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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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Good Agricultural Practices — Shado Beni

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 important to
the fresh produce industry. 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 a programme directly related to EurepGAP. This measure will have
tremendous implications for Caribbean exporters whose products are marketed in the European
Union. The International Standardization Organisation (ISO) has developed its food safety
standard I1SO 22000:2005. Good Agricultural practices are the foundation on which the pre
requisite programme is based making GAP even more important to the future of trade in fresh

produce.

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.
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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
ensuring all elements of the programme are operating effectively. This helps to effectively

implement traceback through distribution channels if things go wrong.
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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:

» 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 SHADO BENI IN TRINIDAD AND TOBAGO

Shado Beni (Eryngium foetidum) is a culinary herb which has gained significant importance as a
crop over the last 12-15 years. It is known by other names including bandhanya and fitweed. On
the North American market it is sold as cilantro. Its odour closely resembles that of the more
common cilantro. Historically, usage of the crop was confined to small rural communities where
it was found growing wild in sugar cane plantations. It was a very common and important

ingredient in rural cuisine.

Having recognised its importance as a new crop with tremendous economic potential, the crop is
now grown commercially in holdings ranging from 5,000 sq ft plots to half acre holdings. The
demand for the crop has extended from rural communities to restaurants, high-end supermarkets
and international markets mainly in North America. The pungent herb has become a key

ingredient in sauces and marinades and as a garnish.

Over the past two to three years, Trinidadian exporters of this culinary herb have lost a lot of
their market share to Central American suppliers. The reasons for the loss in this once lucrative
market are many, but continuous problems with high microbial populations and poor quality

leaves contributed significantly to this situation. Most Central American suppliers have
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established GAP programmes for the majority of their farms that supply international markets.
Additionally, they have also paid closer attention to postharvest handling considerations and
invested in pre-cooling facilities. In order to regain market share GAP and postharvest

management practices must be improved considerably.

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 intended
lands that are to be used in 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 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 asapasture

« 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

« 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,
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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

discussed in Section 4.2 of this document.

3.2 Land Preparation and Topography

Shado beni is grown on heavy clays. The crop can be grown year round if sufficient irrigation is
available for dry season production and if proper drainage is put in place to prevent water

logging in the rainy season.

3.2.1 Soil types and soil amelioration.

Heavy clays are normally acidic with a pH range of 3.5-5.5. Important micronutrients are often
low especially available soil calcium and magnesium. Additionally, acidic soils tend to fix soil
phosphorus resulting in reduced availability of this important plant nutrient. Drainage is often
impeded under wet conditions due to soil swelling and large cracks are observed when the soil

dries.

Soil acidity is determined by having a soil analysis done by a reputable soil testing laboratory.
By determining the pH of the soil and the exchangeable aluminium the exact liming
requirements can be determined. Limestone is critical in reducing the acidity of the soil. High

soil acidity (pH 3.5-5) impacts negatively on plant growth for the following reasons:
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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.

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

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 crop is grown on flat beds demarcated by box drains. The beds are approximately 4 feet
wide and vary in length. Drains are about 18” deep by 18” wide. Raw poultry manure and
limestone are broadcast liberally and are mixed with the soil. Seedlings or cut stems are used as
planting material. They are planted within 24 hours of manure application.

This practice of liberally using raw manure is not acceptable if one is to be GAP compliant. The
fact that shado beni is a quick maturing culinary herb means that it is quite susceptible to
contamination with raw poultry manure. This problem is further compounded when irrigation
water from dirty water sources is allowed to freely splash onto the crop. Since the herb may be
used as a garnish or as a minimally processed sauce, high microbial populations will surely
compromise human health. It is no surprise that shipments of shado beni were rejected on entry
into the U.S. because of high levels of E. coli 0157:H7.
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Before using poultry manure the guidelines given in this document pertaining to its use must be
followed. In an attempt to reduce the likelihood of contamination through the use of poultry
manure, farmers may also consider some other soil ameliorants such as:
e Using a plant-based source of compost such as well-rotted bagasse, rice straw, or spent
mushroom compost
e Growing the crop in a sharp sand / bagasse-based grow box system

e Using a sharp sand-based production system

4.0 FERTILIZER USAGE

Inorganic and organic fertilizers are used quite extensively in shado beni production. There are
guidelines that have been developed when using both forms of fertilizer that prevent risks to

human health and safety.

4.1 Inorganic Fertilizers

Much research is still needed in the area of fertilizer requirements for shado beni. What is known
is that the crop is a very heavy feeder. The following recommendation is given only as a guide.
If a soil test indicates that a different regimen should be used, the recommendations given by the
soil testing facility should be used in preference to what is given here.

At transplanting: Apply 5 grams of 12:24:12 to each plant. Repeat this application 7 days later.
After three (3) weeks: Apply 10 grams of Calnitro per plant.

Apply Urea or Sulphate of Ammonia and Calnitro on a weekly basis.

Apply foliar applications of 20:20:20 on a weekly basis for the duration of the crop.
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4.2 Organic Fertilizers

Organic fertilizer can be derived from both plant and animal material. The use of animal manure
is far more common during the production of shado beni than the use of composted plant
material. Animal manure may be derived from poultry, small and/or large ruminants including
sheep, goats, diary 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.

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.
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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 4-6 weeks after decomposition begins. Active decomposition is
achieved by making a pile consisting of several layers of different organic material. A

formulation is given for 1000 kg of fresh animal manure.

Composting materials
To create 1000 kg 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
» Clean water

e Turning instruments

e Water hose

e Thermometer

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
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used for other farm operations.

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 1: Steps in active composting

10



Good Agricultural Practices — Shado Beni

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
= 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

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

11
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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. The extent to which contamination might occur is also dependent on a number of
factors including the stage of development of the crop, the type of crop, time since the last
application of water, the manner in which water is stored and handled. 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.
5.1 Irrigation Water

Critical to the growth and development of shado beni is proper irrigation and drainage. Severe

periods of drought will result in poor yields.

12
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5.1.1 Overhead irrigation

A common form of artificial irrigation system is overhead irrigation. Water is sourced mainly
from surface water (rivers, streams etc) which is then pumped into polyvinyl chloride (PVC) or
galvanise conduits. Water is applied in circular bands over the entire field as a fine mist. Given
the levels of pollution, contamination, with harmful microbes, agro-chemical pollutants, human
and animal faeces and heavy metal contamination this form of irrigation coupled with splashing
of raw manure pose severe risks to human health. Some systems employ the use of irrigation
tapes which are used to apply water directly onto the bed. Again the concern is the level of water
contamination at the water source. The photograph shows the ease with which irrigation tapes

can be permanently employed.

Figure 2: Irrigation tapes used during production

5.1.2 Splash irrigation
Some farmers use simple watering cans or containers to splash water stored in box drains located
on the side of the bed. The water is also drawn from polluted surface water and poses the same

risks as outlined above.

13
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5.2 GAP in the Prevention of Water Contamination

5.2.1 Precautions to prevent water contamination

Identify the primary and secondary sources of water and be aware of the possibility of
contamination.

Ensure that livestock effluent is not an additional source of contamination.

Be aware of wildlife presence and treat water accordingly.

Do not store manure in production areas.

Identify soil topography and rainfall patterns and their possible effect on water
contamination.

Verify water acceptability by periodic testing.

Store potable water in covered tanks.

Treat pond and other irrigation water-holding receptacles periodically.

Choose irrigation systems that prevent water from wetting the entire plant.

Identify and control the risk of water in packing facilities. Cool drinking water must be
available for workers. In some cases where it is not possible to have water from

contamination from adjacent fields.

5.2.2 Water harvesting and storage

Contaminated farm water is an issue that requires urgent attention. Contaminated shado beni will

not be fit for human consumption if this issue is not addressed. On international markets where

testing is done on an almost routine basis, rejection and subsequent loss of market share will

result. Water harvesting, storage and treatment provide the best long term solutions to these

problems. Several countries including some of the poorer nations of the world are turning to

systems that facilitate the collection of rain water in concrete ponds, metal or concrete cisterns,

or high density polyethylene collapsible cisterns. Rain water, if properly collected and stored,

will carry substantially less harmful microorganisms than contaminated surface water. Rain

water will require less disinfection than surface water.

14
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5.2.3 Improving surface water

Most Caribbean islands still have relatively uncontaminated surface water sources. Care must be
taken to prevent polluting this scarce but valuable resource. In cases where the only available
water source is surface water which may not meet the requirements for irrigation, a disinfection

regime must be implemented to allow such water to be used for irrigation purposes.

In order for this water to be used it must first be tested to determine the level of microbial
contamination. It is recommended that the water be pumped and stored in concrete ponds or
cisterns etc. Attaching the pump to a filtration system at source will reduce the amount of
organic matter and so improve the efficiency of disinfection especially chlorine-based
disinfection. After testing, the stored water is now subjected to a disinfection treatment using a
chlorine-based sanitizer. The water is then tested again to ensure it is safe for farm use. Once the

water is determined to be safe for irrigation, recontamination must be prevented.

New technologies are now being developed and commercialized that do not require the use of
chlorine. Infrared treatment pumps which use a beam of infrared light to destroy microorganisms
have been developed. Such technologies are available but have not as yet been tested in our

environments.

5.3.4 Potable water

A ready and available source of potable water must be present at all times on the farm and during
postharvest operations. Potable water is to be used for all hand washing, showering, produce
cleaning, pesticide mixing and other agro-chemical applications. Cool drinking water must be
available at all times to all workers even if it has to be bottled and kept in ice. In order to prepare
shado beni for market the leaves must be washed and sanitised using a chlorine-based sanitizer.
During washing, there is direct contact of water on the surface of the leaves and it is critical that
this water meets the standard for potable water. Proper washing of the leaves is an essential step
before chlorination since chlorine is ineffective when it comes in contact with organic matter and

soil.
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Good Agricultural Practices — Shado Beni

Chlorine is used to prevent cross contamination and will not stetfiseproduct. Effective
cleaning and low microbial load of incoming leaves will greatly improve theaeff of chlorine.

Chlorine is normally applied at the rate of 75-100 ppm at a pHo56When used properly,
chlorine can significantly reduce microbial populations (between 100-1000 fold reductions)

Figure 3: Surface water surrounded by potential contaminants
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