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CLASSIFICATION AND TAXONOMY

Tomato is one of  the world’s major fresh and processed fruit and is the second 
most important vegetable crop after the potato worldwide. Tomato belongs to 
the Solanaceae (nightshade family), genus Solanum, section Lycopersicon. The 
Solanaceae family includes other important (vegetable) crops like chilli and bell 
peppers (Capsicum spp.), potato (Solanum tuberosum), aubergine (Solanum mel-
ongena), tomatillo (Physalis ixocarpa), tamarillo or tree tomato (Solanum beta-
ceum) and tobacco (Nicotiana tabacum). Information on the genetic variation 
within Solanum, section Lycopersicon (13 species: tomato and its wild relatives), 
is provided in Chapter 2.

In 1753, Linnaeus named tomato Solanum lycopersicum. Fifteen years 
later, Philip Miller moved it to its own genus, naming it Lycopersicon esculen-
tum. This name came into wide use but was in breach of  the plant naming 
rules. Although the name Lycopersicon lycopersicum may be found, it is not used 
because it violates the International Code of  Nomenclature barring the use of  
tautonyms in botanical nomenclature. Genetic evidence has now shown that 
Linnaeus was correct to put the tomato in the genus Solanum, making Solanum 
lycopersicum the correct name. Both names, however, will probably be found in 
the literature for some time.

USES AND AVAILABLE VARIETIES AND TYPES

The popularity of  tomatoes relates to the fact that it can be eaten in  multiple 
forms, either fresh or processed. Among the processed products are: (i)  tomato 
preserves (e.g. whole peeled tomatoes, tomato pulp and juice, tomato puree, 
pickled tomato and tomato paste; (ii) dried tomatoes (tomato powder,  tomato 
flakes, dried tomato fruits); and (iii) tomato-based foods (e.g. tomato soup, 
 tomato sauces, chilli sauce and ketchup). Tomato has become a model spe-
cies to study plant and fruit physiology, biochemistry and genetics (Vitale 
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et al., 2014), and the tomato genome has been sequenced (Solanke and Kumar, 
2013). Tomato has several relevant traits, such as fleshy fruit, a sympodial 
shoot and compound leaves, that cannot be studied in other model plants 
(e.g. rice and Arabidopsis).

Tomato is grown as an annual crop mainly in temperate climates, but 
plants and fruit suffer physiological injury under low non-freezing temperat-
ures (e.g. below 12°C; see Chapters 4 and 10). Varieties for processing or for 
the fresh market have different growth habits. Processing tomatoes have deter-
minate growth, dwarf  habit, uniform and concentrated fruit set and ripening, 
tough skins and high soluble-solids content. Cultivation is made in the open 
field, either by direct seeding or by using transplants. In the past decade direct 
seeding has been largely replaced by transplanting, resulting in a better stand 
establishment, reduced weed competition and higher success rate and yield 
(Barrett, 2015).

Due to their growth habit, processing tomatoes do not require trellising 
or staking and single harvest is done mechanically (Fig. 1.1F). Tomatoes for 
fresh consumption are grown in open field systems or under protection (green-
houses), have determinate (open field) or indeterminate growth (greenhouses) 
and require trellising (Fig. 1.1A–C). Fruit quality is promoted by staking, as 
it avoids fruit contact with the soil, whereas pruning favours fruit size (see 
Chapter 4). Harvesting is done by hand. The number of  varieties for the fresh 
market is large and it ranges from the popular classic round tomato to niche/
regional types (e.g. ‘Coeur de Boeuf ’) (Table 1.1; Fig. 1.1H).

THE GLOBAL TOMATO INDUSTRY: PRODUCTION 
AND MARKET

General introduction

The tomato industry is a global, diversified and innovative industry. The main 
production areas are located in temperate zones and characterized by long 
summer periods and winter precipitation. However, tomatoes are also pro-
duced in (sub)tropical climates. Tomato production occurs either in open field 
or under protection (greenhouses). Harvest can be manual (mostly for fresh 
consumption) or mechanical (mostly for the processing industry) (Fig. 1.1F). 
A  large variation exists in the cultivated varieties and landraces, cultivation 
practices, organizational structure of  the supply chain, certification and mar-
keting (Bellec-Gauche et al., 2015).

Global tomato production (fresh and processed) has strongly increased in 
the past five decades. In 1961, production was 27.6 million tonnes, in 2002 
this was 116.5 million and in 2014 it was estimated at 171 million tonnes 
(Table 1.2). China, the European Union (EU), India, the USA and Turkey ac-
counted for almost 70% of  global production in 2014. Asia leads with about  



3The Global Tomato Industry

A

(A)

(C)

(E)

(G) (H)

(F)

(D)

(B)

Fig. 1.1. (A) A modern Dutch tomato greenhouse: cultivation on stone wool 
placed on hanging gutters (see Chapter 9). (B) Plastic tunnel in South Europe 
(courtesy Revista APH). (C) Tomato production in a Chinese solar greenhouse. 
(D) Field-grown tomato for processing, using a biodegradable plastic film for soil 
covering (courtesy FILMAGREGA project, ISA, University of Lisbon). (E) View from 
a typical processing tomato field in Ribatejo, Portugal. (F) Mechanical harvest of 
 processing tomato (courtesy M. Reis, Universidade do Algarve). (G) Processing 
tomato  variety. (H) Fresh tomato cultivar ‘Coeur de Boeuf’ (courtesy Mon Petit 
Marche,  Switzerland).
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60% of  the world’s production, and the Americas and Europe account for about 
15% and 13%, respectively (FAOSTAT, 2016). The cultivated area in 2014 
reached 4.3 million hectares and the five leading countries were China, India, 
the USA, Turkey and Egypt (Table 1.2). China and India together account for 
about 60% of  global cultivated area (Table 1.2). The ratio between fresh versus 
processing tomato production varies strongly among countries. For example, in 
India, processing tomatoes are < 1% of  the total production, whereas this is about 
96% in the USA or Italy (Table 1.2). Worldwide processing tomato production 
was about 41 million tonnes in 2015 (WPTC, 2016) and the largest producers 
were the USA, China, Italy, Spain and Turkey (Table 1.2). These five countries 
together represent about 85% of  global production of  processing tomato.

Tomatoes for fresh consumption are mainly grown in open field systems; 
however, greenhouse production has expanded in recent decades, especially in 
the Mediterranean basin (e.g. Spain, Turkey, Portugal, Morocco) and in Middle 

Table 1.1. Major groups/types of tomato landraces and varieties.

Type Characteristics and uses

Classic round Round shape, 2–3 locules, average fruit weight 70–100 g 
and diameter 4.7–6.7 cm. It is the most popular variety, 
used in salads, grilling, baking or frying, soups and sauces.

Plum and baby plum Oval shape. Baby plum tomato is smaller. The flesh is 
firm and less juicy in the centre. Used for barbecue, 
and processed for pizzas and pasta dishes.

Beefsteak Flattened shape, with 5 or more locules, fruit weight 
180–250 g. Large variability in shape, colour (red, pink), 
texture and flavour. Used for stuffing and baking whole, 
salads and sandwiches.

Cherry and cocktail Smaller than classic tomatoes, weight 10–20 g, diameter 
1.6–2.5 cm. Cherry tomatoes are smaller than the 
cocktail ones. Both are very sweet. Cherry tomatoes 
are generally red, but golden, orange and yellow 
varieties do exist. Almost all cocktail varieties are sold 
attached to the stem (‘on-the-vine’) (not in USA). They 
are eaten whole and raw or cooked. Cocktail tomatoes 
are used in salads or skewered whole for grilling.

Vine or truss (cluster) Marketed when still attached to the fruiting stem; the 
stem gives the distinctive tomato aroma. Fruit ripening 
is uniform within the cluster and keeps a fresh green 
calyx and vine after harvest.

Regional varieties, 
landraces and 
non-hybrids

Coeur de Boeuf (France), Raf (Almeria, Spain), Tomàtiga de 
Ramellet (Balleares, Spain), Marmande (France), Mezzo 
tempo (Abruzzo, Italy), Spagnoletta (Latium, Italy).

Sources: Baldina et al. (2016); BritishTomatoes (2017); Galmés et al. (2011); Rodríguez-
Burruezo et al. (2016).
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and Latin America (Brazil and Mexico), North America (USA, Canada) as well 
as in Australia and Russia. China is the largest consumer of  tomato worldwide, 
followed by the EU, Mediterranean Africa and North American Free Trade 
Agreement (NAFTA) countries (Canada, Mexico, USA) (Branthôme, 2010). 
Consumption is stable or slightly decreasing in mature markets (e.g. EU, North 
America) (Freshfel, 2015) but keeps increasing in countries of  Africa, Asia, 
South America and the Middle East (Agrotypos, 2016).

Trading in fresh tomatoes and processed products is a major global 
business. In 2015, world exports of  fresh tomatoes reached 7.1 billion euro 
(Workman, 2018). Trade of  fresh produce occurs mainly between neigh-
bouring countries, due to freight and tariff  advantages and because fresh 
 tomato is a perishable commodity.

In 2015, the world leader in tomato export volume was Mexico followed 
by The Netherlands (USDA, 2016a,b). However, Dutch exports have a higher 
economic value than those of  Mexico.

Europe (North, Eastern and Mediterranean) and Turkey

The EU is among the top five tomato producers worldwide. The EU represents 
around 10% of  global tomato production and 40% of  the global production 
for processing (European Commission, 2016; Eurofresh Distribution, 2016a). 
The crop is grown on 257,000 ha with a production output of  17.9 million 
tonnes. Italy, Spain and Portugal are the leading producers and represent 

Table 1.2. The top ten tomato-producing countries. Annual data 2014–2016.

Country
Total productiona 

(× 106 t)

Tomatoes for  
processingb,c,d

Total harvested 
areaa (× 103 ha)(× 106 t) (% total)

1. China 52.72 5.60 11 1002
2. India 18.74 0.13g < 1 882
3. USA 14.51 13.40 95e 163
4. Turkey 11.85 2.70–3.9 25–30d 319
5. Egypt 8.29 0.25 3 214
6. Iran 5.97 1.35 23 159
7. Italy 5.62 5.40 96 104h

8. Spain 4.89 3.03 62 63h

9. Brazil 4.30 1.30 33f 64
10. Mexico 3.54 0.04 1 95
EUh 17.90h 60 40 257h

World total 171 41 24 5023

aFAOSTAT (2016); bWPTC (2016); cAMITOM (2015, 2016); dhttp://www.turkstat.gov.tr/; eUSDA 
(2016e); fABH (2016); gSubramanian (2016); hEurostat (2016).

http://www.turkstat.gov.tr/
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about 70% of  EU production. Open field cultivation is typical of  southern 
Mediterranean EU countries, whereas protected cultivation is more common 
in the Northern Atlantic and continental EU members. Northern producing 
systems are highly technological and capital intensive (Fig. 1.1A) and focus on 
fresh tomato production, whereas Mediterranean countries focus on processing 
tomato in open field systems. However, fresh tomato production in greenhouses 
has expanded in countries like Spain, Italy, France, Greece and Portugal (Fig. 1.1B).

Italy
Italy’s tomato production in 2015 was 5.6 million tonnes (96% for processing) 
(Table 1.2). Italy is the world’s seventh largest producer and leads tomato pro-
duction in the EU with a 36% share (Eurostat News, 2016). The Italian  tomato 
processing industry accounts for 14% of  world production and about 50% 
of  EU production, with an estimated value of  €3.2 billion, half  of  which is 
 exported (ANICAV, 2016). Tomato processing companies are concentrated in 
the regions of  Campania (north) and in Puglia (south) (AMITOM, 2016). In 
the north, farms are larger, favouring mechanization and professional man-
agement. Growers use hybrid seeds and transplants resulting in higher yields 
(75–100 t/ha) as compared with the south (about 70 t/ha) (AMITOM, 2016). 
Planting begins in early May, harvest occurs in mid-July and the season ends by 
the middle–end of  September. In southern Italy, companies have a family-type 
structure and an average size of  4–10 ha. In 2015, about 26,000 ha were 
dedicated to fresh tomato production, 50% of  which was protected cultivation 
(Dall’Olio, 2016). Sicily leads protected cultivation of  tomato with 6500 ha and 
an output of  380,000 t (Testa et al., 2014; Dall’Olio, 2016). Yields are in the 
range of  20–25 kg/m² (Battistel, 2011). In the north, in more modern green-
houses, with heating and carbon dioxide (CO2) enrichment and a long cycle 
(January–December), yields up to 55 kg/m² are realized (Battistel, 2011). Italy 
has a large number of  regional varieties of  salad tomatoes and it focuses on se-
lection and breeding of  these varieties for both organic and low-input farming 
(Campanelli et al., 2015).

Spain
Spain is the second largest tomato producer in the EU (Eurostat, 2016) and the 
eighth largest worldwide (Table 1.2) with a cultivated area of  about 55,000 ha  
(Table 1.2). Spain leads the EU fresh tomato market, with a production of  
950,000 t (about 27% of  EU production) (Table 1.2) and an area of  27,000 ha  
(MAGRAMA, 2015). Tomatoes are the most important exported fresh vege-
table (679,000 t representing €678.6 million in 2016) and the province of  
Almeria alone accounts for about 60% of  Spanish exports. Germany, France 
and the UK are the main markets, whereas imports are mainly from Portugal, 
The Netherlands and Morocco (FEPEX, 2016; Mili, 2016).

Production of  tomato for fresh consumption is mainly done under pro-
tected cultivation on an estimated area of  24,000 ha. The provinces of  Almeria 



7The Global Tomato Industry

and Murcia lead greenhouse production with an area of  10,300 ha and 2700 ha, 
respectively (MAGRAMA, 2015). Production of  round tomato is dominant 
but the segment of  ‘specialties’ is increasing. Average tomato production 
in Almeria is 16.8 kg/m2 (Martínez et al., 2016). Growers have used plastic 
structures called ‘parral’ for several decades (Costa and Heuvelink, 2000) but 
the area of  modern plastic multi-tunnels and biological production has been 
 increasing in recent years (Martínez et al., 2016). Greenhouse cultivation is 
still done in enarenado (artificial soil produced by the ‘sanding’ technique), 
with a 30 cm layer of  soil put on top of  the natural soil, then 2–3 cm compost 
and a top-layer of  sand, but cultivation on inert substrates has increased. 
Production peak  occurs in December/January. Cooperatives have controlled 
the supply chain for a long time and they are involved in mergers to become 
more  competitive (Costa and Heuvelink, 2000; Martínez et al., 2016).

Regarding processing tomato, the cultivated area in 2015 was about 
27,700 ha (AMITOM, 2016). Extremadura represents about 80% of  the 
Spanish production area, distributed over Andalucía, Navarra and Aragón, 
Castilla-La Mancha. Production in 2016 was estimated to be 2.95 million 
tonnes, with an average yield of  80 t/ha (WPTC, 2016).

Portugal
In 2015 Portugal became the third largest producer within the EU, just  behind 
Spain and Italy, with a cultivated area of  19,300 ha and a production of  1.4 million 
tonnes (Eurostat, 2016), mostly for processing (Fig. 1.1E–G). Since the end of  
last century the sector has experienced increased concentration and more pro-
fessional organization and receives foreign investment (American and Japanese). 
Drip irrigation and mechanization have become common practice, which has in-
creased yield and production efficiency. However, high energy costs are a limita-
tion for both the processing tomato industry and greenhouse production. As the 
internal market is small, Portugal is focused on exports. Tomatoes for processing 
are mainly produced in Ribatejo Oeste and Alentejo. There are nine large pro-
cessing plants and 24 producer organizations (POs) (GPP, 2013; WPTC, 2016). 
In 2015, the average yield was about 90 t/ha (INE, 2016). Ribatejo and Baixo 
Alentejo (southern Portugal) are the largest and most productive regions, due 
to novel cultivation procedures. Tomato is the most  important greenhouse crop 
in Portugal with about 1400 ha and a production of  about 96,000 t, mainly lo-
cated in Ribatejo Oeste and Algarve and using plastic tunnels (Fig. 1.1B). Cherry 
tomato is produced in glasshouses for  exports (Baptista et al., 2014).

Greece
Greece had a production area of  17,000 ha in 2015, with a production of  1.08 
million tonnes (Eurostat, 2016), mostly for fresh consumption. Tomato is the 
most important greenhouse vegetable, with a production of  about 600,000 t  
in 2014 (RVO, 2015a), mainly located in northern regions. Recent invest-
ments in modern glasshouses and geothermal greenhouses have been made in 
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Crete, Peloponnese and Western Greece. Production of  tomato for processing is 
decreasing and reached 0.5 million tonnes in 2015 (WPTC, 2016).

The Netherlands
Tomato is the most commonly grown vegetable in Dutch greenhouses and 
cultivation has steadily increased in recent years. In 2000 the area amounted 
to 1133 ha; 10 years later it had increased by 50% and thereafter stabilized, 
whereas the production volume almost doubled (520,000 t in 2000 and 
900,000 t in 2016). The average size of  a tomato farm is 6.2 ha of  glass-
houses. The Netherlands is also a major exporter of  fresh tomatoes, being se-
cond worldwide, in volume just behind Mexico (USDA, 2016b). Dutch tomato 
production takes place in about 1750 ha of  glasshouses (of  which 1260 ha are 
tomatoes on the vine) and about 40% of  this area is equipped with supplemen-
tary light. Cultivation is on substrates, mainly stone wool, and only 32 ha of  
organic production is done in soil. The market is well organized; about 85% of  
the production is sold via growers’ associations (USDA, 2016b) and about 90% 
is exported, mostly to Germany and the UK (USDA, 2016b). The Netherlands 
continues to lead intensification with 60–70 kg/m2 for year-round produc-
tion. Dutch tomatoes are appreciated for their constant quality, very low res-
idues (due to biological pest control) and, very importantly, reliable delivery. 
Cultivation without supplementary light starts in December and harvest ex-
tends from March to November. The use of  modern technology is typical of  the 
Dutch production system (Fig. 1.1A). Growers have good levels of  education 
and organization. Innovation is promoted by the academies and by private com-
panies. A major recent development is Agriport A7, a large-scale greenhouse 
area in North Holland, just 30 min from Amsterdam, which accommodates 
modern greenhouse farms with areas of  up to 100 ha (AgriportA7, 2017).

Belgium
Fresh tomato is produced in greenhouses with similar technological levels to 
those of  Belgium’s Dutch neighbours. In both countries production is hydro-
ponic, mainly on stone wool. The production area is about 500 ha and total 
production volume in 2015 was 246,000 t (loose, vine, plum tomatoes) plus 
22,000 t of  specialties (De Blasier, 2016). Ninety per cent is marketed via pro-
ducer organizations (POs) located in Flandres and 70% is exported (De Blasier, 
2016). The tendency is for a decrease in beefsteak tomato and an increase in 
specialities.

France
The country produced 603,000 t of  fresh tomato in 2016 on 2230 ha, of  
which 1900 ha are in greenhouses (AGREST, 2016). Fresh tomatoes are 
mainly produced under protected cultivation and this tends to increase, mainly 
in Brittany (36% of  total production), the South-East, the South-West, Loire 
Valley and Languedoc-Roussillon (Bellec-Gauche et al., 2015). France imports 
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about 400,000 t per year, mainly from Morocco and Spain (Bellec-Gauche 
et  al., 2015). Imports occur between October and March via Saint Charles 
(Perpignan). French POs control 70% of  fresh tomato production, which is 
collected, packed and sold through these organizations (Bellec-Gauche et al., 
2015). In 2015, 194,000 t of  processing tomatoes were produced in about 
2550 ha, with an average production of  75–80 t/ha, but production can reach 
100 t/ha in the Sud-Est Mediterranean region (AMITOM, 2016).

Turkey
Turkey is the fourth largest producer of  tomato worldwide with about 12 
million tonnes in 2014 and 2015 of  which 25% for processing (Table 1.2). 
Tomato production represents about 25% of  the country’s total fresh fruit and 
vegetable production (Aksoy and Kaymak, 2016), and it is mainly produced in 
about 21,700 ha of  greenhouses. Greenhouse tomato expanded fast between 
2005 and 2014 and became the country’s second most important crop spe-
cies in value and the most exported vegetable (EngIṅdenIż and Ucar, 2016). 
Tomatoes are grown throughout Turkey but those for fresh consumption are 
mainly produced in Mediterranean climate conditions in Antalya and Mersin 
provinces (USDA, 2009). Izmir, Canakkale and Mersin are other major produ-
cing regions. Cultivation in greenhouses is done in winter and early spring. 
Production of  processing tomatoes is mainly located in Aegean and Marmara 
regions (USDA, 2009; Aksoy and Kaymak, 2016). Turkey is self-sufficient in 
tomato and a major global exporter with about 60% exported fresh and frozen 
to Russia (Aksoy and Kaymak, 2016). However, the 2014 Russian embargo 
on food imports from EU countries (FAO, 2014) closed borders to imports of  
vegetables from Turkey in 2015 and diverted Turkish tomatoes to EU members 
(e.g. Romania, Bulgaria, Austria, Hungary, Poland, Greece), due to their geo-
graphical proximity and lower transportation cost (Mili, 2016).

Russia
In 2014, Russia produced 2.8 million tonnes of  tomato on 118,000 ha 
(FAOSTAT, 2016). This is insufficient to supply the internal market and Russia 
is the second largest importer of  tomato worldwide, with Turkey as its main 
supplier (USDA, 2016c). In 2014, Russia imported about 846,000 t (USDA, 
2015). However, due to the Russian embargo, both the EU and Turkish exports 
to Russia abruptly decreased between 2013 and 2015 (FAO, 2014). This novel 
situation changed the Russian tomato sector. Market prices have increased 
(Uzun, 2016) and greenhouse production expanded in southern Russia 
(Mulderij, 2016). To make Russia less dependent on imports, the Russian gov-
ernment supported investments in the greenhouse production sector in order 
to increase greenhouse area from 1800 ha (2013) up to 4700 ha by 2020 
(Flandres Investment Trade, 2014). Most greenhouses in Russia were built 
in the 1970s and 1980s, and so far have not been modernized or rebuilt, 
which has resulted in higher production costs and the unprofitability of  many 
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 businesses. Production of  tomato for processing reached 90,000 t in 2015 and 
is mainly located in Astrakhan, Krasnodar and Volgograd (WPTC, 2015).

South Asia (China, India and Japan)

China
With a total of  52.7 million tonnes in 2015 and a cultivated area of  about 
1 million hectares (Table 1.2), China is the world’s leader in tomato produc-
tion. Chinese production represents more than one-third of  global  production 
and is mostly for domestic use. China is the world’s largest exporter of  pro-
cessed tomato products, such as tomato sauce and paste. Xinjiang is the 
major processing region in China, with local processed volume totalling 
5.011 million tonnes and accounting for about 74% of  national produc-
tion in 2011 (WPTC, 2012). Xinjiang’s cultivation calendar is quite similar 
to the one for California: in March, fields are prepared for planting; April to 
July is the growth period; and harvest and processing occur between August 
and October. Other important production regions for processing tomatoes are 
Inner Mongolia, Gansu province and Ningxia region (WPTC, 2012). Chinese 
competitiveness lies in low production costs, which negatively affects global 
market prices. China does not have preferential access to EU markets for pro-
cessed tomatoes but nevertheless it manages to increase exports to the EU 
(European Commission, 2012).

Tomatoes for fresh consumption are produced throughout China, but 
four provinces (Shandong, Xinjiang, Hebei and Henan) represent about 50% 
of  total Chinese production. Shandong (north-east China) has a cultivated 
area of  79,000 ha (RVO, 2015b) and produces 60% of  China’s fresh toma-
toes in winter, in 35,000 ha of  solar greenhouses (RVO, 2015b). The peri- 
urban areas of  Shanghai and Beijing are major producers of  fresh tomato 
(Costa et al., 2004). In China, greenhouse production is largely based on small 
farms (600–2000 m2) using solar-type greenhouses (Fig. 1.1C) (Costa et al., 
2004; Zhang et al., 2010). In the past decade foreign investments (e.g. from 
Taiwan and Japan) have been made in new greenhouses, and novel varieties 
have been introduced via foreign and national breeders. Production of  cherry 
 tomatoes is a recent trend and more investments are expected for the southern 
provinces of  Guangdong and Guangxi and on Hainan Island (South China) 
(Mulderij, 2016).

India
India is the fourth largest tomato producer worldwide with a total production 
of  18.7 million tonnes and a harvested area of  882,000 ha (Table 1.2). Area 
and production have increased since 2010, as a result of  increased market 
demand, mainly for processed tomato products, which showed an annual 
growth rate of  about 30% in the past 3 years (Subramanian, 2016). India’s 
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global tomato exports are minor in comparison with the global trade in fresh 
tomatoes. The most important states producing tomatoes are Andhra Pradesh, 
Karnataka, Madhya Pradesh and Telangana (Subramanian, 2016). Fresh to-
matoes are available year-round and less than 1% of  the tomato production 
is used for processing (Table 1.2). Several multinationals are present in India 
but there are limitations such as the lack of  suitable varieties for processing, 
outdated processing technology and high postharvest losses (Subramanian, 
2016). Yields per unit of  area are the lowest amongst the world’s ten largest 
 tomato producers, which is related to the fact that production is largely based 
on smallholders, using extensive crop systems and agronomic practices in 
which tomato is grown in rotation with other vegetables. Production of  toma-
toes in large landholdings and using intensive cultivation practices has still to 
be adopted in India (Subramanian, 2016).

Japan
Japanese growers are focused on tomato for fresh consumption. In 2014, the 
production area was 12,400 ha and a production output of  about 740,000 t 
(FAOSTAT, 2016). In global terms, Japan’s processing industry is small with 
only 35,000 t being processed in 2015 (AMITOM, 2016). Fresh tomatoes are 
produced in glasshouses, high plastic tunnels or under rain shelters. Field 
cultivation occurs only during summer time (Otsuka, 2011). Japan imports 
mainly from South Korea (964,000 t in 2010) and from the USA, Mexico, 
New Zealand, Canada and Australia (Otsuka, 2011). The Japanese market 
continues to increase and tends to be more diversified, with large opportun-
ities for beefsteak tomatoes (Mulderij, 2016). The Japanese vegetable market 
is increasingly demanding ready-made meals and convenience food and it is 
expected that ‘minimal-processed vegetables’ will be on demand as part of  
the trend towards ‘convenience’ foods (USDA, 2016d). This applies to tomato 
products. Food safety and premium products are other priorities for Japanese 
consumers.

South Korea
South Korea produces mainly greenhouse tomato, with an area of  5200 ha in 
2005. Growers specialize in Japanese varieties (e.g. ‘Momotaro’) for exporting 
to Japan. Tomato is among the top ten crops, with a production of  480,000 t in 
2014, which has increased rapidly in recent years (325,000 t in 2010) (AAFC, 
2016a).

North America

USA
The USA is the world’s third largest tomato producer (Table 1.2) and the 
world’s leader in production and export of  processed tomatoes. It is also one 
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of  the world’s largest tomato importers, as internal production only ac-
counts for about 40% of  the country’s needs. The US import share grew 
from 22% in 1980 to 52% in 2010. Mexico is the main supplier and to 
a much lesser extent Canada. Consumption of  fresh tomatoes is stable 
and accounts for about 25% of  total tomato consumption, most being as 
processed products (sauces, juice, tomato paste) (Eurofresh Distribution, 
2016a). California’s tomato processors anticipated contracting a total 
of  11.5 million tonnes in 2016, 11% less than in 2015 (Wells and Bond, 
2016). This decline partly derives from severe drought events in California, 
higher disease/pest pressures and large stocks resulting from record high 
production in 2014 and 2015 and the strong US dollar. California ac-
counts for about 96% of  the country’s production in processing tomato 
and 30% of  tomato for fresh consumption (USDA, 2016e). California com-
bines long, warm and dry growing seasons with the use of  novel hybrids 
and technologies (field production and processing plants), and strong 
investment in research and development for a long time (Mitchell et  al., 
2001; Barrett, 2015). Processing tomato in California is grown in rota-
tion with crops such as cotton, garlic, onions, melons and wheat in San 
Joaquin Valley, or with wheat and edible dry beans in Sacramento Valley 
(Mitchell et  al., 2001). Among all the vegetable crops produced in the 
USA, the total value of  fresh tomato production is the highest (Asci et al., 
2014). California and Florida lead production and represent two-thirds 
of  the total production area. Production of  fresh tomato has decreased in 
recent decades due to imports from Europe, Canada and mainly Mexico. 
Mexican tomato competes directly with the winter and early spring market 
for field-grown tomato from Florida and greenhouse tomatoes (Asci et al., 
2014). The trade conflict between US and Mexican fresh tomato produ-
cers has continued for a few decades, and the revised agreement (the 
‘Suspension Agreement’) between the two countries became effective on 
March 2013 to regulate imports from Mexico and includes anti-dumping 
measures (Asci et  al., 2016). Greenhouse tomatoes are increasing their 
fresh-tomato market share (USDA, 2016e) and receive higher prices than 
field-grown ones, due to a positive perception on quality (Asci et al., 2014). 
The USA exports fresh tomato to Canada, with a small volume going to 
Japan (USDA, 2016e).

Canada
Tomato is the most important field vegetable produced in Canada, with a 
total production of  402,000 t in 2015 (AAFC, 2016b). Tomatoes are also 
the most important greenhouse commodity (266,000 t) produced on about 
550 ha (AAFC, 2016b). Canadian growers are technologically advanced and 
production is highly comparable to northern European countries in tech-
nology, investment and crop management. Ontario leads greenhouse tomato 
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production. Canadian tomato exports reached 125,000 t in 2015 and were 
almost exclusively to the USA (124,000 t) (AAFC, 2016b).

Central and South America

Mexico
Mexico is the world leader in tomato exports. The production area in  
2015 and 2016 was around 55,000 ha (Flores, 2015), though for unknown  
reasons this figure differs considerably from the 95,000 ha mentioned by 
FAO for 2014 (Table 1.2). The greenhouse area of  tomato in Mexico was 
estimated at about 15,000 ha in 2015/16 (USDA, 2016a). The sector has 
the technological support of  different foreign partners including Dutch, 
Spanish, Canadian and Israeli. Greenhouse/shade-house production 
is concentrated in the states of  Sinaloa, Baja California and Jalisco 
(USDA, 2016a). Greenhouse production uses cultivars of  indeterminate 
habit, cutting off  lateral buds, in long crop cycles (up to 11 months), with 
15–25 clusters per plant and using 2–3 plants/m2 (Del Castillo et  al., 
2012). Average yields have increased from 23 t/ha in 1990 to 50 t/ha 
in 2015/16. Greenhouse/shade-house yields generally range from 150 t/
ha to 200 t/ha, depending on the technology used. For  example, Sinaloa 
can grow Roma tomatoes (saladette) in open field with yields of  about 32 
t/ha, while it can grow them under protected systems with yields in the 
range of  87–128 t/ha (Flores, 2015). Mexican greenhouse technology 
and growing conditions are heterogeneous, with a large range of  struc-
tures (Thornsbury and Jerardo, 2012). There are few high-tech projects, 
and yields remain lower than those of  North American countries. Foreign 
investment from the USA and Canada promoted protected cultivation, and 
high-quality tomatoes are available for export and to supply the growing 
domestic market (Thornsbury and Jerardo, 2012).

Brazil
Brazil emerged as the ninth largest tomato producer worldwide in 2014 
(Table 1.2) with a production area of  64,000 ha and a production of  4.3 
million tonnes which results in an average yield of  67 t/ha. Mechanization 
of  transplanting and harvesting and the use of  modern hybrids and drip 
irrigation have increased yield (Santos et al., 2011). Statistics for 2015 re-
ported a smaller cultivated area (57,000 ha, of  which 19,000 ha were for 
processing), which could be due to the ongoing crises in the sector (ABH, 
2016). The states of  Goiás, São Paulo and Minas Gerais are the most im-
portant producing regions. Goiás leads production for processing, re-
sulting from its warm and dry climate conditions and the availability of  
large irrigated areas by drip or sprinkler (centre pivot) irrigation (Rocco 
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and Morabito, 2016). Production of  processing tomato is estimated to be 
around 1.3 million tonnes, which makes Brazil one of  the largest global 
players in the processing tomato industry (Table 1.2). Fresh tomatoes are 
produced all over the country, in particular near the major consumption 
centres. Companies are small to medium size and use staking and furrow 
or drip irrigation. São Paulo, Minas Gerais, Goiás and Bahía are the most 
 important producing regions for fresh tomato (ABH, 2016). Marketing of  
fresh tomato occurs via wholesale markets, entrepostos (warehouses) or 
‘Centrais de Abastecimento’ (CEASA). There are 63 CEASAs all over Brazil 
(ABH, 2016). Small growers sell their tomatoes directly to wholesalers, re-
tailers and supermarkets, without intermediates, which represents a major 
change in a sector that was previously dominated by a network of  inter-
mediates (SEAPA, 2016).

Oceania

Australia
In Australia the cultivated area of  tomato was 10,000 ha in 2001 and it 
decreased to 5430 ha in 2016 (ABS, 2016). Production of  processing to-
mato is mainly concentrated in the state of  Victoria (about 90% of  produc-
tion). Despite this decrease in area, the industry shows a dynamic growth: 
234,000 t in 2014–2015 and about 285,000 t in 2015–2016 (ABS, 2016). 
This follows recent expansion of  processing and canning plants in Victoria 
(ABS, 2016). About 2700 ha were planted in 2014–2015 and the average 
yields are quite high at about 100 t/ha (PHA, 2016). Australia consumes 
around 550,000 t of  processed tomato, and the majority comes from Italy 
and China (PHA, 2016). The main varieties grown in Australia are Heinz 
cultivars, and 99% of  the production area is irrigated using sub-surface drip 
lines (PHA, 2016). Regarding fresh production, several large greenhouse in-
vestments have been reported in recent years, creating new opportunities for 
the Australian tomato industry so that it becomes less dependent on imports 
(HIN, 2016).

New Zealand
In New Zealand, fresh tomato is grown in open field systems as well as in 
greenhouses. In 2015, there was a total area of  765 ha, with 600 ha for pro-
cessing tomato, 45 ha for fresh production in open field and 120 ha for green-
house production, with a total production of  108,200 t (FreshFacts, 2016). 
Production is mainly for the internal market, though the country exports to 
Japan and Australia. Australia is easy to access by sea, but Australian domestic 
production is increasing and there are campaigns against imported produce 
(TomatoesNZ Inc, 2016).
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Africa and the Middle East

Egypt
Egypt leads tomato production on the African continent with 8.3 million 
tonnes produced in 2014 (Table 1.2). Production is mostly for fresh consump-
tion, mainly located in the Nile delta and 98% of  total acreage in open field. Due 
to the increasing demand from Western Europe, larger farmers are investing in 
protected cultivation of  cherry tomato, which is increasing fast (Nijs, 2014). 
Egyptian tomatoes are mainly exported to Saudi Arabia and Europe (e.g. The 
Netherlands), which for logistical reasons and price are more attractive than 
Spain (Mili, 2016).

Tunisia
Tunisia’s tomato production was estimated at 1.25 million tonnes in 2014 
(FAOSTAT, 2016) and the planted area was about 19,000 ha with an average 
yield of  66 t/ha. About 50% of  total production is processed, which takes place 
in Cap-Bon in the north-east (AMITOM, 2016). Dry tomatoes are also pro-
duced and exported. The EU and Tunisia have been negotiating a trade agree-
ment to facilitate exchange of  agricultural products, which may favour future 
exports of  Tunisian tomato to the EU (Almeria Verde, 2016).

Israel
The total tomato production area in Israel in 2014 was about 5500 ha with 
an output of  426,000 t (FAOSTAT, 2016). The country produced about 
220,000 t of  processing tomato in 2015 (WPTC, 2016). Processing tomatoes 
are grown in collective farms (kibbutz and moshav), with intensive mechan-
ization and the use of  drip irrigation. Yields can reach 120 t/ha but production 
costs are high, which makes the processing industry less competitive than in 
other Mediterranean countries (WPTC, 2016). In recent years, the number of  
growers has decreased due to low domestic market prices. The country reached 
its peak in production in 1999 with around 600,000 t, but volume has declined 
steadily since then, down to 450,000 t. The impact of  this decline was mainly 
seen in exports, as domestic demand has increased. Exports dropped by 65% in 
5 years, down to 15,000 t in 2015 (Mulderij, 2016).

Morocco
In 2014, the total tomato production area in Morocco was about 16,000 ha 
with a total production of  about 1.2 million tonnes (FAOSTAT, 2016). The 
production of  tomatoes is mainly concentrated in the regions of  Souss-Massa-
Drâa and Doukkala-Abda. Other important sites are the eastern regions of  
Oued-Eddahab-Lagouira, Greater Casablanca and Rabat-Zemmour-Zaer 
(DEPF, 2014). Greenhouse tomato is the most important early-season vege-
table. About 5000 ha of  greenhouses for tomato production are located 
mainly along the Atlantic coast and in the Souss-Massa region (south-west), 
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with average yields of  about 150 t/ha, which can reach 220–250 t/ha under 
optimal conditions (SIRRIMED, 2014). In the Souss-Massa region tomato is 
planted in greenhouses from July to September for winter harvest. Morocco 
leads in exports to the EU. About one-third of  production is exported. Indeed, 
the country doubled its export volume of  tomato to the EU in the past decade, 
reaching almost 486,000 t in 2014, and making the country the fourth largest 
tomato exporter worldwide. However, a major handicap is still the  expensive 
logistics, which can account for about 30% of  the final price of  the exported 
product (DEPF, 2014). Tomato for processing is mainly cultivated in the re-
gions of  Gharb and Tangiers/Tetouan.

South Africa
South Africa is the major regional tomato producer in sub-Saharan Africa. 
Tomatoes are produced in all South African provinces. Limpopo province is 
the major production area with 3590 ha (2700 ha in Northern Lowveld and 
890 ha in far northern areas of  Limpopo). Other main producing areas are 
Mpumalanga province (770 ha) and the Border area of  Eastern Cape pro-
vince (450 ha) (DAFF, 2015). Production is limited in winter months and 
tomatoes can only be produced in frost-free areas during winter or under 
protection such as tunnels (DAFF, 2012). South Africa exports to the EU 
(Belgium, Germany, Italy, The Netherlands, Sweden, UK) with a preferential 
tariff  of  0%.

FUTURE PERSPECTIVES FOR THE TOMATO SECTOR

Production and global market

Tomato production is a global and highly diversified industry. Global tomato 
production is currently around 170 million tonnes, with 75% for the fresh 
market and 25% for processing. Production and quality of  fresh and pro-
cessing tomato are expected to continue to increase via the use of  novel cul-
tivars, more precise crop management, improved technologies for production 
and processing, and more skilled farmers and managers. However, the trend in 
per capita consumption is less positive. Over the period 2004–2013, average 
annual per capita tomato consumption in the EU declined by 20% (Eurofresh 
Distribution, 2016b).

Field tomato production will take advantage of  increasingly accessible 
monitoring technologies for small–medium farmers (e.g. lower-cost smart 
sensors, remote sensing) to optimize water and nitrogen use efficiency, pre-
dict yield and quality and optimize pest and disease control (Mahlein, 2016). 
Modern greenhouse production will benefit from a higher degree of  compu-
terization and automation, to cope with labour scarcity and to reduce costs 
in countries such as The Netherlands or Japan. Spain, France and Israel will 
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lead innovation in production under plastic structures (greenhouses, high 
and low tunnels).

Spain and The Netherlands will keep leading the supply of  fresh tomato to 
the EU, but other countries such as Portugal, Italy and North African coun-
tries (e.g. Morocco, Egypt, Tunisia) will increase their share. More bilateral 
agreements between the EU and North African countries are expected in the 
coming years. In addition, Turkey can emerge as a major player, but political 
issues may negatively affect exports to the EU and Russia. Also the Balkan 
countries (e.g. Albania, Serbia and Macedonia) are emerging as potential 
 suppliers to the EU (Eurofresh Distribution, 2016b). On the American con-
tinent, the move to greenhouse production is expected to continue in Mexico 
and also in the USA, while in South American countries such as Brazil the pro-
duction of  fresh and processed tomato tends to expand.

China and India are expected to increase their production. Greenhouse 
production is expected to support growth in China. However, both China 
and India have limitations due to water scarcity and pollution, deficient lo-
gistics, a lack of  advanced technologies in cultivation and processing, as 
well as a fragmented supply chain (Costa et al., 2004; Subramaian, 2016; 
Kang et al., 2017).

Mexico will lead global exports of  tomato, but the Dutch are expected 
to  remain as leaders in global logistics of  fresh tomato with excellent trans-
port and tracking systems diminishing storage period, improving quality 
and lowering costs (Rabobank, 2016). Optimizing logistics is still a major 
issue in regions such as India and African countries (e.g. Morocco), ad-
dressing large postharvest losses and the need to increase exports (Arah 
et al., 2015).

Environment and sustainability

The tomato industry has a substantial environmental impact resulting 
from the intensive use of  water, nutrients, biocides and energy (Karakaya 
and Özilgen, 2011; Brodt et  al., 2013). More sustainable field and green-
house production is envisaged, especially in more advanced countries. Here, 
growers face challenges in fully integrating information about plant and cli-
mate into crop management decisions to optimize production efficiency and 
quality with minimal costs of  energy, labour and other inputs (see Chapter 
9). The concept of  the ‘closed greenhouse’ is a reality in countries like The 
Netherlands as a means to save energy as well as increase yields. However, 
low-cost solutions are needed for less developed economies and smaller 
growers/companies.

The EU has launched several strategic initiatives related to environmental 
issues, including the Resource Efficiency Roadmap, the 2020 Biodiversity 
Strategy and the Low Carbon Economy Roadmap. This clearly demonstrates the 
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increasing relevance of  environmental legislation for EU’s agribusiness as well 
as for EU’s trade partners. Circular economy practices and minimal waste pro-
duction must be implemented by the modern tomato industry, to  accommodate 
stricter environmental legislation (e.g. EU) and more demanding  consumers. 
Innovative recycling solutions must be developed and implemented. Energy 
production from tomato waste (Amón et al., 2015) and the use of  biodegrad-
able plastics are already being tested (Fig. 1.1D). Minimizing wastewater pro-
duction in processing plants (Caputo et  al., 2015) needs further testing and 
implementation.

Food supply chains are increasingly associated with environmental and 
socio-economic impacts (Sala et al., 2017) and organic tomato production has 
been increasing in the EU, but it is still a small market and yields per unit of  
area in general are lower than conventional production. Consumer preferences 
for produce that is free from pesticides and GMO, along with environmental 
concerns, drive the expansion of  the organic sector, especially for fresh green-
house production. New biological control agents, biopesticides and cultural 
practices to increase plant resilience to biotic and abiotic stresses and precise 
nutrient supply are needed for more competitive organic tomato production. 
Furthermore, research on the nutritive value of  organic tomato needs atten-
tion (see Chapter 11).

Easier and robust environmental impact assessment tools and sustain-
ability programmes are required. For example, the use of  water and carbon 
footprint (Lovarelli et  al., 2016) and life cycle analysis (LCA) (Dias et  al., 
2017) can help to improve sustainability, but methodological adjustments 
are needed for a wider use by the industry (Sala et  al., 2017). Life cycle 
inventories should cope with limitations on data availability and quality 
and data representativeness (Sala et al., 2017). Combining LCA with other 
indicators (e.g. water footprint, ecological footprint and other indexes) is 
envisaged for more robust environmental impact assessment. Social and 
economic sustainability is also highly relevant for the tomato industry. 
Increased sustainability involves improved working conditions and educa-
tion of  employees (from pickers and greenhouse workers to engineers and 
managers), and improved safety rules for production and handling produce. 
This especially applies to countries that depend on low-skill migrant tem-
porary workers.

The sector also faces a major challenge related to climate change and 
increasingly adverse climate conditions, and problems with water scar-
city and low quality (e.g. Mediterranean Basin countries, North China 
and India). Protected cultivation could help to partially mitigate those ef-
fects, but more solutions at plant and technical level are needed. Breeding 
can play an important role here: hundreds of  (re)sequenced genomes are 
available for tomato (The 100 Tomato Genome Sequencing Consortium, 
2014) as well as novel tools such as bio-informatics to support breeders 
(see Chapter 2).
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Market trends and politics

Tomato growers must cope with increasing pressure on prices by large re-
tailers. In more mature and developed markets, the focus on local and more 
‘tasty’ regional varieties is increasing (Rodríguez-Burruezo et  al., 2016). 
Despite a growing consumer segment that values excellent taste in toma-
toes, the industry remains focused on delivering large volumes at low prices 
(Kouwenhoven and Nalla, 2016).

New living styles based on vegetarianism and veganism can be a posi-
tive development for the tomato sector. In addition, lifestyle attributes such as 
variation, convenience, price, health, taste and food become more important 
in  developed economies. Niche markets for fresh produce ‘specialities’ are 
growing in several countries, especially in more mature markets. The industry 
must be aware of  all these quality parameters perceived by consumers (Frez-
Muñoz et  al., 2016). Improving yield traits but also the overall fruit quality 
is thus a priority. Improved knowledge on the genetic and molecular controls 
of  quality traits, the development of  high-throughput phenotyping methods 
for plant and fruit, and the development of  integrative approaches to unravel 
genotype × environment × management (G×E×M) interactions will help to 
attain the industry’s objectives, though finding viable compromises between 
yield and quality remains a challenge (see Chapter 5).

Another important market trend among European and North American 
consumers is the demand for locally produced food (Van der Velden, 2016). 
Indeed, while global chains tend to perform better in the economic sense, local 
chains score best on socio-environmental and ethical issues (Bellec-Gauche 
et al., 2015).

Regional and global geopolitics, currency issues and environmental legis-
lation will keep influencing the tomato industry. Changes in commercial rules 
and relationships between countries (e.g. Russian embargo on EU and Turkish 
produce, the UK’s Brexit or US policies in relation to Mexico) will contribute 
to changes in production location centres and future investments. EU markets 
more open to imports from North African countries via bilateral agreements 
will influence the tomato sectors and will also increase competition between 
African countries (e.g. Tunisia, Morocco, Egypt) (DEPF, 2014). Future develop-
ments of  the industry must also involve international cooperation at research 
and education levels to ultimately increase the sustainability of  the tomato in-
dustry at regional and global levels.
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