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INTRODUCTION 

Phase II of FAO TCP/DMI/3401 project titled “Assistance to Improve Disaster Risk 

Management Capacities in the Agricultural Sectors” within the Commonwealth of Dominica 

had as its goal the achievement of the following project objectives: 

1. Development of a cross-sectoral disaster risk management plan including agriculture, 

fisheries and forestry; The plan will integrate institutional and technical aspects to 

strengthen local capacities for DRM in agriculture, including mechanisms for linking to 

the overall national DRM strategy to the climate change adaptation frameworks; 

including hazard and vulnerability maps for selected sites to identify the areas that are 

most vulnerable to landslides, resulting in recommendations towards land use planning. 

 

2. Enhanced capacities of extension services and extension staff to promote field 

implementation of DRM related processes and activities. 

 

3. Concretised field demonstrations of pre-selected Good Practices (GP) for DRM delivered 

in the crop, livestock, fisheries, and forestry sub-sectors. 

 

4. Integrated Community-Based DRM (CBDRM) approach established in five pilot villages. 

The approach will include needs-based identification of additional GPs led by local 

communities and capacity building activities for enhanced DRM coordination and 

planning at village level as basis for increased resilience and hazard preparedness. 

Public awareness material will be prepared to underline and disseminate the importance 

of integrating sustainable land and disaster risk management. 

 

This Manual is based on activities carried out under objectives 2 and 3 of the project. 

Together with other Manuals produced under various components of the project, it is 

intended to serve as a reference source for Extension personnel in providing improved 

support/services to farmers.  

 

BACKGROUND 

Agriculture has always been an important sector of the Dominican economy in terms of its 

contribution to GDP, provision of employment, domestic food and nutrition security, 

sustenance of rural livelihoods, and the generation of foreign exchange earnings. Historically 

referred to as the backbone of the economy, the broad agricultural sector includes the 

production, processing, marketing and consumption/demand sub-systems of the crops, 

livestock, (forestry and fisheries - not elaborated in this plan) sub-sectors.  

Up until the late 1980's, agriculture contributed 26% of GDP, 30% of employment, 70% of 

exports and 60% of the food needs of the population. Since then and into the 1990s, much 

slower growth rates have been recorded largely as a result of the erosion of preferential 

trading arrangements for ACP bananas in the EU, leading to diminishing returns on 

investments within the sector. This situation was further compounded by the effects of 

climate change as evidenced by the frequency and intensity of tropical storms and other 

weather phenomenon (e.g. drought of 2010) impacting the sector.  
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Land Use  

The last agricultural census was undertaken in 1995. Preparations for the conduct of one 

during the latter part of 2014 into 2015 are currently on-going. The census of 1995 revealed 

that 61.7% (35,800 acres) of the land under farms was cultivated in contrast to 44.2% in 

1961. Land under forest moved from 48.7% in 1961 to 28.3% (16,400 acres) in 1995.  

Significant changes in production acreages are believed to have occurred since the 1995 

census, evidenced by the increase in abandoned farms around the island. An accurate 

quantification of this change is currently not available.  The majority of farming enterprises 

have however remained small individual or family-owned proprietorships, which are 

generally undercapitalised, with limited technical and managerial skills and thus low 

productivity.  

Crops  

Intercropping / multi-storeyed cropping is characteristic of local farming systems. Arguably, 

bananas remains a most important crop despite the fact that it now faces significant decline 

as experienced in the past with coconuts, citrus (grapefruit), and more recently bay leaf. 

Other crops in the farming system which are emerging in importance include root crops, fruit 

crops, plantains, cocoa, coffee, herbs and spices, and vegetables. The contribution of 

agricultural exports to Total Domestic Exports ranged from 36.6% in 2004 to 33.3% in 2007. 

Crop production is effected mainly in open field settings, though there is an active cross 

section of producers who utilize protected structures (greenhouses or tunnels) to produce 

mainly vegetable crops. Production methodologies utilized are generally unscientific and not 

always based on best practices as it relates to crop husbandry and soil management.   

Agro-processing 

There are a small number of rural based agro-processing enterprises which have been 

involved in traditional value added products, namely cassava farine, toloma, bay oil and 

more recently fried chips (breadfruit, plantain and other root crops) and coconut oil. A 

cursory review of these initiatives spawned the inference that for the most part, the 

structures housing these enterprises were modified from other purposes and do not 

engender the required efficiencies, preparation standards and resilience against climatic and 

other hazards.  

Agricultural Risk and Vulnerability profile.  

Dominica is highly vulnerable to a large number of hazards because of its location and 

geology. As the most northerly of the Windward Islands, Dominica lies well within the Atlantic 

hurricane belt and is frequently affected by storms and hurricanes. Further, it is the most 

mountainous and rugged of the Eastern Caribbean islands, with characteristically high 

rainfall depths which significantly increase susceptibility to landslides. The island is rated 

among those with the highest drainage densities with rivers running through deep, narrow 

valleys. The island’s location on a volcanically and tectonically active ridge also ranks it 

among nations with the highest concentrations of volcanic activity, with 11 potentially active 

volcanoes island wide.  

Six of the eight volcanic centres are located in the south of the island within 10 km of the 

capital city, Roseau. The south of the island is believed to be at high risk of future volcanic 
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eruptions which could generate lava flows, ash falls and lahars. It is furthermore estimated 

that 90% of the population lives within 5 km of a live volcano.  

Storms and hurricanes have caused the most - and most frequent - destruction to date. The 

most devastating hurricane of the last century occurred in 1930, killing around 2000 people. 

Hurricane David in 1979 killed around 47 people. More recently, the island has been affected 

by Hurricanes Allen in 1980, Klaus in 1984, Hugo in 1989, Debbie in 1994, the three tropical 

storms Iris, Luis and Marilyn in 1995 and Lenny in 1999. The hurricanes of the 1990s caused 

enormous damage to the country's agriculture and infrastructure. Hurricane Luis is believed 

to have destroyed 90% of banana and other crops.  

Another recent disaster was the massive 1997 Layou River Landslide, a series of landslides 

which blocked the upper portion of the Layou River. A prolonged volcanic alert was issued in 

1998/1999, which, even though there was no eruption, forced the authorities to reassess 

volcanic emergency preparedness. On November 21, 2004, the island was shaken by an 

earthquake of 6.0 on the Richter scale. A number of structures were seriously damaged and, 

partly because of landslides caused by the highest rainfall in over 25 years, some 

communities were cut off due to blocked roads.  

In addition to these natural events which have affected Dominica's agriculture with varied 

levels of severity, praedial larceny has also emerged as a major risk to the security and 

sustainability of primary agriculture in Dominica. Despite the legislative review which was 

undertaken to curb the problem when Theft Act: Chapter 10:33 was amended by Act no. 20 

of 1996, and the Sale of Produce Act: Chapter 82:02 was amended by Act no. 4 of 1997, 

farmers across the country continue to report substantial losses from theft of fresh produce, 

livestock, equipment and agricultural inputs from their farms (in like manner, fishers have 

suffered loss of fish catches, pots and other fishing gear).  

The arrival/introduction of various invasive pest and disease species has also created a 

major impact on agricultural productivity / production. Pest and diseases such as the Giant 

African Snail, Citrus Tristeza Virus and more recently Black Sigatoka and Citrus Greening 

Diseases have all had significant economic impacts and are considered disasters. Further, 

the dependence on petrochemical products as an integral component of local production, 

and in response strategies to some of the aforementioned hazards, have also significantly 

affected cost of production and productivity and hence farm profitability. 

 

RATIONALE 

Dominica’s productive area was estimated at 35,800 acres during the 1995 agricultural 

census. D.M Lang, 1967 estimates that the majority of this land (>72%) has prevailing 

slopes in the range of 25-40 degrees.   With rainfall averaging between 150–270 inches 

annually, the potential for soil erosion (loss of productive top soils) is high and thus requires 

careful management. 

The mid to late 1970’s, witnessed the commercialization of a number of different crops in 

Dominica. There was then the understanding and appreciation of the inherent risk to the 

relatively fragile and young soil profiles. This situation resulted in the formation of the Soil 

Conservation Unit (SCU) within the Division of Agriculture, which was tasked and equipped 

to train and work with farmers to effective various soil on-farm soil conservation measures. 
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These measures varied dependent on location and crops being produced and included a 

mixture of agronomic, soil management and mechanical activities.  

Changing priorities and foci within the agricultural sector resulted in the discontinuation of 

the SCU in the early 1980’s. Soil conservation activities were then mainstreamed and 

essentially lost in the green revolution of the 80’s, where banana production was rapidly 

expanded to meet the demands of the European market. The rapid increase in production 

during this decade was characterised by high inorganic fertilizer and other agrochemicals 

input and low prioritisation of soil conservation activities. The subsequent decline of the 

Banana Industry and increased difficulty in procuring inorganic fertilizer – both as a result of 

high cost and unavailability of required formulation - has necessitated that there be a 

reassessment of practices that promote more sustainable crop production.  

The review of background information identified important gaps in the management practices 

utilized for crop production which directly impacted the ability of the farm enterprise to 

mitigate hazards impacts and also the process of recovery after disasters. This training 

guide focuses primarily on two of these specific areas namely: 

1. Soil conservation 

2. Improving soil fertility 

It is inferred that the methodical consideration of the activities associated with these 

disciplines during the process of farm planning and crop production, among others, will result 

in farm enterprises that are more resilient to disasters.  These activities were also presented 

in classroom training sessions to both extension agents and farmers and reinforced with field 

demonstrations under the project.  

 

SOIL CONSERVATION  

On-farm soil conservation strategies proposed are summarized in Figure 1. The various 

strategies proffered were detailed during the training sessions convened for Extension 

Officers and Producers / Farmers. Participants were encouraged to critique individual 

methodologies presented where possible and offer probable alternatives when known.  

The ease of implementation of strategies were also explored and reinforced during specific 

field days, which were convened in various selected locations to address the practical 

application of the approaches discussed during the in-house training sessions.  

 

SOIL TEST 

Knowledge of the predominant soil type within the production area to include both physical 

and chemical properties is crucial to selecting the most appropriate strategy to conserve this 

most critical factor of production. The most appropriate method of determining the physical 

and chemical characteristics of your soil is by performing a soil test. 
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Figure 1: Summary of On-farm soil conservation strategy (El-Swaify et al., 1982, adapted.) 
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Soil tests are usually carried out within a laboratory setting, especially to accurately 

determine the chemical characteristics. There are however other well know methodologies to 

include colour and feel to determine the presence of particular chemicals and particles. 

Collecting of soil sample is very important. The methodology for collecting such samples in 

the field is detailed in Figure 2, followed by a flow diagram for performing texture by feel 

analysis, Figure 3. Leaf sampling can also be done to determine plant nutrient content, thus 

requirement. This service is however not available locally and thus will not be emphasized. 

The soil test results from the laboratory will also provide information on soil pH and available 

soil nutrients informing more accurately the requirements for optimal plant growth.  

 

Figure 2: Collecting soil samples in field 

 

 

 

AGRONOMIC SOIL CONSERVATION STRATEGIES 

Strategies for agronomic soil conservation include agronomic management measures 

designed to prevent the loss of soil through erosion, or from becoming physically or 

chemically altered through abuse. Examples of such measures include mulching and other 

Start with a soil 

Test 

Sample 6 – 12 inches deep or to depth of 

rooting- Take at least 5 random samples- 

Make composite – Label & Submit  

Use clean equipment that 

is free of contaminants 

Soil slice ½” 

thick 

Collect sample randomly 

along a Z or X pattern over 

the field 
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crop management that utilized the effect of surface covers to reduce erosion by water and 

wind. It is generally recommended that measures are so selected to provide maximum 

complementary benefits such as improvement in soil structure, nutrition, shading, support 

etc.  

 

Figure 3: Flow diagram for performing texture by-feel analysis  

 

 

 
 Source: “Wetland Soils Genesis Hydrology, Landscape Classification”  J.L. Richardson 
& M.J. Veprakas eds. 2001   
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Mulching 

This practice involves the application of organic and inorganic material to the soil surface 

with the objective of protecting the soil from the impact of water and wind, while providing 

complementary benefits of reduction in weed growth, water loss, increasing microbial action, 

and increasing organic matter and nutrition content in some cases.  

Beneficial effects of various Organic Mulches 

 

In Dominica, both methods (organic and inorganic) are extensively used. Plastic mulches are 

widely used in the production of pineapples and protected vegetables primarily to prevent or 

retard weed growth. Organic mulching is also extensively practiced in banana, plantain and 

other field vegetable production particularly during the dry season to reduce moisture and 

soil lost, reduce weed growth, and improve microbial hence organic matter availability. 

Appropriate pest control strategies especially relating to snails, slugs and rodents must be 

evaluated for incorporation into production systems when mulches are used. Figure 3A & B 

shows mulching on pineapple farm at Layou Valley and Banana farm at Londonderry 

Dominica respectively. 

Crop Management 

Appropriate crop management systems are able to reduce soil loss and also benefit crop 

production e.g. by impacting on the availability of nutrients, regulation of various pest and 

disease vectors, providing shade and support etc. 

These measures are pursued with varying intensity locally. Companion- and inter-cropping 

are practised extensively on most small farms. The common practice of planting tannia (X. 

sagittifolium) or pumpkins (Cucurbita pepo) with bananas and plantains is one such example 

where the lower storey crop benefits from the shading provided by the taller plant, whereas 

the cultivation of the tannia/pumpkin benefits the banana or plantain. The supply of sufficient 

nutrients to meet the requirements of crops within these systems is often a point of concern.  

The total quantity of nutrients that is provided to the crops in this system must be the sum of 

that required for each crop independently.  

Types of mulch Beneficial effects 

Straw mulch,  C. zizanioides or Vetiver 
Residues of Zea mays (corn) 

Reduction of splash effect of rain, Decrease of runoff 
velocity, Reduction of soil loss 

Straw of Oryza sativa (rice), Straw mulch, 
Leaves of Phyllostachys bambusoides 
(bamboo), Residues of Z. mays 

Decrease of soil bulk resistance, Penetration resistance 

 Increase of size + stability of soil aggregates 

Grass & Wood shavings Increase of infiltration capacity, hydraulic conductivity 

Straw of O. sativa, Straw mulch, Leaves of P. 
bambusoides, Vetiver, Residues of Z. mays 

Increase of soil moisture, Decrease of soil temperature 

Gliricidia sepium, Leucaena leucocephala, 
stover of Zea mays, straw of O. sativa 

Increase of activity and species, diversity of soil flora 
and fauna 

Straw of O. sativa, Vetiver Suppression of weeds 

Stover of Z. mays Increase of organic matter + nutrient content 

 Increase of crop yield 
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Photo 1A & 1B – Mulching in Pineapples & Bananas 

 

The system of using cover crops is generally not practiced locally though a number of the 

plant species that are used as cover crops are available locally. The benefits of this system 

however cannot be ignored especially given the situation where there is a concerted attempt 

to follow fair trade and other “organic” standards of production.  

The practice of allowing land to lie fallow for prolonged and effective periods has proven to 

be quite challenging. This is particularly due to small farm acreages that characterize the 

majority of farm lands. Generally, varying systems of crop rotations are practiced with 

relatively short fallow periods.   

The manipulation of planting time and pattern, while practiced, is not done for the purpose of 

soil conservation. This practice is mainly a response to environmental conditions and plant 

requirements. 

Cover cropping 

Cover crops positively influence physical soil properties such as: 
 

 Infiltration rate  
 Moisture content, 
 Bulk density increase the organic matter content, 

 Nitrogen (N) levels by the use of N
2

-fixing legumes  
 Cation exchange capacity, and hence crop yields (For example, Tian et al. (1999) 

estimated an amount of 84 to 202 kg N ha-1 fixed by P. phaseoloides within 18 
months. 

 Suppression of weeds  
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Photo 2: Banana with legume Neonotonia wightii cover crop (CIRAD -Martinique) 

 
The main characteristics of cover crops include: 

 

 Plants grow quickly close together 

 Cover crop does not itself become a weed/ harbour pest & disease 

 Provide or encourage benefit to soil / crop production 

 Low maintenance 

 

Examples of cover crops (Photo 3) are: 

 Grasses + broad leaves 

 

 Pennisetum purpureum – (Napier grass), Brachiaria ruziziensis, Stellaria media 

(chick weed) sunn hemp (Crotalaria juncea), marigolds (Tagetes spp.) Pueraria 

phaseolides (Kudzu)  

 

                   

Photo 3: Nappier Grass (left), Chickweed (middle) and Showy crotalaria (right) 

 



 

11 
 

Improved Fallows 

Long fallow periods that were part of the traditional shifting cultivation system practiced in 

times past for encouraging soil regeneration are no longer possible. Land availability is 

generally a constraint to this practice and thus the practice of improved fallows of short 

periods with selected tree or herbaceous species should be practiced to benefit soil 

regeneration. 

 

 E.g. Guinea grass (Panicum maximum) provides much organic matter to the soil. 

 Shrubs of woody plants such as pigeon pea (Cajanus cajan) are advantageous in 

improving the physical soil conditions due to the penetration of their rootlets into 

deeper soil layers 

 Leguminous fallows with Leucaena leucocephala, Macuna pruriens, or Pueraria 

phaseoloides are known especially for increasing the N content and changing the 

quantity of available P fractions in the soil. The possibility exists for some of these 

plant species to become invasive as such careful assessment must be undertaken 

prior to their introduction. 

Planting pattern & Time 

Planting pattern, plant density, and time of planting play an important role in soil 

conservation. Crops planted at close spacing or at a certain time provide a higher canopy 

during periods with high rainfall intensities and hence protect the soil from erosion. The 

increased plant density being advocated in the Banana and Plantain field demonstrations 

plots being implemented will address this issue (Photo 4). Due attention is also being 

directed to proper drainage to ensure proper management of humidity which has direct 

implications to Sigatoka control. 

Multiple Cropping 

Multiple cropping involves different kinds of systems depending on the temporal and spatial 

arrangement of different crops on the same field.  

 

 Agroforestry is a collective name for a land use system in which woody perennials 

are integrated with crops and/or animals on the same land management unit  

 Alley cropping – Trees & Shrubs usually planted along cropped plot boundaries as in 

Photo 5a. 

 

CONSERVATION TILLAGE 

Conservation Tillage describes the method of seedbed preparation that includes the 

presence of residue mulch and an increase in surface roughness as key criteria in 

minimizing soil loss through erosion. This is a common practice especially in banana and 

plantain production where crop establishment takes place among brush and stubble and 

plants are allowed to develop up to four leaves before area is cleaned thereby protecting the 

soil from the direct impact of rainfall.  

Minimum Tillage.  

Minimum tillage describes a practice where soil preparation is reduced to the minimum 

necessary for crop production and where 15% to 25% of residues remain on the soil surface. 
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This technique is utilized in the production of watermelons and other cucurbits on the west 

coast and Yams along the North East of Dominica (Photo 5b). Weeds are treated with 

herbicide and allowed to die back. Small openings are made to effect crop establishment.  

 

 

Photo 4: Multiple (storey) Cropping – Coconuts and Banana – Londonderry, Dominica 

  

Photo 5: a. Example of Alley cropping – Pineapples and Mangoes (Layou Park 
Dominica) (left) and b. Minimum tillage practice during land preparation for Yams 

No-Till.  

No-till or zero-tillage is characterized by the elimination of all mechanical seed bed 

preparation except for the opening of a narrow strip or hole in the ground for seed 

placement. The surface of the soil is covered by crop residue mulch. 

 

MECHANICAL SOIL CONSERVATION STRATEGIES 

Mechanical soil conservation strategies utilize methodologies that include the use of bunds, 

terraces, waterways/drainage channels, and other structures such as vegetative barriers or 
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stone/rock  lines etc., so installed as to break the force of winds or decrease the velocity of 

runoff to reduce soil erosion. Barriers can be live, dead or mixed (plants, rocks etc.) 

Terraces 

Contour bunds made of earth or stones or terraces that consist of an excavated channel and 

a bank or ridge on the downhill side for cultivating crops are permanent erosion control 

technologies. Barriers can be live, dead or mixed (plants, rocks etc.) 

What are Contours? 

Contour lines connect a series of points of equal elevation and are used to illustrate 

topography, or relief, on a map. They show the height of ground above Mean Sea Level 

(M.S.L.) in either feet or metres and can be drawn at any desired interval (Figure 4). For 

example, numerous contour lines that are close together indicate hilly or mountainous 

terrain; when far apart, they represent a gentler slope. 

Contour Bunds 

These are generally installed across slopes of low gradient (5-10%) and serve to reduce 

erosion (especially rill erosion) and conserves water in the soil (Figure 5). They are easy to 

build and can be used on both cultivated and uncultivated soil. 

Contour Banks 

Contour Banks are arranged at right angles to the steepest slope in hilly areas and are 

targeted especially towards the prevention of gully erosion. Figure 6 illustrates the 

construction of contour bunds. 

Simple tools and equipment used to establish contour lines 

 A-frame 

 Abney level 

 Clinometer 

 Optical level 

 Water line level 

 

A number of tools can be used to establish a counter line. Emphasis will however be placed 

on the A-frame (Figure 7). 

WHAT IS NEEDED TO MAKE AN A-FRAME?  
 

 3 straight poles, pipes, sticks, or something similar. They should be long enough so that 
the top of the “A” is about as tall as you are or tall enough to prevent the user bending 
over. The feet of the “A” should be at least 3 feet (0.9 m) apart. The feet can be closer 
together, but the narrower the “A” the longer it will take to mark a level contour line on a 
slope.  

 Rope, cordage, nails, or screws to securely fasten the poles, pipes or sticks together at 
3 points  

 A piece of string about 4 feet (1.2 m) long and a weight of some sort (stone, used spark 
plug, horseshoe etc.) to tie to one end of the string 

 Marker, knife, or paint 
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Figure 4: Illustration of Contour lines 

 

Source: http://www.nrcan.gc.ca/earth-sciences/geography/topographic-information/maps/9777 

Figure 5: Contour Bunds 

 

Source: (Food from Dry land Gardens - An Ecological, Nutritional, and Social Approach to Small-

Scale Household Food Production (CPFE, 1991) 

 

  

http://www.nrcan.gc.ca/earth-sciences/geography/topographic-information/maps/9777
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Figure 6: Illustration of construct of contour Banks 

 
 

Figure 7: An A-Frame 

 

HOW YOU MAKE AN A-FRAME LEVEL 

 
The three stakes, poles, or sticks should be laid on the ground in the form of a capital “A” 
and tied or screwed together at the three points where they touch. All bindings or screw 
points should be made tight so that the A-frame level does not come apart and the joints do 
not loosen, as that would result in inaccurate readings.  
 
Once bounded, the A-frame should be set upright and one end of the 4 feet string tied to the 

top of the “A.” The weight should be tied to the other end of the string. The heavier the 

weight, the less likely it will get blown around on a windy day. The weighted end of the string 

should hang below the cross stake (the stake parallel with the ground). To make the center 

mark on the cross stake, the feet of the upright A-frame should be placed  on a section of 

unlevelled ground, so that one foot of the A-frame is a little higher than the other. Mark the 

two points on the ground. When the weighted string comes to rest in a spot alongside the 

cross stake of the A-frame, lightly mark that spot (Figure 8 A). Lift the A-frame, rotate it, and 

then set it back down with the “feet” switching places. When the weighted string again 

comes to rest alongside the cross stake, lightly mark that spot (Figure 8 B). Now you have 

two marked spots on the cross stake. Permanently mark the midpoint between these two 

spots on the cross stake (Figure 8C). From now on, when the weighted string comes to rest 

alongside this permanent mark you will know the two feet of the A-frame are standing on 

points that are level with one another. 

Cross stake 
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Figure 8A and 8B: Calibrating the A-frame: steps one and two 

 
 
Figure 8C: Calibrating the A-frame, final step 

 

HOW TO USE AN A-FRAME LEVEL 
 

Go to a spot where you want to mark a level contour line across the landscape. The A-frame 

should always be checked by placing the A-frame upright with its “feet” on what you think is 

level ground. The string should come to rest on the permanent mark on the cross stake if the 

ground is level. Now mark a straight line in the dirt from one foot of the A-frame to the other. 

Rotate the A-frame 180° with one foot left standing on the end of the line you just marked 

and the other foot moved to a new spot you think will be level with the first (Figure 9). If the 

weighted string comes to rest to either side of the permanent mark, the A-frame is not on a 

level line. Move the newly-placed foot slightly up or down the slope until it rests on a spot 

that is level with the other foot. Again, mark this straight line in the dirt. Continue finding and 

marking the level contour line by rotating and stepping the A-frame across the landscape. 

This process should be repeated until you have marked the contour line length needed for 

your project. 

Figure 9: Using an A-frame level, finding and marking a level contour line 
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The A-Frame can also be used to measure the percentage slope of the land. This can be 

done by doing the following: - (this is best accomplished by 2 people)  

 

 Measure the distance between the legs of the A-Frame (Figure 10A) 

 Place the A-Frame perpendicular to the slope with one leg on the ground and the 

other going down-hill 

 Raise the down-hill leg until the string lines up with the level marked position. 

 Measure the distance straight down from the bottom of the down-hill leg to the 

ground. 

 The distance to ground divided by the distance between legs will give the % slope 

(Figure 10B). 

Example: 1.2 m between legs, 305mm to ground = 305mm/1200mm = .0.254 = 25.4% slope 

Figure 10. Using A-frame level to determine percent slope A. distance between legs 

(left) and B. distance to ground (right) and  

 

Tables 1 and 2 provide information on the spacing of contour barriers based on slope and 

the spacing of contour hillsides, respectively.  

Table 1. Spacing of Contour Barriers based on slope 

 SLOPE (%) ANNUAL CROPS  
Distance (m) 

PERRENIAL CROPS  
Distance (m) 

5 20.0 25.0 

10 15.1 20.1 

15 10.1 18.2 

20 9.2 15.3 

25 8.2 15.5 

30 6.8 12.5 

35 6.4 12.7 

40 6.5 9.7 
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Table 2. Spacing of Contour Hillside Ditches  

Slope (%) Annual crop Perennial crop or pasture 

 Distance (m) Maximum Length (m) Distance (m) Maximum Length (m) 

2 42.0 90   

4 25.0 120   

6 19.3 160   

8 16.6 200   

10 14.9 260 40.2 140 

12 13.8 280 33.5 140 

14 13.0 300 28.9 140 

16 11.4 340 25.3 160 

18 10.2 380 25.0 180 

20 9.2 420 24.0 200 

22 8.4 470 23.2 200 

24 7.7 500 21.4 210 

26 7.2 500 19.8 220 

28 6.6 500 19.5 220 

30 6.3 500 18.9 220 

32   18.7 220 

34   18.6 230 

36   17.7 230 

38   16.9 230 

40   16.2 230 
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Illustrations depicting On-Farm Erosion Control Strategies 

 

   

 

Live Counter Barrier      Dead Counter Barrier 

 

  

Counter Drainage Ditch    Counter Infiltration Ditch 

 

 

Gully Erosion protection (check dams) 
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IMPROVING SOIL FERTILITY 

The goal of soil fertility management is to create soil chemical conditions that encourage 

plant growth and supply required nutrients in the amounts and at the times they are most 

needed. To achieve this most effectively, the following information must be known about the 

soil/ land being managed: 

 Land characteristics, potentials and limitations  

 Likely impacts of change in management on their productivity   

 How can they be made more resilient - minimize the impacts of such events;  

 Systems of management can be adopted to maintain their productivity and 

usefulness in terms of quality and quantity of output in a given time 

 The active and central role of the farmer as steward, or manager of the resource. 

 

Five mechanisms to improving land husbandry within most small scale farming systems 

include:  

o Continuous soil cover of living plants, which together with the soil structure 

facilitate the infiltration of water;  

o A litter layer of decomposing leaves or residues providing a continuous energy 

source for macro and micro-organisms;  

o Roots of different plants distributed throughout the soil at different depths, which 

permit an effective uptake of nutrients and an active interaction with micro-

organisms  

o The major period of nutrient release by micro-organisms coinciding with the 

major period of nutrient demand by plants;  

o Nutrients recycled by deep-rooting plants and soil microbes (bacteria etc).  

It must be noted, that adequate soil fertility is only one of the many soil-related growth / 

production factors. The addition or improvement of soil fertility by the addition of chemical or 

organic additives will increase desirable plant growth only if the plant is deficient in the 

nutrient applied and other growth factors are not also significantly limiting plant growth. The 

ways in which crops respond to these applications often are different because some soils 

have inherent physical limitations to plant growth. Soil testing is the best guide to soil 

fertility. Plant tissue analysis also may be helpful when used in conjunction with soil testing. 

 

SOIL TESTING 

Refer to page 3 for taking samples for soil testing. 

What do I test for? 

o Texture (estimated by the hand-feel method) 

o Organic matter (reported as a percent of the total soil) 

 About 2/3 of a pound of nitrogen per 1,000 square feet will be released during 

the growing season for each one percent organic matter present. 

o pH  

o Soluble salts  

o Nutrients  

 Major Nutrients 

 Nitrate nitrogen (available) 



 

21 
 

 Phosphorus 

 Potassium 

 

 Secondary Nutrients 

 Calcium 

 Magnesium 

 Sulfur 

 

 Micronutrients 

 Boron, chlorine, cobalt, copper, Iron, Manganese, Molybdenum, Zinc 

Routine Soil Tests Results interpretation 

 

 Soil pH, from the 1:1 soil: water method, indicates the acidity or alkalinity of soil 
based on a scale of 0 to 14.  
 

 Soluble salts are measured by the electrical conductivity of a soil extract  
 

 Organic matter (O.M.), reported as percent of total soil, contains about 95 

percent of all soil nitrogen (N). 

 

 Nutrients (major and minor) - Nitrate nitrogen, reported in ppm. 

 

From the nutritional perspective, a plant cannot differentiate between applied nutrients from 

an inorganic or an organic source.  The primary difference between manufactured - 

inorganic and organic - soil amendments/organic fertilizers is the speed at which nutrients 

become available for plant use. 

 Organic fertilizers and soil amendments promote improvements in soil tilth 
(suitability of the soil to support plant growth).  

 Organic soil amendments are typically lower in nutrient content. 

Soil pH 

Soil pH is a characteristic that describes the relative acidity or alkalinity of the soil. pH is 

defined as the negative (-) log or base 10 value of the concentration of hydrogen ions (H+). 

Pure water will be close to a neutral pH, that is 10 to the minus 7 concentration of H+ ions 

(10-7 [H+]). This concentration is expressed as 7. Any value above 7 means the solution is 

alkaline. Values below 7 indicate that the solution is acidic. Soils are considered acidic below 

a pH of 5, and very acidic below a pH of 4. Conversely, soils are considered alkaline above a 

pH of 7.5 and very alkaline above a pH of 8.  

The availability of some plant nutrients are greatly affected by soil pH. Plants have different 

pH requirements but the “ideal” soil pH for most is close to neutral. Neutral soils are 

considered to fall within a range from a slightly acidic pH of 6.5 to slightly alkaline pH of 7.5. 

It has been determined that most plant nutrients are optimally available to plants within this 

6.5 to 7.5 pH range, plus this range of pH is generally very compatible to plant root growth. 

Nitrogen, K, and S are major plant nutrients that appear to be less affected directly by soil 

pH than many others, but still are to some extent. Phosphorus, however, is directly affected. 

At alkaline pH values, greater than pH 7.5 for example, phosphate ions tend to react quickly 
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with calcium (Ca) and magnesium (Mg) to form less soluble compounds that are less 

available to the plant. At acidic pH values, the phosphate ions react with aluminum (Al) and 

iron (Fe) to again form less soluble compounds, again not readily available to the plant. Most 

of the other nutrients (micronutrients especially) tend to be less available when soil pH is 

above 7.5, and in fact are optimally available at a slightly acidic pH, e.g. 6.5 to 6.8. The 

exception is molybdenum (Mo), which appears to be less available under acidic pH and 

more available at moderately alkaline pH values. 

In some cases, soil ameliorates are added to the soil to adjust the pH. In on-farm 

applications, this is more commonly attempted for acidic soils to raise the pH from a range of 

4.5 - 5.5 up to 6.5 or approaching neutrality. This is usually done by applying and 

incorporating a liming material, often finely ground calcitic (CaCO3) limestone, or dolomitic 

[CaMg(CO3)2] limestone.  

It is also possible to lower the pH of a soil using a liquid acid solution, or finely ground 

elemental S that oxidizes to sulfuric acid through the action of soil inhabiting S-oxidizing 

bacteria. However, this is rarely done on a field-scale basis because of the high cost. It is 

more commonly done in horticulture production applications where individual plant 

containers or limited areas are managed to lower the pH for acidic soil adapted plants such 

as some flowers, trees, and/or small fruits. It is important to note that most on-going crop 

production, especially where ammonium based, or ammonium releasing N fertilizers (e.g. 

anhydrous ammonia, ammonium sulfate, and urea) is applied will gradually lower the soil 

pH. 

Given the basic understanding of the mechanism by which pH affects the availability of some 

major nutrients, it is also possible to deduce alternative ways besides changing of pH to 

increase the availability and use of added nutrients. For the nutrients mentioned above that 

are adversely affected by extremes in soil pH, acidic or alkaline: 

- P-containing fertilizer can be applied in or close to the seed-row at planting to 

facilitate early season uptake of phosphate ions by crop roots before allowing it to 

react with soil cations dominating under acidic (e.g. Al3+ or Fe3+) or alkaline (e.g. Ca2+ 

or Mg2+) soil pH conditions.  

- Under alkaline soil pH values, the phosphate fertilizer can be applied in bands with 

fertilizer which generates NH4 
+ as noted above. That will allow slight acidification of 

the soil adjacent to the fertilizer band. Another method is to manufacture compound 

nutrient fertilizer granules that contain the N, P, and even elemental S-containing 

fertilizers, for application to alkaline soils so the soil adjacent to the granule will also 

be acidified slightly and allow enhanced P uptake when the crop roots intercept the 

granules.  

- The foliar application of soluble Fe fertilizer compounds to Fe-deficient crops grown 

in high pH soils where the Fe3+ ions of the Fe fertilizer react so fast with soil that the 

nutrient is tied up and unavailable to plants. By avoiding the soil and applying the Fe 

to the leaves, the small amount of Fe ions are successfully introduced into the crop. 

Managing Soil Texture and Structure 
 

 Routine applications of organic matter  
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 Organic matter improves the water and nutrient holding capacity of coarse-

textured sandy soil.  

 On a fine-textured clayey soil, the organic matter over time glues the tiny clay 

particles into larger chunks or aggregates creating large pore space.  

 This improves water infiltration and drainage, air infiltration (often the most 

limiting aspect of plant growth), and allows for deeper rooting depths (allowing 

the plant to tap a larger supply of water and nutrients).  

 

ROLE OF MAJOR AND MINOR ESSENTIAL NUTRIENTS IN CROP 

DEVELOPMENT 

pH – Potential Hydrogen – Key to unlocking soil nutrients 

Nitrogen – Vigorous vegetative growth 

Phosphorous – Flowers, fruits and roots 

Potassium – Vigor and disease resistance 

Calcium - Cell division and formation, fruit set and use of Nitrogen  

Magnesium – Photosynthesis, utilization and mobility of phosphorus and iron Influences 
earliness and uniformity of maturity 

Sulphur - helps develop enzymes and vitamins, promotes nodule formation on legumes, 
seed production 
 
Table 3 provides a list of essential plant nutrients. 
  

Table 3.  Essential Plant Nutrients 

Nutrient Ions absorbed by plants 

Structural Elements  

Carbon, C CO2 

Hydrogen, H H2O 

Oxygen O2 

Primary nutrients  

Nitrogen, N NO3
- , NH4

+ 

Phosphorus, P H2PO4
-, HPO4

-2 

Potassium, K K+ 

Secondary nutrients  

Calcium, Ca Ca+2 

Magnesium, Mg Mg+2 

Sulphur, S SO4
-2 

Micronutrients  

Boron, B H2BO3
- 

Chlorine, Cl Cl- 

Cobalt, Co Co+2 

Copper, Cu Cu+2 

Iron, Fe Fe+2, Fe+3 

Manganese, Mn Mn+2 

Molybdenum, MO MoO4
-2 

Zinc, Zn Zn+2 
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UNDERSTANDING FERTILIZERS 

Fertilizers refer to Soil amendment that guarantees the minimum percentages of nutrients (at 

least the minimum percentage of nitrogen, phosphate, and potash). An organic fertilizer 

refers to a soil amendment derived from natural sources that guarantees the minimum 

percentages of nitrogen, phosphate, and potash. 

 

Fertilizer Facts: 

 The three-number combination (fertilizer grade or analysis) on the product identifies 

percentages of nitrogen (N), phosphate (P2O5), and potash (K2O), respectively. The 

product may also identify other nutrients, such as sulfur, iron, and zinc, if the 

manufacturer wants to guarantee the amount. 

 Time release or slow release fertilizers contain coating materials or are otherwise 

formulated to release the nutrients over a period of time as water, heat, and/or 

microorganisms break down the material. 

 
Some examples of the availability of nitrogen are provided in Table 4. 

Table 4. Some examples of availability of Nitrogen 

 
 

 

 

 

 

 

 

 

 

Fertilizer Application Rate 

Application rates depend on the nutrient need of the soil / plant being grown and the percent 

of nutrients in the specific fertilizer. It should also be noted that nutrient requirement for a 

particular plant will vary with the stage of growth. In products containing multiple nutrients, 

the application rate is always based on the nitrogen content. 

 
 
Calculating area to be fertilized: 
 
 
---- ft. long  × ---- ft. wide =  --------- Sq. ft.  e.g.    40 ft.  long × 100 ft. wide = 4000 square feet 
 
 

Examples of Quickly and Slowly Available Nitrogen 

Quickly available nitrogen 

 

Lasts 4-6 weeks  

Ammonium sulfate 

Ammonium nitrate 

Calcium nitrate 

Potassium nitrate 

Urea 

Slowly available nitrogen 

 

Available over weeks to months 

 

Regulated by solubility or 

microorganism activity 

Resin-coated urea 

Sulfur-coated urea 

Isobutylidene diurea (IBDU) 

Methylene urea 

Urea formaldehyde 

Manure 

Poultry wastes 

Blood meal 
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Calculating fertilizer application rate: 
 
            ___lb. of nutrient per ___ sq. ft. 

 ____________________________ =     ____lb. fertilizer per ___ sq. ft. 

                 ____% nutrient in fertilizer 

 
 
Eg   1 lb. of nutrient per 1000 sq. ft. 

______________________________ = 5 lb. fertilizer per 1000 sq. ft. 

            20% nutrient in fertilizer 
 

Lawn or garden area x application rate = lbs of fertilizer per garden or lawn 
 
___ sq. ft.                  __ lbs fertilizer                   ___lbs fertilizer 

                 ___________   X      _____________  =         _________________ 

                  Garden/lawn             ___ sq. ft.                            Garden or lawn 

 

 
 E.g.   4000 sq. ft.          5 lbs fertilizer              20 lbs fertilizer 

                             _________    X    ___________  =          ______________ 

                              Garden/ lawn         1000 sq. ft.                    Garden / Lawn 
 

 

COMPOSTING 

It is well established that tropical soils are generally low in organic material. Composting is 

one method of effectively adding organic material and limited volumes of nutrients to the soil. 

The practice of adding compost to the soil is well entrenched into production methodology 

locally in Dominica, with many producers utilizing tea compost and feeding through irrigation 

system. The main method of making tea compost locally involves the combination of 

farmyard manure and other minced leguminous crops such as Glyricidia sepium and 

allowing it to steep in a set volume of water for 3 months. A combination ratio of 2 bags of 

manure/minced gliricidia to 45 gallons of water is usually used. The resulting tea is diluted 

with 2 parts of water being applied to the plant. Figure 11 depicts the process of composting. 

 

Materials to be used in limitations 

(see Figure 12) 

 Large amounts of grass clippings  

 Small particle size and high nitrogen, produces smell unless mixed with brown 

materials.  

 

 Manure  

 May contain strains of Escherichia coli and other bacteria that cause human illness. If 

manure is composted for food gardens, a 4-month curing process following 

composting is necessary to reduce pathogens.  
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 Large amounts of plants/weeds treated with pesticides (herbicides, insecticides, 

and fungicides)  

 Most pesticides readily break down in the composting process and present no threat 

as long the decomposition process had been completed. 

 Large amounts of high tannin-containing leaves  

 Slow to decompose, but can be used in small quantities if chopped well and mixed 

with other materials. 

 

 Large amounts of paper products  

 If paper is composted due to a shortage of dry materials, add no more than 10% of 

the total weight of the material being composted.  

 Higher amounts create imbalances in the carbon to nitrogen ratio.  

 Do not use color printed glossy magazines as inks may not be safe as a soil additive. 

 

 Large amounts of soil  

 Large amounts of soil increase weight, decrease oxygen infiltration and can suffocate 

microorganisms.  

 Soilless composting is often practiced. 

What is the Carbon to Nitrogen Ratio Talked About in Composting Literature? 

The ratio of carbon to nitrogen in the pile needs to be around 30 to 1. This is typically found 

with the combination of two parts green materials with one part brown materials (Table 5). 

Compost piles too high in carbon will be slow to process or even not decompose. Piles too 

high in nitrogen develop strong ammonia odors.  

 

Table 5. Some examples of Green and Brown Materials in composting 

Examples of Green and Brown Materials 

Green Materials Brown Materials 

Vegetable wastes (12–20:1) 

Coffee grounds (20:1) 

Grass clippings (12-25:1)  

Cow manure (20:1)  

Horse manure (25:1) 

Poultry manure, fresh (10:1) 

Poultry manure, with litter (13–18:1) 

Dry leaves (30–80:1) 

Corn stalks (60:1) 

Straw (40–100:1) 

Bark (100–130:1) 

Paper (150–200:1) 

Wood chips and sawdust (100–500:1) 

 

Location of the Compost Bin / Structure 

Structures are not necessary for composting but do help prevent wind and marauding 

animals from carrying away plant wastes. Open compost piles can be used in less-populated 

rural locales, but structures are a near-must in urban areas. Generally composting requires: 

 

 Partial shade  

 Avoids baking and drying by sun but provides some solar heating to start the 
composting action.  



 

27 
 

 
 Wind protection  

 Prevents too much moisture loss. 
 

 Water source  

 Needs to keep the pile moist but not soggy. 
 

 Convenience  

 For loading and unloading of materials, but away from yard activities. 

Size  

A minimum volume of material is necessary to build up the heat necessary for efficient 

composting. When composting materials are heavy in green constituents, keep the bin 

smaller to allow for better aeration. Three feet by three feet by three feet is considered 

minimum size to allow for heating. If composting materials high in brown materials, a larger 

bin (5 feet by 5 feet) may be required. 

 

Figure 11: Process of Composting 

 

Source: http://www.yorkton.ca/livinghere/garbage/composting.asp 

http://www.yorkton.ca/livinghere/garbage/composting.asp
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Figure 12. Pictoral guide for materials to be used in composting 

 

Source:  http://armzrace.com/2010/08/20/your-handy-dandy-guide-to-composting/. 

Routine Care of a Compost Pile 
 
The breakdown of organic yard wastes is a biological process dependent on microorganism 

activity. Like most living things, these microbes require favorable temperatures, moisture, 

oxygen, and nutrients. 

 
 Temperature   

 Plant-digesting microbes operate in a temperature range of 21°C to 60°C 

 Breakdown occurs slowly at the lower temperatures.  

 Well-managed compost rapidly breaks down in warmer conditions when compost 

temperatures quickly reach 49°C to 54°C.  

 If temperature of the plant mass exceeds 71°C, the microbes will die.  

 

http://www.google.com/url?q=http://armzrace.com/2010/08/20/your-handy-dandy-guide-to-composting/&ei=uTXMUu2ZI4u2kQerz4GACg&sa=X&oi=unauthorizedredirect&ct=targetlink&ust=1389116609580564&usg=AFQjCNGMQzy06idh6ap3wqVvEYEWL3dZCg
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 Moisture and oxygen  

 Essential to microbial activity.  

 In a region of limited rainfall or if under shelter, add moisture regularly to maintain 

composting. Microorganisms in the dry areas will die. Even after moisture is added 

to a dried out pile, the microbes that remain require time to multiply and resume 

plant digestion. The net result is slower composting.  

 Excess moisture displaces air and slows breakdown.  

 Surplus water creates low oxygen conditions where certain microbes multiply and 

produce foul odors.  

 The best description of the proper moisture level is moist or damp but not soggy.  

 Size of material to be composted also affects aeration (0.5 – 1.5 inches) 

 
 Nutrients  

 The microbes that break down plants use the plants for food.  

 Nitrogen is the most important food nutrient,  

 Nitrogen shortage drastically slows the composting process. 

 Woody and dried plant materials tend to contain little nitrogen in comparison to the 
total mass of the material.  

 Green plant material, however, contains a high percentage of nitrogen.  

 A mix of two parts green to one part brown material generally gives the best nitrogen 
balance.  

 Add a plant fertilizer high in nitrogen when green materials are scarce 
 

Problems anticipated during composting, their causes and solutions are provided in Table 6. 

Table 6. Composting Troubleshooting 

Problem Cause Solution 

Rotten odor 

Anaerobic conditions 

Excess moisture 

• Compaction 

• Small particle size 

• Turn the pile 

• Make smaller pile 

• Add dry porous materials 

Ammonia odor 
• Too much nitrogen 

(low C:N ratio) 

• Mix in brown materials 

• Note: If compost high in ammonia 

is used as mulch, it may burn 

tender foliage. If mixed into soil as 

an amendment, it can burn roots. 

Outside couple of inches 

is dry 
• Dry air 

• Water regularly and cover outer 

edge with tarp. 

Low temperature 

• Pile too small 

• Insufficient moisture 

• Poor aeration 

• Lack of nitrogen 

• Make larger pile 

• Add water when turning pile 

• Turn pile to aerate 

• Mix in green materials or add N 

fertilizer 

Pests (rats, insects) 

• Presence of meat, 

dairy, or fatty 

wastes 

• Do not compost kitchen scraps 

with meat, dairy, fats, oils, or 

grease. 
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CONCLUSIONS 

Important Facts: 

 The soil is one of the most critical factors of production in small-scale production and 

farming and thus is very important to food security.  

 It takes millions of years to be formed.  

As managers and beneficiaries of this resource, it is thus our solemn responsibility and 

privilege to so utilize and conserve this resource, and pass it on to future generations in a 

manner that will guarantee their own food security.  
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