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This Working Paper is one of a series of publications prepared during the course of
the (1992-96) UNDP/FAO South Pacific Forestry Development Programme
(RAS/92/361).

This programme began in January 1992 and is based in Suva, Fiji. Its main object is
to strengthen national capabilities in Pacific island developing countries to enable
them to more effectively conserve, manage, use and develop their forest and tree
resources on sound, sustainable and balanced bases, and therefore enhance the quality
of life of their peoples. Fifteen countries (Cook Islands, Federated States of
Micronesia, Fiji, Kiribati, Marshall Islands, Nauru, Niue, Palau, Papua New Guinea,
Solomon Islands, Tokelau, Tonga, Tuvalu, Vanuatu and Western Samoa) are
participating in the programme.

The conclusions and recommendations given in this report are those considered
appropriate at the time of its preparation. They may be modified in the light of further
knowledge gained at subsequent stages of the project.

The designations employed and the presentation of the materials and maps in this
document do not imply the expression of any opinion whatsoever on the part of the
Food and Agriculture Organisation of the United Nations concerning the legal status
of any country, territory, city or area or of its authorities or concerning the delimita-
tion of its frontiers or boundaries.
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annual training workshops in Fiji (1992), Kiribati (1993 and
1996), Tuvalu (1994) and Marshall Islands (1995), to address
various aspects of agroforestry systems in atoll environments,
with particular emphasis on the tree component.

The materials used and experiences gained from these
workshops have been compiled in this Field Manual, which
we trust will be useful to those working in the field. We
would like to thank Mr. Edwin Teunissen and Mr. Robert
Wescom for their collaborative effort in putting together this
Field Manual and all the resource persons, participants, donors
and host agencies who made the workshops possible.

(TANG Hon Tat)
Project Coordinator June 1997
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PREFACE

his field manual for Agroforestry in Atoll Environments

is a compilation of main topics covered in the five

(annual) training workshops in agroforestry in atoll

environments, jointly sponsored and organised by the

UNDP South Pacific Forestry Development
Programme, United States Department of Agriculture, Forest
Service and Natural Resources Conservation Service, and the
German Agency of Technical Cooperation (GTZ).

The manual is for those agricultural extension agents, who
work in atoll environments and with atoll island people. Their
task is not an easy one. Extension agents are responsible for
advising and guiding their clients towards making sound
resource management decisions, based on traditional agricultural
production systems and incorporating fundamental knowledge of
soils, production and growth of native and introduced tree
species, and ecological processes. The success of the extension
agent will hopefully lead to improved and enhanced production
and quality of life for their clients.

This process takes a long time as it involves people, their
perspectives and behaviors. Factors that seem to make it
impossible to effect any changes, definitely on the short term.
Thousands of extension agents around the world face the reality
of these factors in their work every day.

It is our hope that this manual will contribute to the success
of the work of extension agents on atoll islands, in providing
basic information on agroforestry in atoll environments and
extension methods for reinforcement of the agent’s knowledge,
or development of a basic concept in these topics. The format of
the manual makes it an easy-to-handle document for the
extension agents, an update of the contents 1s cnvisaged for the
near future, resources and time permitting.

The authors wish to thank Mr. Tang Hon Tat, Project
Coordinator and Mr. Leonard A. Newell, Pacific Islands
Forester for providing support and encouragement in the
preparation of this manual, and all those people who shared their
views and comments. Finally, the authors wish to express their
support and appreciation to the work of the extension agents, and
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hope that the information in this manual supports their
commitment and efforts in assisting the people on the atolls to
improve the quality of their lands and lives.

Edwin Teunissen
FAO Associate Professional Officer
Tarawa, Kiribati

Robert Wescom

USDA Natural Resources Conservation Service
Pacific Basin Agroforester

Maite, Guam

January, 1997
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INTRODUCTION

he atolls provide a difficult environment for plants to

survive and for farmers to grow food crops. Traditional

agriculture systems were adapted to the environmental

conditions found on the atolls. The traditional
agriculture systems relied on crops proven to survive and grow
in atoll soils and by incorporating native and naturalized woody
trees and shrubs into the farm setting.

The traditional agriculture systems produced sufficient food
crops for the population in that time. With an increasing
population, the traditional systems are unable to provide
sufficient production to meet the local demand for food crops.
Attempts to adopt intensive farming systems which rely on
imported inorganic fertilizers and other inputs to produce high
yields have largely failed.

Furthermore, increasing population pressures on the atolls
are stressing the existing natural resources of land, water and air.
When local resources are unable to meet the demand for food,
imported products are substituted for locally grown food. An
over-dependence on expensive imports has adversely affected
the diet and health, cash flow, and social structure of local
residents. Individuals’ appreciation for natural resource values
can be loss when food and other products are only acquired as
imported products.

Atoll governments recognize the problems associated with
low agriculture production and dependence on imported
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Extension agents play a crucial
role in promoting local
agriculture activities.

To be effective the extension
agent must continuously expand
and improve his/hers knowledge

and experience in agriculture
technology.

products. National and local governments are stressing the
importance of the production and consumption of local products,
including food crops. Governments and individuals are
promoting improvements to the traditional agroforestry systems
and encouraging the locally produced food crops.

Extension agents working on atolls play a crucial role in
promoting local agriculture activities. They are knowledgeable
and experienced in agriculture technology and practices. They
have close ties to individual farmers and communities, and are
dedicated to the transfer of new or improved technology to their
clients.

Because atoll soils in general are limited in essential
nutrients and water holding capacity, and contain excessive salts,
food crop production around the homestead requires special
attention. Trees and woody perennials have played and are still
playing an important role in the daily life of the atoll people,
providing a number of important products, from food and
medicines to building materials and organic mulches. Even if
these uses still exist, people often do not realize the importance
of trees in their daily life, or the role trees can play in improving
their traditional production systems or their environment.

To address these challenges, the extension agent has to
posses basic knowledge and practical experiences in
agroforestry, extension methods and atoll environments. To be
effective the extension agent must continuously expand and
improve their knowledge and experience in agriculture
technology.

To give agricultural extension agents from various Pacific
atoll countries the opportunity to increase their basic knowledge,
share experiences with their colleagues, and develop their skills
in technology transfer, communication and problem solving, the
German Agency of Technical Cooperation (GTZ), the United
States Department of Agriculture, Forest Service and Natural
Resources Conservation Service (USDA), and the UNDP South
Pacific Forestry Development Programme (SPFDP) have
organized and sponsored five regional agroforestry workshops.

The target audience for this field manual is agriculture
extension agents who works in an atoll environment. The
extension agent may be employed with a government agency or
a non-governrnental organization providing technical assistance
to farmers and other individuals engaged in agriculture on atolls.

This field manual documents much of the material and
concepts presented at the regional agroforestry workshop. The

Fl
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four chapters presented in this manual are:

Soils;

Ecological Processes;
Agroforestry; and
Extension

- 1 p1 =

This field manual is not intended to serve as a complete
guide for agroforestry or extension work on atolls. There many
excellent manuals and publications that describe the practices of
agroforestry and extension activities. This field manual attempts
to pull together the basic knowledge and concepts of
agroforestry and extension that the authors consider basic for
sound recommenda-tions. Individuals who have participated in
one or more of the five regional agroforestry workshop will
recognize much of the material and the field manual can be used
to reinforce the material learned in the workshops. For
individual’s who have had no prior agroforestry training, this
manual can be used as an initial learning reference. The field
manual has been designed to develop the readers understanding
of the basic knowledge and concepts related to agroforestry and
extension skills needed by agriculture extension agents working
in atoll environments.

Following the Introduction, Chapter 1 describes atoll soils
and plant nutrients; Chapter 2 describes ecological processes that
affect agriculture on atolls. Chapter 3 discusses the basic
principles of agroforestry, and describes three common atoll
agroforestry systems including tree species that could be used.
The final chapter covers the roles and responsibilities of an
extension agent and illustrates two important extension methods
an agent can use while assisting in a meeting. Finally, the
importance of scheduling activities is explained.

Chapters are divided into sections which focus the reader on
a specific topic. Each section has clearly stated objectives, and
has a narrative covering the topic. The learning objectives are
reinforced at the end of each section with a short, self
administered exercise.
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Objectives

After reading this section on
INTRODUCTION TO ATOLL
SOILS you will be able to:

1. Describe why soils are
often taken for granted.

2. Name the two sources
from which knowledge
about soils has been
gained.

3. List two ways extension
agents can use their
knowledge of soils.

Knowledge about soils comes
from two sources:

. experience

. scientific study

Farmers have a diverse range
of experience with soil.

INTRODUCTION TO ATOLL SOILS

uch of life’s activities revolve around soil. Soil is the

ground on which we walk, our homes and roads are

built on the soil, our food crops and trees are grown

in soil. Yet we often take soil for granted. One

reason that soils are taken for granted is that there
are many different concepts as to what soil is. To a home builder,
soil is the foundation for a house; to a farmer soil is the medium
in which crops and fruit trees are to be grown, or on which
animals are to be raised. The different uses of soil result in
different values associated with soil. A house builder is
concerned with the suitability of the soil to support a building,
the productivity of soil is of no concern. A farmer is dependent
on soils for a crop, and productive soils are dependent on proper
management.

Extension agents and farmers must have a basic
understanding of soils in order to properly conserve and maintain
the productivity of soils for the farmer today, as well as in the
future.

Knowledge about soils comes from two sources: the
experience of the farmer, and scientific study of soils and its
management. Farmers have developed an appreciation of what
makes a good soil for agriculture: deep, dark, and rich soils with
lots of earthworms are usually very productive. Soil scientists
and researchers have studied soils and have developed more
technical descriptions of the characteristics of what makes a
good soil and have documented how to manage soils to
conserve or improve the productivity for agriculture.

This module on soils is designed to provide you with the
basic information on soils that affects agriculture on atolls. You
will use your knowledge of soils to assist your clients, farmers
and homeowners in identifying the better soils for agriculture
and recommending management practices that can conserve and/
or improve the productivity of the soil.

As ari extension agent you need to have an appreciation of
the farmers’ knowledge about soils as well as an understanding
of the key concepts related to soil formation, soil fertility, and
soil management. The farmers that you work with have a diverse
range of experience with soils. Many younger farmers may have
little experience with managing soils, while older farmers may
appreciate gaining a deeper understanding of soil management.
As an extension agent you are the link between the farmer and
the researchers, and you should be continually increasing your
knowledge of soil management from experienced farmers and

FIE
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through training and readings about soils and soil management.
This module has six sections to improve your knowledge on
soils:

* Atoll Geology

e What is Soil?

*  How is Soil Formed?

»  Soil Ecology and Soil Health
¢« What are Macronutrients?
What are Micronutrients?

Exercise

INTRODUCTION TO ATOLL SOILS
(Circle each correct answer(s))

. Soils are often taken for granted for which of the following
reasons:

a. soils have no value to people
b. people have many different uses for soils

2. The two sources from which knowledge about soils can be
gained are?

a. folklore
b. farmers
c. soil scientists and researchers

3. The ways extension agents can use their knowledge of soils
are?

a. identify the better soils for growing crops.

b. recommending management practices to conserve and/
or improve the productivity of soils.

c. to build a better house.

How did you do? 1. (b); 2. (b, ¢); 3. (a, b)
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Objectives

After reading this section on
ATOLL GEOLOGY you will be
able to:

1. List the three major
kinds of coral reefs.

2. Identify the condition
that is required for free-
floating coral animals to
begin a colony.

3. List the three require-
ments that must be
fulfilled for reef corals to
flourish.

4. Identify three possible
ways a coral reef can
form.

Coral animals require certain
environmental conditions in
order to survive and flourish.

ATOLL GEOLOGY

hile atolls may appear to be very small land masses,

the actual size of an atoll can be quite large. Most

of the material that comprise an atoll is beneath the

surface of the ocean. The visible area of an atoll

represents the top of a mountain that often extends
thousands of meters below the ocean surface.

Charles Darwin, the famous naturalist, suggested that there
were at least three major kinds of reefs:

* fringing;
e barrier reefs; and
e atolls

Fringing reefs are immediately adjacent to the shore line of
a high island. Guam has a classic fringing reef system. Barrier
reefs lie offshore of high islands with a lagoon forming between
the high island and the reef. The barrier reefs surround many of
the Pacific islands. Atolls differ from fringing and barrier reefs
because there is no longer a high island associated with an atoll.

Coral reefs are formed by coral animals. These coral animals
are related to sea anemones and jellyfishes. Following a stage
when the animals are free-floating, the coral animals attached
themselves to a firm foundation. The coral animal secrete a lime
exterior wall to protect itself from the forces of the sea. Large
colonies of coral animals often become established when favor-
able environmental conditions exist.

Like other life forms, coral animals require certain environ-
mental conditions in order to survive and flourish. First, coral
animals require warm water (above 68 degrees F, or 20 degrees
C). This temperature requirement limits the extent of coral reefs
to the tropics or where ocean currents maintain the water tem-
perature at or above 20 degrees C.

The second requirement is that the water be reasonable clear
to allow sunlight to penetrate. Coral animals depend on algae to
provide oxygen to the coral animals. Sunlight is needed for the
algae to survive and grow. In turn the coral animals provide
carbon dioxide to the algae. The ocean water surrounding the
coral animals must have normal salinity, and the water should be
stirred continuously.

These environmental requirements for the survival and
growth of coral animals create an interesting situation — how
can coral islands form in the vast ocean where the ocean depths

FIE
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may reach thousands of meters (feet) in depth?

Scientists suspect that there are three avenues that can lead
to the formation of coral reefs — first is to have a growing reef
slowly sinking with the growth of new coral accumulating faster
than the sinking process, the second avenue involves a slow rise
in the sea level and the growth of new coral, and the third avenue
is the upward growth of reefs from a shallow sea base.

Over extended periods of time (millions of years), many
thousands of generations of these coral animals can form thick
foundations as the new generations of coral animals become
established on the limestone secretions of older generations.
Drilling through atolls has shown that the coral material can
extend downward for hundreds of meters.

Many of the atolls in the western Pacific are the result of the
gradual sinking and erosion of extinct volcanic high islands. The
fringing coral reef around these extinct volcanos remain and a
deep water lagoon is formed where the volcanic island once
stood.

Exercise
ATOLL GEOLOGY
(Circle each correct answer(s))

1. The three major kinds of coral reefs are?

volcanic islands
atolls

fringing reefs
barrier reefs

a0 o

2. In order for free-floating coral animals to become attached
and begin a colony, they must attach themselves to a

sandy bottom
firm foundation
shark

S€a grass

= L

3. The three requirements that must be fulfilled for reef corals
to flourish are?

warm water
clear water
normal salinity
high rainfall

e op
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4. The three possible ways a coral reef can form are?

slowly sinking coral reef
upward growth of coral from a shallow sea base
rapid raising of sea level
slow raising of sea level

e o

How did you do? 1. (b,c,d); 2.( b); 3. (a,b,c); and 4.( a,b,d)
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WHAT IS SOIL?
Objectives oil is the thin layer of mineral and organic materials on
the earth’s surface in which plants grow. The soil m:
ASLEEDeaing this sedion M) only few centimeters to sevepal m T s in d :l?lwmdy e
WHAT IS SOIL? you will be Y g S SIARSAN AL (S
3l dge depend on this thin layer of soil to grow our crops.

Understanding the basic components of soil helps you to
manage soils to improve and sustain crop production. In this
module you will learn about the physical and biological factors

1. Name the four major
components of mineral

S that affect the productivity of soils. Mineral soils consist of four
2. List two properties major components:

determined by the

proportion and arrange- *  inorganic materials

ment of sand, silt, and +  organic matter

clay particles in a soil. &«  weater
3. Describe what comprises * air

soil organic matter.

Inorganic materials are composed of small rock fragments
and minerals that are broken off from the underlying rock. The
type of rock that forms different soils greatly influences the basic
properties of a soil. For example, the kinds of mineral nutrients
in the soil, and the shape and size of soil particles is largely
determined by the type of rock which formed the soil. The
inorganic material of a soil is the original source of most mineral
elements required for plants to grow. The inorganic material of
atoll soil is broken pieces of coral and shells.

4. Identify where water is
found in a soil.

\ Different soils have formed to contain different proportions
Relative proportions of . . . : ’ 5 1z : see
, : _ ‘ of inorganic materials, organic matter, water, and air. The differ-
torganic materzal, organic > J—
- T ent proportions, or percentages, can affect how good the soil is
typical atoll soil: for agriculture and other uses. In general atoll soils near the

shore contain a high percentage of inorganic material and air
*  [Inorganic material - 53% | with a corresponding lower percentage of soil water and organic
v Ak #0% | matter. Soils formed in taro pits generally contain a higher

. Water 5% ; ; ‘
( Organic matter 5, | percentage of organic matter and water than shoreline soils.

Soils are made of different sized rock and mineral particles,
from stones and gravels to sand particles, to silt and very small
clay particles. The proportions of different sized particles is
known as soil texture. Because the size of particles in mineral

: o ) soil does not readily change, soil texture is considered a basic
The proportion of different sized ; ; .
particles is known as soil property of a soil. The larger cqbbles qnd sand-sized particles are
_— easily identified in atoll soils. Silt particles are so small that you
cannot see them without the aid of a microscope, and clay
particles are much smaller than silt particles. Even though you
cannot see individual silt and clay particles, they are very impor-
tant in determining the properties and productivity of a soil.
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One of the ways of classifying soils is by soil texture. Atoll
soils with a high percentage of large particles are classified
cobbly or sandy. If the soil contains enough silt particles it is
classified as a loam. Loamy soils are generally better
agricultural soils.

Soil texture is an important
property of soils because it
largely determines the physical
characteristics of the soil and its
ability to supply chemical
nutrients. The sandy soils of
atolls possess good drainage and
aeration but may be prone to
drought and do not contain as
many plant nutrients.

Soil texture can be
determined by separating the
different sized particles into
groups. For the purpose of field
evaluations, soil texture is
estimated by the “Feel” method.
A moist sample of soil is simply
rubbed between the thumb and
index finger to form a ribbon of
soil. Sand particles are visible
and feel gritty. The longer and
smoother the ribbon the higher
the clay content of the soil. Silt
particles are only slightly sticky
when wet, whereas clay particles
will be very sticky. With a little
experience an extension agent
can estimate the soil texture by
this method. Determining soil
texture 1s an important skill every
extension agent should develop.

Atoll soils typically have a high _ o
percentage of sand-sized and The arrangement of sand, silt, and clay particles within the

larger particles. soil is known as soil structure. This property of soil is as

important as the relative amounts of these particles (soil texture).
The soil particles may remain relatively independent of each
other, as with sand particles, or the soil particles may aggregate
or hold together, as with a dirt clod. Soil structure is very
important in influencing water and air movement in the soil. The
high percentage of cobble and sand in atoll soils results in soil
with poor structure. Additions of organic matter can improve soil
structure and make a better environment for plant growth.

The arrangement of sand, silt,
and clay particles is known as
soil structure.
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Soil organic matter holds soil
particles together, increases the
water holding capacity of a soil,

and supplies many essential plant
nutrients

Water and air are stored in the
soil pore space

Water molecules are attracted
to each other as well as
to solid surfaces

Soils
Soil organic matter is the term used to describe the dead

and decomposing plant and animal material found in the soil.
Although the soil organic matter is generally only 1 to 10
percent of mineral soils, organic matier greatly influences the
physical and chemical properties of soil. Soil organic matter is
responsible for holding soil particles together as aggregates. Soil
organic matter increases the amount of water a soil can hold. In
fact, soil organic matter can hold more than its own weight of
water. Soil organic matter supplies many of the organic nutrients
used by plants, and the soil organic matter is the food source for
most microorganisms that are important in soil formation and
soil health. Soil organic matter is responsible for the dark color
of good agricultural soils.

The decomposition of soil organic matter releases
nutrients into the surrounding soil making nutrients available for
absorption by plant roots. Decomposition of organic matter is
rapid in tropical climates, requiring continual addition of fresh
organic matter.

Many atoll soils contain relatively low quantities of soil
organic matter. The lack of soil organic matter in many atoll
soils limits the water holding capacity of the soil and the
availability of organic nutrients essential for plant growth.

The inorganic (mineral) and organic component of soil
comprise the soil solids. In-between the soil solids is pore space.
The remaining two components of mineral soil—water and
air— are stored within the pore spaces.

Soil water is critical to plant growth and survival. Warer
taken up by the plant roots is continuously lost by evaporation
from leaf surfaces. Large quantities of soil water are needed to
meet the requirements of growing plants. The lack of sufficient
soil water will result in plants being stressed which lowers
productivity.

Water has several important functions in normal plant
growth. Soil water contains dissolved nutrients essential for plant .
growth. Water also helps control soil air and soil temperature
which are important factors essential to normal plant growth.

Water has several interesting characteristics that affect its
storage in soil and availability to plants. Water molecules are
attracted to each other and water is also attracted to solid
surfaces. These attractions are easily observed as water drops on
surfaces such as the leaves of plants. These attractions make it
possible for soil particles to retain water and control its
movement and use.
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Soil texture and structure largely determine the amount and
kind of pore space in a soil, and the amount of surface area on
soil particles that will attract and hold water. There are two types
of pore space—macro and micro. Sandy soils have mostly macro
pore space, and the sand particles have relatively limited surface
area to attract and hold water molecules. This results in sandy
soils draining and drying quickly. Loams and clayey soils, or
soils with sufficient quantities of organic matter can attract and
hold larger quantities of water.

Soil pore spaces not filled with water contain air. Soil
aeration is vital for plant growth. Soil air is gas and plant respi-
ration depends on a proper balance and exchange of oxygen and
carbon dioxide gases. Too little air in a soil can result in a defi-
ciency of oxygen or an excess of carbon dioxide which can be
toxic to plants. The amount of soil air varies as soil water level
increases and decreases.

Exercise

WHAT IS SOIL?
(Circle each correct answers(s))

1. The four major components of mineral scil are?

inorganic materials
organic matter

air

water

pore space

o e o P

2. The relative proportion of different sized mineral particles
determine which soil property?

a. structure
b. texture

3. The relative arrangement of sand, silt, and clay determine
which soil property?

a. structure b. texture
4. Soil organic matter is made of what?
a. water

b. sand, silt, and clay particles
c. decomposed plant and animal parts
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. Soils
5. Water is stored where in soil?

a. sand, silt, and clay particles
b. pore spaces

6. As water fills pore space, the amount of air in the pore
space

a. increases b. decreases

How did you do? 1. (a,b,c.,d); 2. (b); 3. (a); 4. (c); 5. (b); and
6. (b)






FIELD MANUAL FOR AGROFORESTRY IN ATOLL ENVIRONMENTS

Objectives

After reading this section on
HOW IS A SOIL FORMED?
you will be able to:

1.

Name the process in
which parent material is
broken down into finer
particles.

Name the five major
factors that combine to
form soil.

Name the action which
erodes or deposits coral
rubble on atolls.

Name the parent mate-
rial of most atoll soils.

Explain the effect of time
on atoll soils.

Atoll soils are formed through
the combined effects of climate,

plants gnd animals, relief,
parent material and time.

Soils

HOW IS A SOIL FORMED?

here are thousands of different soils throughout the
world. Soils are formed by the physical breaking of
rocks into smaller and smaller mineral particles. These
mineral particles are then affected by chemical changes
until a soil is formed. The term weathering is used to
describe the process of soil formation.
Five major important factors combine to form soils:

* climate

e plants and animals
* relief (topography)
e  parent material

* time

The most influential factor in soil formation is climate,
especially—temperature and rainfall. The daily cycle of warming
and cooling of rock slowly break the small particles from the
rock. Rainfall can physically break mineral particles from larger
material, but more importantly, water and the dissolved salts and
acids in water can chemically dissolve mineral particles away
from larger material. The Pacific atolls have a tropical climate
with warm temperatures and relatively abundant rainfall which
can accelerate the weathering of materials.

Plants and animals play a significant role in soil formation.
Both plants and animals add organic matter to soils. Animals
living in the soil, such as earthworms, physically mix soil
particles as they tunnel their way through the soil. It can be said
that animals are truly responsible for the existence of atolls since
the atoll soils are formed from corals and shells. The lush growth
of coconuts and other plants contribute to the formation of atoll
soils.

Relief or topography refers to the lay of the land—slope
and elevation. The relief of an area can either quicken or delay
the work of climatic forces. Erosion of surface soils is more
likely to occur on steeper slopes than on flatter ground. The relief
of atolls affects soil formation in two ways—first, atolls are
nearly level so there is very little surface water flow. Rainfall
drains rapidly into the sandy soils. Second, atolls are nearly at
sea level and therefore affected by wave action. The coral rubble
soils along the ocean side of an atoll are the result of the constant
action of waves moving and breaking large coral rocks.

Parent material is underlying rock, or deposited materials
from which soils are made. As described in the section What is
Soil? parent material affects several important characteristics
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Time is measured in terms of
hundreds and thousands of
vears.

and properties of soil, including soil texture. The parent material
of atoll soils is the calcareous sand and coral rubble. Because
this parent material is composed of mostly calcium carbonate,
atoll soils contain very limited supplies of some essential
nutrients, such as iron.

Time is the last important factor that affects soil formation.
All of the processes resulting in the weathering of parent
material to form a soil take rime—hundreds and thousands of
years. The longer these factors act on the parent material the
more developed a soil can become. Atolls are geologically
young, only a few hundred thousand years old in many cases.
The parent material began to weather with the death of the coral,
and the lowering of the sea level that exposed the coral to
climatic factors and the establishment of vegetation.

The climate, parent material, topography, vegetation, and
age of atoll soils are all fairly uniform throughout the Pacific.
This has resulted in a limited number of different soils formed.
Soils can be grouped by the content of coarse fragments on and
below the soil surface, the content of organic matter in the
surface layer, and the depth to the water table. Small differences
among the five soil-forming factors account for the differences
among the soils on the atolls.

Soil formation is much more than the breaking of larger rock
pieces into smaller and smaller particles. Over a long enough
period of time (thousands of years), inorganic and organic
materials are mixed and shifted up and down. Identifiable
horizontal layers or zones begin to form and a soil profile
develops. This layering or horizon development is one factor
separating the different types of soils. Because atoll soils are so
young, there has been little development of true soil horizons. In
some cases the different layers observed in atoll soils is caused
by different periods of deposition of sand and cobble material.

Exercise
HOW IS A SOIL FORMED?
(Circle each correct answer(s))

1. The process which breaks parent material into smaller
particles is called:

a. fertilization
b. weathering
c. topography
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2. The five major important factors that combine to form soils
are?

climate

plants and animals
tillage

topography

time

parent materal

SerapoR

3. The action which erodes or deposits coral rubble on atolls
is?

a. volcanic eruptions
b. waves
c. wind
4. The parent material of atoll soils is:
a. volcanic rocks
b. animals and plants
c. calcareous sand and coral rubble

5. Time is important in the formation of soil profiles?

a. True
b. False

How did you do? 1. (b); 2. (a,b,d,e,f); 3. (b); 4. (c); and 5. (a)
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Objectives

After reading this section
on WHAT ARE MACRO-
NUTRIENTS?

you will be able to:

1. Name the six
macronutrients.

2. Describe why it is
important to regulate
the addition of
nitrogen to crops.

3. Name the soil property
that ties up
phosphorus.

Nitrogen, phosphorus, and
potassium comprise over 75% of
the mineral nutrients found in a

typical plant.

Soils

WHAT ARE MACRONUTRIENTS?

oil fertility refers to the inherent capacity of a soil to supply

nutrients to plants in adequate amounts. Seventeen nutrients

have been found to be essential for normal plant growth.

Three of them come from air and water, and fourteen from
soil particles. Six of the fourteen are used in relatively large amounts
and are called macronutrients.

Nutrients used in relatively Nutrients used in relatively
large amounts small amounts
Mostly from air | Macronutrients Micronutrients
and water
Carbon Nitrogen Iron
Hydrogen Phosphorus Manganese
Oxygen Potassium Boron
Calcium Molybdenum
Magnesium Copper
Sulfur Zinc
Chlorine
Cobalt

Three of the macronutrients, nitrogen, phosphorus, and
potassium, comprise over 75% of the mineral nutrients found in a
typical plant. Normal plant growth depends on having each of the
essential nutrients present in the root zone. The quantity of each
nutrient must be within a suitable range for optimum plant growth.
Too little of an essential nutrient results in a deficiency and plant
growth is limited; too much and toxicity occurs. Not only must the
correct quantity of essential nutrients be present in the soil, but the
nutrients must be in a form which is available to plants.

Plants absorb relatively large quantities of macronutrients.
Most soils cannot provide sufficient quantities of macronutrients
to meet the optimum growth needs of plants, and therefore,
supplemental additions through compost or fertilizer are needed.

Rocks and minerals are the original source of all the
macronutrients, except nitrogen. Weathering of volcanic rocks
provide small quantities of macronutrients. The soil particles
serve as reserves for macronutrients. As chemical and biological
processes act on the soil particles, the macronutrients are
converted to simpler forms which are available to plants. In
general macronutrients dissolved in the soil water are absorbed
by plant roots.
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Atoll soils are generally deficient
in most of the macronutrients.

It is easy to oversupply nitrogen
when using commercial fertilizers.

The high pH of atoll soils tend to
keep phosphorus in insoluble
Sforms.

Potassium can be lost by the
removal of crop products such as
harvesting coconut husks.

Nitrogen is primarily derived from organic sources, either
through decomposition of animal and plant matter, or nitrogen-
fixation in legumes. Nitrogen is subject to many changes in
form, some available and others unavailable to plants and crops.

Since atoll soils are derived from coral sand and rubble
rather than volcanic rocks, atoll soils are generally deficient in
most of the macronutrients. Atoll soils contain a surplus of
calcium and magnesium but are often deficient in nitrogen,
potassium, and sulfur. The high pH of atoll soils will tend to fix
phosphorus in insoluble forms making the phosphorus
unavailable to plants and crops.

Nitrogen is essential for plant growth. As a component of
chlorophyll, nitrogen is necessary in photosynthesis. Plants
deficient in nitrogen are often stunted in growth and have small
root systems. Leaves turn yellowish and may drop off the plant.
On atolls nitrogen is mostly supplied to plants through additions
of organic matter or through commercial fertilizers. Care must be
used in adding nitrogen through commercial fertilizers because it
is easy to oversupply a plant with nitrogen. An oversupply of
nitrogen can lead to rapid plant growth with the plant becoming
susceptible to falling over. Direct contact of a high concentration
nitrogen fertilizer, such as urea, can result in the “burning” of
leaves and death of young plants.

Next to nitrogen, phosphorus is the most important crop
nutrient. Most of the plant processes require phosphorus. Much
of the phosphorus in atoll soils is unavailable to plants because it
is tied up in forms that prevent plant roots from absorbing the
nutrient. Because of the high pH of atoll soils even phosphorus
added in commercial fertilizers may be rapidly fixed in an
insoluble form making the phosphorus unavailable to plants.
Because phosphorus is fixed in an insoluble form it is not easily
leached and the phosphorus stored in the soil will continue to
increase. Addition of organic matter can improve the availability
of phosphorus. Watering plants with wash water containing soap
residuals can also be an excellent source of phosphorus on atolls.

Potassium is the third major element in commercial
fertilizers. It is essential for photosynthesis, and other plant
processes. Potassium can increase crop resistance to certain
diseases and encourages strong root and stem development.
Sandy atoll soils are extremely low in total potassium and the
quantity of potassium in an available form is limited. Unlike
phosphorus, potassium can be lost to leaching. Probably the
greatest damage of loosing potassium on atolls is through
removal of crops, especially the removal of coconut husks.
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Calcium is important in reducing
the adverse effects of toxic
substances such as sodium.

Salt spray and organic matter are
the primary source of sulfur for
plants growing on atolls.

Atoll soils have very high levels of calcium. Although there
is no such thing as a true calcium toxicity, excess levels in the
soil and water can induce serious deficiencies of other mineral
nutrients. Calcium performs a variety of roles in the development
and maintenance of overall plant structure and function. Calcium
is important in strengthening cell walls and regulating what
substances enter and leave the cell. Calcium is also important in
reducing the adverse effects of toxic substances such as sodium
which is common in atoll soils.

Magnesium is important in the formation of chlorophyll.
Magnesium also regulates the uptake of other plant nutrients,
especially phosphorus. Generally, atoll soils contain adequate
levels of available magnesium.

Sulfur is also essential for plant growth. Plants deficient in
sulfur are usually small and spindly. New leaves may be light
green or yellowish. Fruit and seed may mature slowly in the
absence of adequate sulfur. Salt spray and organic matter may be
the primary source of sulfur for plants growing on atolls.

Exercise
WHAT ARE MACRONUTRIENTS?
(Circle each correct answer(s))

1. The six macronutrients are?

a. cobalt j. iron

b. magnesium k. hydrogen

C. manganese 1. phosphorus
d. nitrogen m. molybdenum
e. boron n. copper

f. potassium 0. zinc

g. calcium p- chlorine

h. oxygen q. carbon

i.  sulfur

2. Adding too much concentrated nitrogen can have what
adverse effects on plants and crops?

a. rapid plant growth
b. “burning” of leaves
c. death of plants
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3. How can the addition of nitrogen be easily regulated on
atolls?

a. using compost high in nitrogen.
b. use concentrated commercial nitrogen fertilizers.

4. The soil property which tends to fix phosphorus in insoluble
forms is?

a. soil pH

b. soil texture
c. soil structure

How did you do? 1. (b,d.f,g,1,]); 2.(a, b, c); 3.(a); and 4. (a)
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Objectives

After reading this section

on WHAT ARE MICRO-
NUTRIENTS? you will be able
to:

1. Name the eight
micronutrients.

2. Describe the symptoms
of iron deficiency.

3. Name the soil property
that affects the
availability of iron on
atoll soils.

Micronutrients are used in
relatively small quantities but are
essential for normal plant growth.

WHAT ARE MICRONUTRIENTS?

here are eight nutrients essential for normal plant
growth that are called micronutrients because they are
used in relatively small amounts.

Nutrients used in relatively Nutrients used in relatively
large amounts small amounts
Mostly from air | Macronutrients Micronutrients
and water
Carbon Nitrogen Iron
Hydrogen Phosphorus Manganese
Oxygen Potassium Boron
Calcium Molybdenum
Magnesium Copper
Sulfur Zinc
Chlorine
Cobalt

The nutrient balance of micronutrients is essential for
normal plant growth but maintaining the proper balance is
difficult. The availability of micronutrients vary from soil to soil
and site to site. Although plants absorb only small quantities of
micronutrients, a deficiency can develop with the removal of
micronutrients in harvested crops. Improved crop varieties and
addition of macronutrient fertilizers (NPK) can greatly increase
crop production and as a result increase the removal of
micronutrients. Micronutrients dissolved in the soil water are
absorbed by plants; therefore the micronutrients must be in a
soluble form to be available to plants.

In contrast to a deficiency, if a micronutrient is present in
excessive quantities, the plant may not be able to tolerate the

high concentration of the micronutrient thereby being toxic to
plants.

Because atoll soils are largely derived from coral, these soils
are frequently deficient in micronutrients. The high pH of atoll
soils can also reduce the availability of several of the
micronutrients.

Iron is the most abundant element on earth but is often
lacking in calcareous soils. Not only is iron deficient in most
atoll soils, the high pH of atoll soils severely limits the
availability of iron to plants.

Iron is essential for the maintenance of chlorophyll in plants.

21
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Chlorosis is a condition in plants
relating to the failure of
chlorophyll to develop. A
deficiency in iron often results in
the loss of green coloration in
leaves, termed chlorotic leaves.

Soil pH affects the solubility, and
therefore the availability of
micronutrients. Several
micronutrients become less
available with increasing soil pH.

The primary deficiency symptom of iron is the disappearance or
lack of chlorophyll in leaves. Leaves that are lacking chlorophyll
lack color and often the only green left is in the leaf veins.
Usually younger leaves show deficiency symptoms first.

Supplemental iron for crops can be supplied from animal
manures or organic matter. Addition of available iron through
burying rusty cans and metal parts is questionable since this type
of iron is not usually soluble and is quickly tied up in the high
pH soils. Special iron fertilizers are commercially available but
are generally expensive.

Zinc is another micronutrient that can be deficient on atoll
soils. Adequate levels of zinc are necessary to promote seed
maturation and production. Zinc deficiency can have an adverse
effect on the development of fruits in citrus trees. Generally, the
first sign of zinc deficiency is chlorosis of the older leaves,
starting at the tips and margins. White spots appearing on leaves
is another symptom of zinc deficiency. Severe deficiencies in
zinc can result in smaller leaves and a stunted appearance of
plants.

The solubility of zinc declines as pH increases. Zinc
availability is also reduced by magnesium-containing limestones.
Since atoll soils have a high pH and contain magnesium, zinc is
often unavailable to plants growing on atolls. Addition of
organic matter can improve the availability of zinc by lowering
the soil pH.

Chlorine is absorbed in larger quantities by most crop plants
than any of the micronutrients except for iron. Chlorine is
seldom deficient on atolls. Chlorine can accumulate to toxic
levels on saline soils but the chlorine is easily leached where
there is adequate rainfall such as in the tropics.

Molybdenum is the least abundant of all the micronutrients
in soils. Soil pH is the most important factor affecting the
availability and plant uptake of molybdenum. Molybdenum
availability is generally high in alkaline soils, and soils high in
organic matter. Molybdenum is an essential element in bacterial
nitrogen fixation.

Boron is another micronutrient which availability is related
to soil pH. Boron availability decreases with increasing pH and
therefore boron deficiency may be observed on atoll alkaline
soils.

Copper is necessary for normal plant growth. As the soil pH
increases, copper tends to become less soluble and therefore less
available to plants.

22
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Manganese is similar to iron in both its chemistry and
geology. Manganese is an essential factor in plant respiration and
the use of nitrogen. Manganese becomes less available with
increasing pH.

Cobalt is essential for the symbiotic fixation of nitrogen.

Exercise
WHAT ARE MICRONUTRIENTS?
(Circle each correct answer(s))

1. The eight micronutrients are?

a. cobalt 1 calcium
b. oxygen ;! nitrogen
c. zinc k. manganese
d. iron 1 boron
e. molybdenum m. phosphorus
f. potassium . copper
g. sulfur 0. hydrogen
h. magnesium p. chlorine

qg. carbon

2. Plants deficient in iron show which symptoms?

a. rapid plant growth.
b. chlorosis or loss of green coloration in leaves
c. drop of fruit and seed.

3. Anincrease in soil pH affects the availability of several
micronutrients, including iron, because the nutrients become
, and therefore ?

a. 1insoluble, unavailable
b. soluble, leached

4. Soil pH can be reduced (made more acidic) by adding
?

a. lime
b. organic matter
c. soapy water

How did you do? 1. (a,c,d,e.k,l,n,p); 2. (b); 3. (a); and 4. (b)
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Objectives

After reading this section on
SOIL ECOLOGY AND SOIL
HEALTH you will be able to:

1. Name the term used to
describe the interactions
between animals and
plants living in the soil.

2. Name five factors which

can cause a decline in soil
health.

3. Describe how earth-
worms and other soil
dwelling animals aid in
the decomposition of
organic matter.

Soil health refers to the condition
of the soil in relation to its inherit
productivity.

Earthworms aid in the
decomposition of organic matte
and in mixing the soil.

SOIL ECOLOGY AND SOIL HEALTH

e have all heard the term ecology, but what is soil

ecology? Ecology is the science of the biological

communities and how the biological components

(plants and animals) interact with each other and

with the surrounding physical environment. Soil
ecology is concerned with the soil as a community or home for
plants and animals and their interactions, and how the plants and
animals interact with the soil particles.

There are many different kinds of plants and animals which
live in the soil. We have all seen earthworms, termites, ants and
other insects, crabs, snails, spiders and many other animals
making their home in the sandy soils of atolls.

But beyond our vision there are millions of bacteria,
nematodes, and other animals too small for us to see. And of
course we know the roots and tubers of plants are growing
through the soil profile.

The animals and plants which live in the soil are important
to soil health. Soil fertility and soil health are closely related.
Soil fertility refers to the inherent capacity of a soil to supply
nutrients to plants in adequate amounts and in suitable
proportions. Soil health , refers to the condition of the soil in
relation to its inherit productivity. The fertility of a healthy soil is
at or above its inherit or natural productivity. Factors which
cause a decline in soil health include:

* erosion

* depletion of nutrients

* changes to soil structure (compaction)
* decline in organic matter

e accumulation of toxic substances

Soil health can often be improved by addition of organic
matter, especially composted material, and cultivation techniques
which improve soil structure, i.e. break up hard soil, etc.

Soil organic matter provides much of the basic food for
animals living in the soil. Animals, such as earthworms, consume
organic matter and aid in the decomposition of organic matter
and the release of organic nutrients. As the earthworms and other
animals tunnel through the soil, aeration is improved and soil
mixing occurs.

Because atoll soils are largely comprised of coral sand and
rubble, the soil’s inherit productivity is relatively low.

24
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$oil healih.on atolly can be Fortunately, the soil health, and therefore, soil fertility can be
improved with the addition of improved with proper management, such as addition of nutrient
organic marter. rich organic matter.

The presence of a healthy biological community in the soil
is a good indication of a healthy soil.

Exercise

SOIL ECOLOGY AND SOIL HEALTH
(Circle the correct answer(s))

1. The community of animals and plants in the soil and their
interactions with each other and the physical environment is
called ?

a. soil profile
b. soil ecology
c. soil health

2. The fertility of a healthy soil is

a. at or above the inherit productivity of the soil
b. always very high

25
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3. Erosion, depletion of nutrients, compaction, loss of organic
matter, and the accumulation of toxic materials are factors
which cause a decline in which of the following?

a. soil health
b. soil structure
c. decomposition of organic matter

4. The presence of many earthworms in a soil can indicate
what?

a. a healthy soil
b. soil compaction

c. low soil productivity

How did you do? 1. (b); 2. (a); 3. (a); and 4. (a)
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SOLAR RADIATION

Objectives olar radiation is the major source of energy for life. This
energy is transmitted from the sun through space then
through the earth’s atmosphere to the surface. The energy
given off by the sun is in the form of electromagnetic
waves of various wavelengths. Visible light is a narrow

range of the electromagnetic wavelengths.

After reading this section on
SOLAR RADIATION you will
be able to:

1. Give two reasons why
solar radiation is

important to It is important for agriculturists to understand the what
agriculturists. happens to solar radiation as it passes through the atmosphere
and reaches the earth’s surface. Solar radiation is the energy that
2. Define the term albedo. heats the atmosphere and drives photosynthesis in plants. As the
solar radiation reaches the atmosphere some is reflected back to
3. List three things that space and plays no further role in the earth’s ecology. The

may occur to a plant

radiation that passes down through the atmosphere experiences
when it absorbs solar

changes in quality and composition. By the time the solar

ragiation. radiation reaches the surface much of its energy has been
4 D . reflected, scattered, or absorbed by water vapor and dust in the
. Define light : e . ,
compensation point. atmosphere. The absorption of solar radiation by air molecules is
what heats the atmosphere. Because parts of the atmosphere do
5. Define light saturation not heat up equally, air currents occur that mix the atmospheric
point. air, thus producing rain clouds, helping to regulate the CO,
levels, dispersing air pollution, and contributing to the existing
regional weather patterns.
The solar radiation that reaches the earth’s surface is either
The amount of solar reflected or absorbed. The amount of radiation that is reflected is
radiation that is reflected from called albedo. Different surfaces reflect the radiation differently.

the earth’s surface is called

B For example the white sandy beaches of an atoll may reflect 15
aibedo.

to 40 percent of the radiation, while the leaves of coconuts and
other crops may reflect only 5 to 20 percent of the radiation.

Solar radiation that is not reflected from surfaces is absorbed
by soil, rock, water, or living organisms. The absorbed energy
may have a number of different effects on the object — its
temperature may increase, water may evaporate, or in the case of
green plants the absorbed energy may be used in the process of
photosynthesis. All of these effects can be observed in
agriculture: the temperature of plant tissue is higher during
daylight hours, evapotranspiration increases, and photosynthesis
processes occur in the presence of solar radiation.

Since agriculturists are most interested in the growth of
plants, the relationship between the amount of light (or light
intensity) and net photosynthesis should be understood. The end
product of photosynthesis is the fixation of CO, into biomass,
e.g. plant growth. As the amount of light intensity increases from
zero (=darkness), photosynthesis increases rapidly. But because
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the plant respiration is still using more energy than that is being

The level of light that results in absorbed, there is 1n1tlally no net gI'OWth. At the point where

plant respiration exactly
equaling CO, fixation is called
the light compensation point.

respiration exactly equals CO, fixation is called the
compensation point. Above this point the rate of photosynthesis
continues to increase rapidly with increasing light intensity. A

NET PHOTOSYNTHESIS —>»

o

saturation point is eventually reached when no further increase
of light results in an increase of CO, fixation (figure 1). At very
high intensities photosynthesis may actually decline.

SATORATION POINT

COMPENSATIOHN FOINT

LIGHT INTENSITY —»

The rate of photosynthesis increases with increasing light intensity until a
light saturation point is reached.

28

FIELD ]





SSes

1S

28

FIELD MANUAL FOR AGROFORESTRY IN ATOLL ENVIRONMENTS

Ecological Processes

Exercise

SOLAR RADIATION
(Circle each correct answer(s))

Solar radiation is important to agriculturalists because it:

a.o o

heats the atmosphere

causes plants to appear green
drives photosynthesis
depletes the ozone layer

The amount of solar radiation that is reflected from surfaces
1s called

S

saturation point
compensation point
albedo
electromagnetic waves

Three things that may occur to a plant when it absorbs solar
radiation are?

oo

change color

increase in temperature
increase in evapotranspiration
photosynthesis

The point where the amount of energy used for respiration
and CO, fixation are equal, is called?

a.
b.

C.

saturation point
wilting point
compensation point

The point where increasing the light intensity no longer
results in an increase in net photosynthesis is called?

a.
b.

compensation point
saturation point

c. wilting point

How did you do? 1.( a,c); 2. (c); 3. ( b,c,d); 4. (c); and 5. (b)
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NUTRIENT CYCLING
Objectives lants are comprised of many chemical elements. Many

After reading this section on
NUTRIENT CYCLING you
will be able to:

1. Define the term nutrient
cycling.

2. Name the kind of fungus
that may extend the
effective surface area of
plant roots.

3. List four pathways
through which plants
lose chemical nutrients.

4. Identify where a large
proportion of the
chemical nutrients loss
from plants through
litterfall is stored.

5. Identify ways humans
may manipulate the
nutrient cycling on an
atoll farm.

Nutrient cycling is the movement
of chemical nutrients within
an ecosystent.

Mycorrhiza can greatly extend
the effective surface area in
contact with the soil water

solution.

or even most of these elements are present at very low
concentrations. In the section on Soils you learned that
plants require a number of macro- and micronutrients.

Approximately 95% of the dry weight of plants is comprised
of atoms of hydrogen, oxygen, carbon, and nitrogen. The
remaining 5% of biomass is made up of the other macro- and
micronutrients, as well as nonessential chemical elements. Plants
must obtain the majority of their nutrients from the soil which
has a very different composition.

The movement of chemical nutrients within an ecosystem is
called the nutrient cycle. A basic understanding of how chemical
nutrients cycle between the living organisms and the physical
environment will help an extension to agent explain why
supplying the proper proportion of essential nutrients to crops is
so critical to plant production.

Plants obtain the majority of their nutrients through direct
absorption from the soil water solution, or through uptake from
the soil minerals that are in intimate contact with roots.

In the case of absorption of nutrients from the soil water
solution, the flow of nutrients to the root will depend on the
amount of water in the soil and the rate at which it is moving
towards the root. This is influenced by the rate at which the plant
is transpiring water.

The direct uptake of nutrients from the soil water solution is
often aided by the plant’s association with one of several species
of fungus, called mycorrhiza. The form and structure of these
mycorrhiza greatly extend the effective surface area in contact
with the soil water solution allowing increased uptake of
chemical nutrients. The mycorrhiza can also increase the
solubility of nutrients in the soil by secreting organic acids that
release nutrients from soil minerals and organic matter. Not all
plant species develop an association with mycorrhiza. Woody
species are more apt to have a mycorrhiza relationship.

The absorbed chemical nutrients are transported to various
plant tissues for use in metabolic processes or for storage.
Different plant species absorb and accumulate chemical nutrients
at very different rates. Also, the relative distribution of nutrients
within a plant varies according to the age of the plants.
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The majority of the annual uptake
of plant nutrients is to replace
what is lost by the plant.

Production of fruits and flowers
require a great amount of energy
from the plant.

Plants continuously lose chemical nutrients, and the
majority of the annual uptake is simply the replacement for what
is lost. Nutrients are lost in several different ways, including:

Leaching

e Defoliation by herbivores

» Litterfall of leaves, branches, roots
»  Losses associated with reproduction

Some nutrients are leached out from above- or below-
ground plant tissues by rainfall or soil water. Both inorganic and
organic forms of nutrients are subject to leaching. Of the
inorganic nutrients potassium, calcium, magnesium, and
manganese are usually leached in the greatest quantities.

The loss of chemical nutrients from plants as a result of
feeding by herbivores is often overlooked. Insects feeding on the
leaves of crops and trees can remove significant quantities of
nutrients. In addition to the direct removal of chemical nutrients,
the loss of leaves will often result in the dieback of fine roots

which in turn results in a further loss of nutrients.

Nutrients are often lost from plants during
regular shedding of leaves. Litterfall also includes the
death of small roots. For some plants the biomass of
the roots greatly exceed the above-ground biomass,
and therefore the nutrient loss from the death of roots
can be significant.

Plants expend a great amount of energy in the
production of flowers and fruits. The initiation of
flowers and seeds requires higher levels of nutrients
than vegetative growth. Because the flowers, fruits,
and seed become detached from the plant, chemical
nutrients stored in these tissues are loss from the
plant.

A large proportion of the chemical nutrients loss
from plants in the form of litterfall is stored in the soil
organic matter. To complete the nutrient cycling
process, the plant litter must be decomposed and the
nutrients released. Nutrients in the soil organic matter are often
in complex forms and are not available for direct absorption by
plants. Decomposition is largely controlled by the activity of
microorganisms which consume and breakdown the complex
molecules into simpler forms. The rate of litter decomposition in
the humid tropics is relatively rapid if sufficient moisture is
available.

As the soil organic matter is decomposed and the chemical
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nutrients are released in an available form, plants reabsorb the
chemical nutrients, completing the nutrient cycle.

If a balance is achieved in the uptake, loss, and
reabsorption of chemical nutrients, plant nutrition can be
sustained indefinitely without the introduction of
nutrients from outside the ecosystem.

Nutrient

Inputs ‘ Atolls present a challenge in maintaining a balance

Nutrient iy the nutrient cycle. First, the composition of soils

Losses  derived from coral rubble and sand is naturally lacking
in some essential nutrients. Second, the chemistry of
atoll soils results in some nutrients being held in
unavailable chemical form. And third, soluble chemical
nutrients may be readily leached downward below the
rooting zone of plants.

Plants which can flourish in the atoll ecosystem have
adapted to survive these harsh conditions. A relatively high
proportion of the chemical nutrients are stored in plant biomass.
Plant species, such as coconuts, have extensive root systems to
absorb water and nutrients when they become available. In a
natural, undisturbed state the nutrient cycling can become
balanced to permit a sustainable level of biomass.

When agriculture, especially intensive cultivation is
introduced, the nutrient cycling processes in a particular
ecosystem can be disrupted. Human activity, such as the
cultivation and harvesting of crops, generally require the spatial
concentration of chemical nutrients around desired crop plants or
the importation of chemical nutrients from other ecosystems in
order to provide sustainable production.

In either case the balance of nutrient cycling is manipulated

Mulchtng i an example of and controlled by h.umlan intervention. The gathering and
controlling the cycling of nutrients| ~Placement of organic litter at the base of desired crops

by farmers. (mulching), such as around breadfruit trees is an example of

controlling the cycling of nutrients. If the litterfall is collected
and allowed to partly decompose (composting) before spreading
around crops, the chemical nutrients will be more readily
available to the crops. The addition of inorganic chemical
fertilizations imported from foreign countries is another example
of manipulating the nutrient cycling process.
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Exercise

NUTRIENT CYCLING
(Circle each correct answer(s))

The movement of chemical nutrients between the living and
non-living components of an ecosystem is called

a. erosion

b. nutrient cycling
c. photosynthesis
d. leaching

The kind of fungus that can extend the effective surface area
of plant roots is named

a. rhizobium
b. E. coli
c. mycorrhiza

Four pathways for plants to lose chemical nutrients are:

decomposition

litterfall

leaching

defoliation by herbivores

losses associated with reproduction

o a0 o

Chemical nutrients lost from plants through litterfall are
stored in the

a. soil water solution
b. soil organic matter
C. roots

Ways humans can manipulate the nutrient cycling process
on an atoll farm are?

a. mulching
b. composting
c. inorganic fertilizers

How did you do? 1. (b); 2. (c); 3. (b,c,d,e); 4. (b); and 5. (a,b, )
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SOIL-WATER RELATIONSHIPS

ARy oil-water relationships are important concepts for an
After veading this section on extension agent for the following reasons:
SOIL WATER RELATION-
SHIPS you will be able to: * water is continuously lost by evaporation from leaf
. surfaces, and therefore large quantities of water
1. Give the term that must be supplied to satisfy the requirements of
describes the result of growing plants

water melecules having
negatively and positively

i * water is a solvent that together with the dissolved
charged sides.

nutrients make up the soil solution from which
plants absorb essential nutrients

2. Give the name of the
attraction between the . . o )
water molecules and clay * soil moisture helps control soil air and soil
particles. temperature

3.  Give the name of the » soil erosion can result from the physical impact of
attraction between water raindrops and the resulting runoff
molecules.

For being such a common molecule, water (H,O) has
several interesting properties. Water molecules have negatively
and positively charged sides which create polarity. Many
reactions important in soil and plant science are related to the
polarity of water. First, water molecules are attracted to
neighboring water molecules. Second, cations such as hydrogen,
sodium, potassium, and calcium ions are attracted to water
molecules. And third, clay surfaces are negatively charged and
therefore the positively charged side of water molecules are
attracted to clay particles.

4. Describe how water
moves through the soil.

These properties control how water is stored in the pore
spaces and how water moves through the soil and the plant.
Water molecules are held in the soil pore spaces by two
attractions. First, the water is attracted to clay particles as
mentioned above. This is
called adhesion. Second, the
water molecules are
attracted to each other,
which is called cohesion.
This allows water molecules

Water is stored in the pore space
through the combined forces of

: n adhesion and cohesion.
Representation of polarity in a

water molecule showing negatively
(-) charged oxygen atom and
positively (+) charged hydrogen to be held against the clay particles, allowing water molecules to
atoms. be held within the pore space because the other water molecules
are linked to them. Together the forces of adhesion and cohesion
control the amount of water held in pore spaces and the flow of
water through the soil.

The strong attraction of water

molecules for each other is called Another property of water is called surface tension which is
surface tension. a result of the strong attraction of water molecules for each other.
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Water movement in the soil is
controlled by capillary action.

Surface tension plays an important role in the movement of
water in the soil and plants.

Water movement in soils is largely controlled by capillary
action. Two forces interact to cause capillarity: 1) attraction for
solids on the walls of channels through which water moves; and
2) the surface tension of water. These two forces pull the water
through narrow channels such as pore spaces in the soil.

The height to which water will rise as a result of capillary
action is related to the diameter of the channel. Since atoll soils
have sandy soils with large pore spaces (large diameter channels)
water will rise only slightly due to capillarity.

Gravity works to pull water down.

Since only a small portion of the soil water is adjacent to the
plant roots at any time, plant roots are adapted to gain access to
soil water. As plants roots absorb soil water, the water further
from the plant roots will flow toward the plant roots in response
to capillary movement. Plants also gain access to soil water
through the rapid extension of roots. A plant’s ability to absorb
water is largely determined by the distribution of roots in the soil
profile. Roots growing through the soil pores come into direct
contact with soil particles and soil water which permits ready
movement of water from the soil into the plant.

Exercise
SOIL-WATER RELATIONSHIPS
(Circle each correct answer(s))

1. The negatively and positively charged sides of water mol-
ecules results in which property:

a. surface tension
b. cohesion

c. capillary action
d. polarity

2. The attraction of water molecules to clay particles in the soil

is called

a. polarity

b. cohesion

c. adhesion

d. surface tension
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3. The attraction of water molecules to each other is called
and results in

a. adhesion, surface tension

b. polarity, capillary action

¢. cohesion, surface tension

d. surface tension, capillary action

4. Water movement through the soil is largely controlled by
, which is the result of and

a. capillary action, adhesion and surface tension
b. gravity, adhesion and cohesion
c. polarity, surface tension and gravity

How did you do? 1. (d); 2. (c); 3. (c); and 4. (a)
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Objectives

After reading this section on
INTRODUCTION TO AGRO-
FORESTRY you will be able
to:

1. List four aspects of the
natural environment that
affects agricultural
practices on atolls.

2. List three components
that can be combined
with forestry.

Combining agriculture (food
crops, livestock, fisheries) with
forestry (trees and shrubs) results
in an agroforestry system.

Agroforestry

INTRODUCTION TO AGROFORESTRY

griculture on atoll islands is not as diverse or intense as
in other countries. This is because of the difficult
natural environment:

* soils are deficient in most major nutrients and the
soil chemistry (pH) is high;

» air and soil temperatures are relatively high;

e rainfall can vary from very wet to dry periods, and

« wind and waves can deposit salt spray

Over many generations, people on atolls have developed
techniques to overcome some of these limitations to grow their
food. One of these traditions is the babai-pit (taro pit):

The babai (taro) is planted in a pit dug down to the water
table. Leaves and organic rich soil (top soil) are placed as
mulch around each taro plant.

FORESTRY
Agrajorestry Silvopastoral
AGRICULTURE LIVESTOCK/
FISHERY

Agro-Silvo-Pastoral

Looking closer at this system, you can find two major
components:

(1) agriculture, or the babai; and

(2) forestry, or trees (in the babai-pit system the leaves
from the trees used for mulching).

If we combine the two components of agriculture and
forestry, we have agroforestry. Food crops is not the only
agriculture component that can be combined with forestry.
Agriculture components which include livestock, fishery, or
combinations of food crops, livestock, fisheries can be combined
with trees to have agroforestry.

As the population on the islands continues to increase, less

37






FIELD MANUAL FOR AGROFORESTRY IN ATOLL ENVIRONMENTS Agroforestry

space is available to grow traditional crops like babai. Traditional
agricultural production systems may not keep up with the ever
increasing demand for agricultural products. Agroforestry
experiments and field trials have shown that improvements can
be made to traditional agricultural and agroforestry practices
which may lead to an increase in the quantity and quality of
outputs.

This module on agroforestry will discuss the basic
principles of agroforestry, i.e. what is agroforestry, what
agroforestry systems exists on atolls and which trees grow in
those systems. With this knowledge you will be able to provide
your clients with information on agroforestry systems and
practices, so they can make informed decisions to solve their
problems.

Exercise

INTRODUCTION TO AGROFORESTRY
(Circle each correct answer(s))

1. Which four aspects of the natural environment are the
reason that agriculture on atoll islands is not as diverse or
intense as in other countries?

a. soil nutrients and soil chemistry (pH)
b. high temperature
c. rainfall
d. salt spray
e. topography
2. Circle the three components that can be combined with
forestry.
a. agriculture
b. livestock
c. fisheries
d. orchards

How did you do? 1. (a,b,c,d); and 2. (a,b,c)
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Objectives
After reading this section on
WHAT IS AGROFORESTRY?

you will be able to:

1. List the three principles
of agroforestry.

2. Define agroforestry.

3. List the four

characteristics of an
agroforestry system.

4. Explain which charact-

eristic is the most
important to recognize
an agro-forestry system.

he components of an agroforestry
system interact with each other
and the environment resulting in a
complexity that can result in
multiple benefits for the landuser:

WHAT IS AGROFORESTRY?

greeing on a definition for agroforestry is not easy since

agroforestry is a collective name for many different

ways of managing land to meet landuser’s objectives.

There are several definitions used by various

professionals, government agencies, and non-
governmental organisations. Two of the more widely accepted
definitions are:

Agroforestry is a land use system where trees and/or
shrubs are actively and deliberately managed as part of the
agricultural and/or livestock activities, on the same land.
(CARE)

and

Agroforestry is a collective name for land-use systems in
which woody perennials (trees, shrubs, etc.) are grown in
association with herbaceous plants (crops, pastures) and/or
livestock in a spatial arrangement, a rotation or both, and in
which there are both ecological and economic interactions

between the tree and non-tree components of the system.
(ICRAF)

Both of these definitions have the following principles in
common:

COMPONENTS Agroforestry systems are made up of
different components (trees or shrubs, crops,
and/or livestock).

INTERACTION  There must be significant interactions
between the components in an agroforestry
system.

COMPLEXITY  Agroforestry systems are complex.
Combining trees, shrubs, crops and/or
livestock in a landuse system results in
greater complexity which must be managed
to result in benefits for the landuser.

The components of an agroforestry system compete for
environmental resources such as water, light and nutrients. By
arranging the components in space and time, the landuser can
manage the competition and receive multiple benefits from their
agroforests. Benefits can include improved soil fertility, crop
protection, and harvesting more products for homeuse and
market sales.
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As extension agents we can recognize agroforestry systems
in the field by identifying the key characteristics in all
agroforestry systems.

1. The presence of trees and/or shrubs either arranged
spatially (in space) or over time on the farm;

If the four key characteristics are
present on a farm, the landuse
system is an agroforestry system. 2. The presence of crops and/or livestock on the farm;

3. Interaction between the tree/shrub component and the
agriculture component (crops and/or livestock).

4. The trees and/or shrubs are being intentionally managed
in order to obtain benefits from the arrangement.

If all four key characteristics are met, then the landuse
system is an agroforestry system. If one or more of the
characteristics are missing from the landuse system, the landuser
probably is using either an agriculture system or a forestry
system. Depending on the landusers objectives either an
agroforestry system, agricultural system, or forestry system may
be appropriate.

The next section will describe agroforestry systems
appropriate for atoll environments.

Exercise

WHAT IS AGROFORESTRY?
(Circle each correct answer(s))

1. The three principles of Agroforestry:

components
interaction
competition
traditional
complexity
productivity

mo Al o

2. Agroforestry systems are made of different
Ji.e. crops, trees/shrubs and livestock.

a. plants
b. components
c. environments
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Agroforestry
To be an agroforestry system, there must be a significant
between the components, and the compo-
nents and the environment.

a. interaction
b. relationship

Agroforestry systems are

a. difficult
b. complex
Agroforestry is a where trees and/or

shrubs are actively and deliberately managed as part of the
agricultural and/or livestock activities, on the same land.

a. landuse system
b. practice

C. programme

d. theory

In an agroforestry system, trees and/or shrubs are present
with either crops and/or livestock. We can identify
, thus generating benefits.

intent
practices
interactions
soils

AR EP

The and intentional of trees
and/or shrubs on the same land area is an important
characteristic for identifying an agroforestry system.

a. deliberate, management
b. planting, cutting

How did you do? 1. (a,b,e); 2. (b); 3. (a); 4. (b); 5. (a); 6. (c);
and 7. (a)
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Objectives

After reading this section on
ATOLL AGROFORESTRY
PRACTICES you will be able
to:

1. List the three most
common agroforestry
practice on atoll islands.

2. Describe each of the
three agroforestry
practices.

3. Identify the amount of
area protected by a
windbreak of a given
height.

4. List some of the primary
benefits provided by each
of the three common
agroforestry practices.

ATOLL AGROFORESTRY PRACTICES

any different agroforestry practices and systems

exist around the world. An agroforestry practice is

a particular arrangement of components in space

and time. An agroforestry system is a local example

of the use of a practice given the environmental,
social, and economic conditions in a specific area. Because of
the variety of environmental, social, and economic conditions in
the world there are probably thousands of agroforestry systems.
Many agroforestry systems are based on a traditional
agricultural systems.

The number of agroforestry practices suitable for atoll
environments is limited by the difficult environmental conditions
found on atolls.

Most of the agroforestry systems appropriate for atoll
environments are based on one of three agroforestry practices.
The three agroforestry practices are:

1. Windbreaks
2. Intercropping
3. Home gardens

A windbreak is an agroforestry practice in which the
landuser establishes trees and/or shrubs along the edge of a field
or the shore with the intent to protect crops on the leeward
(downwind) side of the trees and/or shrubs. Windbreak plantings
are comprised of one or more rows of trees and/or shrubs planted
at relatively close spacings along the windward side of a
cropping area.

The primary interaction between the tree/shrub component
and the crop component in a windbreak practice, is the reduced
of wind speed resulting from the wind moving through the trees
and/or shrubs. Another interaction is having the trees and/or
shrubs intercept and remove of damaging salt particles reducing
the amount of salt reaching the crops. These interactions result in
windbreaks having the following benefits:

* reducing the physical damage caused by strong wind on
crops, trees, livestock, and homes;

* reducing the moisture demands of crops and trees;

* protecting crops, trees, livestock and homes from the salt
spray carried inland with the wind.

As a general rule, windbreaks will provide protection to
crops on the leeward side of the windbreak for a distance of up to
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Agroforestry
Wind ten times the height of the trees and/or shrubs
Direction _ used in the windbreak. For example, if the
—_— ? - windbreak trees are three (3) metres high, they
rotected will provide protection for crops grown up to
$ma .9 39 metres away on the leeward side of the
3m windbreak planting.
30m - Because atoll environments are constantly

exposed to salt carried in the wind, the trees
and/or shrubs planted in windbreaks on atolls need to be adapted
(tolerate) to high salt levels in the soil and in the air. The next

section lists appropriate trees and shrub species adapted to atoll
environments.

Intercropping is another agroforestry practice appropriate
for atoll environments. As described previously, atoll soils are
generally deficient in most essential
nutrients and have low water
holding capacity. Attempts to
increase crop production through
intensive agriculture practices such
as growing single crops
(monocultures), or additions of
imported chemical fertilizers have
not proven to be sustainable.

Intercropping trees and/or
shrubs with herbaceous crops is an
agroforestry practice that is gaining
acceptance on atolls. With
intercropping, crops are planted
among the trees and/or shrubs. The
trees and shrubs may be arranged
spatially in rows, uniformly, or in
small groups throughout the area.

The planted trees have some
interaction with the crops that
provides benefits to the farmer. The
planted trees may improve the
microclimate (light and shade),
reduce the growth of weed species,
and contribute organic matter to the
soil which can increase the quality
or value of the herbaceous crops
being grown. Because the planted
trees can easily become too large
and compete with the herbaceous crops, they require

management. Management may include periodic pruning or
trimming.

A typical intercropping system of
taro and papaya found on atolls.
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The appropriate selection of trees and/or shrubs to include in
an intercropping system can produce products as well as benefits
such as fodder for livestock, fuelwood, poles, and construction
wood.

Home gardens is another agroforestry practice appropriate
for atoll environments. Home gardens combine different species
of trees (breadfruits, coconuts, fruit trees) in a variety of different
spacings and features, along with shrubs, root crops, and
vegetables. They may also include livestock, such as pigs and
chickens, to supplement the crops.

Home gardens are often important
sources of food and other products for a
family. Home gardens are often planted to be
multistoried in order to make efficient use of
space. The upper story trees provide a range
of products and benefits. More shade tolerant
shrubs and crops are established beneath the
taller trees. The mixing of trees, shrubs, and
crops usually produce a diverse range of
products and benefits from a small plot of
land around the farmer’s home.

The presence of trees and other plants
near the home can help cool the air around
homes, and reduce dust and salt spray from
reaching the house.

A drawing of a typical home
garden on an atoll (from FSP).

Exercise

ATOLL AGROFORESTRY SYSTEMS
(Circle each correct answer(s))

1. Which of the following are the three most common atoll
agroforestry practices?

a. windbreak d. shoreline protection
planting

b. coconut plantation e. fuelwood plot

c. home garden f. intercropping
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2. True or False

True False Windbreaks are planting of one or more
rows of trees and/or shrubs.

True False One function of a windbreak is to reduce
the speed of the wird.

True False Crops planted on the windward side of the
windbreak are protected.

True False Trees and/or shrubs that are established in
an intercropping practice require
management.

True False Home gardens are simple plantings of

food crops around homes.
True False Livestock have no place in home gardens.

3. A four (4) metre high windbreak will protect about how
many metres on its leeward side?

a. 400 metres c. 40 metres
b. 100 metres d. 10 metres

4. The three primary benefits of a windbreak are:
a. reduced animal damage d. reduced salt spray
b. fodder production e. reduced water use
c. reduced wind speed f. food production

5. The three primary benefits of intercropping are:
a. reduced salt spray d. fodder
b. improved microclimate e. cooler homes

c. increased soil organic matter f. higher incomes

6. The three primary benefits of home gardens are:

a. multiple products d. efficient use of space
b. shoreline protection e. cooler homes
c. access to bank loans f.  construction wood

How did you do? 1. (a,c,f); 2. (true, true, false, true, false, false);
3.(c); 4. (c,d,e); 5. (b,c,d); and 6. (a,d,e)
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Objectives

After reading this section on
USEFUL TREES AND SHRUBS
FOR ATOLL AGROFOREST-
RY SYSTEMS you will be able
to:

1. List the seven primary
uses of trees and shrubs
in an agroforestry
system.

2. List three additional
benefits provided by the
appropriate arrangement
of trees.

3. Give the main
consideration for
selecting a species to be
planted in a shoreline
windbreak.

4. Explain what commit-
ment must be made when
introducing trees into an
intercropping system.

5. Explajn why careful
planning is important in
home gardens.

6. Use a Table to identify
suitable uses of various
species of trees and
shrubs.

USEFUL TREES AND SHRUBS FOR ATOLL
AGROFORESTRY SYSTEMS

o get the maximum benefits from an agroforestry
system, you have to carefully select appropriate tree
and shrub species. Therefore you need to determine the
objectives of the farmer, and assess the environmental
conditions.

The harsh environmental conditions found on most atolls
limit the variety of plant species which are adapted to the atoll
soil and climate, and can successfully be used in agroforestry
systems. Many species trials have been conducted on atolls to
determine which tree and shrub species are best adapted. Native
and naturalized tree species have shown to grow and perform
well under atoll conditions, whereas many exotic species
perform poorly.

When selecting trees and/or shrubs for use in agroforestry
systems, besides evaluating the potential interactions between
the plants and animals in the system, you will have to determine
what species will meet the farmer’s objectives in terms of uses
and/or products that the trees can provide. Table 1 at the end of
this section lists uses and products of native or naturalized trees
and shrubs that are useful in atoll agroforestry systems (from:
Teunissen, et. al 1995).

There are seven primary uses of trees and shrubs in
agroforestry systems. They are:

* compost, and soil improvement
« fuelwood

e construction wood

e fodder

* food

¢ medicine

* ornamental

Furthermore, with the proper arrangement many of the
species provide additional benefits. They can modify the
microenvironment, and provide shade. In case the species is
nitrogen-fixing, the nutrient rich leaves contribute even more to
improving the quality of the soil.

Knowing the variety of products trees can provide and
understanding the interactions between the different components,
can help the farmer to understand the benefits of adopting an
agroforestry system, and assist in the selection of appropriate
trees and shrubs.
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Trees selected for use in
windbreaks on atolls should be
salt tolerant.

Trees used in an intercropping
svstem need to be managed by
periodic pruning or trimming.

Selecting the appropriate tree and shrub species for one of
the three agroforestry systems described in the previous section
on Atoll Agroforestry Practices, requires different considerations.

WINDBREAKS

The most important consideration for selecting tree species
for nearshore windbreaks is tolerance to salt spray, as well as to
saline groundwater and inundation from seawater. Observing
what species grow well along the shoreline is very useful in
determining those species suitable for windbreaks.

Often, a windbreak will reduce shoreline erosion as well, as
it is planted close to the shore.

The following species are suitable for windbreak on atolls:

*  Pandanus tectorius

e Tournefortia argentea

*  Casuarina equisetifolia

e Calophyllum inophyllum (lagoon side)
e Cocos nucifera (second row)

*  Terminalia catappa

INTERCROPPING

When trees and shrubs are intentionally grown at the same
time with food crops, the farmer must commit to a degree of
management of the trees and/or shrubs. Without regular pruning
or trimming, the trees can significantly compete for water and
nutrients and create excessive shady conditions. The pruned and
trimmed branches and leaves are used in many intercropping
systems for mulch around the food crops. Without management
the farmer does not gain the benefit of using the pruned leaves
for mulch.

The following tree species have been used in various
intercropping systems:

»  Casuarina equisetifolia
e Sophora tomentosa
*  Guettarda speciosa

HOME GARDEN

Because home gardens are often complex systems with
many tree, shrub, and food crop species on the same piece of
land at the same time, a thorough discussion and careful
planning is necessary about what the owner wants and what and
where to plant. Since the area available for individual home
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gardens is often limited, the plants are arranged in such a way

A homegarden requires careful ) that shade tolerant species are planted under the crowns of taller,

planning, as many species are sun loving plants.
involved.

Plants used in home gardens often serve multiple purposes.
For example breadfruit trees (Artocarpus altilis) produce food,
fuelwood, and its leaves are often used as mulch. Other tree and
shrub species found in home gardens include:

*  Cocos nucifera

e Ficus tinctoria

e Guettarda speciosa
*  Pandanus tectorius
*  Pisonia grandis

*  Polyscias guilfoylei

Fruit trees like Indian jujub (Zizyphus mauritiana), custard
apple (Annona squamosa), lemon lime (Citrus spp.), green leave
trees such as drumstick (Moringa oleifera) and nambere
(Abelmoschus manihot) and papaya (Carica papaya) can also be
included in a home garden.

Exercise

USEFUL TREES AND SHRUBS FOR ATOLL
AGROFORESTRY SYSTEMS
(Circle each correct answer(s))

1. Which of the following are the seven primary uses of trees
and shrubs in an agroforestry system?

a. construction wood g. ornamentals

b. transport h. fuelwood

c. human food i.  water purification
d. fodder j.  roof support

€. money k. compost

f. mooring boats l.  medicine

2. The three benefits that may be provided by the appropriate
arrangement of trees are?

shade

increased rainfall

nitrogen-fixation by certain species
modification of the microenvironment

oo

43






Yy FIELD MANUAL FOR AGROFORESTRY IN ATOLL ENVIRONMENTS Agroforestry

3. The primary consideration in selecting a tree species for use
in a nearshore windbreak is?

a. long trunk
b. salt tolerant
c. many branches

4.  When introducing tree and/or shrubs into an intercropping
system the farmer must make what commitment?

a. touse only nitrogen-fixing trees and/or shrubs

b. to harvest the crops before they begin to compete with
the trees

c. to manage the trees and/or shrubs through regular
pruning or trimming.

5. Home gardens require careful planning because
l')

a. children will take all of the fruits.
home garden plants are imported and expensive.

c. generally, many species of plants are grown together on
the same area and at the same time.

6. Use Table 1 on page 50 to identify the appropriate uses of
the following tree and shrub species. (Circle true if the
given use is appropriate for the species, or false if not).

Species/Plant Use (Circle correct
answer)

a. breadfruit food true false

b. coconut construction wood true false

c. Ficus tinctoria fuelwood true false

d. Hibiscus tiliaceus food true false

e. beach almond medicine true false

How did you do? 1. (a,c,d,g,hk,l); 2. (a,c,d); 3. (b); 4. (c); 5. (c);
and 6. (true, true, false, false, true)
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Table 1. Agroforestry uses of trees and shrubs on atolls.

(adapted from Teunissen, et al. 1995)

Species Common name | IN SL CP FW Ccw PF HF MD OR
Artocarpus altilis breadfruit X X X X X X X
Calophyllunm inophyllum | laural X X X X X X
Cocos nucifera coconut X X X X X X X X
Cordia subcordata sea trumpet X X X X X X
Ficus tinctoria native fig X X X X
Guentarda speciosa gucttarda X X X X X X
Hibiscus manihot hibiscus spinach| X X X
Hibiscus tiliaceus native hibiscus X X X X
Movrinda citrifolia Indian mulberry | X X X X
Pandanus tectorius screwpine X X X X X X X
Pemphis acidula pemphis X X X X
Pisonia grandis tree spinach X X X
Polyscias guilfoylei hedge panax X X
Rhizophora mucronata | mangrove X X X
Sophora tomentosa sophora X X X X X
Terminalia catappa beach almond X X X X X
Tournefortia argentea | beach heliotrope X X X X X X
Albizia lebbeck albizia X X X X X X X
Casuarina equisetifolia | ironwood X X X X X X X
Gliricidia sepium Mexican lilac X X X X X X
Leucaena leucocephala |leucaena X X X X X X
Moringa oleifera drumstick tree X X X X X X X X
Tamarindus indica tamarind X X X X X X X

IN = recommended inland planting site
SI = recommended shoreline planting site

CP = use as compost
FW = use as fuelwood

CW = use as construction wood

PF = use as fodder (pigs)

HF = use as human food (leaves or fruit)

MD = use as medicine
OR = use as ornamental
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INTRODUCTION TO AGROFORESTRY EXTENSION

Objectives his module on agroforestry extension will provide you

with some insight in your role as an extension agent,

Afverieading thix sectiow on your responsibilities towards the community and your

INTRODUCTION TO AGRO- oo
FORESTRY EXTENSION you boss. Furthermore, it will give three examples of
will e abile ta: extension methods that you can use while visiting a
community to discuss with the clients the problems that exist and
1. List the two basic to find ways to overcome these. This particular section will
principles of extension. discuss what extension is, and what it is not.
2. Give the main purposes You might be working already for some years as an exten-

of agroforestry extension.  giop agent. But what actually is extension?

3. List the two basic
activities of an extension
agent in agroforestry
extension processes.

According to the dictionary' extension means:

“... the act or an instance of extending; the process of being

extended...”.
4. Give two words which
describe what extension The same dictionary says about extend: “...lengthen or
is make larger in space or time...”.

This doesn’t make it easier to understand. Lets combine the
dictionary and real life:

the extension agent shares his knowledge and experiences
(extending) with his clients, or farmers, in different places
(space), not only today but into and for the future (time).

The official explanation for extension is:

...a process of combining traditional knowledge and experi-
ences, attitudes and skills to decide what is needed, how it
can be done, what local cooperation and resources can be
organized and used and what further assistance is available

and be necessary to overcome certain obstacles... (FAO
1987).

both descriptions it is clear that extension is a two-way process
(extension agent <—> client), and that it is based on the partici-
pation and involvement of the people, as a result of their decision
that certain needs or opportunities exist, important enough to
spend their time, energy and resources to achieve them.

. It doesn’t matter in what way you describe extension. From
Extension is a 2-way process.

"' The Australian Concise Oxford Dictionary, 1987 51
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The purpose of agroforestry extension is to assist the people
in defining problems which are affecting their lives, and in
deciding whether these problems can be solved when using
agroforestry techniques.

The extension agent facilitates the discussion to define the
problems by using different extension methods. After explaining
and sharing knowledge on agroforestry techniques, the people
themselves then select those techniques most suited to their
situation, and within their capabilities and resources.

Extension is certainly NOT a way of doing things for

people, or imposing a problem or agroforestry technique,
but is ...

... to facilitate people discussing, making decisions and
taking action to meet desired agroforestry products and
benefits.

Agroforestry Extension Doesn't Mean

FORCING CHANGE ON iy art =
THAT YOU KNOW MORE THAN
TELLING PEOPLE WHAT FARMERS OTHERS

THAT MODERN METHODS ARE BETTER THAN
TRADITIONAL METHODS

WORKING WITH,
TALKING TO,
AND LEARNING
FROM THE
FARMERS
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Exercise

INTRODUCTION TO AGROFORESTRY EXTENSION
(Circle each correct answer(s))

1. The two basic principles of extension are?

a. top-down approach d. participation and
involvement
b. two-way process e. traveling

c. teaching
2. Circle the correct words:

The purpose of agroforestry extension is to assist/hinder
people in ignoring/defining problems affecting their lives,
and leaving/deciding whether these can be solved when
using agroforestry techniques.

3. The two basic activities of an extension agent, during an
extension session are?

a. sleeping d. explaining and sharing
knowledge
b. arguing e. organizing working groups

c. facilitating

4. The two words that express what is NOT extension are?

a. sharing d. doing things for
b. learning e. facilitating
c. discussing f. imposing

How did you do? 1. (b,d); 2. (assist, defining, deciding); 3. (c,d);
and 4. (d,f)
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ROLES AND RESPONSIBILITIES

Objectives ou work within your Department’s extension service as

. . . an extension agent. This service seeks to assist people in
After reading this section on £ peop

ROLES AND RESPONSIBIL- making decisions leading to an improvement of the
ITIES you will be able to: standard of living and their environment, and
furthermore assists them in obtaining knowledge and
1. Give one aspect of an skills to implement the decisions. The extension service relies
effective extension therefore on you, its extension agents, for an effective
service. communication with the people.

2. Describe the role of an

The extension agent is a link between the Department and
extension agent.

the community in such a way, that the community has access to
the results of research, and the researchers keep up to date with

3. List kill ) % .
g the situation in the field.

extension agent should

posses. RESEARCH EXPERIENCE
4. Name the group .of Whnt the Covermmont What the farmers
people an extension agent  wants the farmers to do :“ac'l'ts the Government
0 ao

aims his/her work at.

5. Give the reason why an
extension agent works 24
hours a day.

Extension bridges the gap between research and farmers' experience

For an extension agent to be effective, some basic skills are

Gle basic skills for an extensioD essential:
agent are:

*  Creativity
. Creativity

® Initiative
. Organization

Solutions to a problem are not taken for granted; a

«  Problem Solving problem is studied from all angles, and each possible
«  Communication solution is examined and favorable points combined
| *  Knowledge with those of other solutions; new ideas or points of
\_ *  Relabie ) view are presented to the people for discussion and

making their own decisions.
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e Initiative

When a situation arises, appropriate action is taken,
using own resources as far as possible; all problems are
discussed with the people, and are encouraged to make
decisions for themselves based on existing knowledge
and skills; in case of complex situations, these are

formulated clearly and passed on to the Department for
advise.

*  Organization

Own work must be well planned and organized, to
achieve good reputation.

*  Problem solving

Essential elements of a problem are recognized and
defined; if possible out of own knowledge solutions are
suggested; people are encouraged to take appropriate
decision; any factors that may influence decision-taking
are closely watched and taken in account when further
proposals are made.

¢  Communication

Communication with the people should be in the
concepts, words and idiom they understand;
information from researchers is interpreted and
demonstrated in a form that the people understand;
experiences are shared with colleagues on similar level
in government and non-government organizations;
contacts are maintained with scientists and researchers,
administrators and policy and decision makers in the
government.

*  Knowledge

Through study, reading, discussions and practices,
; knowledge is kept up to date, because learning is a
continuous process as developments soon overtake
existing knowledge; the extension agent should be able
“doing the job better than those working with”.

«  Reliable

Any promises made to the people should be kept to
keep confidence; commitments are limited to what can
surely be delivered.
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As an extension agent, you care for all people of all ages in
the community since problems have their impact on the whole
community. You try to involve all people in the discussions and
decision taking process, as these decisions will have effect on the
whole community as well.

You ought to be approachable by the people 24 hours a day
and know how to approach them. No fixed office or working
hours exist. Much effect is assorted arter the normal day’s work
is done and people are at home, feeling free to discuss their
problems or those of the community.

Exercise

ROLES AND RESPONSIBILITIES
(Circle each correct answer(s))

1. The key of an effective extension service is
communication with people.

a. telephone
b. effective
c. radio

2. The extension agent is the between the
Department and the community.

a. gap
b. link

3. The seven skills an extension agent should posses are?

a. organization g. traveling

b. knowledge h. problem solving
c. driving license j. computer

d. initiative k. communication
e. cooking 1. reliable

f. creativity m. cleaning

4. As an extension agent, you aim your work at?

a. adults
b. youth
c. all people of all ages
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5. An extension agent is on “call” 24 hours a day, because?

for the money

he/she should always be approachable
that’s the job

headquarters says so

ap o

How did you do? 1. (b); 2. (b); 3. (a,b,d,f,h,i,1); 4. (c); and 5. (b)
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Objectives

After reading this section on
BRAINSTORMING you will be
able to:

1. List four benefits of
using brainstorming to
generate lists of ideas.

2. List two methods of
conducting a
brainstorming session.

3. Describe the situation
when brainstorming may
be a useful tool.

i BRAINSTORMING
*  free participation
. without judgement
. the more ideas the
better
s one idea leads to
K another )

BRAINSTORMING

ne of the most difficult tasks for any extension agent

is to have a group of farmers meet and discuss

common issues or problems. The farmers will often

look to the extension agent to lead or facilitate the

meeting in an orderly manner, and to be sure
everybody can contribute to the meeting. As the facilitator, the
extension agent’s role is to ensure that everybody has an
opportunity to offer his/her ideas or suggestions during the
meeting without the fear of criticism.

In any group there are people with different personalties,
customs, social status. Some individuals may be ready to speak
right up about the issue or problem, while others may be less
accustomed to speak in front of others and will remain very
quiet.

When only one or a few individuals speak up, many good
ideas or suggestions from the quiet individuals may not be
expressed. A particularly opinionated person may be able to
dominate the meeting and only his or her ideas or suggestions

are heard, whereas those from other farmers never get a chance
to be heard.

Brainstorming is a tool that may help the extension agent
to lead an effective meeting of farmers.

Brainstorming is a technique used in meetings to generate
ideas or suggestions from all members of the group about a
particular problem or issue.

The brainstorming technique helps every member of the
group freely participate in discussions, without their ideas or
suggestions being criticized or prematurely judged. Everybody
has an opportunity to express his/her ideas or suggestions. The

more ideas that are mentioned, the better it is, as one idea leads
to another.

Brainstorming can be conducted according to two methods.

The first method is an open forum in which everybody
speaks up on his/her ideas or suggestions and the facilitator (or
in larger groups, a recorder) writes the ideas or suggestions on a
large sheet of paper so that everybody can see them. Often
hearing and reading the different ideas or suggestions will
stimulate more ideas and suggestions. The list will grow until
everybody runs out of ideas or suggestions.
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Brainstorming can be useful in
getting groups to freely
participate.

Extension

The role of the facilitator is to not allow one or a small
number of individuals dominate the listing of ideas or
suggestions. The facilitator needs to encourage the quiet
participants to speak up, and to ensure that the ideas or

suggestions are not judged or
criticized during the brainstorming
activity.

At times no one in the group
wants to openly offer ideas or
suggestions in a meeting. The
second method of brainstorming
may be useful in these situations.
It begins with the silent
generation of individual lists.
Everybody writes down their
ideas or suggestions on paper.

After several minutes when
the facilitator sees that the people
of the group have stopped adding
new ideas to their list, the facilitator asks each person to list one
of his/her ideas or suggestions that is written down. This idea or
suggestion is now written on larger paper so that everybody can
see. The facilitator has the next individual give one of his/her
ideas, and this continues around the group until everybody has
had an opportunity to list ideas or suggestions.

As people hear and see the ideas or suggestions, they often
think of another idea and add it to the list. If someone has no
more ideas or suggestions to offer the or she simply “passes”.
When all of the ideas are written down on the larger paper the
brainstorming session is over.

Once the brainstorming session is over the group can begin

evaluating the listing of ideas or suggestions to find common
ideas.

The extension agent assists the meeting in grouping and/or
giving priority to the listed ideas for further discussion and
decision taking. The brainstorming technique can be used for
any topic, for example to define problems, discuss possible
solutions or generate a workplan.
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Extension

Exercise
BRAINSTORMING
(Circle each correct answer(s))
1. The four benefits of use brainstorming to generate list of
ideas are?
a. saves time
b. free participation of everybody in the group
c. ideas are offered without fear of judgement or criticism
d. the person with the most ideas controls the meeting
e. the more ideas, the better
f. one idea leads to another

2. The

are?

d.

two methods for conducting a brainstorming method

open forum where everybody speaks up to give their
ideas

extension agent lists his or her ideas and asks for
comments

silent generation of ideas followed by each individual
giving their ideas

each idea is evaluated as soon as it is given

3. In the following situation(s) when may brainstorming be a
useful tool is?

when you meet with a farmer on the farm

when a farmer comes into your office for advice
when a group of farmers asks for your help in
facilitating a meeting to define problems, discuss
possible solutions or generate a workplan

How did you do? 1. (b,c,e,f); 2. (a,c); and 3. (¢)
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Objectives

After reading this section on
FARM PLANNING you will be
able to:

1. Give the objective of
farm planning.

2. List the main activity of
farm planning.

3. Give the main two stages
of farm planning.

4. Name the main
difference between the
first and second stage.

Farm plans visualize the effects
of decisions and activities on
peoples lives and the
environment.

FARM PLANNING

arm planning is another tool an extension agent can use

to help landusers. Farm planning is a technique to assist

landusers make decisions regarding solutions to farm

problems. Farm planning includes the development of
maps of the present and desired future situation of an area.

After the brainstorming session, when people have defined
their problems, you discuss and explain those agroforestry
techniques most likely to contribute in solving these problems.

In case the problems are to complex, you have to decide for
yourself to what extent you can assist the meeting, and for what

issues to call for the assistance of experts.

People often have difficulties to imagine what the effect is

of certain decisions and activities on their lives and environment.

Making farm plans can assist in this matter.

First, people draw a map of the present situation of an area,
including the defined problems. This map is then discussed to
ensure that everybody agrees to it.

With the possible agroforestry techniques in mind, the
people then draw a map of the same area, but the way they
would like to see it in future. Again the map is discussed, while
the included agroforestry techniques are highlighted. Finally, the
people agree on the map, and on the decision which agroforestry
technique(s) to apply.

It will not be an easy
task for people to imagine
how their area will look

> like in future, but
suggesting to pretend
being a bird and flying
over the area and drawing
what is seen (such like
trees, animals, houses,

. roads, etc), will make it an

With farm planning I
can make decisions
on how to improve
my farm!

easier exercise.

The people are
actually implementing the
possible agroforestry
techniques on paper, and
thus are able to evaluate if
those techniques are






FIELD MANUAL FOR AGROFORESTRY IN ATOLL ENVIRONMENTS Extension

techniques on paper, and thus are able to evaluate if those
techniques are feasible.

Exercise

FARM PLANNING
(Circle each correct answer(s))

1. Farm planning can assist people

a. in having a larger family;
b. make decisions
c. topay less taxes

2. With farm planning, people maps of the
present and desired future situation of an area.
a. talk about c. make
b. photograph d. order

3. In the first stage of farm planning, people draw the
situation of an area, while in the second

stage, the situation.
a. problem d. critical
b. future e. present
c. ideal f. perfect

4. The difference between the first and second stage is, when
drawing maps in the second stage possible
are included.

a. schools
b. agroforestry techniques
c. offices

How did you do? 1. (b); 2. (c); 3. (e,b); and 4. (b)
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Objectives

After reading this section on
SCHEDULING ACTIVITIES
you will be able to:

1. State the objective of
scheduling activities.

2. Explain why planning is
important.

3. Describe the sequence of
planning.

4. Name the four reasons
for having regular
meetings.

( Scheduling activities is to planw
and decide on:

. How
. When
. What
k . Who j

SCHEDULING ACTIVITIES

fter the farm planning session, activities to implement
the agroforestry techniques have to be scheduled.

Scheduling activities will provide a plan showing
how, when, with what assistance and by whom the
various activities are to be carried out. It includes responsibilities
for the people, as well as for the extension agent. Careful plan-
ning is necessary to prevent waste of time, money and effort.

Before starting the scheduling of activities, the people have
to decide on their immediate and long-term goals, while keeping
their decisions in mind. An immediate goal might be for example
the establishment of a small nursery to grow plants, while a long-
term goal might be selling fruits for cash income.

With the goals established, the people discuss and think of
all the tasks and things that have to be done to accomplish the
goals. These tasks are listed on the plan and the people decide
who will do them and when they will need to be done. They have
to plan as well how to make sure that the tasks are done on time.

The plan has the form of a calendar, with columns stating
first the goal and then the activities. Following are columns
showing the weeks per month, where crosses, or a thick line,
indicate when the activity has to be carried out. The last column
indicates who is responsible for the execution of the activity.

Collect Seed

QOut Plant

Germination \
Transplant \

Weeding _\
Watering _\
Site Prep -\

\ Let's schedule

: our nursery
activities to be
ready to plant
on National Plant
Day in June.

J
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Finally, the people have to agree on regular meetings to
discuss and evaluate the progress of the work. If problems occur,
they have to be solved, and sometimes goals, activities or the ?
schedule have to be redefined.

When all activities are carried out, the people will evaluate
if they achieved the results they wanted.

Exercise

SCHEDULING ACTIVITIES
(Circle correct answer(s))

1. Scheduling activities generates a plan showing how, when,
with what assistance and by whom the activities are to be
carried out. The plan includes responsibilities for

a. government d. farmers
b. church e. council
c. extension agent f. village mayor

2. Careful planning is necessary in order to
a waste of time, money and effort.

a. maximize d. optimize
b. prevent e. ensure
c. create

3. There is a correct order for scheduling activities. From the
following list of steps in schedules write 1 for the first step,
2 for the second, etc.

__ who and when

___list tasks on plan

____ immediate and long-term goals
___tasks and things to do
__make sure tasks are done
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4. Four reasons for regular meetings are:

listen to the radio

organize village party

discuss progress of work

solve any problems

elaborate letters of request

evaluate progress of work

for fun

redefine goals, activities or schedule

S o a0 oe

How did you do? 1. (c,d); 2. (b); 3. (4,3,1,2,5); and 4. (c,d,f,h)
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