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What is IICA?

The Inter-American Institute for Cooperation on Agriculture (IICA) is a specialized agency of
the Inter-American system, and its purposes are to encourage and support the efforts of its
Member States to foster agricultural development and rural well-being in their territories.

With more than six decades of institutional life, the Institute is responding to new mandates
issued by the Heads of State and Government of the Americas, the General Assembly of the
Organization of American States (OAS) and the ministers of agriculture of the Americas, to
reposition itself so that it can meet both the new challenges facing agriculture and the requests
for support it receives from its member countries.

As it pursues its vision and mission, the Institute has competitive advantages it can draw on to
carry out its new role. It has accumulated a wealth of knowledge regarding agriculture and the
rural sector, the diversity of peoples and cultures, and the agroecological diversity of the
hemisphere, all of which are important for crafting creative solutions to a wide variety of
problems and challenges.

Its presence in all of the Member States gives the Institute the flexibility it needs to move
resources between countries and regions, in order to design and adapt cooperation initiatives
intended to address national and regional priorities, facilitate the flow of information and
improve the dissemination of best practices.

The Institute has its Headquarters in Costa Rica, and Offices in 34 countries of the Americas, as
well as an Office for Europe located in Madrid, Spain. The Directorate for Strategic Partnerships
works out of the IICA Office in Washington, D.C.
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PREFACE

Consumers generally expect the food they eat to be safe. Although individuals can take
responsibility for the safety of the food they produce themselves, very few people produce all of
the food they consume. This means they must rely on farmers, distributors and processors for
the safety of much of what they eat. As such it requires that systems are established to facilitate
the safe production of food along the entire agri-food chain.

At the farm level, Good Agricultural Practices are the main requirements for the adoption and
application of food management practices for the production of fresh fruits and vegetables
without affecting the environment and the lives of farm workers.

This document provides a general guide to the production methods that will ensure the delivery
of good quality products.

Aaron H. Parke
IICA Representative in Trinidad and Tobago
and Director of Caribbean Regional Agenda
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1.0 INTRODUCTION

1.1 Importance of adopting good agricultural practices

Over the past two to three decades there has been an increase in food borne illnesses associated
with the consumption of fresh fruits and vegetables (fresh produce). Most of these outbreaks
were associated with microbial contamination. The major microbes that have been implicated
include Salmonella, Escherichia coli 0157:H7, Campylobacter Listeria monocytogenes and the
Norwalk virus. Protozoan type organisms (Cryptosporidium sp.) were also implicated in some
outbreaks. Nematodes, (Strongylus sp.), have also been a source of food borne illness.
Traceback studies subsequently indicated that in most cases, breaches occurred during
production and postharvest handling which led to produce contamination and illness. In an
attempt to reduce these risks Good Agricultural Practices (GAP) Protocols were developed. In
1991, the United States Department of Agriculture (USDA) introduced the first voluntary
guidelines whose primary objective was to reduce the microbial population of fresh produce. A
European model referred to as EurepGAP was subsequently introduced. The European model,
while placing emphasis on microbial reduction, also places great emphasis on integrated pest
management and pesticide usage. When first developed GAP was suggested as voluntary
guidelines. With the passage of time these guidelines have started to become more enforceable.
In fact, in the U.S., more companies that distribute fresh produce are demanding mandatory third
party independent audits of fresh produce growers as a prerequisite for purchasing. In January
2006, the European Union (EU) is set to implement its pesticide initiative programme. This
measure will have tremendous implications for Caribbean exporters whose products are
marketed in the European Union. In addition, the International Standardization Organisation
(1SO) is in the process of finalising an international food safety standard 1SO 22000:2005. When
finalised by December 2005, GAP and EurepGAP will be made mandatory as the Prerequisite
Programme (PRP) for all suppliers, inputs entering food establishments that wish to become
certified. The protocols presented in this document combine aspects of both the American model
and EurepGAP.
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1.2 Principles of GAP
The U.S. model is based on 8 principles which are also applicable to other models that were

subsequently developed. They form a useful basis for implementing any GAP initiative.

Principle 1: Prevention of microbial contamination of fresh produce is favoured over reliance on

corrective actions once contamination has occurred.

Principle 2: To minimise microbial food hazards in fresh produce, growers, packers, or shippers
should use good agricultural and management practices in those areas over which they have

control.

Principle 3: Fresh produce can become microbially contaminated at any point along the farm to
food chain. The major source of microbial contamination with fresh produce is associated with

human and animal faeces.

Principle 4. Whenever water comes into contact with fresh produce the water’s quality dictates
the potential for contamination. The potential for microbial contamination from water used with

fresh fruits and vegetables should be minimised.

Principle 5: The use of animal manure must be closely monitored to minimize microbial

contamination.

Principle 6: Worker hygiene and sanitation practices during production, harvesting, sorting,
packing and transport play a critical role in minimising the potential for microbial contamination

of fresh produce.

Principle 7: All applicable laws that are aimed at reducing microbial contamination of fresh

produce should be obeyed.

Principle 8: Accountability at all levels of the agricultural environment is important to a

successful safety programme. Qualified personnel and effective monitoring are critical in
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ensuring all elements of the programme are operating effectively. This helps to effectively

implement traceback through distribution channels if things go wrong.

1.3 Components of the GAP Protocols
The GAP Protocols have identified the major points at which contamination can occur on the
farm and during postharvest operations. These points are sometimes referred to the major hazard
control points. By following the recommendations aimed at reducing contamination at these
points one can significantly reduce the risk of produce contamination. The major components of
the GAP protocols are:

» Site selection, topography and land preparation

= Fertilizer application of inorganic and more importantly animal manure

e Worker health and hygiene

e Pesticide safety

e Water quality on farm and in the postharvest environment

e Postharvest operations

2.0 IMPORTANCE OF MELONGENE IN TRINIDAD AND TOBAGO

Melongene (Solanum melongena) is an important member of the Solanaceous family. It is
referred to by other names including egg plant, aubergine and baigan. It is an important crop
locally and continues to be an important crop on the regional export market. At one time a good
market was available on the Canadian market. Some of that market share was lost because local
exporters were not consistent with the grades and standards expected of them by Canadian

importers.

3.0 SITE SELECTION, TOPOGRAPHY AND LAND PREPARATION

3.1 Site Selection
The GAP Protocols place great emphasis on thoroughly evaluating the history of the lands that
are intended for production. Land history allows one to ascertain the possibility of risks to human

health if these lands were to be cultivated. A number of pertinent questions should be asked and
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correctly answered before lands are used in the production of fruits and vegetables. It must first
be ascertained whether the land was used:

e asa landfill or as a storage for toxic waste

e asaburial ground for either humans or animals

e to dispose of sanitary waste

e as pasture

« for mining or for extraction of oil and/or gas

» for the disposal of incineration material

e for industrial waste or mineral residues

Other considerations include whether:
» the land adjacent to the intended production site was used for animal husbandry
= there has been any flooding on the said land

e the land been used as a site for manure storage

Lands which were used for storing toxic wastes or as landfills pose enormous risks to human
health if they are used for crop production. Landfills and toxic waste disposal sites are known to
have high concentrations of heavy metals and other toxins. High levels of mercury, lead,
cadmium and other toxic, heavy metals have been well documented on landfills. In addition,
many landfill sites are known to have dangerously high pesticide residue levels because of
indiscriminate and careless pesticide usage to control ants, rodents and cockroaches, and also
because of the cumulative effect of dumping pesticide containers over very long periods of time.
A good example is the presence of DDT which can still be measured on some landfills that are
over forty years old. Lands which were used for storage of sanitary waste, incinerated waste,
burial grounds and from which oil and gas have been extracted should be avoided at all costs
since the risks associated with these lands far outweigh their benefits. Further, sites used for
garbage disposal or as waste management sites may contain decomposing organic material and
human faeces. Areas which are prone to heavy flooding are also cause for concern since the
flood waters can introduce chemical contaminants and dead animals from other areas. Dead
animals in stagnant water create the ideal environment for the proliferation of dangerous

microorganisms. The presence of animals is mainly associated with raw manure. This issue is
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discussed in Section 4.2 of this document.

3.2 Land Preparation and Topography

Melongene is mostly grown on flat or slightly undulating lands. While the crop can be grown in
both wet and dry seasons, farmers prefer to grow the crop in the dry season. In some Caribbean
regions most crop production takes place on hillsides. Under hillside production the kind of land
preparation techniques that would be employed are different and determined mainly by the need

for soil conservation.

3.2.1 Soil types and soil amelioration.
Soil acidity is determined by having a soil analysis done by a reputable soil testing laboratory.
By ascertaining the pH of the soil, as well as looking at several other factors, a soil amelioration
programme is determined. Reduce soil acidity through the use of limestone.
High soil acidity (pH 3.5-5) impacts negatively on plant growth for the following reasons:
e Concentrations of the potentially toxic elements aluminium, manganese and iron are
increased under acidic conditions because of their greater solubilities at low soil pH.
« High soil acidity inhibits microbial activity responsible for organic matter decomposition.
e The efficacy of certain herbicides especially pre-emergent herbicides is reduced.
e Highly acidic clays are less aggregated which results in low permeability and soil
aeration.
As stated earlier, the addition of limestone greatly benefits acidic heavy clays. Limestone is
beneficial because limestone:
* Reduces aluminium and other metallic toxins
e Improves the physical structure of the soil
e Encourages microbial activity
e Increases the availability of phosphorus, calcium, magnesium and other important
plant nutrients

e Provides the soil and crop with calcium
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Limestone should be applied 8-12 months prior to production in order for it to benefit the soil

and reduce acidity.

3.2.2 Land preparation

The important steps in land preparation are as follows:

Land clearing

|

Ploughing

|

Rotavating

|

Bed formation

|

Planting

Figure 1: The important steps in land preparation

Land clearing normally involves a number of operations which are aimed at removing vegetation
from the land. Brush-cutting and/or the application of systemic herbicides are/is normally used to
achieve this end. A deep plough of at least 10-12 inches is made. Some farmers employ the
technique called double cutting where the plough is passed over twice on the same piece of land

in order to ensure a deep plough.

After ploughing ameliorants such as limestone can be applied before the next operation is done.
After ploughing, the soil should be left for 2-3 days since ploughing will cover weeds and
prevent sunlight thus resulting in the destruction of some weeds. The soil is then rotavated to a

fine tilth and formed into beds.



Good Agricultural Practices — Melongene

3.2.3 Bed formation
(a) Flat beds with box drains:
On free draining sandy loams the crop can be easily grown on flat beds. The beds range in width

from 2-3 metres and can be as long as 40 metres. On either side of the beds, box drains are
constructed to allow for drainage. Most box drains are connected to larger storm drains for quick
movement of water after heavy rainfall. During the growth of the crop it is usually moulded at
some point along the width of the bed. This practice essentially converts the flat bed to a system
of ridges and furrows which facilitates drainage even further. In systems where irrigation tapes

are employed two systems of bed formation are quite common.

Figure 2: Flat beds with box drains

Ridges and furrows:

The ridges and furrows is gaining popularity as a method of bed formation. It has the distinct
advantage of allowing quick removal of free water after heavy rainfall. Additionally, ridges and
furrows can be easily irrigated using irrigation tapes attached to fixed water sources. For
melongene cultivation ridges should be 3-4 feet apart. On relatively heavy clays ridges and

furrows are very efficient in removing free moisture from the field. After production of one crop
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the ridges can be rototilled, ameliorants added and another crop can be grown without the need
for brush-cutting, reploughing and rotavation.

Figure 3: System of ridges and furrows

3.2.4 Spacing

Like many of the agronomic practices, spacing is influenced by a number of different factors.
Generally, however, for flat bed cultivation, plants are spaced 2 %-3 feet within rows and
between 3%2-4 feet between rows. On ridges and furrows plants are spaced 2%2-3 feet on the

ridges and 5-6 feet separates one furrow from the next.

4.0 FERTILIZER USAGE

Inorganic and organic fertilizers are used quite extensively in melongene production. There are
guidelines that have been developed when using both forms of fertilizer that prevent risks to
human health and safety.
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4.1 Inorganic Fertilizers

These are normally applied as compound fertilizers having varying ratios of nitrogen,
phosphorus and potassium. It is quite commonplace to find that no soil testing is done before
these fertilizers are applied and more often than not there is overuse. The common practice of
sharing advice between farmers based on trial and error can lead to one set of recommended
practices not being as effective in another situation. Basic guidelines based on the requirements
of the crop have been established. These guidelines take into consideration all other aspects of
the agronomy of the crop.

A number of fertilizer regimens have been developed. They are recommended following soil
testing and making the necessary adjustments to the soil. The general principles that are

followed in the determination of a fertilizer requirement for melongene are:

Fertilizer regime:
Fertilizers should only be applied after a proper soil test has been done. The general principles

governing fertilizer usage are as follows:

e Apply high phosphorus, chlorine-free compound fertilizer at final rotavation or to the

planting hole at the rate of 1 ounce per planting hole.

e After transplanting, apply a high phosphorus fertilizer solution to the newly transplanted

seedlings. A good example is a 10: 52: 10.

e Apply a high phosphorus fertilizer every 7-10 days after transplanting up to 6-8 weeks of
crop growth.

e At the first sign of flowering apply a high potassium chlorine-free fertilizer at the rate of
1%/,—2 ounces per plant every 10-12 days. A high potassium foliar fertilizer is sometimes

used to prevent flower drop and fruit set.
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HAZARDS ASSOCIATED WITH INORGANIC FERTILIZERS

When using inorganic fertilizers or any other agro-chemical it is important to wear
gloves that are impermeable to chemical seepage. Allergies that express themselves as
skin rashes are known to be caused by some fertilizers. The dyes used on some

fertilizers are believed to be carcinogenic to the skin. Protect the skin at all times!

4.2 Organic fertilizers

Organic fertilizers can be derived from both plant and animal material. The use of animal manure
is far more common during the production of melongenes than composted plant material.
Animal manure may be derived from poultry, small and/or large ruminants including sheep,
goats, dairy and beef lot operations, pigs and horses. Of all these forms of manure, poultry

manure is by far the most common source of animal manure used in our production systems.

The danger with the use of animal manure is, in almost all cases, these forms of manure are
applied raw onto the fields. Animal manure has been well associated with major outbreaks of
food borne illnesses worldwide. Animal manure is known to contain very high levels of
dangerous microorganisms that can result in human illnesses. These include Salmonella, E. coli
157:H7, Cryptosporidium spp. and the tetanus bacteria, Clostridium tetani. In addition, it can be
a major pollutant to surface and ground water and to the atmosphere, and is a major contributor
to algal bloom on surface water. For these reasons, untreated animal manure used in the
production of edible produce implies a greater contamination risk to human health and is not
recommended. Animal manure may constitute an important source of plant nutrients if it is
properly treated (i.e. composted) before application onto the field. If the manure is inadequately
decomposed then the risks will far outweigh the benefits, thus the need for proper composting. It
is also important to fallow the land even when composted manures are used in order to further

prevent the possibility of pathogen build up.

10
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A very common practice is to broadcast raw manure at the time of planting. Piles of raw manure
can be seen on the side of the field of production areas or stored in feed bags . Additionally, feed
some farmers top dress the crop with raw manure 1-2 weeks before flowering and fruiting. These
practices breach the recommendation of the GAP Protocols and are therefore not recommended.
Some simple strategies which can significantly reduce the risks associated with manure usage
are:

e Use only properly composted manure

e Abstain from top dressing with either raw or composted manure

e Apply only composted manure to the planting hole 2-3 weeks before transplanting

seedlings

The following photographs show a number of the problems associated with improper manure

usage.

Figure 4. Raw poultry manure stored next to irrigation channel

11
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Figure 5: Leaching of manure into irrigation channel

~ A :L.! "

Figure 6: Top dressing of melongene with raw manure

12
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4.3 Treatments to reduce risks

4.3.1 Composting

Composting is a natural biological process by which organic matter is decomposed. Bacterial and
fungal organisms ferment organic matter reducing it to a biologically stable material referred to
as humus. Fermentation generates a substantial amount of heat and this heat reduces and in some
cases eliminates the biological hazards. Composting treatments may be divided into two

categories: passive composting and active composting.

Passive composting is simply taking the animal waste placing it in a pile and covering it. Over

time, microbial activity will decompose the material and the heat generated will destroy the
dangerous microorganisms present. This method has the advantages of being simple to do and
costs very little in terms of labour. Passive composting is, however, very dependent on ambient

temperature and takes 4-6 months before the manure is sufficiently decomposed and safe to use.

Active _composting is more labour intensive but results in the material being ready for

application into the field approximately 4-6 weeks after decomposition begins. Active
decomposition is achieved by making a pile consisting of several layers of different organic
material. The following is a formula for 1000 kg of fresh animal manure.

Composting materials: To create 1000kg of fresh animal manure

e 1000 kg fresh manure

e 150 kg dried grass, bagasse, corn stalk etc.

e 50 kg sieved soil

e 10 kg ground charcoal

e 45 kg limestone

e Activator 5kg molasses or sugar mixed with baker’s yeast
e Clean water

e Turning instruments

» Water hose

e Thermometer

13
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Add manure over a layer of dried grass

!

Add soil over the manure

!

Add limestone carbon activator and sprinkle with water

!

Mix the material

!

Form a pile not exceeding 1.2-1.5 m in height

Check temperature at centre of pile after 3 days
(should be between 55-70°C)

!

Start the turning process

!

If the temperature is higher than 70°C add more straw and mix again

!

Daily turning and temperature measurements (55-70°C)

Cover the heap after daily turning for the first 12-15 days.

After first 15 days turn and measure temperature once every 8 days

The process is completed in about 50 days

(A good sign that composting is complete is a fall in
temperature to between 40-45°C)

Figure 7: Steps in active composting

14
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4.3.2 Other methods of treating manure

A number of available and evolving technologies can be considered in treating animal manure.
The use of biogas digesters greatly reduces the foul odour from the manure making it more
comfortable for operators to compost the product thereafter. The methane gas can be trapped and

used for other farm operations.

Manure pasteurisation is a new technology that has the potential to destroy harmful microbes. In
some systems, manure is dried in layers 3-5 cm thick in open sunlight. The dried manure is then

subject to composting producing a product that is free of harmful pathogens.

4.4 GAP in the Management of Organic Manure
Good agricultural practices are critical to the safe use of organic matter. It is necessary to
observe GAP when using organic fertilizers. The major components of GAP management for
organic matter are:

e proper treatment of the material

= storage of the organic matter

e proper field application

e minimising risks to workers

e record keeping and control

4.4.1 Storage of animal manure
There are some key considerations when selecting storage areas where manure is to be stored
and treated. Storage areas:
e Must be kept far away from production areas
e must be contained by brick walls, soil piles etc. in order to prevent contamination by rain
wash, subterraneous water flow or wind spread
e Store manure on cement floors
e Must be covered to protect against rainfall. Rainfall generates liquid with a huge bacterial
population which can contaminate production areas
e Should be covered and prevented from being contaminated by birds and rodents

e Should be kept away from waste disposal areas

15
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4.4.2 Application of treated manure to the field

Once the manure is properly composted it should be tested for its microbiological safety before it
is applied to the soil. It should be applied 2-3 weeks before planting. The risk of contamination is
further reduced if the treated manure is applied into the planting mounds on cambered beds and
properly mixed with the soil. The common practice of broadcasting raw manure onto the entire

field is not recommended.

4.4.3 Hazard to operators
Personnel who handle raw manure must be vaccinated against tetanus. No one with exposed
wounds should be allowed to handle manure. After handling raw manure and compost, proper

washing ensures prevention of illnesses of workers.

4.4.4 Record keeping and controls
Keeping records of preparation and application of fertilizers are all part of the GAP programme.
The information recorded should include the following:

e origin of the organic material

e date composting started and when completed

e temperature recorded during turning

e the physical make up of the composting material

e persons involved in the application

e microbial testing and clearance for usage

5.0 WATER QUALITY

Water quality is an important factor influencing the microbial contamination of fresh fruits and
vegetables. Water is essential for a number of operations carried out on the farm including
irrigation, pesticide application, fertilizer application and post harvest washing. Additionally,
water is required for washing and bathing of farm and packing workers and for drinking. Poor

quality farm water can be an important vehicle in microbial contamination of fresh produce.

16
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5.1 Irrigation Water

Critical to the growth and development of pumpkins is proper irrigation and drainage. Severe
periods of drought will result in poor yields. Periods of drought followed by sudden watering
often causes the fruit to crack thereby providing an additional portal of entry for bacteria and

other harmful microorganisms. The marketability of the fruits is also reduced.

The extent to which contamination might occur is also dependent on a number of factors
including the method of application of irrigation water, the stage of development of the crop, the

type of crop, irrigation intervals and the manner in which the water is stored and handled.

The most common form of artificial irrigation is overhead irrigation. Water is sourced mainly
from surface water (rivers, streams etc) which is then pumped into poly vinyl chloride (PVC) or
galvanise conduits or via high density or low density polyethylene irrigation tapes and applied to
the entire field. It is quite possible that microbial contamination which has been measured in the
pulp of pumpkin fruits have affected the fruit as a result of suction of harmful pathogens within
the surface water. Current research data indicate a high level of microbial contamination of
surface water. Most of our surface water is contaminated with human and animal faeces,
industrial and agrochemical pollutants and a plethora of other risks all of which can affect human
health.

The following photographs show examples of poor irrigation water at source (Fig. 8) and in

irrigation channels (Fig. 9).

17
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Figure 8: Surface water surrounded by potential contaminants

Figure 9: Galvanise conduit with pumping polluted water into producton fields
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