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“An agricultural technology can be climate-smart in many places but is definitely unlikely to 
be climate-smart everywhere. Therefore, whether or not a particular practice or production 

system is climate smart depends upon the particular local climatic, biophysical, socio-
economic and development context” (Williams et al. 2015) that will determine how far a 

farming technology or particular practice can contribute to an increase in productivity, 
resilience and mitigation.  
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About the Project  

The project “Promoting sustainable livelihoods among Eastern Caribbean farmers” is 
implemented in partnership between Pro NGO! e.V., Koeln, Germany and the Caribbean 
Policy Development Centre (CPDC), Bridgetown, Barbados. 

Overall objective of the action is to enhance opportunities for sustainable livelihoods 
amongst rural agricultural farmers in Barbados, St. Vincent & the Grenadines, and Grenada.  

In particular, it aims:  

 to improve the financial and operational sustainability of small-scale farmer 
operations; 

 to ensure the implementation of sustainable/cost effective farming practices among 
rural farmers 

 to improve the opportunities for access to finance to support the implementation of 
sustainable agricultural practices in agricultural production 

 to enhance the enabling policy environment for sustainable agriculture 

Main target groups of the action include small scale rural farmers, with a special focus on 
women and youth farmers; representatives of farmers’ organization; and private sector 
agencies working in the renewable energy sector. 

The action has three main components: 

 Capacity building: composed of workshops on marketing, financial management, and 
record keeping; mentoring and individual coaching; workshops on climate smart 
agriculture; and implementation of a sustainability SWOT analysis with clear options 
for actions for more sustainable farming practices. 

 Financing: offering financial support and technical assistance to 10 rural women and 
young farmers (mini-grants). 

 Enabling policy framework: developing a model policy framework on sustainable 
agriculture to guide national policy development. 

Short-term impacts will include improved operational and financial sustainability of farmer 
operations; Strengthened capacity of small-scale farmers in the application of climate smart 
agricultural practices; Enhanced opportunities via CSR for the establishment and financing 
of sustainable farming practices by designing CSR roadmaps; Enhanced policy environment 
to support sustainable agricultural production. 

Medium & long-term impacts will include more sustainable small-scale farmer’ operations 
and sustainable farming practices; improved management of small-scale farms; increased 
farm income, improved livelihood security; adoption of climate smart approaches and 
technologies on farms; increased participation of women and youth in the agricultural sector; 
improved policy environment for sustainable agricultural approaches; and improved private 
investment in the agriculture sector. 

The project was launched in February 2017 and will last until July 2019. 
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1 Organic agriculture 
 
The following chapter on organic agriculture aims to present to farmers some selected organic 
agriculture practices. On a small scale these practices are of low risk and investment, require little 
specific knowledge, limited additional labour but with high short-term impact.  
 
Basically, farmers who are interested in converting their farm to organic agriculture need to know:  

 How to improve soil fertility?  

 How to keep crops healthy?  

 How to best increase diversity in the farm? 
 
Further farmers who are interested in adopting organic farming practices are recommended to get 
in contact with farmers in the area, who already practice organic farming to learn from them. Some 
farmers may be good at making compost, some at growing green manures, and some at 
developing crop rotations. Learning from experienced farmers allows to get first-hand experience 
under local conditions, and thus to learn about the advantages and potential challenges related to 
implementing organic methods. 

 

1.1 Crop rotation 

Organic farmers recognize that crop rotation is necessary to maintain field productivity. Crop rotation, 
a crop rotation plan and records are required for organic certification of a field or farm. The farmers 
design their rotation to earn income and increase soil quality and soil life.  

 
  

Wide and effective crop rotations are a foundation of organic farming systems and 
have many advantages 

 You reduce the spread of soil-borne disease 

 It lessens the need for pest control 

 It avoids nutrient depletion in the soil 

 Suppress weeds 

How to?  
1) Divide your growing space into a number of distinct areas (beds). 
2) Identify the crops you want to grow and then keep plants of the same type together 

in one area (see table)  
3) Keep record of your planting. This information should contain: Bed number, amount 

of plants per bed, spacing, planting and harvesting date  
4) Every year the plants grown in each given area are changed, so that each group 

(with its own requirements, habits, pests and diseases) can have the advantage of 
new ground. 
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Common crop rotations  
 

1) After bean and pea family and alliums sow plants of the cabbage family, followed by 
plants from the potato and tomato family, continue with the carrot and root family and 
finish with the squash and marrow family and beetroot family.  

2) The average rotation return rate should be 4 years.  

 
Brassicas (cabbage family) Brussels sprout, broccoli, all varieties of cabbage, 

cauliflower, calabrese, kale, kohl rabi, mizuna, pak- 
choi, radish, rocket, turnip  

Legumes (bean and pea family) Peas, runner beans, french and broad beans 

Solanaceae (potato and tomato 
family) 

Eggplant, tomato, peppers, potato, sweet potato 
(although sweet potato is not from the same family 
similar pests as with potatoes can occur) 

Alliums (onion family) Chive, garlic, leek, all varieties of onions, shallot 

Umbeliferae (carrot and root family) Carrot, celery, coriander, dill, fennel, parsnip, parsley 

Cucurbits (squash and marrow 
family) 

Courgette, cucumber, marrow, melon, pumpkin, 
squash 

Chenopodiaceae (beetroot family) Beetroot, swiss chard, perpetual spinach, true spinach 

Any (non-rotation crops) All fruits, asparagus, basil, chicory, cress, endive, 
lettuce, Jerusalem artichoke, okra, oregano, 
rosemary, sage, salsify, sweetcorn, yam 

 
The challenge of a good crop rotation system is to grow the type and quantity of crops needed to 
ensure the farm’s profitability while continually building soil quality for long-term productivity. Most 
vegetable farms grow many different crops and crop families. Every crop is not equally profitable, 
and some crops are highly profitable but have limited markets.  
 
Alternatively, fields (or beds) may be deliberately rotated through a fallow to manage a weed or pest 
problem. Sometimes tillage, the use of mulch, or compost applications are also integrated into a 
field’s rotation plan.  
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1.2 Companion planting 

The easiest to implement a good crop rotation would be to keep plants of the same type together 
in one area. However, there are further techniques such as companion planting.  
 

Companion planting in gardening and agriculture is the planting of different crops in proximity for 
any of a number of different reasons, including pest control, pollination, providing habitat for 
beneficial creatures, maximizing use of space, and to otherwise increase productivity.  
 
The following graphics illustrate beneficial crops (friend) and non-beneficial crops (enemy).  
 

 

 
Source: own illustration (2012) based on afristarfoundation.org  

 

https://en.wikipedia.org/wiki/Pest_control
https://en.wikipedia.org/wiki/Pollination
https://en.wikipedia.org/wiki/Habitat
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1.3 Cover crops 

Cover crops are often used for building soil fertility and health but make no direct contribution to cash 
flow. Therefore, many smaller farms rely on mulch, compost, and short-term winter cover crops in 
place of multi-season cover crops and hay rotations. Commonly known cover crops include clover, 
mustard and legumes such as peas.  
 
Every plant which covers the soil and improves soil fertility can be a cover crop. It could be a  
leguminous plant with other beneficial effects, or it could be a weed characterized by its rapid 
growth and enormous production of biomass. The most important property of cover crops is their 
fast growth and the capacity of maintaining the soil permanently covered. 
 
The following characteristics make an ideal cover crop: 
 

 The seeds are cheap, easy to get, to harvest, to store and to propagate 

 Be of rapid rate of growth and be able to cover the soil in short time 

 Be resistant against pests and diseases 

 Produce large amounts of organic matter and dry material 

 Fix nitrogen from the air and provide it to the soil 

 Their root system prevents compaction and regenerate degraded soils 

 Easy to sow and to manage as single crop or associated with other crops 

 Can be used as fodder, grains as food grains  
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1.4 Green manures 

Green manures are plants grown to accumulate nutrients for the main crop. When they have built 
up maximum biomass, they are worked into the surface soil. As they are usually cut before flowering, 
growing a green manure is thus different from growing a legume crop in the rotation. Once worked 
into the soil the fresh plant material releases nutrients quickly and will be fully decomposed within a 
short period of time.  
 

 
Green manuring may be an inexpensive way to improve soil fertility and the nutrition of the main 
crops grown. If food and space are in short supply it may be more appropriate to grow a food crop 
rather than a green manure and recycle the crop residues, or to intercrop a green manure crop 
with the main crop. 
The benefits of green manures occur over the long term and are not always visible immediately. 
 
 
Benefits offered by green manures: 

 They penetrate the soil with their roots, make it more friable and bind nutrients, which would 
otherwise be washed away. 

 They suppress weeds and protect the soil from erosion and direct sunlight. 

 If legume plants are used, nitrogen is fixed from the air into the soil. 

 Some green manures can be used as fodder plants or even to provide food for human 
consumption (e.g. beans and peas). 

 By decomposing, green manures release all kinds of nutrients in the correct mixture for the 
main crops to utilize thus improving their yield. 

 The incorporated plant material encourages the activity of soil organisms, and builds up 
organic matter in the soil. This improves soil structure and water holding capacity. 

 
Characteristics of a good green manure plant 
Source: FAO (2015: 57) 
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How to implement green manures?  
 
Timing: The time gap between digging in the green manure and planting the next crop should 
not be longer than 2 to 3 weeks, so as to prevent nutrient losses from the decomposing green 
manure. 
 
Crushing: Green manures are worked in most easily when the plants are still young and fresh. 
If the green manure plants are tall or contain bulky and hard plant parts, it is preferable to chop 
the plants into pieces to allow easier decomposition. The older the plants, the longer 
decomposition will take. The best time to dig in green manure plants is just before flowering. 
 
Depth of incorporation: Green manures should not be ploughed deeply into the soil. Instead 
they should only be worked in to the surface soil (in heavy soils only 5 to 15 cm deep, in light 
soils 10 to maximum 20 cm deep). In warm and humid climates, the material can also be left 
on the soil surface as a mulch layer. 
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2 Soil  

2.1 Identification of soils  

 
By using a simple experiment, you can identify the type(s) of soil. This knowledge helps you to use 
the best method for improving your soil.  
 

 
A simple soil identification test:  

 
1. Take three or more different soil samples 

and putting them in separate clear jars or 
bottles.  
 

2. Fill the bottles to two-thirds full and add 

water to the top.   
 
3. Cover the top and shake the bottle 

thoroughly. 
 
4. Now let the soil settle and you can see 

what type of soil you have.  
 
5. Clay always settles on top, with silt and 

organic matter underneath, then fine sand. 
Coarse sand always settles on the bottom.  

 
 

Source: Roberson (2014) 

 

2.2 Improving the soil structure  

 

Clay soil holds nutrients well, but does not have many air pockets and can become waterlogged in 

heavy rains. In comparison sandy soil drains well and has a lot of air. However, nutrients easily 

leach out and it quickly becomes dry.  

Some techniques that help improving clay soil 

 Reducing compaction is very important because it sticks the soil together. This makes root 
growth very difficult for plants and ploughing or digging very hard for people. 

 Adding sand can improve the soil structure.   

 Green manure crops and crop rotation improve the soil structure overtime. 

 Trees and deep-rooted plants improve clay soil. The tree roots break up clay soil and provide 
mulch too. Trees can be combined with annual crops or even grown instead of annual crops. 

  

 Gypsum sprinkled over the soil at 1kg per square meter and dug in improves drainage and 
soil structure. Gypsum also adds calcium and sulphur to the soil. This technique improves 
the clay soil structure quickly but can be expensive. It does not work well if the soil is too 
alkaline.  

 
Some techniques that help improving sandy soil  

 Use three shovels of clay in liquid compost. The nutrients from the liquid compost bind to 

the clay, and the clay stays in the sandy soil holding the nutrients.  

 Mix half a shovel of clay in a large bucket of water and spread it over the soil. Liquid 

compost is much better, but this technique still adds valuable clay particles.  

 Green manure crops add humus to the soil that improves the structure.  
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 Trees and tree crops help. In dry sandy areas it is better to grow tree crops than annual 

vegetable crops.  

 

2.3 Soil testing  

The soil needs to be in balance to work properly and for plants to grow well. 

If the soil is acidic, nutrients are easily leached out of the soil and productivity is reduced. If the 

soil is very acidic, only a few plants can grow. Acidic soils are more common around wetlands, 

higher rainfall areas and mountains.  

 If the soil is alkaline, many nutrients in the 

soil are “lockup” and not easily available for 

the plants to use. It greatly reduces 

productivity and the amount of different 

plants that can be grown. If you add a lot of 

mulch and compost, you create more humus 

that balances the pH, as well as adding a 

wide range of nutrients. A certain rock like a 

high presence of limestone or coral increases 

the percentage of alkaline areas.  

An “ideal” soil is generally considered to be about 7 or “neutral” because it is neither acidic nor 

alkaline. Between 6 and 7.5 is still good. Some government agricultural workers, NGOs and 

agriculture shops have pH testers. However, by identifying the surrounding landforms (e.g. 

swamps), rocks and common trees you can identify the general pH without needing the equipment.  

 

Treat acidic soils 

 Ash from wood fires (do not use ash from burnt rubbish) can be spread on the ground. Use 

no more than 1 kg (a large bucket) per 30 m² each year. Do not burn grass or plant 

materials to make the ash because they are also very important for the pH balance.  

 Crushed seashells provide lime to help balance the soil.  

 Biochar raises the pH level of acidic soil.  

 
  

With the help of a red cabbage you can conduct another method for finding general pH levels 

in your soil.  

1. Boil a red cabbage in water.  

2. Strain off the liquid into a separate container.  

3. Collect soil samples from various parts of your garden or farm, and place them in separate 

containers.  

4. Pour some red cabbage juice into each soil sample until you have a thick mixture.  

5. Wait for a minute and look at the colour of the soil: Red = highly acidic Yellow/orange = 

acidic Green = neutral Blue/purple = alkaline. 

 

acidic neutral   alkaline 
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Treat alkaline soils 

 Use 6kg of compost per square meter to lower soil pH by one unit. (Example: 8.5 down to 

7.5). 

 This does not have to be applied all at once. Always cover the compost with mulch.   

 Use 3 liters of liquid compost, already mixed 1:10 with water, per square meter. (It is not as 

effective as compost, but it still gives good results.)   

 Use 2kg of manure per square meter to lower the soil pH by one unit.   

 

2.4 Nutrient deficiency table  

 

Missing 

nutrients  

 

Plant characteristics Natural sources of missing 

nutrients  

 

Nitrogen  

 

 Yellowing and paleness of all leaves 

and new growth  

 Not much new growth  

 Early maturing and small sized fruit or 

flower  

 Leaves are smaller and darker in color 

than normal.  

Bird manure, cow manure and urine, 

human urine, green (fresh) grass  

 

Potassium  

 

 Leaves are smaller and darker in color 

than normal.  

 Older leaves can be a blue/purple color 

with yellow edges.  

 Plant growth is slow.  

Ash (from kitchen fires), banana 

leaves and stems  

 

Phosphorus  

 

 Fruit size is small and poorly colored.  

 Burnt leaf edges have a purple, blue or 

reddish color underneath and yellowing 

of veins of old leaves.  

 

Bird manure, ash (from burnt animal 

bones), ground animal bones  

 

Magnesium  

 

 Edges of leaves turn yellow or have 

yellow spots, but veins stay green.  

 Brown spots on leaves can also occur.  

 Old leaves drop early off trees.  

Epsom salts (magnesium sulphate): 

two teaspoons dissolved in five liters 

of water. Other sources: fish 

remains, crushed dolomite, animal 

manures.  

Sulphur  

 

 Dull color of all leaves  

 New shoots develop poorly  

 

Organic matter and animal manure  

 

Calcium  

 

 New leaves and new shoots grow 

badly and are underdeveloped.  

 Fruit growth can be unusual.  

 

Crushed egg shells, gypsum  

 

Micro- 

nutrients  

 There are many different micro- 

nutrients that plants need.  

 Symptoms of problems are different 

too.  

Seaweed, bamboo leaves, rock dust  
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2.5 Introduction of nutrients 

 
 Sea weed contains many nutrients. A lot of nutrients from the land are washed out to sea 

with water and eroded soil. Seaweed uses and stores many nutrients and, therefore, can 
replace nutrients that are lost. It is a good source of micronutrients. 

 Add high concentration manure – bat, pigeon, chicken and duck manure. Bat and pigeon 
manure are best, but all are great because the manure comes from food sources such as 
insects, seeds, tree leaves, etc. These manures contain many more trace elements and 

concentrated nutrients.   

 Animal bones, carcasses and innards are highly concentrated forms of nutrients and provide 
a lot of micronutrients. They can be part of solid compost, put in liquid compost or buried 
under new fruit trees.  

 Banana trunk sand leaves provide good potassium as mulch or in compost.  

 Burnt bone ash adds phosphorus.  

 Biochar (activated charcoal) provides carbon, as well as storing other nutrients.  

 Bring in mulch or manure from other areas. Make sure not to introduce seeds of species that 
you do not want to have at your farm or garden.  

 Grow legume trees to add nitrogen to the soil.  

 Wood ash from cooking fires provides potassium.  

 The soil from the bottom of a well-managed pond contains a lot of nutrients.  

 Use ponds to make mulch. Water plants are excellent for taking and storing all types of 
excess nutrients from water, including waste water from houses.  

 Trees leaves provide different minerals because trees bring them up from deep in the 
ground. Some of these minerals are stored in the leaves.  

 Bamboo and casuarina leaves accumulate silica, an important mineral: bamboo ash is good 
as well.  

 Use a specific micronutrient fertilizer (preferably made from seaweed and rock dust) to 
replace the nutrients. This is an unusual fertilizer: the usual fertilizers, including urea, will not 
replace rare nutrients.  

 Add rock dust (crushed gravel) to your soil at one big hand full per square meter. It will 
improve soil drainage and slowly release minerals for years.  

 Agricultural gypsum, used to loosen heavy clay soils, contains about 23% calcium and 18% 
sulphur.  

 Coffee grounds (the waste powder from making coffee) are rich in organic matter and trace 
elements. They also stimulate the growth of some types of vegetables, especially root crops. 
Mix coffee grounds in rows where you plant carrots, beetroot or potatoes to improve results. 
Be careful if you have acidic soil because coffee grounds are also good for balancing alkaline 
soils and for plants that like acidic soil.  
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2.6 Focus on healthy, high quality soil  

 
Warming temperatures and extreme rainfall or drought events will increase the potential for soil 
moisture stress to affect all crops. Healthy, well-structured, fluffy soil, that is protected by vegetation 
cover captures more water and is less susceptible to surface runoff, compaction, and erosion during 
heavy rain events.  
 
The following actions build soil health and resiliency to climate-related risks: 
 

 Reduce tillage frequency and intensity, and transition to low-till or no-till planting methods where 
feasible. 

 Increase organic matter inputs through cover crops, crop residues, manures, and compost. 

 Use winter and summer cover crops between main crops to maximize soil surface protection. 

 Use tillage methods which preserve plant residues on the soil surface. The goal is to minimize 
time with no plants covering the field.  

 Develop a rotational plan to maximize the use of perennial crops in the rotation to avoid some 
or all tillage requirements. 

 Reduce soil compaction by minimizing equipment passes over fields.  

 Avoid fall tillage and bare winter fallow whenever possible. 

 
 

 

  

If the land is under cultivation, nutrients in the soil are being used and must be replaced. 

You should not only be replacing the lost nutrients but also slowly improving the soil so that 

it can hold more nutrients and water to increase future production. Organic natural 

fertilizers can be used regularly and applied before, during and after cropping.  

There are hundreds of different compost recipes and all will work, if you:  

 Achieve a good balance between carbon (brown material) and nitrogen (fresh/green 

material).   

 Add nutrient rich ingredients.  

 Add lots of good bacteria to break the material down quickly.  

 Add the right amount of water.  

 Make sure there is plenty of air in the compost (for oxygen).  

 

- Liquid compost 

- Quick compost  

- Animal compost 

-  
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2.7 Recipe for standard liquid compost  

 
Liquid compost is easy to prepare and is very useful for everything from nurseries, small gardens, 
large crops, rice paddies, fruit trees and other tree crops.  

It is a good way to make organic fertilizer, rich in nutrients and biota, from small amounts of 
manure and other ingredients. It is excellent for supplying nutrients and micro-organisms over 
large gardens and farms, and a much more efficient use of materials, time and space than solid 
compost. Always use it with mulch, especially if you do not use solid compost.  
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Source: McKenzie,L. and Lemos, E. (2017): 32-33  
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3 Conservation agriculture  

The primary need is to feed soil organisms (bacteria, fungi, earthworms, etc.) and to regulate their 
living conditions, while protecting them from chemical and mechanical impacts. For example, 
shallow tillage, ridge-tillage, or zero-tillage and surface management of crop residues has often led 
to increases in earthworm activity compared to areas where deep tillage is practiced. 

3.1 The soil food web  

 

The functions of a healthy food web are: 

 Retention of nutrients so they do not leach or pass off as vapor from the soil. Retaining the 

natural nutrients means a decrease in the need for fertilizer usage.  

 Nutrients are cycled into the right forms at the right rates for the plant. The correct ratio of fungi 

to bacteria is needed for this to happen, as well as a balanced level of natural predator 

activity.  

 Building the soil structure, so that the oxygen, water and other nutrients can easily absorb into 

the soil thus enabling plants to develop a deep, well-structured root system. When the biology 

is functioning properly, water use is reduced, the need for fertilizers is reduced, and plant 

growth is increased.  

 

 

 

 
 
Source: Soil Food Web Institute (2019) 
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Providing a permanent or semi-permanent soil cover (growing crops, crop residues or mulch) 
provides food for soil organisms, protects the topsoil from the destructive forces of rain, wind and 
sun, improves water infiltration, reduces soil moisture loss, and regulates the soil microclimate.  

Humus is quickly lost or washed away if the soil is left exposed. Subsoil is usually less fertile. 

 

 

 

 

 

 

 

3.2 No-tillage practice  

 
This practice should be accompanied by others related to conservation agriculture, which intend to 
minimize soil disturbance and protect and nourish the soil life, such as: 

 reducing or eliminating tillage operations,  
 practicing crop rotations, 
 using fertilizers as appropriate,  
 relying on integrated pest and weed management. 

 

Agro-environmental features of conservation agriculture 

 Soil loss does not exceed rates of soil formation, 
 Soil fertility and soil structure are maintained or enhanced, 
 Biodiversity is maintained or enhanced, 
 Downstream effects of run-off or leaching do not impair water quality, 
 Rainfall is managed to avoid excessive runoff, 
 Emissions of greenhouse gases are reduced, 
 Food production levels are maintained or enhanced and  
 Environmental stewardship is engendered amongst rural communities and producers 

of all types, ensuring continuity of sound land management. 

 
Source: FAO online2 
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3.2.1 How to start a no-till farming?  

Ploughing is done for three main reasons: To reduce weed, to aerate the soil, to mix organic 
matter into the soil. There are several crops that could take over these activities and therefore 
support a shift into a no-tillage system.  

 

1) After harvesting summer 
rice, plough one last time. 
 

2) Sow wheat seed.  
 

3) Thickly sow clover seed. 
 

4) Mulch the wheat and clover 
with the straw from the rice 
crop.  
 

 

 

 

 

In this way, the wheat and clover germinate together. Wheat grows up above the clover, and clover 
grows on the ground. Below the clover is the straw mulch.  

Clover works as a green manure. By covering the soil, it helps to smother weeds and conserve 
moisture. It also fixes nitrogen in the soil. Nitrogen made naturally like this does the same work as 
urea fertilizer.  

As the wheat ripens, any weeds should be removed. At first, more weeds will grow, but after the 
thick ground-cover of clover grows, and without tilling, weeds will reduce.  

1. Flood the field for 10-12 days. This weakens the clover and the rice can grow through and 
above it. Then drain the water. The ground cover of clover will recover, and the rice will have 
grown away from its competition.  

2. If there is a shortage of water as the rice is germinating, allow livestock to graze the clover. But 
only allow this once, for a short time, and then remove the livestock. They will eat down the clover, 
so the rice can grow up and away. The clover will again recover as the ground layer.  

3. After sowing the rice, the clover can also be cut. It can be used as a fodder for livestock, or as a 
mulch. Then add the wheat straw mulch, and weed as necessary.  

 
 

  

 
No tillage method calendar of work  
Source: own illustration (2019) based on Evans, C., Laxman, 
R., Khadka, B., Gurung, H., Rana, D. (2001) 
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4 Water harvesting  
 
Scarcity of water for agriculture is a common phenomenon and threat in many countries. In some 
regions it is almost impossible to grow crops without irrigation. Even in areas with large amounts of 
rainfall in the rainy season, crops may get short of water during dry periods. 
Organic farming aims at optimizing the use of on-farm resources and at a sustainable use of 
natural resources. Therefor active water retention, water harvesting and storing of water are 
important practices, especially for organic farmers. They know that it is more important to first 
improve the water retention and the infiltration of water into the soil.  
 
Water retention, infiltration of water into the soil and keeping soil moisture 
 
During dry periods, some soils are more and some are less in a position to supply crops with 
water. The ability of a soil to absorb and store water largely depends on the soil composition and 
on the content of organic matter. Soils rich in clay can store up to three times more water than 
sandy soils (see chapter 2) 
 

 Soil organic matter acts as storage of water, just like a sponge. Therefore, crop residue or a 
cover crop protects the soil, prevents crusting on the surface, and slows runoff. Roots, 
earthworms and other soil life maintain cracks and pores in the soil. Less water runs off, 
and more sinks into the soil.  
 

 

 Reduce evaporation: A thin layer of mulch can considerably reduce the evaporation of water 
from the soil. It shades the soil from direct sunlight and prevents the soil from getting too 
warm.  

 
FAO online1, Home garden technology leaflets 

 
 

 Shallow loosening of the dry top soil can help to reduce the drying up of the soil layers 
beneath since it breaks the capillary vessels. Do not turn the topsoil completely. A better 
retention of water within the soil saves costs and labour on irrigation. 
 

 
McKenzie and Lemos (2017): 9 
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  1) Start small and simple: Work at the human scale so you can build and repair 

everything. Many small strategies are far more effective than one big one when you 
are trying to infiltrate water into the soil.  

2) Spread and infiltrate the flow of water: Rather than having water erosive runoff the 
land's surface, encourage it to stick around, "walk" around, and infiltrate into the soil. 
Slow it, spread it, sink it.  

 

Source: Lancaster (2009): 35 

3) Start at the top of your watershed and work your way down: Water travels downhill, so 
collect water at your high points for more immediate infiltration and easy gravity-fed 
distribution. Start at the top where there is less volume and velocity of water. 

4) Always plan an overflow route, and manage that overflow as a resource: Always have 
an overflow route for the water in times of extra heavy rains, and where possible, use 
that overflow as a resource.  
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4.1 Bad land management 

 

 
There are several land management techniques which on a long-term perspective put the 
agricultural productivity of your land at risk and  

 

 destroy valuable materials that make compost and provide mulch and nutrients for the soil. 

 The first soil that is eroded is the top soil, and this is the most valuable soil. The top soil 

contains a lot of nutrients, and takes many years to replace.  

 Reduce the number of soil biota in the soil. 

 Expose the soil to the sun and dry the soil and increase water loss, the soil cannot hold water 

where there is erosion.  

 Burning create CO2 (carbondioxide) create pollution and contributes to climate  

 Tree and plant roots become exposed by erosion, killing the plants or slowing their growth. 

Erosion can lead to land slides and flooding which threaten crops, animals, infrastructure and 

houses.  

  

 
 

 
Consequences of bad land management caused through forest clearance and residues burned, crops planted 
with rows oriented up and down the hillside, causing erosion and loss of soil fertility and overgrazing 
Source: Crozier (1986)  
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4.2 Earthworks  

In order to prevent soil erosion and to improve water harvesting this chapter will focus on 
presenting some soil conservation technologies or earthworks such as terracing, swales/contour 
ditches, dead barriers and pothole planting and further explain necessary steps for a soil 
conservation plan. It should be noted here that most soil conservation techniques are only practical 
if maintained over a long period of time. Therefore, the lot selected should be owned by or 
permanently available to the involved farmer. 

The following table sums up some factors that need to be considered before starting to implement 
earthworks on a farm.  
 

Water uses  Provides large quantities of high-quality rainwater to garden and 
landscape  

Water collection 
areas  

Can collect water from roofs, streets, vegetation, bare dirt, greywater 
drains, air conditioner condensate, etc.  

Water storage 
capacity  

Very large potential to store water in the soil  

Cost  Inexpensive to construct and maintain. Can be built with hand tools, 
though earthmoving equipment can speed up the process  

Location  Do not locate within 3 meter of a wall or a building foundation.  
May be difficult to use in very small yards with adjacent large roofs  

Time period water is 
available  

Water available for limited periods after rainfall depending on soil type, 
mulch, climate, and plant uptake  

Maintenance  Earthworks work passively; require some maintenance after large 
rainfalls  

Erosion control  Very effective for erosion control  

Greywater collection  Very effective at harvesting greywater from household drains  

Water quality 
impacts to 
environment  

Pollutants in greywater and street runoff intercepted in the soil stay 
out of regional waterways  

Impacts on urban 
infrastructure and 
flooding  

Can capture large volumes of water, reducing need for municipal 
water, storm water drains, storm water treatment, and decreasing 
flooding  

Groundwater 
recharge  

Can sometimes recharge shallow groundwater tables  
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Steps to follow in designing a conservation plan 

As in the implementation of any technology, the best results are usually obtained when each 
situation and pertinent details are carefully examined. The following list of steps has been found 
useful in both designing conservation plans and in teaching students about soil conservation. 

 Select the lot, subdivide if necessary 

 Study lot, find out problems with respect to erosion, drainage, drought. 

 Select suitable drainage site if necessary 

 Calculate slope 

 Select conservation strategy 

 Decide on appropriate distance between structures 

 Survey and mark contour lines 

 Realign stakes along contour lines if necessary 

 Carry out conservation technology 

 Plant protective barriers if necessary (if necessary, construct fences to keep livestock out) 

 Plant desired crop(s) along the contour 

 Periodically review structures and carry out any needed maintenance practices. 

 

4.2.2 Terraces - Terraces serve the 

functions of stopping downslope soil and 
water movement and also give the 
advantage of providing a flat surface for 
the planting of crops, thereby further 
reducing the possibility of erosion.  

Before deciding to build terraces, the land 
should be studied seriously. Since the 
formation of terraces requires a maximum 
of soil disturbance and rearrangement, 
they are extremely susceptible to erosion if 
not properly measured, compacted, and 
maintained. Whenever enough water flows 
gullies can emerge digging in and carrying 
topsoil away. Protect the drainageway with 
rock or grass lining, with retention wells or 
with well vegetated area capable of 
absorbing the water safely.  
 

 
Source: Crozier (1986) 

4.2.1 Dead barriers - Dead barriers 

function similar to live barriers, the 
difference being that they are composed of 
rocks, plant residues, or other non-living 
materials. (Fig. 9). If rocks are present in a 
field, it is useful to construct these and, in 
the process, make the soil easier to work. 
Another advantage is that they can be 
completed during the dry season, meaning 
that they are in place and functioning at the 
start of the rainy season. If enough rocks 
are present' the barriers can be 
constructed as rock walls of sufficient 
height so that bench terraces are famed as 
the soil fills in behind each wall.  
The construction of dead barriers is simple, 
but requires a lot of manual labour.  
In some cases, mixed barriers are used, a 
combination of live and non-living 
materials. If using plant residues, be aware 
that as they decompose, they lose their 
effectiveness as barriers and will erode 
away, needing to be supplemented. 
 

 
Source: Crozier (1986) 
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4.2.4 Individual terraces 

Individual terraces are constructed to 
provide a level platform for the growth of 
an individual tree. They are always used in 
combination with another type of 
conservation structure, such as contour 
ditches, since the small platforms by 
themselves do not appreciably control 
surface water movement.  
 
When planting a hillside with individual 
terraces, the layout should be in an 
equilateral triangular or hexagonal pattern.  
 
The terraces generally have a diameter of 
1 to 1.5 meters and should be thoroughly 
compacted to prevent collapsing. 

 

 
Source: Crozier (1986) 
 
 
 
 
 
 
 

4.2.5 Narrow terraces 

Narrow terraces as you can find for 
example in an orchard provide both -a flat 
platform for planting crops and an inverse 
slope which allows it to serve as a 
drainage or infiltration ditch. 
 

 
Source: Crozier (1986) 

 

4.2.3 Swales/ Contour ditches  

Swales or contour ditches (drainage and 
infiltration ditches) serve many of the same 
purposes as contour barriers. Swales are 
widely spaces and ditches dug into the 
landscape on contour. They are used to 
intercept and infiltrate run-off as a 
groundwater recharge system. Swales can 
be connected with ponds around the 
landscape to extend the catchment and 
overflow features of these systems.  
 
The implementation of swales requires huge 
knowledge about the geology and hydrology 
of an area since it is changing the landform 
drastically. Swales are considered to 
appropriate for establishing forestry systems 
in the humid tropics or as strategies for arid 
landscape. Although annual rainfalls and 
rainfall distribution, water needs and soil 
infiltration rates must be considered first.  
These structures are some of the most 
useful for small-scale hillside farming since 
they require less work than terraces, are 
simple to build, and can be used to either 
divert or to retain water. If constructed at a 
1% slope they divert excess water to 
protected drainageways, reducing soil 
erosion and leaching of nutrients. 
 
The ditches are constructed using pickaxes 
and shovels. If possible, plowing the contour 
line makes the construction much easier. 
The first stage in the construction is to 
excavate the ditch. Then the banks are 
formed by cutting a slanted wall at each side. 
A live barrier is necessary above the upper 
edge to prevent filling with soil. Especially on 
steeper slopes, it is often advantageous to 
plant the live barrier first, several months or 
one season in advance, so that the ditch will 
be adequately protected once built.  
 

 
Source: Crozier (1986) 
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5 Seeds 
 
Besides a healthy soil, with high soil fertility and water holding capacities using appropriate seeds 
and planting material can make a big change in your crop or horticulture production.  
 
This practice may require some information on selection of seeds and planting materials including 
availability of improved varieties and seed treatments. Generally, locally-adapted seeds are 
preferred because of their resilience to local conditions. 

 

5.1 Improve your seed quality 

High-quality seed reduces the required seeding rate and produces strong, healthy seedlings, 
resulting in a more uniform crop with higher yields. 
In order to plant high-quality seeds, make sure to:  

 Clean your seeds. Take away stones, soil, or weed seed before sowing.  

 Choose only pure seeds of one variety.  

 Choose healthy seeds. Healthy seeds have full, big grains of the same color with no cracks 
or spotting. They are uniform in size, viable (more than 80% germinated), and free of seed-
borne diseases.  

 High-quality seed can be bought as certified seed or from other farmers. 
 

5.2 Pure seeds from certified agency or source 

Certification of seeds and other planting/grafting material is a guarantee of healthy and vigorous 
growth and good yield. Read the labels on seed bags carefully to be sure that they follow the 
recommended standards. 

 

 
 
Certified pure seeds should be your first choice when acquiring seeds.  
They are guaranteed to have varietal purity, quality, and optimal yield. Here are some more 
recommendations:  

 Be sure that the bag has the variety and company names, government registration price.  

 Label should state packaging and expiry dates, lot number, as well as the date of 
germination test.  

 Label should state seed purity, moisture, inert matter and estimated weed seeds.  

 Keep the original bill with product name, price, shop name and shop owner. 
 

 Why to get certified seeds?  
 

 You’re getting clean seed: Certified seed is grown under stringent production 
requirements and should have minimal weed seeds or other matter. 

 You’re getting varietal purity: Certified seed uses systems to maximize genetic 
purity Off-types, other crop seeds, and weeds are guaranteed to be minimized. 

 You’re getting guaranteed quality assurance: Third party inspections in the field 
and at the processing plant ensure that all quality assurance requirements have 
been met. You know what you can expect and can back up your assurances to 
others. 

 You’re getting access to new opportunities: Many end-users are requiring 
specific varieties for their products. Using certified seed can open the door to new 
opportunities and greater sales by providing proof of varietal identity.  

 You’re getting new genetics: Improved traits like better yield, drought tolerance 
and much more are delivered to farmers in certified seed. Years of research and 
development went into these traits and they can only be reliably accessed through 
certified seed use. 
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5.3 What is organic certification? 

To be certified organic, crops must be cultivated according to a series of strict guidelines and 
practices that are respectful of their environment.  
 
The primary difference is that certified organic seed is produced under a set of defined organic 
growing conditions. These conditions include a range of organic methodological options that 
involve limited input of the synthetic chemicals found in many fertilizers and pesticides, and prohibit 
the use of genetically modified materials. Conventional seed is not subject to production under 
these defined certified organic growing conditions.  
 
Certifications are issued by testing centers that are accredited by a national authority. There are 
several different organic certifications, with different degrees of stringency in regard to allowed 
practices. Normally they are all based on the following principles:  

 The entire process must have the lowest impact possible on the environment.  

 No genetically modified seed (GMO) can be used.  

 Organic production standards are acknowledged by third-party certification.  

 No synthetic fertilizers, herbicides, or pesticides can be applied.  

 Land must remain pesticide- and herbicide-free for a minimum of 3 years before receiving 
the organic certification.  

 Natural fertility and microbiology of the soil must be constantly maintained and replenished.  

 Beneficial insects must be encouraged to manage undesirable pests. 
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6 Integrated pest management  
 
Integrated Pest Management (IPM) combines different natural strategies and techniques for pest 
management to:  

 Reduce the chances of pest problems happening. 

 Reduce the size of the pest problem if it does happen.  

 Use natural treatments for problems that persist.  
 

Integrated Pest Management applies to all levels of agriculture from small family gardens and 
market gardens to large areas of crops, rice production, fruit trees and all mixed systems. Guided 
by observation how different elements in a system perform a farmer will understand how they can 
work together: e.g. soil, insects, plants and trees, birds, animals, water, people, technology.  

Understanding the elements means:   

 We use fewer resources and less expensive products because the farm maintains itself more 

and more. Also, the necessary resources are mostly found locally.   

 There is continual improvement of the soil, plants and environment. 

 Overall productivity of the land increases. 

 There is increased diversity and resilience to pests, diseases and extreme weather. 

 People’s health improves.   
 

 
Pest management in organic agriculture 
 
Initially, bio-control agents may be applied but organic pest management is best achieved through 
ecological approaches that establish a pest-predator balance.  
 
While the choice of resistant varieties of crops is paramount, other prevention methods include:  
 

 choosing sowing times that prevent pest outbreaks, 

 improving soil health to resist soil pathogens 

 applying wide crop rotations, 

 encouraging natural biological agents for control of disease,  

 using physical barriers for protection from insects (plant barriers), 

 birds and animals, modifying habitat to encourage pollinators and natural enemies such as 
birds and animals,  

 trapping pests in pheromone attractants.  

6.1 Push-pull agricultural pest management  

 

Why do pests occur?  
 
Pest problems occur because a system is not in balance.  
 
There are different reasons:  

• Fire, flooding and land clearing.  

• Using large areas of land for only one crop − monoculture.  

• The introduction of a pest into an area.  
• The destruction of pest predators by using chemical pesticides and removing pest 
predator habitats.  

• Changing seasons.  
• Climate change creating unusual weather patterns which place stress on plants.  
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The push and pull technology is a strategy for controlling agricultural pests by using repellent "push" 
plants and trap “pull” plants. Although diseases and pests are part of an agricultural system they can 
be devastating for a farmer’s production once the system gets out of balance.  
Push-pull practices are most efficient when used from the start and are crucial in farming 
communities with limited access to chemical pesticides.  
 
Push-pull practice involves intercropping a repellent crop with the main crop for production purposes. 
It is mainly used in cereals production systems. In general push and pull is expected to create 
benefits on pests and weeds, to improve biodiversity and nutrient availability. Grasses as a green 
fodder improve fodder availability and may have positive effects on dairy production.  
 

 
The most famous push-pull practice is compiled of: 
 

1) Maize (main crop) 
2) Desmodium (as a repellent crop that attracts 

natural enemies and repels stemborers) 
3) Napier grass (as a trap crop that attracts 

stemborers) 
Grasses such as Napier or Sudan grass planted in 
border rows around a maize field provide a place for 
the stemborers to lay their eggs on rather than in the 
maize crop. Desmodium attracts wasps that would 
feed on the stemborers larvae.  
 
Seeing is believing! 
  
Implementing trial plots with push-pull systems could 
convince farmers to try this technology out.  
 

 

 
Source: Nederland (2019) & icipe (2015) 

 
 
Further the agricultural practice of companion planting in gardening and agriculture is the planting of 
different crops in proximity providing a habitat for beneficial insects and therefore possibly contribute 
to control pests (see chapter 1.2). Companion planting is a form of polyculture where the growth of 
the main crop is supported by the provision of shade and nutrients. Knowledge about plant 
companions helps to improve growth, increase natural pest and disease control, and allows higher 
production from your land. 
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6.2 Homemade recipes for common plant diseases 

 
Crop diseases Name Components Preparation and 

application 

TOMATO: [Early Blight of 
Tomato, Septoria Leaf Spot, 
Bacterial Speck of Tomato, 
Bacterial Spot of Tomato] 
PEPPER: [Bacterial Spot of 
Pepper] 
CUCUMBER, PUMPKIN, 
ZUCCHINI: [Angular Leaf 
Spot Disease] 
CUCUMBER, PUMPKIN, 
ZUCCHINI, MELON: [Leaf 
Blight of Cucurbits] 
BEAN: [Black Spot Disease] 
SOYBEAN: [Anthracnose of 
Soybean] 
STRAWBERRY: 
[Anthracnose of Strawberry] 
PEPPER, EGGPLANT, 
CUCUMBER, ZUCCHINI, 
TOMATO: [Aphids, Thrips]  
 

Garlic and 
Pepper 
Extracts  
 

Chilli Extracts 4.0 
teaspoon 
Garlic Heads 2.0 
unit 
Soap 50.0 g 
Water 4.0 l 
 

Dissolve a piece of 
soap (50 g) in 4 liters 
of water.  
* Add 2 chopped 
garlic heads and 4 
tablespoons chopped 
red pepper and leave 
overnight  

 
Strain (use a thin cloth 
or into a strainer) and 
spray on the surface of 
the plant.  
* Apply garlic and chilli 
extracts at intervals 
from 4 days 

POTATO: [Early Blight of 
Potato] 
TOMATO: [Early Blight of 
Tomato] 
CUCUMBER: [Downy Mildew 
of Cucurbits] 
PEPPER, CUCUMBER, 
TOMATO, POTATO: 
[Powdery Mildew]  
 

Milk and Ash  
 

Ash from Fire 1.5 g 
Brown Sugar 1.5 g 
Fresh Animal 
Manure 1.5 g 
Raw cow's milk 2.5 l 
Water 100.0 l 
 

Mix all the ingredients 
and strain before 
application (use a thin 
cloth or into a strainer)  
 
Spray every 10 days 
at first notice of 
symptoms in field  
 

TOMATO: [Bacterial Spot of 
Tomato]  
 

Neem oil 
(0.5%)  
 

Neem oil 5.0 ml 
Soap 0.5 ml 
Water 10.0 l 
 

Mix the essential oil 
well in the drops of 
liquid soap.  
* Dilute the mixture in 
10 L of water.  
 
 
The emulsion should 
be applied in the 
coolest hours of the 
day. Repeat the 
application every 10 
days. The 
effectiveness of the 
preparation is 
dependent on climatic 
conditions and also 
on disease severity. 
Therefore, spray 
preventively and soon 
after the onset of 
symptoms.  
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SOYBEAN: [Root-Knot 
Nematode in Soybean] 
APPLE, PEAR, QUINCE, 
GRAPE, RASPBERRY, 
GOOSEBERRY, BEAN, 
PEPPER, EGGPLANT, 
CHERRY, APRICOT, PLUM, 
PEACH, CARROT, TURNIP, 
PEA, CUCUMBER, 
PUMPKIN, ZUCCHINI: 
[Nematodes]  
 

French 
marigold  
 

Marigold flowers 
100.0 g 
Water 2.0 l 
 

Dry the flowers in a 
shaded place until 
they become brittle.  
Place the flowers in a 
container and add two 
liters (equivalent to a 
pet bottle) of boiling 
water over them. 
Cover the container 
for 15 minutes.  
 
Spray on plants and 
soil every 7 days. If 
you prefer, apply the 
extract to the soil 
using 20 ml per 
square meter. 
 

SOYBEAN: [Powdery Mildew 
of Soybean] 
BEAN, PUMPKIN, 
ZUCCHINI: [Powdery Mildew] 
STRAWBERRY: [Powdery 
Mildew of Strawberry] 
WHEAT: [Powdery Mildew of 
Cereals]  
 

10% raw milk 
solution  
 

Raw cow's milk 1.0 l 
Water 9.0 l 
 

Dilute 1 liter of raw 
milk in 9 liters of 
water. 
 
Apply once a week  
 

BEAN: [Black Spot Disease, 
Cercospora Leaf Spot of 
Legumes] 
SOYBEAN: [Anthracnose of 
Soybean, Brown Spot of 
Soybean] 
TOMATO: [Early Blight of 
Tomato, Septoria Leaf Spot] 
CUCUMBER, ZUCCHINI: 
[Leaf Blight of Cucurbits]  
 

Fresh nettle 
extract  
 

Water 10.0 l 
Fresh nettle 100.0 g 
 

Leave 100 g of 
ground nettle to dry in 
the shade for 7 days. 
Subsequently, place 
the dried vegetable 
material in 10 liters of 
water for 8 hours, stir 
the mixture twice a 
day.  
 
Strain the mixture and 
dilute in 10 liters of 
water. Apply on the 
plants, repeating the 
application 2 times 
every 5 days.  
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7 Agroforestry  
 

7.1 Expected benefits from an agroforestry system 

The implementation of agroforestry systems provides maximum protection from soil erosion and 

improved land productivity. Woody species intercept water, protect soils and ground cover crops 

against heavy rains through given ground cover and widespread roots. Tree leaves create biomass 

that is needed for soil fertility increase as well as mulch for soil moisture retention. Agroforestry can 

provide fodder for livestock. Microclimate that are created due to agroforestry attract rainfalls. An 

agroforestry might protect crops from too much sunlight as well function as a windbreak. 

To address low yields and low income both, the soil fertility, the agro ecosystem functions, and the 

source of income can be restored by diversification with nitrogen-fixing trees and the cultivation of 

indigenous tree species that produce nutritious and marketable products.  

Indirectly, leguminous trees can also recycle other macro- and micronutrients through uptake from 

their more extensive and deeper root systems, which act as a safety net to absorb and prevent the 

loss of deep nutrients and subsequent leaf litter fall and fine root turnover at the soil surface  

Biodiversity  

An agroforestry system maintains a level of biodiversity that is considerably higher than other 

agricultural systems but generally a little lower than that of natural forest.  

Soil  

Agroforestry, as an agricultural system with high aboveground biodiversity and minimum soil 

disturbance, is recognized to have a diverse rhizosphere associated with the four belowground 

species assemblages that together form a soil ecosystem typical of a fully functional late 

successional stage. Tillage, however, disturbs the soil, killing many of the larger organisms and 

breaking the fungal networks. This disturbance switches the soil ecosystem back to an early 

successional stage in which some functions are destroyed and must be rebuilt.  

  

The importance of mulch and organic matter  

Mulch occurs naturally in all forests; it is a nutrient rich, moisture absorbent bed of decaying 
forest leaves, twigs and branches, teeming with fungal, microbial and insect life. Natural mulch 
serves as a nutrient storage saving the nutrients contained in organic matter and slowly making 
these nutrients available to plants. Therefore, mulch forms a necessary link in nutrient cycling 
vital for the tropical soils. Where soil erosion is a problem, slowly decomposing mulch material 
(low nitrogen content, high C/N) will provide a long-term protection compared to quickly 
decomposing material.  

  
Source: FAO online1 
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7.2 How to start an agroforestry?  

 
An agroforestry system can be started with different patterns. Here you will find the basic elements 
for three of them:  
 

 Orchard alley crops 

 Annual crop alleys  
 
 
 

 

 

 

 

 

 

 

 
 
 
 
 

 Forest gardens starting with guilds 

 

 

 

Source: Elevitch and Wilkinson (1999) 

 

 
The seven layers of a food forest.  
Source: https://en.wikipedia.org/wiki/Forest_gardening 
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7.2.1 Orchard alley cropping 

Alley cropping is a practice that can increase farm self- sufficiency by reducing or eliminating the 

need to purchase mulch and most fertilizers from off-farm. Nutrient-rich mulch is supplied by a 

system of hedgerows of nitrogen fixing trees integrated with the crops. The nitrogen fixing trees 

provide an on-site, renewable source of fertility and mulch for the crops.  

 

7.2.2 The planning process 

A good carefully advanced planning is crucial for success.  

Planning Step 1: Determine the needs and goals for your project.  
 
Planning Step 2: Determine the appropriate hedgerow species for your needs, goals, and site 
conditions. The environmental tolerances of the tree (rainfall, temperature, etc.) should be the most 
important consideration in choosing the appropriate species for your area. Other factors to 
consider include:  

• Growth rate: Do you want a highly productive species, or one with less vigorous growth? 
Think about how many times per year you would ideally want to prune, and how much 

mulch do you need?  
• Weediness: Can you manage a potentially weedy species, or should you take care to 
use only non- invasive ones because the trees might bear seed because they are not 

being pruned regularly?  
• Other products: Might you in the future want to use your hedgerows as animal fodder, 

firewood or bee forage? Which secondary product needs are highest priority?  
 
Planning Step 3: Obtain or make a map of the contours and other features on your site. This map 
will be the basis for planning the location of your contour hedgerows and crops. It is essential to 
plan the position of the hedgerows carefully in advance, rather than in the field where problems 
can arise. It is also helpful to include on the contour map access roads, paths, fences, walls, 

Characteristics of good hedgerow intercropping trees are:  
 

 Rapid growth and biomass production: Leafier biomass and small branch production 
means more litter/mulch accumulation. 

 Deep-rooting: Take up nutrients and water out of reach of crop plants   

 Easy to establish: Trees are easy to raise from seed either directly field - planted or in 
pots. Cuttings develop more rapidly but produce only lateral roots that compete more 

with neighbouring crops.   

 Repeated coppicing and/or sprouting ability: Stems and leaves grow back again and 

again after pruning or topping.   

 Nitrogen fixing: Nitrogen fixing trees are able to ‘fix’ atmospheric nitrogen and 

contribute this to the system.   

 Free from pests and diseases: Trees should not be hosts to crop - damaging insect or 
fungus pests known in your area.  

 Easily controllable: Trees that become weedy and will spread into alleys or 

neighbouring fields are not desirable.   

 Widely adaptable and stress tolerant: Trees should be adapted to a range of soil 
characteristics and tolerant of special climatic conditions such as high winds and 

periodic drought.   

 Multipurpose: To provide an adequate return to land and labour inputs, trees must 

produce a number of useful products and services for your farm.  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gulches, draws, etc., including all man-made or natural features on the site and neighboring areas.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Planning Step 4: Determine appropriate spacing between hedgerows. Generally, spacing 
between hedgerows should be selected to strike a balance between reduction of competition 
between the hedgerow and crops, while maximizing production of organic matter and control of 
erosion. Spacing between hedgerows is determined primarily by the slope—the steeper slope, the 
closer together the hedgerows should be. The end- use of the hedgerows should also be 
considered. For contour hedgerows within a crop field, spacing should be further apart than, for 
example, in a field used for animal forage crop. For most orchard crops, a distance between 
hedgerows of about 7-10 m is ideal. The slope of the land determines the minimum distance 
between hedgerows necessary for erosion control. The steeper the slope, the closer together the 
hedgerows need to be to act as an erosion barrier.  
 
Planning Step 5: Determine appropriate spacing within hedgerows. Generally, for contour 
hedgerows a spacing of 25-35 cm is recommended in-row.  
 
Planning Step 6: Determine position and spacing of crop trees. Once you have your hedgerows 
laid out on paper, you can draw in your crop trees. They are placed halfway between the 
hedgerows, with standard spacing between the crop trees. Double-check to make sure you have 
left enough space between hedgerows for your crop trees to grow.  
 
Planning Step 7: Finalize your map. At the end of the planning process, you will have a map of 
your site, including the contours, the hedgerows laid out on the contour, and the placement of the 
crop trees. You will also have selected the appropriate species to plant in your hedgerows. When 
the planning process is done well, installation will be much easier.  
 

  

 
Contour map  
Source: Craig Elevitch and Kim Wilkinson (1999) 
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7.2.3 Guilds 

Plant guilds are a combination of form and function. The goal is to mimic the stacking and 
relationships found in nature while also providing useful resources to humans. Generally 
there are at least seven layers that occur in an ecosystem.  
 
The following is a list of seven different functions that a guild tries to include:  
 

1. Food: Staples, legumes, fruits, vegetables, and fats  

2. Food for the soil: Legumes and organic matter that provide nutrients to the soil  

3. Climbers: Important for making the most of vertical space  

4. Supporters: Plants that provide support to climbers  
5. Miners or diggers: Deep roots or tubers that open the soil and bring up nutrients from deep  
6. Groundcovers: Protects soil, provides shade, holds moisture, and suppresses weeds  
7. Protectors: Protection for others in the system (Repellents, attractors, live fencing, etc.)  
 
Fruit tree guild and service tree guild  
 
The spacing of any guild is dependent on the final size of the individual plants, which varies based 
on exactly which species are selected for the guild. Therefore, all of the spacing in these guilds is 
approximate and should be altered based on the climate zone, native vegetation and the final size 
of the plants selected. Also, these guilds are drawn in a circular pattern but the placement can be 
adjusted to any shape, including linear.  
 

 
The functions of a plant guild can be of benefit to humans, wildlife and the plants themselves. They 
are limited only by our imaginations and can include: 

 edible fruits, vegetables, roots 

 animal fodder, forage for pollinators, Insectaries, 

 medicinal plants,  

 nitrogen fixers for soil fertility and nutrient accumulators, biomass for soil building, 

 pest control,  

 raw materials for crafts, fibre, fuel sources etc. 

  

 

  
Source: Ruddock (2013) 
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7.3 Living fences  

Living fences can be a protection with production. The idea behind a living fence is that certain 
plants make good fences and at the same time produce useful things for people, for livestock and 
for soil improvement. A living fence could  

 provide fuel wood, animal feed, fruits, building materials, etc.,  

 serve as a windbreak,  

 repel insects and pests. 
 

 

 

The following table lists some plant species that may serve as living fences and fulfill different 
purposes such as fuel wood and timber, food and fodder or mulch and green manure: 

 

 

  

Fuel wood and timber  Fruits and other food Fodder and feed Mulch and green manure 

 Acacia spp. 

 Bamboo 

 Casiorina 

 Colletia spinosissima 

 Eucalyptus spp. 

 Parkia biglobosa 

 Prosopis africana 

 Pterocarpus spp. 

 Raphia palm 

 Schinus molle 

 Annona squamosa 

 Balanites aegyptiaca 

 Banana 

 Bitter leaf 

 Cassava 

 Drumstick 

 Papaya 

 Passion fruit 

 Pigeon pea 

 Yam 

 Acacia albida 

 Acacia nilotica 

 Acacia tortilis 

 Artocarpus spp. 

 Gliricidia sepium 

 Grewia optiva 

 Leucaena 
leucocephala 

 Morus spp. 

 Ziziphus 
mauritaniana 

 Acacia 

 Crotalaria ochroleuca 

 Gliricidia spp. 

 
 
 

 
 
 
 

Different uses and benefits of living fences 
Source: FAO online3 

  
Living fence, using cactus plants or agave surrounding a home garden 
Plant cassava or using bamboosticks around plants 
Source: http://www.fao.org/docrep/003/X3996E/x3996e35.htm 
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