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ABSTRACT
The purpose of this study was to assess the correlation
between 1) selected seedling conditions and 2) the
participating farmers' knowledge of planting techniques and
the seedling mortality of trees supplied by the Pan American
Development Foundation's Agroforestry Outreach Project in
Haiti.

During the spring of 1990 planting season, 18 sample

farmers and the trees they received were studied to
determine the correlation of several seedling conditions
with seedling mortality.

Rootball condition, leaf drop,

plant turgor, and internal box temperature were measured
during seedling transportation from nursery to the field.
The farmers' knowledge of planting techniques was determined
by a test over a planting guide.

The most significant

findings were that the seedling mortality was not strongly
correlated to either the individual conditions measured or
the farmers' knowledge of planting techniques.
Collectively, these seedling conditions accounted for
approximately 25 percent of the total variation in the
seedling mortality.
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CHAPTER 1
INTRODUCTION

One of the most pressing worldwide problems today is
the current rate of deforestation especially in the
tropics.

According to Gradwhol and Greenberg (1988),

"Despite the historical precedents for extensive
deforestation, at no time in history has the rate of
deforestation approached what we are seeing as we enter the
1990's" (p. 26).

The authors state that, "The deforestation

frontier is truly global, occurring in at least forty-five
countries around the equator" (Gradwohl and Greenberg, 1988,
p. 26).

Urgent measures are needed to prevent the continued

degradation of the earth's limited resources.
One reason deforestation has become such an acute
problem is because rapidly increasing populations of rural
subsistence farmers in the tropics must compete for a
limited amount of arable land and finite quantities of
forest products.
The solution to this serious problem will only be found
in sustainable agricultural systems since population
pressure and subsequent demand for farm land will most
likely continue to increase for the foreseeable future.

One

type of sustainable management system which has proven to be
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effective in maintaining soil fertility as well as providing
both soil stabilization and wood products is agroforestry.
"Agroforestry represents an approach to integrated land use
involving the deliberate mixture or retention of trees or
other woody perennials as part of the crop/animal production
enterprises" (Nair, 1984, p. 3).

This approach has been the

main emphasis of the Pan American Development Foundation's
(PADF) Agroforestry Outreach Project (Proje Pyebwa) in
Haiti.

Since its beginning in 1981 PADF planted over 30

million trees.

This project has proven that subsistence

farmers are willing to plant and maintain trees given proper
support and materials.

Need for the Study
PADF's experience in Haiti has shown that agroforestry
is a practical solution for combatting the deforestation
problem while allowing farmers to cultivate their basic food
crops.

However, many more trees will need to be planted and

sustained if Haiti is to meet its fuel and wood needs.
Westley (1988) noted,

As

"Farmers will need to plant more than

7 million seedlings a year and improve tree growth and
survival rates to continue increasing their income from tree
products and to compensate for present tree cutting-rates ,
which are estimated at 45 to 55 million trees a year "

12

(p.5).

PADF's results to date indicate that while the

mixture of trees and crops is a successful approach, the
survival rates of project trees are somewhat below
expectations.

In their evaluation of the program, Wahab,

Cusumano, and Koehler (1985) found, "the overall seedling
survival rates average about 50%, which is somewhat lower
than the proposed goal of 70% survival, but which experience
has shown to be an acceptable rate given the diverse
conditions of Haiti"

(p. 304).

Since the same amount of PADF's effort and money is
expended regardless of survival rates, it only makes sense
to try to increase survival rates and thus maximize the
project's efficiency in this respect.

To do this, the

researcher first identified the most important factors
affecting seedling survival; seedling conditions and
farmers' knowledge of planting techniques.

If these factors

prove to have some effect on seedling mortality, then
perhaps some of these

factors can be manipulated to improve

survival rates in future planting seasons.

Increasing

standing tree rates would improve the project's efficiency
and thus its impact on raising Haiti's subsistence farmers'
standard of living while protecting their limited but
sustainable

natural resources.
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Statement of the Problem
The purpose of this study was to assess the correlation
between 1) selected seedling conditions and

2) the

participating farmers' knowledge of planting techniques and
the seedling mortality of trees supplied by the Pan American
Development Foundation's "Proje Pyebwa" in Haiti during the
spring of 1990 planting season.

Research Questions
The research attempted to answer the following
questions:

1.

What are the differences in the rootball condition, leaf

drop, plant turgor, and internal box temperature of PADF AOP
seedlings before transportation from the project nurseries
and upon arrival at the residences of participating farmers?
2.

What are the actual survival rates by species of

outplanted tree seedlings after a minimum of fourteen days
in the participating farmers' fields?
3.

Is there a correlation between the rootball condition,

leaf drop, plant turgor, and internal box temperature and
the survival rate of tree seedlings after a minimum of
fourteen days?
4.

What is the number of participating farmer contacts with

project animators in which information on planting
techniques was conveyed?
5.

Is there a correlation between the number of

participating farmer contacts with the animators and
seedling survival rates?
6.

What is the degree of knowledge of planting techniques

derived from the Liv Plante Pvebwa (extension planting
guide)?
7.

Is there a correlation between the number of

participating farmer contacts with the animators and their
knowledge of planting techniques derived from the Liv Plante
Pvebwa (extension planting guide)?
8.

Is there a correlation between tree survival rates and

the participating farmers' degree of knowledge of planting
techniques derived from Liv Plante Pvebwa (extension
planting guide)?

Assumptions
The following assumptions were made in the conduct of
this study:
1.

There are relationships between 1) selected seedling

conditions and 2) the participating farmers' knowledge of
planting techniques with seedling mortality.
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2.

The numbers of seedlings in each sample box as indicated

by the nursery managers were correct.
3.

The oral test over the Liv Plante Pvebwa (extension

planting guide) administered to the participating farmers
measured their knowledge of planting techniques.
4.

The participating farmers understood the researcher's

questions pertaining to the Liv Plante Pvebwa (extension
planting guide).
5.

All of the farmers participating in the study

experienced seedling mortality in trees planted during the
Spring 1990 season.
6.

There may have been other reasons for seedling mortality

which were not considered in this study.

Limitations
The following limitations apply to this research and the
generalizability of the findings of this study:

1.

This study was limited to the Pan American Development

Foundation's Agroforestry Outreach Project in Haiti and was
conducted during the spring of 1990 outplanting season.
2.

All of the data for this study were collected in and

around two nurseries (Bainet and Vialet) in PADF's Region
Two during May and June of the 1990 planting season.

16

3.

All of the data were collected from a sample of 18

participating farmers.
4.

The seedling survival rate was calculated by comparing

the number of seedlings indicated by the nursery managers in
each sample box with the number found by the researcher.
5.

A sampling error could present a problem in this study.

To insure that the sample taken was representative of the
population sample boxes were randomly selected at each
nursery.

Definition of Terms
The following definitions should aid the reader with
terms found in this study.
Aqroforestrv- a system of integrating trees with crop and
animal production to establish an improved land use system.
Animator- the trained, local extensionist who works at the
grassroots level with project participants.
CARE- the Cooperative for American Relief Everywhere.
Internal Box Temperature- the temperature in the cardboard
box used for transporting and storing seedlings.
Leaf Drop- the loss of seedling leaves caused stress during
uplifting, packing, transportation, and outplanting.
Lifting- transferring seedlings from nursery containers to
boxes for transportation into the field.
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Liv Plante Pvebwa- an extension planting guide used byproject animators to teach planting techniques.
Outplanted seedlings- trees which have been received and
planted by a participating farmer.
PADF- the Pan American Development Foundation
Participating farmers- farmers who have received seedlings
and training from a project animator.
Plant turgor- the normal fullness or tension produced by the
fluid content of plant cells.
Planting site- the location where a participating farmer
planted project seedlings measured in this study.
PVQ- a private voluntary organization which cooperates with
the PADF Agroforestry Outreach Project.
Project Staff- PADF project employees.
Rootball- the portion of a seedling from the root collar
down to the lateral and primary roots which contains the
growing media used in the nursery.
Root trainer- a specialized nursery container in which five
seedlings are produced each in its own individual cell.
SECID/Auburn- the Southeast Consortium for International
Development in collaboration with Auburn University which
administers the Haiti Agroforestry Research Project, which
is under contract with the United States Agency for
International Development to conduct research as needed by
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the Pan American Development Foundation's "Proje Pyebwa".
Seedling Mortality- seedlings that die after being planted a
specific period of time.
Squad-(creole)- a collective of several peasants organized
to provide each member with one day's labor from the group
usually to do planting, weeding, or soil preparation.
Standing Tree Rate- the percent of trees that are still
standing and alive after a specific period of time.
Tagged Seedling- a project seedling which has been randomly
selected and tagged as part of the research sample.
USAID— the United States Agency for International
Development.

Method of Investigation
The procedures followed in this study are outlined below:

Population and Sample
The target population included all the participating
farmers in PADF's Region Two who took part in the
agroforestry outreach project during the spring
planting season.

1990

The "Comite Paroissial De Bainet" (Bainet

Parish Committee) and the "Institut Chretien De La Vie
Rurale, Petit Goave, Eglise Methodiste D'Haiti" (Christian
Institute of Rural Living, Petit Goave, Haiti Methodist
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Church) were the two PVOs which operated the nurseries
selected for data collection.

The researcher randomly

selected sample boxes at each of the above two nurseries.
Each participating farmer received a box of seedlings (100
seedlings -Bainet nursery or 110 seedlings -Vialet nursery).
The farmers who received the boxes selected by the
researcher became the sample considered in this study.

Design
This study was a descriptive survey which assessed
participating farmers' knowledge of planting techniques and
the conditions of project seedlings which these
participating farmers received.

Data Collection
A form designed by the researcher, his graduate
advisor, and PADF's research coordinator was used for
collecting the quantitative data regarding the seedling
conditions and seedling mortality

(See Appendix C).

Participating farmers' knowledge of planting techniques was
determined using a visual test requiring oral responses to
informal questioning.

The material for the visual test was

taken directly from the Liv Plante Pvebwa.
used

The researcher

this material because it had appropriate content and
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face validity.

The Liv Plante Pvebwa was the same

information used by Proje Pyebwa animators to teach planting
techniques.

Data Analysis
Seedling condition data were compiled and analyzed
statistically for significant (a < .05) correlations with
the seedling mortality rate.

Oral responses to questions

concerning the visual material contained in the Liv Plante
Pvebwa were recorded and compiled to determine the
correlation between the participating farmers' knowledge of
planting techniques and the seedling mortality rate.

The

number of participating farmers' contacts with animators and
the participating farmers' knowledge of planting techniques
were also analyzed for correlation with the seedling
mortality rate.
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CHAPTER 2
REVIEW OF LITERATURE

In conducting the search for this literature review,
the researcher attempted to exhaust many possible sources to
find materials relevant to this study.

While in Haiti, the

researcher went to the USAID mission in Port-au-Prince and
was granted access to search the office library.

PADF also

allowed the researcher access to their library and to their
private project papers file.

The Southeast Consortium for

International Development / Auburn University library was
also at the researcher's disposal.
The researcher conducted an exhaustive search of the
University of Arizona library.

This search included the

following reference materials: Food and Agricultural
Organization of the United Nations Documents, Commonwealth
Agricultural Bureau (CAB) Forestry Abstracts, University
Microfilms International (UMI) Dissertation Abstracts,
Science Citation Index, and the Agricola data base.

The

researcher searched the United States Department of
Agriculture Current Research and Information System (CRIS)
data base and the International Information System for the
Agricultural Sciences and Technology (AGRIS) data base.

The

researcher also used the "Quick Search" computer retrieval
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system to scan the most current edition of Agricola, the CAB
Forestry Abstracts and the Dissertation Abstracts Online.
In addition to the University of Arizona library, the
researcher also examined materials in the University of
Arizona Office of Arid Lands Studies library.

Through the

inter-library loan system, the researcher was able to obtain
an agroforestry bibliography published by the International
Council for Research in Agroforestry in Nairobi, Kenya
(ICRAF).

The following review is of the most recent and

relevant material which the researcher found.
When Columbus discovered the Island of Hispaniola in
1492 he was impressed with the beauty and bounty of this
tropical paradise.

If Columbus were to return to the same

site where he landed so long ago, chances are he would not
recognize it.

Today, Haiti is the poorest nation in the

western hemisphere and one the poorest nations in the world.
Officials have estimated that Haiti, which is about the
size of Maryland, is home to some 6.3 million people.
(Quilan 1990)

The annual population growth rate is 2.2%.

(Wahab, Cusumano, Koehler 1985)

The annual per capita

income in Haiti is approximately $300 US.
significantly lower in rural areas.

This figure is

As these indicators

demonstrate, the population is rapidly increasing and the
demand for Haiti's limited natural resources will certainly
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increase as poor subsistence farmers struggle to survive in
this impoverished country.
One of the most pressing problems in Haiti today is the
demand for both energy and food.

With the need for a

swelling population to feed itself, rural farmers are
clearing more and more forested land.

Gradwohl and

Greenberg (1988) state that as recently as the 1960s 25% of
Haiti's forest still remained.

It is estimated that today

between two and eight percent of the original forest cover
remains.

According to Sean Finningan, a British

agriculturist who has worked in Haiti for fifteen years,
millions of trees are cut annually. The three main reasons
are: to produce charcoal, the demand for quick growing food
stuffs, and the demand for wood poles to construct rural
homes (Quilan, 1990).
domestic needs.

All of the trees are cut to meet

Haitian merchants in Port- au-Prince import

American lumber to meet the demand for construction
materials.

Finningan goes on to state that because of the

pressure for land and the slash and burn techniques used to
clear it, there is substantial erosion problem (Quinlan,
1990).

One third of the originally arable land is no longer

useful for agricultural production because of soil erosion.

The demand for charcoal is a primary cause of
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deforestation.

Wahab, Cusumano and Koehler (1985) estimated

that 80,000 hectares of land are stripped annually to meet
the demand for wood.

It is further estimated that seventy

percent of Haiti's energy consumption is supplied by wood
products (Renaud, 1990).

Obviously, these trends can not be

continued indefinitely without soon reaching a crisis point.
The energy needs of the rapidly expanding Haitian population
must be met without the continued destruction of this small
country's natural resource base.
There are no obvious solutions to the widespread
erosion problem in Haiti,

since demand for charcoal will

most likely continue in the future, fuelwood production must
be integrated with the cultivation of basic food crops in a
production system which will not further degrade the
capacity of agricultural land.

Because the majority of

Haitian peasants also produce charcoal as a source of
income, some type of country wide effort is needed to
involve as many small farmers as possible.
In the late 1970s, Gerry Murray (1987) conducted
research for USAID which examined the linkage between land
tenure and the failure of most tree planting efforts to
successfully motivate peasants to plant trees.
that land tenure itself wasn't the problem.

Murray found

Rather, the

lack of success of most reforestation and soil conservation
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projects was due to a number of problems.

First, these

projects emphasized planting on both state land and marginal
agricultural land owned collectively by kin groups.

On this

type of land there was no security against anyone harvesting
a tree planted by someone else.

Because of this, the

peasants were reluctant to plant trees.

Also, many projects

emphasized planting fruit trees which were of little market
value, limited nutritional value, slow growing, and
difficult to transport.

Finally, because of the corruption

of the public sector ministries, projects which funnelled
funds through this route had many administrative problems.
Murray concluded that an entirely new type of
organization was needed for a project to be successful.

A

successful project would emphasize tree planting as an
enterprise with economic benefit to the farmers.

Projects

would promote trees as a cash crop since food was already
cash cropped and the farmers already sell both charcoal and
lumber.

The existing land tenure system could be

incorporated into such a project by encouraging planting on
the same land which the farmers used for agricultural
production (Murray, 1987).
Based on this new conceptual organization, a new
agroforestry project was founded in 1981. " Proje Pyebwa Creole for the PADF's Tree Planting Project- focuses on the
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farmer as the sole agent to reduce the serious degradation
of Haiti's natural resources" (Westley, 1988, p. 2).

This

project was set up using both new and different
institutional and technical approaches.

The project was

designed to take advantage of existing non-governmental
organizations (NGOs) already in place in Haiti.

There were

a number of advantages to working with NGOs, such as: start
up time would be reduced, grassroots organizations were
already in place, and the Ministry of Agriculture was too
busy and financially unable to take on such a venture.
Technically, the project was unique in several ways.

First,

the tree species selected would be fast growing, adapted,
and drought resistant.

In addition, an efficient nursery

and delivery system would be developed.

Most importantly,

the project would stress the cash cropping of trees concept
alongside the farmers' traditional agricultural production
system (Wahab, Cusumano, and Koehler, 1985).
In January of 1982, regional and local outreach
programs were begun through CARE and PADF, two international
NGOs already operating in Haiti.

These two large NGOs give

subgrants to other smaller local NGOs such as religious
missions and community councils.

PADF gives both materials

and support to the smaller local organizations while they
provide personnel and local community contacts with farmers

(Wahab, Cusumano, and Koehler, 1985).
By all accounts this new approach has been a success in
Haiti.

Private voluntary organizations such as: local

schools and churches, local community councils,
missionaries, private community development projects, and
other grassroots organizations have been instrumental in
reaching local peasants.

To date, 170 PVOs have

participated with PADF in Proje Pyebwa.
are impressive.

Initial statistics

During the first three years, over 15

million trees were planted by some 58,000 peasants.
now has centers in most of the country.

PADF

"Most importantly,

tree planting is beginning to be seen as a money-making
proposition by the farmers- a crucial step towards the
economic sustainability of the project and towards
successful agroforestry" (Gradwohl and Greenberg, 1988, p.
170).
Agroforestry researchers agree that farmers must see
tree planting as profitable to insure an agroforestry
project's success.

PADF has succeeded because it teaches

this concept to farmers.

Hosier (1989) stated, "For

smallholders throughout the developing world to adopt
agroforestry techniques, they must be convinced that the
benefits of such innovations exceed the cost" (p. 1827).
Farmers at the grassroots level now realize that Proje
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Pyebwa's efforts are

to their direct benefit.

"According to PADF Project officer, Phoebe Lansdale,
'The success of the programme lies in its grassroots
approach: farmers are the direct beneficiaries of their
own tree-planting efforts. The project has shown a
sustained ability to select committed private voluntary
organizations and Haitian promoters. These have ties
to the scattered small landholders who know them and
are predisposed to respect their advice'" (Westley,
1988, p. 4).
Proje Pyebwa's success is also due to involving PVOs
and NGOs its agroforestry efforts.

NGO involvement is

needed as noted by Grainger (1984, p. 33), "Non-Governmental
Organizations (NGOs) play a significant role in the funding
and implementation of social forestry projects in developing
nations, ... It is recommended that far more publicity
should be given to the need for afforestation in order to
encourage NGOs to expand their activities in this field".
Currently,

Development Strategies for Fragile Lands

(DESFIL), a Washington based office, is lobbying USAID in
Haiti to obtain funding for a new program entitled The
National Program for Agroforestry in Haiti.

This program is

designed as an add-on project to complement PADF's Proje
Pyebwa.

The new project proposes to: introduce forages;

grasses; and non-woody perennial vegetation; introduce onfarm propagation techniques; diversify soil conservation
interventions; and to identify sites where better on-farm
management practices can be applied to rehabilitate bcidly
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eroded land (DESFIL, 1989).

One expected achievement of the

DESFIL project is to increase the seedling survival rate to
60% after one year.

It is hoped that improved extension

efforts will result in greater survival of outplanted
seedlings.

Instead of sheer quantity, this project aims to

produce high quality seedlings and put greater efforts into
increasing survival through better control of tree planting
and protection processes (DESFIL, 1989).

This proposal

illustrates PADF's concern for increasing survival rates in
the future.

Improving seedling survival as Proje Pyebwa

continues will remain as an important objective of the
project.
As Dr. Mary Duryea (1984) states, "With increasing cost
in seedling production, site preparation, planting and early
stand tending, it is important that we increase the
efficiency (ie. minimize the cost per unit of success) of
the reforestation process" (p. iv).

While Dr. Duryea made

this statement in reference to commercial tree planting
efforts of the pine forest of the United States, this same
basic idea about increasing efficiency can be applied to any
tree planting effort.

Seedling quality is one of the

criteria which foresters consider when attempting to
determine the cause of seedling mortality.

"Foresters

evaluate seedling quality to: determine when quality changes
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occur during handling and planting and then correct
practices which reduce quality, and to determine whether
regeneration success or failure was a result of stock
quality or other factors"

(Duryea, 1984, p. 2-3).

In another study for the Research Division of the
Georgia Forestry Commission the survival and growth of
loblolly pine seedlings were measured.

This study

correlated the rates of survival and growth with various
seedling measurements made at the time of lifting.

At each

lifting of seedlings from the nurseries during the planting
season, the researcher collected random seedlings as samples
for the measurements he wanted to take.

He was interested

in determining how such things as: incidence of fusiform
rust; root rot severity; root and shoot biomass; anthrone
reactive soluble sugars; soluble glucose and starch
concentrations; seedling handling; and other variables
correlated to the survival and growth of young loblolly pine
seedlings (Rowan 1987).

It was determined that care during

transplanting by outplanting crews can provide more
improvement in seedling survival than lifting or planting
methods or improved care during transportation.

The

researcher concluded that poor handling and planting
techniques caused more mortality than all other measured
causes.

This research indicated that care taken by the

people planting trees can lead to increased seedling
survival, and hence provided a theoretical base for this
research.
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CHAPTER 3
PROCEDURES

The following procedures were used to collect the data
necessary to meet the study's objectives.

They are

presented in four parts: (1) population, (2) design, (3)
data collection and instrumentation, and (4) analysis of
data.

Population
The study examined the factors affecting seedling
mortality in the PADF's Proje Pyebwa.

The target population

for the study was the participating farmers in Proje
Pyebwa's Region Two.

Two nurseries in this region, in the

towns of Vialet and Bainet, were selected as data collection
sites.

The accessible population was comprised of

participating farmers who received seedlings during the
spring of 1990 planting season from either of these
nurseries.

Those farmers who received boxes of seedlings

which were randomly selected for measurement and the boxes
of seedlings became the samples utilized in this study.

Design
The study was a descriptive survey of seedling
conditions as well as participating farmers' knowledge of
planting techniques, their number of planting experiences,
and number of contacts they had with project animators.
These seedling conditions and other factors were collected
on a data form used to answer the research questions of the
study regarding how these factors contributed to seedling
mortality.

Data Collection and Instrumentation
In the first part of the study the researcher noted
some biographical information for future reference such as:
form number,

nursery and location,

operating each nursery,
planter's name,

responsible PVO

location of the delivery,

location of the planting site,

name of each participating farmer's animator.

and the

Then the

researcher randomly selected a sample box from the boxes
being loaded that day for delivery.

The boxes from the

Bainet nursery contained three species of seedings while the
boxes from Vialet contained seven species.

The researcher

randomly selected a ten percent sample of seedlings from
each species in each box.

Individual sample seedlings were

tagged to ensure that all measurements were taken from the
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same seedling.
The researcher measured the seedling conditions at
three intervals: at the time of packing at the nursery;
after transportation; and just before outplanting for those
seedlings which were not planted immediately after
transporting.

The following conditions were measured:

Condition of the rootball.

This condition was measured by

estimating soil loss as determined by using a dot grid.

The

researcher held the seedling in front of a grid and counted
the number of dots visible, which indicated the amount of
soil that had been lost from the rootball.
Plant Turcror.

This condition was determined by measuring

the angle between the third leaf and the seedling stem.

The

researcher held the seedling in front of a large protractor
to determine the leaf angle (see FIGURE 1.).

Average change

in degrees was calculated by averaging the change in leaf
angle (whether positive or negative) for each sample
seedling in that particular sample box.
Leaf Drop.

The researcher counted the total number of

leaves or the number of leaflets on the third leaf depending
on the species.
Temperature of the Box.

The researcher measured temperature

by placing a thermometer in the middle of the seedlings five
to ten minutes before taking the other measurements.

The

^

Rootball

FIGURE 1. Measurement of the Leaf Angle.
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researcher recorded both the time and the date at each stage
of the transportation process.

The researcher also noted

results for each of the four measurements at each stage.
Finally, the researcher observed the participating farmers
plant the seedlings and noted any relevant observations on
the forms.

The researcher carried out the second step of

the data collection well after the participating farmers had
planted the seedlings.

All of the subsequent measurements

were taken between twenty four and twenty nine days after
the trees were delivered.

The researcher noted the date of

the second measurement and then the trees that had come from
that particular box were counted in the field to determine
the survival percentage.
After counting the surviving trees, the researcher
measured the other factors by asking questions and
administering a visual test with oral responses.
Participants were asked two questions: "How many times have
you talked to the animator about receiving trees before the
actual delivery?"

and "How many times have you planted

trees with Proje Pyebwa?".
the form.

Then, the

Their responses were noted on

participating farmers were given a

visual test over pages eight through sixteen of the Liv
Plante Pvebwa. which covers planting information in a
pictorial format.

They were asked to respond verbally about
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this visual planting information.

The participating farmers

responded by giving a short explanation of the each lessons
from the Liv Plante Pvebwa.

This information too, was

recorded on the data form.

Their knowledge of planting

techniques was then determined by dividing the number of
correct oral responses given by the total number of
questions.

Finally, the researcher noted any other

pertinent comments or observations of either participating
farmers or himself.

Analysis of Data
After the data were collected, the researcher compiled
the information from the data forms and entered it into a
microcomputer.

The data were analyzed using the

software program CoStat.

statistics

The researcher used the output

generated by this program to answer the eight research
questions that follow:
1.

What are the differences in the rootball
condition, leaf drop, plant turgor, and internal
box temperature of PADF seedlings before
transportation from the project nurseries and upon
arrival at the residences of participating
farmers?

To answer this question the mean difference, the standard
deviation, the range, and the number of samples were
calculated for all of the conditions measured.

38

2.

What are the actual survival rates by species of
outplanted tree seedlings after a minimum of
fourteen days in the participating farmers'
fields?

This question was answered by calculating the mean
percentages of survival for each species.

The overall mean

survival of all species was obtained by taking the average
survival rate of all the seedlings in each sample box.
3.

Is there a correlation between the rootball
condition, leaf drop, plant turgor, and internal
box temperature and the survival rate of tree
seedlings after a minimum of fourteen days?

To answer this question, the mean rootball condition, mean
leaf drop, mean plant turgor, and the mean internal box
temperature difference for each sample box were calculated.
Each of these four seedling conditions was then correlated
with the overall seedling survival rate to determine if
there was a significant correlation.
4.

What is the number of the farmer contacts with
project animators which conveyed information on
planting techniques?

This question was answered by asking each participating
farmer who had received a sample box of seedlings how many
times he had talked with his animator before actually
receiving the seedlings.

The response given was recorded as

a number on the data form.

Using the CoStat program the

responses of the participating farmers were entered and the
mean, standard deviation, the range, and the number of

39

samples were generated.
5.

Is there a correlation between the number of
farmer contacts with the animators and seedling
survival rates?

This question was answered by correlating the number of
animator contacts with the survival rate of each
participating farmers' seedlings.
6.

What is the degree of knowledge of planting
techniques as derived from the Liv Plante Pvebwa?

To determine the degree of knowledge of planting techniques,
each sample farmer was given a nine question test over pages
8 through 16 from the liv plante pyebwa.

The number of

correct responses was recorded.
7.

Is there a correlation between the number of
farmer contacts with the animators and their
knowledge about the planting techniques as derived
from the Liv Plante Pvebwa?

This question was answered by correlating the number of
contacts the participating farmers said they had with their
animator and the score they received on the test over the
Liv Plante Pvebwa.
8.

Is there a correlation between tree survival rates
and participating farmers' degree of knowledge of
planting techniques as derived from the Liv Plante
Pyebwa?

To answer this question, the researcher correlated the
participating farmers' knowledge of planting techniques
(obtained to answer question number six) with the overall
survival rate to determine if a significant (a < .05)
correlation between these two factors existed.
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CHAPTER 4
PRESENTATION AND INTERPRETATION OF DATA

This chapter is devoted to the presentation and
interpretation of the data collected to answer the research
questions.

Data are presented in tabular form with

accompanying comments and analysis.
Each of the stated research questions is answered
starting first with number one and continuing through the
eighth question.
The research questions were as follows:
1.

What are the differences in the rootball condition,

leaf drop, plant turgor, and internal box temperature
of PADF seedlings before transportation from the
project nurseries and upon arrival at the residences of
participating farmers?
2.

What are the actual survival rates by species of

outplanted tree seedlings after a minimum of fourteen
days in the participating farmers' fields?
3.

Is there a correlation between the rootball

condition, leaf drop, plant turgor, and internal box
temperature and the survival rate of tree seedlings
after a minimum of fourteen days?

4.

What is the number of the participating farmer

contacts with project animators which conveyed
information on planting techniques?
5.

Is there a correlation between the number of

participating farmer contacts with the animators and
seedling survival rates?
6.

What is the degree of knowledge of planting

techniques as derived from the Liv Plante Pvebwa?
7.

Is there a correlation between the number of

participating farmer contacts with the animators and
their knowledge about the planting techniques as
derived from the Liv Plante Pvebwa?
8.

Is there a correlation between tree survival rates

and participating farmers' degree of knowledge of
planting techniques as derived from Liv Plante Pvebwa?
The following table will be used to define the values of the
correlation coefficient.

Table 1 includes the type and the

strength of the correlation based on the value of r
(correlation coefficient).

Differences Before and After Transportation
Question one was proposed to determine the differences in
various seedling conditions before leaving the nursery and
after being transported to the planting site.

During the
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TABLE 1. Definitions for the Values of the Correlation
Coefficient.

Type of
Correlation

Strength
of the
Correlation

Value of r

Positive

None

Negative

+0.80 to 1.00

Extra High

+0.60 to 0.80

High

+0.40 to 0.60

Moderate

+0.20 to 0.40

Low

-0.20 to 0.20

Nil

-0.20 to -0.40

Low

-0.40 to -0.60

Moderate

-0.60 to -0.80

High

-0.80 to -1.00

Extra High

transportation process, seedlings are exposed to several
adverse shocks.

First, they were uplifted in the nursery.

Then, seedlings were packed into cardboard boxes and taken
into the field by the participating farmers.

Every step in

the transportation process subjected the seedlings to
handling and movement.

This, combined with uplifting and

planting puts the seedlings under stress.

The researcher
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attempted to measure the effect of this stress by measuring
the condition before and after transportation.

Data

collected to answer this research question are presented in
Tables 2-5.

Rootball Condition
Data in Table 2 indicate soil loss, as measured at the
time of packing and after transportation to the planting
site.

The third column of the table gives the percent

difference between the two measurements, which indicates the
percentage of soil loss due to the transportation process.
The mean soil loss from pre-transportation to the time
the seedlings reached the participating farmers' fields for
each sample box was 14.2 percent.

The total soil loss

measured was 37.8 percent, which indicates that of the soil
lost, approximately one-third was due to the transportation
process itself.

Two-thirds of the total measured soil loss

took place before the seedlings were transported.
Soil loss was an important factor to measure because
seedlings with more soil intact on the rootball at the time
they are planted have an increased chance of survival.
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TABLE 2s Differences in Rootball Condition of Seedlings
Before Transportation and Upon Arrival at the Planting Site.
Rootball Condition (%)
Sample

Pre-transportation

Post-transportation Difference

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

87
82
48
60
77
89
81
70
67
87
86
82
83
75
75
71
75
81

68
67
27
33
33
83
69
67
61
67
72
76
79
61
60
56
73
68

19
15
21
27
44
6
12
3
6
20
14
6
4
14
15
15
2
13

Mean
Std. dev.
Minimum
Maximum

76.4
10.5
89
48

62.2
15.9
83
27

14.2
10.1
2
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If the seedlings were planted during a normal rainy season,
soil moisture contained in the rootball is necessary for the
seedlings to survive outplanting.

Thus, the more soil

retained on the rootball the better the chances the seedling
will establish itself when soil moisture at a planting site
is a limiting factor.

Abundant rains during the 1990 spring
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planting season may have minimized the effect of soil
moisture as a limiting factor.
Leaf Drop
The leaf drop or the percentage of leaves lost during
transportation of seedlings from the nursery to the planting
sites is shown in Table 3.

The percentage of leaf drop is

the mean leaf drop for each sample box.
The mean leaf drop due to transportation for all the
samples was 1.7 percent with a standard deviation of 1.3
percent.

The range of leaf drop was from 0 to a maximum of

4.3 percent.

When plants are under water stress leaf drop

will take place.

The mean leaf drop was less than two

percent and in some instances zero, indicates that the
sample seedlings were not severely stressed for water while
they were transported to the planting sites.
Plant Turgor
The effect of transportation on the seedlings' leaf
angle is shown in Table 4.
The leaf angle was the angle formed by the third leaf
and the seedling stem (see FIGURE 1. p.35).

This measure

ment was used because it was believed that the angle would
change as the seedlings were put under stress by the
uplifting and transportation process.
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TABLE 3. Percentage Leaf Drop After Seedling Transportation
From the Nursery to the Planting Sites.
Sample

% Leaf drop

1.8
2.3
2.9
2.9
1.3
1.5
0.0
4.3
0.4
1.2
4.2
0.0
0.0
1.5
1.1
1.1
2.6
1.1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Mean
Standard deviation
Minimum
Maximum

1.7
1.3
0.0
4.3

Theoretically, as the turgor of the seedlings dropped from
stress, the leaves should have drooped and the leaf angle
would have increased.

Measuring the leaf angle in this

manner was devised as a simple and quick estimate of plant
turgor.

This measurement required only a protractor to

measure the leaf angle.

The researcher was able to make

TABLE 4. Change in Leaf Angle Before and After Transporting
Seedlings.
Leaf angle (degrees)
Sample

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Mean
Standard deviation
Minimum
Maximum

Average change

5.0
-3.4
-10.0
6.7
10.8
-3.6
-0.7
0.7
2.0
3.6
2.6
1.7
1.8
3.6
4.2
-5.0
4.0
9.1
1.8
5.1
-10.o
10.8

this measurement efficiently in the field.

However, the

change in leaf angle appeared to be a poor indicator of
plant turgor because in this situation sample seedlings
transported in the bottom of a box were crushed.

Because of

this crushing, the researcher observed a mean decrease of
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the leaf angle in five of the sample boxes indicating an
increase in turgor.

Since an increase in turgor would seem

to be very unlikely to occur in seedlings being transported
to the field under
these conditions, the validity of this measurement is questionable.
Internal Box Temperature
The difference in internal box temperature before and
after transportation of the seedlings is displayed in
Table 5.
Internal box temperature was measured to determine the
change in temperatures with which the seedlings were exposed
during the transportation process.

This was the first

measurement taken at each stage of the data collection.

A

thermometer was placed in the middle of the seedlings and
after waiting 5 to 10 minutes the researcher recorded the
temperature in degrees Celsius.

The difference in internal

box temperature before and after transportation was
calculated by subtracting the measurement before from the
measurement after transportation.

As the data in Table 5

indicate, the mean temperature change was 1.9 degrees
celsius.
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TABLE 5. Difference in Internal Box Temperature Before and
After Transporting the Seedlings.
Temperature degrees (Celsius)
Sample

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Before

After

Difference

26
29
28
27
25
28
28
28
28
30
25
31
26
31
28
29
28
24
26
27
incomplete data
26
29
26
29
25
27
25
28
26
28
25
28
27
25

3
1
-3
0
2
6
5
1
4
-1
3
3
2
3
2
3
-2

Mean
Standard deviation
Minimum
Maximum

1.9
2.4
-3
6

Actual Survival Rates bv Species
Question two was proposed to determine the survival
rates of the seedlings after outplanting.

To do this, the

researcher returned to the planting sites from 24 to 29 days
after the first measurements were taken and took an
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inventory of standing trees.

The seedling survival rate was

determined by dividing the number of live seedlings by the
total number of seedlings which were planted and multiplying
by one hundred.

Data collected to answer question two are

presented in Table 6.

This table shows the mean, standard

deviation, minimum, maximum, and the total number of samples
for all eight species included in this study.

TABLE 6. Survival Rates by Species of Outplanted Seedlings
24 to 29 Days After Planting.
Mean survival rate
Species

(%)

Casuarina eauisetifolia

69.,5

19..8
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Acacia auriculiformis

60..0

38,.6

0

100 14

Cedrela odorata

65,.8

25,.9

27

100 13

Cataloa lonaissima

50..0

36.,7

0

100 14

Cassia siamea

62..9

28..8

4

100 14

Azadirachta indica

62..2

25.,4

25

100 11

Grevillea robusta

55..1

28..5

8

92 17

Eucalvptus camaldulensis

74.,0

74.,0

24

96 13

s

min max

n

90

4

All of these descriptive statistics represent seedling
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survival after being outplanted from 24 to 29 days.
The overall survival rate of all species of outplanted
seedlings after 24 to 29 was

70.1 percent.

In this study

Eucalyptus camaldulensis had the best rate of survival at
74.0 percent while Catalpa longissima was the lowest at 50.0
percent.
According to the most recent project information, a six
month survival rate for all species given in the PADF Proje
Pyebwa during the Spring of 1987 planting season was 60.2
percent.

Although the two survival rates determined in this

study are based on shorter periods of time, some comparison
is possible.

It is clear that the 70.1 percent survival

measured is above average when compared with survival data
from the Fall of 1987.

One explanation for this better than

expected result is that at all the planting sites, the 1990
rainfall was above average for the season and well ahead of
the average for the time of year.

Comparative rainfall data

for each nursery are shown in Appendix A and B.

Correlations of Seedling Conditions with Survival Rate
The third research question was proposed to determine
the correlations between the various seedling conditions
measured (rootball condition, leaf drop, plant turgor, and
the internal box temperature) and the survival rate of these
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same seedlings.

The mean seedling conditions of the samples

taken from each box were paired with the mean seedling
survival for that same sample box.

By correlating each of

these seedling conditions with the survival rate, the
strength of the various relationships could be ascertained.
This question was considered because each seedling condition
may be manipulated by PADF in future planting seasons.
Changes in nursery production techniques or the
transportation process may be made in order to reduce
seedling mortality caused by changes in seedling conditions.
The data collected to answer research question number
three, are presented in Table 7.

This table includes both

the number of samples for each variable and the correlation
coefficient for seedling survival.

TABLE 7.

Correlation of Variables With Seedling Survival.

Variable

Rootball Condition
(total soil loss at planting)
Rootball Condition
(soil loss due to transportation)
Leaf Drop
Plant Turgor
Internal Box Temperature

n

r

18

-.18

18

-.32

18
18
18

-.36
-.13
-.00
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No statistically significant correlations (a < .05) were
found for any of the variables in Table 7.

The correlations

between seedling survival and the four factors measured were
either nil or low in each case.
Since not all soil loss was due to the transportation
process, it was appropriate to correlate the soil loss due
to transportation with the seedling survival.

In this

instance also, the correlation, -.32 was low and not
statistically significant (a < .05).
Since the correlations were not statistically
significant (a < .05), it appears that seedling mortality is
affected by other factors which were not directly measured
by this study.

Rainfall, weeding practices, differences in

planting techniques among participating farmers, and to some
extent planting site differences may have contributed to
seedling mortality.

Number of Farmer Contacts with Animators
The next research question was concerned with
determining how many times the participating farmers had
contact with animators for information on planting
techniques prior to planting the seedlings.

This question

was considered because it would seem that participating
farmers' knowledge of planting techniques would increase if

55

they were exposed to more contacts with the animators.

This

factor was correlated to the seedling survival rate to
determine the strength of this relationship.
Data collected to answer research question number 4
are presented in Table 8.

TABLE 8. Number of Farmer Contacts with Animators for
Planting Information Techniques.
Sample(a)

Number of contacts

1

2

2

0
3
3
2
NA
NA
0
4
NA

3
4
5
6

7
8

9
10
11
12
13
14
15
16
17
18

Mean
Standard deviation
Minimum
Maximum

2

1
2
0
0
NA
3
NA
1.7
1.4
0
4

Samples 6,7,10,16,18 are not included because these
sample boxes were actually planted by project animators
themselves.
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The data found in this table are the descriptive
statistics indicating how many contacts the participating
farmers had with the animators to get the information they
needed about planting techniques.

As the data in Table

8

indicate, the mean number of animator contacts for
information on planting techniques was 1.7.

The number of

contacts was lower than expected since in theory, the
participating farmers should have at least two animator
contacts to discuss and demonstrate planting techniques.
The first contact occurs when the participating farmers
initially sign up to receive seedlings.

The second contact

is at a pre-distribution meeting where participating farmers
learn more about how to plant the seedlings they will
receive.

In some cases, the participating farmers are also

exposed to the Liv Plante Pvebwa briefly in the nursery or
possibly in the field before they actually plant the project
seedlings.
The researcher attempted to discover factors which may
have caused the mean number of contacts to be below the
expected minimum.

Whenever it was possible, the researcher

tried to initiate a conversation with each animator about
what he thought of the project and his feelings about the
amount of work excepted of him as an animator.

Several

animators told the researcher that they were not paid enough
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for the amount of work required to really do their job well.

Correlation of Farmer Contacts/Planting Knowledge with Survival
This question concerns the correlation between the
number of participating farmer contacts with animators and
the seedling survival rates.

This research question was

considered to determine if there was a correlation between
the number of animator contacts with participating farmers
and the seedling survival.
The data collected to answer question number 5 are
presented in Table 9.

TABLE 9. Correlation of Farmer Contacts/Planting Knowledge
With Seedling Survival.
Variable

Farmer Contacts with Animators
Knowledge of Planting Techniques

n

13
18

r

-.04
+.18

As the data in Table 9 show, there was in fact no
statistically significant (a < .05) correlation between
seedling survival and the number of farmer contacts with
animators.
This question was proposed because it seems reasonable
that as participating farmers were increasingly contacted by
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animators, their level of knowledge of planting techniques
would improve and thus favorably impact survival rates due
to the use of proper planting and maintenance techniques.
The researcher obtained the data used to answer this
question by asking each participating farmer how many times
he had been contacted by an animator and then correlating
this with the survival rate recorded at the farmers'
planting sites.

Participating Farmers' Knowledge of Planting Techniques
This question concerned the degree of knowledge of
planting techniques on the part of participating farmers.
To answer research question number 6, the data collected are
presented in Table 10.

Knowledge of planting techniques was

determined by giving each participating farmer a visual test
over the Liv Plante Pvebwa and recording their oral
responses.

The table gives the number of correct responses

to the nine questions asked.
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TABLE 10. Degree of Knowledge of Planting Techniques
Possessed by Participating Farmers.

Sample(a)

Number of correct responses

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Mean
Standard deviation
Minimum
Maximum

7
0
7
5
3
9
9
3
6
8
6
9
8
3
4
7
3
7
5.8
2.6
0
9

Animators (samples 6,7,10,16, and 18) were included
since they to were planters and thus could be tested in
the same manner as participating farmers for knowledge
of planting techniques.
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The mean number of correct answers from the test
concerning the information contained in the Liv Plante
Pvebwa was 64.4% correct responses.

The researcher also

calculated the mean scores of the animators and those of the
participating farmers in order to examine the difference in
mean scores for the two groups.

The animators had a mean

test score of 80% on the Liv Plante Pvebwa while the
planters had a mean test score of 49.2%.

It is not

surprising that the animators scored higher on this test
since they have much more exposure to the Liv Plante Pvebwa
and have been trained on the planting techniques.
Although the two test means were dramatically different
for the two groups, the mean seedling survival rate for the
animators and participating farmers' seedlings was almost
identical.

The animators had a mean seedling survival rate

of 70.4% while the participating farmers

had a mean

seedling survival rate of 69.9%.

Correlation of Contacts with Knowledge
Research question 7 pertained to the correlation
between the number of participating farmer contacts with
animators and their knowledge of planting techniques.

This

correlation was determined by pairing each participating
farmer's number of animator contacts with the corresponding
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number of correct answers from the visual test for each
sample participating farmer.
The data collected to answer research question number
seven are presented in Table 11.

TABLE 11. Correlation of Knowledge of Planting Techniques
with Animator Contacts.
Variables

Animator Contacts (X)
Knowledge of Planting Techniques (Y)

n

13

r

+.42

The correlation between the number of participating farmer
contacts with animators and their knowledge of planting
techniques was moderate with a correlation coefficient of
+.42.

The number of samples for this correlation was 13

because the five samples from the animators were not
included.

This correlation is interesting in that, while

not significant (a < .05) it tends to support the premise
that if the number of animator contacts were increased the
participating farmers would be more knowledgeable about
planting techniques.
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Correlation of Knowledge of Techniques with Seedling
Survival
Research question number 8 asked if a correlation
existed between the participating farmers' knowledge of
planting techniques and the seedling survival rate.
The data collected to answer research question number
eight are presented in Table 9.

Each Individual

participating farmer's test score was matched with the
individuals' seedling survival rate and correlations
calculated.

The strength of the correlation between the

seedling survival rate and the participating farmer's
knowledge of planting techniques was nil at +.18.

This

indicates that seedling survival rate is not significantly
affected by the knowledge of planting techniques as measured
in this study.

Other Observations
The researcher felt that the data collected merited
further investigation than the analysis done to answer the
eight original research questions.

The researcher wanted to

investigate further the effect of planting experiences on
seedling survival rates.

Since sample boxes 6,7,10,16, and

18 were planted by animators, the researcher compared these
sample boxes with the sample boxes planted by participating
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farmers.

The animators had a mean of 4.8 planting

experiences while the planters had a mean of 2.9 planting
experiences.

Although this statistic was different between

the two groups, the mean survival rate for each group was
almost identical.

The animators had a mean seedling

survival of 70.4% while the participating planters had a
mean seedling survival of 69.9%.

This shows that survival

rate is not necessarily effected by the number of previous
planting experiences.
To further study this question, the researcher also
correlated the number of participating farmer planting
experiences to the seedling survival rate.

All of the

participating farmers (including the animators) were asked
how many seasons they had planted trees with "Proje Pyebwa".
The number of planting experiences of the participating
farmers was compared with the seedling survival rate for
each sample box of seedlings to generate the correlation.
This correlation was low with a coefficient of only .39 and
not statistically significant (a < .05).

Again, this shows

that survival rate is not greatly affected by the number of
planting experiences.
Another possible influence on the survival rates is the
time elapsed in transporting the seedlings form the nursery
to the field.

The researcher investigated this by noting
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the time and date of departure from the nursery as well as
the time and date of arrival and planting on the data form.
The elapsed time of transportation for each sample box was
compared with the seedling survival rate for each box.

The

elapsed time of transportation was then correlated with
seedling survival.

It would seem that as the time of

transportation increased the survival rate should decrease
because a seedling is subjected to more stress as the time
it spends in transport increases.

This correlation was low

at -.22 and not statistically significant (a .05).

Thus, it

seems that transport time was not a significant factor in
seedling mortality.
Finally, the researcher used the CoStat program to
generate several multiple regressions in order to determine
how well the factors measured accounted for the seedling
survival data collectively.

All of the seedling condition

measurements for each sample box were compared with the
seedling survival rate for that same sample box.

The first

regression included: rootball condition (total soil loss),
leaf drop, plant turgor, and the difference in internal box
temperature.

The results of generating these multiple

regressions are presented in Tables 12-15.
Table 12 shows a multiple regression of factors
affecting the seedling survival including: the rootball
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condition (total soil loss): leaf drop; plant turgor; and
the difference in internal box temperature.

TABLE 12. Multiple Regression of Seedling Conditions
Affecting Survival.
Source
Total
Regression

SS

df

MS

2736.94
663.47

16
4

165.87

0.96

0.46

ns

1
1
1
1

429.38
40.40
42.48
151.21

2.48
0.23
0.25
0.88

0.14
0.64
0.63
0.37

ns
ns
ns
ns

12

172.79

Total Soil Loss 429.38
Leaf Drop
40.40
Plant Turgor
42.48
Diff. Temp.
151.21
Error

2073.48

F

P

r squared = 0.24

The data in Table 12 indicate the r squared
(coefficient of determination) is .24.

The coefficient of

determination is the portion of the variability of Y which
is explained by X.

In this multiple regression the portion

of variability of the seedling survival explained by the
independent variables measured is 24%.
Another regression was generated in the same manner
except in this case the rootball condition was changed to
represent the soil loss due only to transportation.

In

Table 13, the rootball condition (soil loss due to
transportation), leaf drop, plant turgor, and the difference
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in internal box temperature were the seedling conditions
considered in the multiple regression of factors affecting
seedling survival.

TABLE 13. Multiple Regression of Seedling Conditions
Affecting Survival.
SS

df

MS

2736.94
640.29

16
4

160.07

0.92

0.49

ns

Soil Loss Trans 546.75
0.00
Leaf Drop
Plant Turgor
0.06
Diff. Temp.
93.48

1
1
1
1

546.75
0.00
0.06
93.48

3.13
0.00
3.15
0.54

0.10
1.00
0.99
0.48

ns
ns
ns
ns

2096.65

12

174.72

Source
Total
Regression

Error

F

P

r squared = 0.23

In Table 13 the coefficient of determination is .23%
Both of the regressions in Table 12 and Table 13 were
insignificant (a < .05) and the variables measured accounted
for 24% and 23% respectively, of the variation in seedling
survival.

These multiple regressions indicate that the

seedling conditions collectively account for about onequarter of the variation in the seedling survival.
Since the measure of plant turgor (change in leaf
angle) was most likely the least accurate of the four
factors measured, the researcher repeated the first two
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regressions only eliminating the plant turgor measurement.
These two multiple regressions are found in Table 14 and
Table 15.
In Table 14 the rootball condition (total soil loss),
leaf drop, and the difference in internal box temperature
were the seedling conditions considered in the multiple
regression of factors affecting seedling survival.

TABLE 14. Multiple Regression of Seedling Conditions
Affecting Survival.
Source
Total
Regression

SS

df

MS

2736.94
614.18

16
3

204.73

1.25

0.33

ns

1
1
1

429.38
40.40
144.76

2.63
0.25
0.88

0.13
0.63
0.36

ns
ns
ns

13

163.29

Soil Loss Trans 429.38
Leaf Drop
40.40
Diff. Temp.
144.76
2122.76

Error

F

P

r squared = 0.22

As the data in Table 14 indicate the variables measured
explained 22% of the variation in the seedling survival.
In Table 15, the rootball condition (soil loss due to
transportation), leaf drop, and the difference in internal
box temperature were the seedling conditions considered in
the multiple regression of factors affecting seedling
survival.
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TABLE 15.
Survival.

Multiple Regression of Factors Affecting Seedling

SS

df

MS

2736.94
639.54

16
3

213.18

1.32

0.31

ns

1
1
1

546.75
0.00
92.79

3.39
0.00
0.58

0.09
1.00
0.46

ns
ns
ns

13

161.34

Source
Total
Regression

Soil Loss Trans 546.75
Leaf Drop
0.00
Diff. Temp.
92.79
Error

2097.40

F

P

r squared = 0.23

The data in Table 15 indicate the variables measured
explained 23% of the variation in seedling survival.
These two regressions were also not statistically
significant (a < .05) and accounted for 22% and 23%
respectively of the total variation in seedling survival.
The results of these multiple regressions indicate that the
seedling conditions measured in this study accounted for
approximately one-quarter of the seedling mortality.

Other

factors which may have contributed to seedling mortality
include:

weeding practices, the quantity of rainfall,

planting site differences, and differences among the
planting techniques of participating farmers.
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CHAPTER 5
SUMMARY, CONCLUSIONS, RECOMMENDATIONS

This chapter concludes the research effort "Factors
Affecting Seedling Mortality in Haitian Agroforestry".

This

chapter is presented in four parts: (1) Statement of the
Problem and Research Questions, (2) Summary of Findings, (3)
Conclusions of the Study, and (4) Recommendations Based on
the Study.

Statement of the Problem
The purpose of this study was to assess the correlation
between 1) selected seedling conditions and

2) the

participating farmers' knowledge of planting techniques and
the seedling mortality of trees supplied by the Pan American
Development Foundation's "Proje Pyebwa" in Haiti during the
spring of 1990 planting season.
The following questions served as the specific
objectives of the study and directed the investigation of
the problem.
Research Questions
1.

What are the differences in the rootball condition, leaf

drop, plant turgor, and internal box temperature of PADF AOP
seedlings before transportation from the project nurseries
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and upon arrival at the residences of participating farmers?
2.

What are the actual survival rates by species of

outplanted tree seedlings after a minimum of fourteen days
in the participating farmers' fields?
3.

Is there a correlation between the rootball condition,

leaf drop, plant turgor, and internal box temperature and
the survival rate of tree seedlings after a minimum of
fourteen days?
4.

What is the number of farmer contacts with project

animators in which information on planting techniques was
conveyed?
5.

Is thera a correlation between the number of farmer

contacts with the animators and seedling survival rates?
6.

What is the degree of knowledge of planting techniques

as derived from the Plante Pyebwa?
7.

Is there a correlation between the number of farmer

contacts with the animators and their knowledge planting
techniques as derived from the "Plante Pyebwa"?
8.

Is there a correlation between tree survival rates and

participating farmers' degree of knowledge of planting
techniques as derived from Plante Pyebwa?
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Summary of the Findings
The following is a summary of the findings of this
study:
1.

The average soil loss from the time of packing in

the nursery until the seedlings reached the
participating farmers' fields for each sample box was
14.1 percent.
percent.

The total soil loss measured was 37.4

Total soil loss includes soil which was lost

during the transportation process as well as loss due
to other factors such as: under filled root-trainers,
poor lifting technique from the root-trainers, and
under developed root systems in the seedlings.
2.

Mean leaf drop from the time of packing until

reaching the participating farmers' fields was less
than 2 percent with a standard deviation of 1.3
percent.
3.

Mean plant turgor as measured by the change in

leaf angle from the time of packing until reaching the
planting site was 1.8 degrees with a standard deviation
of 5.1 degrees.
4.

The mean difference in internal box temperature

was 1.9 degrees Celsius with a standard deviation of
2.4

degrees.
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5.

The overall survival rate of outplanted seedlings

after 24 to 29 days was 70.1 percent.
6.

The number of seedlings per box indicated by the

nursery manager was not always accurate with what the
the researcher found while conducting the survival
counts.
7.

The correlations between seedling survival and the

four factors measured: condition of the rootball, leaf
drop, plant turgor, and the internal box temperature
were either nil or very low in each case.
8.

The data indicated that the mean number of

animator contacts for information on planting
techniques was 1.7 contacts/farmer.
9.

The data showed that the correlation between

survival and the number of farmer contacts with
animators was not statistically significant (a < .05).
The strength of the correlation was nil at +.04.
10.

The participating farmers' mean knowledge of

planting techniques from the Liv Plante Pvebwa was
64.4%.
11.

The correlation between the number of

participating farmer contacts with animators and their
knowledge of planting techniques had a moderate
correlation coefficient of +.42.
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12.

The correlation coefficient between the seedling

survival rate and the farmer's knowledge of planting
techniques was nil at +.18.
13.

The animators had more knowledge of planting

techniques than the participating farmers did as shown
by the difference in the two test scores, 80% and 49.2%
respectively, over the liv plante pyebwa.
14.

The mean number of planting experiences indicated

the animators had more planting experience than the
participating farmers.
15.

The seedling survival was almost the same for

the animators (70.4%) and the participating

farmers

(69.9%) in this study.
16.

Four multiple regressions were calculated to

determine how much of the variation in seedling
survival was accounted for by the four seedling
conditions (rootball condition, leaf loss, plant
turgor, and internal box temperature) measured by this
study.

The result of each multiple regression was

approximately the same.
from .22 to .24.

The r squared values ranged

The regressions indicate that

approximately one-quarter of the seedling mortality was
accounted for by the seedling conditions which the
researcher measured.
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Conclusions of the Study
Based upon the findings of the study, the following
conclusions were drawn:
1. Approximately one-third of the soil loss was due to
the transportation process itself.

Although soil loss

was an important factor to measure, the extensiveness
of the 1990 rainy season minimized its effect on
seedling survival in this study.

Because it can be

manipulated by the PVOs which collaborate with Proje
Pyebwa, soil loss should be given serious consideration
when developing future nursery management guides and
research studies.
2. Leaf drop did not appear to be a problem since the
overall leaf drop was less than two percent for all of
the samples taken.
3. The change in leaf angle was not a good indicator of
plant turgor because in this situation sample seedlings
which were transported in the bottom of a box were
crushed.

Crushing caused a decrease in leaf angle

measurement.

A decrease in leaf angle normally

indicates an increase in turgor, but this would be very
unlikely in seedlings transported to the field because
of the stresses of transport.
measurement is thus suspect.

The validity of this
In two of the multiple
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regressions that were generated plant turgor was not
included with the other variables, and it made no
perceivable difference in the results.
4. The difference in internal box temperature did not
appear to be a problem since it had no statistically
significant (a < .05) correlation with survival.
Future research could consider a different measurement
of temperature such as the absolute maximum temperature
reached instead of changes in seedling temperature.
5. The high survival rate for this planting season can
be partially attributed to the plentiful spring rains
in all of the planting sites.

In both

nurseries the

1990 rainfall was above average for the season and well
ahead of the yearly average.
6. Correlations between the four factors measured and
the seedling survival were all low.

Since all of

these correlations were insignificant (a < .05), it
appears that seedling mortality was affected by other
factors which were not directly measured in this study.
Rainfall, weeding practices, differences between
participating farmers, and to some extent planting site
differences could all have had contributed to seedling
mortality.
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7. The mean number of animator contacts for information
on planting techniques was somewhat low at 1.7
contacts.

In theory, the participating farmers should

have had at least two animator contacts which included
discussion of planting techniques.

One possible reason

for the low number of animator contacts among the
participating farmers studied is that some of the
animators were not motivated to do two or three
contacts with each farmer because they perceived that
they were are not adequately compensated for the time
and effort it requires on their part.
8. Even though the number of animator contacts was
somewhat lower than expected, 5.8 correct answers out
of a possible 9 on the test about planting techniques
is an encouraging result.

Knowledge of planting

techniques was adequate, with some room for
improvement.
9. The correlation of participating farmers' contacts
with animators for information on planting techniques
and their knowledge of planting techniques was moderate
at +.42.

This is an interesting finding in that it

tends to support the idea that as the number of
animator contacts increased the participating farmers
were in fact more knowledgeable about planting techniques.
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10.

All of the data analyses in this study tends to

indicate that survival was influenced by a multitude of
factors.

Factors not measured in this study appear to

also have influenced the mortality of project
seedlings.

It is notable that the four factors

studied, considered to be the most important to
seedling survival by PADF, did not have more influence
on seedling survival.
11.

Based upon observations made at the planting

sites, it appears that an important factor influencing
mortality was the weeding of the planting sites by
participating farmers.

In one case, the researcher

watched a participating farmer plant a row of seedlings
in a particular location and then on the follow-up
visit looked for but could not find these same
seedlings.

According to the farmer, they were cut down

when the garden was weeded.

In this case, weeding

was done by a "squad" and not the person who planted
the seedlings.

This seedling mortality occurred

because the seedlings were accidentally cut down while
the

planting sites were being weeded.

The seedlings

were not adequately marked.
12.

Even though the animators had more planting

experience and more knowledge of planting techniques,
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seedling survival was not significantly different
between the two groups.

Perhaps experience and

knowledge do not contribute as much to seedling
mortality as was expected.

Recommendations
Based upon the findings and conclusions of the study,
the researcher proposes several recommendations to PADF in
its attempt to maximize project efficiency:
1.

The samples selected in this study should be

followed up on in the future to measure the long-term
survival of the seedlings.
2.

Animators should be given more incentive for doing

their job.

The lack of motivation among project

animators has negatively impacted the quality of
animation.

Some type of pay raise for the animators,

perhaps based upon seedling survival, would encourage
them to make more effort to visit each planting site
and to offer each participating farmer adequate
information about how to plant and care for their
seedlings.
3.

Since there was a moderate correlation between

animator contacts and knowledge of planting techniques,
more emphasis should be placed on making certain that
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at least two and possibly three contacts between the
participating farmers and the animators occur in the
animation system before the seedlings are actually
given to the participating farmers.

If the

were to pre-pack boxes, the animators could

nurseries
use this

time normally spent packing boxes to conduct one last
review of the Liv Plante Pvebwa for participating
farmers.

In the case of new

participating farmers

this review would be particularly valuable.
4.

There is a need for more education of nursery

managers, nursery workers, animators, and participating
farmers to minimize soil loss.

These people should be

given more information about seedling handling
procedures to try to decrease soil loss from this
source.
5.

The animation given to the participating farmers

should contain more information on: seedling handling,
planting techniques, and post planting care.

More

emphasis on the Liv Plante Pvebwa would be appropriate
since it has already been developed and is a good
resource for both participating farmers and animators.
Specifically, the lessons about marking the newly
planted seedlings and digging an adequate hole for
planting should be stressed.

Since a lot of the
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mortality seems to be due to losses which occur during
weeding of the planting sites, it is very important for
the participating farmers to understand the importance
of marking the seedlings.

The following recommendations are not based upon
research findings and apply specifically to nursery
practices:
1.

Root-trainers should be filled and closed properly

so there is no cross-rooting of the seedlings.
2.

There should be better control of the nursery by

the nursery manager during seedling distribution to
prevent errors while the boxes are being filled.

This

control could be obtained if the PVOs were to employ
workers to pack the boxes of seedlings.
3.

There should be no watering of trees after they

are removed from the root trainers because this causes
too much unnecessary soil loss.

Rootballs should be

adequately moistened before uplifting to prevent soil
loss during the packing process.
4.

The animators should be ready to leave the nursery

as soon as possible when the trees are ready for
delivery.

Pre-dawn packing of boxes by the nursery

people should be considered so there is no waiting by
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animators and/or participating farmers at the nursery
to receive trees.
5.

Trees should not be forced into the plastic bags.

More bags should be used and there should be no more
than 25 trees per bag.

Another possibility would be to

return to the use of the plastic sheets instead of the
bags to eliminate this problem altogether.
6.

There should be no biased selection of seedlings

from the racks by the people packing the boxes in the
nursery.

Possibly this could best be achieved by only

using paid nursery people to pack the boxes.
7.

When a new species is introduced for the first

time in a particular nursery more training of the
animators and of the participating farmers by the
animators should be given.
8.

Nursery managers should be encouraged to do a

better job of keeping nursery records so the survival
data collected will be more accurate.

All the

nurserymen should be instructed to record the delivery
information immediately in the nursery register at the
time of delivery and not to wait until later to record
this information.
9.

This study should be undertaken again on a larger

scale to obtain more conclusive findings.

This
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expanded study would ideally be organized in the
following way:
A.

A director would coordinate all the field

level data collection.
B.

All the field level personnel would be given

collective training and field testing before the
actual planting season arrived.
C.

Each site selected for data collection would

have at least two people to collect the
information.
D.

It would be better to have only Haitian

nationals collecting the data so as to minimize
any possible bias introduced by the presence of
foreign data collectors.
E.

More factors affecting seedling survival

could be identified and included as independent
variables.
F.

The study should be conducted on as much as a

country wide basis as feasible.

10.

The design of this study should be changed to

include a treatment group which could then be compared
with a control group.

The treatment group could be a

selected group of participating farmers who were given
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controlled animation which would be equivalent to what
they should receive from any given animator.

The

control group would be selected to represent what
actually happens.

It would be valuable to see if any

significant differences between these two groups occur
in terms of seedling survival.

APPENDIX A

RAINFALL DATA: BAINET
Rainfall Data ( in millimeters )
January 1, 1990 through June 1, 1990
Date
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Jan

Feb

Mar

Apr

May

15.2

128.3
16.5

81.3
5.6
6.9
8.9
4.0
2.9

1.8

5.0

4.7

26.7
23.6

12.0

8.4
6.9

8.1
10.7

27.8
19.3

12.5
14.6
20.8
9.5
13.2

8.9
12.0
14.8

1.7
23.5
8.4
3.0

18.6
25.7

19.8
14.3

5.1

66.1
57.9
30.4
26.7

19.6
50.2

18.9
6.6

Date

Jan

Feb

29
30
31
total
total
total
total
total

Mar

Apr

8.2
23.8
15.5

10.0

January - 24.4
February - 109.7
March - 417.9
April - 228.5
May - 204.4

total for the year through June 1 - 984.9 mm

May
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APPENDIX B

RAINFALL DATA: VIALET
Vialet
Rainfall Data (in millimeters )
1, 1990 through June 5, 1990
Jan

Feb

Mar

Apr

May

Jun
5.1

2

3
4
5

25.4
12.7

20.3
17.8

6

10.2

7
8
9

12.7

12.7
40.6
10.2

10

7.6

11
12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

17.8
63.5
22.9
7.6
35.6
12.7

10.2
15.2
17.8

12.7
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Date

Jan

28
29
30
31

43.2

total
total
total
total
total
total

Feb

Mar

Apr

17.8
January - 55.9
February - 101.7
March - 61.0
April - 78.7
May - 111.8
June - 43.2

total for the year through June 5 - 452.3 mm

May

Jun

APPENDIX C

SAMPLE DATA FORM

Biographical Information

t
Nursery & Location:
Responsible PVO:
Distribution Point:
Animator:
I

Seedling Condition:
pre-transportation
stage/time:
excel, good fair poor

condition/rootball:
plant turgor:
leaf drop:
internal box temp.:
condition/rootball:
plant turgor:
leaf drop:
internal box temp.:
condition/rootball:
plant turgor:
leaf drop:
internal box temp.:
condition/rootball:
plant turgor:
leaf drop:
internal box temp.:
Comments:

Farmer:
Planting Area:

pre-planting
stage/time:
excel, good fair poor

II

Survival Count:

Distribution Check
date:
date:

Mortality % Mortality

species:

1
2
3
4
5
III

Number of Extension Contacts:

IV Number of previous "proie pyebwa" planting experiences:
V

Degree of Knowledge:

Comments:

correct
question 1
question 2
question 3
question 4
question 5
question 6
question 7
question 8
question 9
question 10

incorrect
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