 

Savings in the unit cost of harvesting with mechanical systems is a benefit that accrues during 

the current season. Unit cost savings were calculated by subtracting the mechanical harvesting 

and CMNP application cost from hand harvesting rates per box, $1.50, $0.20 and $2.50 

respectively (Roka, 2008). Total savings in harvesting cost were calculated by applying this cost 

differential of $0.80 to the total number of preserved boxes of ‘Valencia’ oranges resulting from 

mechanical harvesting with abscission during the late season once the EPA grants an EUP (

λγ ** vls
tt Q ).      

Cost Equation Components 

Expenditures on abscission include costs to register CMNP with the U.S. EPA and 

expenditures on research and development. Expenditures on registration began in 2004 with 

federal grants. Federal government funding stopped in 2006 and provided a total of $2.054 

million toward CMNP registration. FDOC expenditures on CMNP registration for the 2006-07 

season were $759,642 and they have projected that an additional $6.5 million will be required to 

complete the full registration process. 

Even though, more than $500,000 were expended between 1960 and 1975 during an earlier 

abscission program (King and Roka, 2008), this model only considers FDOC funding on 

abscission R&D that started in 1996. By 2005, almost $4.00 million have been funded by the 

FDOC on R&D. The Florida legislature passed the Citrus Initiative (CI) that allocated funds to 

the University of Florida/IFAS for mechanical harvesting, abscission research and education 
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efforts. Since July 1, 2005, the first year of the CI, UF/IFAS has expended $1.32 million on 

R&D of abscission compounds. A summary of actual R&D and registration costs and the 

model’s anticipated costs through 2012 are presented in Table 3-10. 

The cost/benefit analysis in this paper uses the 2007-08 season as the initial reference 

point, that is t = 0 during 2007-08 season. Funds spent from 1996 through 2007 were added and 

appropriately inflated to reflect the time-value of money. The model applied the same interest 

rate (r), used to discount future cash flows, as well as to calculate the present value of past costs. 

Scenario Overview  

Previous sections describe how benefits and costs of extending the ‘Valencia’ late season 

with mechanical harvesting and abscission compound application were determined. Four 

scenarios were developed to determine if the private benefit of extending mechanical harvesting 

into late May and June with abscission compound application more than offset its public cost of 

development and registration. The scenarios, described below, examined changes in price, 

production, percentage of lost fruit and EUP acreage constraint (Table 3-11).  

In scenarios 1 and 2, high price levels are linked to low production levels, and their 

projections suggest an increase in price from $7.88 /box in 2007-08 season to $12.13 /box in 

2017-18 season (Table 3-7). Production levels (Low) for 2007-08 season start at 74.55 million 

boxes and decrease to 61.92 million boxes of ‘Valencia’ orange by 2017-18 (Table 3-4). On 

average, 43.50% of the total projected boxes of ‘Valencia’ oranges will be allocated in the “late 

season” and apportioned during four harvest dates (Table 3-5).   

Scenarios 3 and 4 link low price levels with high projected production levels. Prices 

increase from $7.56 /box in 2007-08 season to $8.90 /box in 2017-18 season (Table 3-7). 

Production levels (High) for 2007-08 season start in 76.18 million boxes and decrease to 70.89 

million boxes of ‘Valencia’ orange by 2017-18 (Table 3-4). The proportion of total ‘Valencia’ 
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used to calculate the projected production during the “late season” remains the same for these 

scenarios, 43.50% out of the total projected boxes of ‘Valencia’ oranges.  

Late season ‘Valencia’ acreage that can be mechanically harvested with abscission agent 

application is constrained by the EUP to 25,000 acres. Low and High production scenarios, 

however, imply different per acre yields. Hence, the number of boxes mechanically harvested 

will vary by production scenario. Under low production levels (scenarios 1 and 2) the number of 

boxes mechanically harvested ranges from 8.61 to 7.38 million boxes for seasons 2009-10 

through 2017-18 (Table 3-9). Under high production levels (scenarios 3 and 4) mechanically 

harvested boxes ranges from 8.59 million boxes in 2009-10 to 7.67 million boxes in 2017-18. 

Based on the ‘Valencia’ projected production by harvest date depicted in Table 3-4, early May 

production decreases from 11.99 million boxes in 2007-08 season to 9.96 million boxes in 2017-

18 season. Therefore, scenarios assuming a high percentage of lost fruit will utilize the entire 

EUP allotment during early May. Scenarios assuming a low percentage of lost fruit will allocate 

the EUP allotment during early June and for part of the mid June harvest date.  

Projected net cash flows over a 10-year planning horizon for CMNP were discounted using 

a 10% rate. Registration and R&D expenditures from 1996 to 2007 were combined and 

discounted using Equation 3-5, to 2007-08 dollars for all four scenarios, totaling an initial 

investment of $19.10 million (Table 3-10). Also, expenditures on registration and R&D from 

2008-09 through 2011-12 will not vary from one scenario to another. 
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 Table 3-1. List and definition of variables entering the benefit and cost equations. 
Variable Description Variable Description 
VA Value of abscission CA CMNP total expenditure 
Pt+1 On-tree price Regt Registration cost 

VLS
tQ 1+  Boxes of ‘Valencia’ late season 

FDOC
tDR &  R&D sponsored by FDOC 

λ  Percentage of loss fruit 
UF
tDR &  R&D sponsored by UF/IFAS 

tγ  acreage mechanically harvested r Discount rate 
HHcost/bx Hand harvesting unit cost t Time period 
MHcost/bx Mechanical harvesting unit cost   
Acost/bx CMNP application unit cost   
  

 
Figure 3-1. Yield reductions due to mechanically harvesting ‘Valencia’ oranges, as compared to 

the handpicked control, by harvest date in 2004 and 2005. Source: Roka, et al. 2005. 
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Table 3-2. Calculation of ‘Valencia’ oranges as a percentage of the total Florida oranges for 
seasons 1985-86 through 2005-06, Florida production and processed ‘Valencia’ 
oranges in thousand boxes.  

Season Florida production    
(1,000 boxes) 

Processed ‘Valencia’ 
(1,000 boxes) 

‘Valencia’ Proportion 
(%) 

1985-86 119,200 51,161 42.92 
1986-87 119,700 50,297 42.02 
1987-88 138,000 55,850 40.47 
1988-89 146,600 58,246 39.73 
1989-90 110,200 41,029 37.23 
1990-91 151,600 57,615 38.00 
1991-92 139,800 52,628 37.65 
1992-93 186,600 68,534 36.73 
1993-94 174,400 64,040 36.72 
1994-95 205,500 82,040 39.92 
1995-96 203,300 78,728 38.73 
1996-97 226,200 88,485 39.12 
1997-98 244,000 100,625 41.24 
1998-99 186,000 69,304 37.26 
1999-00 233,000 96,112 41.25 
2000-01 223,300 91,823 41.12 
2001-02 230,000 99,043 43.06 
2002-03 203,000 88,060 43.38 
2003-04 242,000 111,722 46.17 
2004-05 149,800 67,706 45.20 
2005-06 147,900 70,450 47.63 

  Lower limit 39.31% 
  Mean value 40.74% 
  Upper limit 42.17% 

Source: FASS, 2007. 
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Table 3-3. Proportion of total ‘Valencia’ production on the tree at each of the four harvest dates 
for seasons 1985-86 through 2005-06.  

Season 
 Early May 

proportion (%)  
Mid May 

proportion(%) 
 Early June 

proportion (%)  
Mid Jun 

proportion (%) 
1985-86 18.84 15.31 9.85 4.09 
1986-87 19.56 18.01 12.31 4.03 
1987-88 21.21 18.46 14.13 11.19 
1988-89 19.28 16.90 12.74 7.34 
1989-90 11.09 8.90 0.48 0.23 
1990-91 13.27 9.59 1.08 0.27 
1991-92 15.62 8.90 2.65 0.94 
1992-93 17.00 13.78 8.15 4.99 
1993-94 18.43 17.24 11.30 7.96 
1994-95 14.51 9.54 4.48 2.09 
1995-96 17.33 20.59 6.26 1.81 
1996-97 16.91 18.37 6.98 5.31 
1997-98 13.62 9.65 6.53 3.46 
1998-99 14.37 9.17 3.51 1.06 
1999-00 16.11 13.96 10.33 13.68 
2000-01 15.58 22.04 9.42 6.72 
2001-02 14.65 19.30 8.25 3.47 
2002-03 15.60 16.82 7.62 1.56 
2003-04 14.72 12.31 7.83 6.16 
2004-05 15.59 14.06 6.38 8.48 
2005-06 14.43 13.17 10.89 13.94 

Average (%) 16.08 14.57 7.67 5.18 
Source: FASS, 2007. 
 
 

 
Figure 3-2. Confidence interval for the proportion of total ‘Valencia’ production by harvest date. 

Source: FASS, 2007. 
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Table 3-4. FDOC all round orange projection and ‘Valencia’ oranges production scenarios 
(million boxes) for seasons 2007-08 through 2017-18. 

 All round orangesa  ‘Valencia’ orangesb  

Season Low production 
(million boxes) 

High production 
(million boxes) 

Low production 
(million boxes) 

High production 
(million boxes) 

2007-08 183 187 74.55 76.18 
2008-09 179 185 72.92 75.37 
2009-10 174 181 70.89 73.74 
2010-11 169 178 68.85 72.52 
2011-12 163 175 66.41 71.30 
2012-13 159 174 64.78 70.89 
2013-14 156 173 63.55 70.48 
2014-15 154 172 62.74 70.07 
2015-16 152 173 61.92 70.48 
2016-17 152 174 61.92 70.89 
2017-18 152 174 61.92 70.89 

Source: a ”All round oranges” production forecasted by Brown (2007). 
b ‘Valencia’ oranges production equals “All round oranges” forecasted production multiplied by 
40.74% (from Table 3-2). 
 
Table 3-5. Projected late-season ‘Valencia’ oranges by harvest dates, low and high production 

scenarios (million boxes), for seasons 2007-08 through 2017-18.    

Season 

Early May 
(million boxes) 

Mid May   
(million boxes) 

Early June 
(million boxes) 

Mid June   
(million boxes) 

Low High Low High Low High Low High 
2007-08 11.99 12.25 10.86 11.10 5.72 5.84 3.86 3.95 
2008-09 11.73 12.12 10.63 10.98 5.59 5.78 3.78 3.90 
2009-10 11.40 11.86 10.33 10.74 5.44 5.66 3.67 3.82 
2010-11 11.07 11.66 10.03 10.57 5.28 5.56 3.57 3.76 
2011-12 10.68 11.46 9.68 10.39 5.09 5.47 3.44 3.69 
2012-13 10.42 11.40 9.44 10.33 4.97 5.44 3.36 3.67 
2013-14 10.22 11.33 9.26 10.27 4.87 5.41 3.29 3.65 
2014-15 10.09 11.27 9.14 10.21 4.81 5.37 3.25 3.63 
2015-16 9.96 11.33 9.02 10.27 4.75 5.41 3.21 3.65 
2016-17 9.96 11.40 9.02 10.33 4.75 5.44 3.21 3.67 
2017-18 9.96 11.40 9.02 10.33 4.75 5.44 3.21 3.67 

Source: ‘Valencia’ forecasted production from Table 3-4 multiplied by average values from 
Table 3-3. 
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Table 3-6. Percentage difference between all round oranges and ‘Valencia’ oranges “on-tree” 
price per box ($/box) for seasons 1985-86 through 2005-06. 

Season All round oranges 
($/box) 

‘Valencia’ oranges 
($/box) 

Price differential            
(%) 

1985-86 3.94 3.97 0.8 
1986-87 5.22 6.02 15.3 
1987-88 7.58 8.73 15.2 
1988-89 7.41 8.41 13.5 
1989-90 6.21 6.53 5.2 
1990-91 5.89 6.58 11.7 
1991-92 5.93 6.65 12.1 
1992-93 3.48 3.88 11.5 
1993-94 4.09 4.61 12.7 
1994-95 3.74 4.41 17.9 
1995-96 4.40 5.57 26.6 
1996-97 3.54 4.07 15.0 
1997-98 3.69 4.88 32.2 
1998-99 4.84 5.58 15.3 
1999-00 3.67 4.33 18.0 
2000-01 3.21 4.02 25.2 
2001-02 3.47 4.20 21.0 
2002-03 3.17 3.85 21.5 
2003-04 2.89 3.64 26.0 
2004-05 3.49 4.24 21.5 
2005-06 5.46 6.42 17.6 

  Lower limit 13.60% 
  Mean value 16.90% 
  Upper limit 20.20% 

Source: FASS, 2007. 
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Table 3-7. Projected ‘Valencia’ orange price scenarios ($/box), seasons 2007-08 through 2017-
18 

 All round orangesa ($/box) ‘Valencia’ orangesb ($/box) 
Season Low price High price Low price High price 

2007-08 6.47 6.74 7.56 7.88 
2008-09 6.61 7.11 7.73 8.31 
2009-10 6.99 7.77 8.17 9.08 
2010-11 7.26 8.40 8.49 9.82 
2011-12 7.51 9.04 8.78 10.57 
2012-13 7.64 9.56 8.93 11.18 
2013-14 7.72 9.98 9.02 11.67 
2014-15 7.73 10.25 9.04 11.98 
2015-16 7.69 10.38 8.99 12.13 
2016-17 7.61 10.38 8.90 12.13 
2017-18 7.61 10.38 8.90 12.13 

Sources:  a “All round oranges” price forecasted by Brown (2007).  
b ‘Valencia’ oranges price equals “All round oranges” forecasted price increased by 16.90% from 
mean price differential calculated in Table 3-6. 
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Table 3-8. Percentage difference between all round oranges and ‘Valencia’ oranges yield per 
acre for seasons 1985-86 through 2005-06. 

Season 
All round oranges 

(boxes/acre)  
‘Valencia’ oranges 

(boxes/acre) 
Differential             

(%) 
1985-86 324 297 -8.3 
1986-87 319 289 -9.4 
1987-88 363 327 -9.9 
1988-89 377 334 -11.4 
1989-90 276 229 -17.0 
1990-91 360 324 -10.0 
1991-92 315 280 -11.1 
1992-93 381 321 -15.7 
1993-94 341 281 -17.6 
1994-95 365 326 -10.7 
1995-96 342 293 -14.3 
1996-97 362 311 -14.1 
1997-98 401 356 -11.2 
1998-99 304 251 -17.4 
1999-00 387 335 -13.4 
2000-01 369 315 -14.6 
2001-02 392 339 -13.5 
2002-03 345 299 -13.3 
2003-04 428 389 -9.1 
2004-05 276 242 -12.3 
2005-06 301 269 -10.6 

Average yields 348.95 305.09  
  Lower limit -11.34% 
  Mean value -12.61% 
  Upper limit -13.99% 

Source: FASS, 2007 
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Table 3-9. EUP acreage constraint converted to total boxes of ‘Valencia’ orange for seasons 
2007-08 through 2017-18 under two production scenarios (low and high).    

 
All oranges avg. yield 

(boxes/acre) 
‘Valencia’ avg. yield 

(boxes/acre) 
‘Valencia’  

(million boxes) 
Season Low High Low High Low High 

2007-08 388.04 388.29 339.09 339.31 8.48 8.48 
2008-09 389.05 389.72 339.97 340.56 8.50 8.51 
2009-10 394.29 393.22 344.55 343.62 8.61 8.59 
2010-11 400.66 399.82 350.12 349.39 8.75 8.73 
2011-12 388.10 390.02 339.14 340.82 8.48 8.52 
2012-13 375.80 380.49 328.39 332.50 8.21 8.31 
2013-14 365.43 371.24 319.33 324.42 7.98 8.11 
2014-15 355.99 361.95 311.08 316.30 7.78 7.91 
2015-16 345.14 356.48 301.60 311.51 7.54 7.79 
2016-17 337.63 350.88 295.04 306.62 7.38 7.67 
2017-18 337.63 350.88 295.04 306.62 7.38 7.67 

Source: Yield differential calculated in Table 3-7 applied to ”All round oranges” yield per acre 
forecasted by Brown (2007). Converted to boxes in 25,000 acre of EUP. 
 
Table 3-10. Abscission registration and R&D expenditures (million $) from 1996 to 2008 

discounted to 2008 dollars to determine initial investment in 2008.     

Year 

FDOC 
R&Da 

(million $) 

UF/IFAS 
R&D (CI) 
(million $) 

FDOC 
Registration 
(million $) 

Federal 
Grants 

(million $) 

Nominal 
total 

(million $) 
Inflation 

factor 

Nominal totals 
inflated to 2008 

dollars           
(million $) 

1996 0.05 0.00 0.00 0.00 0.05  3.14 0.16 
1997 0.08 0.00 0.00 0.00 0.08  2.85 0.21 
1998 0.43 0.00 0.00 0.00 0.43  2.59 1.11 
1999 0.61 0.00 0.00 0.00 0.61  2.36 1.44 
2000 0.49 0.00 0.00 0.00 0.49  2.14 1.06 
2001 0.67 0.00 0.00 0.00 0.67  1.95 1.30 
2002 0.51 0.00 0.00 0.00 0.51  1.77 0.90 
2003 0.46 0.00 0.00 0.00 0.46  1.61 0.74 
2004 0.50 0.00 0.00 0.07 0.57  1.46 0.84 
2005 0.20 0.38 0.05 0.65 1.28  1.33 1.70 
2006 0.00 0.42 0.71 1.33 2.46  1.21 2.98 
2007 0.00 0.53 3.92 0.00 4.44  1.10 4.89 
2008 0.00 0.48 1.30 0.00 1.78  1.00 1.78 
    Total in 2008 dollars $19.10 

Source: King and Roka, 2008. 
Notes: a FDOC R&D expenditures include only abscission. Does not include funds spent on 
equipment design.  
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Table 3-11. Scenario description in terms of price, production, percentage of lost fruit and EUP 
assumptions. 

Scenario Price Production % lost fruit EUP acres  
Date of CMNP 

application 
% preserved 

fruit 
1 High Low High  25,000 Early May 15% 
2 High Low Low 25,000 Early and mid June 15% and 20% 
3 Low High High 25,000 Early May 15% 
4 Low High Low 25,000 Early and mid June 15% and 20% 
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CHAPTER 4 
COST/BENEFIT ANALYSIS AND SCENARIOS RESULTS  

As outlined in Table 3-11, four scenarios are developed and analyzed to determine if the 

private benefit of extending mechanical harvesting into late May and June with abscission agent 

application more than offset the public costs of development and registration. These scenarios 

examined changes with respect to four variables: price, production, percentage of lost fruit and 

the amount of fruit allotted by the experimental use permit (EUP) to be sprayed with CMNP. Net 

present value (NPV) is the appraisal method used to evaluate the public investment into 

abscission agent application for citrus mechanical harvesting. The NPV calculation compared 

discounted benefits and costs between 1995 and 2018 for the development and registration of the 

abscission compound CMNP. 

Florida Department of Citrus (FDOC) projections link high price scenarios with low levels 

of production; conversely, a low price scenario implies a higher level of production. Therefore 

this paper will not consider high price/high production and/or low price/low production 

scenarios. The acreage treated with CMNP is assumed to equal the requested amount in the EUP. 

While the EUP acreage of 25,000 is the same across all scenarios, the model converts acreage 

into boxes by multiplying yield per acre. Thus, total boxes that can be mechanically harvested 

within that acreage vary according to production levels. These differences are related to low and 

high production differences in yield per acre. Scenarios assuming low production implies low 

yield per acre, and scenarios with high production imply high yield per acre (Table 3-9).  

The allocation of the EUP allotment depends on the amount of late season ‘Valencia’ by 

harvest date and the percentage of lost fruit. In the case for scenarios with a “high fruit loss 

percentage” from mechanical harvesting without abscission, the entire EUP allotment is 

allocated to the early May harvest date. During the 2009-10 season and under a high production 
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scenario, 11.86 million boxes are expected to be harvested in early May (Table 3-5). The EUP 

under high production would allow only 8.59 million boxes to be mechanically harvested with 

CMNP (see Table 3-9). Thus, the entire EUP allotment would be utilized during early May. 

Alternatively, in a scenario with “low fruit loss percentages”, yield reductions would not start to 

occur until the June harvest dates. In this case, the EUP allotment would be spread across both 

the early and mid June harvest dates. For example, in high production scenarios, 5.66 and 3.82 

million boxes of ‘Valencia’ are expected to be harvested during early and mid June respectively. 

The model allocates 5.66 out of 8.59 million boxes in early June to be mechanically harvested 

with abscission and the remaining 2.93 million boxes allowed by the EUP would be utilized in 

mid June.       

Scenario 1, High Price/Low Production and High % of Lost Fruit.  

Net cash flows for Scenario 1, High Price/Low Production and High % of Lost Fruit, are 

presented in Table 4-1. CMNP benefits start accruing during spring 2010 when the EUP is first 

available. Mechanical harvesting operations in 2009-10 during early May with CMNP results in 

preserving an estimated 1.31 million boxes for the 2010-11 season. The dollar value of 1.31 

million boxes in 2010-11 is estimated to be $12.89 million. In subsequent years the amount of 

preserved boxes decreases slightly, reflecting decreases in FDOC projected yields per acre. 

Higher prices (see Chapter 3, Table 3-7), however, offset production declines and the dollar 

value of preserved fruit continues to increase from $13.44 million in 2011-12 to a maximum of 

$13.98 million in 2014-15. Afterward the value of preserved fruit decreases until 2017-18 when 

it totals $13.43 million.     

Similarly, savings generated by mechanically harvesting 25,000 acres during the 

‘Valencia’ late season start accruing in season 2010-11. Under a “low” production scenario, the 

EUP allow for 8.61 million boxes to be mechanically harvested with CMNP during the 2009-10 
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season, out of those boxes, 1.31 million will be preserved due to CMNP application. Given a net 

unit cost savings of 80-cents (see Chapter 3), total savings from mechanically harvesting the 

EUP allotment in 2010 equals $1.05 million. Number of preserved boxes start decreasing for the 

following seasons, thus, resulting in a steadily decline in savings. The cumulative harvest cost 

savings between 2009-10 and 2017-18 totals $7.62 million.   

Net benefits in season 2010-11 are $13.50 million, $12.89 million in value of preserved 

boxes plus $1.05 million in savings minus $0.53 million in R&D and registration costs for 

CMNP. The combined benefits of abscission value of lost fruit and mechanical harvesting cost 

savings, result in a positive net benefit of $14.02 million by the end of 2012. This net value 

increases to $14.93 million during the 2013-14 season. Estimated inflows for the following years 

start decreasing until they reach a net value of $14.31 million by 2016-17. The cumulative net 

present value of net cash flows for CMNP equals $42.49 million. The period of time required for 

the net cash flows to repay the total investment on R&D and registration of CMNP under this 

scenario is 4.54 years. An internal rate of return (IRR) is also calculated as a measurement of 

efficiency for this investment and equaled 34.74% (Table 4-5).   

Scenario 2, High Price/Low Production and Low % of Lost Fruit. 

Price and production assumptions for Scenario 2 are the same as for Scenario 1, except that 

Scenario 2 considers a low percentage of lost fruit due to mechanical harvesting without 

abscission. Recall that fruit losses could be high one year and low the next season, which could 

be a function of the diameter of young fruit present at the time of harvest (see Chapter 2). Under 

an assumption of “low percentage fruit loss” yield reductions of 15 and 20 percent will occur 

during early and mid June, respectively. Harvested boxes during early and mid June of 2010 are 

estimated to be 5.44 and 3.67 million boxes, respectively (see Chapter 3, Table 3-5). The entire 
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early June harvest will be mechanically harvested with CMNP and the remaining portion of the 

EUP allotment (2.93 million boxes) will be utilized in mid June.  

Net cash flows are presented in Table 4-2. Mechanical harvesting with CMNP applications 

in 2009-10 results in preserving 1.49 million boxes, 15% of the projected boxes in early June 

total 0.79 million and 20% of the projected boxes in mid June total 0.70 million. Note that the 

20% is applied to the remaining portion of the EUP allocated in mid June. In 2010-11, the value 

of ‘Valencia’ preserved fruit totals $14.60 million. As in the previous scenario, the amount of 

preserved boxes slightly decreases, but the dollar value continues to increase from $15.23 

million in 2011-12 to a maximum of $15.78 million in 2013-14. The total value of preserved 

fruit from 2010-11 through 2017-18 total $122.39 million. 

Mechanical harvesting operations with CMNP application during June 2010 resulted in 

preserving 1.49 million boxes for the following season. Therefore, harvest cost savings of $1.19 

million will be accrued during the 2010-11 season. As in the previous scenario, the number of 

preserved boxes decrease for the following seasons resulting in a steadily decline in savings. The 

cumulative harvest cost savings between 2009-10 and 2017-18 totals $8.59 million. 

While holding price/production assumptions constant, changes in yield reduction 

percentages increase the cumulative total number of preserved boxes from 9.52 to 10.73 million, 

a 12.71% increase across the eight years time periods. Increases in the value of preserved boxes 

are due to differences in the percentage of lost fruit, specifically the portion harvested during mid 

June that yields a 20% instead of 15%. When changing from high to low yield reduction 

percentages, the time when the EUP allotment is shifted from early May to early and mid June. 

Due to the fact that the full EUP production allotment will be utilized, total boxes that are 

mechanically harvested with abscission from 2009-10 through 2017-18 are the same. CMNP net 
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benefit with Scenario 2 increases $13.78 million over the study time period, as compared to the 

cumulative net benefits in Scenario 1. In Scenario 2, the NPV of cumulative net cash flows for 

CMNP equals $50.67 million, 19.25% higher than the NPV in Scenario 1 (Figure 4-1). The 

period of time required for the net cash flows to repay the total investment on R&D and 

registration of CMNP under this scenario is 4.36 years with an IRR of 38.13% (Table 4-5). 

Scenario 3, Low Price/High Production and High % of Lost Fruit. 

In Scenario 3, a high production assumption translates into higher yields per acre. Given 

the same EUP constraint of 25,000 acres, total boxes available for abscission agent application 

and mechanical harvest from 2009-10 through 2017-18 season are 73.29 million boxes, 1.18 

million boxes higher than in Scenarios 1 and 2 under low production forecasts. This amount of 

EUP allotment is less than the volume of projected ‘Valencia’ harvested during early May of any 

year through the 2018 season (Table 3-5). Hence, for Scenario 3 and the “high percentage fruit 

loss” assumption, the entire EUP allotment will be utilized during the early May harvest period.  

While total volume of preserved fruit is slightly higher, low price assumptions embedded in 

Scenario 3 result in a lower value of preserved fruit. In 2010-11, the dollar value of 1.31 million 

boxes of preserved ‘Valencia’ oranges total $11.12 million. The value of preserved fruit reaches 

a maximum of $11.22 million in 2011-12. Afterwards this value starts to decrease until 2017-18, 

totaling $10.23 million accrued to abscission application. 

Net cash flows are presented in Table 4-3. Higher yielding blocks positively impact 

harvest cost savings. When summed across the entire planning horizon, savings total $7.76 

million, value slightly greater than savings accrue under the first scenario. While differences in 

production are relatively small, on average prices in scenario 3 are 18.01% lower than prices in 

Scenarios 1 and 2 (high price scenarios). For Scenario 3, the estimated net present value of net 

cash flows for CMNP results in a positive $30.62 million. This NPV is 38.77% lower than the 
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NPV under Scenario 1; this difference can be attributed, mainly, to the effect of low price 

assumptions (Figure 4-2). The period of time required for the net benefits of CMNP to repay its 

total investment on R&D and registration under Scenario increases slightly to 4.79 years. An 

internal rate of return (IRR) is calculated to be 29.74% (Table 4-5). 

Scenario 4, Low Price/High Production and Low % of Lost Fruit. 

Price and production assumptions on this scenario are the same as those for Scenario 3, 

except that low yield reduction percentages due to mechanical harvesting are assumed. Similarly 

to Scenario 2, these reductions will occur during early and mid June, 15% and 20% respectively. 

Net cash flows are presented in Table 4-4. Mechanical harvesting operations in 2009-10 

with applications of CMNP results in preserving 1.47 million boxes, 15% of the projected boxes 

in early June total 0.83 million and 20% of the projected boxes in mid June total 0.64 million. 

The total value of preserved fruit from 2010-11 through 2017-18 totals $95.52 million. When 

compared to scenario 2 ($122.39 million), this reduction in the value of lost fruit can be 

attributed to differences in price assumptions. Savings generated by mechanically harvesting 

with CMNP during June totaled $8.61 million, value slightly greater than in previous scenarios.  

Although, total boxes that are mechanically harvest with abscission from 2009-10 through 

2017-18 are the same in Scenarios 3 and 4, changing from high to low yield reduction 

percentages increase the total number of preserved boxes from 9.71 to 10.76 million, a 10.81% 

increase. These results are consistent with the results from the comparison between Scenarios 1 

and 2. The value of preserved boxes in scenario 4 is higher than in scenario 3, increases are due 

to differences in the percentage of lost fruit for the portion harvested during mid June (20%), 

which is the case in the former. The NPV of net cash flows for CMNP results in a positive 

$36.40 million, 11.89% higher than the NPV in scenario 3, due to changes in yield reduction 

percentages (Figure 4-1). The effect of changes in price/production assumptions can be measured 
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by comparing scenarios 2 and 4 (Figure 4-2). The NPV in scenario 4 is 39.20% lower than the 

NPV under scenario 2. The period of time required for the net cash flows to repay the total 

investment on R&D and registration of CMNP under this scenario is 4.60 years with an IRR of 

32.58% (Table 4-5). 

NPV Threshold. 

The four scenarios described in previous sections evaluate how different price and 

production assumptions combined with percentage levels of lost fruit from mechanical 

harvesting late season ‘Valencia’ oranges without abscission affect the NPV of a public 

investment to develop and register the abscission compound CMNP. NPV results by scenario 

provide a basis to evaluate minimum threshold levels for unit harvest cost savings and EUP 

acreage.   

Figures 4-3 through 4-6 depict NPV surfaces for each scenario. The vertical axis shows the 

NPV in million dollars for ranges of unit cost savings due to mechanical harvesting and EUP 

acreage limits. The bottom right axis represents different levels of unit cost savings that range 

from $0.00 to $0.80 per box, the unit cost differential used in this analysis. The bottom left axis 

represents different levels of EUP acreage ranging from 0 to 25,000 acres, the amount being 

requested in the EUP application with U.S. EPA. For each scenario the NPV surface decreases as 

both EUP acreage and unit cost savings decrease. The surfaces allow threshold points to be 

identified where the NPV is no longer positive.   

The NPV surfaces for scenarios 1 and 2 are depicted in Figures 4-3 and 4-4 respectively. 

Points on the threshold represent the combined effect on NPV from reductions in EUP acreage 

and unit harvest cost savings. These NPV surfaces suggest that the NPV is highly influenced by 

the EUP acreage constraint. Annual mechanically harvest areas of less than 8,403 acres, without 

changing the unit cost savings, will result in negative values of NPV. On the other hand, if unit 
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cost savings are $0.10 per box, then mechanically harvested areas with CMNP application of less 

than 8,922 acres will also result in negative values of NPV. Under these scenarios, if unit cost 

savings are $0.40 or $0.20 per box, the minimum mechanically harvested area below which the 

cost of CMNP is greater than its benefits (negative NPV) equaled 8,692 and 8,844 acres 

respectively (Table 4-6). These two surfaces yield the same NPV for acreage below 16,000 

acres, for scenarios assuming low percentage of lost fruit this is the minimum acreage under 

which the entire EUP allotment can be consumed in early June, and therefore, the value of 

preserved fruit under scenarios 1 and 2 are the same for each year. Recall a 15% reduction in 

early May for high percentage of lost fruit and 15% reduction in early June for low percentage of 

lost fruit scenarios. 

In more conservative scenarios, points on the NPV threshold were similar. NPV surfaces 

for scenarios 3 and 4 are depicted in Figures 4-5 and 4-6 respectively. Annual mechanically 

harvest areas of less than 10,316 acres, without changing the unit cost savings, will result in 

negative values of NPV. If unit cost savings are $0.10 per box, then mechanically harvested 

areas with CMNP application of less than 11,123 acres will also result in negative values of 

NPV. Based on these NPV surfaces, when unit cost savings are $0.40 or $0.20 per box, positive 

values of NPV will result only if mechanically harvested area can be maintains above 10,762 and 

11,000 acres respectively (Table 4-6). 

To add more clarity to overall sensitivity of unit costs, Table 4-7 depicts the maximum 

acreage of CMNP application to achieve a payback period within 6 years by selected unit cost 

harvest savings (i.e. Cumulative NPV=0 by 2013-14). If unit cost savings are $0.10 per box 

annual mechanically harvest areas of less than 13,581 acres will result in negative values of NPV 

in high price/low production scenarios. On the other hand, low price/high production scenarios 
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will yield negative NPV if unit cost savings are $0.10 per box and mechanically harvested areas 

with CMNP application are under 16,234 acres.  
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Table 4-1. Scenario 1, high price/low production - high fruit loss percentage. CMNP projected net cash flows (million $) from 2007-
08 through 2017-18. 

 Season 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2017-18 
 Years 0 1 2 3 4 5 6 7 8 9 10 
Registration Cost  (9.12)  (0.99)  (0.09)  (0.09)  (0.09)        
R&D by IFAS/UF  (2.07)  (0.48)  (0.45)  (0.35)  (0.35)        
R&D by FDOC  (7.92)            
             

Preserved boxes     1.31  1.27  1.23  1.20  1.17  1.13  1.11  1.11  
Value of Lost Fruit     0 12.89  13.44  13.76  13.97  13.98  13.72  13.43  13.43  
Savings    0.00  1.05  1.02  0.99  0.96  0.93  0.90  0.89  0.89  
CMNP net benefit  (19.10) (1.47) (0.54) 13.50  14.02  14.75  14.93  14.91  14.63  14.31  14.31  
             
Discount factor   0.909 0.826 0.751 0.683 0.621 0.564 0.513 0.467 0.424 0.386 
Net present value    (19.10) (1.33) (0.45) 10.14 9.57 9.16 8.42 7.65 6.83 6.07 5.52 
Cumulative NPV (2008 $)  (19.10) (20.43)  (20.88) (10.74) (1.17) 7.99 16.41 24.06 30.89 36.96 42.49 

 
Table 4-2. Scenario 2, high price/low production - low fruit loss percentage. CMNP projected net cash flows (million $) from 2007-08 

through 2017-18. 
 Season 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2017-18 
 Years 0 1 2 3 4 5 6 7 8 9 10 
Registration Cost  (9.12)  (0.99)  (0.09)  (0.09)  (0.09)        
R&D by IFAS/UF  (2.07)  (0.48)  (0.45)  (0.35)  (0.35)        
R&D by FDOC  (7.92)            
             

Preserved boxes     1.49  1.44  1.39  1.35  1.31  1.27  1.24  1.24  
Value of Lost Fruit     0 14.60  15.23  15.57  15.78  15.75  15.42  15.02  15.02  
Savings    0.00  1.19  1.15  1.11  1.08  1.05  1.02  0.99  0.99  
CMNP net benefit  (19.10) (1.47) (0.54) 15.35  15.94  16.69  16.87  16.81  16.43  16.01  16.01  
             
Discount factor   0.909 0.826 0.751 0.683 0.621 0.564 0.513 0.467 0.424 0.386 
Net present value   (19.10) (1.33) (0.45) 11.53 10.89 10.36 9.51 8.62 7.67 6.79 6.18 
Cumulative NPV (2008 $)  (19.10) (20.43)  (20.88) (9.35) 1.53 11.90 21.41 30.03 37.71 44.49 50.67 
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Table 4-3. Scenario 3, low price/high production - high fruit loss percentage. CMNP projected net cash flows (million $) from 2007-
08 through 2017-18. 

 Season 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2017-18 
 Years 0 1 2 3 4 5 6 7 8 9 10 
Registration Cost  (9.12)  (0.99)  (0.09)  (0.09)  (0.09)        
R&D by IFAS/UF  (2.07)  (0.48)  (0.45)  (0.35)  (0.35)        
R&D by FDOC  (7.92)            
             

Preserved boxes     1.31  1.28  1.25  1.22  1.19  1.17  1.15  1.15  
Value of Lost Fruit     0 11.12  11.22  11.14  10.98  10.72  10.50  10.23  10.23  
Savings    0.00  1.05  1.02  1.00  0.97  0.95  0.93  0.92  0.92  
CMNP net benefit  (19.10) (1.47) (0.54) 11.73  11.80  12.13  11.95  11.67  11.44  11.15  11.15  
             
Discount factor   0.909 0.826 0.751 0.683 0.621 0.564 0.513 0.467 0.424 0.386 
Net present value   (19.10) (1.33) (0.45) 8.81 8.06 7.53 6.74 5.99 5.34 4.73 4.30 
Cumulative NPV (2008 $)  (19.10) (20.43) (20.88) (12.07) (4.01) 3.52 10.26 16.25 21.59 26.32 30.62 

 
Table 4-4. Scenario 4, low price/high production - low fruit loss percentage CMNP projected net cash flows (million $) from 2007-08 

through 2017-18. 
 Season 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2017-18 
 Years 0 1 2 3 4 5 6 7 8 9 10 
Registration Cost  (9.12)  (0.99)  (0.09)  (0.09)  (0.09)        
R&D by IFAS/UF  (2.07)  (0.48)  (0.45)  (0.35)  (0.35)        
R&D by FDOC  (7.92)            
             

Preserved boxes     1.47  1.43  1.39  1.35  1.31  1.29  1.26  1.26  
Value of Lost Fruit     0 12.47  12.56  12.42  12.20  11.86  11.57  11.22  11.22  
Savings    0.00  1.18  1.14  1.11  1.08  1.05  1.03  1.01  1.01  
CMNP net benefit  (19.10) (1.47) (0.54) 13.20  13.26  13.53  13.28  12.91  12.60  12.23  12.23  
             
Discount factor   0.909 0.826 0.751 0.683 0.621 0.564 0.513 0.467 0.424 0.386 
Net present value   (19.10) (1.33) (0.45) 9.91 9.06 8.40 7.49 6.62 5.89 5.19 4.72 
Cumulative NPV (2008 $)  (19.10) (20.43) (20.88) (10.97) (1.91) 6.50 13.99 20.61 26.50 31.68 36.40 
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Figure 4-1. Comparison of CMNP net present values (2008 million $) under different percentage 

of lost fruit assumptions. 

 

 
Figure 4-2. Comparison of CMNP net present values (2008 million $) by price/production 

combination under different fruit loss assumptions. 
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Figure 4-3. Impact of mechanical harvesting acreage during the late season and unit cost savings 

under scenario 1, high price/low production and high % of lost fruit. 

 

 
Figure 4-4. Impact of mechanical harvesting acreage during the late season and unit cost savings 

under scenario 2, high price/low production and low % of lost fruit. 
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Figure 4-5. Impact of mechanical harvesting acreage during the late season and unit cost savings 

under scenario 3, low price/high production and high % of lost fruit. 

 

 
Figure 4-6. Impact of mechanical harvesting acreage during the late season and unit cost savings 

under scenario 4, low price/high production and low % of lost fruit. 

(30.00)

(20.00)

(10.00)

0.00 

10.00 

20.00 

30.00 

40.00 
25

.0
22

.5
20

.0
17

.5
15

.0
12

.5
10

.0
7.

5
5.

0

2.
5

0.
0

Unit cost savings ($)

NPV million $

EUP acreage (1,000 a cres)

(30.00)

(20.00)

(10.00)

0.00 

10.00 

20.00 

30.00 

40.00 

25
.0

22
.5

20
.0

17
.5

15
.0

12
.5

10
.0

7.
5

5.
0

2.
5

0.
0

Unit cost savings ($)

NPV million $

EUP acreage (1,000 a cres)



 

67 

 

 

Table 4-5. Summary of scenario results, cumulative NPV ($), payback periods (years from 
2008), and IRR (%), 1995 through 2018. Acreage receiving CMNP – 25,000 and unit 
cost savings of 80-cents per box to mechanically harvest. 

Scenario 
Total NPV 

(2008 million $) 
Payback period 

(Years) 
IRR  
(%) 

 

S1: high price/low production – 
high fruit loss 

42.49 4.54 34.74  

S2: high price/low production – 
low fruit loss 

50.67 4.36 38.13  

S3: low price/high production – 
high fruit loss 

30.62 4.79 29.74  

S4: low price/high production – 
low fruit loss 

36.40 4.60 32.58  

 
 

 

Table 4-6. Minimum acreage of CMNP application by selected unit harvest cost savings to 
achieve positive NPV for each scenario by the end of the 2017-18 season. 

Scenario 

Unit harvest cost savings 

80-cents 40-cents 20-cents 10-cents 
 

Acreage 
S1: high price/low production – 
high fruit loss 

8,403 8,692 8,844 8,922 

S2: high price/low production – 
low fruit loss 

8,403 8,692 8,844 8,922 

S3: low price/high production – 
high fruit loss 

10,316 10,762 11,000 11,123 

S4: low price/high production – 
low fruit loss 

10,316 10,762 11,000 11,123 
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Table 4-7. Minimum acreage of CMNP application to achieve a “payback” period within 6 years 
by selected unit harvest cost savings. 

Scenario 

Unit harvest cost savings 

80-cents 40-cents 20-cents 10-cents 
 

Acreage 
S1: high price/low production – 
high fruit loss 

12,740 13,207 13,452 13,581 

S2: high price/low production – 
low fruit loss 

12,740 13,207 13,452 13,581 

S3: low price/high production – 
high fruit loss 

15,042 15,700 16,048 16,234 

S4: low price/high production – 
low fruit loss 

15,042 15,700 16,048 16,234 
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CHAPTER 5 
SUMMARY IMPLICATIONS AND CONCLUSIONS  

Summary  

There are two main reasons why the Florida citrus industry needs to find ways to reduce 

costs. The first reason has to do with offsetting cost increases due to combating citrus greening 

and citrus canker diseases. A second important reason has to do with maintaining global 

competitiveness. A comparison of citrus production costs between Florida and Sao Paulo 

(Brazil) for the 2000-01 season suggested that the largest cost gap between the two states lies in 

harvest costs and Brazil main’s advantage is labor cost (Muraro, 2003).    

More than 93% Florida’s citrus crop is hand harvested. Furthermore, harvesting costs 

exceed production costs under typical cultural programs. With greening management costs 

included, costs to hand harvest still represent more than 70% of total production costs (Muraro, 

2007). Since harvesting costs play such an important role in the long-term economic 

sustainability in citrus production, the Florida Department of Citrus (DOC) has been investing 

grower taxes into a mechanical harvesting program since 1995.  

Roka (2006) lists several significant impediments to the widespread adoption of 

mechanical harvesting systems, of which the most significant obstacle is harvesting “late-season 

‘Valencia’ oranges. The “late season” begins sometime during May of the current year, when 

next year’s growing fruit reaches one-inch in diameter. Previous studies estimate the fruit loss 

from mechanical harvesting with young fruit greater than one-inch diameter to be between 20% 

to 50% of next year’s crop. An abscission agent application offers one solution to the “late-

season” problem. The current thinking is that the abscission compound CMNP can improve 

overall efficiency of mechanical harvesting systems throughout the season. Increasing harvest 

labor productivity and capitalizing on the principles of scale economies associated with 
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mechanical equipment constitutes a potential to reduce the unit cost of harvesting. The DOC 

initiated a process to formally register CMNP with the U.S. EPA (Environmental Protection 

Agency) as an abscission agent in citrus harvesting. A EUP (experimental use permit) is 

expected to be approved by spring of 2010. Under the presumption that abscission, and 

specifically CMNP, solves the “late-season” problem to mechanically harvest ‘Valencia’ 

oranges, this research examined the following question:  

Does the private benefit of extending mechanical harvesting into late May and 
June with CMNP, an abscission compound, more than offset its public cost of 
development and registration? 

 
Cost/benefit analysis of CMNP was carried out through a spreadsheet model with static 

future production and price expectations to determine the net present value (NPV) of CMNP in 

terms of mechanically harvesting late season ‘Valencia’ oranges. Two benefits of abscission 

were quantified in the model. First, the dollar value of fruit that would have been lost in the next 

season if the crop in the current late season (after early May) was mechanically harvested 

without CMNP. Second, the unit cost harvest savings generated by mechanically harvesting after 

early May.  CMNP expenditures were broken down by registration expenditures from both the 

Florida Department of Citrus (FDOC) and federal grants, FDOC sponsored research & 

development (R&D), and UF/IFAS funded R&D. The economic viabili ty of CMNP was 

evaluated by calculating the NPV of accrued costs since 1995 and anticipated costs through 

2012, the year CMNP is expected to be fully registered for commercial use.  Benefits start 

accruing in 2010 with the approval of the EUP and continue through the 2018 season, 

corresponding to the last year of the DOC’ s most current production forecast. Costs and benefits 

were discounted at a 10% rate to express annual net cash flows in terms of 2008 dollars. Further, 
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the model examined four scenarios to determine the sensitivity of the NPV calculations to 

changes in price and production forecasts, as well as percentage of lost fruit and EUP acreage. 

Implications and Conclusions 

Utilizing CMNP should allow mechanical harvesting systems to achieve a high percentage 

of mature fruit removal during the ‘Valencia’ orange late season with no significant impact on 

yield for the following season crop (Burns et al., 2006). The estimated NPV of CMNP public 

investment from 1995 through 2018 under high price and low production expectations ranged 

from $42 to $51 million. Under low price and high production expectations, NPV estimates over 

the same time frame ranged between $30 and $37 million. In any of the four scenarios 

considered, the NPV of CMNP investment with 25,000 of treated “late-season” acreage turned 

positive by the 2013 season, five years from 2008, the reference year of this study. 

Results by scenario suggest that on-tree price will have a bigger influence on CMNP 

returns than production levels. The effect of changing production assumption is relatively small 

compared to the effect of price changes. In high production scenarios, the total number of boxes 

mechanically harvest in the late season within 25,000 acres of EUP is greater than in low 

production scenarios, resulting in higher savings. Low price assumption embedded with high 

production levels, however, resulted in a lower value of preserved fruit, offsetting gains in 

harvest savings.  

The effect of changes in yield reduction rates, from a high to a low loss scenario, on 

CMNP returns is not greater than the effect of on-tree price. More preserved boxes will result 

from mechanical harvesting with abscission application during the late season when one-inch 

diameter fruit is present on the tree during early and mid June (low loss scenarios). Recall that in 

high loss scenarios the entire EUP allotment is allocated during early May whereas in low loss 

scenarios a portion is allocated in early June and the remainder in mid June, increases in the 
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value of preserved boxes are due to differences in the percentage of lost fruit, specifically the 

portion harvested during mid June that yields a 20% instead of 15%.  

Results by scenario provide a basis to evaluate minimum threshold levels for two critical 

variables: unit harvest cost savings and EUP acreage. These threshold levels are useful to 

visualize the implications of changes in these two variables and their effect in the outcome of this 

investment. Reductions in the gap between hand harvesting cost per box and mechanical 

harvesting plus the application of CMNP cost per box, referred to as the unit harvest cost 

savings, have a negative impact on the NPV. If this gap is reduced to zero, the NPV of CMNP 

will still be positive, but the industry will have no incentive to implement mechanical harvesting. 

The overarching objective of abscission agent application and mechanical harvesting systems are 

to reduce harvesting costs and increase growers’ on-tree returns.  

The EUP constrained the model by setting a limit in terms of the acreage that CMNP with 

mechanical harvesting will have access during the late season. If this constraint is removed and 

more acres receive CMNP application with mechanical harvesting, then more acres realize the 

estimated benefits. Returns will increase as well as the NPV of CMNP. On the other hand, a 

threshold exists for total acreage receiving CMNP, below which the NPV of CMNP is negative. 

The likelihood that the public investment into CMNP will be positive is very strong. The 

minimum acreage threshold to achieve a positive NPV on CMNP investment within 6 years is 

only 15,000 acres, 10,000 acres less than the requested experimental use permit. This minimum 

acreage further assumes that net savings from mechanical harvesting will only be 10-cents per 

box less than hand harvesting. The ability that CMNP has in enhancing efficiencies of 

mechanical harvesting can be tied back with the fact that with economies of scale unit savings 

should increase, and thus, the overall benefit of CMNP keeps expanding.  
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