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Mechanical Harvesting
Field observations between 2000 and 2004 documented 
that trunk and canopy shakers with catch frames could 
improve harvest labor productivity by tenfold and reduce 
harvest costs by 20 to 30 cents per box. Depending on fruit 
yield, these cost reductions translate into an increase in 
net returns of amounts ranging from $80 to $150 per acre 
(Roka et al. 2009). Despite lower harvest costs, growers 
have not embraced mechanical harvesting mainly because 
of the visible injuries inflicted on trees by trunk and canopy 
shakers. These injuries are largely superficial—removal of 
leaves and flowers, exposure of roots, bark scuffs (Figure 
1). Occasionally larger scaffold limbs are broken (Figure 2). 
Growers see any tree damage and worry that the health and 
future productivity of their trees may have been compro-
mised. Before growers fully accept mechanical harvesting, 
they will have to be assured that any short-term financial 
benefits are not offset by long-term losses due to yield and 
or tree decline. 

A study was undertaken in 2010 to analyze grower produc-
tion data and compare whether mechanical harvesting had 
an adverse effect on fruit yield or shortened tree longevity 
as compared to hand harvesting. The purpose of this article 

is to describe how the study was organized and to sum-
marize its results and conclusions.

Ever since mechanical harvesting systems were introduced 
in the 1960s, growers expressed serious concerns over the 
potential negative impact mechanical harvesting could have 
on their trees. Several multiyear studies, some dating back 
to the 1960s, have been conducted by University of Florida 
Institute of Food and Agricultural Sciences (UF/IFAS), 
United States Department of Agriculture Agricultural 
Research Service (USDA/ARS), and Florida Department of 
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Citrus (FDOC) horticultural and engineering scientists to 
investigate whether the visible damage left by mechanical 
harvesting equipment caused any long-term harm to fruit 
production and tree survival. So long as harvesting takes 
place prior to the late-season Valencia period (May and 
June), these studies concluded that mechanical harvesting 
had no effect on fruit yields or tree mortality (Hedden, 
Churchill, and Whitney 1988; Whitney, Churchill, and 
Hedden 1986). More recent field experiments studied 
the impact of mechanical harvesting on various aspects 
of tree physiology (Li and Syvertsen 2005). Again, the 
central conclusion of this research was that well-nourished 
citrus trees withstood the stresses imposed by mechanical-
harvesting equipment. 

Growers, however, remain skeptical of mechanical harvest-
ing, and several reasons could explain their reluctance. 
First, all previous studies were designed as small-plot field 
trials and conducted under relatively controlled conditions 

that do not exactly reproduce commercial production 
conditions. Second, structural damage to scaffold limbs 
may be more serious than it appears and may not be easily 
assessed in small-scale studies. Third, the previous field 
trials lasted at most four years. Growers expect their trees 
to produce for at least twenty years, and most of a tree’s 
economic value is not realized until after its twelfth season. 
The fact that a tree remains viable after four years will 
not reassure growers who wonder whether their trees can 
handle 10 to 15 consecutive years of mechanical harvesting.

This article summarizes the results from a study undertaken 
in 2010 to address grower concerns about mechanical 
harvesting and tree health from a different angle. Instead 
of designing a horticultural field experiment, data were 
collected directly from the production records of com-
mercial groves that used both mechanical and hand- crews 
to harvest oranges. Changes in annual fruit production 
(boxes per acre) from commercial groves in southwest 
Florida were analyzed with respect to harvest method 
(mechanical or hand) and the duration of mechanical 
harvesting (number of years). Regression techniques were 
applied to the yield data to determine whether the harvest 
method had a statistically significant effect on annual fruit 
production, and if so, to what extent. Other variables that 
could affect production were considered in the analysis 
(Table 1), including Hurricane Wilma, which blew through 
southwest Florida in fall 2005. A total of 572 observations 
were recorded, with 25,553 net tree acres represented. 
From 1999 to 2008, more than 11 million boxes were both 
mechanically and hand harvested from the blocks analyzed 
in this study. A total of 44 percent of all blocks harvested 
between 1999 and 2008 were mechanically harvested, of 
which 8 blocks were mechanically harvested each year 
and 14 blocks were harvested exclusively by hand. A more 
detailed description of the data and analysis methods can 
be found in Mosley, House, and Roka (2012). 

The statistical analysis estimated whether various factors 
had a significant effect on per-acre fruit yields and to what 
extent these factors influenced yields. The “intercept” term 
listed in Table 2 captures the average per-acre yield of 
Valencia orange trees grafted onto Carrizo rootstocks. As 
expected, the regression model indicated that early oranges 
(i.e., Hamlin) produced more yield than did Valencia 
oranges, and specifically estimated the difference to be as 
much as 133 more boxes per acre for Hamlin oranges (Table 
2). The coefficient for the hurricane variable was statistically 
significant and indicated that average yields after 2005 (i.e., 
post-hurricane) were nearly 135 boxes per acre less than 
yields during the years prior to Hurricane Wilma. 

Figure 1. Example of bark scuffs and other minor damage caused by 
mechanical harvesting equipment. 
Credits: Barbara Hyman, UF/IFAS

Figure 2. Example of scaffold limb breakage caused by mechanical 
harvesting equipment.
Credits: Barbara Hyman, UF/IFAS
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The factors of most interest to this study were the variables 
related to harvesting. Harvest Method distinguished 
between blocks that were mechanically and hand harvested 
during the current year. The fact that the harvest method 
in the current year had no effect on yield was reasonable 
because fruit set occurred 9–15 months before harvesting 
depending on whether the trees were early or late variet-
ies, respectively. Lagged Harvest captured the effect on 
yield from how the trees were harvested during the prior 
season. Total Mechanical, the cumulative number of years 
over which specific blocks were mechanically harvested, 
attempted to capture long-term effects of sustained 
mechanical harvesting on per-acre yields. The positive 
coefficient on lagged harvest suggested that yields actually 
increased by nearly 10 boxes per acre in the next season. 
For total mechanical, the negative coefficient suggested 
that average yield declined by two boxes per acre for every 
year of mechanical harvesting. However, neither result 
was statistically significant. The data analyzed in this study 
did not support the concerns by growers that mechanical 
harvesting adversely affects tree yields. 

Since 2004, the cost of growing sweet oranges for juice 
processing in Florida has increased from $800 to more than 
$1,700 per acre (Muraro 2009). Most of this cost increase is 
attributable to combating citrus greening (HLB), because 
growers have increased their use of pesticides to control 
the Asian citrus psyllid, the vector of HLB. In addition, 
the cost of harvesting fruit has increased by more than 30 
percent because of higher minimum wages and recruitment 
of foreign agricultural guest workers through the H-2A 
program. 

While some of these cost increases can be offset by the 
mechanical harvesting systems that are currently available, 
growers want to be assured that the long-term health of 
their trees will not be compromised. The analysis of grower 
production records confirmed the conclusions of previous 
experimental field trials that mechanical harvesting does 
not adversely affect production or tree health. An important 
caveat, however, remains—citrus trees need to be well-
nourished both before and after mechanical harvesting. 
Unfortunately, the spread of citrus greening (HLB) since 
2006 has made it impossible to presume that any citrus tree 
in Florida is well-nourished. Therefore, grower concerns 
toward mechanical harvesting remain and, as a result, the 
number of mechanically harvested acres has been falling 
rapidly since 2008 (FDOC 2012). 

Long-term sustainability of the Florida citrus industry 
requires that tree health must be restored and average 
production across the citrus industry returned to at least 

its historic levels of between 400 and 500 boxes per acre. 
Once their groves are healthy, growers may again embrace 
mechanical harvesting without worrying about adversely 
affecting the health and long-term viability of their trees. 
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Table 1. Definition of variables that affect annual fruit production
Variable Name Definition

Harvest Method Current season – mechanical or hand harvest

Lagged harvest Prior year – mechanical or hand harvest

Total Mechanical Sum of times block was mechanically harvested (min 0, max 10)

Early Hamlin or Parson Brown varieties

Mid Pineapple variety

Late Rhode Red Valencia and Valencia varieties

Swingle Swingle rootstock

Cleo Cleo rootstock

Cleo-Carrizo Cleo and Carrizo rootstock

Carrizo Carrizo rootstock

Tree Age Year of yield data minus year tree was planted

Tree Density Number of trees per block divided by block size (in acres)

County Yield Average county yield for Hendry and Collier Counties

Hurricane Seasons after Hurricane Wilma (2005)

Table 2. Regression results with Valencia on Carizo as the reference variety and rootstock
Variable Coefficient Error PR > [t]

Intercept (includes Valencia / Carrizo) 511.65 89.48 < 0.0001

Harvest Method –10.45 20.73 0.61

Lagged Harvest 9.67 23.73 0.68

Total Mechanical –2.04 4.31 0.64

Early 133.52 17.16 < 0.0001

Mid 86.77 39.50 0.03

Swingle 108.75 18.11 < 0.0001

Cleo –84.70 42.52 0.047

Carrizo-Cleo –120.28 68.68 0.08

Tree Age 11.30 1.65 < 0.0001

Tree Density –3.03 0.53 < 0.0001

County Yield 0.49 0.12 < 0.0001

Hurricane –134.66 18.15 < 0.0001
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