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HISTORY

The major area of  origin of  Citrus species, particularly edible fruits, is believed 
to be southeastern Asia, including from eastern Arabia east to the Philippines 
and from the Himalayas south to Indonesia or Australia (Fig. 1.1). Within this 
large region, northeastern India and northern Burma were believed to be the 
centre of  origin, but a 1990 evaluation suggested that Yunnan Province in 
south-central China may be as important due to the diversity of  species found 
and the system of  rivers that could have provided dispersal to the south (Gmitter 
and Hu, 1990). More recently Wu et al. (2018) have identified the slopes of  the 
Himalayan mountains as the likely area of  origin for much of  citrus. Within 
the area, more tropical types, such as limes, probably evolved in more tropical 
areas and more subtropical fruit types, such as oranges and some mandarins, 
in the more northern zones or more mountainous, cooler, regions. However, 
polyembryony stabilized cultivars and therefore ‘species’ so that citrus types 
may have been moved further than expected.

Extensive movement of  the various types of  citrus probably occurred within 
the general area of  citrus origin from before recorded history. Many types of  
citrus are believed to have moved west before Christ to various Arabian areas, 
such as Oman, Persia, Media (Iran) and even Palestine (Tolkowsky, 1938). 
Major types of  edible citrus from these areas include citron, sour orange, lime, 
lemon, sweet orange, shaddock (pummelo), mandarin and kumquat. Cultivar 
characteristics, genetics and taxonomy of  the major edible citrus and the 
complex nature of  named citrus species are presented in Chapter 2.

Citrons (Citrus medica L.) originated in the region from south China to 
India. The citron was found in Media when Alexander of  Macedonia entered 
Asia (about 330 bc) and was subsequently introduced into the Mediterranean 
region. Other citrus types were introduced to Italy during the early Roman 
Empire (27 bc–ad 284), but they are believed to have been destroyed at the 
end of  this era. Controversy exists about whether citron is mentioned in the 
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Fig. 1.1. The areas of origin of major citrus species and their paths of distribution (Chapot, 1975). B, bigarade (Citrus aurantium);  
C, citron (Citrus medica); G, grapefruit (Citrus paradisi); K, kumquat (Fortunella margarita); L, lemon (Citrus limon); Li, lime (Citrus 
aurantifolia); M, mandarin (Citrus reticulata); S, shaddock (Citrus grandis); W, ‘Washington’ navel; — bc; ‑‑, ad 1–700; ‑‑ ‑‑ ‑‑, ad 700–1492 
(711: Arab occupation of Spain); ‑‑ ‑‑ ‑‑ , 1493–1700 (1493 second expedition of Christopher Columbus); ‑ ‑ ‑ ‑ ‑ ‑ , after ad 1700 (first 
appearance of grapefruit). Centuries are given in roman numerals (minus sign indicates bc); years are given in arabic numerals.
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Bible, but it is clear that the Jewish religion was using it in their ceremonies by  
ad 50–150 (Webber et al., 1967).

Limes (Citrus aurantifolia Swingle) apparently originated in the east Indian 
archipelago. They were probably brought across the Sea of  Oman by Arabian 
sailors and subsequently transported to Egypt and Europe.

Lemons (Citrus limon Burmann) are of  unknown origin, possibly a hybrid 
between citron and lime, creating an intermediate species (Chapot, 1975; Barrett 
and Rhodes, 1976). Citron is believed to be a more primitive species and limes and 
lemons are at least closely related (Barrett and Rhodes, 1976). Lemons are known 
to have been spread to North Africa and Spain about ad 1150 in connection with 
expansion of  the Arabian Empire.

The area of  origin of  the sour orange (Citrus aurantium L.) is believed to be 
southeastern Asia, possibly India. Sour orange was introduced progressively 
westwards in the early centuries ad associated with Arab conquests until it 
reached North Africa and Spain in around ad 700.

Sweet oranges (Citrus sinensis [L.] Osbeck) originated in southern China 
and possibly as far south as Indonesia (Webber et al., 1967). The sweet orange 
may have travelled a similar route as the citron and been introduced to Europe 
by the Romans. Greenhouses were developed during this time to protect the 
cold tender plants in pots in winter in the gardens of  influential Roman families 
and were called orangeries, implying that oranges were a primary plant main-
tained by the Romans (Tolkowsky, 1938). Early introductions were apparently 
lost after the fall of  the Roman Empire and oranges were reintroduced around 
1425 through the Genoese trade routes (Webber et al., 1967). More selections 
were no doubt introduced during the extensive trading of  the Venezia era, 
between the 15th and 17th centuries ad. The Portuguese brought superior 
selections of  sweet oranges from China in about ad 1500. The great families 
of  the Italian City States maintained large collections of  lemons, oranges, etc. 
(paintings and descriptions of  the cultivar collections of  citrus and other fruits 
of  the Medici family are on display in museums in Florence, Italy).

The ‘Washington’ navel orange originated in Bahia, Brazil and is probably a 
mutation of  ‘Seleta’ sweet orange. It was introduced to Australia (1824), Florida 
(1835) and California (1870) through Washington, DC, where it apparently 
received its current name (Fig. 1.1). ‘Washington’ navel and many cultivars 
arising from mutations of  it have been distributed worldwide (Davies, 1986a).

The shaddock or pummelo (Citrus grandis [L.] Osbeck) originated in the 
Malaysia and Indian archipelagos and is widely distributed in the Fiji Islands. 
Hybrids of  shaddock were apparently found by crusaders in Palestine by ad 900 
and were distributed to Europe and then to the Caribbean, apparently by an East 
Indian ship captain named Shaddock (Webber et al., 1967).

The origin of  grapefruit appears to be different in that it developed as a 
mutation or hybrid of  the shaddock in the West Indies, perhaps Barbados. The 
binomial Citrus paradisi Macf. was assigned to this species (of  questionable 
validity, see Chapter 2). Grapefruit were introduced into Florida, still a major 
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producer worldwide – although production has been greatly reduced by the 
disease huanglongbing (HLB) (see Chapter 7) – from the Caribbean in about 
1809 by Don Phillippe, probably from seed collected in Jamaica.

The area of  origin for mandarins (Citrus reticulata Blanco) was probably 
Indo-China and south China with traders carrying selections to eastern India. 
Traditional production areas of  this species have been in Asia. Mandarins were 
transported from Asia to Europe much later than other citrus; the ‘Willowleaf ’ 
(Citrus deliciosa Tenole) was introduced from China after 1805 to become the major 
species in the Mediterranean region and C. reticulata was introduced even later.

Movement of  citrus to Africa from India probably occurred during ad 
700–1400 and various citrus, particularly limes and oranges, were introduced to 
the Americas by the Mediterranean explorers and settlers settled in Hispaniola in 
the Caribbean (Spanish) and Bahia, Brazil (Portuguese). The movement of  citrus 
throughout the Americas was aided by the development of  missions by the Roman 
Catholic Church that established plantings of  various fruit including citrus.

Kumquats (Fortunella margarita [Lour.] Swingle) from southern China, other 
minor use citrus types and trifoliate orange (Poncirus trifoliata [L.] Raf.) from central 
and northern China, for freeze-hardy rootstocks, are also important species. 
Other related species are being employed in new biotechnology-oriented breeding 
programmes (see Chapter 2). The origin concept of  the various ‘citrus species’ is 
probably valid as locations from which stable hybrids evolved that we refer to as 
species. The genetic relationships in Citrus are discussed in Chapter 2 also.

Some unusual citrus relatives appear to have originated in Australia – 
the xerophytic Eremocitrus and Microcitrus, and from Africa – Aegle, Aeglopsis, 
Afraegle and Balsamocitrus (Khan, 2007).

DISTRIBUTION AND PRODUCTION

Major Production Areas

Citrus is grown primarily between the latitudes 40°N to 40°S. More northern 
and southern locations of  commercial production exist where temperatures are 
moderated by large bodies of  water or ocean winds. World changes in citrus 
production from the early 2000s (2000–2004) to recent times (2013–2014) 
are presented from UNFAO data (http://www.fao.org/economic/est/est- 
commodities/citrus-fruit/en/) in Table 1.1. During this 10-year period there 
has been about a 23% increase in production overall. Most of  this increase has 
been due to increases in mandarin production, although all types of  citrus 
showed an increase in production, even though São Paulo, Brazil and Florida, 
USA are having reduced yields of  oranges and grapefruit in Florida because of  
HLB disease. Further, most of  the production increase was in the northern hemi-
sphere. At least 32 countries produce more than 300,000 million tonnes of  
citrus annually. China, Brazil and the USA, in that order, are the major  producers 

http://www.fao.org/economic/est/est-commodities/citrus-fruit/en/
http://www.fao.org/economic/est/est-commodities/citrus-fruit/en/
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(28 to 10 million tonnes in 2012–2013 and 2013–2014), but Mexico, India 
and Spain were major producers also (6 to 7.5 million tonnes annually) in this 
same period. Several Mediterranean countries, Peru, Argentina, Iran, Japan, 
South Africa, Pakistan, Vietnam, Australia and the Republic of  Korea are also 
currently major commercial production regions of  citrus in the world. Of  the 
two largest citrus producers, Brazil is the largest producer of  processed citrus 
(oranges), and China is the largest producer of  fresh citrus, primarily man-
darins, navels and pummelos. The USA is the third largest producer of  citrus 
and is the largest producer of  grapefruit. From 1989–1990 until 2004–2005, 
comprehensive FAO citrus data indicated that world production of  citrus 
increased about 44%, with a balanced increase in both southern and northern 
hemisphere countries, but since 2003–2004 citrus production has increased 
at only about half  of  this rate (23%) and mostly in the northern hemisphere.

Orange production has had a moderate increase, with Brazil and the USA 
still the major producers. In addition to oranges for processing, Brazil has a sig-
nificant production of  limes and mandarins used primarily fresh in its domestic 
market. China, with the largest individual country production increase (40%), 
is currently number one in overall production. This production increase from 
1969 was nearly tenfold and emphasis has shifted to oranges from mandarin- 
type fruit which used to predominate (Spurling, 1969; Zhang, 1981) but 
now mandarins are only two and ½ of  the orange production. Many of  the 
popular cultivars in China are local selections that are not grown in the 
western world. These include several cultivars of  satsuma mandarin and over 
30 orange cultivars, but navel orange cultivars predominate production and 
are mostly selections obtained from California. For the USA, Florida produces 
mostly round oranges for processing and grapefruit for fresh and processed 
use. In California, Arizona and Texas, navels, lemons, seedless mandarins 
and grapefruit are the major fresh fruit types depending on the state. In spite 
of  decreases in Brazil and Florida, world orange production has still increased 
in recent years.

Table 1.1. Change in world citrus production from 2003–2004 and 2004–2005, 
two season average to 2012–2013 and 2013–2014. All values are expressed in  
1000 × tonnes (http://www.fao.org/economic/est/est‑commodities/citrus‑fruit/en/).

Location/years Total Oranges Mandarins Lemons/limes Grapefruit

World – 2003–2004 
& 2004–2005

97,823 62,699 18,271 11,537 5,316

Northern hemisphere 69,501 40,245 16,109 8,486 4,662
Southern hemisphere
World – 2012–2013 

& 2013–2014
Northern hemisphere
Southern hemisphere

28,322
120,219

92,603
27,616

22,454
68,060

46,549
21,512

2,163
30,302

28,117
2,186

3,051
13,058

10,131
2,927

654
7,430

6,704
726

http://www.fao.org/economic/est/est-commodities/citrus-fruit/en/
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Production areas and layout tend to follow topography limitations and the 
size of  overall production (Fig. 1.2). Large farms of  more than 1000 ha are 
common in Brazil (Fig 1.2A), while many commune farms fit together with 
coordinated production to cover mountainsides in China (Fig. 1.2B) and inter-
mediate size farms may be separated by other crops or sit alone in countries like 
Spain (Fig. 1.2C). Countries with smallholdings, particularly in Southeast Asia 
and the Middle East, are usually intercropped with vegetables or other annual 
crops such as soybean (wet season) and black gram/green gram (winter 
season) in India or alfalfa in southern Yemen (Fig. 1.2D). Intercropped citrus 
may still be a viable export crop, like Pakistan’s ‘Kinnow’ production. In most 
cases of  intercropping, not enough clear space is left around the citrus trees as 
they are growing to bearing age (Fig. 1.2D).

Severe freezes during the 1980s, hurricanes in 2004–2005 and citrus 
canker caused considerable crop and tree losses in Florida. Since 2003–2004 
Florida has seen a reduction in production of  more than 70% primarily due 

(A)

(C) (D)

(B)

Fig. 1.2. (A) Typical large citrus planting in Brazil; (B) Composite production by many 
growers in one area in Central China; (C) A smallholding in Spain adjacent to disked 
plot for an annual crop; (D) A smaller production area of young citrus with intercropped 
alfalfa in Yemen showing the lack of cleared ground space for the citrus tree.
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to HLB disease. Grapefruit production has been the most affected by HLB in 
Florida. A recent USDA NASS acreage report put Florida citrus acreage at 
447,000 acres, less than half  of  the highest acreage in the late 1970s before 
freezes, canker and HLB took their toll (https://www.nass.usda.gov/Statistics_
by_State/Florida/Publications/Citrus/). While California has land development 
and available irrigation water issues, it is a major shipper of  lemons and navel 
oranges – 61% of  its orange plantings being navel oranges – but seedless man-
darin production has expanded significantly in recent years. Spain and Mexico 
are the next largest producers followed by India, Iran, Italy, Japan, Egypt, 
Argentina, Turkey and Morocco. The relative ranking of  these countries has 
varied with reported production increasing in India, Mexico, Iran, Argentina, 
Turkey, Egypt and Spain, while decreasing in Japan. Production in Cuba and 
other Central American and Caribbean countries increased significantly from 
1987 to the early 1990s but has declined since then due to low fruit prices, 
hurricanes and now diseases, most notably HLB (greening). All citrus pro-
duction areas in the American continent from Florida to Argentina have been 
affected by HLB. Brazil and Florida have been the most affected in terms of  tree 
and production losses.

Prior to the large impact of  HLB starting in 2011, from 2004–2005 until 
2009–2010 a 37% increase in overall production took place worldwide. Most 
of  the increase was in countries not on the top production list, unlike the 
increase in the previous 10 years. According to FAO reports, countries showing 
consistent growth over the 20-year period until 2010 included India, Mexico, 
Turkey, Egypt, Pakistan, South Africa, Indonesia, Syria, Peru and Algeria. 
An exception in the countries with large production was China which had a 
10.1% increase from 2004–2005 to 2009–2010 following an 8.5% increase 
in the previous 10 years.

Recent Distribution and Utilization of Citrus Fruit

Large citrus industries exist today, primarily where climates are particularly 
suitable for production and fresh or processed citrus markets could be developed 
both internally and, more importantly, externally (Albrigo and Behr, 1992). 
Major fresh fruit exports, according to FAO data, account for about 13% of  
total world production, but USDA Foreign Agric. Service data from 2009/2010 
through 2014/2015 suggests that at least 70% of  citrus production is con-
sumed fresh, apparently with the majority being domestic consumption 
(https://www.fas.usda.gov/Data/Citrus-World-Markets-and-Trade).

As transportation to other western European countries has improved and 
populations have increased, the Mediterranean countries have developed a 
strong fresh fruit export market from their traditional internal use of  citrus. 
Mandarins, lemons and oranges are all important in the total fresh export mar-
keting from the region, and Spain has become the major exporting country. 

https://www.nass.usda.gov/Statistics_by_State/Florida/Publications/Citrus/
https://www.nass.usda.gov/Statistics_by_State/Florida/Publications/Citrus/
https://www.fas.usda.gov/Data/Citrus-World-Markets-and-Trade
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Mandarin cultivars are the leading export because of  the development of  
seedless selections (particularly clementines) and attention to marketing of  
high-quality fruit. Over the last 15–20 years, mandarin production increased 
in Spain, but production decreased slightly in recent years, probably due to 
economics, production costs and a saturated market for easy-peel mandarins. 
Before the downturn, in the 14 years from 1991 to 2005, exports increased 
by 76% as the seedless mandarin market was being developed. Consumer pref-
erence for easy peeling, seedless fruit, led to improved selections and improved 
production techniques, partially to meet this demand while maintaining 
quality. These successful steps strengthened Spain’s marketing position. 
Morocco followed a similar pattern to increase its citrus industry but has also 
stabilized in recent years. Some of  the details of  this production are covered 
in Chapter 5. The Mediterranean region now often overproduces these man-
darins, leading to poor price stability. There is little evidence that marketing 
under the European Community (EC) has improved the balance of  supply and 
demand as while mandarin production has increased, orange production is 
nearly double mandarin production in the Mediterranean region. In the USA, 
California has greatly increased its mandarin production with seedless cul-
tivars and small size being used as the major marketing tools.

‘Navels’ and ‘Valencias’ are the predominant cultivars in Spain and Greece, 
but in Italy blood oranges such as ‘Tarocco’, ‘Moro’ and ‘Sanguinello’ consti-
tuted about 70% of  the annual orange production of  1.8 million tonnes (Russo, 
1981). ‘Biondo Comune’ is by far the most popular non-blood orange (was 0.4 
million tonnes annually). Italy may still produce some bergamots (sour orange 
hybrids) for perfume essence (Barone et al., 1988), but northern Africa and 
Paraguay have primarily abandoned their sour orange orchards. Morocco and 
Egypt have significant export marketing with cultivars similar to those of  Spain, 
but again with seedless mandarins predominating, particularly the local cul-
tivar Afourer in Morocco. ‘Navels’ and ‘Valencias’ also predominate in western 
hemisphere production of  oranges for fresh fruit markets.

In the USA from the late 1970s until 1991, mandarin-type production and 
their exports declined from 429,000 tonnes total and 18,000 tonnes annual 
average exports, 1976–1981, compared to 263,000 tonnes total and 13,000 
tonnes annual average fresh exports for 1989–1991. Since that decline, total 
production has recovered to 393,000 tonnes with exports at 20,000 tonnes 
by 2005. Harvesting without clipping, because of  cost, and limiting handling 
and packaging methods in the USA contributed to quality problems and a loss 
of  market demand, but available cultivars played a major role in market loss. 
‘Orlando’, ‘Murcott’, ‘Dancy’, ‘Nova’, ‘Robinson’, ‘Sunburst’ and ‘Fallglo’ were 
the primary cultivars in Florida; however, because of  their seediness and in 
some cases poor keeping and handling characteristics under most growing 
conditions they were not widely accepted in the world, especially the European 
markets. Only ‘Murcott’, ‘Sunburst’ and ‘Fallglo’ are major cultivars, with 
increasing planting of  ‘Sugarbelle’ in Florida – the major planted mandarin. 
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‘Bingo’ and ‘Tango’ are also being planted. Seedless mandarins are a goal of  
the Florida industry with a number of  selections being evaluated. In recent 
years there has been a resurgence of  fresh mandarin production in California. 
First, Spanish and Moroccan cultivars were introduced. More recently, seedless 
cultivars have been introduced from California’s own breeding programme. 
Currently, thousands of  acres have been planted in the San Joaquin Valley as 
far north as Fresno, California. A recent report indicates that 38,780 acres of  
mandarins now exist in California and 2 million trees of  ‘Tango’, irradiated 
nearly seedless W. Murcott, have been planted (www.google.com/patents/
USPP17863).

As California successfully followed the Spanish model, it is now marketing 
large quantities of  seedless mandarins, adding to the over-supply in the market. 
Because seedless mandarins do not size well (see Chapters 4 and 5), successful 
marketing has required convincing consumers that small, easy-peeler citrus 
are ideal for fresh consumption. This has been promoted with names like 
‘Pixies’, ‘Cuties’, ‘Delites’ and ‘Halos’.

Development of  southern hemisphere export citrus industries in Australia 
and South America somewhat followed the example of  South Africa. As the 
population increased in the late 1800s (due to the discovery of  diamonds 
and gold in South Africa), a local citrus industry was started. In about 1906, 
refrigerated shipping was developed and the UK became involved in fresh citrus 
marketing. This stimulated further development for export (Oberholzer, 1969). 
Currently, ‘Valencia’ and navel oranges make up the major portion of  the total 
production in South Africa, but seedless mandarin marketing has increased 
for the off-season to northern hemisphere producing countries. Development 
of  the citrus industry in Australia followed a similar time frame, but after a 
marketing slow-down in the 1970s, exports have increased to expanding 
industrialized Asian cities such as Singapore, Bangkok and Hong Kong. The 
primary production is ‘Valencia’ and navel oranges. Mandarins (‘Ellendale’), 
grapefruits (‘Marsh’) and lemons (‘Eureka’ and ‘Villafranca’) are produced in 
near equal amounts and equal about one-sixth of  the total orange production 
of  about 600,000 tonnes (Gallasch and Ainsworth, 1988; FAO, 2006). Recent 
production and planting reflect some growth in the industry.

In South America, Argentina, Chile, Uruguay and Brazil have significant 
internal marketing of  fresh fruit, but rather small fresh citrus export activities 
(FAO, 2016). Of  these, Argentina has the strongest marketing programme, but 
in addition Peru has developed a strong mandarin export market along with 
fruit exports in general.

Many tropical countries in the Americas increased commercial plantings 
in the 1970s and particularly in the 1980s following freezes in Florida, but 
most of  these countries are now facing HLB disease. All tropical and mar-
ginally tropical countries of  the world produce some citrus, but the major 
portion of  the production is from backyard plantings or small farms and is 
sold locally. This production is not totally accounted for in available production 

www.google.com/patents/USPP17863
www.google.com/patents/USPP17863
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 statistics. Many of  the tropical areas have limited production because of  severe 
dry or wet climate cycles and/or disease limitations such as citrus canker, 
citrus tristeza virus (CTV) or greening (see Chapters 4 and 7). Southeast Asia 
has been limited in citrus production, primarily to limes and some mandarins, 
because of  these disease constraints. India produces a moderate amount of  
citrus in spite of  these constraints, with a balance of  orange, mandarin and 
lime production. Popular cultivars include ‘Mosambi’, ‘Blood Red’, ‘Pineapple’, 
‘Hamlin’, ‘Jaffa’, and ‘Valencia Late’ oranges and ‘Nagpur Santra’ and ‘Coorg’ 
mandarins. Japan, with its geographically isolated location and cool climate, 
has developed a historically strong citrus industry, but it is based primarily 
on the satsuma mandarin because of  its citrus canker tolerance and freeze- 
hardiness. Decreasing consumption trends of  satsumas in Japan, however, 
have resulted in a decrease in production (Kitagawa et al., 1988; FAO, 2016).

World exports of  fresh lemons and limes remained relatively stable from 
the late 1970s (961,000 tonnes annual average 1976–1981) to the late 
1980s (1,002,000 tonnes annual average 1989–1991). By 2015, fresh 
lemon/lime production had increased to 13 million tonnes (FAO, 2016). 
Spain, Italy, Turkey, Greece and Egypt produce significant quantities of  lemons 
primarily from the ‘Eureka’ and ‘Villafranca’ cultivars. In the western hemi-
sphere, California and Arizona are primary producers of  lemons for domestic 
and export markets, relying on ‘Eureka’ and ‘Lisbon’ lemons as their major 
cultivars. Southern hemisphere countries with subtropical climates, such as 
Argentina, Uruguay and Chile, have developed a lemon export industry for 
the off-season to the northern hemisphere with these same cultivars (FAO, see 
recent website pages). Argentina also produces ‘Genova’ lemons in addition 
to ‘Eureka’ and ‘Villafranca’. Argentina, while strong in fresh export, is the 
largest processed lemon producing country. Mexico is the largest producer and 
exporter of  limes, primarily ‘Mexican’, in the world. Persian limes, grown on 
Mexico’s east coast, are more valuable than Mexican limes, grown on the west 
coast. Limes are also a major citrus type grown in most tropical countries in 
the Americas and Southeast Asia.

Grapefruit exports increased primarily due to increased consumption in 
Japan, western Europe, the Pacific Rim countries (eastern Asia), and eastern 
Europe, until the recent economic downturn in 1992. Major exporters were 
the USA (Florida), Cuba, Israel, Argentina, South Africa and Honduras 
(Albrigo and Behr, 1992). In recent years, production has shifted away from 
‘Marsh’ (white-fleshed) to pink or red cultivars, which are more popular with 
consumers. The standard ‘Ruby Red’ was replaced by cultivars with deeper red 
flesh colouration, such as ‘Henderson’ (Flame), ‘Ray Ruby’, ‘Rio Red’ and ‘Star 
Ruby’. Recent problems with citrus canker and particularly HLB are reducing 
grapefruit production in Florida, USA, which has been the major grapefruit 
producer in the world.

The major citrus-producing countries are also the major fresh fruit 
exporters, although noticeable exceptions are Brazil (primarily São Paulo 
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state) and to a lesser extent the USA (Florida), where industries are based 
more on citrus production for processing. The exceptionally large industries 
in these two locations are the result of  their climatic and industrial capacity to 
produce high-quality, processed, frozen concentrate orange juice (FCOJ) or not 
from concentrate (NFC). While only 21% of  all citrus worldwide is processed, 
81% of  this is oranges with 66% of  the orange processing occurring in São 
Paulo, Brazil and Florida, USA. Florida produces juice primarily from the early 
and late season cultivars ‘Hamlin’ and ‘Valencia’ (FAO, 2016), while in Brazil 
‘Hamlin’, ‘Pera’, ‘Valencia’ and ‘Natal’ are the primary cultivars used (Amaro, 
1984). ‘Pera’ accounts for nearly 50% and ‘Natal’ 25% of  the trees in São 
Paulo State.

The development of  a large processing industry also occurred because 
of  the invention of  FCOJ in Florida in 1948, the selection of  orange cul-
tivars with high yields, juice content and percentage soluble solids and the 
continued development of  sophisticated industrial infrastructure to meet 
the world demand for this product (Albrigo and Behr, 1992). In the 1980s, 
many smaller producing countries in the Americas began to develop or 
expand their orange production with the addition of  processing facilities for 
FCOJ. Most lowland tropical locations produce fruit with lower percentage 
soluble solids, very low acidity and poorer colour than that produced in 
humid subtropical regions such as Florida and São Paulo (see Chapters 4 
and 8). Spain and Italy are producing more orange juice than in the past 
(FAO, 2016). Argentina processes a large part of  its citrus production, par-
ticularly lemons, and about a third of  its oranges (FAO, 2015). The lemons 
have an especially high yield and quality of  oil. Major importing countries 
of  fresh citrus fruit and citrus products include most EU countries, Sweden, 
Switzerland, Japan, the USA, Canada and South Korea. Significant imports 
are also purchased by Saudi Arabia, Singapore, Israel, Australia and several 
Pacific Rim countries besides South Korea and Malaysia. Major importing 
countries that are also producing countries are the USA, Japan, Australia 
and Israel. Several eastern European countries imported significant amounts 
of  citrus, although these imports significantly decreased after 1991 (FAO, 
1991) due to political and economic restructuring of  these countries. In 
recent years (2010–2015), Russia has been a strong importer of  all types 
of  citrus (FAO, 2016).

USES OF CITRUS FRUITS

Fresh citrus has been appreciated to the extent that it was carried from its area 
of  origin and cultivated from before the 5th century bc. Early sailors recognized 
that citrus fruits were important for prevention of  scurvy which results from 
a lack of  vitamin C in the diet. Hence, the origin of  the term ‘limey’ for British 
sailors. The Italians grew citrus in glasshouses (orangeries), perhaps from 
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Roman times (Webber et al., 1967). From the area of  origin, citrus was collected, 
distributed and appreciated by the Arabians, Italians, Spanish and Portuguese. 
Export of  fresh citrus expanded as shipping became available. Sweet oranges, 
lemons, grapefruit and most recently mandarins, mostly seedless, are exported 
considerable distances by ship (e.g. Florida to Japan, South America to the EU, 
South Africa to the EU and most recently the Mediterranean Basin to North 
America). Generally, mandarin fruits are more easily damaged than oranges 
or grapefruit during storage and shipping, but with the greater demand for 
seedless, easy-peeling mandarins, shipping limitations have largely been 
overcome (see Chapter 8).

Processing of  citrus fruit may have begun with the use of  citrus peel oils 
in perfumes from selected cultivars of  mandarins by the Chinese in ad 300 
and later the use of  some sour orange hybrids called bergamots for this same 
purpose starting in the early 1700s. The first edible processing product may 
have been orange marmalade prepared from sour orange or candied peel made 
from citrons. Kumquats and calamondins have been sweet-pickled for many 
years. Modern processing began with the use of  canned sections prepared 
by hand. Later, machines were developed to peel and separate the sections. 
Mandarin sections are the main canned section product today. Processing 
greatly expanded with the invention (1948) and promotion (1950s) of  FCOJ. 
By-products from juice extraction are important in soft drink production (oils 
and juice for flavours and juice pulp for cloud), pectin production (peel and rag 
extracts) and cattle feed production (dried peel pellets). Lightly pasteurized NFC 
is now a popular product with more advanced handling procedures. Further 
details of  processing and product handling can be found in Chapter 8.

Citrus production worldwide continues to increase and will probably do 
so in the future if  demand strengthens and severe diseases are managed (see 
Chapter 7). Estimates in 1993 suggested that citrus production would exceed 
80 million tonnes by the year 2000, with major increases occurring in China, 
Mexico and the USA. While China more than met these expectations, the USA 
was not able to, for the reasons mentioned. Worldwide, production did exceed 
80 million tonnes by almost 18 million by 2005, more than 2.6% per year 
over a 15-year period. For the past 15 years, demand, particularly for pro-
cessed juice, has stagnated or declined in US and European markets (Ferdman, 
2014). This, coupled with disease and commercial development losses of  citrus 
land, has slowed citrus expansion in some countries like the USA and Brazil 
so that while demand for juice has decreased significantly so has processed 
juice by about 200 million boxes (40.82 kg, 8.2 million metric tonnes). Lack of  
available water may be the next limitation to expansion and maintenance of  
citrus-producing land. Serious water restrictions are currently causing reduc-
tions in citrus acreage in California, USA. Nevertheless, many new or expanded 
markets have become available since the late 1980s including former Eastern-
bloc countries and parts of  Asia that have improved economies which have 
allowed expansion of  citrus markets, particularly for fresh citrus products.
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