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ABSTRACT

Adoption of Integrated Pest Management Technology
by Farmers in the Jordan Valley

By
Yanal Hayel Al-Khassawneh

Supervisor
Dr. Ahmad Shukri Al-Rimawi
Integrated Pest Management (IPM) technology is a tool of achieving
sustainable agriculture. The factors influencing the adoption of IPM
technology have not been a subject of analytical research in Jordan in the

past. The main objectives of this study are: (a) to identify some factors

influencing the probability of adopting IPM techniques by farmers in the

Jordan Valley, focussing on some of the personal, farm resources and

protected vegetable crops (tomato and cucumber) with Non-IPM and IPM

technology. The study based basically on primary data using a semi-
closed questionnaire. The study sample consisted of 110 growers of
protected vegetable crops, Non-IPM adopters and IPM adopters. The
Logit and Probit models besides chi-square test of independence were

used to achieve the first objective of the study. The enterprise budgets and
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the cost functions were calculated to compare the costs of producing

tomato and cucumber crops with Non-IPM and IPM technology.

The major findings of the study indicated that, farmer’s level of

b3

education, gender “ female farmer ”, the profession as an agricultural
engineer, size of holding, residing outside the Jordan Valley, off-farm

employment, participation in extension activities and access to agricultural

credit have a significant positive relationship regarding the adoprtign_g_t;_

IPM. While, the farmers’ age and land tenure status appeared to be

insignificant factors. However, the years of experience have a significant
negative effect upon adoption of IPM technology. / The results of the
enterprise budgets and cost functions showed that IPM technology is a

saving technology and it generates higher gross margins and revenues.

It is concluded that IPM technology couples the better addressing of

farm profitability, with practical stable pest anfc{fl'ésease control in addition

to its favorable important impacts on hun'ian health and environment.
/
Thus it is an important implication to p{romote the IPM technology to
/

farmers.
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Part One
Frame of the study



Chapter One

1. Introduction

1.1 General

1.2 Problem Statement

1.3 Objectives

1.4 Hypotheses

1.5 Organization of the Study
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1. Introduction

1.1 General

The agricultural sector is considered as an important sector of the
Jordan economy. It is a source of food production and raw materials for
other sectors including the industrial sector (MOP, 1994). In 1998, its
contribution was 4.4 % to the gross domestic product (GDP) and 3.7 % to
the gross national product (GNP) (MOA, 1998).

Jordan always tries to improve the productivity of the agricultural
sector and to put it on a sustainable footing for the future. It benefits from
the climatic advantage in the Jordan Valley, which is one of the most
active and largest agricultural areas. The Jordan Valley is a Rift Valley of
100 kilometers long and five to ten kilometers wide, running in a north-
south direction between lake Tiberias and the Dead Sea, ranging between
200 to 400 meters below sea level, respectively. The annual rainfall varies
between 100 mm near the Dead Sea to 350 mm in the north, and the
temperatures ranges between 15°C to 30°C during the winter and might
reach up more than 47°C during the summer season (MOI, 1981). Thus,
its location below sea level results in a subtropical climate with relatively

warm winters enables farmers to grow fruits and vegetables during the
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winter and spring seasons. In the Jordan Valley, two seasons of crop
production exist, the autumn season, during which crops are grown
between September and December, and the spring season during which
crops are planted between February and July (MOA, 1998). Generally
farms with the high percentage of tree crops are owner operated, whereas
sharecropping and renting are more dominant for farms with vegetable
crops production (Dietz et al., 1993).

In Jordan, the use of modern technology was, and remains, the main
objective of most agricultural policies, taking into consideration the
limited arable land and water resources (MOA, 1998). The Integrated Pest
Management (IPM) technology is one among other technologies that
realize the promise of sustainable agriculfure. In September 1998, the
Jordanian Ministry of Agriculture announced that IPM policy would be
implemented for most crops in Jordan, and lately the draft of the national

IPM policy has been formulated.

1.2 Problem Statement

It is well known that people look forward to live in a clean

environment free from pollution problems. That needs all the efforts of all
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sectors and mainly the agricultural sector. Unfortunately, most of the
current conventional agricultural practices involve relatively heavy,
improper use and overdosing of pesticides, chemical fertilizers and soil
fumigants.

Improper mixing of pesticides is one of the serious and worrying
agricultural problems in Jordan, which may cause reduction and loss in the
effectiveness of the pesticides used. Most of the time these practices turn
secondary pests into primary pests, and kill a large portion of useful and
beneficial microorganisms. This in turn can cause an imbalance in the
environment, resulting in forcing the farmer into a circle of increased
usage of agricultural chemicals (Schuenemann et al., 1992). Misuse of
agricultural chemicals is not only polluting the environment and affecting
the health of consumers, but it is also a waste of the limited existing
natural and financial resources.

Many studies and reports showed the problems of the heavy
spraying of pesticides, and the degree of pesticides contamination of the
Jordanian environment, soil, water and agricultural crops. One of those
studies carried out by Naser (1994) to analyze 411 samples of human milk
and 299 samples of blood plasma, which were obtained and selected

randomly from five different geographical regions (representing about
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85% of the Jordanian population). The results showed that the samples
were contaminated with many hazardous pesticides. The concentration of
DDT (Dichlorodiphenyl Trichloro-ethane) residues and its derivatives was
high in the samples compared with the acceptable levels, taking into
consideration that DDT has been banned for agricultural use in Jordan
since 1985, and a positive significant relation was found in rural women
whose husbands were farmers. Samhan (1995) took a sample of locally
produced fruits and vegetables to identify the presence of harmful
pesticide residues. He found that the percent of contaminated samples

reached 60% of the whole sample size, in which pesticide residues of

dithiocarbamate pesticides were higher than the acceptable level, and 7%

of the total sample contained residues of the chlorinated hydrocarbon
pesticide group, which has been banned since 1985.

On the marketing side, although the local market is growing fast, it
is still relatively small and cannot absorb all surplus production. This
leads to the need for Jordan to increase its export outlets into the external
markets. However, these markets are more quality demanding (ESCWA,
1997). Therefore, Jordan will have to introduce substantial
improvements in product quality, in terms of better standards of

production in addition to post-harvest handling and packaging.
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Generally, the declared aim is not to stop completely the use of
agricultural pesticides, as it is necessary to control some agricultural
problems, but looking forward to encouraging the adoption of sustainable
agricultural systems, which are ecologically, and economically sound
plant protection systems.

In Jordan, many studies related to technical subjects on IPM
technology were accomplished. But determining the factors influence the
adoption probability of IPM techniques and the profitability of IPM
technology under consideration of the production costs and cost functions,
were not applied in analytical researches in the past. This study will

answer some questions related to the application of the IPM techniques.

1.3 Objectives

The main objectives of the study are:

(1) To identify some factors influencing the probability of adopting IPM

techniques by the growers of protected vegetable crops in the Jordan

Valley (JV).
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(2) To compare the costs of producing two major protected vegetable

crops (tomato and cucumber) between Non-1PM and IPM technology.

1.4 Hypotheses

The main hypotheses of the study are the following;:

(1) The age of the farmer is supposed to influence the probability of
adopting IPM technology negatively. While, level of education, the
agricultural engineer farmer, years of experience, female farmer, size
of holding, participation in extension activities, landowner farmer,
residing outside the Jordan valley, off-farm employment and having
access to agricultural credit are expected to affect positively the

adoption probability of IPM technology.

(2) Producing tomato and cucumber crops with IPM technology is

expected to be more profitable than conventional agricultural practices.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



1.5 Organization of the Study

The study is divided into three main parts branched into seven
chapters:
(A) Part One includes four chapters as follows: Chapter One presents an
introduction, problem statement, objectives, hypotheses and the
organization of the study. Chapter Two explores information about the
IPM techniques, and the IPM project in Jordan with regard to the
initiation, objectives, activities, target groups, funding, duration and
executing agencies. Chapter Three covers the literature review of the
major issues of the study. The Fourth Chapter explains the methodology

of the study, the sources and the approach to data analysis.

(B) In Part Two, Chapter Five and Chapter Six, present the main findings
of the survey, the data analyses and the tests of the hypotheses of the

study.

(C) Part Three synthesizes the salient study findings; draws conclusions,

develops recommendations and suggests future fields for research.
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Chapter Two

2. Integrated Pest Management Technology

2.1 Integrated Pest Management in Brief
2.1.1 Definition of IPM
2.1.2 Principles of IPM
2.1.3 Basic Components and Instruments of IPM

2.2 Integrated Pest Management Project in Jordan
2.2.1 Background
2.2.2 The Goal of the Project
2.2.3 The Concept of the Project
2.2.4 Target Groups

2.2.5 Duration, Funding and Executing Agencies
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2. Integrated Pest Management Technology

2.1 Integrated Pest Management in Brief

2.1.1 Definition of IPM

The FAO (1983) elaborated the following definition of IPM:
“ Integrated Pest Management means a pest management system that in
the context of the associated environment and the population dynamics of
the pest species, utilizes all suitable techniques and methods to maintain
the pest populations at levels below those causing economically
unacceptable damage or loss ™.

Also, IPM is defined as; “ a sustainable approach to managing pests
by combining biological, mechanical, chemical, cultural tools to minimize
economic, health and environmental risks, by using economically,

ecologically appropriate and sustainable control methods ” (Edwards et

al., 1990).

2.1.2 Principles of IPM
Integrated pest management as Daxl ef al. (1994) has pointed out,

adheres to the following principles:
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e It is a holistic, interdisciplinary approach, which considers the
ecological and socioeconomic conditions of a site as one unit, and
strives to maintain the productivity of the agroecosystem on a sustainable
basis.

o It focuses on controlling the losses caused by pests, utilizing natural
limiting factors and the selective use of cropping and cultivation
techniques.

e Measures to control pest infestation taking into account all the
anticipated ecological, toxicological and economic impacts; preference
is given to non-chemical methods over the application of chemical

pesticides.

2.1.3 Basic Components and Instruments of IPM
The Global Crop Protection Federation (1994) indicated that IPM

requires three areas of competence:

2.1.3.1 Prevention (Indirect Measures):
Many aspects of farm practices and crop management limit or

prevent the initial build-up of pest infestation such as:
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1) To grow the crops in appropriate locations where they fit to climate,
soil and to provide the crop with optimal growing conditions from the
beginning.

2) Crop rotation to reduce the build-up of certain pests and weed
problems.

3) Cropping pattern to avoid planting of alternative host crops along side
each other, to avoid weed, disease or pest pressure.

4) Plant breeding; choice of crop variety has always been a cornerstone of
crop protection, especially the growing of disease and pest resistant
varieties.

5) Mechanical and physical crop protection methods can be important in
preventing or minimizing weed, disease and pest infestation. Removal and
destruction of crop residue reduce the survival of some pests to the next
season.

6) Fertilization; excessive use of nitrogen must be avoided. Too much
lush and vegetative growth encourages many diseases, pests and weeds.

7) Habitat management; protection of natural habitats within the farm
environment is recognized as a means of conserving many of the natural

enemies of pests.
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8) Trap crops; sometimes a pest can be attracted away from a valuable
sensitive crop by another crop, which suffers less damage if attacked, and
then controlled by limited spraying.

9) Harvesting and storage; carry-over of weed seeds and pathogens can be

reduced by appropriate harvesting, seed cleaning and storage methods.

2.1.3.2. Observation (Decision Tools)

To determine “When” and “What” action to take through:
1) Crop monitoring; management of any crop needs routine inspections to
assess how well plants are growing, and what actions need to be taken on
cultivation, fertilizer use, weed, pest and disease control, as well as when
to harvest.
2) Decision support systems; farmers need assistance in interpreting pest-
monitoring data. Simple “expert systems” can be designed and made
available to farmers in a range of ways, including simple charts, special
booklets. Development and provision of up-to-date information such as
radio and television are keys factors for enabling farmers to implement
IPM.
3) Area-wide management; IPM often requires collaborative decisions

within a national or more localized area to provide effective control of
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pests. Some of these decisions need to be taken centrally by the
government through quarantines regulation and legislation, training of
advisory services and establishment of management strategies against

highly mobile pests and diseases on major crops.

2.1.3.3 Intervention (Direct Measures)

The aim of the direct measures is to reduce the effects of
economically damaging pest populations to an acceptable level.
Biological and mechanical control measures may be applied individually
or in combination, taking into consideration costs, benefits, timing,
available labor force, machines and control agents, as well as ecological
and environmental effects. Some of the principles of IPM intervention
measures available for farmers include:

1) Pheromones; besides selective trapping techniques to monitor the
movement of pests or changes in populations during the season,
pheromones are also used in “lure and kill to attract the pest and reduce
the need for overall crop spraying” and “mating disruption where a
massive release of the pheromones confuses males and prevents mating”.

2) Biological control; is the introduction of a predator or parasite for the

control of a particular pest species.
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3) Chemical control; the main requirement is to choose the suitable least
harmful chemical and right timing of treatment within the day and season.

As mentioned above, there are combinations of control measures.
A farmer who adopts IPM needs to be aware of all these control measures
and the right time to apply each one of them. The most common approach
in implementing the IPM techniques is optimizing the use of pesticides
through the use of scouting and control threshold. So, a clear distinction
has to be made between the control threshold (action point) and the
economic injury threshold. Daxl et al. (1994), defined control threshold
the as the level of infestation at which a control measure must be
implemented in order to prevent the pest population from exceeding the
economic injury threshold. Edwards et al. (1990), defined the economic
injury threshold as the lowest pest population density that will cause
economic damage. In other words, it is the pest density at which the net
revenue derived from spraying a pesticide equals the net revenue resulting
from not applying a pesticide. A trained IPM farmer scouts in regular
intervals during the growing season. The density of the pest is estimated
using standardized sampling procedures, these data is compared to the

control threshold to determine whether pesticide applications are
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economically justified. Another result may be that it is enough to apply

pesticide only to the points of infestation (hot spot treatment).

2.2 Integrated Pest Management Project in Jordan

2.2.1 Background

The IPM project “Promotion of Sustainable Plant Protection
System” has started in 1995. Tt is a joint project based on an agreement
between the governments of Jordan and the Federal Republic of Germany.
The project had been requested by the Government of Jordan, at a time,
when the plant protection available and the excessive use of pesticide
proved to be insufficient to control certain agricultural pests at the farm

level and did not satisfactorily prevent economic losses.

2.2.2 The Goal of the Project

The general goal of the IPM project is to introduce to the farmers an
environmentally safe, economically feasible plant protection methods and
providing consumers with high quality of fruits and vegetables. It aims to
provide good and sufficient protection for the crop with the necessary

minimum of pesticides from planting to harvesting, allow reliable, healthy
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and high quality produce, public awareness of IPM advantages and
supports sustainable agriculture for the benefit of humans and the

surroundings environment (GTZ-IPM, 2000).

2.2.3 The Concept of the Project

The project pursues an implementation concept consisting of
several sets of dual strategies involving producers and consumers of fresh
fruits and vegetables such as:

1) Develop economically advantageous pest management methods
suitable for large and small-scale farmers.

1) Stimulate demand for fresh fruits and vegetables grown under
environmentally friendly IPM technology, among consumers of all
social classes.

2) Promote the availability of agricultural inputs needed for the IPM
technology.

3) Disseminate to farmers, farm laborers and rural women the know-how
required for IPM, through public and private extension services.

4) Create the consumer awareness through mass media, seminars and
other extension methods. The project disseminates and introduces the

IPM technology through field days, extension campaigns, meetings,
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seminars, forums, radio programs and messages ...etc. These activities
were held and are still planned to teach the IPM technology to all

interested farmers in the various regions of Jordan (GTZ-IPM, 2000).

5) Promote marketing of JPM produce. IPM-quality produce is the fruits

and vegetables that are produced with environmentally safe IPM
techniques. If a pesticide is needed in the production process, the least
toxic one is sprayed, avoiding harmful pesticide residues at harvest
time. Farmers in Jordan can participate in the IPM-certification
system, which is supervised by Jordan Environment Society (JES) in
cooperation and participation with MOA, NCARTT, and GTZ-IPM
Project. Currently a specialized group of agricultural engineers (Private
agricultural company) monitor the correct implementation of IPM
techniques (supervision) and the IPM certification of crops in the IPM
farms, also assist IPM farmers if they encounter problems while
applying IPM techniques. Those engineers are trained and have the
know-how by the GTZ-IPM project on the principles and procedures of
IPM techniques. They work under the supervision of JES, MOA,
NCARTT and GTZ-IPM project. Their work is monitored by JES to

make sure of the correct implementation.
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Farmers, who want to join the IPM certified production system,
have to sign a declaration specifying their commitment and what is
expected of them especially in avoiding the use of harmful and toxic
pesticides. New farmers and their farm laborers receive training on IPM
techniques. They have to report all pesticide they used and make sure that
the required waiting period before harvesting is observed. Those farmers
also have to permit the inspection of their farms by the IPM engineers
under the supervision of JES. From time to time IPM produce is sampled
and analyzed to test for pesticide residues in the laboratory of the MOA.

Certified IPM produce is sold to the fruits and vegetables retail
dealers by a marketing company that was established late 1997, in
cooperation with the Municipality of Greater Amman. This company is
located in Amman Wholesale Market for Fruits and Vegetables. Some
other quantities of IPM certified produce is sold directly by the farmers
themselves to the retailers. Those farmers are capable and having the
facilities of acceptable packaging, doing that under the supervision of JES
and the IPM project through the IPM specialists. The actual quantities of
IPM produce in the market depend on the consumer demand for such
produce. Some large farmers have contracts to export their IPM quality

produce outside Jordan.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



21

Table 2-1 shows the quantities of IPM certified produce sold during
1999 by the IPM marketing company in Amman wholesale market for
fruits and vegetables. The IPM marketing company reported that its sale
of IPM quality certified produce had been between 2.5 to 3 tons daily.
Since the beginning of year 2000 it has increased to more than 3.5 tons
daily. The prices shown are the wholesale price during the year 1999,
including the costs for supervision and pesticides analyses as part of the

farm gate price of the IPM produce.

Table 2-1
Total Quantities of IPM-Certified Produce Sold by the IPM Marketing
Company and the Wholesale Prices of the IPM Produce during Year 1999

Cro ' Quantity (Ton Lower Price (Fils Upper Price (Fils

Tomato 108 150 300
(12%)

Cucumber 90 200 350
(10%)

Others 701.5 170 2800
(78%)
Total 899.5

Source: IPM Marketing Company in Amman Whole Sale Central Market for Fruits and Vegetables.

The following Table 2-2 presents the fee of marketing some of the
IPM certified produce that have been identified by the current IPM project
in NCARTT. Certification includes many different fruits and vegetables,

as their availability depend on their harvest time. The prices of the
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certified IPM produce are higher because certifying IPM quality produce

needs frequent pesticide residues analyses, supervision and monitoring,

special packaging expenses for plastic bags and stickers as certified IPM

produce is sold in sealed packages identified by a sticker with the JES

logo on it, besides the fee for JES, labor wages for packaging and grading.

In addition to the transportation costs, the wholesale market fee and the

dealers’ commission are similar to that of the conventional fruits and

vegetables.

Total Fee of Marketing some IPM-Certified Produce (JD / Ton)

Table 2-2

Crop Supervision | Pesticide | Packaging | Labor Fee for | Total Fee
(JD/Ton) Residues | (JD/Ton) | Wages JES (JD/ Ton)
L !JDfI‘on! !JD/T(m) (JD/’l‘on!
Cucumber 5.9 5.9 7.5 11,2 1 31.5
Tomato 5.9 5.9 8.2 12 1 33
Pepper 9 9.4 16.4 11.2 1 47
Eggplants 9 6 12 11 1 39
Brocclli 9.7 7.8 17 11 1 46
Potatoes 6.9 6 11.6 11 1 36.5
Stone fruits 10.37 5.18 5.5 8.69 0.76 30.5
Squash 10 5.9 10 10.9 0.2 37
Peas 17 11.8 19 10.7 1 59.5
Okra 17 11.8 19 10.7 1 59.5
Onion 15 10.2 13.8 11 | 51
Beans 13.2 9.4 13.5 9.9 1 47
Cabbage 15 10.2 13.8 11 1 51

Source: Integrated Pest Management Project (GTZ / IPM project / NCARTT).
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2.2.4 Target Groups

The IPM project can be considered as a network between
researchers, extensionists, economists and farmers. It is promoting the
activities and information related to [PM technology among growers of
fruits and vegetables, plus all concerned agents in both public and private
Jordanian institutions.

In 1995, five vegetable growers in the JV started to cooperate with
the project in the implementation of IPM techniques. The project began in
areas, which contained a large number of holdings with a high potential of
production and intensive pesticide use. The farmers received IPM
information and updates on IPM research activities through the project
staff at the National Center for Agricultural Research and Technology
Transfer (NCARTT) and through the plant protection staff of MOA. In
1998, there were more than 50 vegetable growers, who were wholly or
partially applying the IPM techniques in their farms. In addition hundreds
of citrus, fruits and olive farmers learned, trained and were enabled to

implement IPM technology in their orchards (GTZ-IPM, 1999).
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2.2.5 Duration, Funding and Executing Agencies

The project is planned over seven years, divided into two phases.
The first phase has already completed by the end of December 1997. It is
followed by the second phase during the period January 1998 till
December 2001. The German funding is a grant from the Government of
the Federal Republic of Germany.

The executing agencies are NCARTT on the Jordanian side and the
German Agency for Technical Cooperation (GTZ). Several public and
non-government organizations have played a role in promoting the IPM

technology.
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3. Literature Review

3.1 General

This chapter discusses the concepts and research literature related to
adoption of new technology, and the economic analysis of producing
crops with IPM technology. It aims to sketch the process by which
modern agricultural technology spreads between farmers and is ultimately
adopted by some, most or all farmers who can use it.

Technology is the product of research, it is defined as the translation
of scientific laws into machines, tools, mechanical devices, instruments,
innovations, procedures and techniques to accomplish tangible ends, attain
specific needs, or manipulate the environment for practical purposes
(Theodorson et al., 1969). Ideally, the flow of technology to farmers from
research through extension should include a feedback to determine
research needs from farmers to researcher (Watts, 1984). That flow of
information about new technology to the farmers through the extension
agents should be achieved in a simple and easy way, especially when that
technology is proved to be technically and economically feasible

(Al-Rimawi ef al., 1995). Higher productivity would require improved
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technology. Education and training of farmers and improvements in the
delivery of research, extension and other producer services will further
facilitate the adoption of improved technology and increase productivity.
Thus, it is important to make such services more focused to farmers

(ESCWA, 1997).

3.2 Extension and Agricultural Extension

“ Extension ” is an on-going process of getting useful information to
people to acquire the necessary knowledge, skills and attitudes to utilize
effectively this information or technology. Generally, the goal of the
extension process is to enable people to use these skills, knowledge and
information to improve their quality of life (Swanson, 1984). Feder et al.
(1984), explained the extension as a source of information to many
farmers, either directly through farmers’ contact with extension agents and
with other extension communication media (radio, leaflets..etc) or
indirectly, as farmers who have benefited from direct extension exposure
transmit information to other farmers.

Although extension is one of the components supporting

development, it is also supported and affected by the quality of
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agricultural research and the degree to which policy and prices support the
use of technological adoption. In an aggregate sense, extension can be
illustrated as the link between research and farmers (Watts, 1984).
Maunder (1973) defined the “Agricultural Extension ™ as a service
or system which assists farm people, through educational procedures, in
improving farming methods and techniques, increasing production
efficiency and income, improving their level of living, and raising the
social and educational standards of rural life. The main objectives of the
agricultural extension are; (1) providing firm knowledge on which action
can be based, (2) persuading the farmer to make a decision to try the new
technology, (3) providing the information necessary for actual
implementation, (4) providing the information needed by the farmer to

assess the results of that decision, and hopefully to confirm the decision

(Fliegel, 1984).

3.3 Adoption of New Technology

3.3.1 Adoption Process
One of the most important means of accelerating national

development in economy is the adaptation and evaluation of new
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agricultural technology that can be adopted by farmers; this adoption can
result in higher incomes for farmers, greater economic efficiency, and
growth in the national economy (Johnson et al.1984). Adoption of
technology has received frequent attention over the years (Jayson et al,
1990). Sofranko (1984) reported that, agricultural technology is viewed as
representing much more than only mechanization. It includes introduction
of new farm inputs, such as a new fertilizer, or new plant varieties that are
immune to fungus and diseases, and introduction of new techniques or
practices, such as new planting and cultivation techniques. He added that
the simplest classification of obstacles to agricultural development has
been on the basis of, whether they lie within the farmer or within the farm
environment. Obstacles residing within farmers themselves and their
immediate cultures have been identified as traditional beliefs, illiteracy,
lack of motivation for achievement, insufficient resources to take
advantage of opportunities, low-level skills and limited aspirations.
Because of those traditional beliefs, values and cultural practices, farmers
are felt to be unconcerned with improvement, unwilling to take risks, or
unable to take advantage of existing opportunities of using new

technologies.
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The obstacles in the farm environment have been defined as
inadequate financial services and lack of necessary inputs. According to
Van den Ban (1990) the adoption process with regard to innovation means
that: changes take place within an individual, with regard to an innovation
from the moment that, he first becomes aware of the innovation to the
final decision to use it or not.

The adoption had been defined by Feder et al. (1985) as the degree
of use of a new technology in the long run equilibrium, when farmers have
full information about the new technology and its potential.

Lionberger (1968) defined the adoption as the full-scale integration
of the practice into the on-going operation, through which people appear
to go through a series of distinguishable stages (adoption stages):

(1) Awareness; the first knowledge about a new idea, product or practice.

(2) Interest; the active seeking of extensive and detailed information about
the idea, to determine its possible usefulness and applicability.

(3) Evaluation; weighing and sifting the acquired information and evidence
in the light of existing conditions, into which the practice would have

to fit (weigh up the advantages and disadvantages of using it).
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(4) Trial; the tentative trying out of the practice or idea, accompanied by
acquisition of information on how to do it (test the innovation on a
small scale).

(5) Adoption (apply the innovation on a large scale in preference to old

method).

Rogers (1995) presented the model of the innovation-decision process

consisted of five stages:

(1)Knowledge occurs when an individual is exposed to an innovation’s
existence and gains some understanding of how it functions.

(2)Persuasion occurs when an individual forms a favorable attitude
toward the innovation.

(3) Decision occurs when an individual engages in activities that lead to a
choice to adopt or reject the innovation.

(4) Implementation occurs when an individual puts an innovation into use.

(5) Confirmation occurs when an individual seeks reinforcement of an
innovation-decision already made, or reverses a previous decision to
adopt or reject the innovation if exposed to conflicting messages about

the innovation.
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3.3.2 Adopter Categories

Adopter categories are the classification of the members of a social
system, on the basis of innovativeness, the degree to which an individual
or other unit of adoption is relatively earlier in adopting new ideas than
other members of a system (Rogers et al, 1971). Rogers (1983)
categorized the adopters into five adopter categories; (1) Innovators
(Venturesome); who are very eager to try new ideas, this interest leads
them out of the local circle of peer networks, and into more cosmopolite
social relationships. Usually, they have substantial financial resources to
absorb the possible loss owing to an unprofitable innovation, and the
ability to understand and apply complex technical knowledge. He or she
desires the hazardous, the rash, the daring, and the risky. (2) Early
adopters (Respectable); who are a more integrated part of the local social
system than are innovators. Whereas innovators are cosmopolites, early
adopters are localities. This adopter category, more than any other, has the
greatest degree of opinion leadership in most social systems. They are
considered by many as the individuals to check with before using a new
idea. (3) Early majority (Deliberate); they adopt new ideas just before the
average member of a social system, they have a unique position between

the very early and the relatively late to adopt, makes them an important
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link in the diffusion process. They provide interconnectedness in the
system’s networks. They may deliberate for some time before completely
adopting a new idea. Their innovation-decision period is relatively longer
than that of the innovators and the early adopters. (4) Late majority
(Skeptical); they adopt new ideas just after the average member of a social
system. Their relatively scarce resources mean that almost all of the
uncertainty about a new idea must be removed before the late majority
feels that it is safe to adopt. (5) Laggards (Conventional, Traditional);
they are the last in a social system to adopt an innovation and accept any
new idea very late. Their decisions are often made in terms of, what has
been done In previous generations. When laggards finally adopt an
innovation, it may already have been superseded by another more recent
idea that is already being used by the innovators. Their traditional
orientation slows the innovation-decision process to crawl, with adoption
lagging far behind awareness-knowledge of a new idea. The laggard’s
precarious economic position forces these individuals to be extremely
cautious in adopting innovations.

Farmers will adopt in a sequential manner rather than as a package,
so farmers over time and in a stepwise manner will adopt the complete

package of technology (Byerlee ef al.1986). On the other side, it may be
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difficult to convince the farmers who isolate themselves from the benefits

of a new technology (Al-Karablieh, 1995).

3.4 Factors Influencing the Adoption of New Technology

Factors related to adoption of new technologies include both the
personal characteristics and those of the context in which farmers act.
Al-Rimawi et al. (1995), indicated that the adoption of new technology is
influenced by political and soctal factors such as institutional
development, tenure systems, extension services, credit and exporting
policies, taxes and prices. Al-Karablieh (1995) reported that information
about factors influence the adoption of new technology needs to be made
available to planners to facilitate the adoption of new technology. In
Jordan such qualitative data is virtually non-existent. Therefore, there is a
great demand for detailed socio-economic and socio-cultural studies of
rural communities that would give a deeper insight into the working
activities of such communities.

Hereinafter, reviewing the results of several previous studies and
researches on a number of factors affecting the adoption of new

technology. The factors which were taken into consideration in this study
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were: age, educational level, years of experience, profession, place of
residence, gender, tenure status, size of holding, farm sources of finance
and the access to credit services, off-farm employment and participation in

the extension activities.

3.4.1 Personal and Social Factors

3.4.1.1 Age

Elderly farmers seem to be somewhat less inclined to adopt new
farm practices than younger ones. The highest adoption was by middle
age group (Lionberger, 1968). Jayson et al. (1990), found in evaluating
survey data concerning rice stinkbug management by the rice producers in
Texas that the adoption rate of insect sweep net decreases as age of farmer
increases. Also, adoption behavior of fertilizer use technology, showed a
negative significant relationship with the age of the farmers in Syria
(ICARDA, 1994). In the rainfed areas in Jordan, Saleh (1993) indicated a
significant negative effect of the lentil and chickpea farmer’s age on the
adoption process of new technology. Also, Al-Qudah (1996) found that
the age of the farmer shows a significant negative effect on the adoption

decision, indicating that younger farmers are more progressive and
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oriented towards the adoption of new innovation. While, Ra’ouf (1993)
found that farmer’s age had no significant relation with farmer’s adoption
of television agricultural programs recommendations regarding olive trees.
On the other hand, Shadaydeh (1993) found a significant positive effect of
age on the adoption of new agricultural idea by the vegetables growers in

the Jordan Valley.

3.4.1.2 Educational Level

Schooling is valued as a mean of increasing knowledge. The
assumption is that schooling facilitates learning, which in turn is presumed
to create a favorable attitude toward the use of improved farm practices.
The relationship between years of schooling and farm practice adoption
rates is likely to be indirect, except in cases where individuals learn
specifically about the new practices in school. Here, as with other
variables associated with the adoption of farm practices, clear-cut
relationships are hard to establish, because years of schooling is related
to other factors likely to condition adoption rates, as, for example, income
and age of the farm operator (Lionberger, 1968). Watt (1984) reported
that the levels of literacy and education affect extension and adoption

technology in direct ways. Illiterate farmers or those with very little
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education require more simple information that is easily understood.
Simple audio-visual, radio and personal contact are mandatory techniques,
as is demonstration. Roling (1982) indicated that the high access farmers
are somewhat better educated, that will be a base to farmers to adopt and
implement a new technology. Michael et al. (1984), showed that
investments in farmer’s formal schooling and continuing education
enhance the efficiency of the adoption decision. Therefore, farmers with
more education will adopt earlier than the other farmers (Rogers, 1983)
and (Feder et al, 1984). Padhee (1995) and Young (1996) found that
farmer education level influence positively the adoption of IPM
technology. Ra’ouf (1993), Shadaydeh (1993) and Saleh (1993) indicated
that education has a positive significant effect on the adoption decision.
Also, ICARDA (1994) and Al-Qudah (1996) found that increasing a
farmer’s educational level is expected always to increase the adoption of

new technology.

3.4.1.3 Years of Experience
Improved knowledge and experience regarding new technologies
through the accumulation of information over time, is hypothesized to be

one of the main dynamic elements of the innovation adoption process, and
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so inducing most farmers to adopt the new technology (Feder et al., 1984).
Michael et al. (1984) and Feder et al. (1984) investigated the effect of
experience on adoption. They found that farmers with more experience
were more likely to adopt new technology earlier than other farmers.
ICARDA (1994) indicated that farmers who had more experience in
farming, adopted fertilizer technology faster than farmers with less
experience, and Ra’ouf (1993) found that years of experience have a

positive significant relation to the adoption of a new technology.

3.4.1.4 Place of Residence

In one of the studied zones in Syria, it was found that there was no
relationship between adoption of new technology, and the place of
residence (outside or inside the village). But in the other two studied
zones, a positive and significant relation was found between the place of

residence (outside the village) and the adoption of new technology

(ICARDA, 1994).

3.4.1.5 Gender
The term “ gender ” describes the socially determined attributes of

men and women, including male and female roles. It has proven to be an
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essential variable for analyzing the roles, responsibilities, constraints,
opportunities, incentives, costs and benefits in agriculture,  The
improvement of women’s access to agricultural research and extension
services must begin with an analysis of men’s and women’s participation
in the agricultural production process along with their role in agriculture
and their role in the household (Jiggins, ef al. 1997).

Watts (1984) indicated that women as farm managers and as
contributors to agricultural production have been identified as a target
group of extension. Even though the role of women in agricultural
production varies significantly between countries and world regions.
Typically, in farm families in the United States and Western Europe,
women participate as co-managers of farms along with their husbands.
They perform numerous activities, such as record keeping, which are
essential and significant for successful farm operation and decision-
making. Generally, in developing countries, women constitute to a larger
proportion of the agricultural labor force (e.g. as farmers and farm
workers) than in the industrialized countries. In some Middle Eastern
countries, men seek work in the oil fields of the Gulf States and thus,

women family members are responsible for farming. Further in many
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societies women are the primary decision-makers on the farm level and
producers of food crops.

Near East Foundation (1993) reported that, women’s roles in
agriculture are determined by a correlation between social and economic
variables. These variables are interrelated, affecting and being affected by
the complete set of socio-economic and environmental factors, prevailing
in rural Jordanian society. The greater woman’s knowledge, the greater is
her role in the farm decision-making and in adopting new agricultural
techniques. Women who have greater mobility will tend to have more
knowledge. The sources of their knowledge include direct experience and
observation, local personal contacts, mass media and agricultural

extension services.

3.4.1.6 Off-Farm Employment

ICARDA (1994) and Shadaydeh (1993) found that off-farm
employment has a positive significant effect on the adoption level.

In contrary Fernandez et al. (1994} indicated that off-farm activity
has negatively affected the adoption of IPM techniques by vegetable

growers in Florida,
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3.4.2 Farm Resource Factors

3.4.2.1 Tenure Status

Lionberger (1968) indicated that, farm owners have more complete
control over farming operations than tenants. Owners can make decisions
to adopt new practices, but tenants must often obtain the concurrence of
the owner before trial or use. This is particularly true where some
financial backing by the owner is required. Consequently, adoption rates
are usually higher for farm owners than for those who rent their farms.
However, differences between owners and tenants are likely to vary
regionally due to differences in tenancy arrangements, and the freedom of
tenants to make decisions. Also, farmers who may desire to make changes
in farming are not always in a position to do so, because of final decisions
may rest in the hand of the farm owner. Compton (1984) indicated that
the land tenure is usually a determinant factor in efforts to promote
improved agricultural practices and adopting new technology. Often
tenant farmers cannot be expected to plan in long terms. The nature of
landowner-tenant relationships will also affect tenant farmers’ willingness
and ability to try out new recommendations. Shadaydeh (1993) and Saleh

(1993) indicated that there was a significant positive relation, between the
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tenancy and the adoption of new agricultural techniques. ICARDA (1994)
concluded that when commercial producers sharecrop the land of smaller
farmers, it is an arrangement that does not provide an incentive for
fertilizer adoption on barley crop in the dry rain fed areas.

Lee et al. (1983), found that landowners have negative effect on
adoption rate of minimum tillage on cultivated cropland across the United
States. Also, Al-Karablieh (1995) indicated that a farmer who is a tenant
or sharing the holding is more able to adopt technology than the

landowner.

3.4.2.2 Size of Holding

Lionberger (1968) pointed out that size of holding is related
positively to the adoption of new farm practices. Some technological
innovations require large-scale operations, and substantial economic
resources for their use. The use of improved farm practices produces
economic benefits permitting the expansion of farming operations, which
in turn makes it economically possible to use more improved farm
practices. Roling (1982) and Rogers (1983) found that there is a positive
relation between the farmers who have large size holdings and the

adoption of new technology. Feder et al. (1984), indicated that large-scale
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farmers will adopt the new techniques earlier than other farmers, and Lee
et al. (1983) found that farmers with small holdings, have lower minimum
tillage adoption rates on cultivated cropland than do others with large
holdings. Byerlee et al. (1986), explained that small-scale farmers lagged
behind large-scale farmers in adoption. Compton (1984) indicated that it
is usually easier to reach and interact effectively with larger, wealthier,
and often highly motivated farmers than it is with small landholders, who
have limited resources and low-income. Fernandez et al. (1994), found
that vegetable producers, who adopt IPM, are more likely to operate large
irrigated farms in Florida than non-adopters.
Saleh (1993) and Al-Qudah (1996) reported that, farm size has a positively
significant relation between the size of the holding and the adoption level.
While Useem et al. (1992), found that small holders were as likely
as large holders to master IPM techniques on rice crop in Indonesia.
AL-Karablieh (1995) pointed out that farm size is found not to be
significantly related to the use of new varieties, or early planting, whereas
it is positively related to the adoption of machinery, herbicides and
fertilizer application. On the other side, ICARDA (1994) found that the
relationship between fertilizer adoption and farm size was weak and

insignificant.
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3.4.3 Institutional Factors

3.4.3.1 Farm Sources of Finance and Access to Credit Services

Many studies of the adoption and diffusion of new technologies
investigate the effect of credit on adoption behavior. It is known that the
serious limitation in rural development is the lack of available capital on
which to develop a base of economic activity (Watts, 1984). Also, Fliegel
(1984) indicated that external constraints on adoption, such as a lack of
credit would be a limiting factor to adopt a new technology. Farmers with
high access to credit services and inputs are frequently in a better position
to adopt and try new forms of technology (Roling, 1982; Rogers, 1983).

Increasing the access to credit is expected to increase the probability
of making an economically and correct adoption decision on the part of
the farmer, that means it may enhance the efficiency of adoption. The
farm operators, who have invested in new technology activities will be
better informed about the existence and general performance of different
technologies, and will make more efficient adoption decision (Michael et
al., 1984). Technological packages consisting of a number of components
such as variety, fertilizer, planting method and weed control, may also

provide a convincing effect to farmers by emphasizing the large yield
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difference, between traditional and improved practices. However, because
of capital scarcity and risk considerations, farmers are rarely in a position
to adopt complete packages. As an alternative, technological packages
can usually be desegregated into subsets or clusters of one or two
components, which allow critical interactions to be exploited and which
enable adoption to follow a stepwise pattern (Mann, 1977). Farmers who
desire to make changes in farming are not always in a position to do so,
due to capital restrictions, or because of the final decisions may rest with
moneylender. Also, high-income farm nearly always is associated with
high-farm practice adoption levels. Alertness to prevailing farming
conditions leads to higher incomes, this in turn makes more capital
available for the adoption of new practices (Lionberger, 1968).
Al-Rimawi (1991) found that credit is critical where the need for working
capital is high, for financing the purchase of modern technology inputs.
Also, the more educated farmers are most likely to use formal credit.
Al-Karablieh (1995) indicated that, the farmers face the problem of
shifting from an old technology to a new one. Such a shift, from less
efficient old techniques to more efficient new ones is expected to take
place as soon as the new technologies become available. Hence, the

farmer faces the lack of capital, and uncertainty of the expected output.
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These factors could explain why all farmers couldn’t immediately adopt
the new technological innovations. Al-Khayyat (1997) pointed out that
obstacles facing the adoption of new techniques are mainly the shortage in
working capital and unavailability of credit, marketing problems,
unavailability of the required agricultural inputs. However, ICARDA
(1994) reported that the effect of credit availability on adopting fertilizer

technology in Syria was insignificant.

3.4.3.2 Participation in Extension Activities

A farmer actively participates in extension activities, when he
expects it to provide information for a better economic return. The farmer
gains information by listening to discussions among other farmers, or
observing incidentally the practices followed by neighbors (Feder et.al.,
1984).  Agricultural research and extension programs in developing
countries, rather than following the conventional package approach,
should be designed to take into account the fact that, farmers adopt
improved technological components in a stepwise manner (Byerlee ef al.,
1986). Roling (1982) indicated that, farmers who have access to
information networks and extension activities are more frequently in a

better position to try and adopt the new forms of technology. Feder ef al.
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(1984) and Rogers (1983) indicated that farmers with better access to
information and participation in the extension activities will adopt
technology earlier than other farmers, but over time most farmers will
adopt.

Jayson et al (1990), found that extension activities were
significantly associated with increases in the probability of adopting
sweep nets, which will improve the profitability of producing rice.
Mcnamara et al. (1991), pointed out that the participation in extension
activities and the extension materials had the greatest association with
IPM adoption decision by peanut producers in Georgia, USA.

Van den Ban (1990) indicated that a large number of studies clearly
show that, people who have adopted many innovations have frequent
contact with change agents. That is because this contact results in the
adoption of innovations, or it might be because people interested in
innovation seek contact with change agents, or because the agents seek
contact with these people, probably each factor plays some role.
Shadaydeh (1993), Saleh (1993) and Al-Khayyat (1997) found that the
participation in the extension activities was positively related to the

adoption level. ICARDA (1994) found that there was no significant
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effect on adoption behavior, which could be assigned to the inadequate

quality of the extension services.

3.5 Profitability of Producing Tomato and Cucumber Crops
with Non-IPM and IPM Technology
It is known that the new technology will only be adopted, if it meets
the farmer expectations within farm a production system. The innovations
that are usually adopted most rapidly are the ones with the following
characteristics as mentioned by Rogers (1983):
(1)Relative advantage is an important factor when it enables the farmer to
achieve his goals better or at lower costs.
(2) Compatibility with the farmer’s socio-cultural values, beliefs,
experiences and needs.
(3) Complexity, if innovations require complex knowledge or skills. They
often fail because they are not implemented correctly.
(4) Trialability (can be tried first on a small scale) a farmer will be more
inclined to adopt an innovation, which he has tried first on a small
scale on his own farm, and which proved to work better than an

innovation he had to adopt on a large scale (low risk).
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(5) Observability (can easily be observed); farmers learn much from
observing and discussing their colleagues’ experience. Observations are
often a reason to start discussions.

Watts (1984) indicated that, the response of the farmer to new
technological innovations is directly related to his or her perception of
financial advantages resulting from such  recommendations.
Demonstrating increases productivity and convinces farmers, that such
increases can mean greater income. Thus, profitability was the major
determinants of the sequence of adoption of new technology (Compton,
1984). Daxl et al. (1994) explained that experiences in developing
countries have shown that, agricultural innovations meet with the desired
level of acceptance once they lead to a rise in the gross margin (GM),
which can be achieved with the introduction of IPM techniques. This is
primarily because of the normally relatively low cost of chemical plant
protection measures. The IPM concepts are evaluated by calculating the
costs and benefits of the introduction of such a concept. As a farmer
accumulates knowledge and experience with the new technology, he can
reasonably be expected to produce more output with lower costs for inputs
(Feder et. al., 1984). Useem et al. (1992) indicated that implementing

IPM techniques on rice crop in Indonesia showed significant saving in
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pesticides expenses and no loss in the yield. In India, IPM technology on
maize crop gave significantly higher gross margin and net returns, than
traditional treatments (Angiras et al. 1991). Trumble et al. (1994), found
that IPM technologies on tomato crop in USA, resulted in better yields and
net profits as compared with the chemical and control treatments.

Hamdan et al. (1996), indicated that IPM concept is decreasing the
use of pesticides, which means a reduction in the production costs, the
protection of the environment (land, water, air) and the effects on
consumers health. In addition, it may result in a significant reduction in
social costs (health issues). Producers will adopt technologies, which
increase their farm income, or at least that keeps it at the same level. The
main aim of any producer is to maximize his profit, so the return he gets
should cover at least his costs and provide him with the minimum
expected profit which should be higher than producing under conventional
conditions. Grenzebach (1997) mentioned that a comparison farm data of
those cooperating the IPM project in Egypt and others who do not have
this contact mostly achieves higher GM. In the production of protected
tomato and cucumber crops, the subgroup with contact to the IPM project
on average obtains higher yields than the subgroup without contact, in

spite of using less fertilizer and pesticides. Generally, that shows a lower
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level of variable costs, and the average GM exceeds that of the other
subgroup significantly.

In Jordan, Al-Attal (1998) found that using bumblebees for
pollination (one of the IPM techniques) gave 40%, 60%, and 105% more
yields per plant than the use of plant growth regulator, vibration treatment
and the control, respectively. Bumblebees pollination shows clearly that
the fruit look better in shape with no cavities inside, more seeds, harder,
and uniform in color. These characteristics make fruits more preferable
for exporting, and for the local market. While, fruits that were treated
with plant growth regulator produced big sized, puffy fruits, have large
cavities inside, are softer, and the color sometimes is not uniform.

Hamdan et al. (1996) studied the GM(s) of five pioneer farmers in
the Jordan Valley, who were applying IPM technology besides the
conventional agricultural practices. Additional five farmers who were
producing only under conventional conditions were chosen to compare
their production with the pioneer farmers. The study results of the
different scenarios, which had been taken showed that GM(s) under IPM
conditions were less than under Non-IPM conditions, except in some
cases, where the price of products was higher with low frequency of

pesticide residues analyses.
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Chapter Four

4. The Study Methodology

4.1 Methods of Data Collecting
4.2 Units of Analyses

4.3 Sample Design and Procedure
4.4 The Questionnaire

4.5 Organization of Field Work
4.6 Data Analyses
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4. The Study Methodology

4.1 Methods of Data Collecting

The data were collected through the following means:
(A) Primary data collection using a structured questionnaire and
personal interviews with the sampled vegetables growers in the JV.
(B) Secondary sources were used in conjunction with the primary data,
including statistics and reports from different sources of
information, of the concerned ministries and public agencies. In
addition, studies and publications by non-governmental

organizations and various consultant agencies were utilized.

4.2 Units of Analyses

To determine the socio-economic factors influencing the adoption
of IPM technology, the principal source of information came from the
questioned farmers in the study area, “ Non- IPM Adopters ” and “ IPM

Adopters .
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In calculating the enterprise budgets and cost functions, all data
were collected on one greenhouse basis, for that a 500 m? area was used as

the basic unit for data collection and analyses.

4.3 Sample Design and Procedure

The questioned farmers of this study were divided into two main
groups:

1) Non-IPM Adopters; who apply the conventional agricultural
practices in their agricultural production process.

2)  Adopters of IPM technology; the vegetable crop growers under
GH(s), who applied at least one or more of the recommended IPM
techniques, for at least one season before the season in which the
data of the study were collected.

It was necessary to direct the attention to a critical action of selected
farmers within the same target geographical areas. Thus, similar
circumstances, and relatively homogeneous set of natural conditions and
agricultural services such as the climate, topography, soil, access to inputs
resources, credit and marketing opportunities were taken into

consideration.
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The study was conducted in blocks 21, 22 and 23 in the Jordan
Valley, (4lwahadneh, Albalawneh, Abu Obeidah, South and North Altwal,
Alsawalha, Abu Sido, Deir alla, Alma’adi, Ghor damia, Alkarameh
Villages), where the activities of the IPM project are centered, and the
holdings of IPM vegetable crop growers are located. The target was to
interview a sample size consisted of 110 farm operators. Therefore, all the
IPM adopters (55 vegetable crop growers) in the study area (JV) were
included in the sample, the list of their names and addresses was provided
by the IPM project’s office in NCARTT. In addition an equal number of
Non-IPM adopters (vegetable crop growers) were randomly selected as a
control group.

To determine the list of the sampling units of the Non-IPM adopters, a list
of unit numbers in each block of the study area was found at the Jordan
Valley Authority. A simple random sample was drawn from every block
of the study area. Then the units of Non-IPM adopters were selected at
fixed intervals, starting from a randomly determined point. The method
of selection started by assigning the total numbers of the holdings, which
should be selected in each block, and then by using the table of random

numbers, the sample holdings one by one had been identified until all the
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required numbers of holdings were selected randomly. A map of the
sampled blocks was used and helped in locating the selected holdings.

To make the sample more representative, the size of the sample in

each block was selected as a percentage depending on the proportion
agricultural holdings in the study area.
Table 4-1 shows the distribution and percentages of the sampled holdings
of the Non-IPM and IPM adopters. There were 11 and 9 holdings in block
21, 14 and 10 holdings in block 22 and 30 and 36 in block 23 were
allocated to Non-IPM and IPM adopters, respectively.

Additional number of holdings were selected for every block as a
reserve list to replace the cases, in which some farmers could not be
found, refuse to cooperate, could be an IPM adopter, do not respond
positively, the farm holding is not cultivated with the studied crops or not

cultivated at all.
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Table 4-1
Distribution and Percentages of the
Sampled Holdings of the Non-IPM and IPM adopters

The Study Area* The Sample**
Block Number of Area Area Non-IPM IPM Total Sampled
- Number Holdings (Du) Yo o Adopters Adopter_s__ Holdings
21 270 10989 21 11 9 . 20
22 336 12612 25 14 10 24
23 698 27259 54 30 36 66
Total 1304 50860 100 55 55 110

Source: * Unpublished data provided by the Jordan Valley Authority, 1998,
** Estimated by the researcher.

4.4 The Questionnaire

The questionnaire was designed and organized to facilitate direct
comparison between Non-IPM and IPM adopters. The first part of the
questionnaire related to the obstacles and factors influencing the adoption
of IPM techniques, while the second part focused on the preduction costs
of tomato and cucumber crops, in the study area during season 1998/1999
(Appendix A is a blank questionnaire of the study).

A draft of the questionnaire was tested in the field (pre-testing) with
the two compared groups. A number of modifications and rearrangements
were found to be essential. An effort was made to make the questionnaire

as focussed as possible to shorten the interview time with the farmer.
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Therefore, the questionnaire was structured largely in a close-ended form,
especially the part related to the factors affecting the adoption of IPM

techniques.

4.5 Organization of Field Work

To promote the cooperation and increase the response rate of the
sampled farmers, they were informed in a letter from the IPM project that
the objectives of the study were purely academic.

During the fieldwork two assistants were asked for their help. An
IPM advisor employed by the IPM project, and an assistant familiar with
the study area helped to locate the sampled holdings. During the
questioning process the list of sample was verified, 12 questionnaires were
replaced from the reserve list due to incomplete data.

The interviews with the sampled farmers were carried out over the
period June to September in 1999. The interviews were conducted in the
farms, houses or agricultural input shops.

Daily, the collected information wad checked and the data entered
into the computer for the descriptive, statistical, univariate and

multivariate analyses.
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4.6 Data Analyses

To run the analyses, the Excel 7.0 and the TSP 4.2 programs were
used. Results are presented and discussed in Chapter Five and Chapter

Six of this study.

4.6.1 Socio-economic Factors Analyses

The characteristics of farmers who adopted the IPM technology or
one of its techniques were compared with those Non-IPM adopters by a
descriptive analysis. In addition to a univariate analysis represented by
Chi-square “ Test of independence ”, which can determine if there is a
relationship between each factor of the farmer’s characteristics and the
adoption of IPM technology or not. It is unable to investigate the
direction of the relationship (positive or negative). For this reason,
multivariate analysis consisting of Logit model regression was carried out.
Then, the Probit model regression was applied to compare its results with
that of the Chi-square and the Logit regression. All these analyses were

carried out at 1%, 5% and 10% levels of significance.
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4.6.1.1 Dummy Dependent Variables

In this part, the models where the explained variable is a dummy
variable will be briefly explained. This dummy variable can take on two
or more values, but it is considered here the case where it takes on only
two values, zero and one. It had been indicated by Maddala (1992) that
since the dummy variable takes on two values, it is called a dichotomous
variable (binary variable). There are several methods to analyze
regression models where the dependent variable is a zero (0) or one (1)
variable. The simplest procedure is to just use the usual least squares
method. In this case the model is called the linear probability model.
Where, the variable Y is an indicator variable that denotes the occurrence
or non-occurrence of an event, having some explanatory variables
determining that. We write the model in the usual regression framework

as:
Yi=Bx;t+u;

with E(u;) = 0, the calculated value of ¥; from the regression equation will

then give the estimated probability that the event will occur given the

value of X . In practice these estimated probabilities can lie outside the

admissible range (0,1) and the prediction errors can be very large.
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Because of this problem (heteroskedasticity) the ordinary least squares
(OLS) estimates of B from the above equation will not be efficient.
The other alternative is to say that there is an underlying or latent

variable ¥ " which we do not observe, so other models should be used and

this is the idea behind the Logit and Probit models.
The Logit and Probit models differ in the specification of the distribution of

the error term U in the following regression model:

k
Yi*=B0+ZBj X,j +U;
=1

where; ¥;" is not observed ;qualitative dependent variable, (here it is
variable called a “ Latent variable . It can only be observed as
dichotomous variable).

X’s : are the factors supposed to influence ¥;

B, . is a constant.

U; = is the error term.

If the cumulative distribution of Uj; is logistic we have what is known as

the Logit model, and if the errors U; follow a normal distribution, we have

the probit model ( it should be appropriately be called the normit model,

but the word probit was used in the biometric literatures).
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Since the cumulative normal and the logistic distributions are very close to
each other except at the tails, we are not likely to get very different results,
unless the samples are large (so that we have enough observations at the

tails). However, the estimates from the parameters Bj from the two

methods are not directly comparable. Thus to make them comparable the
Logit estimates (parameters) should be multiplied by 0.625. This
transformation produces a closer approximation between the logistic
distribution and the distribution function of the standard normal. If our
interest is mainly in examining which variables are significant, we need
not make any changes in the estimated coefficients for the Logit model.
The significant variables could be determined by the values of t-ratios
statistics, paying attention to the parameters, which have similar or
opposite signs to those we would expect. Those signs indicate that if the
explanatory variables are positively or negatively affect the probability of

having the explained variables.

4.6.1.2 Prediction of Effects of Changes in the Explanatory Variables

Maddala (1992) indicated that after estimating the parameters Bj,

the effects of changes in any of the explanatory variables on the
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probability observation of the explained variable could be known and
given by any of the following equations depending upon the selected

model for data analysis:

OP;= Bj for the linear probability model.

aXU—
OP;i= BjP;(1-P;) forthe Logit model.
6Xij
oP;=Bj(Z;) for the Probit model.
6Xij

k
where; Z;=By+ 2 Bi X

i,

4.6.1.3 Measuring Goodness of Fit

Because the use of the conventional R>-type measure is not a
representative measure for the goodness of fit in case of models with
qualitative dependent variable, which has only two values (0 or 1). The
proportion of high correct predictions measure was taken instead of the R?
measure. It indicates how many from the studied cases were correctly
predicted (Maddala, 1992)

In this study each main factor was represented by a number of variables as

follows:
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e Personal farmers’ factors, such as age of the farmer, family members
involved in farm decisions, gender, educational level, profession, years
of experience, place of residence.

e Farm resources factors, such as size of holding, tenure status, off-farm
employment.

¢ Institutional factors, such as farm sources of finance and accessing to
credit services, participation in extension activities and access to
agricultural inputs.

Factors which were taken into consideration in this study were; age,

gender, educational level, profession, years of experience, place of

residence, size of holding, tenure status, off-farrn employment, farm
sources of finance, accessing to credit services and participation in
extension activities.

The following variables were taken in the Probit and Logit analyses
as independent variables that could influence the probability of farmers’

decision to adopt IPM technology:

AGE (Years) = The farmer’s age.
GENDER (1,0) = A dummy variable has a value of (1) if the farmer is

a female, and (0) = otherwise;
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EDUCATN (Years) =

PROFE (1,0) =

EXPERIEC (Years) =

RESIDEN (1,0) =

FRMSIZE (GH) =

OFF-FARM (% ) =

EXTSION (1,0) =

OWNFARM (1,0) =

CAPLOAN (1,0) =

65

The farmer’s years of education.

A dummy variable has a value of (1) if the farmer is
an agricultural engineer, and (0) = otherwise;

The farmer’s years of experience;

A dummy variable has a value of (1) if the farmer
resides outside the Jordan Valley, and
(0) = otherwise;

Size of the holding;

The percentage of off-farm employment of the
farmer.

A dummy variable has a value of (1) if the farmer
participated in the extension activities, (0) =
otherwise;

A dummy variable has a value of (1) if the farmer
owns the farm, (0) = otherwise;

A dummy variable has a value of (1) if the source of
finance is mixed (Equity + Loan), (0) = otherwise

(Equity capital);
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The following dependent variables (IPM techniques) were included in the
analyses, and they were treated as a dichotomous (binary) variable, which

takes on the value of (1) if IPM technology is used and (0) otherwise:

1) Applying least toxic and environmentally sound pesticides (IPM techl).

2) Using bumblebees instead of hormones (IPM tech2).

3) Soil solarization instead of Methyl Bromide soil fumigant (IPM tech3).

4) Using muslin screens for tight screening (IPM tech4).

5) Growing disease and pest resistant varieties (IPM tech5).

6) Rational fertigation (IPM tech6).

6) Monitoring and scouting (IPM tech7).

7) IPM technology as one package; (all the above techniques were
considered as one package; to adopt IPM technology or not).

8) Intensity of using IPM technology; (number of GH(s) under the IPM
technology compared to the total number of GH(s) in each farm). This
dependent variable was included in the Probit regression analysis only.

The findings of the Probit regression were used to determine and quantify

the marginal effects (the contributions of the studied socio-economic

factors on the probability of adopting IPM techniques).
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4.6.2 Costs and Returns Analyses

The collected data were analyzed for statistical tests, which are:

e Usage averages (Means) of agricultural inputs for the two compared
groups (n=55 farmers for each group).

o Coefficient of variation to statically test for significant difference
among farmers in each group in term of the agricultural inputs
usage.

e Two-tailed Z-test at 5% significance level to investigate for
significant difference between the means of using the agricultural
inputs for the two groups.

e Enterprise budgets for the two studied crops were calculated.

Then, the OLS regression analysis (econometric analysis) was used to
estimate the cost functions for tomato and cucumber crops with Non-IPM
and IPM technology. These two crops were selected due to the fact that,
these are the most consumed products by the local population, exporting
crops, repetition of growing products annually and the relatively high
number of GH(s) producing these vegetable crops. MOA (1998) reported
that, in the Jordan Valley and during the agricultural season of 1998, there

were 4937 GH(s) grown with tomato and 9305 GH(s) grown with
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cucumber crop that represents about 24% and 46% of the total GH(s) in

the whole Jordan Valley, respectively.

4.6.2.1 Crop Enterprise Budget

Depending on the farmers’ estimates, the enterprise budgets and
profitability of growing tomato and cucumber crops, with Non-IPM and
IPM technology were calculated. A number of indicators such as gross
revenues, gross margin and net profit had been calculated. Gross revenues
depend on the estimated average yield, and the weighted farm gate prices
during the period December 1998 to June 1999. Weighted farm gate price
for the ordinary produce was calculated depending on the prices and
quantities provided by Department of Statistics and the Agricultural
Marketing Organization. While, the weighted farm gate prices of IPM
produce were estimated, from quantities and prices that were taken from
the concerned IPM marketing company in Amman wholesale Market for
fruits and vegetables. The deduction for the cost of transportation and the
fee of the wholesale market on sold fruits and vegetables were taken into
consideration. Two different scenarios were used to calculate each

enterprise budget for the selected IPM crops. The first was calculated in a
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way that the IPM produce was sold for the IPM market prices, and the

second at the price of the ordinary produce in the wholesale market

The enterprise budget is divided into three parts, total returns, fixed costs

and variable costs.

(A)Total Returns

The total returns minus variable costs indicate what is called the
gross margin or the return above variable costs. To calculate the net profit
(net return to management), costs of fixed assets were deducted from the

calculated GM.

(B) Fixed Costs

Total fixed costs (TFC) are resources or input costs with fixed
quantities do not vary during the production period (independent of
output). They include mainly building depreciation, machinery and
equipment depreciation caused by the passing of time, rents, interest on
capital investment and opportunity cost of family labor (Doll, 1984).

The straight-line method was used to calculate the annual

depreciation of the fixed items that last for several seasons. All
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depreciations were included in the enterprise budget sheets, such as
depreciation of drip irrigation systems, water pool and pumps, buildings,
muslin screen for IPM greenhouses, main and lateral irrigation pipes,
frames and plastic sheets of the GH. The average land rent had been
included in the calculations, considering the opportunity cost for the
owned holdings, as well as the family labor available in the farm. Interest
on fixed costs was calculated at a rate of 8%. This rate represents the
average opportunity cost based on the interest rate of commercial banks on

money deposits.

(C) Variable Costs

Total variable costs are defined as resources or inputs with varying
quantities at the start of or during the production period (Doll, 1984).
The variable costs included in the enterprise budget sheets were the
averages of the data collected. The variable costs of land preparation and
spraying of pesticides were calculated as hired services, which are
normally done by a contractor at the prevailing market price. Other
variable costs were also included such as seeds or seedlings, water,
threads, black mulch, bioregulator (hormone), chemical and organic

fertilizers, in addition to transport costs to the farms, pesticides and soil
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fumigant. Farmers usually use pesticides and fertilizers from a large
selection of products, with different prices and application rates.
Therefore expenses for plant protection treatments and chemical fertilizers
were summarized as an average cost for each GH. Data on the required
time and cost of hired seasonal labor was collected for each major
operation of the production process. The interest on the variable costs was
calculated at 8% (annually), this depicts the interest rate on the formal
credit provided by the Agricultural Credit Corporation during the season
1998-1999. The costs of pesticide residues analysis and supervision for
certified IPM products were added.

The cost for biological control (release of natural enemies) was
excluded from the enterprise budgets because the available information is

insufficient for the analysis, it is rarely applied by the IPM adopters.

4.6.2.2. Total Cost Function

Costs are the expenses incurred in organizing and carrying out the
production process. They include outlays of funds for inputs and services

used in production. In the short run, total costs include fixed and variable
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costs. In the long run, all costs are considered variable costs because all
inputs are variable (Doll, 1984).

Fitting the ordinary least squares regression (OLS) method, the total
cost functions for the long run period had been derived for Non-IPM and
IPM technology for the production of tomato and cucumber crops. The
resulted are presented and discussed in Chapter Six of this study.

The following equation model as stated by Doll et al. (1984) was

used to represent the total cost function in the long run term:

TC=aY’ +bY?+cY

Where; Y = Production, and the following restrictions must be held, (a >
0, b< 0,c>0), a,b and ¢ = Parameters to be estimated.

To get the TC equations, the data, which was collected for each
group, had been analyzed particularly for each group, or all data for the
two groups were considered as one sample (Pooled data consisted of N =
110). In that case dummy variable was required because there were
qualitative explanatory variables such as IPM and Non-IPM, which were
introduced into the regression analysis by assigning the value of (1) for the

IPM and (0) otherwise for the Non-IPM production process. The dummy
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variable was used to capture the changes (shifts) in coefficients of
variables that might occur due to the application of the IPM technology in
the production process. Thus, regression analyses were run for the
following different scenarios; effect of IPM technology on the coefficient
of the first variable only, on the coefficient of the second variable only,
and on both coefficients of the first and second variables.

Then, the appropriate equations were selected and used to calculate
the minimum average total cost per ton and optimal size of output for each
crop, at which the average total costs reach its minimum, where the slope
equals zero. At that level of output the average total cost equals the
marginal cost. Average total cost ATC was computed by dividing the
functions of total costs TC at the level of output (Y). The marginal cost
MC was calculated by finding the first derivative of the total cost function.
Usually, the average total costs and marginal cost curves decrease, reach

the minimum and then increase again.
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Chapter Five

5. Adoption of IPM Technology in the Jordan Valley

5.1 Results of the Descriptive Statistics and Univariate Analysis

5.2 Results of the Multivariate Analyses
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5. Adoption of IPM Technology in the Jordan Valley

The purpose of this chapter is to investigate some factors affecting
the probability of adopting IPM technology, among protected vegetables
crops growers, in the JV. It focuses to hypothesize some major factors as
key issues for adoption behavior of farmers, particularly the farmers’
personal characteristics, farm resources, institutional and communication
factors. The main obstacles to adopt the new technology may lie within
the farmers themselves, they may be attributed to the general
socio-economic environment that discourage change on the part of the
farmers, or it can be affected by the agricultural policy in the country.
While these factors will affect the diffusion and adoption of a new
technology, we should consider the access of farmers to these factors.
Taking into consideration that, whenever a farmer is asked to change some
traditional habits or incorporating new information, it is more likely that
resistance will occur. Because there is for sure the fear of the unknown
outcome and the reluctance of many farmers to know, learn and adopt new
techniques.

In this chapter, the information collected from farmers was

compared and analyzed. Findings of descriptive statistics, univariate and
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multivariate analyses for the variables obtained from the survey are
presented. Also, some obstacles to the adoption of some IPM techniques

from the researcher’s point of view are highlighted.

5.1 Results of the Descriptive Statistics and Univariate Analysis

5.1.1 IPM Techniques Applied by IPM Adopters

As mentioned before, the IPM technology includes many
agricultural techniques. Table 5-1 shows some IPM techniques and the
application percentages by the IPM adopters. It shows that, soil
solarization was among the most widely practiced IPM techniques,
because applying that technique is so simple, easy, cheap and farmers in
the Jordan Valley can use as an alternative to Methyl Bromide. Soil
solarization is considered a sustainable and environmentally friendly
alternative without risk of yield loss.
On the other hand, the use of biological pest management on vegetable
crops was among the least practiced technique. The highest degree of
reservations against changes was expressed in regard to it, and very few of
the IPM vegetable growers were using that technique. Most of the farmers

consider it a complex and impractical practice, especially when it is
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applied individually, as they believe it needs the cooperation among the
farmers’” community in discouraging harmful pesticide spraying. In
addition, it is a costly technique as long as it depends on importing the
natural enemies, which even might not be available on time. Imported
beneficials were also reported to have difficulties to adapt to the local
climate, also might not be available on time. That could explain why most
of IPM vegetable growers are not convinced of such a technique.
Currently in Jordan, two specialized private companies are working to
establish commercially on mass rearing. Local production might help in
reducing the cost of biological pest management on one side, and
increasing the efficiency and availability of natural enemies on the other
side. In Jordan, biological pest management for green houses was
presented to the farmers very early, when the idea of IPM technology itself
was still very new to the farmers. Such technique might be better to be
considered one of the upper steps in the ladder and not the first one. Van
den Ban (1990) indicated that, it is difficult to know when to release an
innovation for use by the farmers. It may fail or spread sluggishly if
released too soon. That might be another reason for rejecting the use of

biological pest management. But it is worth to be noted that biological
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pest management is applied successfully in citrus groves in the Jordan
Valley.

Most of the IPM adopters in the study area can be categorized into
the innovators, and the early adopters categories, because they have most
of the characteristics mentioned by Rogers (1983) who indicated that
innovators are people who are very eager to try new ideas. Usually, they
have substantial financial resources to absorb the possible loss owing to
unprofitable innovation and the ability to understand and apply complex
technical knowledge. They enjoy the hazardous, the rash, the daring and
the risky. Early adopters have the greatest degree of opinion leadership in
most social systems, and are considered by many as the individuals to ask
before using a new idea.

The survey indicated that two thirds of the Non-IPM adopters lack
the know-how of the IPM technology. While the rest are afraid to change
their agricultural production process. The relatively scarce resources and
their traditional habits slow the adoption decision process until they feel

that it is safe and there is no risk to adopt.
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Table 5-1

Percentages of IPM Techniques Application by the IPM Adopters
IPM Technigues . Percentages of IPM Techniques Application
Applying Least Toxic Pesticides 83 %
Using Bumblebees 38 %
Biological Pest Management 5%
Soil Solarization 94 %
Muslin Screen 90 %
Disease and Pest Resistant Varieties 8BS %
Rational Fertigation 86 %
Scouting and MonitorinE 85 %
All IPM Techniques excluding Biological Pest 82 %
Management Technique

Source: Calculated from the Collected Field Study Data during the Scason 1998/1999 / Jordan Valley

Table 5-2 shows that Non-IPM adopters (55 farmers) in the sample
owned 1342 GH(s) in total while the IPM adopters (55 farmers) owned
2626 GH(s). It can be estimated the average farm size of the IPM adopters
was 47 GH(s), compared to only 24 GH(s) of the other group. It was

found that IPM adopters applied IPM technology on 78% of their GH(5s).

Table 5-2
Number of GH(s) in the Study Sample that
belonging to the Non-IPM Adopters and IPM Adopters

Tomato | Cucumber | Other Total

| . Crops
Total No. of (GHs) that belonging to Non-IPM Adopters 318 897 127 1342
Total No. of (GHs) that belonging to IPM Adopters 815 1298 513 2626

Source: Calculated from the Collected Field Study Data during the Season 1998/1999/ Jordan Valley
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The results of the survey showed the major reasons of applying IPM

techniques by the IPM adopters as shown in Table 5-3.

Table 5-3
Reasons of Applying IPM Techniques by the IPM Adopters

. Reason of Applying IPM Technigues . : Percentage
Environment protection 39%
Producing healthy fruits and vegetables crops 51%
Lower production costs 94%
Higher yield 88%
Higher produce price 91%

Source: Calculated from the Collected Field Study Data

Noting that in spite of the IPM adopters’ interesting in applying IPM
technology in their farms, the marketing of their IPM produce was and

still a major problem.
5.1.2 Personal and Social Factors

5.1.2.1 Age

Many studies indicated that older farmelrs seem to be less inclined to
adopt new technology than younger ones, and that age of farmer had a
negative significant effect on the adoption decision (Jayson ez al., 1990).

The farmers’ age categories in the study sample are stated in Table 5-4. It

2206845
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shows that the highest percentage, about 49% of the IPM adopters are
aged below 35 years comparing with only 15% of the Non-IPM adopters,
and 29% of IPM adopters are aged more than 46 years against 64% of the
Non-IPM adopters. Generally, younger farmers are more innovative,
progressive and more likely to adopt new techniques than old farmers,
who seem to be less interested in implementing or trying new ideas,
practices or techniques. Sometimes, elder farmers might have other non-
agricultural sources of income from their employed family members, or
pension that might discourage change to any new technique. Or they may
have other needs, which could be family related or health and social
matters more than maximizing their income and profit.

The chi-square test for independence between the age of the farmer
and the adoption of IPM technology showed that the null hypothesis is
rejected (P < 0.05). Therefore, the hypothesis that age of farmer is related

to the adoption of IPM technology is supported by the results.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



83

Table 5-4
Distribution of the Study Sample According to the Age Categories
Age Categories (years) Non-I1PM Adopters 1PM Adopters
: : (%) {%o)
15-25 2 2
(3.6%) (3.6%)
26-35 6 25
(10.9%) (45.5%)
3645 12 12
(21.8%) (21.8%)
46 — 55 20 12
(36.4%) (21.8%)
56 — 65 15 4
{27.3%) (7.3%)
Total 55 55
{100%) (100%)

Source: Calculated from the collected field study data during the season 1998/1999/ Jordan Valley
Note: Chi-square X? calcutated value was = 20.42 with 4 dfs.
The figures in parentheses are percentages.

5.1.2.2 Educational Level

Lionberger (1968) indicated that schooling has been valued as a
mean of increasing knowledge. But, as with other variables associated
with the adoption of farm practices, clear-cut relationships are hard to
establish, because years of schooling is related to other factors likely to
condition adoption rates. Rogers {1983) stated that innovators are tending
to be relatively bettered educated.

The educational level of the farmers in the study sample is
presented in Table 5-5. It shows that around 64% of the IPM adopters
were found to be university graduates, comparing with only 11% of the
Non-IPM adopters. About 40% of the non-adopters were less than

elementary level of education with only 9% of the IPM adopters. It can be
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noticed that the IPM adopters are better educated, which can create
favorable atmosphere and good base for enhancing the acceptance of new
techniques.

The chi-square test for independence indicated that the level of
education and the adoption of IPM technology were related and
statistically stgnificant (P < 0.05). Therefore, the alternative hypothesis

that education is enhanced to the adoption of IPM technology is accepted.

Table 5-5
Distribution of the Study Sample According to the Educational Level
Eduecational Level " Non-IPM Adopters - - IPM Adopters
: (%) (%)
Illiterate 8 5
(14.5%) (9.1%)
Primary 14 0
(25.5%) {0%)
Elementary 9 3
(16.4%) (5.4%)
Secondary 9 7
(16.4%) (12.7%)
Agricultural Secondary 2 1
(3.6%) (1.8%)
Community 7 4 |
(12.7%) (7.3%)
Bachelor Science or higher 3 5
{5.5%) (9.1%)
Agr. Bachelor Science or higher 3 30
(5.4%) (54.6%)
Total 55 55
(100%) (100%)

Source: Calculated from the collected field stud.} data during the season 1998/1999/ Jordan Valley
Note: Chi-square X calculated value was = 42.42 with 6 dfs.
The figures in parentheses are percentages.
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5.1.2.3 Years of Experience
Farmers with more experience were more likely to adopt new
technology earlier than less experienced (Michael et al. (1984) and Feder
et al. (1984)). Table 5-6 shows the years of experience of the farmers in
the study sample. The Non-IPM adopters were found to have more years
of experience in agriculture practices than IPM adopters. Roughly, 58%
of the Non-IPM adopters had more than 21 years of experience compared
to only 20% of the IPM adopters. Besides that, it had been noticed that
Non-IPM adopters are more conservative. The well-established farming
habits make it less likely for experienced holders to adopt new techniques
in their farm production process. Considering that the years of experience
are highly associated with the age of the holders.
The results of chi-square test for independence indicated that the

farmer’s years of experience and adoption of IPM technology were related

(P < 0.05).
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Table 5-6
Distribution of the Study Sample According to the Years of Experience
Experience Categories (years) Non-1PM Adopters IPM Adopters
: (%) (%)
1-10 6 26
(10.9%) 47.3%
11-20 17 18
(30.9%) 32.7% l
21-30 21 9 i
(38.2%) 16.4%
11 2
= (20%) 3.6%
Total 55 55
(100%) 100%

Source: Calculated from the collected field study data during the season 1998/1999 / Jordan Valley
Note: Chi-square X” calculated value was = 2322 with 3 dfs.
The figures in parentheses are percentages.

5.1.2.4 Place of Residence

Table 5-7 presents the distribution of the farmers in the study sample
according to their place of residence. About 87% of the Non-IPM
adopters reside in the Jordan Valley, compared with only 38% of the IPM
adopters. Two thirds of the IPM adopters live in Amman or in other cities
of Jordan. Those farmers most probably have better access to information
sources, more exposure to urban culture. They are expected to remain
well informed about new developments on farming practices, also the need

of the market and how to market their produce at favorable prices than the

Non-IPM adopters.
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The result of the chi-square test for independence showed that
adoption of IPM technology and the place of residence of the farmer were

related (P < 0.05).

Table 5-7
Distribution of the Study Sample According to the Place of Residence

Place of Residence Non-1PM Adopters IPM Adopters
: c (%) . %)

Jordan Valley 48 21
(87.3%) (38.2%)

W Other 7 34
(12.7%) {61.8%)

Total 55 55
(100%) (100%)

Source: Calculated from the collected field study data during the season 1998/1999 / Jordan Valley
Note: Chi-square X* calculated value was = 28.68 with 1 df,
The figures in parentheses are percentages.

5.1.2.5 Gender

It is widely recognized that the rural women in the Jordan Valley
play an important role in agricultural production and farm practices such
as planting, weeding, and harvesting. They are involved in major decision
making issues, which should be considered in developing and adopting
new practices and technologies. Table 5-8 indicates the distribution of the
study sample according to the gender. There was no big difference
between the two compared groups.

The chi-square test for independence presented no relation between

gender and the adoption of IPM technology (P > 0.1).
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Table 5-8
Distribution of the Study Sample According to the Gender

- Gender Non-1PM Adopters IPM Adopters
() (o)
Male 43 50
(87%) (51%)
Female 7 5
(13%) {9%)
Total 55 55
(100%) {100%)

Source: Calculated from the collected field study data during the season 1998/1999 / Jordan Valley
Note: Chi-square X calculated value was = 0.37 with 1 df,
The figures in parentheses are percentages.

5.1.2.6 Off-Farm Employment

In theory, off-farm employment, might lead to higher income, this in
turn could make more capital available for adopting new practices and
techniques. Also, it might help greatly in exposure to mass media or
personal communication, so new information and knowledge could be
gained. Table 5-9 shows the distribution of the study sample according to
the off-farm employment of the sample farmers. The percentages indicate
that about 38% of the IPM adopters and only 5% of the Non-IPM adopters
have off-farm employment.

The chi-square test for independence between the off-farm
employment of the farmer and the adoption of IPM technology presented
that this hypothesis (null) is rejected (P < 0.01). So the hypothesis that the
off-farm employment of the farmer is related to the adoption of IPM

technology is evident.
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Table 5-9
Distribution of the Study Sample According to the Off-Farm Employment

Off-Farm Employment percentage Non-IPM Adopters IPM Adopters
' _— o) (%)
0% 52 34
(94.6%) (61.9%)
25% 2 6
(3.6%) (10.9%)
50% 1 7
{1.8%) (12.7%)
> 75% 0 8
{0%) (14.5%)
Total 35 55
(100%) (100%)

Source: Calculated from the collected field study data during the season 1998/1999 / Jordan Valley
Note: Chi-square X* calculated value was = 17.27 with 1 df
The figures in parentheses are percentages.

5.1.3 Farm Resource Factors

5.1.3.1 Tenure Status

The figures in Table 5-10 indicate that renting land is the most
important type of land tenure for both Non-IPM adopters and IPM
adopters groups. It might be that land tenure status most probably does
not appear to be associated with the adoption of IPM techniques.

The chi-square test for independence found that tenure status and

the adoption of IPM technology were not related (P > 0.1).
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Table 5-10
Distribution of the Study Sample According to the Tenure Status
Tenure status Non-IPM Adopters IPM Adopters
y (%) (%)
Owned 11 9
(20.0%) (16.4%)
Rented 40 44
(72.7%) {80.0%)
Shared 4 2
(7.3%) (3.6%)
Total 55 §5
(100%) (100%)

Source: Calculated from the collected field study data during the season 1998/199% / Jordan Valley
Note: Chi-square X* calculated value was = 0.24 with T df
The figures in parentheses are percentages.

5.1.3.2 Size of Holding

Farmers who have large size of holding adopt the new techniques
earlier than other farmers do (Roling, 1982). Feder et al. (1984), reported
that large-scale farmers would adopt the new techniques earlier than other
farmers, and Lee et al. (1983) found that small-scale farmers lagged
behind large-scale farmers in adopting new techniques. In Table 5-11, the
distribution of the study sample according to the size of holding is
presented. The farm-size differs between the two groups of the study
sample. The IPM adopters tend to have large size of holdings. About 65%
of the IPM-adopters’ holdings were between 1 to 40 GH(s), compared to
87% of Non-IPM adopters with holdings in this size range of the same
category. Also, 15% had more than 100 GH(s), in comparison with only

2% of the Non-IPM adopters.
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The results of chi-square test for independence rejected the null

hypothesis. So, the adoption decision is related to the size of the holding

(P <0.05).

2

Table 5-11

Distribution of the Study Sample According to the Size of Holding

Size of Holding (GH} Non-IPM Adopters IPM Adopters
(%o) {%o)
1-20 32 16
(58.2%) (29.1%)
21-40 16 20
(29.1%) (36.4%)
41 - 60 5 6
(9.1%) (10.9%)
61— 80 0 5
(0%) (9.1%)
81-100 1 0
{1.8%) (0%)
More than 100 1 8
{1.8%) (14.5%)
Total 55 55
{100%) (100%)

Source: Calculated from the collected field study data during the season 1998/1999 / Jordan Valley
Note: Chi-square X* calculated value was = 13.64 with 4 dfs.
The figures in parentheses are percentages.

5.1.4 Institutional Factors

5.1.4.1 Farm Sources of Finance and Access to Credit Services

Farmers with high access to credit services and inputs are frequently
in a better position to adopt, and try new forms of technology (Fliegel,
1984). Farmers in Jordan are provided with credit directly by financial

institutions such as banks or by moneylenders, and mostly from formal
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government-subsidized credit services (Agricultural Credit Corporation),
which charges much lower interest rates than any other credit services
sources. Credit could be an important way to improve farmer adoption to
new technologies. The farmer’s ability to purchase inputs related to the
new technology is particularly very important. Table 5-12 presents the
distribution of the study sample according to the farm sources of finance.
The survey data indicated that many farmers were using their equity
capital, and only few were borrowers. The percentage of taking loans was
higher (almost double) by the IPM adopters group.

The chi-square test for independence showed that the sources of

finance and the adoption of IPM techniques were not related (P > 0.1).

Table 5-12
Distribution of the Study Sample According to the Farm Sources of Finance
Farm Sources of Finance Non-1PM Adopters TPM Adopters
(%) (%)
Equity Capital 51 47
(92.7%) (85.5%)
Mixed Capital (Equity + Loan) 4 8
(7.3%) (14.5%)
Total 55 55
(100%) (100%)

Source: Calculated from the collected field study data during the scason 1998/1999 / Jordan Valley
Note: Chi-square X? calculated value was = 1.49 with | df
The figures in parentheses are percentages.
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5.1.4.2 Participation in Extension Activities

Farmers with high access to information networks and extension
activities are more frequently in a better position to try and adopt the new
technologies (Roling, 1982). The benefit of using extension methods and
participation in extension activities is much more frequent for IPM
adopters than for Non-IPM adopters, which is clearly reflected in the
percentages stated in Table 5-13. These methods help in raising
awareness and stimulating the interest in new ideas, practices and
technology. It might be explained that IPM adopters actively solicit

information and technical advice.

Table 5-13
Distribution of the Study Sample According to Farmers’
Use of Extension Methods and their Participation in the Extension Activities

Extension Methods/ Activities Non-1PM Adopters IPM Adopters

) (%o)

Seminars 13 38
{23.6%) (69.1%)

Radio Programs 7 34
(12.7%) (61.8%)

Television Programs 3 30
(5.4%) (54.5%)

Brochures and Leaflets 14 49
(25.4%) (89.1%)

Agricultural Exhibitions 4 28
(7.3%) (50.9%)

Newspapers and Magazines 6 21
(10.5%) (38.2%)

Field Days by Agricultural Companies 5 16
(9.1%) (29.1%)

Field Days by Governmental Institution 6 22
(10.9%) (40.0%)

Field Days by Non Governmental Organization 2 35
(3.6%) (63.6%)

Extension Activities by IPM Project/ NCARTT 18 47
(32.7%) (85.4%)

Source: Calculated from the collected field study data during the season 1998/1999 / Jordan Valley
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5.1.5 Summary Results of the Univariate Analysis

In summary, results of the chi-square test for independence are
presented hereinafter in Table 5-14. The results supported the hypotheses
that age, educational level, years of experience, place of residence,
off-farm employment and size of holding influenced the adoption of IPM
technology. While, gender, tenure status and farm sources of finance were

not related to the adoption decision.

Table 5-14
Summary of Chi-square Test for Independence between
some Socio-economic Factors and the Adoption of IPM Technology

HMJ/CMMR/3
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- Factor | VIS gfes S FRUEROUT S | P-Values
Age of the farmer (*) 20. 42 — 4 ~ <0.05
Educational level (*) 42.42 6 < 0.05
Years of experience (*) 23.22 3 <0.05
Place of residence (*) 28. 68 1 <0.05
Gender 0.37 1 >0.10
Off-farm employment (*) 17.27 1 <0.01
Tenure status 0. 24 1 >0.01
Size of holding (*) 13. 64 4 <0.05
Farm source of finance 1.49 1 >0.10

Source: Calculated from the collected field study data during the season 1998/1999 / Jordan Valley
Note:  The Star (*) means that the nominated factor and the adoption of IPM technology are dependent.
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5.2 Results of the Multivariate Analyses (Probit and Logit Models)

The detailed results of the multivariate analyses are displayed in

Table 5-15 and Table 5-16.

5.2.1 The Main Findings of the Analyses:

1. The results showed that the age of the farmer does not play a
significant role in the probability of adopting any of the IPM
techniques. Rogers (1983), Van den Ban (1990) and Ra’ouf (1993)
had similar results. Contrary to popular opinion, no relation was found
between age and adoption of new technology. However, Jayson et al.
(1990), Saleh (1993), ICARDA (1994) and Al-Qudah (1996) reported
that the age of the farmer showed a significant negative effect on the
adoption decision, indicating that elder farmers are somehow less
progressive towards the change, and adoption of new technology. The
contrast between our results and their results may be related to the

difference in the characteristics of each innovation.
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2. Educational level was found to have a significantly positive effect on

the use of bumblebees, soil solarization and scouting and monitoring.
Education is expected to encourage the farmers to look, analyze,
decide, and act using and applying the available new innovation more
objectively. The results implied in this study are similar to those
results of Rolling (1982), Rogers (1983), Feder et al. (1984), Michael
et al. (1984), Watt (1984), Ra’ouf (1993), Shadaydeh (1993), Saleh
(1993), ICARDA (1994), Padhee (1995), Young (1996) and Al-Qudah
(1996). They all indicated that farmer’s educational level influences
positively the adoption of new technology. Lionberger (1968) found
that the adoption rate is likely to be direct and significant, specifically
when the persons learned or heard about the new farm techniques in
school. That appears clearly in the study findings by having about 54%
of the IPM adopters group who are agricultural engineers, comparing
to only 5% of the Non-IPM adopters group. That could explain why
the profession of the farmers has a significant positive influence on the
probability of the adoption decision of IPM technology, and that formal
agricultural school education enhances the capability of the farmer to

act positively toward adopting new agricultural techniques. Thus, the
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importance of modern agricultural education is demonstrated especially

when it comes to increasing yields and profit.

. It was hypothesized that number of years of farming experience
influences the probability of adoption positively. But contrary to what
was expected, and to the results of Feder ef al. (1984), Michael et al.
(1984), Ra’ouf (1993) and ICARDA (1994). The study showed a
significant negative relationship with the probability of adopting some
IPM techniques such as spraying least toxic pesticides, using
bumblebees, soil solarization, the use of muslin screens and growing
diseases and pest resistant varieties. It might be explained that farmers
with more years of experience are less inclined to adopt new farm
agricultural techniques, because they are used to apply their practices
for a long time. Sometimes they are not ready to learn, or to handle the

risk of any change.

. The findings support the hypothesis that the place of residence (outside
Jordan Valley) showed a significant positive relationship with the
probability of adopting of IPM techniques such as applying the least

toxic pesticides, soil solarization, scouting and monitoring, growing
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disease and pest resistant varieties and the rational fertigation. A
possible explanation is that farmer who resides outside the village
might have more chances to hear, see and listen to more new
information and innovations. Also, he could have many facilities to
reach a higher level of education, extra sources income that encourage

him to upgrade his production process to improve his farm income,

. The results show a significant positive relation between “female
farmers” and the adoption probability of most of the IPM techniques.
That could be explained by the following reasons:

Many women are initiative and have high aspirations for themselves
and for their children and all their family members when it comes to
their health. Taking into consideration that the IPM technology is an
environmentally friendly technology, protects human beings and the
environment. To be initiative is one of the characteristics of people

who are quick to adopt new innovations (Van den Ban, 1990).

e The IPM project as the major source of information about IPM

technology is somehow a gender-sensitive project. When the project
organizes extension activities, such as meetings, seminars, trials, field

days, demonstrations. It takes into consideration, so as to encourage
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farmers to attend and participate, that time and place have to be fully
appropriate, convenient and accessible to most of farmers, including
rural women. Sometimes, special activities are organized mainly for
women, when they meet in one of their farms. That does not mean any
concentration by the project on selected progressive farmers or on
rural women, but it takes into consideration the field conditions, as
well as the major socio-economic categories of farmers, which may
help in developing the adoption of the IPM technology more

effectively.

6. As expected, the off-farm employment had a significant positive effect

on the probable adoption of many IPM techniques such as applying the
least toxic pesticides, soil solarization, scouting and monitoring,
growing disease and pest resistant varieties and the rational fertigation.
This finding could be due to better financial situation of the farmers
who have off-farm employment. An active social life with more
contacts may lead to more exposure to information and
communications about any new technology. This result is similar to
the results of Shadaydeh (1993) and ICARDA (1994) who found that

off-farm employment has a significant positive effect on the adoption
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level. However, Fernandez et al. (1994) found that off-farm
employment negatively affected the adoption level in a case of
vegetable growers in Florida. The contrast between the result of this
study and that of Fernandez et al. (1994) may be due to the different
farming conditions. In Jordan farmers hire permanent or seasonal farm
labor, which help them widely in technical agricultural issues, and
sometimes manage the production process as farm managers. This
situation helps the farmer to have more time for off-farm employment
in contrast to farmers in Florida, where farm labor is very expensive.
Thus, a part time farmer has less time to think about and implement

innovative technologies.

. No significant relation was found between the tenure status and
adopting probability of IPM technology. The results showed that the
tenure status is not an important constraining factor and it has no effect
with respect to IPM technology adoption. That might be due to
adopting one or more of the IPM techniques may be a decision for a
short term, and something related to the current seasonal agricultural
practices, which does not need long term investments, in addition to

that IPM techniques could be considered a group of agricultural
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farming management decisions, and the final decision would be taken
by the person who cultivated the land, no matter if he is a tenant,

sharecropper or landowner.

. Size of holding has a significant positive relationship with the
probability of adoption decision of IPM techniques. These findings,
agree with the results of Lionberger (1968), Roling (1982), Rogers
(1983), Lee et al. (1983), Feder et al. (1984), Compton (1984), Byerlee
et al. (1986), Saleh (1993), Fernandez et al. (1994) and Al-Qudah
(1996) who indicated that farm size has a significantly positively
relationship with the adoption decision. It had been noticed that many
of the small-scale farmers who responded to the survey are more
concerned with minimizing risk, rather than adopting new technology,
even though it may maximize their profit. Many large-scale farmers
are wealthier farmers. They have the ability to absorb any possible risk
in having loss due to the applying of the new innovation. They run
their farms on an economic basis, and they are often highly interested
in and value any information about innovations, as a major factor in

their farming practice success. They depend on such information as an
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important part in their decision-making, especially when they promise

to provide economic benefits.

. The results supported the hypothesis that there is a significant positive
relation between the adoption of many IPM techniques and having
agricultural loan and the capital. The results obtained by Lionberger
(1968), Mann (1977), Roling (1982), Rogers (1983), Fliegel (1984),
Michael et al. (1984), Al-Rimawi (1991), Al-Karablieh (1995) and
Al-Khayyat (1997) supported the result obtained in this study.
Sometimes, farmers are unable to implement and apply an innovation
due to insufficient capital needed to purchase the required inputs. It is
worth noting that, in general, the IPM technology is considered as a
cost saving technology, which reduces the overall production costs. In
applying some IPM techniques, the farmer can realize a direct benefit
through reduction of cost at the beginning of the production process,
e.g. applying soil solarization as an alternative to Methyl Bromide.
Other IPM techniques require the purchase of relatively expensive
inputs for which cash is required. Bumblebees hives, for example are
needed during the crop flowering stage. The benefits of bumblebees

are realized only at harvesting time, through higher yields and better
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fruits quality. Another example is the muslin screen, which costs three
times more than ordinary screen, although it lasts for three years.
Through the muslin screen most insect pest are excluded from the
greenhouse, which reduces the need for expensive pesticide
applications. During the survey, it had been noticed that the credit
service is usually available for landowner farmers, as it is considered
acceptable collateral by the formal credit institutions. But, they are not
interested and refused to get formal credit to avoid paying interest due
to religious reasons. Farmers who are tenants do not quality for credit.
Many farmers buy most of the agricultural inputs they need from
retailers’ shops, on a short-term loan. They have to pay at the end of
the season, but with higher prices than paying in cash. Farmers who
are relatively rich use a combination of their equity and agricultural
loans. They buy the inputs they need in cash which gives them the

opportunity to negotiate discounts.

10. A significant positive relationship was observed between the

participation in the extension activities and the probable of adopting
some IPM techniques such as applying least toxic pesticides, soil

solarization, growing disease and pest resistant varieties, rational
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fertigation and scouting and monitoring. This result supported by
those of Roling (1982), Rogers (1983), Feder et al. (1984), Van den
Ban (1990), Jayson ef al. (1990), Mcnamara et al. (1991), Shadaydeh
(1993), Saleh (1993) and Al-Khayyat (1997), who found a positive
relationship between the adoption probability and the participation in
extension activities. It might be worth to note that many IPM related
activities were held and are still planned in order to teach current and
new IPM techniques to farmers in many regions of Jordan. The smooth
flow of information on IPM technology to the farmers might explain
the good effect on the adoption of the IPM techniques. The
characteristics of the information flow are similar to a large extent to
the principles of agricultural extension as stated by Fliegel (1984),
which include persuading the farmer to try the new technology,
providing the information necessary for actual implementation and
providing the information needed by the farmers to assess the results of
the decision, and then to confirm that decision. In addition, the mass
media need to support the process through 1) audio media method as
radio programs, 2) visual methods including slides, transparencies and
printed materials such as newspapers, newsletters, fact sheets, farm

magazines, leaflets, folder, posters, bulletins and pamphlets, 3) audio-
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visual media including television programs, video documentary films.
Most of these methods have been produced and used by the IPM
project, in order to reach the farmers and inform them about the
benefits of the recommended new IPM technology practices. It had
been noticed that these methods are really needed by the farmers, and
suit the local farming conditions. The exposure of farmers to
information through the mass media is expected to have an influence
on traditional beliefs, also improving the flow of information to
farmers, assisting and encouraging them to adopt new techniques and
so improving their leadership skills. Sometimes, farmers themselves
could be a source of information, which helps in diffusion of
innovations, as many small farmers look up to large and successful
farmers who are a model for them.

In summary, in this chapter there are no contrasts among the results
of the univariate and multivariate analyses, except in three factors, which
are the age, gender and the farm sources of finance. That could be
explained by that the univariate analysis based on analyzing categorized
data and identifies if there is a particular relationship between two
variables (the adoption and each of the socio-economic factors in

particular), while the multivariate analyses based on analyzing the real
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numerical (uncategorized) data taking into consideration the effect of all
the socio-economic factors of the farmer on the probability of the adoption
decision that gives more accurate results. It is worth noting that the
chi-square test of independence does not reflect or measure the direction
of the relationship (positive or negative), while the multivariate analyses
“Logit and Probit models” can measure the direction of the relationships
between variables. In this study, both Logit and Probit models analyses
showed similar results of the relationships directions between the
probability of adopting the IPM techniques, and the socio-economic
factors. Therefore, in such case, it might be better if the results of the

multivariate analyses are considered as main results of this study.
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5.2.2 The Marginal Effect of the Socio-economic Factors

The multivariate analysis was used to quantify the marginal effects
of some socio-economic factors on the probability of adopting IPM
techniques. Table 5-15 shows the equations of the Probit Model
regression. Equation | indicates that the contributions of some factors to
the probability of adopting IPM technology in the Jordan Valley are
statistically significant. These factors are; (gender “ female farmers ”,
education, profession “ agricultural engineer farmer ”, years of experience,
residing outside the Jordan Valley, size of holding, off-farm employment,
participation in the extension activities and having agricultural credit). Tt
can be observed that female farmer lead to an increase in the probability of
adoption decision by 1.52%. However, an increase of one year of
education and one GH in the size of holding, increase the probability of
IPM adoption by 0.10% and 0.12%, respectively. If the farmer is, an
agricultural engineer that increases the probability of adoption by 0.86%,
while an increase of one year of experience decreases the probability of
IPM adoption by 0.04%. Other factors such as residing outside the Jordan
Valley, off-farm employment, participating in extension activities and

having agricultural credit, would lead to an increase in the probability of
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adoption decision by 1.39%, 0.94%, 1.93% and 1.28%, respectively. The
effects of age and tenure status were found to be insignificant. Noting that
equations from 2 to 8 in Table 5-15 represent the marginal effects of the
socio-economic factors on the probability of adoption decision for each
technique of the IPM technology. They can be explained in the same way
depending on the signs and the parameters values of the significant factors

for each equation.
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Chapter Six

6. Economic Analyses of Producing Tomato and
Cucumber with Non-IPM and IPM Technology

6.1 Usage of Agricultural Inputs

6.2 Producing Tomato and Cucumber Crops

6.2.1 Enterprise Budgets
6.2.2 Total Cost Functions
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6. Economic Analyses of Producing Tomato and Cucumber
with Non-IPM and IPM Technology

Profitability is a major determinant of the adoption of new
technology (Compton, 1984). Thus, economic analysis can play an
important role in the adoption and development. As Watts (1984)
indicated the response of the farmer to technological innovation is directly
related to his or her perception of deriving a financial advantage from
applying such technology. This chapter will interpret information to help
farmers in making decisions, by analyzing and evaluating the performance
of the IPM technology on the basis of production costs. The principle
economic factor is the profit opportunity available to the farmers, who

strive to improve productivity by applying new technology.

6.1 Usage of Agricultural Inputs in the Study Area

In this part the use of the major agricultural inputs per one
greenhouse is described. Table 6-1 and Table 6-2 show that IPM adopters
have lower coefficients of variation and average usage of agricultural as
compared to the Non-IPM group. Also, the Z-test results show a

significant difference in the usage of the agricultural inputs between the
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two compared groups. These results could be due to the homogeneity
among the IPM adopters, especially, their educational level since more
than 50% are agricultural engineers. IPM adopters have relatively better
scientific knowledge, and a high concern for optimal and rational use of

agricultural inputs.

Table 6-1
The Average (Mean) Usage of Agricultural Inputs in the Study Sample for
Tomato Crop Production with Non-IPM and IPM Technology /GH

Nen-TPM  Technology IPM  Technology Z

Agricultural Input Unit Mean C.v* Mean CcVv Test**
Seedlings Seedling 1656 13% 1445 11% -5.57
Chemical fertilizer D 78 36% 63 15% -4.8
Organic fertilizer Ton 2 1% 3 14% 6.94
Soil fumigation (MeBr) Can 46 45% . "
Soil solarization D - - 20 0.5% -
Pesticides D 84 23% 47 16% -14.8
Hormones D 14.50 6% -
Bumblcbees D _ _ 20 19.5% -
Water m’ 424 19% 336 6% -124

Source: Calculated from the collected field study data during the season 1998/1999/ Jordan Valley
*C.V= Coefficient of Variation. ** Calculated Z - Test at 5% level of significance.
Number of farmers =55 farmers for each group.
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Table 6-2
Average (Mean) Usage of Agricultural Inputs in the Study Sample for
Cucumber Crop Production with Non-IPM and IPM Technology /GH

Non-IPM  :Technology IPM | Technology z

Agricultural Input Unit Mean Ccv* Mean C.v Test**
Sceds Seed 1569 13% 1407 7% -5.26
Chemical fertilizer D 8l 30% 69 17% -4.34
Organic fertilizer Ton 25 33% 3 14% 3.35

h Soil fumigation (MeBr) Can 48 69% . “

Soil solarization D _ - 20 0.5% _
Pesticides D 88 19% 62 16% -10.3
Water m’ 458 13% 350 %% -14

Source: Calculated from the collected field study data during the season 1998/1999 / Jordan Valley
*(C.V= Coefficient of Variation. ** Calculated Z - Test at 5% level of significance.
Number of farmers =55 farmers for each group.

6.2 Producing Tomato and Cucumber with Non-IPM and IPM Technology

6.2.1 Crop Enterprise Budgets

(A) Table 6-3 presents a summarized comparison of the enterprise
budgets results of tomato production with Non-IPM and IPM technology.
It shows that IPM technology results in a higher GM(s). The yield was
8% more, with higher gross revenues, and lower total variable costs per
GH. Selling the IPM produce at IPM farm gate price (IPM (A) Scenario)
gave a GM up to JD 909/GH, and JD 149/GH in case of selling at the

same farm gate price of the conventional tomato (IPM (B) Scenario),
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while it was only about JD 59/GH for the Non-IPM tomato. The IPM
adopters’ group has a reduction of fixed costs by about 10%. It is worth to
be noted that applying IPM technology is not the reason for that reduction.
This can be explained by that the larger holding size the smaller average
fixed costs per GH. Finally, the results also showed that IPM tomato

production achieved a positive net profit.

Table 6-3
Summary of the Enterprise Budgets Results of
Producing Tomato Crop with Non-IPM and IPM Technology

Indicators - 1 Non- IPM - IPM (A) IPM (B)
Tomato Productivity (Kg/GH) 6915 7449 7449
Total Gross Revenue (JD/GH) 664 1475 715
Total Variable Costs (JD/GH) 605 566 566
Gross Margin (JD/GH) 59 909 149
Tota! Fixed Costs (JD/GH) 412 373 373
Net Profit (JD/GH) (353) 536 (223)

Source: Calculated from the collected field study data during the season 1998/1999 / Jordan Valley

(B) Table 6-4 shows that the average yield of producing cucumber
under IPM technology was about 1% less. Total variable and fixed costs
were higher for the Non-IPM production process. The GM(s) were found
to be positive irn all cases, but higher with the application of IPM

techniques. Selling the cucumber produce at IPM farm gate price gave a
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GM equal to JD 935/GH (IPM (A) Scenario), and about JD 395/GH in
case of s_clling at conventional price (IPM (B) Scenario). In both cases,
the GM(s) were higher in comparison to the Non-IPM products, which
was about JD 346/GH. Also, the IPM technology achieved a positive net
profit for cucumber crop production. Taking into consideration that the
prices of the vegetable crop during the season of this study were relatively
low for both IPM and Non-IPM produce due to marketing problems in the

local Jordanian market.

Table 6-4
Summary of the Enterprise Budgets Results of
Producing Cucumber Crop with Non-IPM and IPM Technology

lm_licat_prs ) . Non- IFM IPM (A) IPM (B)
Cucumber Productivity (Kg/GH) 6917 6837 6837
Total Gross Revenue (JD/GH) 955 1483 943
Total Variable Costs (JD/GH) 608 548 548
L Gross Margin (JD/GH) 346 935 395
' Total Fixed Costs (JD/GH) 412 373 373
Net Profit (JD/GH) (66) 563 23

Source: Calculated from the collected field study data during the season 1998/1999 / Jordan Valley

The Tables 6-5, 6-6, 6-7 and 6-8 present the detailed findings of the
enterprise budgets. They show that the costs of the agricultural chemicals

(pesticides and soil fumigants) within the total variable costs take a large
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share. That might give indications about the inclination of farmers to
switch from the conventional pest management to IPM technology. Most
IPM adopters stated that they now use less pesticide than they did 4 years
ago. And, they noted that, they now obtain better pest control, especially
when using IPM technology. IPM technology is a part of general
improvements of crop management, which may lead also to lower costs of
water, chemical fertilizer and other agricultural inputs. It was found that
the average relative share of chemical fertilizer, pesticides and soil
sterilization in the total variable costs for the crops is 23% for the [PM
tomato and 40% for Non-IPM tomato, and 28% for IPM cucumber and
42% for Non-IPM cucumber. The IPM techniques save between 60% to
70% of agricultural chemicals expenses (pesticides and soil fumigants),
and about 15% to 20% of the chemical fertilizer expenses. This leads to
higher GM(s) and better profits. That agreed with the opinion of Daxl et
al. (1994) explaining that new agricultural technology meets with the
desired level of acceptance once it lead to a rise in the GM(s), which can
be achieved with the introduction of IPM techniques. This is primarily
because of the normally relatively low cost of chemical plant protection

measures.
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It can be concluded that the results of the enterprise budget analyses
support the hypothesis that IPM technology is more profitable. These
results were in line with those of Grenzebach (1997) who found that the
IPM adopters in Egypt, obtained higher yields with lower costs and
significantly higher GM(s) in producing tomato and cucumber crops.
Also, Trumble ef al. (1994) found that IPM techniques on tomato crop in
the United States of America resulted in better yields and net profits in
comparison with the chemical and control treatments. And Useem ef al.
(1992) indicated that implementing IPM techniques on rice in Indonesia
resulted in savings of pesticide expenses with no loss in yield. Similar
results obtained by Angiras et al (1991) who reported that IPM
technology on maize in India gave higher GM and net returns than
traditional treatments.  Higher yields in tomato crop under IPM
technology agree with observations done by Al-Attal (1998), who found
that the use of bumblebees, which is one of the IPM methods for
pollination, resulted in more yield in the tomato crop.

Hamdan et al. (1996), found that the GM(s) of producing IPM
tomato and cucumber in the Jordan Valley were negative and not feasible.
The contrast between the results of this study with that of Hamdan et al.

(1996), could be explained on the basis of change in the cost and expenses
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of many agricultural production inputs, mainly the cost of pesticide,
fertilizer, bumblebees, and the pesticide residue analysis. In addition to
that, the data was collected at the beginning of the project in 1996, from a
sample consisted only of five vegetables growers, which is considered

unrepresentative sample.
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Table 6-35

Enterprise Budget of One Green House

for Tomato Production with Non- IPM Technology

Average production and Farm gate price Kg | 6915 | 0.096 |

1) Total gross revenue from producing tomato | ] ]

crop under non-IPM conditions JD i ! i 663.84
2) Total Variable costs JD 604.75
Seeds Seed 1656 0.049 81.14
Nursery fee for seedling Tray 8 1.25 10.00
Organic fertilizers Ton 2 10.71 21.42
Chemical fertilizers (Lump Sum) JD 78.00
Pesticides (Lump Sum) JD 84.00
Soil Fumigation (MeBr) Can 46 1.75 80.50
Water m* 424 0.011 4.66
Hormones 14.50
Black mulch Kg 10 0.92 9.20
Threads Roll 7 1.15 B.05
Screen JD 15.16
Rented machinery

Land preparation (ploughing} Hour 1.5 3.50 5.25
Other (spraying) Hour 5 2.00 10.00
Hired labor

(GH Preparation and Planting Hour 110 0.50 55.00
Crop husbandry Hour 99 0.50 49.50
Hand-pick harvesting Hour 133 0.50 66.50
Sum of Variable Costs of Inputs JD 592.89
Interest on operating capital (8%) JD 11.86
3) Income above variable costs {gross

margin) (1 - 2) JD 59.09
4) Total Fixed costs JD 412.29
Buildings depreciation JD 3.16
Minor irrigation pipes depreciation JD 3.00
Major irrigation pipes and pumps depreciation JD 22.38
Water irrigation poo! depreciation JD 1.25
Green house frames depreciation JD 105.00
Plastic sheets depreciation JD 100.00
Land rent JD 33.00
Family labor Hour 43 0.50 21.50
Sum of Fixed cost JD 289.29
Interest on fixed investment (8%) JD 123.00
5) Total costs (2 + 4) JD 1017.04
6) Net profit (Return to management) {1 - 5} JD -353.20

Source: Calculated from the Collected Field Study Data during the Season 98 - £9/ Jordan Valley |
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Table 6-6
Enterprise Budget of One Green House

for Tomato Production with IPM Technology

PricefUnit | Vaiue (JD}{ Value (JD}
Item Unit| Quantity {JD)
0.198 Selling at | Selling at

' non-IPM
Average production and farm gate price Kg 7449 IPM price price
1) Total gross revenue from producing
tomato crop with IPM technology JD 1474.90 715.10
2) Total variable costs JD 565.61 565.61
Seeds Seed| 1445 0.049 70.81 70.81
Nursery fee for seedlings Tray 7 1.25 8.75 8.756
QOrganic fertilizers Ton 3 7 21.00 21.00
Chemical fertilizers (lump sum} JD 63.34 63.34
Pesticides (lump sum) JD 47.00 47.00
Soil solarization JD 20.00 20.00
Bumblebees JD 20.00 20.00
Water m* | 336 0.011 3.70 3.70
Black mulch Kg 9 0.92 8.28 8.28
Threads Roli 6 1.15 6.90 6.90
Rented machinery
Land preparation (ploughing) Hour 1.5 3.50 5.25 5.25
Other (spraying) Hour 2 2.00 4.00 4.00
Hired labor
GH preparation and planting Hour! 108 0.50 54.00 54.00
Crop husbandry Hour| 111 0.50 55.50 55.50
Hand pick harvesting Hour| 156 0.50 78.00 78.00
Supervision and inspection JD 44.00 44.00
Pesticide residues analysis JD 44.00 44.00
Sum of variable costs of inputs JD 554.52 554.52
Interest on operating capital (8%) JD 11.09 11.09
3) Income above variable costs (gross
margin) {1 - 2) JD 909.29 149.49
4) Total fixed costs JD 372.72 372,72
Buildings depreciation JD 0.30 0.30
Minor irrigation pipes depreciation JD 1.89 1.89
Major irrigation pipes and pumps depreciation JD 6.00 6.00
Water irrigation pool depreciation JD 0.43 0.43
Green house frames depreciation JD 100.00 100.00
Plastic sheets depreciation JD 96.00 96.00
Muslin screen depreciation JD 16.10 16.10
Land rent JD 33.00 33.00
Family labor Hour 8 0.50 4.00 4.00
Sum of fixed cost JD 257.72 257.72
Interest on fixed investment (8%) JO 115.00 115.00
5) Total costs (2 + 4) JD 938.33 938.33
6) Net proﬁt (return to management) (1 - 5) JD 536.57 -223.23

Source: Calculated from the Collected Field Study Data during the Season 98 - 99/ Jordan Va'ley
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Table 6-7

Enterprise Budget of One Green House
for Cucumber Production with Non- IPM Technology

Item Unit | Quantity} Price/Unit (JD)} | Value (JD)
Average production and farm gate price _Kg 6917 0.138
1) Total gross revenue from producing
cucumber crop under IPM conditions JD 954.55
2) Total variable costs JD 608.23
Seeds Seed| 1569 0.065 101.89
Organic fertilizers Ton 2.5 10.71 26.78
Chemical fertilizers (lump sum} JD 81.00
Pesticides {lJump sum) JD 88.00
Soil fumigation (MeBr) Can 48 1.75 84.00
Water m’ | 458 0.011 5.04
Black mulch Kg 10 0.92 9.20
Threads Roll 6 1.15 6.90
Screen JD 15.16
Rented machinery
Land preparation {ploughing) Hour 1.5 3.50 5.25
Other (spraying) Hour 7 2.00 14.00
Hired labor
GH preparation and seeding Hour 100 0.50 50.00
Crop husbandry Hour] 105 0.50 §2.50
Hand-pick harvesting Hour| 113 0.50 56.50
Sum of variable costs of inputs JD 596.31
Interest on operating capital (8%) JD 11.93
3) Income above variable costs (gross
margin) (1 -2) JD 346.31
4) Total fixed costs JD 412.29
Buildings depreciation JO 3.16
Minor irrigation pipes depreciation JO 3.00
Maijor irrigation pipes and pumps depreciation JO 22.38
Water irrigation pool depreciation JD 1.25
Green house frames depreciation JD 105.00
Plastic sheets depreciation JD 100.00
Land rent JO 33.00
Family labor Hour 43 0.50 21.50
Sum of Fixed cost JD 289.29
Interest on fixed investment (8%) JD 123.00
5) Total costs (2 + 4) JD 1020.52
6) Net profit {return to management) (1 - 5) JD -65.98

Source; Calculated from the Collected Field Study Data during the Season 98 - 89/ Jordan Valley
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Table 6-8

Enterprise Budget of One Green House
for Cucumber Production with IPM Technology

_ Price/Unit} Value (JD} | Value (JD)
ltem Unit [Quantity] (JD)
0.217 | Selling at | Selling at

non-IPM
Average production and farm gate price Kg 6837 IPM price price
1) Total gross revenue from producing
cucumber crop with IPM technelogy JD 1483.63 943.506
2) Total variable costs JD 547.98 547.98
Seeds Seed] 1407 0.085 91.46 91.46
Organic fertilizers Ton 3 7 21.00 21.00
Chemical fertilizers (lump sum) JD 69.00 69.00
Pesticides (lump sum} JD 62.00 62.00
Soil solarization JD 20.00 20.00
Water m® | 350 0.011 3.85 3.85
Black mulch Kg 9 0.92 8.28 8.28
Threads Roll 6 1.15 6.80 6.90
Rented machinery
Land preparation (ploughing) Hour 1.5 3.50 5.25 5.25
Other (spraying) Hour 2.5 2.00 5.00 5.00
Hired labor
Preparation and seeding Hour 96 0.50 48.00 48.00
Crop husbandry Hour| 112 0.50 £6.00 56.00
Hand-pick harvesting Hour | 121 0.50 60.50 60.50
Supervision and inspection JO 40.00 40.00
Pesticide residues analysis JD 40.00 40.00
Sum of variable costs of inputs JD 537.24 537.24
Interest on operating capital (8%) JD 10.74 10.74
3) Income above variable costs {gross
margin) (1 - 2) JD 935.65 395.52
4) Total fixed costs JD 372.72 372.72
Buildings depreciation JD 0.30 0.30
Minor irrigation pipes depreciation JD 1.89 1.89
Major irrigation pipes and pumps depreciation JD 6.00 6.00
Water irrigation pool depreciation JD 0.43 0.43
Green house frames depreciation JD 100.00 100.00
Plastic sheets depreciation JD 96.00 96.00
Muslin screen depreciation JD 16.10 16.10
Land rent JD 33.00 33.00
Family labor Hour 8 0.50 4.00 4.00
Sum of fixed cost JD 257.72 257.72
Interest on fixed investment (8%) JO 115.00 115.00
5) Total costs (2 + 4) JD 920.70 920.70
6) Net profit (return to management) (1-5) JD £62.93 22.80

Source: Calculated from the Collected Field Study Data during the Season 88 - 99/ Jordan Valley |
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6.3.2 Total Cost Functions

Using the Ordinary Least Squares (OLS) method. The cubic
functions were found to be the appropriate choice to estimate the total cost
functions of producing tomato and cucumber crops in the long run, in the
JV. Therefore, the constant term, which represents the fixed costs, was

dropped from the equation.

(A) The estimated TC equations of producing tomato with Non -IPM
and IPM technology:
The results showed that the most appropriate, and economically
logic of the multiple regression analyses was the regression equation that
showed the effect of IPM technology in shifting the parame ters of the first

and the second variables, as shown below.

Equation of multiple regression analysis R? F-statistic
Variable Parameters t-statistic
Y B, =129.871 23.75 0.97 894. 64
y? B, = -0.1855 -3.93
Y? B3 = 0.00041 3.41
Y Bii= -9.126 -0.76 (IPM)

Y? By = -0.067 -1.37  (IPM)
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From the previous equation the following two equations are derived:
1) TC with Non-IPM Technology
TC =B,;Y+ B, Y’+B; Y’

TC =129.871 Y —0. 1855 Y2 + 0. 00041 Y* 0.97 894. 64
(23.75) * (-3.93)* (3.41) *

ATC =129.871 —0. 1855 Y + 0. 00041 Y*

MC =129.871—0.371Y +0.00123 Y2

2) TC with IPM Technology

TC =(B]+B]1)Y+ (BZ+B22) Y2+B3 Y3

TC =120.745Y - 0. 2525 Y> + 0. 00041 Y* 0.97 894. 64
(22.99) * (-5.30) * (3. 41 *

ATC =120.745 —0.2525 Y + 0. 00041 Y?

MC =120.745—-0.505Y + 0. 00123 Y?

Source: Calculated from the collected field study data during the season 1998/1999/ Jordan Valley
Figures in parentheses are representing r-statistic values at 95% confidence of interval.
The star * means significant at 5% level of significance.

Y= Production (Ton).

The equations show that all coefficients have the right signs, so they
are economically appropriate. The t-statistic values and the F-statistic are
also significant. Using these equations, the ATC and MC of tomato
production with Non-IPM and IPM technology had been derived. It was

found that the average variable cost equals to JD 109 / ton for Non-IPM
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tomato and JD 82 / ton for IPM tomato. The optimal size of output, to
meet the economic efficiency were 226 tons of tomato about 33 GH(s) for
Non-IPM tomato production process, and 308 tons about 41 GH(s) with
IPM technology. These findings point-out the effect of the technology
(IPM) on the production process in increasing the production size and
decreasing the costs per unit of production (ton).

Total cost, average total cost and marginal cost curves of tomato
production with Non-IPM and IPM technology are graphed in Figures 6-1
and 6-2, which show how the IPM technology has affected the TC, ATC
and MC curves by shifting them downward to the right. The curves are
graphed with unit of cost on the vertical axis (JD) and units of output on

the horizontal axis (ton).
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(B) The estimated TC equations of producing cucumber with Non-IPM
and IPM technology:

The data collected for cucumber crop for the two compared groups
had been individually estimated for TC functions. The results of the
regression analysis showed an economic logic and appropriate TC
function only for producing Non-IPM cucumber, but not for the IPM
cucumber. For that reason, a solution was adopted to estimate the TC
function for IPM cucumber depending on repeating the run of OLS
regression using the same data collected, but dropping the costs of

supervision and pesticide residues analysis out of the total costs.

Equations of multiple regression analysis R? F-statistic

1) TC with Non-IPM Technology

TC =133.103 Y - 0. 1570 Y> + 0. 000202 Y* 0.89 414. 84
(12.51)* (-2.18)* (2.07) *

ATC =133.103-0. 1570 Y + 0. 000202 Y*

MC = 133. 103 - 0. 314 Y + 0. 000606 Y>

2) TC with IPM Technology

TC =94. 785 Y - 0. 1771 Y2 + 0. 000304 Y 0.96 701. 26
(14. 11) * (-3.07)* (2.82) *
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ATC =94.785-0.1771 Y + 0. 000304 Y’

MC =94, 785 - 0.3542 Y + 0. 000912 Y?>

Source: Calculated from the collected field study data during the season 1998/1999/ Jordan Valley
Figures in parentheses are representing f - statistic values at 95% confidence of interval.

The star * means significant at 5% level of significance.

Y= Production (Ton).

The equations show that all coefficients have the right signs and
they are economically appropriate. The t-statistic values and the
F-statistic (the test for the overall significance of the regression) are also
significant.

From the above mentioned TC equations, it was found that the optimal
size of output to meet the economic efficiency were 389 ton about 56
GH(s) for Non-IPM cucumber production process, and 290 ton about 42
GH(s) with IPM technology. That will meet the average variable cost per
unit equals to JD 103 / ton for Non-IPM cucumber and JD 69 / ton for
IPM cucumber. The total cost, average variable cost and marginal cost
curves of cucumber production with Non-IPM and with IPM technology
are graphed in Figures 6-3 and 6-4. They show how IPM technology
reduces the variable production costs, causing a shift in the curves
downward. But contrary to the situation with the tomato crop, and
contrary to the economic opinion, the curves were shifted to the left

instead of shifting to the right.
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That can explained depending upon the opinion of many of the IPM
adopters, who mentioned that applying IPM on cucumber crop is
somehow difficult if compared with other vegetable crops especially
tomato crop, because cucumber need more effort in monitoring and
scouting as it is very sensitive to pest and diseases especially fungus
diseases, which spread quickly and so it is difficult to be controlled if
there is a serious infection. For that reason, farmer would face more
problems in controlling and monitoring if he increases the size of
production which might by time increase the costs due to the necessity of
using more pesticides and plant protection control.

The results in this chapter support the hypothesis that producing
tomato and cucumber crops with IPM technology is expected to be more
profitable, and economically more feasible than conventional agricultural
practices. That is achieved through reduction in the production costs and

increase in revenues.
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Chapter Seven

7. Conclusions and Recommendations

7.1 Summary and Conclusions

7.2 Recommendations
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7. Conclusion and Recommendations

7.1 Summary and Conclusions

From the study results, the following can be summarized and concluded:

1. IPM technology can be highlighted as a major step towards
sustainability in agriculture. It is aiming for a dual effect, to provide
technical reasonable pest and disease control and the protection of
human health and environment. It is an approach, which is not only
ecologically conscious, it improves farmers economical situation as
well. Social acceptance of the IPM system could be achieved in the
long run. It is ecoiogically conscious, better economically, and might
become more acceptable soctally, especially with the increase in public

emphasis on human and environmental safety. Thus, it is worth to

bring IPM technology into the agricultural production mainstream.

2. IPM technology has the characteristic of high relative advantage that

enables the farmer to achieve his goals and objectives better, or at

lower expense than he could previously.
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. The findings of the study indicate the following percentages of
applying IPM techniques: soil solarization 94%, muslin screen 90%,
use of bumblebees 88%, rational fertigation 86%, resistant varieties
seedlings 85%, scouting and monitoring 85%, use of least toxic

pesticides 83% and biological pest management 5%.

. The advantages of the IPM technology could not yet convince all the
farmers in Jordan, but there has been an increase in the use of IPM
technology. It has been noticed that the adoption of single IPM
technique accelerates the adoption of other related techniques of the
IPM technology package, especially, when the farmers’ personal
results indicated that IPM technology showed reduction in inputs costs

and maximization in profits and yields.

Descriptive statistics of the study showed that the IPM adopters
applied IPM techniques on 78% of their GH(s). IPM adopters were
found to be more educated, operate large size farm holdings, have less
years of farming experience, engage more off-farm employment, have

more access to agricultural credit and participate more often in
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extension activities. In addition to that, two thirds of them reside

outside the Jordan Valley.

. The findings of the multivariate analyses “ Logit and Probit models”
show that the attributes level of education, size of holding, profession
as an agricultural engineer, residing outside the Jordan valley, more
off-farm employment, participation in extension activities, access to
agricultural credit and “ female ” farmer have a positive relationship
regarding the adoption of IPM technology. While the farmers’ age and
land tenure status have a neutral effect with respect to the adoption of
IPM. However, the years of farming experience has a negative effect
upon the adoption of IPM. Knowing how these factors are related to
and influence adoption of IPM technology may facilitate in
implementing more appropriate development programs and may
contribute to suitable agricultural policies to encourage the adoption

decision by farmers.

The enterprise budgets and the cost functions analyses indicate a
reduction in the total variable costs per GH. It is more profitable due to

higher GM(s) and revenues without reduction in the quality of the

226845
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crops. Noting that the current applied IPM package suits tomato

production more than cucumber crop.

7.2 Recommendations

1) It is recommended to apply IPM technology because it is a saving

technology.

2) Further efforts should be made to enable farmers in Jordan to apply
IPM technology. It is an advantageous substitute to the farmers’
common chemical pest control strategy lowering costs and
increasing farm profitability. As a welcome side effect, it has a
favorable impact on the environment and the health of both the

farmers and consumers.

3) To overcome the main obstacles preventing the widespread
adoption of IPM technology, the following recommendations may

encourage farmers to adopt IPM technology in Jordan:
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* It is recommended to establish IPM network units among
agricultural Directorate of the MOA. Specialists and extensionists
who are trained and experienced on IPM subjects should be

employed to run each unit.

* Complete formulating and activating the national IPM policy.

* The priorities of educating and training farmers on IPM
techniques should be derived from a base-line survey of holder

populations, and programs tailored to the local circumstances.

* Any training for the farmers should be started with the easiest

IPM technique, so as to convince them to apply more techniques.

* It is essential to develop and implement effective extension
programs to popularize the IPM technology. Farmers’
understandings of IPM techniques have to be given the prime

consideration.
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4) Future issues and subjects that are recommended to be studied:

Because Cucumber is a sensitive crop to pest and diseases,
special IPM package for producing IPM cucumber crop should
be recommended.

The consumers’ demand in Jordan for the IPM fruits and
vegetables.

Marketing of IPM produce, locally and abroad, considering
exporting and importing policies.

The economic value of health and environmental benefits of
IPM technology.

The IPM impact on Jordan’s macroeconomic situation.

The influence of some other factors on IPM technology
diffusion, e.g.; farmers’ rationality, standard of living,
orientation towards farming, risks, mental flexibility and

dogmatism.
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