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1.0

Introduction
The avocado is a tree native to the tropical humid climate of Central America, Guatemala and

Mexico and cultivated in the Caribbean for centuries. Purseglove (1968) described the fruit as the
most nutritious among all the fruits. The avocado is also referred to as: Alligator pear (Brazil and
Jamaica), Avocaat (Dutch), Abogado (Spain), Avocatier (France), Butter pear (Europe), Zaboca

(Trinidad and Tobago) (Paul 2013). Currently, local production in Trinidad and Tobago is not
sufficient to meet local demand. There is a current dependence on foreign imports to maintain
demand. As a result, there is need to increase local supply, which can also contribute to the creation
of export market opportunities. Increasing the production of Avocado (Persea americana Mill) within
Trinidad and Tobago also has the potential to contribute to the population’s dietary needs,
because of its high nutritional content.
There are three horticultural races (West Indian, Mexican and Guatemalan) of avocados,
which are recognized and reflect the geographical areas of origin. These three races are recognized
as subspecies P. americana var. Americana (West Indian), var. Drymifolia (Mexican) and var.
Guatemalen (Guatemalan). Irrespective of race, all avocado cultivars fall into one of two flowering
groups, designated A and B.
Kimhy (1991) reported that it was first introduced into Jamaica by the Spaniards in 1650 and
from there spread throughout the Caribbean region (Nakasone et al. 1999). The name 'Avocado'
originates from the Aztec name ‘ahuacacuauhitl’ meaning testicle tree.
This technical guide provides relevant information for the development of training
programmes for farmers.
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2.0

Markets
The Ministry of Agriculture, Land and Fisheries in its ‘National Food Production Action Plan

2012-2015’ recommended that an additional 526 hectares are needed to increase avocado production to
an acceptable level. In addition to the signal for increased domestic production of avocado by the
Agriculture, Land and Fisheries Ministry, our current local production trends and international trade of

avocado over the past few years show that there is potential to benefit from increased avocado
production.
Data from an agricultural survey conducted by the National Agricultural Marketing and
Development Corporation (NAMDEVCO) in the year 2010 showed that there were 418.6 acres under
cultivation, with an overall projected yield of 81,056 kilograms. Data sourced from the Central
Statistical Office (CSO) of Trinidad and Tobago showed that for the same period 55,468 kilograms,
valued at TT$208,572 were imported. Figures 1 and 2 illustrate imports and exports trends (quantity and
value) over a 10 year period. Figures 1 and 2 also show that imports (quantity and value) over this ten
year period have fluctuated and peaked in 2010. Figure 3 shows the countries that the avocado were
imported from.

Figure 1: Quantity (kg) of Trinidad and Tobago’s Imported and Exported Avocado for the period 2001-2010
(Values sourced from the Central Statistical Office of Trinidad and Tobago).
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Figure 2: Value ($TT) of Trinidad and Tobago’s Imported and Exported Avocado for the period 2001-2010
(Values sourced from the Central Statistical Office of Trinidad and Tobago).

Figure 3: Avocado Imports for Trinidad and Tobago for the period 2001-2010
(Values sourced from the Central Statistical Office of Trinidad and Tobago).

It can be interpreted from these data of increased imports and steady to almost dwindling
exports, that local production is not sufficiently supplying local demand. There is a heavy dependence
on imports to help satisfy the local demand.
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As a result, there is marketing potential for increasing local production, since demand exceeds
local supply. Increasing local production can also contribute to:
1. Increasing supply to levels that are as close as possible to self-sufficiency.
2. Securing a fruit source.
3. Reduced foreign expenditure.

4. Increased availability within the local market.
5. Reduction in price the consumer pays.
6. Creating opportunities for export of surplus production.
There is also potential to export avocado and thereby increase foreign currency. In 2001,
Trinidad exported over 25000 kg of avocado to Canada (figure 4). This quantity has drastically
decreased to less than 2000 kg in 2008 and export seems to have ended in 2009 (figure 4).
This decrease in exports may be linked to several factors, including decreased local production.
Therefore, there also exists an opportunity to revitalize our export market, since it already existed.

Figure 4: Avocado Exports (kg) from Trinidad and Tobago for the period 2001-2010
(Values sourced from the Central Statistical Office of Trinidad and Tobago)
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Apart from the fresh fruit, avocado has little value added scope. The main value added
product is the production of guacamole, which is an avocado-based sauce/paste with other flavouring
ingredients including garlic, lime juice, onion and tomato paste. It is used as a favourite dip
with potato chips, tortilla chips and similar products and is popular in the United States and Mexican
countries.

There is a minor value added industry for the extracted avocado oil, which is used mainly
within the cosmetic industry. Specific avocado varieties are used in the oil industry, but these are not
commonly grown in the Caribbean. These varieties belong to the Mexican types, which have the
highest oil content among the three avocado types.
The tannins content within the flesh of the avocado is the main reason that limits its scope for
value addition. The tannins cause off-flavours, once heat is applied.

3.0

Botany

3.1

Tree
The avocado is a dense evergreen tree, that is, it has a growth pattern which occurs in frequent

flushes during the warmer period of the year. The tree may be erect, 6 – 18 metres (20 - 60 feet), or
it may be short and spreading with branches beginning close to the ground. It is classified in the
flowering plants of the family Lauraceae along with cinnamon, camphor and bay laurel. It is the only
important edible fruit within this family (Lauraceae), which comprises over 2000 species (Nakasone
and Paull 1999).
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3.2

Leaves
The leaves are alternate, dark-green and glossy on the upper surface, whitish on the underside;

variable in shape (lanceolate, elliptic, oval, ovate or obovate) and 7.5 - 40 cm (3 to 16 in.) long.
Those of the West Indian varieties are scentless, while Guatemalan types are rarely anise-scented and
have medicinal use. The leaves of Mexican types have a pronounced anise scent when crushed. The

leaves are high in oils and are very slow to compost (Morton 1987).
3.3

Flowers and Fruit
The flowers are inconspicuous, greenish-yellow, 5 mm – 10 mm (0.2 - 0.4 in.) wide (figure 5a).

The fruit is classified as a large berry that contains a single seed. The fruit size varies from small 30 g
(1oz) to as large as 2500 g (5.5lbs.) depending on the cultivar, ecological conditions and cultural
practices. The shape of the fruit is usually pyriform to oval and round (figure 5b) and varies in colour
from green, to yellow-green, to maroon and light to dark purple. The buttery flesh (mesocarp) is
greenish yellow to bright yellow to creamish when ripe. Each panicle will produce only 1 - 3 fruits.

Figure 5a: Avocado flower.

Figure 5b : Longitudinal section of an avocado fruit.
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4.0

Nutrition and Health Benefits
Avocados are one of the few fruits that provide "good" fats to one's diet. A serving size of 30 g

(1oz) provides 3 g of monounsaturated oleic acid and 0.5 g polyunsaturated fat, which has been proven
to reduce low-density lipoprotein (LDL) cholesterol that contributes to heart disease. Additionally,
mono and polyunsaturated fats, when consumed in moderation and eaten in place of saturated or

trans fats, can help reduce blood cholesterol levels and also decrease risk for heart disease. Avocado is
also considered a nutrient dense fruit with the highest fibre content among fruits. A serving portion of
avocado fruit 30 g (1 oz) has 50 calories and contributes nearly 20 vitamins, minerals and beneficial
phytonutrients (chemicals that may have biological significance but are not established as essential
nutrients) including vitamin E, vitamin C, folate, fiber, iron, potassium, and 81 micrograms of lutein
and zeaxanthin (combined) and 19 micrograms of beta-carotene (Table 1).
Lutein and zeaxanthin are natural antioxidants that help maintain eye health as we get older.
Furthermore, these phytonutrients are thought to help prevent many chronic diseases (California
Avocado Commission 2013).
Table 1: Avocado nutritional factsheet
Percentage daily values (%DV) for adults or and children aged 4 or older, based on a 2,000 calorie reference diet (California Avocado
Commission 2013).

NUTRITION FACT
Serving size 30g/1oz
Calories 50 Calories from fat 35
Total Fats 4.5 g
Saturated Fats 0.5 g
Transfat 0g
Polyunsaturated
fat 0.5 g
Monounsaturated Fat
3g
Cholesterol
Sodium 0 mg
Potassium 150 mg
Total Carbohydrate 3 g
Dietary Fibre 2 g
Sugar 0 g
Protein 0 g

7%
3%

0%

8%
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Vitamin K 6.3 mcg
Folate 27mcg
Pyrodoxine (B6) 0.086 mg
Vitamin C 2.6 mg

8%
6%
4%
4%

Vitamin E 0.59 mg

4%

Pantothenic Acid 0.439 mg
Potassium 152 mg
Riboflavin 0.043 mg
Niacin 0.574 mg

4%
4%
4%
4%

5.0

Races and Cultivated Varieties
There are three horticulture races/subspecies (West Indian, Guatemalan and Mexican) of

avocado, which reflect the geographical area of origin (Nakasone et al. 1999). Additionally, the
ecological requirement is also viewed in respect of its geographical origin. It is generally considered
to be a subtropical plant, with the exception of the West Indian type, which is tropical.

The West Indian race (P. americana var. americana) is native to the lowlands of Central
America and introduced to the West Indies after the discovery of the New World. It is tropical in
ecology requirements and characterized by the production of small fruit with medium thin, leathery
skin, low oil content, loose seed and maturity 160 - 240 days after flowering.
The Guatemalan (P. americana var. guatemalensis) race originated in the higher elevations of
Guatemala. The fruit skin is woody and thick. The seed is smooth with its coat closely adhered to it.
Finally, the Mexican (P. A mericana var. drymifolia) race is predominantly found in the higher
elevations of Mexico. The leaves are very highly anise-scented and comprise 60% oil. The fruits of
this type are the smallest among the races.
The West Indian and Guatemalan races and crosses between them are most adaptable to
tropical conditions. Pollock, Trapp and Blanche-Fraser belong to the West Indian race. It has been
reported that in Trinidad many cultivated varieties have been imported and tested. Only those which
are most adapted to our local environment survived. Some of the surviving varieties are
Pollock, Collinson, Blanche-Fraser, Teelucksingh, Lula, Outuado and Simmonds (Table 2).
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Table 2: List of cultivated avocado varieties that have been established in Trinidad and Tobago

Description
Cultivar
Pollock

Tree

Fruit

Type: West Indian

Shape: F ruits are large and oblong
to pear-shape.

Canopy width: Matur e canopy
diameter of 7.6 – 11 meters (25 – 35 Length: 20 cm (8 inches)
feet)
Weight: 500-5000g (1 – 11 lbs.)
Tree form: The tree is rather small
with a spreading habit and up to 4 – 5 Skin colour and appearance: Green,
meters (12 – 15 feet) in height.
smooth, glossy
Harvest season:
June to August and
may give a minor
bearing in October

NB: Pollock is one of the two main Colour: F lesh green near skin with
cultivars propagated in Trinidad by yellow pulp, light green colour
the Ministry of Agriculture, Land and turning yellow green when ripe
Fisheries.
Seed: Large and loose in cavity.

Oil Content: 3 - 5% content.

Collinson

Type: Guatemalan X West Indian
hybrid.

Harvest season:
November to
December.

Shape: F ruit is broad-obovoid to
elliptical and large.
Skin: Smooth
Seed: Medium sized and tight in
cavity.

Blanche-Fraser
Teelucksingh

Harvest Season: October to November
NB: Not much is reported on these cultivars with the exception that they are
red-skinned.
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Lula

Harvest season:
December to
February.

Type: Guatemalan X West Indian
hybrid.

Shape: The fruit is pear shaped,
sometimes with neck, medium-large.

Tree form: Tall and erect. Mature Length: 15 cm (6 inches).
canopy diameter of 4.5 – 7.6 meters
(15 – 25 feet). Mature height of 6 – 11 Weight: 350 g - 500 g (0.8 – 1 lbs.)
meters (20 – 23 feet).
Skin: almost smooth and green in
Flowering time: F ebruary to April
colour
Bearing characteristics: The tree is
very prolific and it is sometimes Flesh colour: Greenish-yellow
necessary to remove fruits after fruit
set to avoid production of a large Seed: Large and tight in cavity
number of undersized fruits.
Oil content: 8 - 12%
NB: Lula is one of the two main
cultivars propagated in Trinidad Flesh Texture: Smooth and cr eamy
(Ministry of Agriculture, Land and
Fisheries )

Outuado

Type: Guatemalan X West Indian hybrid.

Harvest season:
December to March

NB: ther e ar e no r epor ts on this cultivar with the exception that it was
cultivated in Trinidad since 1970’s (Bharath 1977).

Simmonds

Type: West Indian type.

Weight: large 500g to 900g
(1 – 2 lbs.)

Tree form: Matur e canopy diameter of 7.6 – 11 meters (25 – 35 feet). Length: 15 cm (6 inches)
Mature height of 4 -5 meters (12 – 15
feet).
Shape: Oblong-oval to pear-shaped

Harvest season:
Mid-July to
mid-September

Origin: This fruit is thought to have Skin: Smooth and light-green in
originated from a seed of Pollock.
colour
NB: Trees bear more regularly Seed: Medium size and tight in
compared to Pollock but is less cavity.
vigorous, sometimes sheds many of its Oil content: 3 - 6% oil
fruit. No longer commercially planted.
Flesh texture: Fair ly smooth

(Purseglove 1968;Top Tropicals 2013)
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It is important to note that with an understanding of the bearing time of the different cultivars,
a manager can potentially establish an orchard that has several harvestings per annum. Furthermore,
understanding the avocado’s inflorescence and flowering would also be useful to the manager. This is
discussed below.
5.1

Pollination
All avocado varieties, irrespective of race, fall into one of two complementary groups, A and B,

which distinguishes the flowering pattern. This flowering pattern and the avocado’s inflorescence are
two factors that a grower should understand before they establish an avocado orchard. The A and B
types both have specific times of the day in which their inflorescence open as male or female,
respectively. Therefore, higher yields can be achieved with an orchard that has both A and B types
interplanted. This ensures higher levels of pollination and increased fruit set and yield. Table 4
below shows the main cultivated varieties of avocado grown in Trinidad and Tobago along with their
flowering and bearing time. It can be highlighted that the Simmonds and Pollock varieties of type A
and B, respectively, are two types that when interplanted would facilitate higher levels of pollination.
Table 3: Local avocado cultivars accompanied with flowering and bearing periods.

MONTH
Cultivars

Jan.

Feb. March April May June July Aug. Sep. Oct. Nov. Dec.

Type A
Simmonds
Lula
Collinson

Type B
Pollock

Key - Flowering (yellow arrow)
Bearing (green arrow)
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The inflorescence of the avocado is hermaphroditic and exhibits protogynous dichogamy. This
simply means the individual flower has both female and male reproductive organs with the
female organ functioning at one time of the day and male organ at another time. ‘Type A flowers’ open
in the morning for 2 - 3 hours functioning as females with a white stigma, while the stamen remains
closed (see figure 6A). These flowers close at approximately noon and reopen the following day during

the afternoon hours for 3 - 4 hours, functioning now as males (see figure 6B). The stigmas are no longer
functional. Type B flowers open in the afternoon as females, the stamens remaining closed. These
flowers close in the evening and reopen the following morning as male flowers (Table 4).

6B

6A

Figure 6: Longitudinal section of avocado flower . A-Female stage, with stigma receptive, but stamens bent outward and anthers not
dehisced. B- Male Flower, with stigma no longer receptive, but stamens upright and anthers dehisced (Source: McGregor, S.E. 1976.
Insect Pollination of Cultivated Crop Plants.U.S.D.A. Agriculture Hand book. Issue 496 pg. 95).

As a result of this type of flowering pattern (synchronous dichogamy) (Table 3), establishing a field
with a single cultivar can inhibit self-pollination and limit cross-pollination because at any one point
there would only be female or male flowers, respectively. Therefore, this understanding would enable
the producer to select complementary (A and B types) cultivars and interplant them to
encourage cross-pollination within an orchard, since flowers of A are pollinated by B during the
morning and during the afternoon A pollinates B (Bharath1977; Kimhi 1991). The recommendation
is, adding one (1) pollinator for every nine (9) trees.
12

Table 4: The avocado’s protogynous flowering patterns- Type A and B

DAY 1 (Female)

DAY 2 (Male)

FLOWER TYPE
TYPE A

TYPE B

06:00

12:00

16:00
06:00
(Time of Day)

12:00

16:00

It is important to note that the flowers of the avocado are classified as entomophilous, which
means that insects are mainly responsible for pollination, with bees considered the main pollinators
followed by small insects. Therefore, a small bee hive established close to the orchard should increase
pollination and production.
6.0

Agronomy and Propagation

6.1

Site Selection and Preparation
It is important to note that perennial trees occupy the ground for a long time. Therefore, a proper

plan for site selection, layout of field and access roads should be made. Avocados can be grown on a
wide range of soil types with the primary requirement of good drainage.
An understanding of the avocado’s root system is important when selecting planting site.
The root system is shallow and most of it is found on the upper layers of the soil. It is extremely
sensitive to excessive soil moisture or even temporary water-logging (Bharath 1977; Morton 1987;
Kimhi 1991). It is recommended that one avoids establishing plants in areas where the water table is
above 0.9 m (3 ft.) from soil surface and areas with underlying hardpan. Additionally, windbreaks are
necessary for this crop and must be established as early as possible. Temporary and more frequent
windbreaks may be needed until permanent windbreaks are large enough to be effective
(Bharath 1977). Mangoes or timber trees may be used for permanent windbreaks, while bananas are
more suitable for temporary windbreaks.
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Land preparation should begin at least three months prior to establishment. The area should be
cleared of all vegetation, tree stumps and rocks. It should then be ploughed and harrowed/rotavated
prior to laying out beds or rows. Generally, the soils in Trinidad are acidic and avocado requires pH of
5.5 - 6.5 for optimal growth. The pH of the soil should be checked and adjusted to 5.5 with agricultural
lime or dolomite if necessary. Liming materials should be applied before the land is rotavated to ensure

that it is well incorporated (FAO 2000). Bharath (1977) recommended that properly decomposed
organic manure should be incorporated into the soil before final cultivation. Cambered beds and box
drains are recommended to remove excess water especially in areas where water logging occurs
frequently. These beds should be at least 8 m (25ft.) apart (from centre to centre). Figure 7 illustrates
cambered and flatbed designs.

A

B

Figure 7: Illustration cambered beds (A) and flat beds (B)
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6.2

Field layout and Spacing:
Factors to consider when laying out the field include access, buildings, water source, access

roads, irrigation, wind direction, sun direction etc. There are different layout patterns to choose from
including square, rectangular, triangular and quincunx. The selection of any pattern will require
varying levels of management skills. For example, quincunx (figure 8d) will require additional

pruning, water requirement and pest and disease control. However, the other patterns, figures 8a – 8c,
would not demand such high management skills.

TRIANGULAR

RECTANGULAR

A

B

QUINCUNX
SQUARE

D

C

Figure 8: Illustration of different kinds of field layout patterns: A- square, B-rectangular, C-triangular and D-quincunx

15

The recommended spacing can vary from 7.5 - 8 m (25 ft. – 26 ft.) within rows and 8 - 12 m
(26 ft – 40 ft) between rows accommodating approximately 162 trees/hectare (66 trees/acre) in
poor shallow soils to 12 m by 12 m (40 ft. by 40 ft.) within rows, accommodating approximately
70 trees/hectare (28 trees/acre) in deep volcanic soils.
The use of higher densities, approximately 250 trees/hectare (101 trees/acre) may be of

economic interest during the first years of bearing. However, it may require trees being thinned after
7 - 8 years if pruning becomes unmanageable. Quincunx layout may require thinning of alternate
rows, which will result in a field spacing of 9.7 m (32 ft.) by 9.7 m (32 ft.) square. Narrow spacing
leads to higher yields while trees are young (Morton 1987: Nakasone 1999). The removal of the tree
should be done by cutting down to stump.
6.3

Propagation
Avocados are propagated by seed in many parts of the world. While many important hybrids

have originated from seed, vegetative propagation is essential to early fruiting, propagating
true-to-type desirable cultivars and providing adequate supply of vegetative planting material.
Vegetative propagation methods include budding and grafting. It has been reported
that budding, which was a common practice, requires considerable skill and experience and is not
successful with all cultivars (Morton 1987). Morton (1987) also stated that grafting makes a stronger
union than budding. Commercial nurseries in Trinidad use grafting as the preferred method for
propagating avocado, because of its relative ease and success rates.
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6.3.1 Rootstock Establishment and Care
Initially, the ‘parent plants’ for sourcing seeds should be selected based on a good health
condition, vigorous, adapted to local conditions and tolerant/resistant to common pests and diseases.
Seeds should be selected from well-matured and healthy fruits. Do not use seeds from fruits that have
fallen on the ground, since these may be exposed fungal or bacterial infections (Platt 1976).

Seeds are then hand extracted, washed, disinfected and allowed to dry in a well-ventilated area.
It is important to note that seeds are short lived and can only be stored at room temperature for few
days. Therefore, they should be planted immediately. In the event that seeds cannot be immediately
planted, they can be stored in a refrigerator for 3 weeks in polyethylene bags at 5.6 – 6.7 ºС. Seeds can
be disinfected using heat or fungicide treatment to prevent fungal and bacterial diseases. Heat
treatment includes passing the seeds through a water bath at 49 – 50 ºС for 30 minutes, immediate
cooling in cold water and air drying. Fungicidal treatments include soaking seeds in a fungicidal
solution, usually copper based, for 10 – 15 minutes.
Seeds can be planted with the narrow/pointed side facing upwards in potting/polyethylene bags
with a diameter of 13 cm to 17 cm (5 – 6.5 in.) and about 25 cm (10 in.) in length. The recommended
soil mix for establishing seeds in potting bag includes soil, manure and sharp sand in a 3:2:1 mixture
(3 parts soil, 2 parts manure/compost and 1 part sharp sand). For large scale production the soil
mixture can be solar sterilised [laid out in an open sunlit area about 8 – 10 cm (3 – 4 in.) thick,
covered with a black polyethylene plastic sheet and left there for approximately 5 - 7 days].
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It has been reported that germination can be hastened by removing the seed coat and making a
cross section cut 1 - 2 cm (0.4 – 0.8 in.) in depth from the apical and basal end of each (Platt 1976).
Seeds are then planted with the apical end at the surface of the potting mix and are sometimes covered
with 6 – 12 mm (0.2in – 0.5 in.) of potting mix to prevent drying out. Potted seeds should be placed
under shaded (50%) conditions. Seeds generally begin germinating 15 – 45 days after sowing and are

ready for grafting in 1 - 4 months after germination.
6.3.2 Selection of Scion Material
Parent plants which are selected for sourcing scion materials should be in good health condition,
vigorous, adapted to local conditions and tolerant/resistant to common pests and diseases. Use freshly
cut scion from terminal growth of the last hardened flush just when the buds are swelling (developing)
to begin another flush of growth. The diameter of the scion material should be selected to match the
diameter of the rootstock being grafted (figure 9). The scion material, once collected can be stored in
polyethylene bags at 6 - 7 °C for 2 - 3 weeks. Scion material ranges between 8 – 10 cm (3 - 4 in.) in
length.
6.3.3 How to Graft Using the Top Wedge Method
The top wedge grafting procedure is as follows. The rootstock is topped/beheaded and split to
about 4 - 5 cm (1.6 – 2 in.) depth through the centre of the stem with a grafting knife. A wedge shaped
cut, slanting from both sides 4 - 4.5 cm (1.6 – 1.8 in.) is made on the lower side of the scion shoot. The
scion wood is then inserted into the split of the stock and lightly pressed together, so that cambium
tissue of rootstock and scion wood would be in contact with each other. The union is then tied with
polyethene strips or grafting bands, 2 cm (0.8 in.) wide and 15 cm (6 in.) in length, firmly but not to
firm so as to obstruct water and photosynthate movement.
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6.3.4 Grafting Seedlings and Care of the Grafted Plant
As stated earlier, commercial nurseries in Trinidad usually wedge graft selected scion
(as described in section 2.3.3) on 1 - 4 month old rootstock, which average between 30cm and 46 cm
(12 and 18 in.) in height: they generally graft at 20 cm (8 in.) from the base of the rootstock’s stem.
This grafting height is recommended to avoid the graft union being too close to the ground. Grafting

at this height will reduce chances of infection, since spores will not easily come into contact with the
graft union during cultural practices or heavy rain. The grafted plants are placed in a controlled
environment at temperatures of 28 - 32°C and relative humidity of 80 - 90% until dormant buds begin
to develop. Buds develop in approximately 4 – 6 weeks. The plants are then placed under shaded
conditions
to
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However, Platt (1976) and Morton (1987) both reported wedge grafting scion onto 2 - 4
week - old rootstocks at a height 7.5 - 10 cm (3 – 4 in.) above the base with high success. In their
research the plants were also maintained in a post grafting environment, as described above. Plants
were then transferred to 50% shade house 4 - 6 weeks post-grafting and held for approximately 2
weeks to harden. Therefore, the process from seed to having a field ready plant can potentially take

approximately 3 months. This method, if adopted by our commercial nurseries can reduce the process
by over three months.
6.4

Planting
Once the beds are formed, the areas of the individual planting holes are prepared by hand. At

each site 200 - 300 grams (7 – 11 ozs.) of a high phosphorus fertiliser (triple super phosphate or
superphosphate) along with 1.8 – 2.3 kgs. (4 – 5 lbs.) of properly decomposed organic manure should
be incorporated into a depth of 0.3 meters (1ft.) over one square meter area. It is very important that
grafted plants be properly hardened before transplanting to an open field, to prevent the plant from
going into shock or possible death. The planting hole should be dug to a depth not more than the
length of the potting bag and the diameter should range 2 - 2.5 times the diameter of the bag.
Avocado roots are sensitive. Remove the potting bag without disturbing the root system and
place in the planting hole. Do not plant in areas prone to flooding or areas where the soil tends to
retain water for extended periods. The planting hole should be moist but not wet. In dry areas,
application of water in the holes a few days before transplanting is recommended to moisten the soil.
The plant is then placed in the ground so that the soil is at the same level of the collar after planting,
never lower or higher. As stated before avocados are susceptible to wind damage. Therefore, in
addition to windbreaks, young plants should be staked on the windward side and tied loosely to the

stake. Frequent inspection of young plants must be done and all shoot growth from below the graft
union must be removed throughout the life of the crop.
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6.5

Irrigation
Avocados are extremely sensitive to the amount of water in the soil, especially during the early

growing years and in the bearing stage. Newly planted avocado trees should be watered at planting and
every two days for the first month. Thereafter, 1 to 2 times a week for the next 6 months. During
prolonged dry periods (e.g., 5 or more days of little to no rainfall) newly planted and young avocado

trees (first 3 years) should be well watered at least 2 times per week. Once the rainy season starts,
irrigation frequency may be reduced or stopped. In high commercial production systems, it is
recommended to keep the soil metric potential (the tendencies of water to move from one area to
another due to osmosis, gravity, mechanical pressure, or matrix effects such as surface tension)
between - 40 kPa and –10kPa at 300mm depth (FAO 2000). This soil potential can be tested with an
inexpensive hand held device known as a tensiometer.
Sprinklers can be used for large scale production. However, the height of the sprinkler may
have to be adjusted as plants develop to avoid lower branches from disrupting distribution. Drip
irrigation can be used instead of sprinklers, but the placement of the drip nozzle can impact the root
development of the growing plant. Placement of the nozzle too close to the main stem of the plant can
potentially restrict root development to that specific area, since the roots would not be encouraged to
seek water. This situation will affect the root system balance with the shoot system. Therefore, place
nozzle at least 0.3 metres (1 ft.) outside the edge of the plant’s canopy and keep adjusting its
placement until tree is mature.

21

6.6

Fertiliser Application
In recent times, leaf analysis has been used instead of soil analysis for assessing fertiliser

requirements (rates of application and fertiliser type). Soil analysis is useful to confirm extreme cases
of under-fertility or over-nourishment. However, the main reason for the preference of leaf analysis
over soil analysis is that the latter cannot diagnose nutrition problems and cannot detect changing

fertility in the soil and therefore is of no help in determining immediate fertiliser needs when
compared to the leaf analysis (Malo 1976; Sher 2005).
Nakasone and Paul (1999) reported the following recommended

macronutrient and

micronutrients ranges for avocado leaf analysis.
Macronutrient Requirement
Nitrogen (N) = 1.6 – 2%

Phosphorus (P) = 0.07 – 0.2%

Potassium (K) = 0.75 - 2%;

Calcium (Ca) = 1 – 3%

Magnesium (Mg) = 0.25 – 0.5%.
Micronutrient Requirement
Iron (Fe) = 50 – 200 kg/ha;
Zinc (Zn) = 50 – 150 kg/ha;

Manganese (Mn) = 30 – 70 kg/ha.

However, in situations where leaf analysis is not readily accessible, the following general fertiliser treatment is recommended. This treatment should be applied after correcting any soil deficiency
of nutrients as shown by soil analysis (Table 5). The recommended rates in table 5 can be split into
smaller rates and applied evenly between recommended application intervals.
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Table 5: Recommended application of major elements at different growth stage of avocado.

Growth Stage of Plant

Recommended NPK and application rates

First year

50 - 70 grams (2 - 3 ounces) of 12:24:12 per tree,
once every 4 months.

Second year until
flowering starts

150 grams (5 ounces) of 20:10:10 per tree, once
every 4 months.

Bearing trees and
Onward

Apply a total of 700 g (25 ounces)/tree/yr
of :12:17:2. 350 grams (12 ounces) at flowering and
350 grams (12 ounces) after harvesting is completed.
(Bharath 1977; Lahav and Kadman 1980)

It is important to note that an ideal pH for avocado production is between 5.5 and 6.5. pH
levels above 7 cause trees to be susceptible to Fe deficiency because Ca is the dominant cation in
such soils, creating conditions where Fe and Zn becomes fixed in forms unavailable to the roots of
the plant (Malo 1976). Additionally, the avocado plant has a strong vegetative bias, which, if not
managed properly, can lead to a high flush and fruit set competition. It is therefore recommended that
N application be based on results of the leaf analysis. Table 6 below presents some of the plant
nutrients, their purpose and deficiency symptoms with respect to avocado.
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Table 6: Nutrients and Deficiency Symptoms in Avocado Production

Nutrient

Main Purpose of Nutrient and Description of its Deficiency

Nitrogen
(N)

This nutrient has the greatest influence on the growth and it is recommended that because of
the competition between flush and fruit set, N application be done after fruit set. There is a
strong relationship between yield and N levels in the leaf; values above and below 1.6 - 2%
decrease yield. Deficiency symptoms are expressed by restricted growth, pale, small-sized
leaves, and early leaf shedding. In acute cases, the leaf veins turn yellow.

Phosphorus
(P)

P is credited as preferentially promoting root growth and the development of reproductive
structures. It is reported that early application, at planting, is essential for accelerated root
activity and early expression of floral initiation and fruit set. Deficiency symptoms are
expressed by decreased vegetative growth, small round leaves, early leaf shedding, and
branch dieback. Leaves are brownish-green in colour and burnt. Reports state that excess
amounts of P are likely to cause Zinc deficiency symptoms.

Potassium (K)

K is said to influence canopy development, fruit-bearing capacity and fruit size. It is also
reported to be involved in several enzyme systems. There are a few soils in the Caribbean
where K is critically deficient. However, deficiency symptoms are expressed as very small
and narrow leaves. In extreme cases necrotic spots, which begin to appear on older leaves
and subsequently spread over the entire leaf blade between the large veins. Additionally,
twigs would become very thin and some dieback may occur.

Calcium
(Ca)

Ca is responsible for the stabilizing of the cell wall with an increase in rigidity, an effect
which, with over-optimal supply, may lead to growth inhibitions. The function is necessary
for the normal organization of cell walls. However, this nutrient is only considered critical in
exceptional cases, example avocado cultivation in sand culture. Deficiency symptoms are
similar to the symptoms caused by Phytophthora cinnamomi, where there are scorched leaves
and small leaf size. Another similar symptom includes collapse and disintegration of the
roots system. However, there tends to be root regeneration in Ca deficiency cases unlike
Phytophora spp. cases.

Iron
(Fe)

Fe is essential for chlorophyll production and is considered a critical element because of the
high susceptibility to its deficiency. The lack of Fe is mainly associated with calcareous soils,
since Ca is the dominant cation, which creates conditions where the Fe is fixed and becomes
unavailable to roots of the plant. Deficiency symptoms appear as inter-veinal yellowish
colour and narrow dark-green strips along the veins. In progressive cases, leaves of new flush
become smaller and more delicate, while young leaves have pale yellow to white colour.
Often Fe deficiency is caused by inadequate aeration as a consequence of poor drainage or
excess irrigation.

Zinc
(Zn)

The specific role of Zn in growth and development of avocado is not known. However, the
nutrient is an important component of various enzymes that are responsible for driving many
metabolic reactions. Growth and development would stop if specific enzymes were not
present in plant tissue. Symptoms of the nutrient deficiency are observed in acid soils from
which it is easily leached, and in calcareous soils in which it is fixed in unavailable forms.
The foliar symptoms are manifested in the new leaf tissue by a reduction in leaf size and by
development of “mottle-leaf,” which is characterized by interveinal leaf yellowing caused by
impaired chlorophyll synthesis. Other symptoms include shortened internode length on the
branches, reduced fruit size, and in some cases round misshapen fruit.
Source: Lahav and Kadman (1980)
24

7.0

Pruning
Avocados are very susceptible to infection through cuts made by pruning and this should be

kept to a minimum. However, pruning of young trees can be done to encourage development of a
more compact tree. Pruning of mature trees is done to reduce harvest cost, prevent wind damage,
allow for effective pest and disease control, provide effective irrigation, permit weed management

and to prevent overcrowding.
Tipping/pinching of terminal points of young plant is recommended during the plant’s second
year to force lateral branching, which would develop a more compact canopy and also to prevent
upward or erect growth. A compact canopy contributes to greater resistance to strong winds. On the
other hand, continual and severe pruning of mature trees generally stimulates vegetative growth at the
expense of fruiting. Therefore, pruning of mature trees is recommended only if necessary, after each
growing season.
Selective pruning of mature tree involves removal of upright shoots or branches to limit
or reduce the height of the tree, overhanging side branches to reduce crowding and low-hanging
branches that interfere with irrigation or other cultural operations. Prune sparingly and make cuts as
close to lateral branch as possible when such pruning is necessary (Platt 1976). It is very important
to note that because of the crop’s high susceptibility to infection, a fungicidal treatment should be
applied on the cut surface whenever a cut is made.
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8.0

Weed Management
Complete weed suppression is highly desirable but is seldom attained especially in our warm

climate. Malo (1796) reported that avocado trees are sensitive to chemical treatments used for weed
control. Intercropping with pumpkin, cucumber or other low vine crops may assist with weed control in
the first 3 - 4 years and may also provide cash flow within these years. It is important to note that

whatever your selection of crop to be intercropped, it should never be allowed to crowd the young trees.
Mowing, brushcutting or cutlassing are other means of weed control. This encourages nutrients to be
recycled in the soil, thereby improving its humus content.
Mulches of various types are effective for suppressing weeds around young trees and should be
used according to their local cost and availability. Research has shown that fruit size can be increased by
much as 15% by using a mulching programme around trees (FAO 2000). Mulches can include shredded
corn stalks or cane tops placed around trees to supress weed growth and to improve root health. In
extreme cases chemical treatment can be used. However, do not allow chemicals to touch young trees,
since death may occur.
9.0

Pests and Diseases
There are several reported pests and diseases in avocado production. The pests are rarely of

economic importance, since most of them were reported to be under satisfactory biological control. It is
only in events of sudden increases in any specific species that severe damage may ensue. Sudden
increases in pest population are associated with sudden changes in weather conditions or other activities
which decrease natural enemies, for example use of broad spectrum pesticides.
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An integrated pest management (IPM) approach (an effective and environmentally sensitive
approach to pest management) is recommended, since it would maximise natural control measures
and resort to other strategies only as needed with minimum environmental disturbances (figure 10).
The IPM approach is also adopted in major producing countries, by mainly conservation and of
approaches. They found this approach to be effective and satisfactory in biological control for most of

the pest species.

Figure 10: Integrated Pest and Disease Management (IPM) for Avocado
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9.1

Integrated Pest Management
An Integrated Pest Management is an effective and environmentally sensitive approach to

pest management. It involves a combination of cultural, biological, physical and chemical
(bio-pesticides and synthetic pesticides) approaches.
9.1.1 Cultural: An example of some of the cultur al activities which can be used to manage
pest and disease include monitoring and decision-making, irrigation and land preparation.
9.1.1.1 Monitoring, Recording and Decision-Making: This involves monitoring the crop
and pest populations. This can be done by establishing traps with coloured (blue, yellow or white)
sticky traps or water traps in the nursery or field. These traps give an indication of the pest
population within the field. Once these populations are monitored over time along with level of pest
damage in the field, the manager can make an informed decision of pest control based on the level
of damage within their field.
9.1.1.2 Irrigation: The provision of good growing conditions for the plants is essential,
especially within the first 2 – 3 years of the life of the avocado plant, since it facilitates good
growth and development. Environmental stress, example excessive dry spells or excess water, can
weaken plants and make them more susceptible to insect attack. In particular, plants under water
stress are very susceptible to direct insect damage (example thrips). Therefore, adequate irrigation
is recommended as a measure to reduce pest infestation.
9.1.1.3 Tillage: Ploughing and harrowing, and soil solarisation (covering the ground with
polythene plastic and leave for approximately 5 - 10 days under sunny conditions) can kill
insects and some of their pupae.
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9.1.2 Biological pest control
9.1.2.1 Natural enemies: Natural enemies, in particular predators, are often found feeding on
insects. The farmer can increase the number of these natural enemies by providing protective habitats
for them. Farmers can help to keep the equilibrium in their favour by trying not to harm predatory
arthropods such as ladybird beetles, spiders and hover fly larvae which feed on plant-eating pests

such as aphids and caterpillars. Some of the ways to do this include:
(1) Using insecticides only when necessary, that is, when pest population has overwhelmed
their natural predators. Broad spectrum insecticides should be avoided.
Habitat management, for example, growing flowering plants which provide nectar and
pollen to ‘farmers' friends’ such as adult parasitoid wasps, hover-flies and adult ladybird
beetles. Live fences (hedges), flowering plants and unsprayed field edges around the crop
can be used to provide shelter and refuge for “farmers' friends”.
(2) Mulching to provide safe areas for ground-living “farmers friends” such as
predatory beetles.
9.1.3 Bio-Pesticides and Physical Methods:
Botanical pesticides, for example, neem, neem products and garlic, can be used to control most
of the pests that affect avocado. A homemade recipe for the home gardener is a garlic/pepper mixture,
which is made by liquefying two bulbs of garlic and two hot peppers in a blender 1/3 full of water.
Solids are strained out, and enough water is added to make one gallon with the concentrate. The spray
solution is prepared by mixing ¼ cup of the concentrate with 2 tablespoons of vegetable oil and
enough water to make 1 gallon (about 4 litres) and then applied to the tree.
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9.1.4 Use of Synthetic Pesticides
There are several synthetic pesticides available to avocado producers. However, the use of any
synthetic pesticide should only be done in cases where there is an imbalance in the pest to predator
population and after all prior IPM practices have been exhausted.
9.2

Pests Affecting Avocado

In the Caribbean, pests that are most frequently reported in moderate to high numbers are the
Avocado Lace Bug (ALB) (Pseudacysta perseae), Red Banded Thrip (Selenothrips rubrocinctus) and
Green House Thrip (Heliothrip heamorrhoidalis). Scale insects, for example, Saisettia hemispherica,
the hemispherical scale; S.Olea, the black shield scale, and Lecanium corni on the fruit, although
common, are seldom of economic importance and are effectively regulated by natural enemies. White
flies, specifically Trialeurodes spp., have been reported to be very destructive to young nursery plants.
Pesticides are not recommended for the control of these pests because of the danger of upsetting
the general favourable balance between pests and natural enemies. Practices which would be beneficial
to biological control and pest management include: controlling harmful factors to natural enemies,
such as ants, excess dust and pesticide drift; and the use of spot spraying of a pesticide to correct
imbalances in emergency situations as opposed to orchard wide coverage.
The following describes the common name, causal agent, symptoms and management
strategies for pests of avocado that have been reported in the Caribbean.
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9.2.1 Avocado Lace Bug (ALB) (Pseudacysta perseae)
This insect was reported in Trinidad and Tobago. It is a tiny sucking insect with lace like
wings and attacks the leaves of the avocado (Surveillance Unit (2011).
Symptoms of Attack
The insects appear as black-pepper like objects on the underside of leaves. They feed by

sucking the sap from the leaves, which cause the formation of small, white to yellow spots that
eventually lead to entire leaf scorching and heavy leaf fall (Surveillance Unit 2011).
Management Strategies
There is limited published data on the avocado lace bug’s biology, ecology, natural enemies
and chemical control. There is an increased risk of secondary pest infection if chemical control is
selected to control ALB. The use of a contact insecticide with an active ingredient (a.i.) Pyrethrin has
been effective on the nympths of the ALB. The use of Systemic insecticides with Imidachloprid (a.i.)
has been found to be the best control of the ALB. The second instar larval stage of the Green Lace
Wing Larvae (Chrysoperta rufilabris) acts as a natural enemy of the ALB. Chemical treatment with
Pyrethrin (a.i.) is less toxic to this natural enemy,C. rufilabris, compared to the ALB.
9.2.2 Red Banded Thrips (Selenothrips rubrocinctus)
The immature stages of this insect have a red band around the abdomen while the adults are
fully black. Both the immature and adult stages occur on the underside of the leaf.
Symptoms of Attack
The thrip does damage by rasping cells and sucking the sap. This causes the leaf surface to
become bronzed, rusty and dotted with several shiny black spots of excreta. In severe cases, leaves
appear to be burnt followed by heavy defoliation. Furthermore, it has been reported that thrips in

association with mites cause damage to fruit. The damage is done to the skin of the infected fruit,
which becomes severely bronze and eventually cracks (Rhodes 1991).
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Management Strategies
Damage is mainly at the nursery stage. However, localized infestations can develop in orchards,
especially where trees are overgrown. Therefore, tree management is one cultural practice that can be
used to control pest infestation. The use of a systemic insecticide with an active ingredient of Fipronil or
Imidacloprid is recommended for immediate reduction of high pest population. Goetheana parvipennis

(Gahan) (Hymenoptera: Eulopidae) a nymphal parasitoid, was introduced from West Africa to Trinidad
in 1935 as a natural enemy (Steyn et. al. 1993).
9.2.3 Green House Thrips (Heliothrips haemorrhoidalis)
Symptoms of Attack
The Red Banded and Green House Thrips both belong to the family Thripidae and there
are widely spread throughout the world. They attack a wide range of other economically important
crops including guava, (Psidium guajava), mango (Mangifera indica), citrus (Citrus spp.), coffee (Coffea
arabica), banana (Musa spp.) and various ornamentals. The damage caused is similar to the red banded
thrips with the insects feeding on both the leaf and fruit surfaces, extracting chlorophyll which results in
the browning of the plant tissue.
Management Strategies
A parasitic wasp, Tripobius semiluteus was recently found attacking the green house thrips. The
adult female parasitic wasp inserts her eggs singly in the body cavity of the thrips’ larvae, usually the
first or the early second instar larvae. The parasitic wasp can survive both cold and hot extremes of the
region. It is reported that up to 60% parasitisation by T. semiluteus occurred within 2 years after
releasing (Steyn et. al. 1993).
The use of a systemic insecticide with an active ingredient of Fipronil or Imidacloprid is

recommended for immediate reduction of high pest population.
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9.3

Diseases Affecting Avocado
The major disease reported in the Caribbean and the rest of avocado producing

countries is root rot caused by Phytophthora cinnamomi Rands, which may kill the tree.
Other serious diseases include: Cercospora spot, Cercospora purpurea Cooke; black spot
or anthracnose, Colletotrichum gleosporioides Penz,; scab, Sphaceloma perseae Jenkins;

Rosellinia root rot, Rosellinia necatrix; stem end rot, all of which attack the leaves and fruit.
Finally, Pestalotiopsis leaf blight caused by Pestalotiopsis flagisettula has been recently
isolated on avocado fruit by the Research Division, Pathology unit of the Ministry of
Food Production. This pestalotiopsis has been reported to affect Mangosteen (Garcinia
mangostana) and has not been reported to affect avocado.
The following describes common name, causal agent, symptoms and management
strategies for diseases that have been reported to affect avocado in the Caribbean.
9.3.1

Root Rot [Phytophthora cinnamomi (oomycete)]

Symptoms of Attack
The pathogen affects the cortical tissue of the feeder roots at first causing discrete
brownish black lesions. Foliar symptoms include small, yellowish green leaves that wilt
frequently and brown necrotic tips. The leaves often drop prematurely. In advanced stages,
feeder roots die and stop developing. Entire limbs die back, leaving tree sparsely foliated.
There may be large fruit set but overall low yields.
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Management Strategies
Management strategies include:


Good Nursery Practices
This begins with the selection and preparation of disease-and pest-free planting material
and nursery sanitation. Seeds collected for establishing rootstock for grafting should be sourced

from parent plants that are not infected with any pests or diseases. Seeds should not be collected
from the ground. Scion material should not be collected from parent plants which have any signs
of pests or diseases.
The nursery should be periodically cleaned and sanitized with a commercial type sanitizer,
for example, bleach. Tools and equipment should also be properly cleaned and sanitized.


Site Selection and Preparation:
Poorly drained and saline soils should be avoided when selecting a site. Deep ripping or
ploughing and subsurface drains are recommended for impervious soils, while mounds and
cambered beds are recommended for clay dominant soils.



Orchard Management
Care should be taken to prevent disease entering the field, example, monitoring human
and animal traffic in and out the field. Foot dips and wheel baths for individuals entering an
orchard can be used as a management strategy to avoid disease entering the field. Collection and
removal of fallen and rotting fruit from the field is another strategy. Ensure drains are
established to remove excessive water.
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Irrigation Management
Ensure irrigation system is properly calibrated and maintained to allow sufficient
distribution to plants. Furthermore, water should be provided during drier periods of the year. Do
not allow plants get too much or too little water (see agronomy section for further details).



Use of Chemical Treatment

Systemic fungicides containing Dimethomorph applied as a soil drench can be used to
control this disease.


Nutrient Management
Applications of calcium, calcium carbonate, calcium nitrate and calcium sulphate have
been reported to reduce avocado root rot.



Biological Control
Commercial products with Trichoderma harzianum or Gliocladium spp. as the active
ingredient have been shown to inhibit P. cinnamomi.

9.3.2 Cercospora Spot or Blotch [Cercospora purpurea (fungus)]
Symptoms of Attack:
This disease is able to infect previously uninjured leaves, young stems and fruit. It is of
economic importance as a fruit disease. Spots on the fruit are 3 - 6 mm (0.1 – 0.2 in.) in diameter, light
to dark brown, irregular patches in shape and slightly sunken with cracked or rough surface, since the
tissue is killed by the fungus.

35

Management Strategies
The use of a copper based fungicide controls this fungus when applied at timely intervals.
These intervals include an application when the floral buds begin to swell and should continue once
per month. Take note of the pre-harvest interval when using any chemical treatment. The use of
Bacillus subtilis, commercially available biological control agent, has been reported to be effectively

control C. purpurea.
9.3.3

Black Spot/Anthracnose (Colletotrichum gloeosporioides)
This fungus affects the leaves, stems and young fruit.

Symptoms of Attack
It was reported that the disease can cause losses of fruit up to 37%. On leaves, chlorotic, brown

spots form and dead tips occur on leaves. In severe cases defoliation can occur. In some cases, brown
or purple lesions form on new shoots, and cause eventual shoot dieback.
The fungus can also affect the fruit where there has been some sort of physical damage, for
example damage caused by insects or wind. Once there is a point of entry, small dark lesions < 5mM
(0.2 in.) in diameter develop on the fruit. Lesions may become sunken and rotted, and masses of
pinkish spores may form on fruit surface. After harvest, infection appears in storage with small lesions,
which are depressed, brown and quickly enlarge over time to become black circular spots.
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Management Strategies
Management strategies include cultural practices in the field, pre-harvest and post-harvest
fungicidal treatment and correct storage conditions. Pruning lower branches of the tree in an
established orchard helps reduce humidity in the canopy, thereby reducing favourable environments
for the disease to progress. Removal of dead branches, leaves and fruits will also help reduce this
disease inoculum in the field. Copper based fungicides can be applied at 14 - 28 day intervals from
fruit set to harvest. Follow the manufacturer’s directions for using fungicides, taking note of the preharvest interval, application rates and dosage.
Harvest the fruits from trees with at least a 6 mm (0.2 in.) piece of stem attached. Avoid
harvesting fruits without stem (peduncle). This ensures that there are no points of entry for fungal
spores or bacteria into the fruit. Prochloraz is an imidazole fungicide that is widely used in Europe,
Australia, Asia and South America within gardening and agriculture (Vinggaard et al. 2006).
Research from South Africa showed that a 200 ppm concentrations of prochloraz with 50 mm of
hydrochloric acid was a good post-harvest treatment that managed this disease on avocado fruit
(Mavuso and Niekerk 2012). Market the fruit as quickly as possible after harvesting, since increasing
storage time increases risk of infection. Cold storage (5 - 18°C) reduces its development but these
temperatures hinder ripening process.

9.3.4 Scab [Sphaceloma perseae (fungus)]
Symptoms of Attack
This fungus mainly affects the fruit by producing spots that are oval to irregular in shape,
brown to purple-brown, and slightly raised with sandpaper-like surface.
Symptoms on leaves include lesions that are < 3.5 mm (0.14 in.) in diameter, which become
brown to black. They are concentrated along the leaf veins and cause the leaves to become stunted

and distorted. Lesions may eventually develop into shot holes.
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Management Strategies
Ensure fruits that show symptoms are removed from the tree and field, since these are
major sources of the disease inoculum. Selective pruning also helps by increasing air flow,
decreasing humidity and increasing sunlight. Copper based fungicides applications can be done as
a preventive measure from the first sign of flower bud and at 3 - 4 week intervals. However,
during periods of high rain fall, apply fungicide with a spreader/sticker. Furthermore, thrips cause
damage to the fruit and create pathway for the fungal organisms to enter the host plant. As
a result, the management of thrips is recommended as a strategy to control and manage
this disease.
9.3.5 Rosellinia Root Rot [Rosellinia necatrix (fungus)]
This fungus is associated with the soil.
Symptoms of Attack
The affected tree stops growing and develops yellow foliage and shrivelled fruit.
Progressively, trees eventually defoliate and die. Another symptom is seen on the feeder roots as
white, cottony mycelium, which causes rotting. The diseases eventually moves from the feeder
roots to main roots and then to the trunk. The white, cottony mycelium is the main
observable characteristic of this disease.

Management Strategies
This fungus is not spread by spores. Therefore, simple control measures can be put in
place. These include:


Uprooting and removal of infected trees, neighbouring trees and all their plant material
from orchard.



Making drains around uprooted trees to prevent possible contamination and this also
isolates the disease.



Discontinuation of irrigation and application of a fungicidal drench to the soil.
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9.3.6 Stem-End Rot
This is considered a fungal complex, with different fungi causing stem-end rot in
different regions.
Causal Agent
In the West Indies there are three fungi most frequently associated with this disease,

namely, Diplodia natalensis, Phomopsis spp. and Dothiorella spp.
Symptoms of Attack
This disease affects the fruit. A rot appears in the initial stage at the stem end as a slight
shrivelling of the tissue around the stem button. Mycelium can be seen on the abscission scar
when the peduncle and pedicel are removed. Dark-brown to black lesions form and advances
from the stem attachment and eventually covers the entire fruit as ripening progresses.
Management Strategies
Stem-end rot has been reported as a single entity, regardless of the causal agents.
Reduce, as much as possible, the duration between harvest and marketing of produce. Do not
harvest during wet periods, since this encourages germination of fungi spores. Pre-harvest
copper based fungicidal treatment can be used to control this disease.
9.3.7 Pestalotiopsis leaf blight (Pestalotiopsis flagisettula)
Symptoms of Attack
This disease has recently been isolated in the avocado fruit in Trinidad and it is not
known if it is of economic importance. Symptoms observed were several black, pin-sized
lesions distributed throughout the skin of the entire fruit. These pin sized lesions penetrate the
skin and affect the flesh of the avocado fruit.
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Management Strategies
There are no reported control measures for this disease, specific to avocado production.
However, there were control measures reported for this disease within mangosteen, another tree crop.
These include light pruning, copper based fungicidal treatment and controlling insects that affect the
fruit. The main pests that affects the avocado fruit are thrips and mites. Therefore, light pruning,

application of copper based fungicides and controlling thrips and mites within the avocado field can
be suggested as management strategies for this disease, should it arise.
10.0 Good Agriculture Practices
Good Agricultural Practices (GAPs) is defined as the adoption and application of good
management principles, aimed at preventing or reducing hazards (biological, chemical and physical)
for the production of wholesome and safe foods for human consumption without affecting the health
of farm workers, consumers and the environment (IICA/CPEC).
Management principles should be employed at various practices associated with avocado
production including preparation of production site, pest and disease management, fertilising
(organic and inorganic), water use, pesticide use, biological organisms, worker health and safety and
worker hygiene as seen in figure 11.

Figure 11: GAP factors to consider in Avocado Production
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10.1

Site Selection
There can be physical, biological and chemical contamination associated with site

selection. Therefore, a site history is important in identifying situations that can increase the risk of
produce contamination. Some examples of GAPs that can be implemented for site selection are:
1. If the land was used for animal production, it is recommended that it should be allowed to

rest for a period of 4 - 6 months. This will allow sufficient time to elapse before
cultivation to achieve an acceptable pathogen level.
2. The proximity of the site to animal pen or farm animals should be at least 100 metres
(300 ft.). It would be necessary to create physical barriers or deviations for water channels.
3. If the site was used for a garbage or waste disposal site, a soil analysis and review of
environmental compliance should be carried out.
4. The area should not be prone to flooding, since flood water can introduce contaminants and
also be negative for plant growth and development.
10.2

Pest and Disease Management
Cultural and biological practices should be a producer’s first line approach to controlling pests

and diseases. Chemical treatment, particularly synthetics type, should be a last resort. Prevention,
observation and intervention are recommended for crop protection. Prevention involves the use of
indirect measures, example, proper weed management. Keen observations within the field will assist
in determining if pest population is exceeding biological predators, and whether isolation of diseased
trees is required. Intervention involves the use of direct measures to reduce pests, diseases and weeds
to an economically acceptable level (check section on pests and diseases).
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10.3 Fertilising (Organic and Inorganic)
GAPs should also be implemented for the hazards associated with fertilising, example, ensuring
proper composting of organic material can reduce the presence of pathogenic bacteria. Do not store
manure close to where fresh produce is grown or handled. This is done to prevent cross contamination
of pathogens to fresh produce.

In cases where runoff and/or wind drift of manure may occur, physical barriers should
be erected. Avoid excessive use of inorganic fertilisers, example, nitrate and phosphate fertilisers,
since they can contaminate water sources and also affect aquatic life through ground water and
surface run-off.
Additionally, take proper precautions to prevent direct contact of inorganic fertilisers with skin,
since some of them may contain dyes which are suspected of being carcinogenic.
10.4

Irrigation Water Quality
GAPs employed in water use are mainly geared towards ensuring that the source is of good

quality. It should be free from or contain an acceptable level of microbial count. This can only be done
by ensuring that water sources are not close to any animal production run off or wild life and a lab test
can also help determine the actual count.
10.5

Worker Health and Safety and Worker Hygiene
Workers should be provided with adequate, readily accessible and sanitary toilet and restroom

facilities. These facilities should be kept clean, well maintained, and supplied with toilet paper. Toilets
should be provided with running water, soap, trash container and hand washing signs to reinforce
expected behaviour. Good hygiene practices for all workers should be promoted. Workers showing
signs of illness (diarrhoea, vomiting, fever, yellowing of the skin or open wounds) should not take part

in any activity associated with direct or indirect contact with the fresh fruit.
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Routine medical examinations should be done and one must ensure that utmost personal hygiene is
maintained. The use of field sanitation practices should also be implemented for example, checking
machinery for leakage of fluids and loose parts, the use of easy to clean tool containers and cleaning
all containers before and after usage.
10.6 Other Hazards

Faeces cross contamination with fresh produce is one of the main sources of contamination
and can come from all animals including mammals, birds, reptiles and insects, which are considered
vehicles of contamination. Therefore, all animals should be kept away from production areas as
much as possible.
Finally tools, equipment, containers, packaging, persons and anything that comes into direct
contact with the fresh produce should be clean of debris, sanitized and should not be used for any
other activity other than for fresh produce.
11.0 Harvesting, Post-Harvest Handling and Packaging
Avocado plants grown from seed generally bear within 5 - 6 years. However, vegetatively
propagated plants, example grafted plants, bear within 3 - 4 years. It is advised that flowers of
grafted plants be removed during the first 3 - 4 years. The future growth, development and yields of
the plant can be affected if the plant is allowed to bear fruit during this 3 - 4 year period.
Yields of avocado vary and are dependent on several factors, which include cultivar,
environmental conditions, irrigation practices and other practices. Reports from tropical environment
stated a maximum yield potential of 200 - 300 fruits. However, report of Trinidad yields ranged from
100 - 200 fruits/tree, with the trees having a biennial bearing tendency (Nakasone and Robert 1999).
The following flow chart illustrates the recommended steps for postharvest handling of avocado

(Figure 12).
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Figure 12: Postharvest handling steps and packing house operations for Avocado

11.1

Determination of Maturity Indices
It is sometimes difficult to ascertain the acceptable stage of maturity for harvesting avocado,

especially for cultivars such as Lula and Pollock that remain green upon ripening. Generally, some of
these green coloured avocados develop a yellowish tint on the stem (pedicel) near the fruit, which
lose their deep dark-green colour to a somewhat yellowish-green. The colour change in the pedicel
signals the formation of an abscission layer in the stem indicating the fruit is mature and ready for
harvest.
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Furthermore, the seed coat can indicate maturity of the fruit. In mature fruits, the seed coat
turns brown. Also, in some loose seeded cultivars, mature fruit produce a hollow sound when tapped.
It is easy to ascertain maturity in cultivars such as Blanche-Fraser that change colour from green to
reddish or purple.
Avocados will not ripen while still attached to the parent plant because of an inhibitor in the

fruit stem. However, there are some cultivars within the West Indian types known to fall from the tree
when physiologically mature and must be picked prior to fruit drop. Some of the methods used for
determining when an avocado is mature include sampling method, descriptive indices, dry matter
content, oil and moisture content of the fruit.
The sampling method is dependent on some experience from the producer. Generally a
producer uses visual signs of size, colour change and weight of the fruit to determine the stage of
maturity for harvesting and takes a sample. These visual signs used for sampling include the changes
of the appearance of the outer waxy surface of the avocado upon fruit maturity. Smoothness of the
skin is a reliable indicator of maturity in most varieties. As the fruits approach maturity, they develop
a smoother skin surface. Also, the glossiness or shine of the fruit surface becomes duller as the fruit
reaches maturity. This sample, if mature, will ripen in 1 to 2 weeks at room temperature and be of
good quality flavour (mellow and nutty) and texture (buttery). Immature fruits will take over 2 weeks
to soften and the flavour and texture are inferior (grassy and bitter).
In large avocado producing countries they have scientifically developed length, diameter and
volume indices to determine maturity of specific cultivars. However, these indices would be distinct
for avocados grown in their environmental conditions and under their management strategies.
Oil content is significantly correlated with maturity, that is, as maturity increases the oil content
also increases (Nakasone and Paull 1999). This oil content is dependent on cultivar.
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Additionally, moisture content is negatively correlated with oil content, that is, as oil content increases the moisture content decreases. The oil and dry-matter content indices used to determine
maturity are 8% and 21 - 30%, respectively. The dry matter can be determined by drying 10 g (0.4 oz)
of chopped fruit tissue in a microwave oven for 5 minutes. Both the oil and moisture content method
have only been successful for those cultivars that are naturally high in oil content and are generally not

useful for avocados grown in the Caribbean.
11.2 Harvesting and Field Handling
Fruits should be hand-harvested from trees when mature using a variety of picking equipment.
Fruits within large orchards are harvested with the aid of hydraulic ladders while in smaller holdings
picking poles, hand secateurs, cutting blades are used to harvest fruits. The fruits are harvested from
the tree by either clipping or snapping the stem above the fruit. It is advised that at least 6 mm (0.2 in.)
of the fruit stem (peduncle) be left attached to the fruit. This practice helps extend the shelf left by
preventing an exposed area in which water can be lost and prevents an entry point for pathogens and
prevents stem end rot.
Harvesting of fruits should not be done during wet conditions and it is recommended to harvest
during the cooler time of the day. Once fruits are harvested they should be immediately placed under

shaded conditions (out of direct sunlight) to prevent the build-up of internal temperatures. The
accumulation of harvested fruit in the field for transport can be done with the use of padded pallet bins
or padded perforated containers that should not exceed a maximum fruit weight of 18 kgs. (40 lbs.).
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11.3 Transportation
Large producers use a controlled environment, temperature of 13°C ± 1°C (55.5°F ± 34°F)
and a 90% RH, to transport avocado over long distances. In cases where controlled environment
transportation cannot be obtained, transport produce during the cool times of the day (early morning
or late evening). It is recommended that the crates or holding containers should not be stacked too

high so as to cause compaction or not stacked in such a manner so as to inhibit adequate ventilation
when transporting. Avocados should not be transported with high ethylene producing fruits, such as
bananas and apples. The larger producer will transport harvested avocados to a packing house, unlike
the small producer who may transport immediately to the market for sale to the consumer.
11.4 Packing House (cleaning, sorting, grading, packaging, storage and ripening)
11.4.1 Cleaning: At the packing house, fruits are further pre-cooled with the use of treated
water bath or by conveyer sprayer then dried immediately. Fruits would be sorted and defective or
injured fruits and debris are removed. It was reported by the Ministry of Crop, Guyana (Avocado
post-harvest technical bulletin #18) that a postharvest fungicide treatment (overhead spray or dip)
may assist in suppressing disease development. Effective treatments include 500 ppm thiabendazole
or 2000 ppm Procloraz. However, importing country legislation should be checked before applying a
postharvest fungicide. Hot water submersion of the fruits for 3 to 5 minutes at 50°C (122°F) may help
suppress disease development.
11.4.2 Sorting and Grading: F ruits should be graded according to size and those with
unhealed wounds or obvious mechanical damage, excessive scarring or blemishes and have
noticeable insect damage should be discarded. An avocado fruit that is of high-quality is mature,
green or purple in colour; uniform in shape characteristic of the cultivar; appropriately sized, free of

mechanical damage, sunburn, wounds, insect damage, wind scarring and decay.
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11.4.3 Packaging: F ruits are packed, usually in a well-ventilated, durable container with
corrugated paperboard cartons for single or double-layer packing. Fruits within container should be
approximately the same size and weight. For export, large fruits should be packed in single layers in
strong fibreboard cartons with separators. A commonly used export carton has dimensions of 40 cm
(27.5 in) long, 30 cm (12 in) wide, and 11 cm (4 in) high. It contains 4 kg (9 lb) net weight of fruit.

The fruit is packed according to count and ranges from extra-large size 4 fruits to extra small
size 30 fruits. Smaller fruit may be placed in larger fibreboard cartons with or without separators
and packed in two or three layers. Each alternate fruit should be wrapped in tissue paper to reduce
vibration injury and fruit scarring during transport. Shredded paper placed in the base of the carton
also aids in reducing the level of damage during packing. A minimum bursting strength of 275 psi is
necessary to ensure adequate carton strength during long distance.
It is recommended that the smaller scale producer should market the produce as soon as
possible after harvesting. This can be done by establishing markets before harvesting and making
the produce available to the consumer as soon as possible.
11.4.4 Storage: The quality and duration of storage is an important factor and is
dependent on the rigorous and impartial grading process. If the fruits are very ripe, the risk of

spoilage is too great, which restricts their marketability. The West Indian and cross types of the
Guatemalan by West Indians, which are mainly grown in the Caribbean, cannot be stored below
12°C without causing chilling injury to the fruit. Symptoms of chilling injury include discolouration
of the vascular system, uneven ripening, and development of off flavours. Therefore, storage
temperatures recommended for the fruits from cultivars grown in the Caribbean is 12.8°C at a 90%
relative humidity. These fruits can be stored for approximately 7 - 14 days.
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There are specialized storage technologies apart from simple refrigeration, which include
‘Controlled Atmosphere Storage’ [pressure of low O2 (2%) and high CO2 (5 - 10%) at 7.2°C]. This
storage reduces the risk of fungal invasion and reduces the effectiveness of ethylene in stimulating
ripening. Fruits stored under these conditions have been reported to have a shelf life of 6 - 8 weeks.
Another specialized storage is referred to ‘Low Pressure Storage,’ which maintains the avocado

at a specific temperature in a sealed container at sub-atmospheric pressure. The unit is continually
vented with moist air (80 - 90% RH). This system aids refrigeration and is not meant to replace it.
These storage methods would only be necessary if your field is far from your market and if exporting
is your goal. If not, fruit can be immediately taken to market in proper packaging and must be always
kept out of direct sunlight and harsh temperatures.
11.4.5 Ripening: West Indian type avocados ripen best at temperatures between 16°C to 24°C
(60°F to 75°F). At higher temperatures, fruit ripen unevenly and develop off-flavours. Treatment with
100 ppm ethylene at 20°C (68°F) for 24 to 48 hours induces avocados to ripen in 3 to 6 days. One of
the benefits of ethylene treatment is that even ripening is achieved.
12.0 Cost of Production
Table 7 presents most of the activities and cost involved for the production of 1 hectare of
avocado. The model would not be standard for all producers, since, for example the cost of labour and
other factors may vary within different regions of the country. Furthermore, the model assumed a
$25(TT) cost for 1 avocado plant (Ministry of Agriculture, Land and Fisheries , St. Augustine
Nursery Propagation Station). Re-calculations can be done to adjust for any change in the values
presented below. Table 8 presents a costing for an irrigation system for 1 hectare avocado.

49

Table 7: A cost of production model

ASSUMPTIONS:
Acreage (ha)

1

Time of Planting

Beginning of the rains

Propagation

Grafted plants

Plant Spacing

7 meters by 9 meters (23 – 30 ft.)

Plant Density/ha

150

Time to Maturity (yrs.)

3 to 4

Productive Life of Tree (yrs.)

20

Topography

Flat to undulating (Ensure that there is good drainage)

Soil Type

Free draining soils

pH

5.5 - 6.5

Fruiting Time: Pollock

July – August

Lula

November – December

Simmonds

July – September

Yield: Fruits/tree
Year 3

100

Year 4 & Onwards

200

Approx. Weight of Fruit (kg)

0.45

Post-Harvest Losses

15%

Market Price (medium)/fruit

~ $8.00

Labour Cost/man day

$200
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VARIABLE COST

ACTIVITY
Land Preparation
Brush cut
Rotavate
Prepare holes
Drain Establishment/
maintenance
Windbreak
Pine trees
Labour
Planting
Seedling Purchase
Labour-Planting
Mulching and Moulding
Manure
Labour
Fertilizing
12:24:12
20:10:10
12:12:17
Labour
*Irrigation System
Weed Control
Contact herbicide
Labour (Manual)
Pest/Disease Control
Contact Insecticide
Soil Fungicides
Copper Fungicide
Adjuvants/stickers
Labour
Pruning
Labour
Harvesting
Harvesting Crates
Labour
Transportation
Fertilizers & Farm Inputs
Farm Produce
Miscellaneous
Spray can
Mist Blower
Brush Cutter
Fruit Picker
TOTAL VARIABLE COST
RETURNS
Year 3
year 4 onwards
GROSS MARGIN

COST/
UNIT

No. of
Units

ha
ha
ha

$2000
$2000
$2500

ha

UNIT

YR1

YR2

YR3

YR4

YR5

YR6-10

1
1
1

$2000
$2000
$2500

$0
$0
$0

$0
$0
$0

$0
$0
$0

$0
$0
$0

$0
$0
$0

$1342

1

$1342

$0

$0

$0

$0

$0

plant
man days

$1.50
$200

93
2

$140
$400

$0
$0

$0
$0

$0
$0

$0
$0

$0
$0

each
man days

$25
$200

158
13

$3950
$2600

$0
$0

$0
$0

$0
$0

$0
$0

$0
$0

truck load
man days

$1800
$200

1
15

$1800
$3000

$0
$3000

$0
$3000

$0
$3000

$0
$3000

$0
$3000

1 bag (40kg)
1 bag (10kg)
1 bag (40kg)
man days
I ha

$250
$110
$250
$200
$ 17147

5
7
26
4-7
1

$1250
$0
$0
$800
$ 17147

$0
$770
$0
$1200
$0

$0
$770
$3250
$1400
$0

$0
$0
$6500
$800
$0

$0
$0
$6500
$800
$0

$0
$0
$6500
$800
$0

gallon
man days

$135
$200

24

$405
$4800

$405
$4800

$405
$4800

$135
$4800

$135
$4800

$135
$4800

litres
kg
kg
litres
man days

$876
$250
$106
$327
$200

2
1
1
12

$876
$500
$106
$327
$2400

$1314
$500
$106
$327
$2400

$1314
$500
$106
$327
$2400

$1752
$500
$106
$327
$2400

$1752
$500
$106
$327
$2400

$1752
$500
$106
$327
$2400

man days

$200

8

$0

$0

$1600

$1600

$1600

$1600

1
man days

$80
$200

70
20-40

$0
$0

$0
$0

$5600
$4000

$0
$8000

$0
$8000

$0
$8000

Trip
45.4kg

$200
$10

5

$1000

$1000

$1000
$1331

$1000
$2662

$1000
$2662

$1000
$2662

1 (5 gallon)
1

$825
$6000

2
1

$1650
$0

$0

$6000

$0

$0

$0

per/fruit

̴$8

$50993
$0

$15822
$0

$37803
$102000

$33582
$204000

$33582
$204000

$33582
$204000

($50993)

($15822)

$64197

$170418

$170418

$170418

13430
26860

Note:

Returns would only be expected within the 3rd year of operation.

It is expected that approximately 100 fruits per 150 established trees, each valued at an average $8 per fruit, which will give you
‘Returns’ values.

There is an expected 15% post-harvest loss, which is deducted from the ‘Return” values.
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Table 8: Irrigation system for 1 hectare of Avocado
ITEM

UNIT

Poly-tubing drip line
Poly-tubing drip line
connectors and
accessories
Electric Pump
Sand Filter (2”)
Screen Filter (2”)
Irrigation Timer (6
station)
Solenoid Valve
24 volts wire

COST/
UNIT

No. of
Units

1000 ft roll

$1748

4

$6992
$500

3/4 hp
1
1
1

$ 3000
$3795
$1300
$750

1
1
1
1

$3000
$3795
$1300
$750

1
roll

$170
$300

3
1

$510
$300

TOTAL
Assumptions:


COST

$17147

Electrical power supply is available on the farm holding
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