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PREFACE

The monoaxial banana, pineapple and papaya and polyaxial mango are
the most well-known tropical fruits worldwide. Avocado is better known for
production in subtropical areas, but considerably more production occurs in
the tropical zone. Banana, pineapple and avocado are extensively grown by
large companies. Banana, along with plantain, is the largest fruit crop in the
tropics, with only a small fraction entering international commerce. Many
other tropical fruits, already well known in the tropics, are now appearing in
larger temperate city markets.

The first edition of this book was started by Dr Henry Nakasone after he
retired from the University of Hawaii at Manoa in 1981. His work on the book
was prolonged because of his extensive volunteer and consulting activities
from his retirement to 6 months before his death in 1995. The extensive
research carried out by Henry in preparing some draft chapters laid the
foundation for the 1998 first edition. Henry understood the need for a book
that melded equally the genetics, physiology and cultural practices with
postharvest handling of each fruit crop as an interrelated whole.

This second edition has been completely revised and new chapters added.
A colleague, Dr Odilo Duarte, formerly Professor from Escuela Agricola
Panamericana — El Zamorano, Honduras, and now Professor and Lead
Scientist in Agribusiness, CENTRUM Catolica Business School, Pontificia
Universidad Catolica del Perd, Lima, Perd, joined me in this revision. It was
decided to make this a general tropical fruit production textbook and only
cover the major tropical crops in Volume 1. The other tropical fruits have been
moved to Volume 2, which should appear next year.

The first five chapters deal with the general aspects of the tropical climate,
fruit production techniques, tree management and postharvest handling.
Subsequent chapters deal with the principal tropical fruit crops that are
common in temperate city markets. The information in each fruit chapter
deals with taxonomy, varieties, propagation and orchard management, biotic
and abiotic problems, variety development and postharvest handling. The
information contained should be of use to all readers and students interested

in an introductory text on tropical fruit production. -
Vil



viii Preface

Many have contributed to the first edition and to this edition. Encourage-
ment and help to Henry in this passion came from many, and they were
acknowledged in the first edition. Others must be mentioned who provided
help and encouragement since the first edition, including Skip Bittenbender,
Victor Galan Satco, Ying Kwok Chan, George Wilson, Ken Rohrbach, Duane
Bartholomew, Francis Zee, Ken Love and Chun Ruey Yen. Their numerous
comments and suggestions have been incorporated in most cases. All errors
and omissions are our responsibility. The illustrations of each crop were done
by Susan Monden, and her perseverance and skill were greatly appreciated.
Thanks are also due to the Commissioning Editor, Sarah Hulbert, for her
assistance and patience during the book’s development.

We would greatly appreciate receiving all comments and suggestions on this
text. We can be reached at the addresses given on the title page or via e-mail at
paull@hawaii.edu or odiloduarte@yahoo.com

In closing, we both acknowledge the continued support, assistance and
love of our wives, Nancy and Carla, and our children, which enabled us to
complete this undertaking.

Robert E. Paull
Honolulu

USA

2010

Odilo Duarte
Lima

Perti

2010



1

INTRODUCTION

INTRODUCTION

The tropics, with its warm climate and little temperature variation, occupies
approximately 40% of the earth’s land surface. The region also has half the
world’s population. The majority of the world’s biodiversity is also found in
the tropics, biodiversity being the total of all living organisms on earth. These
endemic animals and plants are adapted to the diverse tropical environments,
which range from wet tropical rainforests to deserts and snow-covered, high
mountains.

The tropics can be divided into three major zones. The zone most
recognized is that with year-round rainfall and lies on the equator (Amazon,
Central America, Central Africa, Indonesia, New Guinea) and is ~8% of
the world’s land surface. As one moves away from the equator, the rainfall
becomes more seasonal, and this zone occupies 16% of the land area (Central
America, north and south Amazon, West Africa, India, South-east Asia,
northern Australia). The last is the dry tropics, which makes up 16% of the
land area and ranges from deserts to large areas with long dry seasons of 9
months or more. Examples would be the Sahara, Bolivian El Chaco lowlands,
central India and northern central Australia.

About half of the plant families are tropical, and the tropical region
contains 15 of the 25 world biodiversity ‘hot spots’ (Crane and Lidgard, 1989;
Meyer et al., 2000). The ‘hot spots’ are regarded as centres for agricultural
origins, and it is thought that crop domestication took place in or near these
‘hot spots’. This domestication reflects the role of hunter—gatherers and early
farmers, and their dependence on these crops for their daily subsistence. The
abundance of species with different life cycles, adaptations and useful products
in these ‘hot spots’ would facilitate their selection by hunter—gatherers and
early farmers. Examples of these centres include half of the southern part
of Mexico and the northern half of Central America, Ecuador, western and
central Brazil, the Indo-Burma region, South-east Asia, the Indonesian and
Philippine archipelagos, the East Melanesian Islands and Pacific Micronesia.

© CAB International 2011. Tropical Fruits, 2nd Edition, Volume 1 1
(R.E. Paull and O. Duarte)
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TROPICAL FRUITS

Most botanical families have at least one species of tropical fruit (Table 1.1).
In tropical America, more than 1000 fruit species are described, though only
100 are found in local markets. Asia has about 500 tropical fruit species, the
Indian subcontinent about 300, with about 1200 in Africa. Of these fruits
only a few are found in local markets and fewer are exported. Ninety per
cent of the export market is made up of citrus, banana and plantain, mango
and pineapples (Table 1.2). A further 5% is made up of papaya, avocado
and dates. The remainder is made up of more than 20 species, ranging from
breadfruit and litchi to mangosteen, passion fruit and coconut. More than
90-95% of tropical fruits are not exported from the producing country but
are consumed locally.

The most common tropical fruits in trade come from three major areas:
Central and South America (papaya, avocado, pineapple, guava), Asia
(most citrus fruits, litchi), and South and South-east Asia (banana, mango,
mangosteen, durian) (Gepts, 2008). Only one important tropical fruit is native
to Africa and that is the date, though the continent has many other tropical
fruits. Fruit species were selected by man and distributed widely throughout
the world, based upon various factors, which included the crop’s adaptability
to different environments, the fruit’s seed storage life, ease of plant propagation
(seed, cuttings, plants), the size and shape of the plant, a multiplicity of uses
other than as a fresh fruit (cloth, medicinal, wood) and having an agreeable
taste. Many tropical seeds are recalcitrant and cannot be dried and must be
transported as cuttings or plants to be introduced to new areas.

As people migrated, often the crops with which they were familiar were
taken along. The spread to areas surrounding that of their origin probably
began early. For example, the mango, a native of the Indo-Burma region,
had spread to all of South-east Asia by the end of the fourth century ck.
Arabs traders in the Indian Ocean probably took mangoes to the east coast
of Africa around 700 cE. The orange was also moved, most likely by Arab
traders, to the Mediterranean and southern Europe. Opportunities probably
also existed to move some tropical fruits (e.g. pineapple) around the warmer
areas of Central and South America. The European discovery of America led
to a rapid exchange of tropical fruit crops between the Old and New Worlds.
Bananas were carried to Santo Domingo from the Canary Islands in 1516. The
Portuguese spread tropical fruits from their colony in Brazil around the Cape
of Good Hope to Goa in India, Malacca in Malaysia, China and Japan. The
Spanish had a regular galleon service from Mexico to the Philippines between
1565 and 1815. The Dutch, British and French ships also spread tropical
fruits around the globe.



Table 1.1. Taxonomy and primary centre of diversity and probable centre of origin of the major tropical fruits (Gepts, 2008).

Order Family (subfamily) Crop(s), taxa Centre of origin
Magnoliid  Laurales Lauraceae Avocado, Persea americana Tropical Central America
complex
Magnoliales Annonaceae Annona spp., Cherimoya/ i|amal soursop, sweetsop/ Tropical South America
atemoya; Rollinia pulchrinervis, biriba
Monocots  Arecales Coconut, Cocos nucifera South-east Asia
Date, Phoenix dactylifera N. Africa, Middle East
Poales Bromeliaceae Pineapple, Ananas comosus South America
Zingiberales Musaceae Banana and plantain, Musa spp. South-east Asia
Eudicots Caryophyllales  Cactaceae Pitaya Tropical America
Oxalidales Oxalidaceae Carambola, Averrhoa carambola South-east Asia
Malpighiales Malpighiaceae Barbados cherry, Malpighia glabra West Indies, South America
Clusiaceae (Guttiferae) Mangosteen, Garcinia mangostana South-east Asia
Passifloraceae Passion fruit, Passiflora spp. Tropical America
Rosales Moraceae Breadfruit, chempedak, jackfruit, etc., Polynesia
Artocarpus spp.
M\/rtales Myrtaceae Surinam Cherry, Eugenia spp. Tropical America
Jaboticaba, Myrciaria cauliflora Brazil
Guava, Psidium guajava Tropical America
Brassicales Caricaceae Papaya, Carica papaya Central America
Malvales Malvaceae Durian, Durio zibethinus South-east Asia
Sapindales Sapindaceae Longan, Dimocarpus longan; litchi, Litchi South-east Asia
chinensis; and rambutan, Nephelium lappaceum
Rutaceae Citrus, Citrus spp. South-east Asia
Anacardiaceae Cashew, Anacardium occidentale Tropical America
Mango/ Mangifera indica India, South-east Asia
Hog plum, mombins, Spondias spp. Tropics
Ericales Sapotaceae Caimito, Chrysophyllum cainito South America

Sapodilla, Manilkara zapota
Mamey sapote, Pouteria sapota

Central America
Mexico, Central America

uononpoauj
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Table 1.2. World production and acreage of major tropical fruits in 2007, from FAO
Statistics Division (FAO, 2009).

Acreage
Production  harvested
Fruit (1000 of t) (1000 x ha) Important producing countries
Avocado 3,569 407 Mexico, United States,

Dominican Republic, Brazil,
Colombia, Chile, South Africa,
Indonesia, Israel, Spain

Banana Dessert 85,856 5,109  Burundi, Nigeria, Costa Rica,
Mexico, Colombia, Ecuador,
Brazil, India, Indonesia,
Philippines, Papua New
Guinea, Spain, Central America

Plantain 33,925 5,375  Colombia, Ecuador, Peru,

Venezuela, Ivory Coast,
Cameroon, Sri Lanka,
Myanmar

Citrus Oranges 7,104 1,071 Brazil, United States, India,
Mexico, Spain, China, Italy,
Egypt, Pakistan, Greece, South

Africa
Tangerines 27,865 2,052  Brazil, United States, India,
and Mexico, Spain, China, Italy,
Mandarins Egypt, Pakistan, Greece, South
Africa, Japan
Coconut 61,504 11,106  Indonesia, Philippines, India,

Sri Lanka, Brazil, Thailand,
Mexico, Vietnam, Malaysia,
Papua New Guinea

Mango 33,446 4,610 India, Pakistan, Indonesia,
Philippines, Thailand, Mexico,
Haiti, Brazil, Nigeria

Papaya 7,208 378 Nigeria, Mexico, Brazil, China,
India, Indonesia, Thailand, Sri
Lanka

Pineapple 20,911 2,378  Philippines, Thailand, India,

Indonesia, China, Brazil, United
States, Mexico, Nigeria, Vietnam

TROPICAL FRUIT CHARACTERISTICS

Tropical fruits are harvested from woody plants (avocado, mango, orange)
but also from herbaceous plants (banana, papaya) and vines (passion fruit).
The evolution of fruit in the early Tertiary period was a major advance that
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increased the efficiency of angiosperm seed dispersal. Climate change,
radiation of birds and animals, and changes in plant community habitats are
all potential evolutionary forces that led to the appearance of a range of fruit
types. The fleshy fruits, with their mutually beneficial interaction of providing
nutrition to animals and improving seed dispersal, have arisen independently
in different families, have disappeared and reappeared, are not evolutionarily
conserved, and show no clear association with phylogeny. The fossil and
morphological evidence indicates that multiple fruit types have evolved
directly from a dry follicle-bearing ancestor (Fig. 1.1).

The follicle is seen as the archetypical progenitor fruit, with a single
fused carpel that splits along a single seam (dehiscent zone). The fused carpel
appeared about 97 million years ago (Mya), in the middle Cretaceous. The
abscission (separation) zones are found much earlier in the fossil record
(400 Mya) in early vascular plants. In fruit, the biochemical processes in the
dehiscence zones and during ripening are thought to have co-opted systems
that evolved for the abscission of sporangia, leaves, petals and stamens. The
fruits that are consumed have soft and juicy arils (rambutan, litchi, longan),
pedicel (cashew), floral and accessory tissue (pineapple, annonas), mesocarp

Follicle

Fig. 1.1. Types and structures of tropical fruits and their evolutionary development
from dehiscent and non-dehiscent dry fruits (redrawn from figures in Nakasone and
Paull, 1998).
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(papaya, avocado) and endocarp (citrus). A few species are in the magnoliid
complex (annonas, avocado) and monocots (banana, coconut, pineapple);
the most important species are all eudicots. The floral parts of the magnoliid
complex occur in whorls of three (trimerous); the pollen has one pore and
they usually have branching-veined leaves and are regarded as basal or more
‘primitive’ angiosperms.

Tropical fruits, in most cases, are sold fresh, and off-grade fruit is
processed. The exception to this would be coconut, which is grown principally
for other products (copra, oil, coir) with a small acreage, often of special
varieties, that are grown for fresh consumption. Cashew is grown mainly
for its nut, with the fleshy pedicel being eaten fresh, processed and made into
juice. Most tropical fruits are highly perishable, and significant development
has taken place to process selected fruits into dried products, juices and purees.
Bananas such as plantains are also often used as a starch staple in Africa, Asia
and Latin America and not as a dessert fruit.

NUTRITIONAL VALUE

Nutrient contents of tropical fruits found in food composition tables are used
for nutritional assessment, research linking diet to health, nutritional policy,
food labelling, and consumer education. Accurate data are needed in order to
predict dietary energy intake and undernourishment. For tropical fruit, this
is important, as they are often regarded as significant sources of minerals,
vitamins and carbohydrates (Favier et al., 1993).

Natural variation occurs in the nutrient content of fruits. This variability
is due to soil and climatic conditions, variety grown, the stage of maturity at
harvest and physiological state when eaten. Traditionally, food composition
tables for most foods are presented as mean values, ignoring the natural
biological variability. It is probably more useful to know the range of values
found and the standard error or deviation.

Most food composition tables present data as nutrient values per 100 g of
edible food. Tropical fruits have low to moderate energy content and provide
about 200 to 300 kJ (FAO, 2003). Some tropical fruits, such as bananas (380
kJ), avocado (572 kJ) and durians (536 kJ), are higher and others less energy-
dense, such as the carambola (121 kJ). The protein content of most fruits,
including tropical fruits, is low (<1 g/100 g), though avocado (1.8 g) and
durians (2.6 g) are higher. Fat contents are also low, except for avocado (14.2 g)
and durians (2—5 g). The carbohydrate content is presented as monosaccharide
equivalents with fibre excluded, and contents normally range from 10 to 15 g,
which is the range that most consumers regard as sweet. Higher carbohydrate
contents are found in bananas (~20 g), atemoya (~21 g) and durians (~26 g).
Dietary fibre is reported to range from 1 to 2 g in tropical fruits, though different
analytical methods are used that give different values in the same fruit.
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Tropical fruits are low to moderate sources of macronutrients and good
sources of micronutrients. For example, while most fruits have 10-20 mg of
calcium, mango only has ~1.2 mg. Iron ranges from 0.2 to 0.4 mg. Banana
and durian are good sources of potassium, having 100-200 mg. Some fruits
are good sources of folate, and most are high sources of vitamin C (>20 mg).
The beta-carotene in fruit varies widely, depending upon the content of the
different carotenes present. The different varieties of mangoes can vary in beta-
carotene from 350 to 13,000 mcg. Other components present in tropical fruits
include antioxidants and other phytochemicals that have potential health-
promoting effects, with various claims being made.

Nutrient and health claims are frequently made for tropical fruits. Codex
Alimentarius (2001) has set standards for health-claim labelling. Using these
standards, some nutrient claims can be made for tropical fruit (Table 1.3). For
example, for a product to be low in fat it must have less than 3 g/100 g; for a
tropical fruit to be a ‘source’ of a particular nutrient it must contain 15% and
a ‘high source’ 30% of the Codex Alimentarius (2001) reference nutrient value.

SIGNIFICANT TRENDS - PRODUCTION AND MARKETING

The production and world trade in fresh tropical fruits is expected to expand
(Sarris, 2003). Most of the production occurs in developing countries (98%),
while developed countries are the major importers (80%). Citrus and bananas
are traded worldwide, followed by mango, pineapple, papaya and avocado.

Table 1.3. Potential nutrient claims that can be made for fresh tropical fruits using
standards from Codex Alimentarius (2001).

Nutrient claim

Fruit Energy Fat Vitamin A Folate Vitamin C
Avocado Source Source
Banana Low Source
Carambola Low Low High
Durian Low High
Guava Low Low High
Lime Low Low High
Litchi Low High High
Longan Low Source High
Mango Low High Source High
Papaya Low Low Source Source High
Passion fruit Low High
Pineapple Low High

Rambutan Low High
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Litchi, durian, rambutan, guava and passion fruit are produced and traded in
smaller volumes, with their market shares expanding rapidly in recent years.

The projections made by the FAO assume normal weather patterns and
the continuation of past trends in area planted, yield, income growth and
population for mango, pineapple, papaya and avocado (Table 1.2). World
production is expected to reach 62 million tonnes by 2010, an increase of
15.4 million tonnes over the 1998-2000 period, with developing countries
continuing to account for 98% of the global production. This is a compounded
growth rate of 2.6% per year. The Asia and Pacific region accounts for 56%
of production, followed by Latin America and the Caribbean (32%) and Africa
(11%). The production increase has come from additional planted acreage
intended for export. The growth has occurred mainly in Latin America and
the Caribbean region, with their more accessible trade route to the major
importing regions, the United States and Europe.

Demand for fresh tropical fruits has increased and imports are at about
4.3 million tonnes for mango, pineapple, papaya and avocado, with 87%
going to developed country markets. Europe is the world’s largest import
market, followed by the United States, accounting for 70% of import demand.
In Europe, France is a major importer, and the Netherlands is the major trans-
shipment point.

TROPICAL FRUIT AND CONSUMERS

In most markets, consumers are demanding higher quality. This quality is
no longer judged solely by size and appearance; aroma, flavour and nutrient
value are now increasing in importance. This can be seen in the larger
range of commodities on the retail shelves, the number of varieties of each
commodity now offered, and reduction in seasonality of supply in developing
country markets. The traditional term, quality, implies excellence or suitability
for use and means different things to different groups. Suitability for use
includes freedom from microbial and chemical contaminants. Understanding
of consumer behaviour is related to how it will be accepted in the marketplace
(Sabbe et al., 2009).

Consumer satisfaction is related to their view as to what constitutes
quality, and this varies widely in different markets and is decided by familiarity,
economic status and marketing. For many minor tropical fruits, familiarity
in many temperate markets is a major limitation to expanding the market for
tropical fruits, coupled to a consumer willingness to try new fruits (Fig. 1.2).

INTERNATIONAL FORUMS

Numerous national and international groups are dedicated to specific
tropical fruits or groups of closely related fruits. The International Society
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Pineapple
Coconut
Passion fruit
Mango
Avocado
Litchi
Carambola
Papaya
Dragon fruit

Guava

0 20 40 60 80 100
Consumers' knowledge (%)

Fig. 1.2. European consumers’ knowledge of different fresh tropical fruits (redrawn
from Sabbe et al., 2009).

of Horticultural Science (ISHS) has established a Commission of Tropical
and Subtropical Horticulture, with working groups in specific tropical and
subtropical fruits. The various working groups meet at regular intervals,
and meeting times and places are posted on the ISHS web site (http://www.
ishs.org/calendar/). The calendar posted at this site is the most extensive
that deals with horticulture conferences. The International Tropical Fruit
Network (TFNet) (http://www.itfhet.org/) is an excellent source of tropical
fruit knowledge. TFNet is an independent global network that serves as a
depository of tropical fruit production, postharvest, processing, marketing
and consumption information. For Latin America, an InterAmerican Society
of Tropical Horticulture (formerly Tropical Region of the American Society
of Horticultural Science) was active until 2006. Annual meetings were
held in different Latin American countries. Their web site is at (http://www.
ashs.org/isth/index.html) (accessed 19 January 2010), and this site lists the
many volumes published from 1951 to 2004, which are available in some
libraries and were abstracted in Horticulture Abstracts until 1998, and are now
available by subscription through CAB Direct (http://www.cabdirect.org/).

TROPICAL HORTICULTURE

Tropical agriculture, including fruit production, has a number of limitations.
In the next chapter we will consider the constraints associated with


http://www.ishs.org/calendar/
http://www.ishs.org/calendar/
http://www.itfnet.org/
http://www.ashs.org/isth/index.html
http://www.ashs.org/isth/index.html
http://www.cabdirect.org/
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temperature, rainfall amount and distribution, evapotranspiration and soil
moisture. These climate factors have had, and continue to have, a significant
impact on abiotic and biotic factors that affect fruit production, which will be
discussed in the individual fruit chapters.

Frequently tropical soils are highly leached and acid, with aluminium
toxicity occurring. Nitrogen levels are frequently low, due to high rainfall. The
continual high temperature in the tropics means that organic matter turnover
is high, compounded by low nitrogen availability and poor soil structure.
Leached soils are high in iron and low in phosphorus, and show micronutrient
deficiencies (Zn, Mn, S).

Pests and diseases are more prolific in the tropics, with year-round
development in the absence of a cold winter (no frost, snow or ice) to reduce
inoculum and pest levels. This biotic stress carries over to the postharvest stage
and contributes to high postharvest losses. Integrated pest management (IPM)
is now being widely applied in the tropics, where it can be successful. Ongoing
research will lead to wider application by reducing pest populations below
levels that cause economic injury.
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THE TROPICS, ITS SOILS AND
HORTICULTURE

INTRODUCTION

Climate is defined as the general temperature and atmospheric conditions of an
area over an extended period of time. Atmospheric conditions include rainfall,
humidity, sunshine, wind and other factors. Climates are subject to modification
by various factors, such as latitude, elevation and whether or not the land
mass is continental, coastal or oceanic, direction of wind and ocean currents,
proximity to large bodies of water and mountain ranges, and cloudiness.

The tropical region is a belt around the earth between the Tropic of
Cancer at 23° 30’ latitude north of the equator and the Tropic of Capricorn
23° 30’ latitude south of the equator (Fig. 2.1). The term ‘tropics’ has its
origins in astronomy and comes from the Greek meaning ‘a turning’. In
astronomy, it defines the farthest southern- and northernmost latitudes where
the sun shines overhead. The Tropics of Cancer and Capricorn are rather rigid
boundaries and do not take into consideration the presence of areas that do
not meet the various climatic characteristics generally established to describe
the tropics. Some climatologists have extended the region to 30° N and S of
the equator, based upon surface temperatures and precipitation, or use the
18°C isotherm of the coolest month (Fig. 2.1). This increases the land mass
in the tropics substantially, from ~40% to ~50%, especially on the continents
of Africa, China, South America and India, and would include approximately
two-thirds of Australia’s land mass.

CHARACTERISTICS OF THE TROPICS

The tropical zone is generally described as possessing the following character-
istics:
1. An equable warm temperature throughout the year, having no cold season

at lower elevations. The average annual temperature of the true tropics is

© CAB International 2011. Tropical Fruits, 2nd Edition, Volume 1 11
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subtropical areas, while the mottled areas are regarded as tropical.

Cl

4 Jaldé’qj



The Tropics, its Soils and Horticulture 13

generally greater than 25°C, with no month having an average less than
18°C. Others have described the tropics as areas with a mean temperature of
not lower than 21°C and where the mean annual range of temperature equals
the daily range of temperature. The latter boundary is very much influenced
by continentality. Another boundary is the isotherm where the mean sea-level
temperature in the coldest months is not below 18°C; though it can include
certain errors, these are relatively small on a world scale and reliable data are
available for its computation (Fig. 2.1). In the tropics, diurnal temperature
variation is greater than the seasonal change.

2. Rainfall is usually abundant, seldom less than the semi-arid 750 mm to as
high as 4300 mm, indicating considerable variation (Fig. 2.2). The heaviest
rainfall occurs near the equator. Seasonality in rainfall increases with distance
from the equator. Where rainfall is marginal for agriculture, its variability takes
on greater significance.

3. Photoperiod varies little throughout the year; at the equator day length is
about 12 h (Table 2.1).

4. The position of the sun is more directly overhead, giving a year-round
growing season (Fig. 2.3).

5. Rainfall, temperature, and solar radiation lead to higher potential
evapotranspiration.

These characteristics describe the true tropics, on and near the equator, with
latitudinal changes toward the poles producing a variety of subclimates.
Even near the equator, mountain ranges and other geographical factors
can produce various subclimates. Since temperature, solar radiation and
photoperiod are fairly constant in the tropics, the variety of subclimates and
vegetation are frequently dependent upon rainfall.

A continuous succession of climates starts with a long season of well-
distributed precipitation and a short dry season close to the wet tropics. As
you move away from the equator and the latitude increases, there is a gradual
change to a short season of relatively low rainfall with a long dry season.
Some seasonal variation in mean daily temperature becomes apparent, with
cool temperatures increasing with increasing distance from the equator.

Table 2.1. Day length extremes in hours and minutes at various latitudes in the
tropics and subtropics.

Latitude °© 0 10 20 30 40

Longest day 12:07 12:35 13:13 13:56 14:51
Shortest day 12:07 11:25 10:47 10:04 9:09
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Fig. 2.3. Solar radiation received at the earth surface at different latitudes and an
atmospheric coefficient of 0.6 (Gates, 1966). Solar radiation changes significantly
between the summer and winter periods as you move away from the equator. The
data in the figure are for the northern hemisphere.

MAJOR TROPICAL CLIMATE TYPES

Many geographers and climatologists have classified climates into zones by
temperatures (tropical, temperate and frigid zones), by vegetation or crop
requirements, precipitation, altitude, soils, human responses, or by combining
these factors. A well-recognized classification system is the Koppen system,
named after the Austrian botanist and geographer, Wladimir Koppen. This
classification is based on temperature, rainfall, seasonal characteristics and
the region’s natural vegetation and was developed from 1870 to his death in
1940. The newer systems have most often been built upon the 1918 scheme
of the world climactic regions (Table 2.2). Another well-known modification
is that of C.W. Thornthwaite (1948), who based his classification on
distribution of effective precipitation (P/E (precipitation/evaporation) ratio),
temperature efficiency and evapotranspiration. This led to nine moisture and
nine temperature regions. Numerous other classifications have been published
based upon similar criteria (Oliver and Hidore, 1984; Schultz, 2005).

The classification systems of Koppen, Thornthwaite and others are
focused on the major factors (temperature, precipitation and evaporation)
that limit vegetation growth and hence horticultural production. The 18°C



Table 2.2. Koppen’s major climates based upon four major temperature regimes, derived from monthly mean temperatures, monthly
precipitation and mean annual temperature: one tropical, two mid-latitudes and one polar. The second division is based on moisture
availability. The system does not completely agree with natural vegetation and climate, and frequently the boundaries are rigidly
interpreted.

Principal climatic types Temperature (°C) Rainfall
Tropical Rainy Coolest month > 18 >600 mm driest month, range 2000 to 4000 mm per year
Wet and dry <600 mm driest month, range 500 to 1500 mm per year
Seasonal rainfall
Dry Steppe Evaporation > precipitation, 100 to 500 mm per year
Desert
Mid-latitudes ~ Mediterranean Coolest month <18 3 x more precipitation in winter than summer
Mild winter Wet and dry > -3 10 x more precipitation in summer than winter
Rainy > 30 mm per month
Mid-latitudes ~ Wet and dry Coolest month < -3
Cold winter Rainy Warmest month > 10
Polar Tundra Average warmest month 0 to 10

Ice cap Average warmest month < 0
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boundary of Koppen recognizes the dramatic slowing of tropical plant growth
and development at lower temperature. At temperatures less than 10-12°C
and above freezing, most plants that evolved in the tropics stop growing and
are injured, depending upon length of exposure and species; this response
is called chilling injury. Precipitation and evaporation significantly impact
natural vegetation and subsistence agriculture, although irrigation does allow
horticultural production to proceed.
Several major tropical climatic types have been described:

1. Wet tropics: The wet equatorial or humid tropics, equatorial zone or tropical
rainforest occurs within 5-10° of the equator. It is characterized by constantly
high rainfall, humidity and heat. Rainfall is well distributed and may range
from 2000 to 5000 mm or more annually. Solar radiation is reduced due to
cloudiness. Vegetation is luxuriant on very weathered soils. Undisturbed, the
soil supports natural vegetation very well, but under cultivation the soils lose
their organic matter and porosity rapidly. Much of the land in the wet tropics
is undeveloped and in some areas unpopulated. Attempts have been made to
improve productivity, but past attempts by private industries and government
agencies have often not succeeded.

This wet tropics climatic type is common in parts of Africa within the 10°

N and S latitudes and includes the Congo Basin, Gulf of Guinea in West Africa,
parts of Kenya and Tanzania in East Africa; in South America the Amazon
Basin of Brazil and countries bordering the basin, such as French Guiana,
Guyana, Surinam and Venezuela; and in South-east Asia most of Malaysia,
Indonesia, Papua New Guinea, the Philippines and some Pacific islands.
The wet tropics are not limited to the above areas and are also widespread in
countries bordering the equator.
2. Wet and dry tropics: This is also known as the monsoon rainforest, with
marked seasonal rainfall between 5and 15° N and S of the equator and as far
north as 25° in parts of tropical Asia (Fig. 2.2). Walter (1973) extended this
zone from about 10°N and S to about 30° N and S latitudes. Maximum rainfall
occurs in the summer when the sun is directly overhead, with the dry season
in the cooler months. A tropical fruit horticulturist will probably spend most of
their time in this climatic zone.

This wet and dry tropical climate is found in a wide region of Africa, Asia,
the Americas, Australia and the Pacific tropics. Many tropical fruit species are
well adapted to wet—dry climatic conditions. For fruit production, some form
of irrigation is necessary, especially in areas where the wet season is relatively
short. A dry period in winter may substitute for cool temperatures in crops
requiring some stress prior to flowering. However, irrigation is desirable once
flowering begins and during fruit development.

3. Dry tropics: Also called the tropical savannah, occurs to the north and
south of the monsoon climate zone along the Tropics of Cancer and Capricorn,
between 15°and 20°N and S latitudes. It is characterized by hot, dry desert



18 Chapter 2

conditions where crop production cannot succeed without irrigation. This
climate is found in North Africa, bordering the Tropic of Cancer, north-east
India, Australia and parts of the Pacific coast of South America. The coast of
Peru has arid plains and foothills and fertile river valleys. For example, average
annual rainfall for the town of Piura on the north-western coast is 51 mm,
and average minimum and maximum temperatures are 17.6°C and 30.5°C,
respectively. Thousands of hectares of land remained unproductive due to lack
of irrigation until large dams were built to produce hydroelectric power as well
as to provide irrigation.

ALTITUDINAL CLIMATES

Climates change with altitude at the same latitude, and the change is related to
temperature. The environment can be divided into three temperature zones at
the equator: the hot zone, from sea level to 1000 m; the temperate zone, from
1000 to 2000 m; and the cool zone, above 2000 m, with frost occurring at
approximately 5000 m at the equator. Temperatures in these zones differ with
changes in latitude, prevailing wind patterns, precipitation and other factors.

In the Selva region of eastern Peru with large rivers, principally the
Amazon, two subclimates are recognized in terms of altitude and rainfall.
The low jungle or humid tropics extends from sea level to 800 m and has
rainfall throughout the year. The high jungle or central Selva, located between
800 and 1500 m above sea level, has a wet and dry climate, with about 6 to
7 months of wet season and the remainder with little or no rain. In the low
jungle, subsistence agriculture prevails, with crops such as coffee, cacao,
banana, mango, papaya, pineapple, soursop, citrus, black pepper, cassava and
poma rosa (Syzygium malaccensis). Under large-scale commercial cultivation,
some of the traditional crops, such as mango, papaya, pineapple and citrus,
would do better at latitudes somewhat removed from the equatorial region,
having better soils and reduced disease problems associated with high rainfall.
The high jungle (wet and dry tropics) in the central Selva area of Peru is better
developed, with farms of large commercial size. Citrus (Valencias, mandarins
and limes) and coffee have done well.

SUBTROPICS

Strict separation of tropical, subtropical and temperate climates is not
practical because of the many factors that influence climate. Even within
the geographical limits of the tropics, there are areas that are subtropical
and temperate, or even frigid, because of altitude, topography, ocean and air
currents. The subtropics occur between the two tropics and about 40° latitude,
with summers being hotter and winters cooler than in the tropics. Humidity is
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generally lower in this region, and the difference in day length becomes greater
with higher latitude (Table 2.1). The limit for the subtropics is the isotherm of
10°C average temperature for the coldest month. This 10°C isotherm excludes
the large land masses whose climates are temperate and includes almost half
of China, three-quarters of Japan, all of South Korea, the southern half of the
United States, all of the southern half of Australia, the North Island of New
Zealand and more than half of Argentina and Chile between 23° 30’ and 40°
latitude.

Horticulturists who have spent their professional careers in regions where
the temperatures during the coldest month at sea level are rarely lower than
15-18°C find it difficult to accept the tropical classification of regions with
winter temperatures down to 4—7°C and frost potential.

CLIMACTERIC FACTORS
Day length

The day length at the equator is about 12 h. At low latitudes in the tropics, the
increase in difference between the longest and shortest days is about 7 min per
degree (Table 2.1), increasing to 28 min per degree at latitudes between 50
and 60°. The difference in photoperiod (Table 2.1) is associated with the earth
being inclined on its axis by approximately 23° 30’; hence the solar equator
moves about 47° as the earth moves around the sun. The extremes are the
Tropic of Cancer (23° 30’ N) to the Tropic of Capricorn (23° 30’ S); within
this belt the sun’s rays are perpendicular at some time during the year. At
the spring and autumn equinoxes, the lengths of the day and night are equal
everywhere over the earth.

Fruit trees such as mango, papaya, bananas, the annonas, avocado,
acerola and guava show no response to photoperiod and are capable
of flowering at any season of the year. In equatorial Colombia, with
approximately 12-h day length, it is common to find mango trees flowering
during February—March and again in August. In the subtropics, flowering is
more precise, occurring in the spring as a function of lower temperature and
moisture availability limiting growth. For guava, seedlings grown under 15-h
day length from germination to 140 days and field transplanted produced fruit
within 376 days from sowing; the control seedlings under 10-h day length did
not flower. This result with guava reflects the longer period available each day
for photosynthesis and not photoperiodism. Guava can also be forced to flower
by pruning.

Pineapple can flower naturally at any time of the year, depending upon the
size of the planting material, though it is a quantitative, but not an obligatory,
short-day plant. Interruption of the dark period by illumination suppresses
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flowering. Though pineapple does not require low temperatures or diurnal
variations in temperature to flower, there is an interaction with temperature.
Temperatures lower than 17°C during short days can induce considerable
flowering, even in small plants. No flowers are produced on yellow passion
fruit (Passiflora edulis f. flavicarpa) vines under artificially induced short days
(8 h). Long days promote passion fruit vine growth and flowering, while short
days promote vine growth only. This observation, however, could be due to the
amount of solar radiation received and not photoperiod.

Radiation

When compared to higher latitudes, the tropical latitudes have small seasonal
variation in solar radiation along with high intensity. The longer summer
day length at the higher latitudes means that these latitudes exceed the
daily amounts of solar radiation received in the tropics. The highest annual
energy input on the earth’s surface, 12 MJ/m?/day, occurs in the more cloud-
free subtropical dry belt of 20-30° (Fig. 2.3). In the tropics, solar radiation
received is reduced by clouds and water vapour in the air, through reflection
and absorption, to a minimum of ~7 MJ/m?/day at the equator. Over a large
portion of the tropics the average is 9 MJ/m?/day + 20%.

In the tropics, atmospheric radiation transmissivity varies from 0.4 to
0.7, due largely to clouds and seasonal variation. The maximum recorded
irradiance under cloudless skies at noon in the tropics is 1.1 kW/m?, with a
daily total received of from 7 to 12 MJ/m?2. About 50% of this energy is in the
0.4-0.7 um waveband, which is known as photosynthetically active radiation
(PAR). In full sunlight, C, plants, including all fruit crops discussed in this book
except pineapple, which is a CAM plant, are ‘light’ saturated. This saturation is
due to ambient CO, availability limiting the rate of photosynthesis.

High shade (3—5 MJ/m?/day) does not influence litchi flowering, though
it does increase early fruit drop. Flowering in passion fruit is reduced once
irradiance falls below full sun. Irradiance is normally not a factor limiting
plant growth in the tropics except during heavy mist and cloud, and in shade
from other vegetation and mountains.

Temperature

Near the earth’s surface, temperature is controlled by incoming and outgoing
radiation. Surface temperatures are modified spatially and temporally
throughout the year by local factors more than radiation. The main factors are
continentality, the presence of large inland waterbodies, elevation modified by
prevailing topography, and cloudiness. Highest diurnal temperatures occur
in dry continental areas, at higher elevations and in cloud-free areas. The
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rate of decrease in temperature with elevation (adiabatic lapse rate) varies
with cloudiness, hence season, and between night and day. The normal rate is
about 5°C per 1000 m under cloudy conditions and can range from 3.1 to 9°C
per 1000 m.

The human sensitivity to temperature is modified by the rate of
evaporation. Evaporation from human skin is primarily influenced by
humidity, wind speed and response to sunshine. A human can endure high
temperature if the humidity is low; hence the discomfort felt in the humid
tropics is associated with high temperatures and humidity (>25°C and >80%
R.H.). These conditions are also favorable to growth of microorganisms and
insects. The problem of controlling plant diseases and insect pests in the
tropics is compounded by the absence of a cold winter and aridity to limit their
adult development.

Tropical fruit crops such as mango, guava, acerola, papaya, pineapple,
some annonas and others originated in the warm, lowland tropics. Others
such as the litchi, Mexican and Guatemalan races of avocado, cherimoya
and purple passion fruit are subtropical fruits by virtue of their origin in
the subtropics or at higher elevations in the tropics. Man, in his attempt to
commercialize tropical fruit crops, has extended production into subtropical
regions beyond the Tropics of Cancer and Capricorn and has generated
considerable knowledge on the range of temperature adaptability of these
crops. Data on threshold temperatures and durations of exposure for various
stages of plant development of tropical fruit trees are often unavailable;
minimum temperatures in the coolest month that support survival,
commercial or best production have been approximated (Table 2.3). The
minimum temperature criterion takes into account differences in elevation and
latitude. In regions subjected to marginal winter temperatures, site selection
becomes a paramount consideration, such as southern-facing slopes in the
northern hemisphere and northern-facing slopes in the southern hemisphere.
Young plant growth may also be inhibited when soil temperature exceeds
35°C, a common condition in the tropics. Leaf temperature can exceed air
temperatures by 20°C; for example, pineapple fruit and leaf temperature have
been recorded in excess of 50°C in the field. Hence, maximum temperatures
in the orchard microclimate need to be considered in site selection. Three
crops (mango, litchi and avocado) illustrate this temperature adaptability and
the varietal and race adaptation at various stages of development. Mature
mango trees have been found to withstand temperatures as low as —16°C for
a few hours with some injury to leaves. Flowers and small fruits may be killed
when temperatures less than 4.5°C occur for a few hours during the night.
Mango varietal differences for cold resistance have not been observed. Mango
responds to cool night temperatures (10-14°C) with profuse flowering. Ideally,
day temperatures during this period should be warm (21-27°C). When winter
night temperatures are mild (16—18°C), flowering is more erratic.
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Table 2.3. Guidelines for survival, commercial and best production of tropical fruit
based upon mean minimum temperature in the coldest month (after Watson and

Moncur, 1985).

Mean minimum temperature (°C)
for coolest month

Crop Botanical name Survival Commercial ~ Best
Acerola Ma[p’gh,a glabra 10-12 >12 >14
Banana Musa spp.- 6-8 >8 >16
Breadfruit Artocarpus altilis 14-16 >16 >16
Carambola Averrhoa carambola 6-8 >8 >14
Chempedak Artocarpus po[yphema 12-14 >14 >16
Cherimoya Annona Cherimoya 4-6? 5-12¢ 6-10?
Durian Durio zibethinus 14-16 >18 >18
Duku and langsat [ ansium domesticum 12-14 >14 >18
Guava Psidium guajava 4-8 >8 >14
Jackfruit Artocarpus heterophyllus 6-10 >10 >14
Longan Dimocarpus longan 4-8 8-18 8-14
Litchi Litchi chinensis 4-8 >14 >16
Mango Mangifera indica 6-8 >8 >12
Mangosteen Garcinia mangostana 10-14 >14 >16
Papaya Carica papaya 6-8 >8 >14
Pineapple Ananas comosus 6-8 >8 >10
Rambutan [\]ephe/ium Iappaceum 8-12 >12 >14
Sapodilla Manilkara zapota 6-10 >10 >14
SOUI’SOp Annona muricata 6-10 >10 >16

Vegetative and flowering behaviour of litchi is very similar to mango,
except that it is adapted to even lower minimum temperatures than mango.
The total duration of relatively low temperatures seems to be the determining
factor rather than the frequency or time of occurrence during a critical
period. There are considerable cultivar differences in the temperature exposure
necessary to induce flowers, e.g. ‘Brewster’ litchi flowers better in seasons with
200 or more h of temperature below 7.2°C. Other cultivars flower profusely
when night temperatures of 14—15°C occur.

The three races of avocado originated under different ecological
conditions. The West Indian race is best adapted to humid, warm climates,
with the optimum around 25-28°C. It is susceptible to frost, and the mini-
mum temperature tolerated by the foliage is recorded at 1.5°C. Mature trees
of the Mexican race have shown tolerance to as low as —4 to —5°C without
damage to foliage, although flowers are damaged. The Guatemalan race is
adapted to a cool tropical climate but is less tolerant of low temperatures than
cultivars of the Mexican race. The leaves of the Guatemalan cultivars have
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shown tolerance of light frost down to —2°C, with flower damage by even light
frost. The Mexican—Guatemalan hybrids, such as ‘Fuerte’ have shown wider
tolerance of cold than the Guatemalan cultivars. Temperatures of 12—13°C
during flowering can prevent growth of pollen tubes and embryos, leading to
production of unfertilized, underdeveloped fruits.

Rainfall

Temperature determines agricultural activity in the temperate regions of the
mid-latitudes, while rainfall is the crucial factor in the tropics. The seasonal
and diurnal distribution, intensity, duration and frequency of rainy days
vary widely in the tropics, both in space and in time (Fig. 2.2). The maximum
rainfall occurs near the equator, with no dry season. Surrounding this
equatorial zone in Africa and South America are areas with two rainy seasons
alternating with two dry seasons; rarely are the seasons of the same duration
or intensity. Further from the equator is a region of minimum rainfall at
20-30¢° latitude, associated with the subtropical high pressure area, with one
rainy season, frequently due to the monsoons. Topography can significantly
modify the generalized rainfall pattern; examples include the western coast
of India and Borneo, and the coastal areas of Sierra Leone, where monsoonal
winds are forced to rise because of mountain ranges. Trade winds can bring
considerable rainfall and are subjected to the forced rise by topographical
features. Other factors influencing rainfall include changing and slowing
down of wind speed as it approaches the equator and continentality, such as
in south-west and central Asia. The above factors lead to complicated rainfall
patterns, with broad generalization possible while remembering that there is
considerable variation (Fig. 2.2).

Tropical fruit production is normally limited by available soil moisture. The
stage of growth or development at which water stress occurs greatly affects the
final yield and quality. Many factors influence the amount of rainfall available
to plants, including evaporation and transpiration rates, surface runoff, soil
water-holding capacity and percolation through the soil profile beyond the
rooting area. Using the average tropical daily net radiation of 9 MJ/m? and
the latent heat of vaporization for water (2.45 MJ/kg), an evaporation rate of
ca 4 mm per day can be calculated. This evaporation rate is similar to that in
a temperate summer. Higher rates of 10—15 mm per day occur for irrigated
crops in the semi-arid tropics due to the advection of hot, dry air. Rainfall and
irrigation need to make up this evaporative loss, and a mean monthly rainfall
of 120 mm (~4 mm per day) would be required.

Excessive rainfall causes major problems with flowering, pests, diseases and
fruit quality. Many trees, such as mango and litchi, require a dry (or cold) period
to stop vegetative growth and induce flowering. Mango and litchi originated
in areas with a monsoon climate that provides distinct wet and dry seasons.
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Dry conditions, preferably accompanied by cool temperatures during the pre-
flowering period, promote flowering, while cool, wet conditions reduce flowering
in both crops. When mango flower buds begin to emerge, some soil moisture is
needed, preferably from irrigation rather than from rainfall. Light rain during
mango flowering leads to severe anthracnose (Colletotrichum spp.), which can
destroy most of the inflorescences. Too much rain during litchi anthesis also
reduces flower opening and/or the insect activities needed for pollination.

Total rainfall is frequently less important than its distribution throughout
the year. In Loma Bonita and Acayucan, Mexico, two large pineapple-
producing areas, mean rainfall over a 5-year period was 1600 mm and 1500
mm, respectively. These approximate the upper limits of the optimal range for
pineapple; however, periods of serious drought are encountered, as 89 and
82%, respectively, of the rainfall occurs from June to November. In a tropical
rainforest, 85% of a 1 mm shower may be intercepted by plants, but only 12%
of a 20 mm rainfall, indicating that fall intensity, duration and frequency are
significant factors. The interception by plants is significantly influenced by
species; pineapple with its upright leaves funnels water to the centre. Plant
density similarly affects rainfall interception.

Orchards located on flat lowland areas can experience flooding during the
rainy season, particularly if drainage is poor. This is important for avocado,
papaya, litchi and pineapple, for which waterlogging causes severe root-rot
problems. Mango is slightly flood-tolerant, as indicated by reductions in leaf
gas exchange, vegetative growth and variations in tree mortality. Mangosteen,
by contrast, grows well under conditions of flooding and high water table.
A high water table may prevent mangosteen trees from experiencing the
moisture stress needed to induce flowering.

Water deficit, and therefore irrigation demand, is determined by
evaluating rainfall, evaporation and soil water storage. The two most common
approaches are the water balance (rainfall, evapotranspiration, water
storage, change in the root range, surface runoff) and actual soil moisture
measurement. The crop needs, along with the soil type, determine frequency
of irrigation; this determination should be made on at least a weekly basis for
fruit crops. The use of drip (trickle) and micro-sprinkler irrigation enables a
grower to match the needs of the crop to irrigation needs at different stages of
growth and development, avoiding the need to rely on rainfall. These irrigation
methods allow precise placement of the water, reduce surface evaporation and
seepage, and increase water-use efficiency. Other irrigation methods used are
basin, furrow, overhead sprinklers and cannons.

Strong winds, frost and hail

In the equatorial zone, strong winds are associated with localized thunder-
storms (diameter <25 km) having greater intensity than those in the middle
and upper latitudes and lasting from 1 to 2 h. Most occur outside the 0-10°
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latitude zone (Fig. 2.4) and are convectional in origin and associated with
intense solar heating. Other strong winds can be due to sea or land breezes and
unstable warm and humid air masses. Hail occurs rarely in the tropics except
in the highlands, though it is known to damage tea in Kenya and tobacco in
Zimbabwe.

Tropical cyclones (hurricanes, typhoons) are an almost circular storm
system, ranging in diameter from 160 to 650 km and winds from 120 to
200 km/h, originating over water in the warm summer season. Most develop
within latitudes 20° N and S of the equatorial belt and may turn north-east
in the northern hemisphere or south-west in the southern hemisphere to 30—
35° latitude (Fig. 2.4). These systems bring violent winds and heavy rains. The
Philippines are very prone to such systems. Crop damage, especially to trees,
can be very severe due to the high winds.

Monsoon depression is a less intense weather phenomenon. It brings 80%
or more of the precipitation to the Indian subcontinent, with considerable
year-to-year variation. It occurs when there is at least a 120° directional shift
in prevailing wind direction between January and July. It is a characteristic
of the wet and dry tropics and spreads from Asia to Africa. The intensity of
rainfall can lead to considerable flooding.

In the subtropics, frost is a major limiting factor to tropical horticultural
production. In isolated tropical high mountainous areas, frosts can occur
frequently. Frost in the subtropics is associated with incursions of cold air
masses (advection frost), while on tropical mountains it is mainly due to rapid
cooling on clear nights (radiation frost).

Trees have inherent differences in the degree of resistance to winds, but all
fruit species benefit from wind protection. Mango, acerola and guava exhibit
greater resistance than other tropical tree crops such as banana, to the extent
that they survive strong gusts of wind without losing limbs or being blown
down. Leaves, flowers and fruits are often completely blown away. Pineapple,
by virtue of being low growing, gives the appearance of resistance, but wind
can damage leaves, and during the fruiting period the peduncles may be
broken, resulting in loss of fruit. However, windbreaks are almost never found
on pineapple plantations. The annona species, avocado and litchi are known
for their brittle branches and show limb splitting even under moderate gusts
of 65-80 km/h. Limb braces are occasionally used to prevent splitting of
large limbs, forming Y’ crotches on litchi trees. Guava trees propagated by
grafting have tap roots that provide substantial anchorage. However, guava
trees propagated by rooting cuttings or by air-layering are subject to uprooting
during the first 3 years, probably due to faster top growth than root growth.
Papaya plants and passion fruit vines are vulnerable to even moderate winds.
Papaya trees are easily blown over, especially if the soil is softened by heavy
rains. Passion fruit vines on trellises can be tangled and broken, or the entire
trellis may be blown down. Developing carambola fruit is easily bruised and
marked by rubbing on branches and adjacent fruits due to wind, reducing fruit
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Fig. 2.4. Areas of tropical storm development, which can significantly influence fruit production in the tropics (after Gray, 1968).
Tropical storms can uproot trees, break limbs and snap the top of the trees. For plants with large leaves, such as papaya and
banana, the leaves can be shredded, with significant loss in photosynthetic capacity.
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appearance and grade. Mangosteen trees may also require protection from full
sun during early establishment as well as from wind. Windbreaks for these
crops are standard practice (see Chapter 3).

Soils

Using the US classification system, soils are separated into ten groups, based
on parent material, soil age and the climatic and vegetative regime during
formation. Tropical soils are diverse, having formed from different parent
material and climatic conditions (Fig. 2.5). These soils have formed in areas
where the soil temperature at 50 cm differs less than 5°C between the warm
and cool season. The parent rock materials are as different in the temperate
zone as in tropics; erosion and deposition are similar; soil formation can have
been from recent volcanic or alluvial flood plains to 1 million years old. The
differences in temperate regions lie in soil-forming factors such as glaciation
and movement of loess, which have not occurred in the tropics (Sanchez and
Buol, 1975).

The majority of tropical soils are found in US soil orders oxisols, aridisols,
alfisols, ultisols and vertisols and are spread widely throughout the tropics (Fig.
2.5). The soil orders are separated on the presence or absence of diagnostic
horizons or features that indicate the degree and kind of the dominant soil-
forming process. It is very difficult to make generalizations about tropical soils
other than they have less silt than temperate soils and that surface erosion
and deposition have been more significant. There are greater volcanic deposits
in the tropics and a larger proportion of younger soils than in the temperate
region. Only a small proportion (2—-15%) of the tropics has so-called lateritic
soils (oxisols and ultisols), defined as soils that have high sesquioxide content
and harden on exposure (Table 2.4). The red colour of tropical soils does not
mean that they have low organic matter. For example, the average organic
carbon content in the top 1 m of a black North American mollisol is 1.11%,
while red, highly weathered tropical oxisols may have 1.05%, the reddish
temperate ultisols 0.4% and tropical ultisols 0.66%.

The more intensively farmed, fertile soils of the tropics cover about 18% of
the area and are alfisols, vertisols, mollisols, and some entisols and inceptisols
(Table 2.4). These soils generally developed from alluvium and sediment and
are high in calcium, magnesium and potassium (Table 2.5). This gives them
a high base status with no acidity problem. Phosphorus deficiency can be
readily corrected. Larger groups of tropical soils (oxisols, ultisols and others)
are of low base status, highly leached and cover 51% of the tropics (Table
2.4). Phosphorus deficiency can be significant as it is fixed by the iron and
aluminium oxide in these soils, which also often have aluminium toxicity
problems, with sulfur and micronutrient deficiencies (Zn, B, Mo, S). However,
they have good physical properties. The high-base soils (aridisols) in tropical
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Fig. 2.5. Soil-type distribution in the tropics (after Kalpage, 1976; Sanchez, 1976). Tropical soils are diverse, having formed from
different parent material and under different climatic conditions. Key: vertical lines — aridisols; cross-hatched — entisols; rising
diagonal lines — mollisols; declining diagonal lines — oxisols; and speckled — ultisols. D — aridisol; I — inceptisol; S — spodosol; V —
vertisols and X — mountain areas.
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Table 2.4. Distribution of major soils in the tropics (after Sanchez, 1976; Sanchez
and Salinas, 1981).

Humid Dry and
tropics® Seasonal  arid  Tropics
(%) (%) (%) (%)
Highly weathered, leached, red or yellow 36 61 2 51
soils — (oxisols, ultisols, alfisols)
Dry sands and shallow soils — (entisol- 10 33 58 17
psamments and lithic group)
Light-coloured, base-rich soils — (aridisols 0 15 85 14
and aridic groups)
Alluvial soils — (inceptisol-aquepts, 40 52 8 8
entisol—fluvents)
Dark-coloured, base-rich soils — (vertisols, 8 60 32 6
mollisols)
Moderately weathered and leached soils — 7 59 34 4
(inceptisol-andepts and tropepts)
% of tropics 24 49 27 100

2 Classified on number of rainy months: humid tropics, 9.5-12 months; seasonal, 4.5-9.5
months; dry and arid, 0-4.5 months.

deserts (14%) can be very productive with irrigation. Nitrogen deficiency
and sometimes salinity can be problems. The 17% covered by dry sands
and shallow soils are greatly limited in agricultural productivity. The most
important aspect is the development of management strategies for the different
tropical soils, taking into consideration their unique properties. Management
practices developed in temperate regions may not be directly transferrable.

Soil physical characteristics are of primary concern for tropical fruit
production, with soil nutrients being secondary because they can normally be
readily corrected. Soil texture and structure, soil water storage and drainage
are crucial. Deficiencies in these characteristics are major constraints to
production because they are difficult and expensive to correct. Under natural
conditions, most soils considered for fruit crops in the tropics have a good
topsoil structure. This includes the highly weathered oxisols and ultisols (Table
2.5). Loss of organic matter may lead to loss of structure and crusting of these
soils after heavy rains. Some soils, however, do not favour root development
due to a dense subsoil layer that needs to be broken during soil preparation to
avoid shallow root systems. Heavy machinery may also cause the formation
of a compact subsurface layer in medium-textured oxisols with low iron and
in fine-textured oxisols. Low calcium and phosphorus and high aluminium
contents in the subsoils can also restrict root growth.

Tropical fruit crops have shown a wide range of soil adaptability and
have been observed to grow and produce well in a wide variety of soil types,
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Table 2.5. Soil classification and main characteristics of tropical soils and orders.

Order Characteristic Agricultural productivity

Entisol Recent alluvium, also on barren Some very productive alluvial soils
sands and near deserts. Lacks
significant profile

Vertisol ~ Swelling clay. Cracks in dry Productive, difficult to till
weather

Inceptisol Horizons forming, little accumu-  Very prone to erosion, good if well
lation of Al or Fe oxides. Tropic drained
with long, wet season,
acid

Aridisol  Deserts, little organic matter, Need irrigation to be agriculturally
CaCO,, CaSO, and soluble productive
salts

Mollisols  Granular or crumbly soils. High ~ Most productive worldwide
in silt and organic matter

Alfisol Humid regions soil with grey or Good soils, prone to erosion, easily
brown upper horizon and silicate  compacted
clay below

Ultisol Highly weathered, acidic in moist, Very productive, easily compacted,
warm tropical areas, moderate prone to erosion, needs fertilizer
fertility

Oxisol Highly weathered, in hot, heavy Needs nutrients to be productive,
rainfall areas, deep clay of susceptible to erosion if left bare

hydrous oxides of Al and Fe, can
be very acidic, leached
Andisols  Surface deposits of volcanic ash,  Erosion serious problem, high P
free draining, low bulk density fixation, high Al and Fe fixation,
excellent structure, productive

provided other factors are favourable. In some cases considerable management
skill is required to maintain the crops in good growth and production. Soil pH
can be corrected by liming during field preparation, with most trees preferring
pH 5.5-6.5. Papaya is one of the few fruit crops that is adapted to a wide
range of soil pH, growing and producing well in soil pH ranging from 5.0
to well into the alkaline range. Deficiencies in phosphorus associated with
adsorption and excess aluminium need to be addressed in the oxisols, ultisols
and some inceptisols. Soil organic matter can be maintained by use of manure,
ground cover crops and mulches to preserve soil moisture and structure, and
improve the rhizosphere. Magnesium, zinc and boron deficiencies may also be
encountered in some tropical soils, but these are relatively easy to correct in a
management programme. Saline and alkaline soils, along with deep peat soils,
should be avoided for fruit production because of their difficult nature. Acid
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sulfate soils require specialized management strategies, such as raised beds, to
be productive.

A prime soil requirement for all crops is good drainage to prevent
waterlogging, which leads to root diseases. Drainage is crucial for crops that
are susceptible to Phytophthora root rot, such as avocado, papaya, passion
fruit and pineapple. Mango and avocado have been observed to show branch
dieback in parts of fields in western Mexico with a water table around 50-60
cm below the soil surface.

CLIMATE CHANGE

Climate change is regarded as the most important threat facing the environ-
ment that will have a significant effect on society and agriculture. For the
tropics, climate change is predicted to expand the tropical region, with
significant changes in temperature (2-5°C increase) and rainfall (more
variable). The predictions are made for large regions and the expectation is
that there will be less rainfall near the equator and more rainfall, with greater
variability, further away from the equator, in the current drier tropical zones
(Easterling and Apps, 2005; Cerri et al., 2007; Ingram et al., 2008).

The predicted direct environmental changes include freshwater avail-
ability, carbon and nitrogen cycling, land cover and soils. All these changes
will directly impact biodiversity and agricultural, including horticultural,
productivity. It is expected that the induced biodiversity changes will lead to
new pest and disease pressures and greater weed problems (Sutherst et al.,
2007). For example, aphids are expected to become an increasing pest because
of their low development temperature threshold, short generation time and
high dispersal ability. Pathogens may have higher growth rates and more
generations per growth season. Weeds, with their more rapid growth and
development, may be more favoured in comparison to crops.

SUMMARY

Whereas temperature is the major limitation to plant growth in temperate
areas, in the tropics rainfall plays that role. There is considerable variation
in tropical climates due to altitude, continentality and the presence of large
bodies of water. Disease and insect problems are more severe in high-rainfall
areas. Year-round plant growth is generally only limited in the tropics by
moisture availability. Good soils are available in the tropics, and the high
value of horticultural crops means that they can command the use of more
favoured areas.
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CULTIVATION

Growing tropical fruit trees is a long-term investment, with harvesting not
beginning for several years. The exceptions are the herbaceous fruit crops,
banana, plantain and papaya, which will start producing marketable yields
in less than 2 years. Perennial and herbaceous fruit crops involve large initial
investment costs for site selection, land preparation, varietal selection, planting
establishment, fertilization, irrigation, pest control, pruning and your own
management costs. For perennial trees these costs will continue for several
years before the trees come into full production. After the trees start to produce
marketable volumes of fruit, the largest cost is for labour, and this is during
harvesting. It is therefore very important to provide the best management
possible so that the trees start fruiting as soon as possible and are in the best
possible condition to maximize yield and fruit quality at the lowest costs.

MARKET ANALYSIS

Market analysis is the crucial first step in establishing a new orchard. This
analysis will determine where the demand is for the products you plan to
grow, how big the demand is and who are your competitors, and can the
market be expanded. This analysis will enable you to decide if you will be able
to sell the product at prices that will leave you with a profit. The most efficient
production methods and the best varieties will not make up for an inability to
sell your product. This detailed market analysis has to be done before venturing
into this activity. Additional components in this analysis include knowledge
regarding the best time of year for fruits to arrive in the markets for higher
prices and what the market desires with regard to varieties and fruit quality.
New or different varieties that have different quality characteristics (colour,
texture, aroma, taste) can increase demand for a fruit and expand the current
export markets and should be considered. Export markets are very competitive
and the quality, including fruit safety requirements, is much more rigorous
than for most local markets. Export windows when a fruit may command a

© CAB International 2011. Tropical Fruits, 2nd Edition, Volume 1 33
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premium price are becoming narrower. For many products, export markets
have variety-specific quality requirements, with only one or a few varieties
being in demand. Export markets will also require you to meet certification
requirements with respect to how a product is grown and managed, working
conditions and environmental stewardship. An example of a certification
system is the European GlobalGap. All of these factors have to be carefully
analysed before starting this business.

LAND SELECTION

The ideal land for a fruit orchard should normally be fairly flat with a deep soil
of medium texture and good water percolation to enhance root growth. Soils
with poor drainage are prone to be waterlogged during heavy rains, which can
limit root growth and increase root diseases. Other soil chemical and physical
properties must also be evaluated before starting an orchard. Investing a large
amount of money in land that is not suited for the species to be grown will
normally mean reduced yields and increased production costs. Many times
the savings in purchasing cheap land with poor soil quality will be offset by the
negative economic returns. For an annual crop, if a mistake is made in land
selection and the wrong soil type is chosen, this will become obvious at the end
of the first cycle, while for perennial fruit tree crops with a long juvenile stage
it may take a number of years before the mistake is apparent. This mistake will
be felt every year, resulting in large investment of money spent, not returned,
or both. Careful land selection is therefore essential, and if you are not familiar
with the area, the opinion of an expert will help. A number of key questions
need to be answered (Fig. 3.1) before making a selection. A simple decision
tree (Fig. 3.1) ensures that you evaluate the more important factors that can
potentially impact production and economic return.

In many instances there is a tendency by farmers to plant fruit crops in
the worst areas of their property. Producing fruit is normally a long-term
investment and has large upfront costs of land acquisition, preparation,
planting, establishment and management, and the expectation is for high
returns. The best land available should be used for fruit crops in order to
obtain the best possible economic return. In some cases marginal lands that
are normally only suited for forestry or grazing can be used for fruit trees,
but there is no reason to expect optimal profits. Irrigation systems using
drip and micro-sprinkler with fertigation can provide water and nutrients to
the plants, reducing the differences in orchard productivity between good
and marginal soil types. The soil, in some situations, has become a place for
the roots to establish themselves and the plants get water and fertilizers from
the irrigation system, but these production technologies cannot correct the
problems associated with poor soils that are saline, have poor structure and
water percolation, frequently are waterlogged or have toxic levels of nutrients.
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Land too steep
No |

Soil extremely heavy
No |
Irrigation impossible, long dry season
No
Irrigation possible, long dry season
No 4
Soil too shallow
No ¢
Very poor soil structure
No {
Poor soil drainage
No |
Very high water table
No |
Too many salts in soil
No |
Soil too acid
No {
Soil very alkaline
No |
Saline sodic soil
No |
Hardpan or plough pan
No {
Soil poor in macronutrients
No |
Soil poor in organic matter
No {
Previous crop was the same

No |
Previous crop heavily root diseased

No |
Persistent weeds
No ¢
Heavy nematode infestation

Nol
USE LAND

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes —

Yes —

Discard

Discard

Discard

Irrigate if economic

Discard or prepare mounds
Discard

Drainage or subsoil if economic
Drainage if economic

Leach if economic

Raise pH with lime

Lower pH with sulfur

Normally discard

Subsoil adequately

Add macronutrient before planting
Add organic matter, green manure

Make sure no negative effects for
new crop, otherwise discard

Avoid susceptible species, otherwise
discard

Choose clean land if possible

Add organic matter heavily, use non-
host crop or discard

Fig. 3.1. The major steps in deciding whether land is suitable for a tropical fruit
orchard are set out as a decision tree. Going through the questions allows a

decision to be made as to suitability.
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Soil evaluation

The soil on the selected site should be appropriate for the species you plan to
grow to improve the chances of success. Soil preparation and management,
including liming to change the pH, provide some flexibility with a soil that has
a good structure. If the soil is improperly treated it will not provide the best
conditions for plant growth and production will not be the ideal.

The results from the physical analysis of the soil will determine its
texture and structure, water retention and drainage. These characteristics, if
unfavourable, can be very serious production constraints and are difficult and
expensive to modify. Most soils considered for tropical fruit crops have good
topsoil and subsoil structures. Since fruit trees often have deep root systems,
poor subsoil conditions, such as a perched water table, will not allow root
growth below it. Other subsoil problems, in addition to a high water table, are
associated with the existence of rocks or hard soil layers. The presence of a
heavy soil layer above a sandy layer or the opposite can lead to difficulties for
water drainage. An easy way to determine this is to dig three or four trenches
to 2—3 m scattered over the planned site to evaluate the soil profile.

Soil chemical analysis will tell you the soil’s nutrient content, pH, salinity
and alkalinity levels, organic matter content and the presence of elements that
could be toxic. Soils with undesirably low pH (<4.5) are frequent in the humid
tropics. This acidity is corrected by incorporating lime during land preparation
and often during the life cycle of the crop. Liming should raise the pH to
adequate levels of around 5.5-6.5. Some crops can do well in a wide range of
pH values while others need a narrower range. A frequent problem in tropical
soils is low calcium and phosphorus levels and high aluminium availability,
in addition to magnesium, zinc and boron deficiencies. These deficiencies
can be corrected by an appropriate fertilization programme and liming. In
arid tropical zones, soils with high pH and low phosphorus availability, with
deficiencies in iron, copper, manganese and zinc due to the nutrient being in
a non-soluble, unavailable form, are common and most can be corrected by
fertilization. Soils with high salinity or alkalinity should be avoided since they
can be very costly to correct. The soil organic matter content should also be
adequate and be maintained or increased if necessary by the incorporation of
manure or green manure crops. Soil organic matter improves moisture and
nutrient retention, maintains soil structure and enhances biological life in the
root zone (see Chapter 2 for more information).

Irrigation water

The potential irrigation water’s quality needs to be determined. The salinity
and sodium level in relation to calcium and magnesium (sodium adsorption
ratio or SAR) are evaluated, as these parameters can cause problems with
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perennial crops in arid zones (Table 3.1). The data will enable a decision to be
made on usage, as species and varieties vary in their salt tolerance, with some
crops being very susceptible to salt injury (Table 3.2).

Previous land usage

A replant problem can exist with some fruit crops. Peach trees are probably
one of the best examples in a deciduous fruit crop; replanting into old peach
orchard areas often leads to failure due to chemical substances left by the
initial crop that can affect the growth of the replanted crop (allelopathy) (Rice,
1974). This is sometimes referred to as soil fatigue. Another cause of replant
problems can be due to fungi, bacteria or nematodes that were hosted by the
former crop. Plants of the Solanaceae family are very prone to being infected by
root fungal diseases, bacteria and nematodes, and therefore it is recommended
not to plant a species of this family right after another. Citrus are also known
to show this problem. In many cases, the only solution to this soil fatigue is
crop rotation, which can last as much as 10 years using different species,
including grasses, before planting the same crop again. The alternative is to
plant a crop that will not be affected by the above factors.

Planning

The collection of all the above data before land preparation allows you to plan
and cost out the project before starting. Potential problems can be avoided by
in-depth planning and making decisions on species and variety, rootstock,
soil management practices, irrigation system and fertilization practices. The
analysis could also lead to the possibility of rejecting a particular field or farm
because the soil or water is not suitable for the fruit species to be grown. If the
grower lacks the proper background knowledge about these matters, a soil
specialist should be consulted to assist in making the right decisions to avoid
unnecessary expenses and future problems. Most tropical fruit crops have a

Table 3.1. Irrigation water quality for tropical fruit trees.

Conductivity TDS (total dissolved

Water quality (dS/m) salts) ppm
No detrimental effects 0.25 175
Sensitive crops could be affected 0.25-0.75 175-525
May have adverse effects 0.75-2.0 525-1400
Salt-tolerant plants only 2.0-3.0 1400-2100

Unsuitable >3.0 >2100
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Table 3.2. Salt tolerance of different fruiting trees. Adapted from Campbell and

Goldweber (1985) and Maxwell and

Maxwell (1985).

Good Moderate Fair Poor
Carissa (Natal  Akee Atemoya Ambarella
plum) Bignay Barbados cherry Avocado

Coconut Black sapote (Acerola) Banana
Tamarind Canistel (egg fruit) Cherimoya Caimito (star apple)
Date palm Cattley (strawberry)  Cherry of Rio Grande Carambola

Guava Citrus (rootstock Cashew

Fig dependent) Jaboticaba

Governor’s plum Custard apple Longan

Imbu (Spondias Grumichama Lychee

tuberosa) Illama Macadamia

Indian jujube Imbe Mango

Jackfruit Kei apple Papaya

Jelly palm Kumquat Passion fruit

Key lime Mamey sapote Strawberry tree

Loquat Miracle fruit

Mayan breadnut Mulberry

Monstera Otaheite gooseberry

Pineapple guava Persimmon

Pomegranate Pineapple

Prickly pear Pitomba

Pummelo Soursop

Purple mombin Sugar apple

Rose apple Surinam cherry

Sapodilla Wampi

Spanish lime

White sapote

Tangerine/mandarin
Wax jambu

fairly broad range of adaptability and are grown in a wide variety of soil types,
provided other factors are favourable. Ideally the best soils and irrigation
waters should be used and, as with other crops, proper management is always
important to obtain an efficient and sustainable production.

It is normally assumed that fruit trees need a soil profile that is at least
0.5 m, and ideally more than 1 m, deep, so that roots can grow down to that
depth. This is not always the case since many tropical fruit trees are shallow-
rooted. In instances where the soils are much shallower, either because parent
rock is near the surface or because the water table is close to the surface, good
profitable production can be obtained. Fields with a shallow water table can be
drained or fragile parent rock can be cracked by ripping. Soils with a ‘caliche’,
a natural hard, crusted layer of calcium carbonate found in arid zones, can be
ripped or a hole bored through to allow root penetration.
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Weeds in some areas can be very difficult to control. Areas heavily infested
with aggressive and persistent weeds like nut sedge (Cyperus spp.), Johnson
grass (Sorghum halepensis), Bermuda grass (Cynodon dactylon), star grass
(Cynodon nlemfuensis) and others are best avoided. They can be eliminated but
it will take time, effort and money.

Mountainous land

Fruit orchards are commonly located on fairly flat land, as steep and
mountainous land is more expensive to prepare and carry out field
management. The advantage of mountainous land is that it is often cheaper
and usually has not been used for any fruit crops previously and is more
likely to be free of many parasites, weeds and chemical residues common
in other areas. Mountain soils need to have good soil texture and depth to
allow for good root establishment and growth. Erosion can be a problem on
steep hillsides, so care has to be taken not to eliminate the low vegetation
and to plant on the contour to minimize erosion. Terraces built along the
contours often have deep soils, though these terraces are expensive to build
and maintain. Individual terraces for each tree are also used. Drainage will
normally not be a problem under these conditions.

Irrigation of steep hillsides can be difficult, especially in the arid tropics
or tropics with a long dry season. An expensive irrigation infrastructure is
needed, which includes tanks to store water at the highest elevation and
pumps to fill the tanks. In older orchards, contour irrigation systems are seen,
with newer orchards using drip irrigation and micro-sprinklers. The flexibility
of drip and sprinkler systems is that they are not limited to flat land and can be
used very easily on steep hillsides and on stony or poorer soils. Once the water
is pumped to the tank at the highest part of the orchard, gravity can be used
with pressure compensation drippers. Pressure-compensated drippers emit
equal amounts of liquid along the system, with a range of supply pressure.

LAND PREPARATION

In virgin areas, land preparation for fruit crops can be as simple as just
removing the trees and other vegetation before digging a planting hole. This
approach was used by the companies for banana plantations in Central
America. In mountainous areas, land preparation is normally by hand or with
small motorized equipment; larger machinery normally cannot be used. Large
trees and bushes are removed with the low vegetation left, and individual
holes are dug for each tree. This could include making a small terrace with the
planting hole at the centre.
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A hard layer or hardpan can be present in previously cultivated land (Fig.
3.2). These layers can develop in soils that have been cultivated with heavy
equipment when the soil was too wet or where the plough passed many times
at the same depth (plough pan). This hard layer (Fig. 3.2b) is eliminated by
subsoiling or ripping of the soil deeper than the hard layer (Fig. 3.2c). This
disruption of the hard layer (Fig. 3.2a and b) will allow better root penetration
into the subsoil. Subsoiling involves using a heavy tractor or bulldozer pulling
subsoiling hooks or rippers that are set to rip to 50-200 c¢m (Fig. 3.2c¢), with
a second pass done at a 45° angle to the first pass (Fig. 3.2d). Some other
subsoiling techniques use a torpedo-shaped device that is pulled with a cable
and leaves an underground passage that improves water and air circulation.
This operation should normally be done when the soil is dry in order to be
effective.

Subsoiling and ploughing can be used to incorporate any fertilizer or
amendment to the soil. Typical amendments include manure to increase
organic matter, sulfur to lower the pH or lime to raise it, or any element that will
be in big demand can be incorporated at this time, when it is easier than after
planting. Phosphorus and other elements can also be incorporated deeper into
the soil and will be more effective, since mobility when applied on the surface
is very poor. If there are different soil layers, then subsoiling will also help to
mix and homogenize the layers, with large pieces of roots from the previous
crop normally being removed. When a very hard underground ‘caliche’ layer
is present, subsoiling is not normally practised but a hole is made through the
layer using an auger or pointed steel rods to allow roots to penetrate further

(a) (b) (c)

_Restricted root
growth
Hardpan

Little root growth
Extensive root growth
down the soil profile

Fig. 3.2. Root development of tree crops mainly occurs in the top metre of the

soil profile (a); a hardpan can restrict root growth (b) and the hardpan needs to be
broken by a subsoiler (c). The tine of the subsoiler rips through the hardpan and
allows roots to penetrate. Subsoiling should be done with two passes of the field at
about 45° to each other.
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down the soil profile and for water to drain to the subsoil. Dynamite has been
used to crack superficial rocky soils, especially if the rocks are of coralline
origin or calcareous; this was done in large areas in Cuba. A small hole the size
of the dynamite piece is bored into the rock and then exploded to crack the rock
and leave a passageway for water and roots to penetrate.

Stones can be another problem during land preparation, though not as
much as with annual crops. Ideally all rocks and stones should be removed,
especially from the soil surface, in order to ensure that the machinery will
have no problems in moving around and will not be damaged. In very stony
areas, removal is uneconomic and only large and medium stones on the
surface are taken from the field so vehicles can move freely in the orchard and
mowing can be carried out. Stone removal should preferably be done after
subsoiling and ploughing, so that most large stones will be on the surface.
Often the stones are used to build boundary fences. Alternatively, the stones
are used to fill depressions, holes or ditches in the field or throughout the farm.
The next step is ploughing the whole field, sometimes in two directions, with
large stones again being removed. Ploughing is followed by discing to break
up the larger clods and make the field ready for planting. Land levelling is
sometimes performed, especially if furrow irrigation is to be used; with drip or
micro-sprinklers this will not be necessary. If surface flood or furrow irrigation
is used, the furrows need to be cut at this time, along with soil fumigation, if
required, and planting holes made.

DRAINAGE

Drainage is needed for most orchards, especially when the land is flat and the
soil has a low water percolation rate. Failure to provide drainage can mean
waterlogging and standing water remains in the field for more than a few
hours. Standing water in flooded fields means that the soil atmosphere will
soon become depleted of oxygen and become anaerobic. Anaerobic conditions
cause stress to most tropical fruit tree roots, limit nutrient uptake and make
the roots less able to resist soil-borne pathogens such as root rots due to
Phytophthora and other fungal pathogens.

Drainage is accomplished with ditches and sometimes with interconnected
subsurface drainage pipes. This can be an expensive investment. On gently
sloped land, plant rows are normally oriented to follow the maximum incline
so that the excess water flows downhill. This orientation is possible if the slope
does not exceed 10%. When the slope is greater than 10% transverse ditches
will be needed to slow down the water speed, and these transverse ditches are
connected to the main drainage ditches. In mountainous areas, tree rows
normally follow the contour, so as not to create an erosion problem when it
rains. Swales along the contour or ‘French drains’, which consist of a system
of ditches filled sequentially with stones and gravel and sometimes covered
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with soil, are used. These drains slow the rate of water flow and allow the
water to infiltrate into the soil. In most cases, swales are left open and they
carry the water to a main ditch or creek. In heavy rains, these shallow swales
are overloaded and can lead to significant erosion.

Raised beds are recommended when root rot-susceptible crops such as
papaya, passion fruit, avocado and pineapple are grown on level land (Fig.
3.3). The deep furrows created between the beds drain away the excess water
(Fig. 3.3a). These furrows can be used for irrigation during the dry months.
In fields with depressions or under wet or in heavy soils, planting the tree on
a mound reduces the problems due to waterlogging (Fig. 3.3b). The mound
height depends upon the magnitude of the flooding problem, with around
25 cm being common. Taller mounds increase the orchard layout costs and
consideration should be given to field-levelling grading, leaving only a gentle
slope. Levelling or land shaping is practised in some pineapple-growing areas.
The shaping is done with heavy machinery by making a successive series of
wide and not very steep mounds so that the excess rainwater runs into their
lower parts, to be drained from the fields. This shaping maybe done in addition
to the use of raised beds that are oriented so that their furrows conduct water
to the lower parts of the field.

The banana industry is very sophisticated in its drainage infrastructure
in the wet tropics. Bananas do not tolerate a high water table or long periods
of soil saturation. A successive series of parallel, open drains 1.2-2.5 m
deep every 40-60 m, referred to as tertiary drains, are dug. These drains are
designed to keep the water table at the desired depth and also to collect runoff
that is not absorbed by the soil. Shallow drains (quaternary drains) are dug

(a) (b)

Fig. 3.3. Drainage is a major concern for tropical tree fruit production in areas with
high water tables or heavy rains. Trees are grown on raised beds (a) and planted on
mounds (b).
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with shovels to the tertiary drains after a heavy rain to drain areas where
water accumulates in the field, so that the excess flows into the tertiary drains.
Tertiary drains conduct the water to 2.5-4.0-m-deep secondary drains, which
in turn will drain the water into a river or creek or a primary drain that can be
2.5-6.0 m deep.

PLANTATION LAYOUT

A contour or ‘Google’ map of the farmland is ideal to start layout planning.
The map should ideally include the location of buildings, farm boundaries,
roads, fences, irrigation water supply and drainage ditches. Decisions are then
made on the direction and length of the tree rows, the number of plants, the
need for additional interior roads for transporting materials or products to
and from the field, and location of additional structures such as storage and
machinery sheds and packing facilities.

The length of the rows will depend on the type of soil and irrigation; if
irrigation is by furrows or basin, rows that are about 60—-80 m long in light
soils and 120-180 m in heavy soils would be a starting point. Rows that are
too short are not convenient for efficient machinery movement. The direction
of the rows should take into account the water movement from both irrigation
and runoff.

Using the layout map the easiest way to start in the field is to confirm that
the direction chosen for the tree rows on the layout map is the best and make
appropriate corrections in the field. Use a long string or rope stretched to follow
the direction chosen and then stake each end. These stakes serve to establish
a 90° angle at each end to start the geometric layout pattern. At each of the
ends use a measuring tape with the O m mark at the stake and mark the point
on the rope 3 m from the stake, then mark another point with a stake 4 m in
a perpendicular direction to the rope, adjust the position of this stake so it is 4
m from the end stake and 5 m from the 3 m mark on the rope. The 5 m line is
the hypotenuse of your triangle and a 90° angle is formed at the stake. At the
other end of the rope repeat the same procedure, so you have two parallel lines.
Measure on both parallel lines an equal distance to confirm that the distance
between these two points is the same as the distance between the first two
stakes. If the same, then you have parallel lines, if not you will need to recheck
the two triangles so that a square or rectangle is formed. Then all four corners
are staked and new stakes are put in or the spots marked with gypsum or lime
at the distances the trees or rows will be and repeat on the other side. Then a
rope or wire is pulled between the matching stakes of the opposite sides and at
the perpendicular lines the same is done. Where the ropes or wires cross a stake
or a lime mark is left, which will indicate the location to dig a planting hole.

Orchards are usually planted following geometrical arrangements (Avilan
et al., 1989), depending on the land condition, the species, variety, plant
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shape, planned pruning and need for machinery. Planting layouts between
trees can be square (Fig. 3.4a), rectangular (Fig. 3.4b), an equilateral triangle
or hexagonal system (Fig. 3.4c) or some other combination, including extra
or temporary plants to increase returns during the initial juvenile years (Fig.
3.4d, e and f). If a rectangle layout is used (Fig. 3.4b), the trees will form this
geometric figure; the longer side will correspond with the distance between
tree rows and the shorter side will be the distance between trees in the row. In
the square arrangement (Fig. 3.4a), the distances in both directions will be the
same, and in the equilateral triangle normally a plant will be planted in each
angle, forming triangles or a hexagon that has a plant in its centre (Fig 3.4c),
and this gives 15% more plants per area than the square system while leaving
the same distance between trees.

The rectangular layout is used when bulky machinery has to enter the
field, although in the square layout this can also be done in the initial years
also. Sometimes a square pattern can be used and every few rows a wider
row is included in the layout. The wider row is left to allow movement of
machinery. The location of the wider row will depend upon the length of hoses
or how far the sprayers can reach and the distance you need to move harvest
bins or boxes to facilitate fruit collection. Between-plant distances are shorter
for plantains, bananas and papayas, and in hilly conditions where heavy or
bulky machinery will not be used, normally a square or, better, a triangular
arrangement should be used. The distance between trees will be the same in
the square and equilateral triangle arrangement, with the latter resulting in
more plants per unit area.

To maximize early income, the quincunx (Fig. 3.4d) and other systems
are used. The quincunx consists of a square arrangement with a temporary
or extra plant at the centre of each square. This arrangement almost doubles
the number of plants per unit area and allows higher production during the
initial years. Another intensive initial planting system consists of planting a
temporary plant in the space between the permanent plants in the row (Fig.
3.4e); this will duplicate the initial number of plants. An even more intensive
initial planting system consists of planting three temporary plants for each
permanent plant. This intensive planting has an extra row of temporary plants
between two permanent plant rows and an extra temporary plant in all the
spaces between the plants in the rows, even in the temporary rows (Fig. 3.4f).
As the trees start maturing and yield increases, the extra trees are pruned and
later removed. This system is not recommended for all crops or all growers.

PLANTING DISTANCES

Planting distances will be determined by many factors, the most important
being the species. Tree size and shape can vary from large trees like mango
to small plants like papaya or banana. The variety can play a significant role,
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