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Citrus fruits are consumed throughout the world, but 
production is concentrated in a few countries. The 
United States is a leading producer, behind Brazil and 
China (Jegede, 2019; Zhang, 2019). The total value of 
the U.S. citrus industry is about $3.33 billion (U.S. 
Department of Agriculture, 2020b). Major citrus crops 
grown in the United States are oranges, grapefruit, 
tangerines, and lemons. Based on the average value of 
production between 2013 and 2018, oranges are by far 
the leading citrus fruit (59%), followed by lemons (19%), 
tangerines (15%), and grapefruit (7%) (U.S. Department 
of Agriculture, 2020b). Though oranges are the leading 
citrus fruit, only 17% of oranges enter the fresh market; 
the remainder are used for processing. By contrast, 
about 76% of lemons, 73% of tangerines, and 55% of 
grapefruit are used for fresh consumption and the 
remaining are utilized for processing. With fruit and juice 
combined, citrus consumption exceeds that of any other 
fruit in the United States (Flores-Gonzalez et al., 2019). 
 
However, in the past two decades, the U.S. citrus 
industry has faced many challenges—serious disease 
problems, weather damage, import competition, 
dwindling farm-retail price spread, and labor shortages—
threatening its survival. Very recently, scientists have 
discovered a potential cure for citrus greening—a 
particularly devastating bacterial disease—that could 
revive the citrus industry. This article focuses on these 
issues, current status, and trends of the U.S. citrus 
industry. 

Citrus Supply and Demand 
With the spread of pests and diseases, frequent winter 
freezes, and health factors, it is worth examining trends 
and volatility in citrus acreage, production, consumption, 
trade, and prices over the last three decades. 
 

Acreage 

In the United States, much of the citrus acreage is 
devoted to orange production, while tangerine, 
grapefruit, and lemon acreages lag behind (Figure 1).1 

                                                      
1 The data source for all figures is the U.S. Department 
of Agriculture (2020b). 

The trend in orange acreage varies considerably, falling 
in the first half of the 1980s from 800,000 acres to about 
550,000 acres, growing to more than 800,000 acres by 
1998, and then steadily declining to about 500,000 acres 
by 2018. Grapefruit bearing acreage experienced some 
fluctuations from 1980 to 1997 but has since decreased 
persistently. Tangerine and lemon bearing acreages are 
relatively stable. The decline in orange and grapefruit 
acreages should be of significant concern to growers, 
processors, and policy makers. 
 

Production 
The trend in the volume of production for all four fruits 
follow the general pattern of the bearing acreages 
(Figure 2). However, production does exhibit greater 
year-to-year fluctuations, which could be attributed to the 
susceptibility of these fruits to frequent pest and disease 
outbreaks and weather problems. Flores-Gonzalez et al. 
(2019) note that the steep declines in production in 2005 
and 2015 are due to the endemic presence of the citrus 
greening disease. Total citrus production has fallen 
precipitously by 65.3% from its peak in 1998. Orange 
and grapefruit lead the way, with declines of 71.6% and 
80.4%, respectively. By contrast, tangerine production 
has steadily increased and surpassed grapefruit 
production. The increase in tangerine production is 
attributed to a shifting trend in consumers’ preference for 
fruits that are easier to peel, segmented, and seedless 
(Forsyth and Damiani, 2003). 
 
Oranges are grown mostly in Florida and California, with 
Texas producing only about 2% of total production. The 
two major orange varieties grown in the United States 
are Valencia and navel. Florida is the major producer of 
Valencia oranges, at about 78% in term of value of 
production, while California accounts for about 20%. 
California is the leading producer of navel oranges, at 
about 65%, and Florida produces the remaining 33% 
(U.S. Department of Agriculture, 2020e). In Florida, more 
than 90% of Valencia and navel orange production is 
used for processing, and the remaining enter the fresh  
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market (U.S. Department of Agriculture, 2019). By 
contrast, in California, about 80% of navel oranges and 
74% of Valencia oranges are used for the fresh market, 
and the remaining are utilized for processing (U.S. 
Department of Agriculture, 2019). Though navel oranges 
are grown in the winter and Valencia in the summer, the 
growing seasons overlap some in the spring. 
 
Florida orange yields are generally higher than those in 
California (Figure 3). However, since 2013/14, 
California’s yields have exceeded Florida’s because 
citrus canker and citrus greening diseases have  

 
drastically lowered yields in Florida. Further, yields in 
both states exhibit considerable fluctuations, which are 
largely attributable to winter freezes, pests, and 
diseases. The large drops in California’s yield in the 
1990/91 and 1998/99 seasons are attributable to major 
freeze events that adversely impacted fruit and 
vegetable production alike (Brooks, 1991; Rural 
Migration News, 1999). 
 
Costs of production differ between Florida and 
California. In Florida, the per acre cultural cost in 2015 
for central Florida was $1,554.55, of which $953.33 was  

Figure 1. U.S. Bearing Acreage 

 

Figure 2. U.S. Total Commercial Production 
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spent on materials, $390.34 on labor, and $180.88 on 
irrigation (Singerman, 2015). In California, the per acre 
cultural cost in 2015 for the San Joaquin Valley was 
$2,140, of which $1,172 was spent on customs and 
rental, $524 on materials, $392 on labor, and $52 on 
fuel, lubricants, and repairs (O’Connell et al., 2015). It is 
worth noting that categories included in the cultivation 
costs for Florida and California differ considerably and 
are therefore not directly comparable. 

 
 

 
Consumption 

Figure 4 plots per capita consumption of all citrus fruits, 
both fresh and juice. U.S. consumers tend to consume 
considerably more juice than fresh fruits. However, in the 
last two decades, juice consumption has fallen steadily 
because of health concerns and due to more availability 
of substitute beverages such as energy drinks, flavored 
water, and exotic fruit-based drinks with low or no added 
sugar; by contrast, fresh consumption remained stable, 
with a slight positive trend in recent years (Fox, 2019). 
This trend generally holds for oranges and grapefruit;  

Figure 3. U.S. Orange Yield per Acre 

 

Figure 4. U.S. Per Capita Use 
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however, lemons and other citrus exhibit a positive trend 
both in fresh fruit and juice consumption (not plotted). 
 

Trade 

Figures 5 and 6 plot U.S. supply, utilization, and trade of 
fresh market oranges and orange juice, respectively. 
Because of seasonal differences, the United States both 
exports and imports fresh oranges. U.S. imports of 
oranges for fresh consumption are generally small but 
have increased over the last 10 years. These fresh 
orange imports come largely from Chile, South Africa, 
and Mexico (U.S. Department of Agriculture, 2020c). As  

 
pest and disease mitigation increases production costs, 
growers struggle to compete with imports, highlighting 
the competitive pressures that U.S. growers face with 
several other major foreign citrus producers. Total 
supply of fresh oranges, which consists of both domestic 
production and imports, fluctuates considerably. 
Domestic consumption and exports of oranges closely 
follow supply fluctuations. On average, 72% of supply 
goes to domestic consumption and the remaining 28% of 
supply is exported (U.S. Department of Agriculture, 
2020b), with South Korea, Canada, Japan, and Hong 

Figure 5. U.S. Fresh Oranges Supply and Utilization 

 

Figure 6. U.S. Orange Juice Supply and Utilization 
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Kong/China comprising the largest export destinations 
(U.S. Department of Agriculture, 2020c). 
 
Juice production has steadily declined since 2000 
(Figure 6), mirroring orange production (Figure 2). 
Domestic consumption of juice exceeds domestic 
production, and the excess demand is met by imports, 
primarily from Mexico and Brazil (U.S. Department of 
Agriculture, 2020c). Imports of concentrated juice from 
these countries are often blended with U.S. juice for 
domestic sales because of minimal product 
differentiation between regions. Increased imports of 
oranges and juice in the last 10 years highlight the 
import competition to U.S. producers as foreign suppliers 
fill in the gap of declining U.S. production. The United 
States exports a very limited amount of orange juice 
because of its high level of domestic consumption. Major 
export destinations for U.S. orange juice are Canada, 
South Korea, the European Union, and the Dominican 
Republic (U.S. Department of Agriculture, 2020c). 
 
The United States is the leading consumer of orange 
juice, followed by Europe (Hart, 2004). The São Paulo 
region in Brazil is a major supplier of orange juice and, 
along with Mexican suppliers, competes for U.S. market 
share (Luckstead, Devadoss, and Mittelhammer, 2015). 
São Paulo is also the major supplier of orange juice to 
the European Union. Because only a few processors 
operate in São Paulo and Florida, they exert market 
power both in purchasing oranges and selling orange 
juice (Hart, 2004). 
 
The orange juice markets in the United States and 
Europe are insulated through import tariffs. The U.S. 
tariff on orange juice imports is $0.2971 per single-
strength gallon, and the European Union imposes an 
average ad valorem tariff of 20.36% (World Trade  
 

Organization, 2020). A reduction in the U.S. tariff would 
benefit U.S. consumers and São Paulo’s producers at 
the expense of U.S. producers (Dhamodharan, 
Devadoss, and Luckstead, 2016). By contrast, trade 
liberalization by the European Union would cause São 
Paulo processors to divert their exports from the United 
States to the European Union; consequently, Florida 
orange juice producers are likely to expand their market 
share in the United States (Luckstead, Devadoss, and 
Mittelhammer, 2015). 
 

Prices 

Figure 7 illustrates the trends in orange prices at the 
farm and retail level. Though grower prices are generally 
low and stable, retail prices exhibit considerable 
variation and a generally positive trend since 2000. 
Growers received an average of 20.80% of the retail 
price between the 1989/90 and 2002/03 seasons but 
only 13.10% since 2003/04. Further, increases in retail 
prices are not readily transmitted to growers. This can be 
seen between 2007/08 and 2016/17, when retail prices 
trended steadily upwards, but grower prices remained 
largely flat. This could be attributed to the fact that 
orange processors and buyers tend to exert oligopsony 
power in purchasing oranges from growers. 
 
In summary, the steep downward trend in orange 
acreage and production have caused serious setbacks 
to the citrus industry as many growers and processors 
have exited the industry. This trend has provided more 
incentive for imports to enter the United States, further 
depressing the price received by growers. 
 

Pests and Disease 

While many common pests and diseases inflict damage 
to citrus trees, since the mid-2000s, the survival of the  
 

Figure 7. U.S. Fresh Orange Price 
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U.S. citrus industry has depended on the treatment of 
two exotic diseases: citrus greening and citrus canker.2 
 

Citrus Greening 
Citrus greening, also commonly known as 
Huanglongbing (HLB) or yellow dragon disease, was first 
identified in the southern Chinese province of 
Guangdong in 1919 (Zhang, 2019). The Asian citrus 
psyllid vector and infected plant materials spread the 
bacterium Candidatus Liberibacter asiaticus, which 
causes the disease (U.S. Department of Agriculture, 
2020a). HLB is one of the most destructive plant 
diseases to ever enter the United States. Common 
symptoms include stunted and sparsely foliated trees, 
premature defoliation, yellow shoots, dieback of twigs, 
splotchy mottling of leaves, and abnormally hard fruits 
(U.S. Department of Agriculture, 2020a). The fruits from 
infected trees taste bitter, have an unusual green color, 
and are not suitable for fresh consumption or 
processing. 
 
This incurable and lethal disease affects all citrus fruits, 
and infected trees generally die within a few years. 
Consequently, HLB has wiped out millions of acres of 
citrus trees throughout the world. Citrus greening 
reached Florida in 2005, and rapidly infected most of the 
state’s citrus farms in a matter of three years, wreaking 
havoc and putting the iconic industry in peril (U.S. 
Department of Agriculture, 2020a). Though HLB has 
been detected in all citrus-growing U.S. states, it has not 
yet invaded commercial orchards in California (Zhang, 
2019). 
 
Because of the public-good nature of controlling this 
disease, degree of risk tolerance, and lack of 
coordinated policies, many citrus growers in Florida did 
not remove the infected trees, which resulted in rapid 
spread to most groves in Florida. As a result, citrus 
greening infected more than 90% of Florida’s citrus 
trees, which reduced production for the fresh market by 
21% and for the juice market by 72% (Dala-Paula et al., 
2019). This led to a loss of 30,000 jobs and $4.6 million 
in revenues (Court et al., 2017). As a result, about 5,000 
out of 7,000 growers have exited the industry since 
2004, and two-thirds of citrus processors have also 
closed their businesses (Fears, 2019). From 2003 to 
2017, the number of packinghouses fell from 79 to 26 
(Singerman, Burani-Arouca, and Futch, 2018). 
 
To mitigate the impact and spread of this disease, some 
growers use a four-pronged mitigation strategy—plant 
bacteria-free saplings, remove infected trees, control 
psyllids, and manage nutrition—which triples the cost of 
production and yields only half as much fruit (Zhang, 
2019). This makes it difficult for growers to compete with 
imported oranges. Given the pervasive spread of HLB in 

                                                      
2 Other common pests and diseases include citrus black 
spot, sweet orange scab, armillaria root rot, bacterial 
blast, citrus nematode, dothiorella blight, phytophthora 

Florida, these mitigation strategies so widely used in 
China and Brazil have had limited effectiveness. In 
Jiangxi, China’s leading orange-producing province, 
25% of crops in 2018 succumbed to this disease (Zhang, 
2019). In Brazil, HLB destroyed 52.6 million of the 
country’s sweet orange trees, a third of the country’s 
total, between 2004 and 2019. If these two countries had 
not implemented the preventive measures, the 
destruction would have been more severe. 
 
California growers and policy makers have been 
assessing the experience of Florida, China, and Brazil 
and taking preventative measures to avoid extensive 
destruction to citrus groves. California currently spends 
$40 million annually to implement mitigation strategies to 
control the disease’s spread (Zhang, 2019). Without 
such strategies, the U.S. citrus industry would be 
decimated, which would not only adversely impact 
growers and allied industries but also cause consumers 
to become heavily reliant on imports. 
 
Though HLB is currently incurable, scientists have 
recently made progress toward a solution. A natural 
antimicrobial peptide developed from Australian 
fingerlimes, an exotic but close relative to oranges, 
shows great promise in killing the bacterium Candidatus 
Liberibacter asiaticus (Allen, 2020). The application of 
this antibiotic to infected trees improves HLB symptoms 
as new, healthy foliage growth occurs. The peptide acts 
as a vaccine against the disease in young trees. While 
this peptide will be environmentally safe, cost effective, 
and one of several other peptides under development, 
commercialization may still be several years away 
(Allen, 2020; Bernstein, 2020). Scientists have also 
turned to gene editing in recent years but have not yet 
found a solution (Zhang, 2019). Another bright spot in 
tackling this disease is the Sugar Belle® orange variety, 
which is known to be tolerant of citrus greening because 
the trees grow a healthy dose of new phloem after being 
infected (Deng et al., 2019). 
 

Citrus Canker 
Citrus canker is another highly contagious bacterial 
disease originating in Asia that infected U.S. citrus in the 
early part of the twentieth century. The symptoms of this 
disease include corky and scabby lesions on fruit, 
leaves, and twigs; branch dieback; and death of the tree 
in severe cases. Dark and water-soaked lines surround 
the lesions, and younger leaves are more susceptible to 
infection (University of California Agricultural and Natural 
Resources, 2020). Among citrus fruits, lime and 
grapefruit trees have been the worst hit by this disease. 
While the disease was initially eradicated in the United 
States, it resurfaced in the 1990s and is a continuing 
threat (Cooksey and Hoddle, 2020). Though citrus 
canker is commonly found in Australia, Brazil, Southeast 

gummosis, phytophthora root rot, and sooty mold 
(University of California Agricultural and Natural 
Resources, 2020). 
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Asia, and the southeastern part of the United States, it 
has not yet spread to California. The 1995 outbreak in 
Florida led to the removal of 16 million trees (Cooksey 
and Hoddle, 2020). However, legal challenges by 
residential owners of backyard trees between 1995 and 
2004 stymied the tree eradication program carried out by 
the USDA and Florida Department of Agriculture and 
Consumer Services. Further, the 2004–2005 hurricane 
season caused the disease to spread rapidly throughout 
Florida’s citrus-growing regions (Irey et al. 2006); the 
USDA deemed complete eradication to be impossible 
and abandoned the tree removal program. Since all 
trees in the range of 260 acres surrounding a single 
infected tree have to be removed, the cure became 
worse than the disease for Florida citrus growers (Lowe, 
2009). In all, 87,000 acres of citrus trees were 
destroyed; the government spent $600 million on 
eradication efforts and $700 million to compensate 
growers between 1995 and 2006 (Lowe, 2009). 
 
With rampant spread of HLB and citrus canker, Florida 
growers have abandoned 64,000 acres of orange 
groves. Unfortunately, these abandoned groves have 
become enormous bastions of both diseases. 
 

Major Winter Freeze Incidents 

Winter freezes also cause extensive damage to citrus 
groves. Particularly, if citrus groves endure below-
freezing temperature even for a short period of time, 
fruits and foliage are likely to be damaged. Freeze-hit 
fruits can drop from trees and rot on the ground. 
Temperatures below 28oF, even for a few hours, can be 
detrimental to fruit, and ice formation in citrus tissues 
affects both trees and fruits. Frozen, but not spoiled, 
fruits are often used for juice production. 
 
U.S. citrus groves, unlike those in Brazil, are susceptible 
to winter freezes. In the 1980s, four winter freezes 
occurred in Florida: 1981, 1983, 1985, and 1989. The 
freezes in 1985 and 1989 were particularly severe, killing 
both young and mature trees across Florida (Florida 
Citrus Mutual, 2017). Winter freezes in 1997 (New York 
Times, 1997), 2010 (Fletcher, 2010), and 2012 
(Josephs, 2012) also caused extensive crop damages. 
California citrus groves are also beset by winter freezes. 
Frosts in 1990 and 1998 caused extensive crop losses, 
and a deep freeze lasting more than seven days in 
December 2013 decimated California citrus groves 
(Gorman, 2013). A late-season freeze in February 2019 
had a mild impact on California citrus crops (Fresh Fruit 
Portal, 2019). 
 
While the persistent decline in orange production (see 
Figure 2) is the result of the two exotic diseases and 
more imports, the year-to-year variation in production is 
due to pests, diseases, and winter freezes. Research 
has been ongoing in developing cold-hardy citrus 
varieties to mitigate the winter-freeze losses (Inch et al., 
2014). 

Labor Issues 
Florida citrus growers adopted machine harvesting until 
the mid-2000s, but they stopped machine harvesting to 
minimize undue stress on infected trees following the 
devastation caused by citrus greening disease (Onel and 
Farnsworth, 2016). With much of the harvesting of citrus 
fruits done by hand, citrus growers have increasingly 
turned to H-2A workers to mitigate the problems 
associated with hiring undocumented workers due to 
aggressive enforcement of immigration policies and the 
dearth of domestic farmhands. The new E-Verify law that 
takes effect on January 1, 2021 will compound citrus 
producers’ labor woes (Lambert et al., 2020). Of the total 
guest workers employed in Floridan agriculture, 85% 
work in citrus groves (Luckstead and Devadoss, 2019). 
Simnitt, Onel, and Farnsworth (2017) observe that more 
than 80% of the citrus grove labor force is made up of 
guest workers. About 91% of citrus workers are from 
Mexico. This highlights the difficulty of growers to find 
alternate labor sources and the unwillingness of 
domestic workers to perform hard labor. 
 
As the survey by Simnitt, Onel, and Farnsworth (2017) 
found, employers can help avoid labor shortages by 
ensuring good housing accommodations for guest 
workers, maintaining a positive working environment (by 
treating workers fairly and valuing their work), and 
paying workers in a timely manner. 
 

Discussion and Implications 

The citrus industry has been experiencing hard times as 
production has been declining since the mid-1990s. As a 
result, many have gone out of business and exited the 
industry. Pests and disease and weather incidences 
seem to threaten the livelihood of citrus growers, 
particularly in Florida. California growers can learn from 
the problems that Florida growers are experiencing to 
safeguard their groves. Unless significant progress is 
made in research and development to control diseases 
such as citrus canker and citrus greening and develop 
freeze-hardy varieties, the U.S. citrus industry will 
continue its downward trend in production and succumb 
to foreign competition. To prevent this declining trend 
and reverse the course of falling acreage and 
production, continued support for research and 
development, removal of abandoned citrus groves, and 
support for growers that have been adversely affected 
by citrus greening are crucial. 
 
Since progress in mechanization has slowed, growers 
depend heavily on workers. Labor shortages and high 
wage rates are serious problems that increase 
production costs and cut into citrus growers’ profits. As 
the number of undocumented and domestic workers in 
the citrus industry has sharply declined, growers now 
mainly rely on guest workers. Consequently, growers 
must adapt to worker shortages, rising wages, and the 
high cost of guest workers. Growers should be aware of 
evolving immigration policies and proactive in 
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addressing labor-supply issues. 
 
Citrus growers also face intense competition from 
imports from foreign countries, where the cost of 
production is considerably lower than in the United 

States. This makes it even more imperative for U.S. 
growers to innovate by developing varieties that are pest 
and disease resistant and cold hardy so that growers 
can effectively implement mechanized harvesting 
methods.
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