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A4STRACT

The appreciation of water as a finite resource has engend-red a renewed
research interest in producing effective water management policies and
practices in order to reduce both curremt and potential demands on existing
reserves. Unfortunately, such research, especially in the humid regions of
North America, has concentrated on water use in urban areas and has
neglected the use of water in irrigation agriculture; even thovzh irrigation is
a major consumptive use of water in many localized areas. In addition,
research has been dominated by physical, technological and economic
viewpoints at the expense of an understanding of the human element in the
management of irrigation water. This neglect results in the misinterpretation
of current water use practices and inaccurate estimates of future demand.
Potential consequences include the development of ill-devised water
management policies, and recommendations of ineffective water management
practices.

This study attempts to provide an understanding of existing irrigation
management practices in southern Ontario. Specifically, 35 irrigating farms in
three distinct counties were surveyed to determine the methods of securing a
supply of irrigation water, delivering and applying water to fields, and the
factors affecting the timing and amount of water applications. Bureaucratic
regulation of water use is reviewed and found to be ineffective in controlling
the use of water. Additionally, due to the proximity of water sources to the
point of use, communal allocation and regulation of water use are nct evident
in southern Ontario. An examination of on-farm irrigation practices, including
both the technical and cultural methods of irrigating, reveals a pattern of
diversity and variation between farmers. This is related to the variety of
circumstance within which farmers operate and the practically autonomous
control over water exercised by each individual irrigator. According to yield
maximizing criteria, the majority of surveyed farmers are found to be
under-utilizing irrigation water in terms of seasonal need.

In practicing a form of survival irrigation, farmers deviate from
scientific recommendations of optimal irrigation management practices. This is
commonly explained in terms of irrationality due to a carelessness or lack of
information on the part of the farmer. Cor :rsely, this present study
describes this dichotomy as one of differing objectives and characterizes
existing practices as rational. In a system that is free from effective
institutional constraints or controls over the delivery and use of water,
farmers have the flexibility to adapt their irrigation practices to thaeir
individual operating circumstance. In doing so, they are guided by their unique
experience and objectives as farmers. If they are to be effective,
recommendations to improve irrigation practices and the formulation of
improved water management policies, must take into account the variety of
circumstance in localized areas and be based on an understanding of the
rationale behind existing water use practices.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

In recent years, the term w-.er “crisis” has become increasingly
prevalent in both the popular media and professional water management
lite. ~ture in both Canada and the United States. Several factors have
brougut this issue to the forefront of public auention. First is a growing
realization that water is a finite resource both in terms of quantity and
quality. This is in contrast to earlier attitudes which were common during
the development of both mnations — that Canada and the eastern United
States were endowed with a superabundance of available water. Second has
been the recognition that a steadily increasing population, combined with
expanding industrial and agricultural activities are placing a great stress
on existing water reserves in localized areas. These concerns have resulted
in an increased research effort directed toward exposing the consequences
of continued programs of extensive supply management, and have focused on
means of reducing or managirg the demand for water. However, such studies
have typically focused on problems of use in urban areas and have tended to
ignore the ag_:-ultural context of water use. This urban-dominated treand in
research has been particularly evident in eastern Canada but has not gone
tutally un-noticed. Mitchell(1934), for example, noted that while water
resource research has covered numerous aspects of municipal supply,

interbasin transfers and demand management, research on various aspects of



irrigation has been gravely neglected.

In one respect, this neglect of the agricultural situation is
surprising, particularly in southern Ontario. It is certainly significant ,
for example, that of all the permits issued for water withdrawal by the
provincial government, 67% were for irrigation purposes. This amounts to a
total potential withdrawal of 5.7316 million cubic metres per day; a figure
which is surpassed only by withdrawal for industrial purposes (Vallery
1987, personal communication). In addition, irrigation is essentially a
consumptive use of water, meanirg that little of what is withdrawn from the
source is recoverable. but is consumed in the form of evaporation and
transpiration or is incorporated in the final product. Conversely, urban
and industrial uses, although withdrawing large amounts of water, are
primarily mnon-consumptive. Much of what is withdrawn is returned to the
source of supply, albeit seriously diminished in quality. One major
exception would be the watering of lawns in urban areas. Thus, irrigation
water use is an extremely important demand component in the overall
framework of water management in Ontario. Indeed, Salbach and Dennis (1981)
have noted that the majority of surface-water quantity problems in the
province involve a stoppage or serious reduction in flow caused by the

taking of water for irrigation purposes.

In other respects, the apparent research emphasis on urban water
use is perhaps not difficult to understand. Urban areas tend to provide a
re atively compact, homogeneous (or what is asually assumed to be
homogeneous), population which can be readily studied. Although not always

the greatest consumers of water, supply systems are commonly designed based
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upon the demands of urban users and, in turn, the "water crisis” is
nominally perceived in terms of urban-industrial needs, large-scale

transfer to drier regions and low-flow augmentation for polluted or
recreational water ways. In terms of control, urban consumers are
restricted in their use of water by the structurai capacity of the supply
system and do not have direct control over the source of supply. Rather,
this is determined by the relevant water authorities. In addition, because
of the mnature of the supply and distribution network in urban areas, their
exists a wealth of data with respect to water supply and use. This type of
data, however exists at an aggregate level and tends to lend itself well to
strict statistical analysis, as is evident in the majority of demand

management literature.

In contrast, agricultural users tend to be spatially dispersed and,
most notably in southern Ontario, develop their own water supplies, whether
from a nearby stream, pond, or from the water table. The result is that the
farmer has more direct control over the supply and use of water. These
important points introduce an element of difficulty to the study of
agricultural water use. The spatial distribution of agriculturalists does
not allow the compact study group characteristic of urban areas.
Additionally, as farmers commonly develop their own water supplies, they
must be considered as individual water managers, comparable in status,
though not in magnitude, to municipal water authorities. However, due to
the individual nature of water development and supply in agricultural
areas, there does not exist the quality and type of data that is available

for urban arcas. In any study proposing to examine agricultural water use,



~4-

these situations convey the necessity of examination at the individual farm
level, as this is the terminal unit of both supply and demand. They also
point to the need to consider elements of behaviour and decision-making on
the part of the individual farmer. This is in direct contrast to the

majority of urban-based studies which tend to be dominated by models which
aggregate the individual components of the system and by theories of

economic controls, incentives and disincentives.

Another possible reason for the neglect of humid region irrigation
water use studies is the general perception that irrigation is not
"necessary” in these areas. Instead, there is a general tendency to
associate irrigation only with arid regions where most agriculture could
not exist without irrigation. Natural precipitation in humid regions is
commonly considered to be adequate to meet the moisture requirements of
most crops. Partly because of this attitude, the bulk of water use research
as it relates to irrigation !'as traditionally concentrated on dry or water
scarce regions. Hence when one begins to consider irrigation water use in a
humid region such as southern Ontario, "It is not possible to draw
extensively on research or experience” (Nonnecke 1981). This neglect is not
only a hinderance to research, but also to the formulation of effective
water management policy. In the face of a general ignorance of the human
management of irrigation water and in the absence of any adequate
descriptions of the conditions under which irrigation water use occurs in
Ontario, there is a persistent danger that recommendations to improve water
management policy or p.actice will be misled by the results of studies

conducted in the traditionally arid or semi-arid regions of the continent.
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Yet, as the present study shows, rather than emulate these dry-region
studies, it is necessary to realize that there is an important divergence
of concerns and conditions which exist where irrigation is practiced in a

temperate humid climate.

In addition to this arid-region domination of irrigation rescarck,
most agricultural water use research — due in part to the priorities of
research-funding agencies — is physically oriented, or focuses on
aggregate and macro-processes while neglecting the crucial importance of
the micro-behaviour of the resource user. This emphasis has tended to limit
our knowledge of the behaviour of individual resource users and in
particular their decision processes. Yet, more than 20 years ago, some
writers were stressing the need to focus research efforts on the behaviour
of water users and the many social restraints which influence the use of
water in localized areas. White (1961) for example, stated that the formal
strictures of political agencies, and societal attitudes and traditions are
all factors which influence the use of water on the part of any individual
and suggested that there is a benefit in acquiring information which allows
us to understand how the customs and conditions of individuals and their
communities or societal structure influence the use of resources such as
water. In the ignorance of such knowledge, it can be expected that policies
and programs designed to improve water management will be adopted without
full appraisal of their consequences. The detrimental effects of ignoring
such factors in the development of water projects and policies have been
elucidated on by many researchers; especially in less-developed countries

(excellent reviews are Widstrand 1978, Widstrand 1980).
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In a similar vein, White, as chairman of the U.S. Nationa! Academy
of Science Committee on Water (1966), produced, along with other members,
the statement that:

"there is little precise understanding of the circumstances in

which people make their choices and of the factors that affect

their decision to overirrigate their crop .. Because public policy

often is based on a belief as to how such decisions are made, a

better understanding of their determinants and rationaie could

assist in the formulation of sound policy.”
The need for this user-based approach to research was also guided by a
realization that the gap between scientific knowledge of "optimal” water
management methods, and their applications by users such as farmers was
widening rather than narrowing. The intervening years since this call for
user-based research have not seen much improvement. Professional water
managers, agro-scientists, and even social scientists seem largely to have
ignored the reasons that farmers follow prevailing irrigation practices in
Ontario. Yet, these are the same agents who are recommending improvements
to water management policies and practices. These efforts have increasingly
focused on physical inventories of existing reserves of water, and
quantitative estimates of present and potential uses of existing supplies.
This is all worthwhile and necessary research. However, the premise of this
thesis is that physical inventories of water supply, use, and potential
demand are not an adequate basis for establishing recommendations as to
future water management policies, plans and practices. The way in which
water s being used, the existing practices in iocal areas and the
influence of the unique physical, institutional and socio-economic

circumstance within which users live and o- :rate must be understood as

factors which act to create the overall demand for water, and will
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determine the success or failure of attempts to modify water use. Gaining
an insight into the irrigation water management practices of farmers
wugments the physical inventories of existing reserves and quantitative
estimates of present and potential uses of water, all of which are required
for the effective formulation and implementation of practical water

management policy and planning.

1.2 PURPOSE OF STUDY

The above discussion has identified several gaps in knowledge
relevant to water management in Ontario. First is that irrigation water use
has been a neglected subject of research. The primary purpose of this
study, then, is to describe the nature of irrigation water use in southern
Ontario. Specifically, the study exaraines the irrigation water management
practices of a sct of farmers and attempts to relate the circumstances
which affect water use and variations in water use in a localized area. An
underlying theme of the study is the divergence of concerns regarding water
use between irrigators and both the water management bureaucracy and the
agro-scientific community. This dissimilitude is observed as a function of
the control over water exercised by each individual irrigator and the

resulting objective rationality of their water management practices.

1.3 ORGANIZATION AND SUMMARY OF CHAPTERS

Essentially, there are four phases to the investigation. Following

a description of the methodology in Chapter two, Chapter three outlines the



physical and agricultural parameters of irrigation land-use in three
counties of southern Ontario. The development of irrigation is initially
related to widespread drought but subsequently maintained due to seasonal
moisture deficiencies which are particularly detrimental on coarse-textured
soils producing high-value crops. Irrigation was not intended as a means of
settling marginal agricultural lands or creating a new type of agriculture
but was essentially adopted to maintain the viability of an existing

rricultural system.

Chapter four examines the institutional means of regulating
irrigation water use in Ontario and how it affects or influences a farmers
use of water. The discussion concludes that neither governmental nor
communal institutions effectively control the flow of irrigation water nor
do they have any practical means of enforcing the regulation of water use.
A front of control and allocation is maintained through a system of
formalized “paper” rights which have little influence on water use except
as a dispute settlement mechanism. Quantitative inventories of water use,
or projections of water demand, based on bureaucratic records are
misleading and contribute to ill-devised water management plans and
policies. With no effective bureaucratic or communal regulation of water
use, expedient control of water is in the hands of each individual
irrigator. As such, efforts to change the behaviour of farmers or develop
water management plans for rural areas must be cognizant of existing

patterns of resource use and base their plans on conditions of reality.

Chapter five presents the main findings of the field work and
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describes the methods of irrigation water use on a set of farms in three
distinct political, physiographic and agricultural regions of southern
Ontario. The chapter is composed of three primary sections. Section 5.1
discusses irrigation water supply in terms of the source of water used on
the farm, the means utilized by farmers to attain a secure source of water
supply and the adequacy of that supply for the purposes of irrigation.
Section 5.2 discusses the techmical methods of delivering and applying
water to irrigated fields. Section 5.3 examines the cultural practices

which affect the scheduling of irrigation applications. Diversity rather
than similarity in the irrigation management practices of farmers is found
to be prevalent. A distinction is made, however, between technical
practices and cultural practices. Technical methods of managing water are
dynamic over time and opsn to change where advanced technology offers a
practical solution to problems encountered in irrigating. Cultural

practices are, for the most part, static and have evolved through time and
experience to relieve the farmer of the need to actually make decisions

regarding the scheduling and application of irrigation water.

The fourth phase of the investigation, presented in Chapter six,
suggests that there is a great discordance between actual water management
practices and recommendations of optimal practices put forth by the
technical agro-scientific community. This discordance is not so much
related to a resistance to change on the part of the farmer as it is to a
divergence of objectives between "experts” and farmers, the internalization
of "expert” knowledge among professional agencies, and a general lack of

communication between researchers and farmers.
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The final chapter identifies the benefits of the study for water
management in Ontario and defines the risks of ignoring the importance of
local circumstance in a system where the irrigator exercises almost
autonomous control over the use of water. The prevalent assumption that
"expe.ts” know what people want,or more specifically, what people need must
be modified to include the farmer’s knowledge of the physical environment
and the rationale behind existing irrigation practices. By failing to
recognize the opportunities and constraints unique to localized areas,
"experts” typica'ly fail to see the essential rationality of existing
practices and misinterpret the actual benefits accruing from “optimal”
water management practices. The chapter concludes with a discussion of the

limitations of this study and suggestions for future research.

1.4 RELEVANT LITERATURE

Generally, most irrigation research can be separated into two
perspectives, One is concerned with land-use as it relates to irrigation
agriculture. In the case of geographical studies, there is a common focus
on explaining the spatial distribution of irrigation agriculture and its
relation to the physical and economic features of the agricultural
landscape of any region (Bajwa 1983, Bowden 1965, Cantor 1970). In a
slightly different vein, economic studies are commonly concerned with the
production efficiency or allocative efficiency of water use in agriculture,
These studies are typically critical of the subsidization of water for
irrigated agriculture and compare the production value of water under a

variety of utes (Easter 1980, Timmons 1983, Supalla 1981).
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The second perspective is related to irrigation technology and is
generally concerned with the question of the physical efficiency of
irrigation equipment and distribution systems (Bos and Nugturen 1983,
Cannell 1962, McKnight 1979, Wittwer 1979). This concern with physical
efficiency has commonly neglected the individual farmer as the final
resource manager and has discounted the importance of farmer behaviour as
the primary element in determining efficiency. Exceptions to this
technocratic view include studies by Weatherford et al.(1982) who suggested
that the important issue in improving efficisncy is not that technical aid
or advice is available, but rather it is the discovery of appropriate
inducements or incentives for incorporating this technical knowledge in the
farming operation. Keller et al. (1980) added that it is necessary to
understand the decision-mal .g processes and knowledge level of farmers in
order to define programs which will improve management decisions. These
unique comments still contain an element of positivism in assuming that
change is indeed needed or desirable, and is reliant on “expert” kaowledge.
In spite of the views of thesc authors, however, Coward Jr. (1980) has
noted that, for the most part, irrigation management problems continue to
be dealt with in a variety of ways. First and foremost has been an attempt
to improve irrigation technology and engineering structures. Some attertion
has also been given to the influence of economic incentives such as water
pricing in dealing with management problems (Apland et al. 1980, Ayers and

Hoyt 1980, Easter 1980).

A number of authors, primarily anthropologists, aave expressed

concern with these dominant approaches to irrigation management problems.
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Chambers (1980) statcd that, to a remarkable degree, many writers on
irrigation ignore and even appear unawarc of the relationships between
people ¢ ¢ irrigation water. Attention is usually fixed on the

hydrological, engineering, agricultural and ecomomic aspects and there has
besn little research into the human side of the organization and operation
of irrigation systems. Levine (1980) echoed this concern that our knowledge
of the interrelationships between water and plant growth far exceeds our
knowledge of the interrelations between water and the human element in
delivery and utilization. Of necessity, as increasing demands are placed on
diminishing supplies of available water, understanding the relations
between people and water becomes 2 more and more vital priority (White
1961). In short, irrigation studies have tended to neglect the "human
situation” and have primarily fallen within the domains of technology and
economics. Typically, the literature pertaining to irrigation has not
considered the role of the individual farmer as the final decision-maker
controlling the use of water, nor the conditions within which that farmer
operates. The early concerns of White (1961) that the conditions in which
irrigators apply different amounts of water to their fields are largely

unknown, remain true today.

It seems surprising that few geographers have addressed themselves
to this problem, for it lies at the heart of what various authors have
termed the man-land tradition of the discipline. Pattison (1964) stated
that this tradition centres on resource use and conservation, while Guelke
(1979) went further and suggested that one of the major goals of man-land

relations is to understand how people of different circumstances and



-13-

cultures have used the rescurces available to them. In a widely cited
address, Barrows (1923) maintained that geographers have a responsibility

to ask, and attempt to answer the question, "how does ‘man’ use the land
and its resources and why does he use them as he does?” In recent vears,
several other geographers have echoed the need to study this .teraction
(Chorley and Kates 1969, Hart 1982, Morrill 1984). With respect to the use
of water as a resource, it follows that geographers should consider the
question — how do humans use water and why do they use it as they do? The
importance of such an understanding seems to be of little concern to many
researchers, yet such an approach tends to fill a gap not often considered
by economists, engineers, or agronomists. As Chorley and Kates (1549) have
noted, there is strong evidence to suggest that the ways in which water
resources receive technical appraisal rarely coincide with the appraisals

of resource users and hence, research that seeks to characterize the
environment as its inhabitants and exploiters :ee it provides valued

insight for the understanding of resource use.

Therein lies the geographic justification for this study as it
attempts to provide examples of the "real wcorld” conditions under which
irrigators use water in southern Ontario. In doing so, it is guided by the
notable work of Hudson (1962) and Holmes (1986). Hudson examined
irrigation water management practices and factors which influence water use
in the Utah Valley of the western United States, and evaluated his findings
in terms of the factors which hinder the adoption of efficient water
management rractices. His conclusions stress the influence of institutional

controls on water use. Holmes (1986) discusscd irrigation water management
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in the Chili basin of southern Peru and emphasized the lack of
communication between government engineers and farmers as the most
irzportant factor blocking the adoption of "improved” water management
practices. The present study compliments the approach established by these
two authors by examining irrigation water use in a humid environment and
isolating conditions which account for deviations between actual and
"optimal” water management practices in an industrialized agricultural

setting.



18

CHAPTER 2

METHODOLOGY: QUESTIONNAIRE DESIGN AND ADMINISTRATION

2.1 INTRODUCTION

As Hart (1982) has stated, a regional geography which considers resource
use must begin with the visible features of the earth’s surface, but quickly
transcend them and attempt to understand the factors which motivate the
human behavior that is related to them. This understanding can only be
accomplished through talking to people and gaining an appreciation of what
they thirk and an insight into why and how they do things. Much of the
data required for the present study, then, is not readily available or
documented in any form. Although a rough background picture of the shape or
pattern of irrigation land and water use in Ontario can be painted using
statistics and records of government agencies, any practical information
relating to the actual use of water in agriculture must rely on consultation
with individual farmers. These are the people who are effectively using and
managing the resource and hence, any attempt at anderstanding that use and
management niust rely on information extracted from this valuable source.

Given this need to talk to people, the obvious method of acquiring data
in relation to this study is tLrough the use of a questionnaire. The benefits of
using the questionnaire technique of data acquisition are ma._y. These have
often been expounded by researchers such as Whyte (1977) who noted that
asking questions of people provides information that could not be
systematically observed, such as questions about the past and future and

questions on attitudes, feelings and beliefs. The "attitudes, feelings and beliefs”
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of irrigators are of particular interest to this study as they aid in the
determination of how a user appraises the resource that he is employing. It
has often been stated that the ways in which water and land resources
receive technical appraisal rarely coincide wita the ippraisals of resource users
{Chorley and Kates 1969, Weatherford et. al. 1982). A'though the basis and
assumptions utilized in technical appraisal are well known and commonly
accepted, this cannot be said to be true for the converse case of user appraisal.
Is it important to the farmsr how someone unknown to him determines the
adequacy of his water supply or is it his own definition that will determine
his response to a condition of shortage? Is it important to the farmer how
someone else believes he should use his water supply or will he decide this

based upon his own objectives in using that supply?

The following pages will describe the design and formulation of the
questionnaire (included as Appendix I), the method of sample selection,
administration of the questionnaire and a discussion of the limitations of this

form of data collertion.

2.2 QUESTIONNAIRE DESIGN

The design of the questionnaire used in this study was based upon a
number of precepts suggested by Saarinen (1977):

i) Whenever possible, questions should be taken from other studies to

maximize comparison with previous works in other geographic areas.

‘i) Open-ended questions should be used to allow the respondent to
structure replies in his or her own words.

iii) The problem should not be mentioned until the researcher is ready
to deal directly with those topics. This prevents one question from
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influencing the response to subsequent questionms.

A list of questions to be used in this survey was generated from
previous irrigation studies which dealt with water use at the individual farm
level. These include a landmark study by Hudson (1962) which examined on
and off-farm water management in the Utah Valley; Bowden (1965) who
described the diffusion of pump irrigation in the high plains of Colorado; and
Weatherford et. al. (1982) in a discussion of irrigation efficiency in the Tulare
Basin of California. Unfortunately, questionnaires used in these studies were
not included in the published reports, so questions could not be extracted for
the direct comparison of results. Additionally, as is typical in irrigation
research, these studies were concerned with conditions of arid and semi-arid
regions where the agricultural practices and the nature of water supply,
conveyance, distribution application and regulation differ markedly from
humid areas such as southern Ontario. Nonetheless, the broad range of topics
covered by these authors to account for variations in water use can be applied
to irrigating farmers in southern Ontario when the conditions under which
these farmers operate as opposed to arid or semi-arid regions are understood.

These conditions are outlined in Table 2.1.

Features of Humid vs. Arid Region Irrigation

TABLE 2.1

VARIABLE Conditions

CLIMATE Humid Semi-Arid and Arid
CROPS Primarily high- All crops

value crops



DIVERSION OF WATER

POINT OF WATER
SUPPLY

POINT OF USE

DELIVERY TO
FARM

SOURCE OF
SUPPLY

TECHNIQUE OF
APPLICATION

POLITICAL AND
LEGAL NATURE OF
WATER RIGHTS
(ALLOCATION)
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Individual

On-Farm

On-Farm

Natural Flow

Surface Water
Ground Water
Conjunctive

Primarily Various
Forms of sprinklers

Riparian to transitional
form of Riparian
(eg. Fyuable)

Co-operative, Company
or District

Spatially distant from farm

On-Farm

Regulated or controlled
flow through canals

Surface Water
Ground Water
Conjunctive

Primarily Surface
Methods such as
various forms of flooding

Appropriation
Various forms of prior
appropriation

Based on these differences, questions made specific reference to tie

conditions that were applicable to Ontario.

2.2.1 Form of Questions

Most of the questions used in the survey were of the open-ended

variety These were used to permit the respondents to formulate their own

answers and to eliminate the research bias associated with pre-determined

responses. Where alternatives were noted on the questionnaire, they were

inerely for the convenience of the interviewer and were not meant to be seen
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by the respondent. In all cases where alternatives were listed, an “other”
category was included to capture any responses which the author may have
overlooked. In all cases, although responses could not be recorded verbatim,
specific comments that directly related to any particular question were
recorded in full to be used in the analysis of the data. Closed questions, those
with defined categories of response, were included omly where specific answers
could be given. Examples of these questions would include the amount of

acreage owned, leased or irrigated and specific sources of water.

2.2.2 Arrangement of Quuscions

Questions in this survey were arranged according to guidelines
recommended by a number of sources (eg. Converse and Presser 1986, Rarten
1966 and Young 1966). These guidelines suggest the following arrangement:

i) Questions placed first on the questionnaire should be those that are

the easiest to answer. Such factual questions make it possible for

the respondent to participate early in the interview.

ii) Questions that could possibly affect the answer to a later question
should not be placed early in the questionnaire.

iii) All questions pertaining to one subject should be grouped together.

Based on the information presented in the preceding pages the
questionnaire was divided into nine sections most of which are inter-related
but have been isolated for the sake of discussion. These nine sections are

outlined and described below:

1) Background Information
2) Irrigation Organization

3) Response to Irrigation
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4) Source and Use of Irrigation Water
5) Irrigation System

6) Irrigation Policy

7) Marketing of Crops

8) Future Plans

1) Background Information

Questions 1 and 2 determine the length of occupancy on the farm and
the length of time that the farmer has been irrigating. Question 3 asks for
the reasons for adopting irrigation. These questions can be used to determine
whether the farmer had experience in farming prior to irrigating and whether
that experience had any affect on his decision to irrigate. It might also
determine whether later irrigators adopted the practice in response to
conditions of environmental uncertainty or viewed the practice as a necessary
production input. This could have ‘mplications for the amount of water used,
depending on the rationale for irrigating. Questions 4, 5 and 6 relate to the
physical features of the farm including the amount of land farmed, irrigated
and owned or leased; the presence or absence of a windbreak on the farm and
the type of soii on which the farm is located. These questions were asked to
enable a comparison of farm size with the presence of irrigation on the farm

and to relate irrigated acreage to the amount of water used in irrigation.

2) Irrigation Organization

Questions in this section relate to any organization of farmers in the

study areas that have developed or cooperated in an attempt to reduce the
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initial cost of irrigation or secure a source of water supply for use in

irrigation. These questions supplement other information used to describe the
development of irrigation in the study area and are of particular interest as
such organizations are found in many parts of the world where irrigation is
practiced and have commonly evolved in response to a shortage or insecurity
of water supply. They have also had a profound affect upon the manner in

which irrigation water is allocated and the use of water or irrigating farms.
3) Irrigation Response

Questions in this section refer to changes in acreage under irrigation or
the alteration of crops that have been irrigated. These questions were asked to
determine whether the benefits of irrigation in the form of increased yields
are responsible for an increase or decrease in the amount of irrigated acreage
or whether other factors such as marketing agencies, contract agreements or
labour availability affect the amount of land under irrigation. Questions such
as these have implications for water use as the factors which control acreage
will have differing affects on the amount of water used on any specific crop

in any specific area.
4) Water Supply and Use

Questions in this section are related to a farmer’s supply and use of
water. In particular, questions 4 and 5 were left open to gain an
understanding of how farmers in Ontario define efficiency in use and no

definition of efficiency was supplied for them.

Responses to these questions on water supply and use can aid in
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satisfying a2 number of concerns of this study ir-luding:

i) determining whether the availability of water has an effect on
the amount of water used;

ii) determining if farmers have experienced shortages of water, whether
these shortages are infrequent or recurrent, perceived reasons for

these shortages and whether these shortages are related to a specific
source of supply (eg. surface water, groundwater etc.);

iii) determining how farmers define the adequacy of their supply and
the response of farmers to frequemt or infrequent shortages;

iv) how farmers define and perceive efficiency in their use of water
and recognized opportunities for increasing efficiency or
conservation of irrigation water; and

v) what indicators respondents use in timing their application of water.

In addition to the water supply questions outlined above, an irrigation
application chart was completed with the respondent’s assistance. Information

on this chart yielded specific data regarding t.e following variables:

i) acreage of each specific crop irrigated (1987 figures);
ii) depth of water application for each crop;

iii) the number of applications for each crop per year. This data relied
on the memory of cach farmer and was supplied on the basis of the
least number of applications he had experienced in any year,

the maximum number of applications he had experienced in any year
and the average number of times that hz would expect to irrigate a
specific crop during the growing season;

iv) primary dates of watering which were defined in terms of the
period of greatest demand; and

v) capability of the irrigation system. This was defined in the
respondent’s terms and was usually stated in terms of time. For
example, with my system, I can irrigate x acres to a depth of x
inches in x hours. 1 usually irrigate for x hours per day so I can
irrigate all of my crops in x days.

Dats supplied through the analysis of these charts yields useful
information that aids in the clarification of:
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i) how farmers define their water requirements as opposed to water
management agencies;

ii) the amount of water used per day of irrigation as opposed to the
amount allocated by water management authgrities;

iii) the most frequently irrigated crops and the amount of water applied
to each crop; and

iv) the timing of water application compared with the most frequent
periods of moisture deficit during the growing season.

S) Irrigation System

Questions dealing with irrigation systems dealt primarily with the
method of water application, fixed and operational costs of the irrigation
system and reasons for changing systems since irrigation was initiated. These
questions were asked to determine:

i) whether the method of application has any effect on the amount

of water used or the frequency of applications;

ii) why farmers have changed methods of application and whether these

changes are related to a desire for increased efficiency in water
use or other reasons such as cost of irrigating, labour availability

or cropping patterns;

iii) the time and location of these changes could point the way toward
problems in water use in future years.

6) Policy and Information

Questions in this section deal with a farmer’s sources of information
and knowledge of government programs or agencies dealing with various
aspects of irrigation. Question 1 asks for a farmer’s sources of information on
any aspect of irrigation. If more than one source was mentioned, the
respondent was asked to rank them in terms of most to least important.

iQuestions 2 - 4 dealt with the farmer’s knowledge and use of government



programs that benefited irrigation agriculture, his perception of government

support of irrigation, the need for support and what form it should take.

Responses to these questions can be analysed to determine:

i) the nature of a farmer’s concerns about irrigation agriculture. For
example, are they related primarily to equipment, water supply or water
use;

ii) what support of irrigation can any of these sources provide to the
farmer;

iii) what programs to aid the farmer with irrigation activities such as
the development of supply, purchase of equipment, or increase in
efficient use are available to the farmer. Are they being used.
Presumably, if the farmer does not know of any programs or if he
feels that government support of irrigation is less than adequate,

he will not look to that source for information concerning

irrigation;

iv) the mention of specific forms of support or reasons given for not

desiring this support would also indicate concerns of the farmer.

Are they related to water use and supply, education or research, or

equipment and management systems.

Question S5 in this section deals primarily with water regulation or
allocation under the Ontario Ministry of the Environment Permit to Take
Water Program. Farmers were asked whether they had a permit or not and if
so, how they calculated the amount of water to apply for. The first part of
this question could be considered redundant as only a list of farmers who held
permits was used for sample selection. However, due to the abundance of
similar names in rural areas, this question provided a cross-check to ensure
that the person contacted was actually the same person who was selected from
the preliminary list. In only one case did this mot turn out to be the case so
that in the sample, there is actually ome person who did not hold a Permit To
Take Water. The second part of this question allows a comparison of water

demanded under the program with water requirements calculated using data



supplied on the irrigation application chart mentioned earlier.

This question also asked whether farmers thought that the permit was
an effective method of managing irrigation water and what changes they felt
should be made to the program. These questions were asked to determine the
degree of compliance or non-compliance with permit requirements and to

determine whether farmers were desirous of changes to this program.

7) Marketing of Crops

Questions asked in this section included whether the crop was intended
for the fresh or proc ssed market, the distance to the immediate market,
whether a contract with any processor or marketing agency existed and the
reasons for following a specific cropping pattern. These questions inquire as to
whether the market of a particular crop influences the amount of water used
on that crop. For example, do vegetables or fruits that are grown for a fresh
market receive more water than those grown for a processed market? Does a
contract or guaranteed market result in a2 higher or lower use of water on a
particular crop and does this arrangement influence the type or variety of
crop being grown? Similarly, responses to these questions can help to
determine whether a contract with a specific market or processing plant has
any localized affect on the demand for irrigation water. For example, do
localized colonies of irrigators appear to be related to the capability to market
a specific crop in the local area? These suggestions would appear to be
inter-related with the farmer’s decision to grow any particular irrigated crop.
Are these decisions related to a best return situation, the provision of a stable

market through contractual agreements, the optimization of labour and other



resources, or is this decision based on other factors altogether? These decisions
may have implications for water use in irrigation in that if any of these
conditions change, can we expect a consequent change in the amount of water
demanded for irrigation. For example, if there is a decline in price of an
irrigated crop, if a farmer closes a contract, or if a packer or processing plant
closes, can we expect a reduction in the amount of land demanding water for
irrigation or do other factors affect the decision to grow a particularly

irrigable or high-value crop?

8) Future Plans

In this section, two questions were asked of the farmers interviewed;
these being whether they planned to alter their acreage or irrigation system
and whether they had any foreseeable plans to switch crops. Responses to
these questions might indicate trends in these specific farms toward more or
less land under irrigation or a maintenance of the status quo. Reasons given
for these changes might also indicate the importance of irrigation to the farm

or farmer rather than to a specific crop or vice versa.

2.3 GENERATING THE SAMPLE UNIVERSE

Two problems were encountered in selecting a sample to interview for
the purposes of this study. First was the generation of a list from which to
select a sample and second was ensuring that the sample selected for study
would be sufficiently diverse to reflect any conditions that might influence or
account for variations in the use of irrigation water over space. These

questions will be dealt with in more detail herein.
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Generating a sample universe when one is considering any specific
agricultural practice is a particularly difficult task. Typical sample selection
such as random extraction from telephone books or the use of an opportunity
samplie cannot be employed without considerable expenditure of time and
money. Fortunately, early in the preliminary research for this thesis, it was
discovered that anyone withdrawing more than 50,000 litres of water per day
from any source in Ontario required a permit to do so from .he provincial
Ministry of the Environment. Recognizing that this would include withdrawal
for the purpose of irrigation, officials of this agency were contacted and

permission granted to examine these permits.

The permits issued for individnals included the following information:

i) Name and address (lot and concession)

ii) Purpose of withdrawal

iii) Source of water

iv) Gallons per minute withdrawn from source
v) Hours of withdrawal per day

vi) Days of withdrawal per year.

A sample permit is included as Appendix II In total, three Ministry of
the Environment regional offices (Toronto, Hamilton and London) were visited
and data collected for 35 ccurcies in southern Ontario. Only permits issued for
the purpose of irrigation were considered, however in some cases the irrigation
of golf courses or turf and lawns may have been included when the exact

nature of the enterprise was not clear from data contained on the permit.
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On quite a number of permits, specific data were missing, particularly
hours of operation, gallons per minute, the number of days of withdrawal and
in some cases, the permitted amount. However, using the data available a
determination was made of the number of irrigators per county, percentage,
source of supply per county and the total potential withdrawal per day in
cach of the counties listed. Complete analysis of this data was prohibited by
tixne constraints and would not necessarily have been reflective of actual
conditions due to the limitations of this data source discussed later in thi.
section. Use of the location data recorded from the permits allowed the
compilation of a “master list” of irrigators in south-central and south-western
Ontario. This list was later used to facilitate the selection of the sample

population used in this study.

2.4 SELECTION OF THE SAMPLE AREA

Weatherford et. al. (1982) suggested that in selecting a sample area, an
effort should be made to include areas which vary in age and size, in sourcs
of water supply, size of farms, capitalization, soil types, distributional systems,
crops and location. These guidelines were developed for studies of irrigation
water use in arid environments but are just as applicable to humid areas
where geographic variation in patterns of use is important. Although the
permit data did not include physical or agricultural data such as soils or
irrigated crops, it did provide an estimate of the intensity of irrigation and
the source of supply in each of the counties examined. Based on this data and
agricultural and physiographic data, three counties were selected for closer

examination in this study. It was assumed that the variation in distance and
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physiographic conditions would be sufficient to produce a significantly
different sample population and eliminate any bias of homogeneity. As
Lounsbury ans, Aldrich (1986) have suggested,

“the researcher must bear in mind that the primary objective

of geographical fieldwork is to collect data pertinent to the
problem and not to create a complex and theoretical sample

design.”

The counties selected are described in some detail later in the thesis and
are illustrated in Figure 2.1. They are Kent County, Simcoe County, and the
Regional Municipality of Haldimand-Norfolk; formerly the separate counties of
Haldimand and Norfolk. As the majority of irrigation occurring in the
Regional Municipality of Haldimand-Norfolk is located in the former county
of Norfolk, it was decided to concentrate on this area and not include the

former county of Haldimand in the analysis.

2.5 SELECTION JOF THE SAMPLE

The selection of the sample population to be interviewed was complet. :
using a stratified random sampling technique. The lists of irrigators for each
of the three counties were organized by township. A1l pertinent data had been
hand-recorded on separate sheets of paper. Two pages were selected at random
from each of these townshaps and depending on the number of names per
page, a standard interval was assigned for selecting potential candidates. For
example, if there were nine nmames or one page, the third, sixth and ninth
names were selected. A provisional list of 20 names were seiccted for each
county. It was desired to intexview 15 farmers in each county. This was not

to guarantee the representativeness of the sample, indeed, the sample is not



29b

L2 3HNDIJ

un 021
| S—

09

0

SvY3HVY ACGNLS 3HL 4O NOILYOOT

ang axen

sony e m
./.




30

presented as representative. It is the individual worth of each sample that is
of import to this study and projections based on this sample cannot be
considered as concrete. The sample size is actually quite small and the study

must be considered as exploratory and the analysis as descriptive.

Lot and concession locations were recorded for each selection and the
closest town to each sample location was recorded. Telephone directories for
each area were then consulted and the accordant telephone number for each
selection was noted. Often times, a particular name could not be matched with

a number in the directory and the process of selection was repeated.

Potential respondents were subsequently contacted by telephone,
informed of the nature of the study, the length of time that an interview
was likely to consume and their participation requested. Response to this
technique was generally favourable and Table 2.2 lists the response figures for
each county. The average response rate for all three counties was 68% of the
potential candidates. This breaks down to 64%, 75% and 68% resprctively for
Norfolk, Kent and Simcoe counties. It should be noted that the number of
respondents interviewed was actually less than the number consenting to an
interview due t'o the absence of these respondents from their homes at the
agreed upon time of the interview. This is likely due to unforeseen
circumstances on the part of the respondent and does not necessarily reflect

an unwillingness to comply.
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TABLE 2.2 RESPONSE TO THE SURVEY QUESTINNNAIRE
KENT COUNTY SIMCOE CQUNTY NORFOLX COUNTY

No. of Calls Made 19 34 45

No. Contacted 19 {100%) 29 (100%) 33 (100%)
No. Consenting to 12 (63%) 1S (51.7%) 16 (48.5%)

an Interview

No. Interviewed 9 (75%) 12 (80.0%) 18 (37 5%)
No. Not Home at 3 2 2

Scheduled Time

REASONS FOR REFUSAL

a) Too Busy 4 6 7
b) Do Not Irrigate 3 6 s 2
c) No Longer Farm 0 2 6
d) Not Interested o 2 2
Response Rate* 75% 68% 64%

*Note: Total response rates for each county were calculated as:

R¢ = C.I. X 100
P.1.C.

Where C.1. = No. of people consenting to an interview
P.1.C.= Potential interview candidates defined by their ability

to respond (ie. persons no longer farming would not be
considered as a potential interview candidate).
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Although the response rates are high when compared to the normal
response of 30% to 40% for mail questionnaires (Lounsbury and Aldrich 1986),
they do seem low for the personal interview technique. This could be the
result of two factors. First the respondent had the opportunity to refuse over
the phone without having met the interviewer and secondly, the timing of the
survey was poor. In the cas¢ of this study, the second condition would prove
to be most likely. Late May and early June aye particularly busy times for
farmers in southern Ontaric as ther are involved in land preparation and
spring planting activities. This is reflected in the number of persons contacted
who suggested that they were "too busy” to take part in the survey. Outright
refusals however, were minimal and the most common reasons for not taking
part in the survey were that persons had discontinued farming or were no
longer irrigating. These two factors provide a warning for interpreting the
permit program as a definitive data source. Permits need only be renewed
every five years for a surface water source of supply and every ten years for
a groundwater source. Obviously much can happen to change a farmer’s need
for and use of water within those time periods and thus the permit does not
necessarily reflect current water use practices. With this in mind any
references to data from the permit program used throughout this thesis should

be viewed and treated with caution.

2.6 ADMINISTRATION OF THE QUESTIONNAIRE

All interviews were conducted in the home or on the farm of the
respondents at an agreed-upon time and date. The time to complete the

interview averaged between 45 minutes to one hour, although some were
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completed in as little as 25 minutes and others over 90 minutes. These time
frames generally reflected the interest of the respondents in this study. In
general, the shorter the interview, the more “no comment”, "don’t know” or
"couldn’t say” responses. Conversely, the longer interviews reflected the
specificivy of response, although in some cases, this was evidence of the
interview “getting off- track”. When this occurred, an attempt was made to

bring the conversation back to the specific concerns of the survey.

In this vein, it is of some note that interviews often took the form of
general discussion and in the course of that discussion, respondents provided
the answers to a number of questions without those questions having been
asked. This was the most agreeable form of interview both for the researcher

and apparently for the respondent.

Respondents typically seemed “more at case” when the interview
discourse took the form of "just amother chat”. Young (1966) noted the
benefits of these "free-flowing accounts” where respondents might suggest
explanations of their behaviour which may account for their motivation and
actions and provide new insights not afforded by other explanatory techniques.
Many of the ideas and suggestions contained in this.thesis are a direct result

of these "explanations™.

Although the personal interview particularly in rural areas, is costly
both financially and in terms of travel time, it proved in this case tc be the
most effective means of obtaining information, both quantitatively and
qualitatively. Lounsbury and Aldrich (1986) have noted the benefits of the

personal interview technique as:
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i) the ability to clarify ambiguous answers while in the
presence of the respondent.

ii) allowing the interviewer to control the question sequence
and probe for additional details,

iil) the personal interview is not as dependant on the educational
and literary level of the respondents as other methods.

2.7 PROBLEMS AND BIAS IN THE DATA BASE

This particular study could be considered to have a biased sample due to
the methods used in generating a sample "universe” and in sample selection.
Although all irrigating farmers are required to have a permit to take water,
in all likelihood, this is not the case. Indeed, it is estimated that the program
captures only 66-75% of all major agricultural water users (Vallery, personal
communication 1987). To confirm this, a brief survey was conducted in a
small portion of one of the study areas. In this area, a road follows the route
of the source of water, in this case a drainage canal, and the irrigated
properties are visible from the road. Pumps are located close tc the road and
lines are run underneath the road to siphon water from the canal. A traverse
was conducted along this road and the number of pumps recorded. Only one
pump for each individual property was counted, and each individual property
was designated as such by the presence of a house acjacent to the road. It was
found that 41 pumps were taking water from this particular source while
only 18 permits to take water from this source were uncovered in government
files. This isolated reconnaissance would suggest that less than 50% of the

withdrawals from this source are permitted.

These examples indicate that the data used to generate samples for this
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study does not include all of the potential sample population. This problem
might have been remedied by obtaining lists of growers of commonly irrigated
crops from marketing agencies. It was assumed, however, that the time
expended in generating these lists would not necessarily have provided a more
detailed or representative inventory. To quote Lounsbury and Aldrich (1986)
once again,

"all geographic field research problems are sample studies

in the sense that it is not possible to obtain information

for the entire spectrum of a given area, no matter how small..

any given research area is a portion of a larger area, and

even if all the data in a research srea were obtained, they

would represent only a sample of a larger universe.”

Bias is also evident in the selection of case studies. Farmers were chosen
on the basis of their willingness to cooperate with the project. After the
initial random selection of candidates, the list was not subdivided any further.
If the first five and last five names on the list consented to an interview
and those in between did not, then those 10 consenting were interviewed;
although they were not necessarily representative of all those potential

respondents on the list. No .matter how one attempts to avoid it, some bias is

inevitable, and time the limiting constraint.

2.8 COMMENTS ON THE METHODOLOGY

Although the 35 cases are an extremely small proportion of the total
number of irrigating farms in Ortario, each can be considered as a specimen
farm with some conditions peculiar to that farm and some conditions or
operating practices that would be held in common with other farms. Given

the range of crops grown, farm sizes and personalities of farmers interviewed
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for this study it seems improbable that a truly representative sample could

ever have been obtained.

Reasons for a low response rate for this sample have already been cited,
but the matter of timing deserved further comment. Given that the survey
was conducted at a busy time of year for farmers, initial contact was often
difficult to make and many repeated calls were necessary. The most successful
times for contact were, perhaps predictably, during the early afternoon

(12:00-2:00 p.m.) and the early evening (6:00-9:00 p.m.).

On a broader scale although the sample size was limited by the activi:y
of the potential candidates it is suggested that the time span of the survey
may actually have enhanced the knowledge level of respondents. At this time
of year many of the farmers were beginning to think about a new growing
season, of which irrigation is an important component. In fact, owing to a
particularly dry spring, a few of the respondents had already used their
irrigation equipment. It seems logical to assume that answers to questions
relating to a particular practice would contain a higher degree of accuracy
when that practice is being used or thought about, than at a time when it is

far from mind.
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CHAPTER 3

THE DEVELOPMENT OF IRRIGATION AGRICULTURE IN ONTARIO

Although this study is primarily concerned with the water use
practices on individual irrigating farms, the current pattern of water use
in any area cannot be understood in isolation from the pre-conditions which
have created the "need” to irrigate, and influenced the spatial and
temporal pattern of irrigation agriculture. This chapter serves as an
introduction to the study areas mentioned in Chapter 2 and provides a basic
geographical foundation for understanding the water management practices
described in later chapters. Discussion is organized in a progressively
focused order; beginning with a general description of the evolution of
irrigation agriculture in Ontario; proceeding to a consideration of the
physical and climatic parameters of cach of the sample countiecs; and ending

with a description of the land-use characteristics of the surveyed farms.
3.1 BACKGROUND

The practice of supplemental irrigation is a relatively recent
addition to the agriculturai landscape in southern Ontario; having first
appeared in the early 1900’s. The subsequent pattern of adoption exhibits
the classic sigmoidal form common to most technolcgical innovations in
agriculture. Although no official statistics were recorded prior to 1950,
an early study by Roger (1920) estimated that no more than 20-30 hectares
of arable land were under irrigation in 1920. Roger (1920) suggested that

whereas early market garden farmers had sought out heavier soils adjacent
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to urban areas because of their ability to retain moisture, later entrants

to the commercial garden business were forced onto more distant marginal
soils because of the price of , and intense competition for, garden land
near the cities. These growers, Roger suggests, saw the benefits of
irrigation in combatting the poor moisture retention characteristics of
sandier soils and producing a marketable crop early in the growing season.
Thus, they were assured of a premium price for their produce which tended
to ameliorate any of the disadvantages associated with a greater distance

from the main market.

The adoption of irrigation increased slowly over the next 30 years
and by 19S50 almost 500 farmers were irrigating 2053 ha. of land (Table
3.1). Even though some irrigation was present in most of the counties of
southwestern Ontario by this time, expansion of the practice was primarily
concentrated around the "golden horseshoe”— those rapidly urbanizing
counties surrounding the western tip of Lake Ontario -~ and Essex County,
the southwestern most point of the province(Figure 3.1). Unfortunately,
specific irrigated crops were not identified in the 1950 census of
agriculture. It can be assumed, however, that irrigation was still largely
confined to high-value market garden vegetable and fruit crops. Although
the growth of irrigated land between 1930 and 1950 represented a relative
increase of 4900%, the following ten years saw a remarkable increase to

32,645 ha. of cropland and over 3000 irrigating farms.
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Although this increase is significant, it is important to note that
irrigation was not, and is not, a widespread practice among Ontario
farmers. In 1960, irrigated land represented only 0.67% of the improved
land in the province and 2.6% of the total number of farms. Even at its
peak in 1970, less than 1% of the cultivated land in the province was

irrigated on less than 5% of the farms.

The decade between 1950 ana 1960 saw most counties in Ontario
experience a notable growth in irrigated acreage(Figure 3.2). The most
significant increase during this period occurred in the tobacco belt of
southwestern Ontario, and in particular, Norfolk County. By 1960, over 30%
of Ontario tobacco growers were irrigating 25,000 ha. of land or almost 50%
of all land under tobacco (Table 3.2). Several inter-related reasons have
been put forth for the expansion of irrigation during the 1950°s. Perhaps
the most important was a series of particularly dry growing seasons during
the first half of the decade. During the growing seasons of 1952 through
1955, precipitation was as much as 40-50% below monthly means in some areas
(Hore and Underwood 1957). Concern over the effects of these drought years
was frequently expressed in farm periodicals of the day with headlines such
as: "With Profits Being Cut in Times of Drought, More Farmers are Turning
to Supplemental Irrigation” (Western Ontario Ledger 1953), promoting the
benefits of irrigation. Aperiodic droughts are not uncommon in Ontario
however, and particularly dry years had been experienced in 1933, 1941 and
1946 prior to the dry growing scasons of the 1950’s. Why then had
irrigation not been adopted ecarlier? Irwin (1969) attributes this to the

availability of equipment, or more precisely the lack of equipment.
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Aluminum me 1 was extremely expensive prior to 1945 and most crops were
irrigated by hand or with discarded fire hose. However, with the
availability of relatively inexpensive light weight aluminum tubing and

high pressure pumps after World War II, sprinkler irrigation became more
feasible and profitable. Additionally, it is not without note that
supplemental irrigation gained an earlier foothold on farms in the
northeastern United States. By 1949. almost 8,000 ha. were under

irrigation in New York (Allee 1961), and an additional $700 ha. in Michigan
(Bajwa 1983). Early equipment dealers in these two areas apparently saw
Ontario as a potentially lucrative market and established dealerships in
Leamington and Grimsby in 1946. By 1955, a large number of Canadian
manufacturers and distributors of American equipment had entered the market
and were primarily concentrated in the tobacco beit of southwestern Ontario

(Irwin 1969).

An additional factor which provided an incentive to irrigate during
the dry years of the early 1950’s was the favourable prices being received
for fruits, vegetables and tobacco, relative to other crops. With the
growth of urban areas during the first half of this century, the demand for
fruits and vegetables was steadily increasing and the rapid development of
the processing industry following WWII provided an extended market for
producers. In addition, the increased demand for cigarcttes following WWI
continued into the 1950’s and 1960°s, providing growers with the highest
per hectare value of any crop in Ontario (Spelt 1967). Thus, the decade of
the 1950’s combined several ingredients which triggered the rapid

development of irrigation agriculture in southern Ontario — an extended
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period of below normal precipitation, the recent development and
availability of technology and a favourable agricuitural economy in which

the price of production inputs was relatively low compared to returns.

The period between 1960 and 1970 saw a deceleration in the adoption
of irrigation. An additional 7600 ha. was added to the irrigated land base
by 760 farmers(Figure 3.3). Tobacco and vegetables (including potatoes)
still comprised the greater part of this land but a noticeable increase
occurred in the irrigation of grain and forage crops in eastern Ontario.

The reason for this growth is not immediately clear but is likely partially
attributable to a transfer of knowledge from the province of Quebec, where
73% (27,416 ha.) of the total irrigated area was under forage crops as of
1971, (The question of why so many more farmers in Quebec irrigate forage
crops than do in Ontario presents an interesting problem for agricultural
geographers.) A significant increase of 70% of the irrigated area of
strawberries aliso occurred between 1960-1970. This was likely due to the
adoption of irrigation as a frost prevention technique and the advent of

"Pick-Your-Own” enterprises.

According to official statistics, the absolute irrigated area and
the number of farms practicing irrigation decreased between 1970 and
1980(Figure 3.4).This is likely true, but must be interpreted with caution
as per the note following Table 3.1. Absolute acreage and the number of
irrigators both declined to levels below those reported for 1961. Although
the 1961 census of agriculture did not ask for the irrigated area of

individual crops, most of the decline seems to have occurred
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in Norfolk County and the adjacent counties of the tobacco belt. The
absolute decrease in Norfolk County alone was 3818 ha., accounting for
almost 50% of the total provincial decline of 8128 hectares. This loss is
associated with the general decline in the tobacco industry as a whole.
With an increased awareness and publication of the deleterious health
effects of cigarette smoking during the 1970’s and 80's, public demand for
tobacco has dropped substantially, as has the market price. Many farmers
have either been forced out of the business altogether or have opted to
produce alternate crops, which cannot be grown profitably under irrigation.
(Again, here lies a potential area of research for agricultural geographers
and rural sociologists. Changing attitudes and social preferences are
significantly altering the face of what geographers would call an
"agricultural region”. Signs of rural decline and the process of circular

and cumulative causation are present everywhere. Abandoned farms are not an
uncommon site, farm auctions are ubiquitous, closed businesses in both
villages and towns are becoming increasingly evident, farm implement
dealers are closing their doors, a local tobacco auction house recently

filed for bankruptcy. Respondents to this study reported of friends and
neighbours who had committed suicide. The process of decline is also
evident in physical forms; roads are often covered by the light, sandy soil
blowing off of unplanted fields. Here is what McCuaig and Manning (1982)
would call a "retreating margin” in the midst of an agricultural
"heartland”™. It is not sare how such research could help the local
residents, but it would certainly contribute to an understanding of the

process ~” change in agricultural land-use, and perhaps point the way to
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possible future uses of this potential dust-bowl.)

A decline in irrigated acreage was also evident in the counties
surrounding the expanding megalopolis of Metropolitan Toronto, and most
particularly in the counties of castern Ontario. Apparently, irrigation of
forage crops in these counties did not prove profitable. A picture of
irrigation land-use since 1980 cannot be presented here as the most recent
census report is not yet available. However, historical analyses of this
particular form of agriculture will continue to be hindered unless census
categories are altered to permit a greater degree of specification and

accuracy.

The development of irrige .on in Ontario was essentially a crisis
response to drought; in effect, a crop-saving practice. For the most part,
it has been adopted for use on high-value crops and has been centred in
southwestern Ontario. The amount of land under irrigation seemingly reached
its peak in the early 1970’s and has since declined, primarily due to a
fluctuating agricultural economy. It has never been a widespread practice
among farmers and barring severe climatic change, drastically altered
cropping patterns or dramatically increased revenues for mainstay crops
such as soyabeans and corm, likely never will be. Nonetheless, it is an
important tool for those farmers who use it in localized are» . A detailed
examination of all of those arcas would be a prohibitively time consuming
task and outside of the ambit of this study. The remainder of this chapter,
then, wiil focus on the physical environment of those three areas selected

for examination and the land-use peculiarities of those farmers selected
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for study.

3.2 THE PHYSICAL ENVIRONMENT OF IRRIGATION AGRICULTURE

The preceding discussion primarily focused on the spread or
adoption of the practice of irrigation in Ontario but said little of the
physical environment of irrigation agriculture. Although not necessarily
determining factors in the use of irrigation, there are certain physical
components such as topography, soils and climate which provide a framework
for understanding irrigation land-use as discussed above, and provide a
basis for understanding the management of irrigation water to be discussed

in the following chapters.

3.2.1 Soils

The textural nature of soils play an important role in delineating
the boundaries of irrigation agriculture. Specifically, two important
derivatives of soil texture affect the use of irrigation in any area; these
being permeability and moisture retention. Permeability is the ability of
the soil to transmit water or air and is generally measured in terms of the
rate of water flow through the soil in a given period of time (Foth 1978).
Although other factors play a role, permeability is primarily dependant on
soil texture and structure. Coarse-textured sandy soils have large pore
spaces which facilitate the infiltration and percolation of moisture,
whereas finer-textured clay soils have smaller pore spaces which limit the
passage of moisture, resulting in poor permeability. Similarly, pore size

is important in determining the moisture -etention characteristics of a
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soil. "The percentage of the volume occupied by small pores in sandy soils
is low, which accounts for their low water-holding capacity. In contrast,
the fine-textured surface soils have more total pore space and a relatively
large proportion of it is composed of small pores. The result is a soil
with a higher water-holding capacity”™(Foth 1978). Thus, coarse-textured
soils, although providing excellent natural drainage, are more susceptible

to seasonal moisture deficiencies than finer-textured soils. Generalized

soil maps (Figures 3.5, 3.6, and 3.7) portray the distribution of soil

texture classes and the location of irrigating farms for each of the sample

counties.

a) Kent County

The majority of irrigating farms in Kent County are found east of
the county seat of Chatham, on the coarse-textured sandy loam soils of the
Bothwell/Kent sand plain (Fig. 3.5). These sands are of a deltaic origin
associated with the drainage of the Thames river into proglacial Lake
Warren, and are underlain by clay at a depth of 1 to 1.5 metres. Evidence
of the clay plain of Lake Warren is found in the dominantly fine-textured
clay and silt soils to the west of the sand plains (Chapman and Putnam
1973). The underlying clay beds throughout most of Kent county have,
historically, presented problems of imperfect drainage and a network of
systematic drainage canals was established during the late 1800's,
relatively early in the agricultural settlem nt of the county (Lauriston
1952). For the most part, the sand piai.s have a very gently undulating

topography and drainage is
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oriented toward the Thames river or Lake St. Clair in the northern portion
of the county. An exception to this is the morainic ridge which lies almost
parallel to the present-day Lake Erie shore and extends from Ridgetown to
beyond Blenheim. South of this line, short- run streams drain toward Lake
Erie. Although the soils of the sand plain are predominantly Class 2 under
the Canada Land Inventory classification, agricultural productivity is
hindered by problems of low natural fertility and low moisture-holding
capacity (Canada Land Inventory, Soil Capability for Agriculture Mapsheet:
Erie 401, 1967).

All of the farms surveyed for this study fell within this classification.

b) Norfolk County

Norfolk county is characterized by the coarse sandy loam soils of
the extensive Norfolk sand plain. Exceptions include the western edge of
the Haldimand clay plain which extends iato the county, and a narrow band
of clay soils which separates the spit of Long Point from the rest of the
county. The Norfolk sand plain is generally considered to be a delta of the
carly Grand river system draining into‘glacial Lake Whittlesey (Chapman and
Putnam 1973). Figure 3.6 shows that the pattern of irrigating farms is
confined to the sand plain with distinct terminal boundaries at the margin
of the Haldimand clay plain and above tke heel of Long Point. The
topography of the area is undulating and the region is dissected by a
number of steep river valleys, most notably the Big Creek basin in the
western portion of the county. In contrast to Kent, the sand deposits are

relatively thick and natural drainage is good. The majority of the sand



-56-

plain however, is considered to be Class 4 land or lower. Major limitations
are low natural fertility and low moisture-holding capacity (Canada Land
Inventory, Soil Capability for Agriculture Mapsheet: Erie 401 1967). This
classification, though, neglects the fact that these soils have high

productivity for a specially adapted crop. Such is the case with tobacco,
which thrives on light, well-drained sandy soils that warm rapidly in the
spring and promote early growth. Of the ten tobacco farmers interviewed for
this study, seven were located on soils of Class 4 or below. Conversely,

vegetable and fruit growers were located on soils of Class 2 or better.

¢) Simcoe County

The distribution of soil texture classes is more complex than those
of the Kent and Norfolk areas. Irrigation however, is still largely
confined to the coarse-textured sandy loam and loamy sand soils of the
region. In the southern part of the county, these sands are predominantly
limited to the broad flats of the Nottawasaga river basin which was, at one
time, part of the floor of glacial Lake Algonquin. Surface beds are
therefore of deltaic and lacustrine origin (Chapman and Putnam 1973). To
the north of Allistun, however, sards have been brought into the area by
the Pine and Mad rivers. These are the "loose, coarse-textured materials
which have been well drained by entrenchment of rivers of the area”, cited
by Chapman and Putnam (1973). These soils are typically of a lower class
than those to the south but the limiting factors in both cases are still
low natural fertility and poor moisture retention. A significant cluster of

irrigating farms is also present on the orgamic soils located in the
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southeast portion of the county. This area, known as the Holland marsh, is
essentially the floor of a valley which extends 24 km. from the southern
tip of Lake Simcoe and is sided by high morainic hills. Drainage of the
marsh was initiated in 1925 and since that time, this reclaimed land has
become one of the most intensively farmed, vegetable producing regions in
the country. The organic soils are mainly a fibrous peat and irrigation is
primarily used to combat soil erosion, plant abrasion, and heat stress. Of
the twelve farmers interviewed in Simcoe county, four were located on

organic soil, three on Class 3 or 4 land, and five on Class 2 or better.

In general then, the pattern of irrigation in these study areas,
and likely in wmost of the province, is contained within areas of
coarse-grained and reclaimed organic soils. Coarse-grained soils generally
have two factors which limit their productivity: low natural fertility and
poor moisture-holding capacity. Yet, they are particularly well-suited to
some high-value crops such as tobacco, potatoes and strawberries. Of
particular note is Norfolk county which was long considered to be a
marginal agricultural region prior to the introduction of tobacco
cultivation in the 1920’s (Whebell 1966). Organic soils typically have
excellent moisture retention capacity in the root zone but are susceptible

to the drying out and acolian erosion of their upper layers.

3.2.2 Climate

The climatic conditions of the threc regions under study are

broadly similar to the rest of southern Ontario which is generally
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categorized as having a humid continental climate. January is the coldest
month of the year and July the warmest. Cultivated agriculture is primarily
limited to the period between May and October, although in Kent and
Norfolk, the modifying influence of Lake Erie extends the growing season
longer than the inlund county of Simcoe. Late spring frosts commonly
terminate at the end of April along the shores of Lake Erie and 10-14 days
later at more inland locations. Similarly, the first early fall frost, on
average, occurs on October 15 along the lakes and two weeks earlier in the
central counties (Spelt 1967). The main characteristic of Ontario’s

climate, however, is variability. Hare and Thomas (1979), for example,

note the occurrence of a killing frost in mid-June of 1972 which devestated
the tobacco crop of the Norfolk area. Perhaps as a result of this day to
day variability, Hare and Thomas (1979) suggest that precipitation is
unusually reliable, and there are seldom any markedly long dry or wet
spells. A brief description of the climatic factors affecting the need for

irrigation in each of the study areas is presented below.

a) Temperature and Sunshine

Reflecting their proximity to the Great Lakes, Kent and Norfolk
counties have relatively long average frost-free periods of 161 and 154
days, respectively. Simcoe County, in its central location has a shorter
average frost-free period of 133 days. For agricultural purposes, the mean
annual number of growing degree days (using a § C minimum) takes into
account both duration and warmth of the growing season and thus reflects

the total amount of heat available for plant growth. The period between the
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average date of occurrence of a mean temperature of § C, however, is
generally greater than the frost-free period. Growing degree days for Kent,
Norfolk and Simcoe are around 4000, 3500 and 3100 respectively. Kent
County, with a mean annual temperature of 3.8 C, warms early in the spring
with a mean of 12,9 C in May. Norfolk County follows closely with an annual
mean of 7.8 C and a mean May temperature of 12.6 C. Simcoe County lags
behind with a mean annual of 6.1 C and a May mean of 109 C (Table 3.3).
Temperatures of all three counties reach an annual maximum in July, with
Kent recording a mean of 21.6 C , Norfolk at 20.6 C, and a July mean of
19.5 C in Simcoe County. Temperatures decrease through August into
September, with Kent displaying a September mean of 17.6 C, Norfolk at 16.2
C, and Simcoe recording 15.1 C. Again, variability in temperature is

common, but weekly means during July rarely exceed 26 C or fall below 16 C

in these counties.

Radiation is not a2 limiting factor for agriculture in the study
areas. The daily duration of bright sunshine (as a measure of radiation) is
associated with temperature, evaporation, the water balance, 1 influences
the photosynthetic potential of plants. The duration of bright sunshine is
similar throughout most of southern Ontario. The region as a whole can
expect an average of 1800-2000 hours annually with a maximum daily mean of
9 hours in July. The mean daily duration of bright sunshine for May, June,
August and September are 7.5, 8.8, 8.8, and 6 hours, respectively. The low
durations during the spring and fall are associated with increasingly

overcast skies and a
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shortened daylight period. During the summer, there are very few overcast
days, although completely cloudless days are also rare (Hare and Thomas
1979). Although significant rainfall occurs during this period, it is

usually in the form of brief intense thunderstorms rather than the longer

duration events of fall.

b) Precipitation

A common assumption with regard to irrigation in humid environments

is that the addition of supplemental water is needed because of a poor
distribution of precipitation throughout the year, with most of it

occurring during the winter in the form of snow. This is not the case in
southern Ontario. Rather, precipitation is remarkably well-distributed
throughout the year and particularly, throughout the growing scason. For
example, the average annual precipitation in Norfolk County is 953 mm. Of
this, 399 mm. or 42% occurs between May and October. In Kent and Simcoe
counties, this proportion is still greater with 45.3% and 46.6% of the

total, respectively, occurring during the growing season (Table 3.3). There

is no consistent seasonal progression in precipitation in any of the
counties. On the average, for example, the wettest month of the growing
season in Norfolk County is May (85.3 mm.), while in Simcoe County, it is
July (75.4 mm.). Similarly, while 1n Norfolk County, the months of August
and September receive, on the average, more precipitation than July, the

opposite occurs in Kent County.

The need for irrigation is not related to ptrmanent or seasonal

drought in the form of a skewed distribution of precipitation away from the
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growing season, but is more a factor of the increased rate of evaporation
and transpiration during the spring and summer months. During this period,
evapotranspiration commonly exceeds effective precipitation, creating a
scasonal moisture deficit. From calculations of the seasonal water balance,
it can be seen that a negative water balance exist throughout the growing
season in each of the study areas (Figures 3.8, 3.9, 3.10: These figures

are based on the calculations of Johnstone and Louie (Appendix II) who
incorporate a soil water holding capacity function into their water budget
model. This ranges from 100mm. for sandy soils to 280mm. for clay suils.
Unfortunately, however, calculations have only been performed for a limited
number of climate stations and although Figures 3.9 and 3.10 are located
within Kent and Simcoe counties, they are not located on coarse-textured
soils. The W.H.C. appointed to the Ridgetown station is 280mm. and to the
Midhurst station, 150mm. These figures over- estimate the W.H.C. of sandy
soils and consequently, figures 3.9 and 3.10 under-represent the magnitude
and frequency of water deficits on irrigated soils.) The three counties
studied exhibit a similar annual trend. A surplus of moisture exists during
the winter months as precipitation accumulates in the form of snow and
evapotranspiration is reduced. The onset of melt in February leads to
moisture surplus peaks in March and April as it adds to the precipitation
base. By May, the snowmelt component has typically been exhausted and
precipitation is left to satisfy the moisture balance. Although

precipitation remains relatively constant during this period,
evapotranspirative demands steadily increase with renewed plant growth in

late spring and seasonal increases in temperature and radiation.
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Moisture deficit peaks are typically reached in July and August. While
precipitation during these months is not markedly lower than any other time
of year, components of evapotranspiration are at their maximum. Gradually,
as crops reach maturity, temperatures decrease and day-lengths shorten,
deficits subside into October and November and precipitation again exceeds
potential evapotranspiration. Although this basic outline describes the

annual water balance trend, seasonal variations are also evident. Figures

3.8, 3.9, and 3.10, for example, show that although moisture deficits are

the dominant condition during the growing season, moisture surpluses are

not uncommon. The modifying effects of the Lake Erie on the balance of Kent
and Norfolk counties is also evident in these figures. Surplus peaks in

Simcoe are typically reached two weeks later in the spring than Norfolk and

Kent, while the onset of surplus conditions in the fall occurs two weeks

earlier.

Annual variability is also evident in the magnitude of the moisture
deficit (Figures 3.11, 3.12, 3.13). Norfolk Tounty suffers the greatest
deficit with an annual mean of 109mm. However, over the period of record,
the «.. .al deficit has ranged from less than SOmm. to over 200mm. The mean
total deficit for both Kent and Simcoe are lower at 69mm. and 65mm.,
respectively, but variation is just as evident, ranging from Omm. in both
counties to over 150mm. in Simcoe and almost 250mm. in Kent (remembering
that the data is not necessarily representa.ive of irrigated soils in each
area.). Not only is there considerable variability in the total moisture
deficit per year, but there is also great variability in the weekly

occurrence of moisture

e e e e e e S i i



FIGURE 3.11
TOTAL MOISTURE DEFICIT PER YEAR

(Delhi station)
1962~ 1985

NORFOLK COUNTY
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FIGURE 3.12
TOTAL MOISTURE DEFICIT PER YEAR

KENT COUNTY
1960~ 1985

(Ridgetown station)
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FIGURE 3.14
OCCURRENCE OF MOISTURE DEFICIT IN WEEKS PER YEAR

FOR THE PERIOD 1962 TO 1985

NORFOLK COUNTY

(Delti station)
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FIGURE 3.15
OCCURRENCE OF MOISTURE DEFICIT IN WEEKS PER YEAR

(Ridgetown station)

KENT COUNTY
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FOR THE PERIOD 1960 TO 1985
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FIGURE 3.16
OCCURRENCE OF MOISTURE DEFICIT IN WEEKS PER YEAR

FOR THE PERICD 1967 TO 1985

SIMCOE COUNTY
(Midhurst station)
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deficits between years (Figures 3.14, 3.15, 3.16). Kent County for example
has experienced a range from no deficit at all, to a moisture deficit in
over 20 weeks of the year. Norfolk and Simcoe show similar patterns of
variability. Generally, there is a consistent relationship between the
magnitude of the annual deficit and the temporal frequency of deficit
occurrence (ie. the greater the number of weeks experiencing a moisture
deficit in a given year, the higher the total annual deficit for that

year). This relationship is not as evident in Norfolk County as it is in
Kent and Simcoe counties. In 1974, for example, Norfolk county experienced
a total deficit of 115.5mm. over 14 weeks. The following year, however,
recorded a deficit of 160mm. over a much reduced time span of 7 weeks. A
more detailed analysis of the climatic data would be required to shed light
on the reasons for anomalies such as this. Nevertheless, it is evident that
variability is the main characteristic of both seasonal and annual water

balance conditions in each of the study areas.

3.2.3 Conclusion

Climatic conditions as they affect agriculture in the study areas are
locally unpredictable and variable from year to year. However, there are
general factors of the physical environment which tend to delineate the
boundaries of irrigation agriculture. Although precipitation is not
necessarily a limiting factor to productive agriculture — as evidenced by
the provincial dominance of "dryland” farming — high radiation and high
temperatures during the summer growing season lead to rates of

cvapotranspiration which generally exceed the input of precipitation from
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June to October. This condition tends to create a net moisture deficit
during the growing season in most years. This moisture deficit poses more
of a limiting constraint to agriculture where crops are grown on
coarse-textured sandy soils due to their poor moisture retention

capacities. Other characteristics of these soils, however, make them
particularly suitable for the production of certain high-value crops. Their
loose structure provides excellent drainage, promotes rapid warming early
in the growing scason and presents no textural impediment to deep-rooting
crops such as potatoes and tobacco. Hence, irrigation agriculture is

largely confined to areas of coarse-textured soils in an effort to realize
the advantages they offer while minimizing the detrimental effects of

seasonal moisture deficiencies.

3.3 IRRIGATION AGRICULTURE IN THE SAMPLE COUNTIES

Unfortunately, irrigation land-use in Ontario has received meagre
attention in the agricultural ccnsus of the province. Ccnsus reports prior
to 1950 make no mention of irrigation activity. The survey of 1950 recorded
irrigated acreage for each county but makes no mention of irrigated crops.
Surveys of 1960 and 1970 improve the data base to include areas of
irrigated crops, but the 1981 census failed to distinguish between crops
and again only reported the total irrigated acreage per county. In the
absence of any contemporary census data reporting on the characteristics of
irrigating farms, this section will present a brief description of the

agricultural nature of the farms and farmers surveyed for this study. This
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discussion is organized under the headings of: irrigation land-use;
changing land-use under irrigation; marketing; and experience and outlook

of farmers, for each county surveyed.
3.3.1 Kent Crunty
a) Irrigation Land-use

As in most of the province, irrigation is not a widespread practice
in Kent County. According to the most recent agricultural census, only 578
ha., or 0.3% of the 204,932 ha. under crop were irrigated as of 1981
(Statistics Canada 1981). Generally, Kent County forms the western tip of
southern Ontario’s corn belt, and field crops such as silage corn, wheat

and soyabeans dominate the agricultural landscape.

A total of 9 farms were surveyed in Kent County, irrigating a land
base of 142.3 ha. A breakdown by crop is as follows:

~7 farms irrigated a total of 72 ha. of tobacco

—S farms irrigated a total of 41 ha. of vegetables

—4 farms irrigated a total of 17.7 ha. of small fruits

—2 farms irrigated a total of 11.6 ha. of tree fruits
This absolute distribution is misleading. Of those farms irrigating
tobacco, for example, four had land «-cas of between 10-15 ha., whii three
had between 4-10 ha. under the crop. Similarly, four of the tobacco growers
irrigated small acreages of vegetables and small fruits in addition to
their tobacco crop. In only one case did this acreage exceed 2 ha. One farm

accounted for 57% of the irrigated land under vegetables. Diversification

in production rather than single crop cultivation appears to be the norm. A
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mixture of irrigated and "dryland” crops was evident on all farms. This is
reflected in the percentage of land irrigated relative to the total area of
cultivated land for each farm. For all farms surveyed, an average of 16.3%
of the total cultivated land was irrigated. This ranged from 6.7 to 67.5%
but was always less than 20% on those farms where the main irrigated crop
was tobacco. Thus, irrigated tobacco is only a small part of the farm
operation on these properties. The remaining land was comprised of wheat or
rye as a rotation crop for tobacco, and all farmers reported that hybrid

corn and soyab:ans accounted for a propcrtion of their cultivated land.

Irrigating farms in Kent County, when both irrigated and
non-irrigated land is considered, are slightly larger than the provincial
average of 73.2 ha. and the county average of 69.8 ha. (Statistics Canada
1981). The average size of the surveyed farms was 85.1 ha.. In terms of a
range, only onc farm was less than S0 ha.; two were between 50-75 has
three fell betwe.n 76-100 ha.; and three were greater than 100 ha. All
properties were owner-operated and only one farmer leased any land. This
leased area of 141.6 ha. was used for corn production and was not

irrigated.
b) Changing Land-use Under Irrigation

The temporal expansion of irrigation among those farmers surveyed
in Kent County appears to follow the pattern described earlier in this
chapter. Irrigation was adopted on six surveyed farms between 1954 and
1959: on one farm in each of 1962 and 1967; and on one farm in 1972. It is

of note that the period between 1954-1959 and the years 1962 and 1967 were
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not particularly dry, while the years 1970 and 1971 experienced the
greatest moisture deficit on record since 1960. All farmers, however,

stated that the primary reason for initiating irrigation was to reduce the
risk of crop loss due to drought. Improved quality of the crop and
increased yiclds were given as important secondary reasons by all farmers
but in particular by two orchard growers who noted the benefits of
irrigation in increasing the size of mature fruit. In all cases, irrigation

was adopted for use on an existing crop and was not adopted to permit the

production of a crop not already grown under "dryland” conditions.

Few land-us¢ changes have occurrsi on the surveyed farms in the
time since irrigation was initially adopted. No farms reported crop changes
but several farms had added crops in response to market fluctuations. As
noted, three tobacco farms added small acreages of vegetable and fruit
crops to supplement a falling income due to a declining tol'acco market. One
farmer expanded his corn acreage for the same reason. Farm size in all
cases has remained constant although specific acreages of tobacco are

subject to annual fluctuations under a controlled market.

¢) Marketing

A variety of marketing arrangements exist for different crops in
Kent County. In disposing of their crop, tobacco farmers have the least
amount of contrc! All tobacco farmers in Ontario must be members of the
Flue-Cured Tobacco Marketing Board which determines and allocates annual
production quotas based on estimated demand within the industry.

Originally, this qucta was enforced by restricted acreage, but with
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increasing yields due to improved varieties, fertilizers, and irrigation,
quotas were converted to an allowable poundage per farm. In recent years,
production quotas have declined drastically. Some farmers estimated that
they are currently producing only 25% of what they sold during the 1960’s
and 70’s. Tobacco processors are not permitted to establish contract
relationships with farmers and the sale of the final product is completed
by auction at one of two exchange houses in Tilsonburg and Delhi. These
sales centres are located within the tobacco region of the Norfolk sand

plain, approximately 110 km. from Kent County.

Less stringent marketing arrangements exist for all other irrigated
crops. Small fruits =nd tree fruits are partially marketed through "Pick
Your Own” operations and the remainder sold to processing plants in Chatham
or Leamingtor, a vegetable producing region to the west of Kent County.
Vegetables are mainly grown for local processing plants through verbal
arrangements rather than written contracts, although peppers are generally
sold to local packing plants in Ridgetown and Blenheim. Two farmers had
verba: agreements with local retail outlets for the sale of smail

quantities of fruits and vegetables.
d) Experience and Outlook of Farmers

The experience of the surveyed farmers in Kent County reflects its
relatively long, un-interrupted, history of agricultural settiement. Only
one had been in farming for less than 20 years, and five farmers were
currently operating properties that had been in their families for two to

three generations. This is also reflected in the reasons given by farmers
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for following existing cropping patterns. Whereas the more recent entrants
to the farming business cited a long-term best return as the main reason
for growing particular crops, those farmers who had inherited or taken over
the family farm cited familiarity and experience with a particular crop as
the primary reason for their existing land-use. They had grown up with a

particular cropping pattern and merely taken over an established operation.

Most of the farmers interviewed were older men: five between 46-55;
three over the age of 55; and one less than 25. Although most of these men
are approaching retirement, they apparently have offspring willing to
continue farming on their current property. The relatively stable
agricultural infrastructure of Kent County has not resulted in the
depopulation of the rural area common to other areas of the province.
Land-use change on those farms surveyed appears to hinge on the future of
the tobacco industry. Five of the tobacco farmers surveyed, stated that if
their production quotas are reduced any further, they would replace
existing tobacco acreage with an alternate crop. In four cases, the
alternate mentioned was simply an expansion of their existing corn and
soyabean acreage, while one farmer was planning to replace tobacco with a
variety of vegetable crops. This farmer would continue to irrigate these
vegetables, while those switching to corn and soyabeans stated that they

wouid not irrigate these crops.

3.3.2 Norfolk County

a) Irrigation Land-use
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Unlike Kent County, irrigation in Norfolk County is a dominant part
of the agricultural landscape. Of the total area under crop in 1970
(75,299.5 ha.), 14,607 ha. or 194% was irrigated and irrigation was
present in some form on 45% of the 2793 farms in the county (Statistics
Canada 1972; as Norfolk County was amalgamated with Haldimand County in
1974 to form the Regional Municipality of Haldimand-Norfolk, subsequent
changes to census division boundaries tend to obscure data pertinent to the
former county of Norfolk. As the 1981 census report categorizes data for
Haldimand-Norfolk, data from the 1971 census is used in this report.
Absolute and relative figures are likely much lower today). As mentioned
previously, the sandy soils of Norfolk County form the nucleus of Ontario’s
tobacco belt. Tobacco in turn, has historically been the primary irrigated
crop in the region. As of 1970, 95% of the total irrigated area was under

tobacco and tobacco farms accounted for 95% of all irrigating farms.

A total of 14 farms were surveyed in Norfolk County. By crop area,

the breakdown is as follows:

~ 10 farms irrigated a total of 172.1 ha. of tobacco

-- 4 farms irrigated a total of 128.3 ha. of vegetables

—~ 2 farms irrigated a total of 10.5 ha. of small fruits.
Of the tobacco farms, six had between 10-20 ha. under the crop; two had
less than 10 ha.; and two had greater than 20 ha.. Only one farm had an
irrigated crop in addition to tobacco. This was in the form of 8.2 ha. of
vegetables. The majority of the acreage under wvegetables and small fruits

was made up by two farms, one producing a combined acreage of 91 ha. of

potatoes and sweet corn and 10.1 ha. of strawberries; the other accounting
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for 20.2 ha. of mixed vegetables.

In general, irrigated land accounted for a greater percentage of
the total cultivated land than was the case in Kent County, indicating a
greater reliance on a single crop and less diversification. For the sample
as a whole, a mean of 42.4% of the total cultivated land was irrigated.
This ranged from 6.7% to 100%, but was typically between 30-40% on farms
where tobacco was produced, and greater than 50% on vegetable farms. These
figures would tend to suggest a two yecar crop rotation for tobacco and an
overlapping rotation for vegetable crops. Indeed, most tobacco farms
reported that their non-irrigated land was planted in rye and/or wheat as a
rotation crop for tobacco. Only two tobacco farmers were involved in
diversified agricultural activities. One had a separate cattle farm while

another share-cropped silage corn.

When the total farm area is considered, those farms surveyed have
an average size of 85.6 ha.. Although this is much greater than the
regional average of 57.9 ha., a relative distribution of the sampled farms
provides a more accurate description. Five of the farms were less than 50
ha.; three were between 50-75 ha.; three were between 76-100 ha.; and three
were greater than 100 ha.. With the exception of one speculative venture,
all irrigated land was owner-operated. The exception was a small leased
area of 6.1 ha. used to grow garlic. The operator, whose main concern is a
broiler farm in the area, is actively promoting the adoption of garlic as
an alternate crop to tobacco and is speculating that he will be the main

source of garlic bulbs if tobacco farmers turn to that crop. Two additional
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vegetable farmers leased land for the production of non-irrigated silage ‘

corn.
b) Changing Land-use Under Irrigation

Among the surveyed farmers, irrigation was generally adopted
earlier in Norfolk County than Kent. Eight of the tobacco growers began
irrigating between 1949 and 1956; the remaining two tobacco growers and
fruit and vegetable producers adopted the practice between 1967-1971; and
one in 1983. Whereas those adopting the practice in the 1950’s stated that
reducing the risk of crop loss due to drought was the primary reason for
initiating irrigation, later adopters stated the primary reason as improved
crop quality and in the case of small fruits, prc.cction from frost. Again,
with the exception of two farms, irrigation was adopted for use on a crop
that had previously been grown under "dryland” conditions. Only one farmer
has switched crops since he began irrigating, changing from tobacco to

vegetables due to a decline in the tobacco market.

¢) Marketing

The marketing arrangements for tobacco are identical to those
described for Kent County. Delhi and Tilsonburg are both at the edge of
Norfolk County and the tobacco industry has historically been the mainstay
of the regional economy since the 1930’s. The long-term dominance of the
tobacco industry has contributed to a lack of a processing and marketing
infrastructure for fruit and vegetable produce. There are no industrial

processing or packing plants in the arca and all of these crops are
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produced for the fresh market. All surveyed farmers market their own
produce. Generally this is centred around the massive food terminal in
Toronto. Farmers deliver and sell their produce from this location. In the
case of strawberries, on¢ producer operates a "Pick Your Own” enterprise
and runs a small packing operation on his farm. One small-scale vegetable
farmer canvasses local supermarkets , within a 100 km. radius, to dispose

of his produce.
d) Experience and Outlook of Farmers

Although Norfolk County has an agricultural history as long as that
of Kent County, it has been nowhere near as stable and has been marked by
periods of economic decline and extreme swings in rural population density.
An element of stability and prosperity was brought to the area with the
introduction of tobacco in the 1920’s. The farmers interviewed for this
study appear to be the rearguard of this stable period. Nine of these
individuals had been farming for over 30 years and had grown up on or taken
over family tobacco farms. A further four, mostly vegetable farmers had
been in the business for between 15-30 years; while one speculative farmer
had four years experience in the area. The long-term domination of tobacco
is also reflected in the reasons given by farmers for following existing
cropping patterns. Eight farmers gave the primary reason as familiarity.

They had grown up on tobacco farms and it was "all they knew”. One farmer
gave a similar reason for producing small fruits and vegetables on an
inherited farm. Later entrants to the business, who had no connection to a

family farm in the area, cited best return conditions as their primary
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reasons for producing a particular crop. In addition, there is a general
feeling among tobacco farmers that this land "is'nt much good for anything
else”, and they are uncertain about the future of farming in the area under
alternate crops. This uncertainty is reflected in the ages of the farmers
surveyed. Although five farmers were under 45 years of age, three of these
were vegetable and small fruit growers. The majority of tobacco farmers
were over 45; four between 46-55; four between 56-65; and one over 6S.
Apparently, their offspring are not willing to take over the farm and most

faxmers stated that they are not encouraging them to do so.

Expectedly, land-use change in Norfolk County will revolve around
the future of the tobacco industry. Response to an uncertain economic
climate is seen in a number of forms on the surveyed farms. Two farmers
feel that expansion is the only way to remain viable in a shrinking market
and are actively purchasing more land and productior quotas in addition to
improving and expanding their irrigation systems. On the other hand, one
individual is giving up fa-ming after this season and .noving out of the
region. Two farmers are considering crop changes in the immediate future.
One of these is considering asparagus or graim crops, and another, peanuts
or sweet corn. Most, however, stated that they have no changes in mind.
There is a general "wait and see” attitude among these farmers who, in the
face of uncertainty, are wary of investing in changes that could lead to

economic over-extension.

3.3.3 Simcoe County
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a) Irrigation Land-usc

Urlike Norfolk County, Simcoe County is not characterized by the
widespread practice of irrigation. According to the most rccent census
report, only 1326 ha. or 0.8% ,f the total area under crop was irrigated
and irrigation was practiced on 124 or 3.5% ot the farms in the county
(Statistics Canada 1981). The reliability of this data is questionable at
hest. In surveying only 12 farms, this study covered 1092.6 ha. of

irrigated land, 1088.6 ha. of which was irrigated prior to 1980.

In general, Simcoe County would be classified as a region of mixed
farming. Livestock and associated large acreages of silage corn, tame hay,
alfalfa and improved pasture dominate the northern half of the county. In
the south, specialty crops cre the norm. These include a potato belt along
the Nottawasaga river flats, and vegetables on isolated pockets of
reclaimed organic soils such as the Holland Mar<n. Unlike Kent or Norfolk

Counties, over 50% of the land is not in agricultural production.

As mentioned, a total of 12 farms were surveyed in the county. A
breakdown by crop is as follows:

— § farms irrigated a total of 859.9 ha. of potatoes

— 5 farms irrigated a total of 208.4 bha. of vegetables

— 1 farm irrigated a total of 18.2 ha. of tobacco

— 1 farm irrigated a total of 6.1 ha. of small fruit.
Of those farms irrigating potatoes, one had less than 100 ha. under the
crop; two between 100-200 ha; and two greater than 200 ha.. The range of

irrigated vegetable acreages between farms was much smaller: one had less

than 25 ha.; three between 25-50 ha.; and ome greater than 50 ha.. None of
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the potato farms irrigated any additional crops and vegetable farms

produced between two to four varieties of vegetables, with each variety
typically commanding an equal share of land. For the sample as a whole, the
percent.ge of irrigated to cultivated land had a mean of 61%. This ranged
from 12- 100%. In general, irrigated tobacco and potatoes accounted for

less than 5S0% of the cultivated acreage on farms where they were grown.
The remaining land was primarily comprised of wheat as a rotation crop for
potatoes and rye for tobacco. Only two potato farmers produced field crops
in addition to a rotation crop for potatoes. One of these had 162 ha. of
silage corn, while the other farmed an additional 46 ha. of barley,

rapeseed and asparagus. In contrast, the intensive nature of muck crop
production is reflected in the fact that four of the five vegetable farms

irrigated 100% of their cultivated acreage.

When the total farm area is considered, the average farm size for
the sample is 180.5 ha., with the distribution as follows: two farms were
less than 50 ha.; three between 50-100 ha.; three between 101-200 ha.;
three between 201-500 ha.; and one over 500 ha.. Obviously, vegetable farms
accounted for the lower extreme of this scale and potato farms, the upper
extreme. All farms surveved were owner- operated with the exception of one
particularly large, incorporated farm on the Holland marsh. Although this
farm had one owner, he was essentially a business manager for the farm and
an attached packing plant, and retained a full-time farm manager to oversee
field operations. In addition, three potato farms leased land for the

production of grain crops.
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b) Changing Land-use Under Irrigation

The temporal pattern of the adoption of irrigation in Simcoe County
generally follows that described for Kent and Norfolk. Seven farms began
irrigating between 1950-1957; three between 1963-1967; one each in 1972 and
1976; and one in 1983. Among potato and tobacco farmers, the primary reason
for adopting irrigation was to reduce the risk of crop loss due to drought,
while among vegetable producers, the main reasor was to reduce abrasion
damage due to wind erosion and to reduce heat stress in immature plants.
Potato farmers genzrally zave a secondary reason of increasing yields,
while vegetable producers stated that improved quality was of secondary
importanc:. The primary reason of the solc strawberry producer was as a
preventitive measure against frost. A significant number of individuals,
and in particular, vegetable growers, adopted irrigation in the same year
that they began farming. It would seem that the damages due to wind erosion
are more immediately apparent than those due to moisture deficiencies. In
addition, five of the farms that currently irrigate potatoes and one farm
that currently irrigates strawberries initially introduced irrigation for
use on tobacco in the 1950’s. All of these farmers cited poor growing
conditions, in the form of a short growing season and susceptibility to
spring and fall frosts, as their reason for changing crops. These¢ changes
occurred between 1968 and 1974, vhich is generally consistent with an
overall decline in the tobacco acreage in the county as a whole. With the
exception of some vegetable producers, and in spite of subsequent land-use
changes, all crops for which irrigation was initially adopted had been

grown under ”dryland” conditions. Irrigation has also had an impact on the
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extent of cultivated acreage on some farms. Three potato farmers stated
that they had reduced their land area under potatoes by 40.5, 40.5, and

60.7 ha. respectively. Apparently, this reduction was due to increased per
hectare yields since adopting irrigation. All three farmers suggested that
these increased yields allowed them to satisfy existing contractual

commitments on a2 smaller land base.

¢) Marketing

Simcoe County has a strong marketing infrastructure for
agricultural products. Generally, products are delivered to the final
market through a "middleman”. The town of Bradford, adjacent to the Holland
marsh, contains a number of packaging plants for fresh produce which are
utilized by most of the surveyed vegetable producers. An exception is one
farmer who produces chinese greens and delivers them to specia.ty stores in
Toronto and arranges transport of his produce to various cities along the

eastern seaboard of the United States.

All of the surveyed potato farmers grew their crop under contract
for a variety of potato chip manufacturers in iforonto, Kitchener and
Cambridge. These arrangements are supported through brokers and storage
houses in All' >n and Beeton. Although these arrangements are renegotiated
annually, they generally do ncot fluctuate in terms of the contracted
quantity of produce. As in Kent and Norfolk, the surveyed strawberry
producer operated his own ”"Pick Your Own” enterprise which accounted for
about 50% of his product. The remainder was sold through a packing house in
Bradford.
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d) Experience and Qutlook of Farmers

The farmers surveyed ia Simcoe County generally had fewer years
experience in farming than thoie of Norfolk or Kent. Only two had been in
the business for over 30 years; four between 20 and 30 years; while § had
been farming for less than 20 years. Only four of these individuals had
taken over family farms, all of which had been established for over 30
years. On three of these properties, the current operators have been
responsible for changing the cropping patterns established by their
fathers., With the relatively recent history of most farms, familiarity
with any particular crop was not a decisive factor in establishing or
maintaining a cropping pattern. Eight of the surveyed farmers cited a best
return situation as the main reason for their existing cropping pattern,
while three muck farmers felt that vegetables were the best use of the'r
available land. Only one potato farmer, who had migrated to Ontario from a
family farm in New Brunswick, cited familiarity and experience with the
crop as the primary reason for producing potatoes. The age of those
farmers surveyed is fairly evenly distributed. Although none were less
than 3§ years of age, four were between 35 - 45; three between .16 -55; and
five between 56 - 65. Again, a relatively stable market for the crops
surveyed in this county has accounted for profitable and viable farms,
which offspring of those farmers surveyed are likely to continue, The
relative stability and prosperity of these farms is also indicated by the
‘mmediate future plans of the operators. With the exception of one tobacco
farmer no changes to cropping patterr.s are planned. This tobacco farmer

who is nearing retirement, has begun a Christmas tree operation and is
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actively reforesting much of his land. In terms of physical changes
however, four farmers are planning to improve and update their irrigation
system. Two muck farmers who are not currently cultivating all of their
owned land are planning to expand their acreage under vegetable crops. At
the same time, three potato farmers are planning to reduce their acreage
under crop. These farmers feel that they are over-extended with their
current acreage and are attempting to reduce both risk and labour

requirements to more manageable levels.

3.4 SUMMARY

The development of irrigation as an agrisultural practice in
Ontario was outwardly dependant on several coincident factors: the
technical development and availability of irrigation equipment in the late
1940’s; the occurrence of a relatively s~vere drought during the early
1950’s which significantly reduced yields over several growing seasons; and
a continuing rise in the demand znd market price fcr specialty crops such
as tobacco and vegetables. Primarily, however, the surge in irrigated
acreage was initially an ad hoc crisis response to long-term drought.
Since the initial growth of irrigation, the practice has largely been
confined to specialty crops grown on coarse-grained sandy soils, and
reclaimed organic land. Although providing unique opportunities for the
production of a wvariety of high-value crops, these soils are subject to
seasonal moisture deficiencies and wind erosion. Rather than a sporadic
insurance technique, the benefit of irrigation in combatting these seasonal

moisture deficits and improving crop quality yield have established it as a
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permanent production input on those farms where it is practiced. The
future of irrigation agriculture appears to be directly linked to the
general economic climate of any commodity market. This is blatantly
obvious in the declining acreage of tobacco, a crop predominantly irrigated

by most growers.

This study however, is concerned with how farmers irrigate, not
merely that they do irrigate. Although aggregate data such as census
reports aid in understanding irrigation land use, they are of little help
in understanding irrigation water use. Although the nature of irrigation
land management deserves greater attention from agricultural geographers,
the following chapter will focus on irrigatioa water management in Ontario
- initially within the jurisdiction of bureaucracy and then more
specifically within the jurisdiction of reality as manifested in the

irrigation practices of those 35 farmers described above.
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CHAPTER 4

THE BUREAUCRATIC CONTROL OF WATER IN ONTARIO

An important element in understanding any irrigation system is an
assessment of the ability and means of individuals, or groups of users, to
control water. Control, in this sense, can be defineid in a number of ways,
two of which are especially important. On the one hand, it involves the
techniques employed by an irrigator to command or direct the flow of water.
On the other, it includes the methods used to regulate or limit the quantity of

water used.

It is not difficult then, to visualize a hierarchical structure of water
control. It is crowned by an individual’s entitlement to exploit the resource,
and based with the techniques employed by the irrigator at the field level
This structure is composed of a number of divisible parts including: an
established system of water rights, a means of allocating available water
supply amongst various users, and the methods used by irrigators to convey
water "from the source to the goal, directing its ultimate application to the
crop.” (Carlstein, 1982). These procedures, according to Holmes (1986) will
"reflect the interplay of the physical environment, the perceptions of this
environment by farmers and the technical-scientific community alike, and the
use made of perceived opportunities as these three variables affect the choices

arrived at in fashioning an irrigation system.”

This chapter describes the nature of bureaucratic water control in
southern Ontario, initially by outlining the means of water regulation and

allocation at the provincial level, and subsequently, by examining irrigator
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compliance with those regulations.

4.1 THE ALLOCATION OF WATER IN ONTARIO

Historically, the ability to utilize surfactc water and ground water has
been defined by different sets of rights. These rights have typically been
directly associated with the land upon which the water is being used. Until
recently, however, taey have remained undefined in terms of quantity. The
following pages, will outline the development of allocation procedures as they

have evolved in Ontario.

4.1.1 Entitlement to Water

a) Surface Water Supply.

The general governance of water allocation in Canada’s humid regions
has emerged historically from the English common law doctrine of riparian
rights. Although this doctrine has been subject to considerable interpretation
and modification, simply stated, it accords to the owner of land by or across
which a stream flows, the full flow of the stream, undiminished in quality
and quantity except by “normal” uses which include domestic use, watering
stock, and minor gardening. It has typically excluded large-scale irrigation and
industrial use. Thus, the riparian system “entitles owners of riparian land to
use the water flowing past, in a reasonable manner, on their land, subject to
the same rights being available to other riparians”™ (Gilchrist 1983).
Consequently, a riparian owner does not own the water. He simply has the

right to use the water. Obviously a strict interpretation of this doctrine
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provided little security for irrigation use as it is impossible, due to natural
transfers of water, to return the resource undiminished in quantity or quality
to the source. Over time, and particularly after the industrial revolution, this
interpretation was modified to distinguish between unreasonabie and
extraordinary use. Burchill (1948) cites an 1859 decision by Lord Kingsdown, a
judge of the Privy Council, which distinguished between rights to « ‘dinary or
reasonable, and extraordinary use. This decision implied that:

"any riparian proprietor could take the water of his stream..

and could use it for any extraordinary purpose, including irrigation.

Other riparian proprieters could indeed prevent such use, but only if

they could prove sensible damage resulting from the interruption of

the natural flow.” (Burchill 1948).

Until 1961, this was the system which controlled the allocation of
surface water for irrigation in Ontario. Entitlement was based on location, and
amount was not determined absolutely, but through the minimization of

conflict as determined in a court of law. The allocation of groundwater,

however, has a different story.

b) Ground Water.

The allocation of ground water for any purpose including irrigation has
traditionally been subject to the rule of captrre and is based on the concept
of absolute ownership. Again, simply stated, the owner of overlying land has
the right of free access to groundwater if he can contain the supply on his
property. Thus, the rights to use groundwater for irrigation are more secure
than a surface source as

"the owner of land containing underground water which percolates by
undefined channels and flows to the land of a neighbour has the right
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to use for any purpose, divert, appropriate or sell the percolating

water within his own land..”(Irwin 1974).
Conseyuently, appropriators who suffer a loss or reduction of supply due to
the actions of other appropriators have no legal recourse to claim damages or
reinstate supply. They are only entitled to the amount that they can capture
on their property at any point in time. As with surface ater, emtitlement to
water is based on location. Conversely, however, the amount is not determined

by infringement on the rights of oth. but is controlled solely by the

availability of supply.

The conditions of groundwater allocation outlined above pertained to the
withdrawal of water for the purposes of irrigation until 1961. Today, the
procedures for the allocation of water in Ontario have been modified by the
introduction of provincial water legislation. This modification and its

application to the use of irrigatioa water are cutlined below.

4.1.2 Modification of Water Rights

In 1956, the Ontario Water Resources Commission was established and
given a broad range of duties; primarily, the responsibility to exercise
supervision over water resources in Ontario, including water supply and waste
disposal and to control the use of water. On March 29, 1961, an amendment to

the Ontario Water Resources Commission Act was legislated, authorizing the

regulation of water takings from any source of supply. Out of this legislation,
grew the Permit to Take Water Program described in Chapter 2. This

legislation is now designated as Section 20 of the Ontario Water Resources Act

{Revised Statutes of Ontario 1980) and the program is administered by the

r
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Water Resources Branch of the Ontario Ministry of the Environment (M.O.E.).

This legislation and the advent of the permit program were essentially
responses to the increasing demands placed on the available water supply
during the 1950’s, Most of this demand related to the growth of irrigation
during this period and "particular attention was given to witherawals of
water for irrigation” (Canadian Council of Resource Ministers 1966). A major
impetus for the prreram was a perceived failure of the judiciary to resolve
disputes arising from conflicting uses. As Jensen (1977) suggested, the courts
were available to settle disputes between users, but they were not equipped to
provide the needed administration and management of the water resource.
Legal decisions were not necessarily precedent setting. They were bound only
to deal with individual disputes and concerned with the local circumstances
affecting those disputes alone. Users not party to these disputes were not
subject to the decisions resulting from arbitration. The Permit to Take Water
(P.T.T.W.) Program under the Ontario V"ater Resources Act was an attempt to
make up for thiz uncertainty inherent in the riparian doctrine. Specificaily,
the need was for an institutional arrangement to administer and control water

allocation and use through a centralized office of record (Jensen 1977).

Consequently, the P.T.T.W. program was ~esigned to satisfy these
requirements but also to fulfill the role of adjudicator in the event of
disputes over w~ater rights. As such, in Ontario, the property in water iz not
vested in the Crown. Unlike the western provinces, the Ontario Act states
that the Minister of the Environment has the supervision of all surface and
ground water in Ontario, and is responsible for the administratirn of water

law. (Beerling 1984).
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The in*roduction of this legislation in 1961 altered pre-existing water
rights in a number of ways and established a definite order of priority in the
uses to which wat=r could be put. This p ‘ority can be defined in terms of
clasgification under the water legislation as those that are exempt from
control and those that are subject to control. Under Section 20 of the Ontario

Water Resources Act, a permit is mot required for:
i) takings by an individual for ordinary household purposes.
ii) takings for the watering of Jivestock or poultry; and
iii) takings for fire-fighting.

All other uses are subject to control under the legislation. Based on an
application and review process described below, the legislation also fixes an

absolute amount to the withdrawal of surface and groundwater.

In the case of groundwater, the permit program is designed to provide
protection to prior users of the water resource, a protection generally lacking
under common law (Ontario Ministry of the Environment 1984). For example,
a user procures the right to a certain amount of water that underlies his land
by acquiring a permit. If a subsequent user who acquired the right to procure
water at a later date interferes with the supply of the initial user, the later
appropriator is responsible for restoring that supply or reducing the taking so
as to eliminate the interference. Thus, all costs of restitution are borne by the
later user. In essence, the legislation has porrowed the doctrine of "prior
appropriation” (ie. Burchill 1948, Mead 1903 and Weatherford and Ingram 1984)

from arid western lands and applied it to groundwater in Ontario. This
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doctrine follows the often-mentioned rulc of thumb, “first in time, first in
right” (Andrews 1970), so that priority of time is a basic consideration in the
entitlement of an individual to a certain amount of water. Today then, the
“rule of capture” still applies to groundwater and location is still a factor in
entitlement. Legislation, however, protects that right by limiting the abilities

of others to impinge upon it

While the water permit legislation has effectively created a new system
of water rights affecting the use of ground water, it has not had suzh a
drastic effect on surface-water rights. Ministry of Environment publicatiozs
stress the point that the legislation:

"does not supersede the common-law riparian rights to the use of water,

but is an added control. A person must comply with both and would

generally be subject to the more limiting provisions. Thus while
riparian rights are not superseded, they may be limited in some cases

by the permit legislation” (Ontario Ministry of Environment 1984).

For example, although entitlement is still based on location and
availability of supply, the permit legislation fixes an absolute amount to the
right, in time and space. This amount, however, is used only as a basis to
avoid or resolve conflict in the case of interference of the water supply to
oti.er users. Moreover, it is only effective when a complaint is filed with
M.O.E. or visible impairment of flow is readily obvious. Until this occurs,
allocation is governed by the availability of supply under the doctrine of
riparian rights. As such, the P.T.T.W. program has not modified the riparian
doctrine to any great extent, and as Vallery (1987) states, "it has not allocated
water, but is an admiristrative tcol that has not really been put into effect.

More then anything else, it is a leverage instrument that can be used if

conflict comes to the attention of Ministry officials.”(my emphasis)
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Thus, we have an admitted situation in Ontario similar to that which
has been noticed elsewhere:

”» .water rights patterns do not accurately portray actual water demand,

but rather represent a cumulative legal record of water development...

(and) the principal use of these records has lain not in the

comprehensive management of the public’s resources, but in the

resolution of private disputes by water managers in the field and

water lawyers in the courts™(Wescoat Jr. 1984).

A problem arises then, when the permissible withdrawal figures
recorded as water rights are used to reflect actual water demand.
Unfortunately, these figures seem to be carved in stone once they are recorded
and have been used to approximate the use of irrigation water in at least two
Ontario river basins. Pirie (1975) in an examination of irrigation water use in
the Thames River Basin utilized data "obtained from information on file with
the Ministry of Environment, including applications for Permits to Take
Water and records of water taking submitted by permittees.” In a similar
study of water demand in the Grand River Basin, Fortin and Veale (1983)
assumed that:

"the maximum daily withdrawal of water approximated the daily

rate of .withdrawal authorized by permit..(and) by multiplying total

water takings allowed for each sub-basin by the average number of

days per season required for irrigation...total watcr demand was
estimated.”

To suggest that the allowable withdrawal by permit approximates the
actual use of water for irrigation in any watershed, ignores the conditions

that create the demand and influence the use of water in that arca. The

degree to which the permit actually reflects these coaditions can be clarified

through:
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i) an examination of the perinit application process;

ii) a comparison of the actual amount of water used in irrigation with
that allowed through the permit; and

iii) the extent of irrigator compliance with the permit conditions.

These issues will be taken up in the following pages.

4.2 IRRIGATOR COMPLIANCE WITH BUREAUCRATIC REGULATION

Although the Ministry of the Environment has developed a multi-step
process in the issuance of a Permit to Take Water (Appendix IV), this study is
primarily concerned with the application stage. It is at this point that the
applicant requests permission to withdraw a specific amount of water per day,
and the remainder of the permit process is based upon this request. In the
case of irrigation water use, however, there exists a discrepancy between the
manner in which the Ministry requests or expects applicants to define their
water requirements and the manner in which the applicants themselves define
their requirements. Section F of the permit application requires the applicant
to specify the amount of water taken from each source that he plans to use.
This c.’culation is based upon the maximum amount of water taken in one
minute multiplied by the number of hours of taking in one day. This
calculation, thereby, yields the maximum amount of water taken in one day.
To complete this calculation, the applicant must have a knowledge of the rated

capacity of the pump being used to withdraw water from the source.

A problem arises, however, when it iz realized that this is not the
manner in which far: .ers determine their water needs. Although not directly

asked in this survey, another recent survey of Ontario irrigators (Ontario
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Ministry of Agriculture and Food 1986) requested respondents to provide
detailed information on their pumps. Not surprisingly, these questions had an
extremely low response rate and it was found that most irrigators did not
know the rated capacity of their pumps. Rated capacity is not a common
parameter used in pump operation, but is sometimes used in comparing and
selecting pumps and in irrigation system design. Thus, the Ministry’s technical
method of determining need is not in harmony with the knowledge of the
farmer. Indeed when the respondents to this survey were asked how they
calculated the amount of water to apply for on the permit, only 2 (6%)
replied that they used pump capacity as a base. The remainder stated that

they could not remember or suggested that it was a rough guess.

Conversely, most farmers know, in a sense, how much water they are
using on their fields. Although not able to state a specific volume, all of the
respondents operated their irrigation systems according to the time required to
apply a specific depth of water to a specific area of land. These parameters,
of course will vary with each individual irrigator, but it is possible, using
this information, to calculate a specific volume of water used per day of
irrigation. The resulting figure can then be compared with the allowable
withdrawal authorized by permit for ¢ach respondent. The formula used to

complete this calculation follows:

i) Litres/Day = Gallons/Day x 4.546 = (T.V./1.D)

where: 1 Imperial Gallon = 4546 Litres.

T.V. = total volume of water required to irrigate a certain
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area to a specific depth.

I.D. = number of days to completely cover a certain area to

a specific depth.

and:

ii) T.V. = Area x D (22,690)

where: Area = total area to be irrigated.

D = depth of water to be applied.

22690 = volume of water (gallons) required to apply 1 inch

of water to 1 acre of land.

As all respondents provided their answers in imperial units, the calculations
were completed using those units and converted to a metric measure once the
calculation was solved. If in the future, metric measures are provided by

respondents, a suitable conversion factor would be:

1 hectare centimetre equals 100,345 litres.

The results of these calculations for each of the 35 respondents are
shown in Table 4.1. It should be noted that when respondents, reporting more
than one irrigated crop differsntiated between crops when irrigating, the
calculation was completed for each crop and the maximum amount included in

the Table. Similarly, when irrigators reported that they applied different
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TABLE 4.1

COMPARISON OF AMOUNT OF WATER USED ON SURVEYED FARMS
AND PERMITTED AMOUNT

Permitted % Use % Use
Calculated Withdrawal Less Than | Greater Than
Use Per Day [ Per Day Permitted | Permitted
Location | Respondent (Litres) (Litres} A Litres Amount Amount
1 1,162,768 930,112 232,656 -- 25.0
2 1,031,487 872,832 158,655 - 18.2
3 1,773,616 1,472,904 699,288 - 47.5
Kent 4 1,160,423 668,262 492,161 - 73.6
S 928,339 1,963,872 1,035,533 52.7 -
6 1,060,958 576,069 484,889 - 84.2
7 1,031,487 1,635,293 603,806 36.9 -—
8 876,764 654,624 222,140 -~ 33.9
9 2,459,500 2,176,625 282,875 - 13.0
1 7,736,156 5,236,992 2,499,164 -- 47.7
2 1,547,231 2,454,840 907,609 36.9 --
3 8,251,899 3,391,316 4,860,583 - 69.8
4 928,839 3,432,230 2,503,891 72.9 -
5 1,031,487 545,520 485,967 - 89.1
Simcoe 6 12,571,253 6,546,240 6,025,013 -- 92.0
7 6,769,186 4,364,160 2,404,976 - 55.1
8 9,283,387 |10,801,296 1,517,909 14.1 -
9 1,856,677 327,312 1,529,365 .- 467.2
10 2,475,570 2,543,789 68,219 2.7 --
11 2,873,429 7,500,900 4,627,471 61.7 --
12 3,094,4¢2 UNKNOWN -—- -- -
1 1,211,998 UNKNOWN - .- -
2 677,835 2,045,200 1,367,865 66.9 --
3 1,909,320 1,237,785 671,535 -- 54.3
4 618,892 4,227,780 3,608,888 85.4 -
S 593,108 2,000,240 1,407,135 70.3 --
6 1,547,231 1,663,836 116,605 7.0 --
Norfolk 7 4,641,693 2,727,600 1,914,093 - 70.2
8 2,482,528 2,363,920 118,608 -- 5.0
9 1,031,487 1,545,640 514,153 33.3 -
10 1,160,424 1,272,880 112,456 8.8 -
11 825,190 227,300 597,890 -—- 263.0
12 1,805,103 3,327,672 1,522,569 45.8 --
13 1,521,444 1,022,850 498,594 - 48.7
14 954,126 2,273,000 1,318,874 58.0 --
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amounts of water at different times thrcoughout the growing season, the

maximum use figure is reported.

An examination of the data in the table reveals that very few
irrigators are using an amount of vrater that even closely approximates the
permitted withdrawal. Slightly over half of the respondents are using more
than permitted while 45.5% are using less than the allowable withdrawal. The
magnitude of this deviation from prescribed amounts also varies to a large
extent. In relative terms, for those using more water than permitted, the
variation ranges from 5% to 467% of the permitted withdrawal, while for
those using less, the range is from about 3% to 85%. In terms of location, 78%

of the surveyed farmers in Kent County are using morc water than permitted.

This drops to 55% of the respondents in Simcoe County and 36% in Norfolk

County.

There exists then, a situation where, except in a few cases, the amount
of water allotted by permit, does not reflect the actual amount of water used
in irrigation. Thus, it can be deduced, that the use of water is not being
governed by what Chambers (1977) has termed “bureaucratic allocation”, but
by the farmers estimation of micro-scale physical and socio-economic
conditions, Chambers (1977) would account for these discrepancies in terms of
the "geographical gap between the last point at which it (water) is officially
controlled or measured and the point at which it enters a farmer’s field.” This
would suggest that the ability to control water or enforce conformity with
allocation procedures is limited when the agency which allocates water is not
the same as the agency which controls the distribution and delivery of water

to the point of use,



105

Unlike large-scale and arid region irrigation systems, Ontario has no
controlled canal networks into which water is diverted and from which water
is withdrawn for the sole purpose of irrigation. Distribution and delivery of
water for this purpose occur through natural channels. Diversion and
withdrawal, consequently, are controlled by the appropriator alone. They are
«~ot metered, measured or supervised by any communal or bureaucratic
authority. The permit program attempts to compensate for this lack of control
by basing allocation on the request of the user and modifying the permitted
amount according to conditions of potential or actual conflict with other users.
The resulting figure should yield the amount of water being withdrawn from
the source at the point of use. The problem, as described above, is that the
permit mechanism presumes a knowledge on the part of the farmer, which
commonly does not exist. Based on this presumption, the permit, of course,
neglects the primary factor which does influence the amount of water
withdrawn from a source. That is the amount of water applied to a crop. As
shown, this can easily be determined using information with which the

appropriator is familiar.

Again, Chambers (1977) would attribute this problem of definition to an
organizational gap "between what happens at the level of senior officials and
what happens in the community which receives water.” O’'Mara (1984) takes
this argument one step further by rightfully suggesting that farmers are
better informed about their water requirements than irrigation bureaucrats or
engineers. Hence, a system that is responsive to a farmer’s information and
demand is far more likely to "achieve an efficient allocation than any system

which pre-supposes superior information and decision-making capacity on the
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part of the irrigation bureaucracy.”

In short, for reasons outlined above, we can suggest that the permit
mechanism operating in Ontario does not control or regulate the use of water
for irrigation in any practical sense of the word. Thus, studies of water use
and demand which rely upon data supplied through the permit program are
suspect due to an ignorance of actual water use practices. In fact, studies
which concern themselves with this data are not examining patterns of water
use or demand at all; they are merely interpreting the pattern of we..r rights
in an area. These "rights” have been dctermined by a bureaucratic agency
which in turn, has not concerned itself with the operating practices of

irrigating farmers.

This is by no means a recent discovery, nor is it unique to Ontario. In
the early years of this century, Mead (1903), while examining the development
of irrigation in the western United States, suggested that records of water
rights are primarily the tool of bureaucratic institutions and in no way
reflect actual patterns of use. Along the same lines, Mass and Anderson (1978)
strike a note of concern against making inferences about water use that are
derived from water rights analysis:

"There is a diffirence between legal concepts of water rights and

water practices, and many students of irrigation have overstressed

the importance of rights about which they can write at length without

leaving their desks™(Mass and Anderson, 1978).

In the case of Ontario, stipulations of the Permit to Take Water can be
considered as synonymous with records of water rights. Their continued

employment as sources of data, however biased, is not surprising as they are

readily availabie and documented, and avoid the labour and expense of
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employing "platoons of recorders and vast data-handling systems” that would

be required to describe actual water-use patterns (Wescoat Jr., 1984).

To this point, the discussion has suggested that the permit program is
ineffective in regulating or controlling water use. But what of the farmers?
How do they rate the effectiveness of the permit program? Does the permit
influence their actions in using water? A consideration of these questions will

be the subject of the following section.

4.2.1 Attitudes of Respondents Toward Bureaucratic Regulation

Surveyed farmers were asked if they felt that the Permit to Take
Water Program was an effective method of managing and protecting the use
Jf irrigatica water, and what changes to the program they might suggest.
Responses to these questions are found in Table 4.2 and 4.3. The majority of
farmers thought that the program was not effective (54%) or were unsure of

its effectiveness (20%).

Those respondents who felt that the permit was an effective
management tool formed a definite minority (26%). This pattern generally
holds true for two of the three areas under study with the exception of
Simcoe County where a higher number of respondents felt that the program

was effective.

Of those farmers who felt that the permit program was an effective
mechanism, most simply stated that there was a need for some form of
management or allocation and did not refer directly to the permit program.

Three respondents suggested that there was a need to know how much water
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was being withdrawan for irrigation, while two specifically mentioned that
there was a need for a check on over-use or ir the words of one respondent,
to “protect one farmer against another.” Similarly, one irrigator felt that if
there were no program, there would be a greater occurrence of stream
blockage or complete interference of flow. Only two of the respondents felt
that the program was an effective management tool because it had modified
their actions. Both of these farmers were located in Simcoe County and
neither had acquired a permit until a complaint was filed with M.O.E. against
their taking of water. One of these respondents had been damming hand-dug
drainage ditches which he had constructed himself and although he did not
know who made the complaint or why, he did not see the need for acquiring
a permit to take water from this source which was the pure result of his
labours. In the second case, the respondent had been blocking a natural stream
and depriving a neighbour of sufficient supply for stock watering. The
neighbour fiic 1+ a complaint and a Ministry official attempted to resolve the
problem by requiring the maintenance of downstream flow and reducing the
number of hours per day that the irrigator could pump from the source. The
irrigator’s response to this restriction was to construct a reservoir on his
property and to pump his maximum allotment from the stream into this
reservoir to ensure a sufficient supply for irrigation. The respondent however,
did not acquire a permit to withdraw water from this subsequent source,
which would technically be required under the permit legislation. This
situation then provides an example of the hazards of associating permit data
with water use. According to permit data, this respondent may only withdraw
327,312 litres. iay from a stream source but in actual fact, when irrigating,

withdraws over 1.5 million litres/day from his reservoir. This accounts for a
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use that is more than four times the permitted value, as seen in Table 4.1.
The authority-response relationship illustrated by this example, echoes

Wescoat’s (1984) observation in the Colorado River Basin, that hierarchical
clements of water control tend to alter local action by “invoking strategic

behaviour among participants in the allocation process.”

In summary then, those irrigators who responded that the permit
program was effective, generally based their answers on the need for somsc
form of allocation and maintenance of flow and not on direct experience with
resolution of conflicts or compliance with the requirements of the permit
program. Only two of the respondents mentioned that the permit was
effective because of direct contact with enforcement procedures. Similarly,
those respondents who were unsure about the effectiveness felt that there was
a need to regulate or monitor the withdrawal of water but all seven
questioned the validity of the permit mechanism as a management tool. The
main reason for this view was a perceived lack of enforcement of permit
conditions and requirements. Two of the respondents stated that they knew of
a number of people in their immediate area who did not have permits and
one farmer was concerned that he did not know whether his neighbours had
permits or how much they were allowed to withdraw. Another respondent
insightfully suggested that until a severe shortage of water prompts a battery
of conflicts and complaints, "we’ll never really know if it works.” This
comment is similar to the view of one employee of the Water Resources
Branch that the P.T.T.W. program has never been seriously tested since its

inception. (Vallery 1987 personal communication).

For several years following the introduction of the P.T.T.W. program,
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the Miuistry required irrigators to submit annual records of water taking,
both to aid in resolving interference problems, and to provide data for water
management and planning studies. However, these records used pump capacity
as the withdrawal criteria, which casts a shadow of doubt on the validity of
these records for reasons previously discussed. This part of the program has
been disccutinued in recent years due to what Vallery (1937 personal
communication) terms a priorizing of programs within the Ministry in recent
years. Tabulating these records was an extremcly time-consuming task and in
an effort to comsurve resources within the Ministry, the filing of water

withdrawal records has been terminated.

Two of the respondents who had faithfully submitted annual records of
withdrawal were dismayed when told that these records were no longer
needed. Omne of these irrigators legitimately questioned how withdrawals could
be monitored and regulated when there is no knowledge of the amount of
water being appropriated at any particular place or time. The other
respondent, a retired school principal, was allsgedly informed by the regional
M.O.E. office that he might as well stop sending in records because “no one
else is doing it.” This irrigator wondered how an attitude of resource
stewardship could be fostered i€ the government agency that supposedly

promotes reasonable and beneficial use has adopted this position.

Generally, most farmers who were uncertain as to the effectiveness of
the permit program in managing the use of water, declared a desire for some
form of regulation or control over the allocation or appropriation of water.
Their impression, however, is that a lack of enforcement of the terms and

conditions of the permit and a lark of commitment on the part of the
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Ministry does not provide this control.

The majority of respondents felt that the permit mechanism was
ineffective in managing the use of irrigation water. To a large extent this
reflects their perception of the need fc. regulation of water use and the
degree to which they comply with the terms and cosditions of the permit.
Eleven of the respondents suggested that they have in the past, and will
continue to use as much water as they need to cover their fields regardless of
"what the permit says.” Coitrary to those who perceive the permit program
as an effective management .ool, most of the respondents in this category
viewed the permit and withdrawal recorZs as “just more paperwork”, or “just
another bunch of forms” that are only used "to keep the bureaucrats busy.”
Accordingly, ten of the respondents stated that, although they had received
"threatening” letters from M.O.E., they had never submitted records of
withdrawal. Of those few who had submitted records, all suggested that they
were rough estimates which were not completed at the end of the day of
irrigation but usually completed two or three months after the irrigation
scason had ended. Again, this attitude towards withdrawal records limits their
worth as a valid data source for water-use studies. In addition, two of the
respondents stated that they had not bothered to renew their permits since
the original had been issued, but had continued to withdraw water and had
never been bothered by Ministry officials. Another two respondents cited an
observed non-compliance of other irrigators as evidence that the permit

program was not effective in controlling withdrawals.

Typically then, the degree of effectiveness of the permit program is

seen by the surveyed farmers to be a function of several factors that are not
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necessarily related to water rights. Most respondents generally perceive the
permit program to be ineffective because of a lack of compliance on the part
of themselves and other farmers. In turn, they feel that this lack of
compliance results from a failure on the part of the Ministry to enforce the

terms and conditions of the permit.

As a supplement to the effectiveness question, farmers were asked how
the permit program might be beneficially changed. In response, about half
(49%) of the irrigators recommended some form of change while the remainder
(51%) did not. The proposed changes are listed in Table 4.3 and range from a
discontinuance of the program to greater enforcement of the permit legislation.
In a number of cases, respondents suggested more than one change. Four (24%)
of the respondents felt that there was no need for the program and that it
should be discontinued. All of these farmers stated that they would not
comply with any program which tells them what they can or cannot do and
that changss would not make any difference to their withdrawal practices. Six
(35%) of the respondents suggested that the permit conditions should only
apply in certain situations. Four of these farmers, who relied upon
groundwater sources of supply, felt that the permit should only apply to those
irrigators using surface water supplies where it was likely that the stream
would run dry and conflicts could arise. Similarly, two of the respondents
suggested that permits should only be enforced in periods of demonstrated
water shortage. Perhaps surprisingly, five (29%) of the respondents called for
more enforcement of the program. These irrigators, however, generally
referred to cases of other appropriators who had consistently blocked streams

for irrigation purposes. Interestingly, their concern was not that they were
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being deprived of water but was based on the belief that a continuous flow
should be maintained for instream uses. An additional three (18%) respondents
suggested that there should be better communication between the Ministry and
farmers. Two of these respondents did not acquire permits until after they
had received a "nasty visit” from a Ministry official and the other did not
have a permit at the time of the interview. In the words of one¢ respondent,
"how was I supposed to know that I needed one.” An additional respondent
who felt that the permit program was ineffective thought that it should
provide some incentive to conserve water although he could provide no method

by which this could happen.

Although respondents were not asked why they would not suggest
changes to the program, it could be presumed that at least some irrigators are
satisfied with the status quo. Their use of water is not being hindered by the
existing means of burcaucratic allocation and they see no reason to change
that system. In the words of one of these irrigators, "I'm happy with the way
things are.” Although not directly complying with the permit requirements, it
is possible that some irrigators find security in the permit as a means of

protection against someone impinging om their “fair share”.

In summary then, the majority of irrigators do not view the permit
program as effectively managing the appropriation of water for irrigation.
This is based on 2 perception that the permit is an attempt to comtrol their
use of water which through a lack of enforcement, fails to accomplish this
goal. Of those farmers suggesting changes to the program, the majority saw a
need for enhanced enforcement or control over the abuse of water resources,

but few saw a need for enforcement of the permit in their individual and
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collective cases. An example of this is the recommendation of groundwates
users that the permit should only be enforced in areas where there is a heavy

concentration of withdrawal.

In general, there seems to be a misunderstanding among irrigators of
the nature of the Permit to Take Water Program. The majority see it as an
attempt to limit their use of water, when in fact it does not, nor can it hope
to do any such thing. This confusion and misunderstanding can be clarified by

examining the institutional content of the program.

Through legislation, the mandate of the Permit to Take Water Program
is "to control the taking of water to promote its efficient development and
beneficial use” (Ontario Ministry of the Environment 1984). With this
statement in mind, the perception of surveyed irrigators that the permit
program is an attempt to control their appropriatiom of water would be
correct. However, as Orsburn (1977) has suggested, although legislatures pass
water laws which government agencies must enforce, rapid implementation of
these programs is rare. Even assuming that these agencies and programs have
been adequately funded and staffed, Orsburn argues that administrative
procedures, stated objectives and justification statements can be techmically

incorrect and often represent physical impossibilities in the real world.

The notion that the taking of water can be controlled, in any practical
sense of the word, represents a physical impossibility in the ”"real world” of
irrigation in Ontario. The reasons for this, as they relate to the absence of
any structural form of water delivery, have been described previously. Thus,

as the stated objective of the permit program is a physical impossibility, the
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administrative procedures have evolved accordingly. instead of controlling the
taking of water, the permit mechanism has developed into a means of
controlling the abuse of the taking of water. The "front” of control is
maintained by requiring all irrigators to obtain a permit which legally allows
them to appropriate water but enforcement is only enacted in situations of
conflict. Hence, the permit mechanism is "utilized to prevent water-supply
interference problems where possible, and to resolve them when this is not the

case” (Ontario Ministry of the Environment 1984).

The activation of enforcement is based ou the receipt of a complaint of
interference, and in the case of a conflict, the Ministry utilizes one or a
combination of options to resolve the problem. Typically they would involve
requiring the instigator to: acquire a permit, if not in possession of one;
reduce his taking; or, in the case of several affected persons, establish a
schedule of withdrawals at different times or on alternate days to eliminate
the interference. Complaints of interference, however, are rare. As one
irrigator put it, "what do you do? Sue your neighbour?” It would seem that
the social bonds in rural communities are strong enough to overcome these
probleme Even during a severe drought in 1963 when water was at a
premium, few complaints were filed with the government. "It was found that,
along many streams, users had scheduled their takings so that neceds could be
met without causing interference.” (Ontario Water Resources Commission 1964).
Allee (1960) reported similar arrangements, prior to government regulation, on
upstate New York streams in the late 1950’s. These situations would also
appear to lend support to Chambers’ (1977) claim that, often times, government

is liable to be doing for communities what they could and would otherwise do
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for themselves.

Given that enforcement of the permit terms and conditions is based on
complaints arising from affected parties, a lack of willingness to file
complaints on the part of irrigators could partially explain the general
perception of a lack of enforcement. This program itself, however, has
occupied a low rung on the priority ladder of the Ministry of the
Environment in recent years. Vallery (1987 personal communication) agreed
that the P.T.T.W. is not really an active program and that it has been
down-graded in terms of priority over the last few years. Enforcement has
been left to the regional offices who decide on allocaticns of staff and budget
for enforcement of the program. More often than not, the enforcement effort

is minimal.

In light of the above discussion, the perception of irrigators that the
permit is an ineffective management tool is understandable. There exists some
confusion regarding the purpose of the permit and a general lack of
commitment on the part of the surveyed farmers to comply. The Ministry,
however, has apparently made little effort to clarify matters, either through
an extension program or some form of edu~ation. This, combined with a lack
oi commitment towards enforcement has resulted in a sizeable number of

"violations” due to a general lack of awareness and sheer indifference.

4.3 CONCLUSION

Recall the hierarchy of control outlined in the opening pages of this

chapter. It was suggested then that control of water involved, among other
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things, an entitlement to exploit the resource through an established system of
water rights and a means of allocating water among users. Initially both of
these functions existed in the form of riparian rights as interpreted through
common law. For all intents and purposes this is the situation that exists
today. Few if any practical changes havs occurred in the water rights systems
governing the use of surface water. Although the rights to ground water have
been altered, this has not arisen out of any great comncern for the promotion
of T"efficient development or beneficial use” but merely to guarantee some
form of protection of available supply to thos¢e who have made the investment

in capturing the resource.

The kinds of changes that have occurred have typically been of an
evolutionary institutionalizing type and have resulted from a desire on the
part of government to control or regulate the withdrawal of water. This has
resulted in the development of laws which have attempted to codify
traditional water rights and have removed the authority over water from the
arena of public litigation and placed it in the hands of a government
bureaucracy. This burcaucracy, in the form of the Ministry of Environment,
has in turn developed an administrative tool - the Permit to Take Water
Program - which has defined priorities in the us¢ of water and formalized
water rights in the province. This formalism, rather than "controlling the
taking of water, has resulted in the generation of what Wescoat Jr. (1984) has
termed "paper rights”. That these paper rights do not reflect actual amounts
of water diverted or used has been clarified in this section by contrasting the
actual use of water with "formal” rights. Thus, it can be concluded that

control of water-taki~g through allocation does not exist in any practical
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form, except on paper. In fact, the permit program fulfills only one of the
functions of irrigation water management as defined by Chambers (1977), that

being the arbitration and resolution of conflict within communities.

That some Ministry st 'ff appreciate and admit that this is the case is
indeed commendable, however, the impression persists, among others that the
program is an effective method of control. For example, in a description of
water management policy in Ontario, Salbach and Dennis (1980) state that "the
taking of water..is regulated by the availability of supply, the efficiency of
the taking, and ostablished uses in an area.” The regulatory nature of the
"availability of supply” however, is determined by the farmers perception of
it, not by any definitions on the part of the Ministry and the permit
program has no set criteria for establishing "the efficiency of the taking.”
Relying on impressions fostered by such statements, external agencies
erroneously presume that the permit program provides ”"a mechanism for
allocating available flow among users”, and that:

"a means for taking account of non-agricultural values in making

decisions about the future allocation of water to agriculture clearly

exists in Ontario™Bowden and Anderson 1985).

Similarly, water agencies tend to rely on data generated by the
program (eg. Fortin and Veale 1985, Pirie 1975 and Yakutchik and Lammers
1970). This data, however, only reflects the formalism of water rights and not
actual patterns of use, yet it presents a path of least resistance and effort for
researchers. The end result is that water management studies are being based
on information that has been generated by "water professionals” for "water
professionals” in ignorance of the actual practices of the real "water

managers”, the farmers.
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In short, it would appear that the primary goal in maintaining the
permit program is not that the taking of water should be controlled or
allocated fairly and efficiently, but that water professionals should believe
that this is the case and feel that they have am accurate figure of the amount

of water being used for various purposes in the province.

That irrigating farmers tend to perceive this lack of commitment while
the "water professional” does uot, tends to demonstrate the closed system of
investigation within which most water studies operate, and points to the
importance of understanding the nature of water control as it exists in the
hands of local irrigators. This control will be examined in the following

section through a discussion of on-farm water-use practices.
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CHAPTER $§

ON-FARM MANAGEMENT OF IRRIGATION WATER

In the realm of reality, farmers in Ontario effectively control the flow
and use of irrigation water. In an effort to describe this control, this chapter
examines the mana;ement of water at the farm level. Discussion is based on
the responses of 3§ surveyed farmers and includes an examination of: the
farmers’ knowledge and perception of the water supply; the range of
alternatives considered by irrigators in the case of water shortage; sources of
water supply; techniques used in watering fields; factors which influence the

scheduling of water applications; and the amount of water utilized on

irrigating farms.

S.1 WATER SUPPLY

Unlike the majority of irrigation systems operating in the world today,
the practice of irrigation in Ontario has typically not relied upon government
agencies or community organizations to develop structures of water supply and
delivery. The reasons for this anomaly relate directly to the historical
develcpment of irrigation and the availability of supply in the province. The
establishment of irrigation in Ontario has not evolved from any desire to
reclaim unproductive land or promote the scttlement of agriculturally marginal
regions, as has been the case in most arid or semi-arid regions of the world.
The axiom, as Cantor (1970) put forth, is that irrigation in humid areas is
essentially "a means of improving the existing kind of agriculture rather than

creating an altogether new type of agriculture.” In terms of supply, that “new
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type of agriculture”, by virtue of its containment ‘n arid regions, requires
large volumes of water, commonly described in units of acre-feet, the source
of which is usually a great distance from the point of application. In most
societies the constraints imposed by these conditions have generally been dealt
with through community organization. Initially, co-operatives of users emerge
in order to legally and physically secure a source of supply and facilitate the
construction of a delivery network. The natuce of these organizations varies a
great deal in different parts of the world. However, Thornton (1974) has
proposed an evolationary framework within which the degree of government
or state involvement increases with acreage irrigated, quantity of water
deployed and the complexity of technology employed ir supply and delivery.
Eventually, the cost of supplying water to an ever-increasing number of users
becomes so prohibitive to local groups, that national treasuries must be tapped.
This is generally accomplished through the pretext that supplying water for
irrigation is, for several reasons, in the national interest. These reasons are
usually given, in virious forms, as the stabilization of both agriculture and
food supply (eg. Wood 1981, Fukuda 1976). That this may not be the case has

become the subject of much debate in recent years.

Conversely, in Ontario relatively small quantities of water are used in
irrigating crops. Rather than “acre-feet”, the common term in describing the
seasonal application of water has been "acre-inches” (hectare-centimetres). This
water requirement, in turn, can usually be satisfied by natural sources, either
on, or a short distance from the farm property. This close proximity of most
farms ¢o a source of water tends to discount the need for the pooled financial

resources or political power of community organizations. Indeed, only one such
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organization, calling itself an Irrigation Water Supply Association, was found
in the Permit to Take Water files of the Ministry of the Environment.
Although, it would have been of interest to examine the function of this
organization, it did not fall within the sample areas selected for this study
and as no personal name was listed on the permit, initiating contact with

these irrigators would have been quite difficult.

The supply of irrigation water in Ontario then, brs historically been an
individual responsibility with minima) government support, and ia terms of
Thornton’s (1974) organizational classifications can be described as private,
”self-contained irrigation units serving single farms.” Farmers have borne the
greatest part of the cost in developing a supply of water and the result is a
vast array of small-scale supply structures which dot the landscape. These
supply techniques include direct stream withdrawal, pumping from bored wells
and storage of water in a variety of farm ponds. The initial point in a
farmer’s control of water, therefore, is in developing and maintaining a secure

source of supply.

5.1.1 Source of Water

Primarily, a source of supply can be seen as either surface-water or
ground-water. Figures 5.1, 5.2 and 5.3 display the pattern of water supply for
all of the known irrigating farms in each of the surveyed counties. This
patterr is defined both by the dominance of riparian rights and by the
availability of supply in each areca. The riparian influerce is exhibited most
clearly in all three counties, where the majority of irrigators owning

properties adjacent to surface streams are exploiting those sources. Conversely,
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IRRIGATION WATER SUPPLY, KENT COUNTY
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IRRIGATION WATER SUPPLY, SIMCOE COUNTY
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those with properties not adjacent to streams commonly rely on groundwater.

To quantify the figures presented above; in Kent County, 54% of the
sources exploit ground water while 46% are from surface water. Similar ratios
are found in Norfolk County with 56% as ground water and 44% as surface
water. Opposite conditions are found in Simcoe County where 1% of the
sources are derived from some form of surface water while only 19% put

ground water to use.

As irrigation was generally adopted after the farms in question had
been established and was used to improve existing agricultural conditions, the
exploitation of any source was limited to some degree by the location of the
property. If the farm had a stream running through it, the opportunity
existed to put the water in that stream to use. However, if a property did not
contain a stream this did not mean that the oportunity to use surface water
was precluded. Informal arrangements seem to exist in each of the three
counties under study which allow the exploitation of streams by non-riparians
to occur. A number of the farmers surveyed for tkis study confirmed
observations made by the author while travelling in the irrigated areas of

these counties.

Apparently, riparian owners will often grant permission to non-riparian
neighbours to take water from streams on their property .uu  'msport it
across their land to be used on the non-riparian property. Obviously this
situation is impeded where roadways act as obstacles, but in the absence of
roads, the distance of transport is only limited by the willingness of the

"borrower” to pay the costs incurred through pump operation. Where this
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distance is not great, these costs might be less expensive than those of
developing a source of supply. One irrigator in Simcoe County reported a
knowledge of situations where some non-riparians have attempted, but failed,
to get permission to transport water across riparian property. Not to be
hindered, several of these irrigators simply run their pipe lines around the
obstructing property, on public roadside land, until the road crosses a stream,

and withdraw water from that point.

In another instance, one irrigator in Norfolk County reported sharing
the cost of constructing a surface-water farm pond with a non-riparian
neighbour in return for allowing him to transport water to his property.
Additionally, “wo irrigators in Norfolk County and one in Kent County
reported that they had lent or borrowed water from ground water supplies
some time in the past. Although these situations do point to a small-scale form
of co-operation in developing water supplies, such arrangements are not
widespread and do not provide a great deal of security in supply, as a change
in ownership of the property containing the source of water could potentially

exhaust the supply of those non-owners relying upon it.

Just as the absence of a stream on a property does not necessarily
preclude the use of surface water, the mere presence of a stream on a
property does not necessarily provide security of supply. In most cases,
irrigators in a localized area, relying on the same source of supply, will
require water at the same time or within a short time of one another.
Similarly, irrigation water is most commonly required at a time when stream
flows are at their natural low points. These conditions seriously reduce the

availability of water where the density of irrigators relying on any one



129

source is high or where streamflow in any channel is naturally low due to a

small catchment area.

In these cases, some irrigators will rely on the conjunctive use of both
surface water and ground water or may rely entirely on ground water supply,
even though a surface stream runs through or adjacent to their property. Both

of these situations are evident in Figures S.1, 5.2 and 5.3.

Although the main distinction in the source of supply is between
ground water and surface water, there are a number of further categorizations
that can be made. In an attempt to deal with the natural and man-induced
vagrancies of seasonal stream flow, irrigators have come to rely on various
types of farm ponds as storage reservoirs which can supply water when
needed. Similarly there are various methods of exploiting ground water. These

techniques, as they are found in the sample counties, are described below.

5.1.2 Storage of Water

i) Surface Water Storage

a) On-Stream Ponds - are built in the channel of permanent streams by
erecting concrete or earth dams, or a combination of both, across the stream,
forming a reservoir or pond behind the dam. Storage is thus contained by the
banks of the drainage channel and the artificial embankment. Downstream

flow is maintained by means of an outlet pipe running through the dam.

b) By-Pass Ponds - are built close to but not on a permanent stream. Water is

diverted from the stream, by means of a flow deflector, through a pipe into
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an excavated pond. The level of water in the pond and downstream flow is
regulated through an outlet control structure. The supply can be kept clean by
shutting-off the intake when the stream is turbid and there is little danger of
washout as excess water goes down the stream channel and not through the

pond.

c) Run-Off Pond - as its name implies, this pond obtains supply from natural
percolation and surface run-off accumulating at lower elevations of the field.
The pond may be excavated or an embankment buiit to contain run-off in

these low-lying areas.

ii) Ground Water Supply

a) Dugout Ponds - are commonly built where ground water exists at a shallow
depth in unconsolidated sediments. A large hole is excavated into saturated
sand and gravel, below the level of the water table and storage is maintained
by in-flow from water bearing overburden in the region surrounding the pond.
When positioned accordingly, these ponds can also capture diffused surface

water.

b) Spring-Fed Ponds - store water derived from a spring usually upslope from
where the pond is situated. The pond is excavated into wet hillside seepage
areas in order to expose and capture the springwater, and embanked to contaii

the flow.

c) Wells - can be drilled, bored or driven. Drilled wells are typically sunk
into bedrock whereas bored or driven wells do not usually extend beyond the

maximum depth of overburden. Drilled wells are generally of small diameter



131

with little reservoir storage capacity and typically do not yield sufficient
quantities of water for irrigation. (Turner, 1981). Bored wells generally do not
extend to a depth of more than 15 metres but their large diameter of
approximately 3 feet provides reservoir storage capacity to augment low yields
from the water-bearing formation. Driven or jetted wells (sand points) can be
used when the water table exists within 4.5-6 metres of the surface. Small
diameter pipe, capped by hardened points can be driven or jetted to the depth
of the water table. If more water is required than one point can supply,
several points can be manifolded into a common suction line where the

pumping unit is located.

The extent of reliance on these structures varies between regions and is
seen in Table 5.1. Data for this table was prepared using Permit to Take
Water records and the limitations of this data source, mentioned previously,
should be borne in mind when interpreting this data. Nevertheless, certain

trends seem to stand out in the table.

The distinction between the predominance of ground water supply in
Kent and Norfolk Counties and surface supply in Simcoe County can be
related to the aereal extent and location of irrigated soils in each of these
counties. In Simcoe County, the coarse textured soils which farmers have
chosen to irrigate are seen to form a narrow band bordering the Nottawasaga
River and its tributaries. The occurrence of these soils in relation to the
existence of surface water sources, increases the probability that if a farmer is
located on a coarse-textured soil, there will be a surface source nearby with
which to irrigate it. Similarly, irrigators on the organic soils of the Holland

Marsh area of Simcoe County have ready access to two main drainage canals,
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SOURCE OF IRRIGATION WATER SUPPLY BY PERCENT
OF ALL SOURCES IN KENT, NORFOLK, AND SIMCOE COUNTIES

' KENT NORFOLK SIMCOE

ALL  SURVEY ALL  SURVEY ALL SURVEY
SOURCE FARMS SAMPLE FARMS SAMPLE FARMS SAMPLE
Dugout 54%  36.25% | 0%  6l% 12.5%  6.2%
Well 0% 0% 6% 8.7% 6.5% 0%
Direct . e
Withdrawal 19.5% 12.5% 18.5% 17.3% 64.5% 75%
On-Stream o -0 ° 0
Pond 25% 31.25% 19.2% 8.7% 15% 18.8%
By-Pass o o °
Pond 1.5% 0% 6.3% 4.3% 1.5% 0%
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one major river and a number of small drainage ditches. Conversely, the
spatially ubiquitous distribution of coarse-textured soils in Norfolk County and
the slightly more limited, but widespread pattern in Kent County provide
potentially irrigable soils which are displaced from riverine properties. This
distribution can be seen to result in an increased reliance on ground water in

these areas.

Dugout ponds are the most popular method of containing ground water
in Kent and Norfolk Counties. (It should be noted here that run-off and
spring-fed ponds are not distinguished from dugout ponds on the Permit to
Take Water, so that the incidence of these ponds is unknown. It can be
presumed however, that run-off ponds are not widely used for irrigation due
to the lack of recharge at a time when water is needed most). Wells are used
to a minor extent in Simcoe “nd Norfolk Counties. The majority of wells in
Norfolk, however, are in the form of sandpoints and are used to exploit the
shallow water table. The wells in Simcoe County, conversely, are deep wells
that have been drilled into regional aquifers by large agri-business operations.
(Lottimer, 1987). Unlike most irrigating farmers, these organizations have the
financial resources to construct and operate a high-capacity well. The absence
of wells in Kent County would appear to be the result not only of financial
limitations but also of a history of "dry holes” in the region (Fraser, personal
communication 1986). This corresponds with Bowden’s general observation that
a farmer is unlikely to attempt to sink a well when his neighbours have not

been successful in doing so.

In terms of supplying surface water, approximately 19% of the

irrigators in each of Kent and Norfolk Counties rely on direct surface
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withdrawal while this figure rises to 65% in Simcoe County. These figures
would appear to be related both to the density of irrigators and availability
of supply. Although there is not an abundance of irrigators relying on any
one stream in Kent County, the streams themselves are primarily short-run
drainage ditches which, by their nature, supply minimal amounts of water
during periods of greatest need. Conversely, in Simcoe County, the streams
that are relied upon for irrigation water typically maintain an adequate flow
throughout the growing season and the number of irrigators on any one
stream has apparcuatly not jeopardized this supply. In Norfolk County
meanwhile, the majority of surface water withdrawers do not pump directly
from streams, presumably due to a lack of security in supply, resulting from
the high density of irrigators on those streams. Consequently, about 25% of
the irrigators in Norfolk and Kent Counties have turned to on-stream or
by-pass ponds as a means of storage while this figure is only 16% in Simcoe
County. Of these two types of ponds, the majority of users have favoured the
on-stream variety, presumably as they are cheaper to construct and easier to

maintain.

It is of note that the development of farm ponds has not, historically,
been undertaken solely by the irrigating farmer. As early as 1950, some river
basin conmservation authorities were promoting the construction of farm ponds
as "one of the most effective ways in which the farmer..can assist in our
conservation program®” (Don Valley Conservation Authority 1950). These ponds
were meant to serve a variety of pu. poses including water supply for
stock-watering, fire-fighting, recreation, wildlife habitat and irrigation. In an

attempt to promote rheir development, various conservation authorities
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established programs of financial support and technical advice for farmers
wishing to construct ponds. In 1964, this program was transferred to the
provincial Department of Agriculture who standardized a program of support
for water supply previding 40% of the approved costs up to a maximum
amount, which has varied over the years. For example, over the 10-year period
from 1964 to 1974, this maximum amount increased from $500.00 to $1500.00
(Ontario Ministry of Agriculture and Food, 1974). In 1971, the program was
expanded, un ier the Agricultural Rehabilitation and Development Act (ARDA),
to include the construction of farm wells. Today, however, proposed water
supply programs are eligible only for technical assistance in the design and
preparation of plans (Fraser, personal communication 1986). Thus, although the
government has supported the development of water supply on Ontario farms,
this support has never been for irrigation alone, and the financial commitment

has been minimal.

To summarize, the development of a supply of water for irrigation in
Ontario has primarily been under the control of individual farmers with
minimal community organization or public financial support. Consequently, the
geographic pattern of water supply that has emerged in the province would

appear to be a function of:

i) the system of water rights which defines the entitlement
of an individual to exploit either surface water or ground water;

and

ii) the adequacy of the entitled source of supply as determined

by uatural flow or yield characteristics and the number of users
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relying on that source.

Although informal arrangements or “illegalities” occasionally act to alter the
limitations imposed by the riparian system of water rights, the general spatial
pattern of water supply sources primarily reflects the geographic nature of
this doctrine, with property owners on streams exploiting surface water while
those displaced from streams rely on ground water. However, in areas where

the adequacy of supply has been perceived to be a potential problem, farmers

in the three study areas, have historically exercised a number of options. Some

have foregone the right to use surface water and relied on ground water
supplies. Where rights have permitted, others have practiced conjunctive use of
both surface and ground water. By far the most common remedy to the
problem, however, has been the construction of storage reservoirs. The type of
reservoir selected is controlled by two factors. First is its suitability for the
purpose of irrigation. For example, runoff ponds are not well suited to the
temporal demands for irrigation water and are not widely used. The second
factor relates to the personal circumstance of the irrigator and will reflect
the expense and effort that an individual is willing to exert in developing

and maintaining a suitable source of supply.

The influences described above have created different strategies of
storage and withdrawal in each of the three counties studied. The dominance
of direct withdrawal from surface water in Simcoe County is partly a
function of the proximity of large streams to potentially irrigable soils and
the absence of a perceived threat of flow depletion through temporarily
concentrated competition for use of that source. In Kent County, there is not

a great reliance on direct withdrawal from surface water simply because the
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majority of these sources are naturally inadequate to meet the demands of
irrigation. The resulting pattern, displays a greater reliance on ground water
sources and the storage of surface water. In Norfolk County, the majority of
irrigators rely on ground water and surface water storage. The incidence of
ground water supply, for the most part, follows the geographic rules inherent
to riparian rights, while surface water storage reflects an aitempt to avert the
potential flow reductions caused by a high density of irrigators relying on the

same source.

5.1.3 Water Supply on Surveyed Farms

As previously indicated (Table 5.1), the sources of water supply on the
35 surveyed farms follow the general patterns exhibited within each county.
The absolute distribution of the sources on surveyed farms is found in Table
5.2. The majority of irrigators in Kent County depend on dugout ponds to
supply ground water, four irrigators use on-stream ponds for surface water
while two irrigators withdraw water directly from surface sources. In Simcoe
County, most of the irrigators surveyed rely on surface water, eleven
withdrawing directly from the source and three using on-stream ponds. Only
one farmer used a dugout pond to supply ground water. In Norfolk County,
the opposite is true with six farms relying on ground water from dugout
ponds, two from spring-fed ponds and two from wells. For surface water
supply, four take water directly from the source, two store water in

on-stream ponds, and one¢ relies on a by-pass poand.

Two conditions evident in Table 5.2 point to the fact that some of the

surveyed farms rely on more than one source of water. That the total number
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of farms reporting by individual source type does not equal the tctal number
of farms surveyed, and that the total number of sources reported is greater
than the number of farms reporting by source, is evidence of this fact. Of the
35 farms reporting, 54% relied solely on one source of water, while the
remainder (46%) relied on two or more sources. A breakdown by sampled
county (Table 5.3) reveals that the majority (78%) of those surveyed in Kent
County rely on two sources of water. Conversely, as woul. be expected from
the previous discussion, only 25% of the irrigators in Simcoe County relied or
two sources of supply. The greatest variation occurs in Norfolk County, where
57% of the irrigators receive water from ome source, 21.5% rely on two
sources and a total of 21.5% or 3 farmers rely on more than two sources. It
should be noted that the respondent shown to be using six sources is actually
using six sand points, or driven wells. Although these drive points are
manifolded together to form one supply line, they are each individual wells
that have their own intake line and create separate drawdown ranges. As
such, each is spaced .ad sunk into the water table as if it were a separate

well.

This multiplicity of sources of water is not, as Hudson (1962) suggested
in the case of Utah irrigators, a function of farmers irrigating more than one
"piece” of land. With the exception of one farmer, all of the respondents
reported that they irrigated on only one parcel of land or on contiguous
proper?ies. Although some of the respondents stated that they leased additional
farmland that was geographically separated from their property, this land, in
all cases, was used to produce non-irrigated crops such as wheat or corn.

Rather, the existance of more than one source can be seen as a reflection of
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the attitude of the respondents toward the adequacy of the original supply, as

discussed below.

5.1.4 Adequacy of Water Supply

The question of adequacy of water supply on the surveyed farms was
dealt with by asking farmers if they had ever experienced a shortage of
water from their source of supply. Respondents who replied affirmatively to
this question generally reported thar they could not completely “cover” their
fields with their original supply of water, without waiti~g for that supply to
recharge. This “shortage” was further qualified in terms of the time required
for the supply to recharge. For example, if the farmer exhausted his supply
before completing one irrigation, but the source was restored within a matter
of a few hours, there was generally not considered to be a shortage, whereas

if the recharge period was greater than one day, a shortage was reported.

The suggestion that the presence of multiple sources reflects the
inadequacy of the original supply is supported through an examination of the
number of sources used on farms that have experienced a shortage of water
(Table 5.4). On average, those farms that have experienced inadequate -~upplies
in the past rely on a greater number of sources than those that have not
experienced a shortage. This is clearly true for Kent and Norfolk Counties but
only marginally true for Simcoe County. These figures tend to exhibit the
response to shortage and are a function of the number of farms experiencing
a shortage of water, the perceived cause of that shortage, and the range of

alternatives adopted by farmers in responding to inadequate supplies of water.
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Among the farmers interviewed, 57% felt that their water supplies had
always been adequate for their needs. These farmers felt that this was so for
a number of reasons. The two farmers relying on wells, both in Norfolk
County, stated that the water table had not dropped for as long as they hezd
used the source; fifteen and eighteen years respectively. Three farmers cited
the benefits of underground springs in securing their supply. Two of these
respondents had ponded the spring and one who relied on direct withdrawal
from a stream noted that the stream was spring-fed on his property. In
Simcoe County, ten of the respondents who felt that they had an adequate
supply generally received their water from large streams. Two of the farmers
interviewed in Kent County stated that they had a problem of too much
water. Both of these respondents had originally relied on Lake Erie to supply
their water needs but had developed alternate sources of supply. Apparently, a
great deal of equipment had been lost to the lake during summer storms. In
addition, the cost of pumping water up a 27-metre embankment at the lake

edge proved prohibitive to these users.

About 43% of the farmers interviewed stated that they had experienced
a shortage of water in the past (Table 5.5), and felt that their supplies had
been inadequate. The majority of these farmers were in Kent County where
they accounted for about 78% of the farmers interviewed. This figure dropped
to a minority of 25% and 36% of the farmers interviewed in Simcoe and
Norfolk Counties respectively. The incidence of inadequate supply stands out
most clearly where ground water is supplied through dugout ponds in both
Kent and Norfolk Counties. In addition, three Kent County farmers reported

shortages from on-stream ponds and, predictably, one from a run-off pond. The
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incidence of shortage in Simcoe County was not peculiar to any source and
inadequate supply was reported from dugout ponds, on-stream ponds, and direct

withdrawal by one farmer each.

As Andrews and Geertson (1970) have noted, the perception of the cause
and frequency of the water shortage will influence the pattern of response
that is adopted by farmers. When asked to supply reasons for a reported
inadequacy of supply, the response of farmers generally fell within four
categories. These are displayed in Table 5.6. Typically, those farmers who
reported a shortage from dugout ponds saw the problem as recurrent, usually
arising every year and blamed the problem on either a limited size of the
pond or a lack of maintenance of the pond. Specifically three farmers in Kent
County felt that their ponds were too small to satisfy their needs as did one
farmer in Simcoe County and one in Norfolk County. Three additional
respondents in Norfolk suggested that inflow into their ponds was hindered by
the recurrent formation of a hardpan on the bottom of the ponds. All of
these irrigators reported that they were forced to rake the bottom of their
poris once every five years to re-establish inflow. This problem can be
related to the dominant practice of irrigators of pumping ponds dry and
waiting for them to recharge. This practice permits the process of cementation
to occur and the hardpan to form. Similarly, Richardson (1958) has put down
the poor constru:tion of farm ponds to the presence of a number of
unscrupulous pond diggers in Ontario during the early 1950’s when the demand
for ponds exceeded the number of excavators. An additional problem, as
previously suggested, is the irrigators lack of knowledge, in quantitative terms,

of water supply requirements. When this requirement is not known, it is
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difficult to specify the size of storage reservoir that will satisfy the demand.

Those farmers who reported a shortage from on-stream ponds generally
received their supply from small drainage ditches. Two of these respondents in
Kent County perceived the problem to be sporadic and the resuit of a natural
lack of precipitation, occurring only "in dry years”. An additional respondent
in Kent County felt that his storage problem was caused by debris clogging
the stream above his property and that, although he was being deprived of
water on an annual basis, farmers upstream from the jam were experiencing
problems of excess water as the stream level had risen above, and blocked,
their drainage outlets. One respondent in Simcoe County reported that his
supply, ponded in a drainage ditch, was hindered annually by a lack of

precipitation.

One farmer in Simcoe County reported that his supply from direct
withdrawal had been inadequate because of a lack of precipitation in "dry
years”. This farmer noted that he was located near the headwaters of this
small stream and that a lack of run-off in the spring had a drastic affect on
the capacity of the stream to meet his needs. Only one respondent in this
study cited over-exploitation of the source by other irrigators as the cause of
his shortage. This irrigator, in Norfolk County, had received his supply
through direct withdrawal from a stream which was consistently blocked by

other irrigators, depriving him of adequate water to meet his needs.

In summary, data presented in the previous pages has focused on the
farm operators experience with inadequate supplies of water and perceived

causes of water shortage. Thus, the term “water shortage” as used in this
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study, does not necessarily imply that the physical supplies are less than the
demand. Rather, this study uses the definition of a “shortage” as perceived by
the irrigator. In the farmers estimation, a shortage is simply "not enough
water to cover my crops” within a certain period of time and does not mean
that there is a deficiency in a potential supply. More often, the general
consensus is that the structural supply system lacks the capacity to provide
sufficient water for the spatialiy and temporally concentrated demands of
irrigation. This perception is important in influencing the range of
alternatives that irrigators have historically chosen to remedy the problem of

inadequate supply.

Lees (1974) has suggested that a local response appropriate to conditions
of inadequate supply would be to cut back water use until the resource had
replenished itself. This argument however, ignores the users estimation of the
problem. Although the cause may be purely hydrological in nature, if the user
does not perceive this to be the case, the "appropriate” response might not be
included in his range of alternatives. Conversely, Hudson (1962) noted that
farmers who have inadequate supplics of water may or may not be resigned
to what they have and that the nature of each individual response will
depend on personal circumstances. Andrews and Geertson (1970) have noted
that the majority of farmers, operating under a structurally controlled system
of allocation and distribution, generally verceive that there is "no way to get
more water” in the event of a shortage. Where adjustments to deficiencies in
the availability of water are made on an individual basis, however, the range
of responses adopted is quite broad and reflects both the farmers estimation of

the problem and abi. ty to rectify it. This range of responses adopted by
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surveyed farmers is shown in Table 5.7. The categories listed are not meant to
include the entire possible range of alternatives available to mitigate the
effects of an inadequate water supply but reflect the actual choices that
individual irrigators have made in response to the conditions of inadequate

water supplies discussed above.

These solutions can be divided into two broad categories;
demand-oriented and supply-oriented. Briefly stated, demand-oriented responses
imply an intentional reduction in the need or demand for water to meet the
available supply. Supply-oriented responses, on the other hand, include
intentional attempts to supplement the original source by developing new

supplies of water to satisfy established demand requirements.

Within the demand-oriented responses, respondents generally chose one
of three courses of action: reduce the rate of withdrawal; suffer shortage; or
eliminate the need for water. Two irrigators in Norfolk County reported that
they had reduced their rate of withdrawal from dugout ponds to make up for
an inadequate supply. This response involved reducing the number of hours of
taking per day rather than reducing the amount of water actually used. In
essence, this necessitates a lomger irrigation period in terms of the operating
days required to cover the full acreage of a crop, but it allows the source
time to recharge and provides an adequate supply of water on each of the
irrigating days. In both cases, this adaption to shortage was combined with a

pond maintenance plan to reduce the problems caused by the formation of a

hardpan.

An additional two respondents, one in Kent and one in Simcoe chose to
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suffer the shortage. This is essentially, a passive action where no attempt is
made to reduce demand or increase supply. One of these farmers has
experienced sporadic shortages from a surface stream and does not see a need
to develop an additional source of supply where it would not be required on a
regular basis. The other has experienced recurrent shortages from a dugout

pond but does not feel that they are severe enough to take any action.

The third option, that of eliminating the demand for water, was
reported by only one farmer. This response basically implies the adoption of
practices which can act as a surrogate for irrigation and thus reduce or
climinate the demand for irrigation water. The Simcoe County farmer who
responded to inadequate supplies in this manner had been dependent on ponded
drainage ditches to supply water and relied on irrigation to reduce crop losses
frorm. wind erosion induced “shear-off”, and spring ”burn-off”. The perceived
cause of the shortage was inadequate precipitation at times when the water
was required. This respondent’s initial reliance on drainage ditches would seem
paradoxical. Presumably, if there existed sufficient rainfall to provide a
drainage flow, the need for irrigation in this case would be negated However,
he felt that he could not afford to sink a well and, in order to reduce his
reliance on irrigation water, planted a cover crop over his main crop of
carrots in an attempt to reduce wind ecrosion and heat stress. This cover crop

was chemically destroyed after the young carrot plants were established.

Two-thirds of the farmers reporting a response to inadequate supplies
had enacted supply-oriented solutions. These responses fall into three
sub-categories: improve the existing source; secure additional water from an

existing source; and construct a new source. Four of the farmers interviewed
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had attempted to provide an adequate supply of water by improving their
original source. Obviously, this response is only perceived as a viable option
where the supply structure is seen to be the cause of the shortage. Responses
in this category included clearing or dragging the stream or drainage ditch
and expanding the source of supply through emlarging the pond or deepening

and widening drainage ditches in an attempt to capture more water.

Two of the farmers interviewed had secured additional water from an
existing source of supply as an alternative to the conmstruction of a new
source. One respondent in Simcoe County has turned to direct withdrawal
from a small stream on his property in respomse to a recurrent shortage from
his dugout pond. An additional irrigator in Kent County who experienced an
annual shortage from a run-off pond reported that he had purchased water
from a property adjacent to the farm. In this case, the original supply is used
to the point f exhaustion before the respondent purchases water. This rental
supply exists in the form of an exposed water table in an abandoned gravel
pit. The farmer suggested that under the original owner of the pit he had
only paid for water as he required it. When a change in ownership occurred,
the new owner demanded an annual fee of $300.00 for the privilege of access
to the pit, whether the water was used or not. This respondent felt that he
had no choice but to agree to this arrangement. He had investigated the
possibility ¢” sinking a well to supply irrigation water, but felt that this
proposal was too expensive and umnlikely to succeed. Although only reported by
one farmer, several of the surveyed irrigators stated that they had heard of
similar purchase or leasing arrangements. Also, as previously mentioned,

informal arrangements exist whereby irrigators can borrow or "steal” water as
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needed.

The final, and most structural, response to shortage mentioned by the
surveyed farmers was the construction of an additional source of supply. This
response involves developing a new source ¢f water rather than modifying
existing opportunities. In all four reported cases, this response took the form
of the construction of a dugout pond to either supplement extant sources, or
repla- ¢ those no longer reliable, such as an over-drawn stream. One respondent
reported that he had turned to a dugout pond after the blockage of a stream
by upstream irrigators prohibited his use of that source. Although he financed
the construction of this pond himself, he found that he had sufficient supply

to allow four neighbours to take water from this new source.

In summary then, a slight minority of the farmers interviewed (43%),
felt that they had an inadequate supply of irrigation water. The bulk of these
respondents did not relate this “shortage” to natural conditions but rather, to
a deficiency of their original supply structures. In response to recurrent
shortages, most farmers have not attempted to reduce their demand for water
but have attempted to secure a greater supply, primarily through structural
means. It could be conciuded that the general response is structural because the
problem is not perceived to be a lack of physical supply, but an ineffective
means of supplying and storing sufficient water on-farm. However, several
observations complicate this conclusion. For example, of those two respondents
who chose to reduce withdrawal in response to a structural supply problem,
one had the opportunity to exploit a stream running through his property.
This irrigator, however, stated that he "didn’t like the idea of taking water

out of the stream” and felt that this practice had a detrimeutal effect on
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aquatic stream-life and stream quality. The other expressed a concern that if
he developed another supply source, he might deprive his neighbour of water

who "needs it as much as I do.”

Based on observations such as these, the broad conclusion stated above
requires refinement. A more suitable suggestion is that the form of response to
water shortage, and indeed the cxisting pattern of water supply, is not only
governed by physical limitations and techmnological possibilities, but equally,
and perhaps to a greater degree, by the goals and values of the resource user.
Again, the previous sections, through an examination of prevalent water supply
patterns and practices, have emphasized the influence and consequence of the
individual water manager, in the form of the irrigating farmer, in exercising
control over the use of water for irrigation in the areas under study. The
remainder of this discussion will focus on the actual practices employed in
delivering water to the fields, methods used to apply water to crops and

techniques utilized in scheduling waterings.

5.2 IRRIGATION METHODS

In describing on-farm irrigation techniques, a distinction is commonly
made between surface and sprinkler methods of irrigation. Within both of
these classifications, various methods of applying water to cultivated fields
exist. Irrigators employing surface techniques, commonly described as wild
flooding, border strip and furrow or corrugation (Holmes 1986, Hudson 1962,
Quackenbush et al. 1957), rely on gravity flow to transport water to, and
distribute it within, their fields. In these systems, "water is designed to be led

from its source in am orderly fashion through a network of bifurcating
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channels of increasingly fine size”, until the irrigation is complete (Caristein
1982). In Onmtario, where sprinkler irrigation is the dominant practice, the
pattern is similar. Water is forced, under pressure, through a series of
increasingly fine-sized enclosed pipes until the irrigation is complete. The
initial difference between the two systems then is the means of diverting or

delivering water to, the fields.

5.2.1 Diversion of Water to Fields

Unlike those areas where methods of surface irrigation are practiced,
delivery and distribution of water by gravity flow is not practical in Ontario
for reasons having to do with topography and the considerable amount of land
preparation necessitated by gravity flow systems. Contrary to the claims of
Rubey (1954), farm ponds do not ”usually occupy high ground” but are
typically found in low-lying arecas where they can capture a supply from
shallow water tables, run-off and underground springs. Similarly open water in
river channels or natural lakes is commonly found below field level and must
be lifted prior to use. Consequently, the diversion of water by gravity flow
has never been popular in Ontario. Irwin and Armitage (1981) cite a reference
from a 1911 farm periodical which described a gravity flow furrow irrigation
method but suggest that this system never developed beyond a rudimentary
stage. Indeed only one of the farmers interviewed for this study mentioned a
knowledge of surface techniques having been practiced on his farm. Although
he did not know the actual details of the diversion methods used, this
irrigator stated that his grandfather flood irrigated his Kent County orchards

during the early 1900’s.
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Given the constraints to the diversion of water by gravity flow,
irrigators in Ontario have historically relied on pumps to withdraw water
from the source and conveyance pipes to deliver it to the field. All 35
respondents to this survey stated that they used some form of pump to

provide irrigation water.

The most common pumps for irrigation are centrifugal and turbine
pumps. The centrifugal pump is best suited to pumping from surface water or
shallow ground water supplies and operates most efficiently when the suction
lift is less than 4.5 metres (Ayers and Spencer 1974). Turbine pumps are
required when pumping from wells where the water surface is too deep for a
centrifugal pump. Power units for these pumps usual;y take three forms.
Historically, the most popular method of powering irrigation pumps was a
gasoline fuelled internal combustion engine. More recently, in an effort to
reduce fuel costs, many irrigators have replaced gasoline engines in irrigation
pumps with diesel engines. Similarly, in areas where suitable hydro service is
available, some irrigators now use electric motors on irrigation pumps in an
attempt to reduce operating and maintenance costs. Other farmers utilize the
power-take-off (P.T.0.) shaft of a tractor to run their irrigation pumps. As
Irwin and Armitage (1981) have noted, this strategy allows the farmer to
reduce fixed costs by using a tractor, which would otherwise have been idle,
in place of a stationary engine. Of course this is owmuy true if a farmer has no
other use to which the tractor could be put while he is irrigating. In many
cases, farmers have other fields or non-irrigated crops with which they could
be working, while a nearby field is being irrigated. Still more recently,

propane has become an attractive alternative fuel in powering irrigation
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pumps. A 38% savings in fuel costs can be realized by using propane instead of
gasoline (MacLaren 1982) and as propane is a cleaner burning fuel than

gasoline, engine life is extended and maintenance problems reduced.

Although farmers interviewed for this study were not directly asked
for details concerning pumping units, three respondents in Simcoe County
reported that they had switched from diesel to electric powered pumps and
two irrigators in Norfolk County noted that they had converted gasoline
engines to propane fuel. By far the majority who volunteered information on
irrigation pumps were using the shaft of their tractors to drive their pumps.
This observation would seem contrary to the results of a 1950 survey in
which 17% of all irrigation pumps were driven by electric motors, 76% by
stationary engines and only 7% by tractors (Cooper and Armstrong 1953 cited
in Irwin and Armitage 1981), but seems to represent an effort on the part of
farmers to reduce the cost of irrigating as fuel and equipment costs have
increased over the years. These observations are reinforced by the findings of
another recent survey of Ontario irrigators, which discovered that 60% of
respondents relied on P.T.O. driven pumps, while 31% used stationary engines
and 7% employed electric motors (Ontario Ministry of Agriculture and Food
1986). It should be noted that the cost of supplying water to the farm, other
than developing a source of supply, is synonymous with the cost of pumping
water from the source to the field. Farmers taking part in this study
generally found it difficult to separate labour and fuel costs for irrigation
from those resulting from other production activities. The labour involved in
irrigating was commonly performed by the farm operator or his family aad

respondents did not place a dollar value on this work. Most associated the cost
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of irrigating with that of pumping water to their ficlds. These values ranged
from a minimum of $24.00 to a maximum of $10,002.00. Although this cost
could be expected to have a direct relationship to land area irrigated, this does
not appear to bc the case. For example, the respondent reporting an average
operating cost of $24.00 irrigated 162 hectares while the irrigator reporting
$10,000.00 irrigated 101 hectares of land. A detailed analysis of these costs was
not carried out due to the non- specificity of responses and it is felt that any
such analysis would present misleading results. Generally though, the cost of
water as viewed by most irrigators is synonymous with that of fuel, and any
increase in the cost of pumping represents an increase in the "price” of water.
In response to this increased price, most irrigators have not attempted to
reduce their pumping requirements through lowering demands for water, but
have opted for the more concrete alternative of switching to more efficient

power units and lower cost fuels.

$.2.2 The Distribution and Application of Water to Fields.

As previously stated, sprinkler irrigation systems are the predominant
means of applying water to crops in Ontario. These systems can be broadly
classified in a number of ways according to both mobility of equipment and
the type of device used to project the water (Wiesner 1970). In general, these
systems are composed of a number of units including a pump and drive unit
to divert water, main lines and smaller lateral pipes to distribute water to the
point of application, and a spray head to apply water. Main distribution lines
are commonly {2 to 20 cm. in diameter and run the length or width of the

irrigated field, depending upon the location of the source. Lateral pipes of
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smaller diameters, usually 7 to 12 cm. in diameter, are attached to the
mainline by means of a coul;ler and run perpendicular from the mainline to
the edge of the irrigated field. "Riser” pipes, of a smaller diameter, are
attached to the laterals and deliver water upward to the sprinkler head. It is
unlikely that any two farms will have identical irrigation systems as the
arrangement of mains and laterals is commonly governed by the location of
the water source and is dependant upon the size, shape and lay of the field
(Ayers and Spencer 1974). Similarly, the infiltration characteristics of the soil
and water requirements of the irrigated crop are used by irrigation engineers
to determine the amount and rate of application of water. This information is
then used to determine the diameter of the lateral pipe and the spacing of
sprinklers on the lateral in order to provide a unif wrm distribution of water
(Ayers 1956). Irrigation pipe is commonly available in lengths of 6, 9 and 12
metres and a number of fittings such as elbows, ties, valves, reducers and end
plugs are available so that any configuration of pipes in the field is possible.
Irrigation publications tend to stress the importance of consulting an
agricultural engineer or irrigation design specialist when planning an irrigation
system (ie. Ayers 1953, Ayers 1956, Ayers and Irwin 1974, Campbell and Ayers
1960, Korven and Randall 1975), but a number of the surveyed farmers stated
that they had designed their irrigation layout themselves after purchasing used
¢quipment, or had experimented with their initial design until they found a

layout most suitable to their operating practices.

Most sprinkler systems are commonly classified as portable,
semi-portable, permanent or travelling. The farmers interviewed for this
survey made further distinctions according to the commonly applied names of



159

their techniques. These can be found in Table 5.8. A similar distinction was
made by farmers in terms of the spray head used to apply water. This was
between sprinklers and volume gums. Essentially, both of these spray heads are
rotary type sprinklers. However, conventional sprinklers are typically double
nozzled mechanisms, which are classified according to pressure, and which
break up water drops through a combination of operating pressure and nozzle
size. Revolutions of these sprinklers are relatively rapid and operate on the
principle of an impact arm which is deflected by a jet of water and returned
by spring temsion. Volume guns, however, are large single-nozzle sprinklers
which operate under high pressure, and revolve slowly in a circle emitting a
large, high-velocity stream of water into the air in a pulsating manner. Air
resistance breaks up the stream into fine drops. The diameter of coverage
from these guns can exceed 140 metres compared to from 6 to 30 metres for
conventional sprinklers (Wiesner 1970). The advantages of these guns is that
less equipment and less labour are required for their operation than with
conventional sprinklers (Irwin and Armitage 1981). Some farmers however feel
that they do not provide an adequate coverage of crops and have preferred to

remain with sprinklers (Surgeoner 1983).

In watezing their fields, farmers in the three study areas use a wide
variety of techniques based on the pressure flow of water. The most widely
employed methods are hand-move sprinklers and guns, followed by solid-set
sprinklers, travelling systems, and drip or trickle irrigation. Table 5.8 displays
the land area of particular crops irrigated by each of these systems as
reported by surveyed farmers in each of the sample counties. The total

number of farms reporting by technique is greater than the total surveyed, as
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TABLE 5.8 IRRIGATION TECHNIQUES USED ON SURVEYED FARMS
Number of Fieldsand Hectares Irrigated by Technique
Hand-Move { Solid-Set | Hand-Move | Travelling Centre
Crop Sprinkler | Sprinkler | Guns Guns Pivot Drip
Location
No. | Ha. No. | Ha. No. | Ha. No. | Ha. No. | Ha. No. | Ha.

Tobacco

Kent 1 4.6 -- .- 6 65.9 - - -- .- - .-

Simcoe -- -- 1 }118.2 ] -- -- -- -- - - .- --

Norfolk 2 [23.5 | -- -- S 102.7 2 134 - -- -- .-
Potatoes

Kent 1 6.5 | -~ -- .- - - - -- -- - .-

Simcoe - - - -- .- -- 3 R38.7 4 p21.1{ -- --

Norfolk - - .- -- 1 8.1 1 70.8 -- - -—- -—-
Peppers

Kent -- - 1 §12.1 3 3.4 | -- -- -- - -- --

Norfolk -- -- -- -~ 2 8.1 } -~ -~ .- -- -- .-
Onions

Kent -— - - -- 1 1.6 - - -- - -- -

Simcoe 1} 16.2 112831 -= -- - -- -- - - .-
Carrots

Simcoe 3 }156.7 | -~ - - - - - -- - - --
Other Vegetables

Kent -- - - -- 1 |10.5] -- -- -- - - -

Simcoe 11 36.4 1] 24.3 1 |36.4] -- -- -- -- 1 6.1

Norfolk 1 2.8 | -- - 3 | 18.2 11]20.2 |-- - - --
Tree Fruits

Kent 2 12.4 - .- -- - -- - -- - - --
Strawberries

Kent 2 5.4 1 S.7 1 0.8] -- -— - - - ..

Simcoe - - 1 6.1 | -- - e - - - - -

Norfolk 1 0.4 1 10.1 .- -- - - .- - - -
Other Small Fruits

Kent .- -- 1 5.2 | -- - -- -- -- -- -- -~
Total 15 |164.9 8 [110.0 | 24 }255.7 7 1363.7 4 1621.1 1 6.1
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some farmers are using more than one method in irrigating their crops. A

general description of each of these methods is provided below.

a) Hand-move Sprinklers. These systems can be either completely portable or

semi-portable. In the latter, the main lines are buried in the field with
vertical hydrants remaining above ground level to which laterals can be
connected. In a fully portable system, all pipes, including the mains, are
moveable. Irrigators lay out the pipe at the beginning of an irrigation period
and remove it at the end. With hand-move systems, farmers generally employ
one or two laterals to which sprinklers are attached. These laterals can
provide a certain depth of water to a specific area of land within a certain
period of time. To irrigate an entire :6ld, farmers sequentially move these
laterals through each of these "settings”. The number of settings, and the tir.e
required to cover a field will depend on the width of a strip of land covered
at each setting. For example, if the sprinklers on one lateral provide a wetted
diameter of 30 metres and the length of the lateral is 183 metres, an area of
approximately 0.4047 hectares (1 acre) can be covered at one setting. Once this
area is covered to a certain depth of water, the irrigator moves the lateral
pipe to the next valve on the mainline and begins a new setting. The time of
each setting is dependant upon the discharge rate of the sprinkler which can
be controlled through the size of the sprinkler nozzle. The number of laterals
employed is controlled by the ability of the pump to supply sufficient
pressure to meet the demands or sprinkler application rates. The obvious
disadvantage of these hand-move systems is the high labour requirement
involved in moving the pipe which, of course, will increase with the amount

of land to be irrigated.
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b) Solid-set Sprinklers. These systems are permanent in the sense that they are

laid out at the beginning of the growing secason and removed after harvest.
The main purpose of this system is to irrigate an entire crop without moving
pipes. As such, sufficient laterals are required to cover an entire field and low
volume sprinklers are used resulting in a closer spacing of the laterals.
Solid-set systems generally entail high fixed costs dur to the amount of
equipment required but very little operating labour is required aside from the

initial set-up in the spring and removal in the fall.

c) Hand-move Guns. Two types of hand-move guns were apparent on the

surveyed farms. One resembles conventional hand-move sprinkler systems, with
guns mounted on risers attached to laterals. This system involves changing
settings similar to that described above with the exception that fewer scttings
would be required to irrigate a complete field due to the greater aerial
projection of water from volume gums. This system is generally used on
low-level vegetable and fruit crops. On taller crops such as tobacco, a single
gun is mounted on a small portable trailer which can be pulled along the
laterals and connected to hydrants rising vertically out of th. lateral pipe.
These trailers can be¢ transported either by hand or hauled by a tractor to

each subsequent setting.

d) Travelling Systems. Two types of travelling systems were observed on the

surveyed farms. Travelling guns resemble the portable trailer described above
where a single large sprinkler is mounted on a trailer. In a travelling system,
the trailer is moved, toward a specific point, by a winch which is powered

either by a water turbine, using the flow of water to the sprinkler, or by a
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small stationary engine. Water for most travelling sprinklers is fed from a
main line through a flexible plastic hose which is reeled in around a large
diameter spool as the trailer travels toward the main. A new type of

travelling gun, employing a self-contained steering device which guides the
system along lateral pipes and automatically connects to hydrants, has been
described by MacLaren (1982) but was not reported by any of the surveyed

farmers.

The second form of travelling system mentioned by the respondents was
the centre-pivot system. This system has been describea by a number of
authors (Korven and Randall 1975, McKnight 1978, and Weatherford et al.
1982), and consists of an elevated lateral pipe, commonly 15 cm. in diameter,
which is mounted on towers spaced about 27 metres apart. These towers ride
on wheels and are individually powered by hydraulic water, electricity,
hydraulic oil or air drive units. The system is anchored, at the centre of the
area to be irrigated, to a vertical pipe that supplies water to the lateral line
and around which the sprinkler pipe rotates as it irrigates a circular piece of
land. The towers along the lateral are kept in position by an allignment
mechanism and the sprinklers along the lateral are graduated in size so that a
constant deptk of water is applied along its length. Water is supplied to the
vertical pivot point by a permanent mainline which is buried to avoid
obstructing the path of the towers. These systems have historically been
designed to irrigate the traditional “quarter section” (65 hectares) and as such,

laterals are commonly 400 metres in length (McKni, .c 1978).

e) Drip Irrigation. Drip irrigation, the last technique mentioned by surveyed

farmers, is not a forr Jf sprinkler irrigation but is more commonly used as a
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sub-surface method of applying water to crops. This system is based on a
different concept than sprinkler irrigation. "Rather than applying large
amounts of water at one time, after a portion of the available water has been
used, water that is utilized in transpiration or evaporation is replaced on a
daily basis” with drip irrigation (Cline 1982). The layout of the system is
similar to that of a sprinkler system with a network of plastic pipes of
graduated sizes, cither lying on or buried beneath the ground surface,
delivering water to a series of emitters which control the flow and allow the
water to emerge as drops, usually at a rate of 2 to 4 litres per hour (Wittwer
1979). The network consists of main lines of 7.5 to 20 cm. in diameter and
equipped with pressure regulators, submains of 5.0 to 10 cm. diameter, and
laterals of 1.2 cm. diameter, along which the emitters are spaced according to
the distance between plants (Amir and Zur 1980). In addition, the pump motor
is commonly equipped with a time clock to control the duration of flow.
Thus, water is applied to the vicinity of the plant rooting zones at very low
discharges so that the soil in a portion of the rooting area is kept at or near i
field capacity (Atkinson 1979). In terms of water use, the advantages of this :
system are found in a reduction of water losses. Since water is generally ‘
applied to individual plants, the inter-crop area is not wetted and surface

evaporation is reduced. Similarly as water is not distributed through air,

evaporative losses and poor coverage due to wind drag arc eliminated.

5.2.3 Water Application Techniques on Surveyed Farms

On those farms surveyed, 15 fields were irrigated by hand-move

sprinklers which applied water to a total land area of 165 hectares or an
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average of 11 hectares per field. By crop, the smallest irrigated area was a 0.4
hectare strawberry patch in Norfolk County, which could actually be irrigated
without moving the lateral; and the largest was a 36.4 hectare field of
Chinese greens in Simcoe County. This system appears to be used most
commonly with vegetable and fruit crops as well as tobacco crops of
relatively small acreage. Within th= survey sample hand-move sprinkler
systems are unique to only three carrot fields in Simcoe County, where
irrigation is of primary import in the spring to reduce heat stress and wind
erosion; and on two orchards in Kent County where low angle, low volume

sprinklers are used to apply water beneath the level of foliage.

Eight fields on surveyed farms were irrigated using solid-set sprinkler
systems. The total area watered by this method was 110 hectares with an
average field size of 13.75 hectares. The largest area was a 28.3 hectare onion
field in Simcoe County and the smallest a 5.2 hectare area of mixed small
fruits in Kent County. It is important to remember here that the number of
fields is not synonymous with the number of farms. For example, although
three ficlds of different crops are irrigated by solid-set in Kent County, all of
these fields belonged to one farmer who also uses a hand-move sprinkler
system o irrigate an orchard plot. Most commonly, solid-set systems are found
on relatively large small fruit and vegetable fields where the prevention of
frost is a prime consideration in the use of irrigation. Frost prevention,
through the use of irrigation, is most effective when the entire crop can be
covered with a consistent, low volume, application of water. This coverage is
best obtained with the use of a solid-set system which does not require

constant moving and can be layed-out in anticipation of frost occurrence. This
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practice was found to be most dominant on strawberry and other small fruit
fields in all areas as well as a peppur plot in Kent County which the operator
felt was particularly prone to frost damage. Solid-set systems were also found
on a tobacco farm, a celery field, and an onion plot in Simcoe County. In all
of these cases, the main advantage of this method of irrigation was a
reduction in labour requirements. For example, the tobacco farmer was an
older man who had switched from a hand-move to a solid-set system when his
offspring had left the farm. In a different vein, the celery grower practiced
relatively frequent water applications on this crop and felt that the expense

of a solid-set system was more than off-set by the reduction of labour

involved in the frequent moving of pipes.

Hand-Move guns were reported to irrigate 24 fields comprising a total
land area of 255.7 hectares or an average of 10.7 hectares per field. By far,
these systems are most popular on the tobacco farms of Kent and Norfolk
Counties. Although these systems are also reported to irrigate small fields of
fruits and vegetables, in all cases but two, these fields belong to tobacco
farmers who have recently begun to grow these crops as an income
supplement. Consequently, they are utilizing their gun-system, designed to
irrigate their main tobacco crop, on these other fields. Similarly one farmer
had discontinued tobacco production and switched to market garden vegetables

while retaining his original irrigation system.

Travelling gun irrigation systems were reported to irrigate fewer but
larger fields primarily of tobacco and potatoes on the sandy soils of Norfolk
and Simcoe Counties. A total of seven ficlds and 363.7 hectares were irrigated

under this syctem giving an average of 52 hectares per field. One respondent
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in Norfolk County watered both potatoes and sweet corn with this system,
while the remainder irrigated only one crop. The largest land area under these
systems were reported by three potato growers in Simcoe County, two of
whom combined travelling guns with centre-pivot systems, due to field
configuration restrictions of the centre-pivot technology. Centre-pivots are
essentially designed to irrigate a circular area of land within a perfect square
and cannot provide full coverage of a field, without overlapping, when the
length of a rectangular field is not twice the width of that field. For
example, if a given field were 400 metres wide by 600 metres long, the
rotational circle of the lateral arm is confined by the 400 metre width and
irrigates within a block of land with an area of 160,000 square metres. This
leaves an area of 80,000 square metres that must remain unirrigated, or be
irrigated twice, if the system is moved to a new pivot point. The two
irrigators mentioned above have solved this problem by irrigating their

remaining land with travelling gun systems.

A total of four irrigators reported an area of 621.1 hectares under
centre-pivot systems, averaging 155.3 hectares each. All of these operators were
potato farmers in Simcoe County. The land area under centre-pivot systems
ranged from 80.9 hectares to 263 hectares. The large acreages of potato farms
in and around the Alliston are. of Simcoe County would seem particularly
amenable to both types of travelling irrigation systems but it is of note that
all of the respondents cited first-hand knowledge of the operation of several
centre-pivot systems on a large agri-business farm at least three years prior to
adopting this practice. Similarly, all respondents stated that they did not

intentionally seek out information on this new technique but were f:rst
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approached by an irrigation equipment representative who recommended the
practice to them prior to adoption. Although McKnight (1978) predicted rapid
adoption of this practice on "many farms in southern Ontario”, this does not
appear to have occurred and seems to be strictly confined to potato farms in
Simcoe County. Several reasons for this can be postulated. First is the high
initial cost of centre-pivot systems. This ranged from $250,000.00 to $450,000.00
for those irrigators reporting. All of these systems were adopted between 1983
and 1985 and it is unlikely that many farmers could contemplate such an
outlay of capital given the current economic climate of agriculture. Second is
the relatively small size of the majority of irrigated fields in Ontario.
Centre-pivot systems were originally designed for the large-scale irrigated
agriculture of the western United States and Canadian provinces and in most

cases are not suitable for the much smaller irrigated fields of southern Ontario.

Only one surveyed farm reported the use of drip irrigation on a small
6.1 hectare field of celery. This particularly large, incorporated farm on the
Holland marsh had been irrigating their celery crop on a weekly basis using a
solid-set system but had decided to experiment with drip irrigation beginning
this year (1987). Similar to those farmers using centre-pivot systems, this
irrigator had been approached by a representative of an irrigation equipment
dealer and had consulted with drip irrigation specialists from Israel before
proceeding with the project. This respondent suggested that if drip irrigation
proves to be successful, he would expand the system to cover his entire 24.3
hectares of celery, a high water content, shallow rooted crop, but would not
include his acreage of carrots and onions as their lower water requirements

did not justify the expense of installation, which he estimated at $1500.00 per
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hectare. Although drip irrigation has also been recommended for small fruits,
particularly strawberries (Cline 1982), it was not used by any of the farmers
interviewed for this survey. The apparent reason would seem to be that the

drip method does not provide the frost prevention that most of these growers

are seeking from their irrigation systems.

$.2.4 Summary of Irrigation Methods

Contrary to statements made by some authors (Lees 1974, Holmes 1986,
Hudson 1962) that irrigators are resistant to changing traditional methods of
applying water when more efficient and economic methods exist, the survey
data from this study suggests that Ontario farmers are quite amenable to
changing systems. On the surface, the conclision of Bajwa (1983), that the
ability of larger farms to attract capital will result in the use of more
advanced techniques on those farms, would appear to hold true, but other
factors come into play. Generally, the appearancé of any tecknique on a farm
will depend on its applicability to the physical, economic and personal
constraints of the operator. Some of the variables accounting for differences
in irrigation techniques on the surveyed farms include the size and shape of a
field, the nature of the soil, economic standing, reasons for irrigating and the

personal preferences of farmers.

For example, the appearance of more technologically advanced systems
such as centre-pivot on larger farms not only reflects the availability of
capital on these farms but also reflects the nature of the technology. These
systems are specifically designed to automatically irrigate large fields where

the labour required by traditional irrigation methods such as hand-move
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systems is prohibitive to the timely application of water. On the other hand,
it is of note that tobacco farmers have not, to a large extent, adopted more
advanced irrigation systems such as travelling guns. Most farmers however
reported that these systems were "too expensive”. The advent of these
automated systems during the early 1980°s has coincided with a general
economic decline in the tobacco industry. A number of the interviewed
farmers reported having invested large sums of money in bulk kilns during
the mid-1970’s and were quite wary of committing additional borrowed capital

to "luxury” items given the bleak economic outlook of the tobacco market.

Conversely, market gardeners on the muck soils in Simcoe County enjoy
a relatively stable market for their produce, but, as with tobacco farmers,
have not adopted travelling irrigation systems. The prime reason here would
seem to be due to the low load-bearing capacity of these soils and a lack of
traction on the ground. Indeed, most of the machinery used on these organic
soils does not rely on wheels but is of a light weight, track-drive type.
Alternately, these soils are not usually irrigated for the conventional reason of
reducing physiological moisture stress on plants but to reduce wind erosion and
heat stress. Consequently, farmers irrigating crops on these soils do not
perceive the benefits of automated systems to be large enough to outweigh the
costs of these systems. In the one case where drip irrigation was practiced, the
irrigator specifically noted that he would only use it on one crop which

required frequent applications of water.

Although a number of operators have progressively adopted increasingly
technological methods of irrigation, undoubtedly, many farmers ave satisfied

with their original irrigation systems and have developed a set of irrigation
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methods over the years that are in accordance with their routine operating
practices and rationale in irrigating. Decisions to use any particular method
are, to some degree, influenced by conditions of physical and economic
commitment, but at the same time are influenced by the personal preferences
of farmers. For example, one surveyed farmer reported that he had switched
from sprinklers to volume guns but felt that they did not provide a
sufficiently uniform coverage of his crops and required too much operating
time to irrigate his fields. Consequently, this farmer reverted back to his
familiar traditional method of irrigating with hand-move sprinklers.
Apparently, other farmers are willing to overlook these perceived
disadvantages in an effort to realize reduced labour requirements provided by

these more reuvznt techniques.

In general then, the pattern of irrigation methods that exist on the
surveyed farms is one of adaption, which reflects the applicability of specific
techniques to a wide range of operating conditions. These conditions, as
displayed, differ between individual farmers but are found to be broadly
similar for those farms of common crop and soil types. In short, the pattern
that emerges is one of labour intensive techniques being employed on smaller
multiple-crop farms, while automated, labour-extensive systems, although fewer

in number, predominate on larger single-crop farms.

The preceding section has discussed the physical techniques of water
application on the surveyed farms, examining both the operating practices and
distribution of thes. techniques among irrigators. The final element of on-farm
water management examined in this study is the scheduling of water

application. This will be discussed in the following pages.
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5.3 SCHEDULING OF WATERINGS

The final ¢lement of the hierarchy of water control described earlier is
the scheduling of water applications. The general topic of scheduling of
irrigation water includes the timing of a watering, the frequency of
applications, the amount of water used in irrigating, and factors which affect

these decisions on the part of the farmer (Holmes 1986, Hudson 1962).

§.3.1 Factors Affecting Scheduling

Although the actual irrigation practices of farmers were not observed in
this study, surveyed farmers were asked huw they determined when it was
time to apply water. Several specific factors that affect the scheduling of
water were mentioned by respondents (Table 59) and the range of alternatives
considered by farmers were found to be out of accordance with those of the
general scientific community. Interestingly, the availability <. water was not
mentioned by any of the respondents. This contradicts the findings of both
Holmes (1986) and Hudson (1962). Both of these studies, however, were
concerned with a rotational system of water delivery where the sample
population did not have direct control over the timing of delivery. In
contrast, the respondents to this study have direct control over the provision
of water and although an irrigation may be interrupted because of an
inadequate source, the initiation of an application is not hindered by the
decision of any external agent. The specific guides mentioned by respondents

are listed below.
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a) Crop Appearance

Similar to what Hudson (1962), Holmes (1986) and Lambert (1980) have
observed in various regions, most farmers in Ontario judge the apparent need
for water by the appearance of their crop. The most common indicator
mentioned was a change in the colour of the leaves of certain crops. For
example, the appearance of dark green leaves on tobacco plants is a signal to
farmers that the crop is suffering from a lack of water. Other indicators of
water need cited by tobacco farmers included the appearance of "sharp” leaves
on the plant and stunted growth. Ome grower actually commented that he did
not water his crop until the lower leaves were beginning to burn. Many
farmers also suggested that the wilting of plant leaves act as a guide in the
scheduling of water. This was most common with tobacco and potatoes. No
doubt, these are practical guides in sc’ eduling water applications, however,
conventional scientific wisdom suggests that reliance on these techniques could
have negative consequences for the crop. By the time that these indicators
emerge, significant damage could have already occurred. Indeed, according to
Hansen (1980) the practice o~ withholding water until the crop shows a

definite need is likely to retard growth and "reduce both yield and quality”

(Sheidow 1968).
b) Stages in Crop Growth

Depending on the growth stage of different crops, the past experience
of firmers appears to have been translated into specific rules for scheduling
irrigations. The majority of tobacco farmers surveyed stated that their crops

always require irrigation water during "topping”. In addition, two onion
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growers and one garlic producer stated that the formation of a "nut” on the
leaf of the plant indicated that the bulb was about to "set” and that the crop
required water. Similarly, carrots are irrigated for a short period after
breaking the ground surface to prevent "burn-off”. One peach grower in Kent
County also reported that he regularly irrigated his crop one week before

harvest to boost the size of the fruit.

Among some farmers, new practices have evolved which affect the
scheduling of irrigations but are not directly related to crop water needs.
Some irrigation occurs in conjunction with the planting of crops. A number of
irrigators stated that they schedule applications of water immediately after
transplanting to "help establish the crop”. This practice replaces the traditional
technique of attaching a water tank to the planting machine and watering
plants as they are set into the field. In effect, irrigating after transplanting
represents a significant waste of water through the wetting of the inter-crop
area, whereas with a watering planter, a certain amount of water is applied
directly on top of the plant. Similarly three farmers applied fertilizers,
herbicides and fungicides with their irrigation systems and scheduled

applications based on the need for these additives rather than crop water needs.

¢) Pre-determined Moisture Requirement

A small number of respondents based their irrigation schedules on a
pre-conceived notion of plant water requirements. In the three cases reported,
this requirement was one inch (2.54 centimetres) per week. If this amount was
not supplied by natural precipitation, presumably within any seven-day period,

these farmers would irrigate. It is of note that this scheduling practice was
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not specific to any one crop or soil type.

d) Specific Time Period With No Precipitation

This practice is similar to that described above with the exception that
no specific amount of water in the form of precipitation or crop requirements
was mentioned and the time period varied between farms. The implication
here is that if no rainfall has occurred within a certain number of
consecutive days, these farmers will irrigate. This “no-rainfall” period included
every 3 days for a blueberry patch and 14 days for an orchard in Kent
county, and ranged from 5§ days for a small fruit and vegetable grower to

every 10 days for a market gardener in Norfolk County.
e) Soil Feel

Four farmers reported using soil-feel techniques to determine soil
moisture requirements and decide when to irrigate. Generally, this involves
using a spade in the field to collect a soil sample from root depth and
squeezing the sample into a firm ball in the hand. If the soil does not hold
together the moisture content has dropped to a stage where irrigation should

be started (Ayers and Spencer 1974).

f) Soil Moisture Budget

This scheduling technique will be discussed in more detail later but is
included here because some farmers mentioned it as a possible alternative in

scheduling irrigations but none actually used it.

g) Soil Moisture Instruments
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Two surveyed farmers reported that they used detailed measurements of
soil-water tension or suction to schedule irrigations. Both of these respondents
used tensiometers to determine soil water content and used this, in
combination with other factors mentioned above, in scheduling water
applications. One of these farmers, however, stated that he did not ”trust” the
tensiometer readings and usually began irrigating before a critical level was
indicated by the temsiometer. In addition, three irrigators stated that they had
attempted to use instruments such as tensiometers and conductivity meters as a
guide to applying water, but had found this practice to be ineffective. All of
these respondents telt that the measurements provided by these instruments
were not representative of actual field conditions and did not reflect
variations within large fields. In the same vein, these farmers felt that the
expense involved in setting up enough instruments to provide representative
coverage and the labour involved in monitoring was prohibitive and would not
provide significant benefits over the traditional practice of observing crop

conditions. Consequently, these respondents reverted back to this practice.

It should be noted at this point that the irrigators who are or have
attempted to use this "scientific” technique of scheduling are the same people
that have adopted automated travelling or drip irrigation systems. The
suggestion could be made that changes in irrigation technology bring about
changes in other water use practices, but as the chronological order of the
adoption of these practices is mot known, this claim cannot be validated in

this study.

h) Periods of Strong Winds
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The presence of severe winds that could potentially result in serious soil
erosion and “"shear-off” problems was cited by four farmers as a factor which
influences their scheduling of waterings. All of these respondents were located
on organic soils in Simcoe County. This irrigation generally occurs in the
spring before crops have matured to a sufficient degree to act as a barrier to
the acolian transport of sediments. Although media weather reports commonly
contain wind warnings, the exact timing of these irrigations appears to depend
on visible signs and the application of water is usually initiated at the most
susceptible points of the field, such as high spots or the farthest distance from

a windbreak.

A similar climatic influence, not directly related to crop water needs
could be expected where irrigation is used as a form of frost prevention, but
this was not mentioned by farmers. In this case it could be expected that
irrigators, in anticipation of a frost, would monitor temperatures during the
period of potential frost occ: ‘rence and begin irrigating when this temperature
drops below a threshold level, most commonly considered to be just above the

freezing point of water (0-1° C).

i) Other Observed Scheduling Factors

After many discussions with farmers in the study areas, several general
factors, other than those mentioned above, which affect the timing of water
applications can be postulated. The first of these is related to the exact timing
of irrigation as opposed to apparent indicators of crop water needs. As already
suggested, most farmers rely on the observation of crop conditions such as leaf

wilt and colour change to determine the need for irrigation. The actual
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decision to irrigate however is in fact, a game of chance. The irrigator in
playing this game must weigh a number of factors. For example: when is it
likely to rain again? How long can I afford to wait for rain before
irrigating? The answers to these questions could be expected to be related to
personal circumstance, but one irrigator, a Norfolk County tobacco grower,
suggested that this decision is also a function of the decisions of other
farmers. In the illustrative words of this farmer, ”if you want to know the
honest truth, as soon as one pipe rattles around here, everybody is out there
irrigating.” Conversely, the pattern of irrigation timing observed by this
respondent could simply be the result of a number of farmers, operating under
relatively homogeneous soil, climatic and crop considerations, within a loczlized
area, making similar choices within a time period that is constrained for all
by the potential magnitude of crop damage. Unfortunately, this “micro-scale”
level of irrigation scheduling was not considered in this study but would
appear to be an important component of irrigation water management in areas
where the timing of irrigation is not directly controlled by the exogenous

delivery of water. As such, it is deserving of future study.

A less esoteric determinant of irrigation scheduling mentioned by
another tobacco farmer related to the particular mix of crops grown on his
farm. Whereas most tobacco farmers responding to this study grew only wheat
or rye as a rotation crop, this particular irrigator grew a significant acreage
of corn in addition to a rotation crop of wheat. As with most of the tobacco
farmers surveyed, this respondent believed that his tobacco crop should be
irrigated at "topping” time, during the last two weeks of July. He noted,

however, that this period coincided with the “tasselling™ season fcr corn aund
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stated that he delayed irrigating the tobacco crop until this cultural demand
of corn had been completed. Consequently, whereas most tobacco farmers stated
that they most frequently irrigated their crop during the last two weeks of
July, this respondent cited his most frequent period as the first two weeks of

August,

This example provides a contrast to the observations of Holmes (198()
and Hudson (1962) that, under conditions of choice, high value crops are
usually tended prior to those of low value. It is however, in accordance with
a commonly held belief among tobacco farmers that tobacco should be made to
"suffer” the effects of moisture deficiencies. As one irrigator has put it: "I
don’t think you can improve crop weight by irrigating too soon or too much.
In my opinion, weight is being put in the leaf when tobacco suffers”
(MacLaren 1973). Opinions similar to this were echoed by a number of tobacco
farmers responding to this study, yet there does not appear to exist any
physiological evidence to support this belief. Indeed, according to the
conventional wisdom of agronomists and plant scientists, when a crop suffers
from a moisture deficiency, the quality of the product will be impaired, yicld
will be reduced and maturity delayed (ie. Gilley and Jensen 1983, MacLaren
1970, Scheidow 1968). Lacking any vhysiological base, the explanation of this
belief, which results in the deferment of irrigation beyond the point where
crop water need indicators have become visikle, is left open to interpretation.
One suci: interpretation is offered here and is based on observations and

general discussions with irrigators in the field

The conception that tobacco should "suffer”, rather than being founded

on any scientific knowledge, can “2 seen in terms of an adaption of beliefs to
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correspond with cuitural attitudes regarding irrigation. A number of tobacco
farmers, especially those utilizing hand-move irrigation systems, viewed the
task of irrigating as ar added burden to the farm operation and particularly
undesirable work. The reasons for this attitude are understandable. Aside from
the labour involved in irrigating, complaints were voiced by numerous farmers
about the working conditions associated with the irrigation of tobacco. With
any type of hand-wove system, this involves a considerable number of hours
spent moving lateral pipes on wet soil among wet plants that can be upwards
of 1.5 metres tall. The obvious drudgery of this work has created a condition
where tobacco farmers do not like to irrigate; in the words of one farmer,
"it’s nobcdy’s favourite job.” As a result of this aversion to the physical chore
of irrigating, it is common for some irrigators to delay the application of
water in the hope that it will rain, and the accumulated precipitation will be
sufficient to alleviate the need to irrigate. Consequently, a diurnal decision
cycle is established. On any one day, after the visible sigms of moisture
deficiency have appeared, the irrigator realizes the need to irrigate but

p¢ '~rs the question "Maybe it’ll rain tomorrow.” If it does not "rain
wmorrow”, the choice reappears; irrigate or wait for rain. Hence, the cycle
continues until the irrigator decides that he can wait no longer, or the
anticipated rainfall occurs. Of course by delaying the application of water in
the absence of precipitation, until he can wait no longer, the probability of a
rainfall event occurring, within a short period of time following the initiation
of irrigation, is increased. This suggestion is supported by the perception of
more than one respondent that: it never fails; a day or two after I start
irrigating, it rains.” It is difficult to speculate exactly when and under what

conditions, the decision to irrigate occurs but it does not seem outside of the
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bounds of reason to suggest that it cam, in part at least, be attributed to the
"leader-follower” relationship previously discussed. As a player in this "waiting
game”, the tobacco crop is subject to an escalating deprivation of moisture and
as a result, "suffers”. The irrigator, presumably, realizes this but in an
atiempt, over the years, to rationalize this practice of postponement, the
opinion has formed among some farmers, that tobacco benefits from, and

should be made to "suffer” the effects of moisture deficiency.

Although based on aural observation, this argument is, for the most
part, unsubstantiated and at best comjecture. Yet, it does not seem an
unreasonable meshing of the comments made by interviewed farmers, and it
certainly provides a starting point for further study into the understanding of
irrigation scheduling within private systems that are not dependent upon a

rotational method of water delivery.

5.3.2 Irrigation Scheduling on Surveyed Farms

A number of the factors which have been cited as influencing the
scheduling of waterings are verified by data collected from surveyed farmers
regarding their application of water. Unfortunately however, the actual
scheduling and application practices of these farmers could not be observed
within the limited time frame of this study. Consequently, although data is
presented in a quantitative manner, this inquiry into irrigation scheduling is
subject to qualitative reporting on the part of the respondents. Based on the
comments of these respondents, two broad irrigation "situations” became
apparent. Generally, it was found that farmers who irrigate multiple crops

(primarily fruits and vegetables), on individual farms, tend to treat each crop
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as unique and differentiated between these crops in their applications of
water. Conversely, those farmers irrigating a small acreage, "supplemental”,
crop in addition to a larger acreage primary crop typically treated all crops as
the same and did not make a distinction between crops when irrigating. With
this in mind, the information gathered for cach surveyed farm was
categorized by crop type and each crop type on a farm is treated as an
individual field. In turn, data for each crop type is tabulated independently

for ¢2-h sample county.

5.3.2.1 Irrigation Season

The irrigation season in Ontario, or the period of time within which
the application of water is scheduled, is naturally confined by the growing
season of irrigated crops, but can be defined both in terms of the frequency
of occurrence of moisture deficits and recurrent periods of need as reported by
irrigators. Figures 5.4, 5.5 and 5.6 provide an indicatior of the dates when
moisture deficits have most frequently occurred in each of the sample
counties. Although the data used in these figures is taken from particular
stations within each area and cannot be expected io reflect conditions on
individual farms, it does provide an approximation of the situation in each

county.

Over a 24-year period of record for Norfolk County (Figure 5.4),
moisture deficits have occurred in at least one year in each week between
May 27 and November 25. Between July 8 and September 16, deficits have
occurred in at least half of the years considered. Weeks in which moisture

deficits have occurred in over 75% of the years examined are limited to two



FIGURE 54
FREQUENCY OF MOISTURE DEFICIT BY WEEK
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seven-day periods between July 22-29 and August 19-26 respectively. In Simcoe
County (Figu-e 5.5), moisture ceficits have occurred as early as May 27 but
have not exteunded beyond October 11. Deficits have most commonly occurred
between July 15 and September 18, although there are only five weeks in
which deficits have recurred in over half of the period of record. the
seven-day period of August 12-19 stands out, with deficits occurring in 14 ocut
of 19 years or over 73% of the years considered. Unlike Simcve and Norfolk
counties, moisture deficits in Kent County (Figure 5.6) do not exhibit a strong
pattern of recurrence in any particular week or set of weeks. Moisture
deficits have occurred in each week between July 22 and November 4 sver
25% of the period of record, while deficits have occurred in 12 of the 26
years (46%) in each of the seven-day periods between August 6-12, September
9-16, and October 14-21. In general, deficits have not been noted before Junc

10 but have occurred in at least one ycar until December 16.

Other than e¢xamining the occurrence of moisture deficits, the irrigation
season can also be examined in terms of the actual scheduling of water
applications. Farmers interviewed in this study were asked to specify dates
when they would commonly expect to irrigate in any given year. Although
replies to this question could be expected to vary from year to year,
respondents were able to provide remarkably specific answers, usually within
the range of a two-week period. Based on the statements of surveyed farmers,
some irrigation can be expected to occur in cach of the five months from
May through September (Table 5.10). In May, the application of water is
typically unrelated to the physio'ogical water requirements of crops but is

coupled with the use of irrigation equipment for other cultural practices. The
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TABLE 5.10 SCHEDULING OF IRRIGATION ON SURVEYED FARMS BY
MONTH, CROP AND LOCATION

CROP TYPE AND NUMBER OF FIELDS AND PERCENT OF AREA (1)
LOCATION MONTHS
MAY (% Ha) | JUNE (% Ha)| JULY (% Ha) | AUG. (% Ha) }SEPT. (% Ha)

TOBACCO

Kent 3 33.3 1 17.5 7 100 -- - - -

Simcoe 1 100 -— .- 1 100 - -- ...

Norfolk - - —- - 9 76.5 3 43.3 -
POTATOES

Kent 1 100 .- - 1 100 P . -

Simcoe e 2 47.1 S 109 3 57.6 - -

Norfolk - .- 1 10.3 2 100 .- .- .-
TREE FRUITS

Kent - -- .- .- 2 109 1 32.3 - -

Simcoe -— - - -- B .- .- -— .-

Norfolk .- - - .- - == .- .- .-
STRAWBERRIES

Kent 4 100 e .- 4 100 - == 1 47.9

Simcoe 1 100 1 100 1 100 .- - .- -

Norfolk 1 9.2 2 100 1 3.8 .- .- -- --
OTHER SMALL FRUITS

Kent 1 100 1 100 1 100 - e- 1 100

Simcoe - .- - .- .- -- .- .- -— .-

Norfolk - e -- .- - -- R - .-
ONIONS

Kent - - - - 1 100 - - -— -

Simcoe 3 100 1 43.7 2 56.4 .- .- .- -

Norfolk - .- -- .- - - - .- n. --
CARROTS

Kent - o -- -- - - .- .- -

Simcoe 4 100 3 7.8 1 22.2 PR e

Norfolk - - -— - .- -- .- - -
PEPPERS

Kent 3 89.6 .- .- S 100 - - 1 78

Simcoe .- - .- -- - - - .- - .-

Norfolk 1 49.4 - .- 1 49.4 1  50.6 . -a
OTHER VEGETABLES

Kent .. - 1 100 1 100 .- .- 1 100

Simcoe 2 96.8 2  96.8 3 100 - - -

Norfolk 1 19.4 2 26.2 4 90.0 3 3l.6 2 le6.7

(1) Refers to the area of a crop in the named county as a percent of 1'.e total
hectares of that crop reported by surveyed farms in that county.



139

early irrigation of tobacco, potatoes and peppers in Kent County, for instance,
primarily is associat:d with the substitution of irrigation for watering
planters, on some farms. Similarly, irrigation is used on most of the
strawberry and small fruit acreage in May and June as a frost-prevention
technique or to help establish the crop. All of the surveyed carrot and onion
acreage in Simcoe County was irrigated during the spring to reduce the

problems of wind erosion and heat stress.

With few exceptions, the irrigation of all crops in each of the sample
counties can be expected to approach 100% of total acreage in the month of
July. The exceptions include carrots anc onions grown on muck soils in Simcoe
County, . ad tuhacco, peppers and other vegetables produced in Norfolk County.
The acreage of these latter crops, not irrigated in July, is accounted for by
one farmer who, as previously mentioned, was committed to the needs of
another crop during this period. Consequently, these crops were irrigated in

early August.

Fewer respondents mentioned a frequent need to irrigate during the
months of August and September. Among those who cited irrigating during
August, two tobacco farmers suggested that within the last six or seven years,
there has been an increasing need to apply water during the first two weeks
of the month. Irrigation in the month of September is mostly attributable to
one irrigator in Kent county who uses his system for the application of
chemicals. Two additional respondents reported a common need to irrigate

cauliflower and sweet corn respectively, in September.

In general then, the occurrence of irrigation early in the growing
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scason is largely unrelated to physiological moisture deficiencies. For most
crops, irrigation increases to a maximum amount of land area in July. The
only exceptions are crops grown on muck soils in Simcoe County. These soils
have good moisture retention characteristics and irrigation is not commonly
used to combat actual moisture deficiencies in the scil per se, but to protect
plants from potential damages which are indirectly related to a iack of

precipitation.

Although the data in Table 5.10 is presented by month, a number of
respondents wers more specific in providing dates when they w~ould normally
expect to irrigate. Tobacco farmers in all three counties, typically confined
their responses to the last two weeks in July, which is coincident with the
period of “topping”, while potato growers generally cited a wider ranging
period of time. Two potato growers stated that in any given year, they would
expect to irrigate anywhere from mid-June until the end of July, whereas
three producers suggested that they would typically expect to apply water

between the start of July and mid-August.

The timing of irrigations as reported by surveyed farmers can be
compared with the frequency of occurrence of moisture deficits during the
growing season, discussed above. Generally, most irrigation occurs during the
latter part of July in all three counties. This corresponds well with the
tendency for moisture deficits to occur at this time in the three study areas.
Although deficits have also occurred just as frequently in the months of
August and September, most irrigated crops are in the preliminary stages of
harvest or have been taken off the field by this time. The potential to delay

harvest and increased susceptibility to damaging early fall frosts also makes
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farmers wary of irrigating late in the season. For example, an snanticipated
raiu shortly after a late irrigation could saturate a field and make it
impossible to operate essential harvest machinery, effectively lengthening the

harvest operation.

5.3.2.2 Number of Irrigations

In addition t¢ he timing of irrigations, surveyed farmers were asked
how many times they would irrigate, on average. per year. The range in the
number of waterings reported by irrigators was quite ‘arge, ranging from 1 to
over 30(Table 5.11). When the total number of irrigations are considered, on
average, a majority, (53%) of the fields receive between two and four
applications of water per year. A lesser number (30%) would usually be
irrigated once, while 12% would receive bet-veen five and ten irrigations. Only
8% of the surveyed fields would commonly be watered more than 11 times
during the growing season. In terms of crop types, small fruits and vegetables
tend to be irrigated more often than field crops such as tobacco and potatoes
or tree fruits. Although there is some variation in the number of waterings
within and between crop types, this variation does not appear to be distinct
between the study areas. Similarly there does not appear to be any relation
butween the irrigation technique used and the number of waterings per year
on the surveyed fields. There is, however, a noticeable absence of the use of
hand-move sprinkler systems on those fields that would usually be irrigated
more than five times per year. Generally, these fields are irrigated by
solid-set, travelling or volume gun systems, although these techniques are also

used to irrigate fields receiving less than five irrigations. The methods used by
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TABLE 5.11
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AVERAGE NUMBER OF IRRIGATIONS PER YEAR
ON SURVEYED FArMS, BY CROP AND LOCATION

CROP ,YPE
AND LOCATION

NUMBER O

F_FIELDS

1
IRRIGATION

2 -4
TRRIGATIONS

5~ 10
IRRIGATIONS

11 OR MORE
TRRIGATIONS

TOBACCO

Kent
Simcoe
Norfolk

POTATOES

Kent
Simcoe
Norfolk

GREEN PEPPERS

Kent
Norfolk

CAULIFLOWER

Kent
Norfolk

CUCUMBERS

Kent
Norfolk

ONIONS

Kent
Simcoe

TOMATOES
Norfolk

CARROTS
Simcoe

CELERY
Simcoe

LETTUCE
Simcoe

SWEET CORN
Norfolk
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TABLE 5.11 (continued)

1 2 -4 S -10 11 OR MORE
TRRIGATION | IRRIGATIONS | IRRIGATIONS | IRRIGATIONS

GARLIC
Norfolk -~ 1 - -

CHINESE GREENS
Simcoe - - - 1

STRAWBERRIES

Kent -- 3 1 -
Simcoe -- -~ 1 -
Norfolk - 1 - 1

RASPBERRIES
Kent -- 2 - -

BLUEBERRIES
Kent - - 1 -

MELONS
Kent 1 - -~ -

PEACHES
Kent 1

[s
[}
‘
)
1

APPLES
Kent 1 -~ -- -

CHERRIES
Kent 1 -- - -

PLUMS
Kent 1 - - -
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farmers to schedule irrigations do appear to have an influence on the annual
number of waterings. In all cases where fields received greater than five
irrigations per year, the scheduling of water applications was based on either
a predetermined water requirement, or a specified period of time with no
precipitation. In other words, farmers who felt that their crops required "one
inch of water per week”, or irrigated "every five days without rain”, tended
to irrigate more frequently than those who scheduled irrigations by crop

appearance or "scientific” methods.

5.3.2.3 Depth of Water Applied

Just as important to water use as the number of waterings per year, is
the amount of water applied during an irrigation. As previously noted,
farmers, in irrigating their crops, define the amount of water applied in terms
of depth rather than any volumetric measurement. Generally, based on
experience, irrigators know how long it takes their system to apply a certain
depth of water, although quite a number of respondents stated that they set a
rain guage in the field being irrigated and periodically checked it to determine

when a desired depth of water had been applied.

The range in the depth of water applied per irrigation is great for crop
types both within and between the sampled counties and varies from a
mir‘mum of 0.8 cm for three crops in Simcoe County to almost 5.1 cm for
tree fruits in Kent County. When the depths of water per application are
averaged crops in Kent County generilly receive the greatest amount of water
per irrigation, followed by those in Norfolk County and crops in Simcoe

County receive the least amount of water per irrigation(Table 5.12).
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TABLE 5.12 AVERAGE DEPTH OF IRRIGATIO! WATER APPLICATIONS ON
SURVEYED FARMS, BY CROP AND LOCATION
CROP NUMBER OF AVERAGE DEPTH AVERAGE TOTAL

LOCATION FIELDS PER APPLICATION (cm) RANGE DEPTH PER YEAR (cm) RANGE
TOBACCO

Kent 7 3.18 (2.54-3.81) 6.4 (2.54-11.4 )

Simcoe 1 2.54 ( --- ) 7.6 ( --- )

Norfolk 10 2.73 (2.54-3.8 ) 4.8 (2.54- 7.6 )
POTATOES

Kent 1 3.81 {( --- ) 7.62 ( --- )

Simcoe 5 2.1 0.8 -2.54) 8.42 (3.81-16.9 )

Norfolk 2 3.2 (2.54-3.8 ) 10.8 (2.54-19.1)
PEPPERS

Kent 4 3.0 (1.9 -3.8 ) 8.7 (2.54-11.43)

Norfolk 2 3.2 {(2.54-3.8 ) 10.8 (2.54-19.05)
ONIONS

Kent 1 2.54 ( =--- ) 2.54 ( --- )]

Simcoe 3 2.3 0.8 -2.54) .8 (2.54- 6.8 )
CARROTS

Simcoe 4 2.3 (0.8 -2.54) 6.1 (2.54-10.16)
OTHER VEGETABLES

Kent 2 3.81 { --- ) 11.4 ( --- b

Simcoe 3 2.96 (2.54-3.81) 26.2 (2.54-50.8 )

Norfolk 6 3.1 (2.54-3.8 ) 14.6 (2.54-27.9 )
STRAWBERRIES

Kent 4 3.0 (1.9 -3.8 ) 9.4 (5.7 -19.1)

Simcoe 1 2.54 ( «-- ) 20.3 ( =--- )

Norfolk 2 2.54 ( --- ) 40.64 (5.1 -76.2 )
OTHER SMALL FRUIT

Kent 3 3.8 ( --- b} 17.8 (3.8 -38.1)
TREE FRUITS

Kent 5 3.8 (2.54-5.08) 4.6 (2.54- 7.62)
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Similarly, a great range occurs in the total depth of water applied per
season for different crop types as well as for the same crop type within an
area. For example the total depth of water applied to tobacco in Kent County
ranges from 2.54 cm to 11.4 cm, whereas in Norfolk County this an.ount
varies from 2.54 cm to 7.6 cm. For different crop types in Kent County, the
range in the total depth of water applied is from 2.54 cm to over 38 cm.
Similar patterns of variation in the total depth of water applied to crops

exist in all three sample counties.

No spatial pattern between areas emerges when the average total depth
of application per year is considered. For example, tobacco grown in Norfolk
County receives less water per year, on average, than tobacco crops in Simcoe
or Kent Counties. Conversely, potatoes grown in Norfolk, on the average,
receive a greater amount of water than those produced in Simcoe or Kent
Counties. In general however, there is a distinction between crop types in the
total depth of water applied per year. Ii. all counties, small fruits and
vegetables are receiving more water than other crops. The only exception to
this rule are carrots and onions, most of which are produced on the high
moisture retaining muck soils of Simcoe County. Potatoes in turn generally
receive more water than tobacco in each of the counties surveyed. In part,
this variation between crop types can be related to the total number of
waterings scheduled. As noted above, in some instances, there is a greater
number of waterings on vegetables and fruit crops. As a consequence, on
average, a greater total depth of water is applied to these crops than others.
Commonly, this generalization holds true for all crops; the greater the total

number of waterings per year, the greater the total depth of water applied. In
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other words, those farmers who schedule few waterings during the growing
season are not necessarily applying more water per irrigation than those who
irrigate more frequently; and obversely, those who apply water frequently
during the growing season are not putting on significantly less water per

application than other irrigators.

In a temporal sense, there is little variation in the depth of water
applied at different points during the growing season. Although the moisture
requirements of most crops increase as the plant approaches maturity, only
five farmers reported that they altered the depth of water application during
the growing season. In al! five cases, there was a distinction of time, and
depth applied. For example, two Norfolk County tobacco groweis reported that
they would apply 2.54 cm (1”) prior to mid-July and 3.8 cm (1 1/2”) after
this period. Similarly, two potato farmers in Simcoe County stated that they
would water to a depth of 0.8 cm (1/3”) prior to July and increase this
amount to 2.54 cm (1”) during July. In addition, one farmer raising garlic in
Norfolk County, reported that he would reduce the depth of application after

the end of July to avoid putrification of the bulb.

Just as most farmers do not adjust the depth of application to meet
differing crop water requirements, the data collected also suggests that the
depth of water applied does not always relate to the depth of the root zonme.
In a number of cases, shallow-rooted crops receive as much, or more, water
per application than deeper-rooted crops (Table S.12). For example, strawberries
and other small fruit in Kent County with an average root depth of about 30
cm,, receive approximately the same depth of water, on the average, as

tobacco; even though the average root depth of tobacco, at 60 cm., is double
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that of these fruit crops.

In short, for those cases studied, there do not appear to be any
variables which significantly affect the depth of water applied to irrigated
crops. :f the techniques of application, and physical factors such as soil type,
field size and water supply are compared between farms, no common trends in
the depth of application stand out. For example, just as there is a great
variation in the depth of water applied within and between crop types, there
is a similar variation both within and between classifications of irrigation

techniques, soil types, field size and water sources.

Regrettably, the question of how the depth of application is determincd
was not asked of farmers surveyed for this study. It has, however, been
considered in another recent survey of Ontario irrigators which asked what
factors were used to determine "how much water to apply at one time”
(Ontario Ministry of Agriculture and Food 1986). Unfortunately, the reported
classification of responses to this question yielded little useable information. It
was ascertaired that the most important factor cited by farmers was “crop
appearancc”. This was closely followed by "soil condition” and other factors
such as "a set amount” and "irrfgating for a set length of time.” Yet, it is
noc¢ clear how these factors determine the amount of water to be applied to a
crop. Observations that the amount of water applied depends upon crop
appearance or soil condition would imply that farmers vary the depth of
applicat.on with the apparent severity of these indicators. Data collected for
the curreat study, however, would tend to suggest that this is not the case.
Most farmers apply a set amount of water at each irrigation and, in the few

cases where this amount varies, the determining factor is a stage of crop
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growth rather than crop appearance or soil condition. This apparent
discrepancy can be partially accounted for by the fact that the question, as
asked by the government survey offered pre-formulated response categories
which were identical to those of another question, on the same survey, asking
farmers how they determine the timing of irrigations. Conscquently, a bias is
evident in this study in the form of a pre-supposition that the factors which
influence the scheduling of am irrigation, would also influence the amount of
water applied. Similarly, the “closed” nature of this question poses the
oft-mentioned problem of presenting the respondent with an easily identifiable
response which need not be applicable to the question being asked. The
question that remains unanswered then, is what determines the set amount of

water applied to crops during an irrigation.

Rather than basing the application of water on any obvious factors, or
set of factors, current irrigators are more likely applying an amount of water
that is in accordance with their past experience of success and failure; or
more accurately, the experience of their predecessors. In general, those farmers
surveyed are "second-generation” irrigators and were first introduced to the
practice on "the home farm”™. Their fathers, who initially adopted the practice
were responsible for learning how to use this new technology. According to a
number of farmers, over-irrigation was a common problem during the early
years of its use in Ontario and resulted in high crop losses. Similarly,
Richardson (1958) noted that quite a number of farmers tried "to get as much
water on their land as soon as possible” and felt that more irrigation

"know-how” was needed on the part of farmers.

This lack of "know-how,” however, is not unusual during the initial
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adoption period of any new techrology. As noted by Feder et al. (1985), "the
introduction of nmew technologies results in a period of disequilibrium
behaviour where resources are not utilized efficiently by the individual farm
and learning and experimenting lead the farmer toward new equilibrium
levels.” In other words, there is a change over time in the farmers
effectiveness with new technologies, and these changes are usually the result
of learning by doing whereby the farmer becomes more adept with the
technology as he accumulates information by using it. Hence, as the visible
damages of over-irrigation, became readily apparent to early irrigators, these
farmers "learned” to apply less water. The attainment of this "new
equilibrium level” according to Feder et al. (1985) may also be aided by the
research efforts of extemsion agencies. Thus, it is of note that during the
mid-1950’s, a number of agricultural bulletins and articles in farm periodicals
were published which contained recommendations pertinent to the application
of water. Most of this advice was based on the water storage capacity of
specific soils and an estimated daily moisture requirement of certain crops. For
example, Hore (1953) stated that it was "important to apply an amount of
water to wet the soil down to the depth of the majority of plant roots”, and
recommended an application of 1.25 inches (3.18 cm.) of water to potatoes
grown on sandy loam scils. Similarly, Fulton (1956, suggested an application of
1 inch (2.54 cm.), after seven consecutive days without rain, to potatoes grown
on coarse sandy soils; and 1.5 inches (3.81 cm.), every ten days without rain,
on finer sandy loam soils. Meanwhile, Walker (1956) recommended a range of
applications to "average tobacco soils” with a minimum of 0.5 inches (1.27 cm.)
in June, 0.75 inches (1.9 cm.) to 1 inch (254 cm.) during July, and a maximum

of 1.25 inches (3.18 cm.) in August.
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Through such an accumulation of experiential and exogenous knowledge,
early irrigators reached an ”equilibrium behaviour” in applying water to their
crops that has become accepted practice by their offspring. As Bennett (1986)
put forth, "as knowledge accumulates..there is a tendency for it to become
part of culturally standardized routines”; and in the case of later gemerations,
"there is bound to be much routine agricultural activity where farmers need
not 'make decisions’, they simply do what they have always done.” Or, in this
cas¢ what they have learned to do. In the illustrative words of one tobacco
farmer, "1 learned a lot about irrigating on my father’s farm,..we always put
plenty of water on the crop when we irrigate..there is never less than 1 1/2

inches of water put on.” (Crandon 1962).

To conclude, although visible, local field conditions have a determining
effect on the timing of irrigations, they exert little influence on the amount
of water that current irrigators apply to their crops. Rather, the depth of
application appears to be a static irrigation practice, rarely varying between
waterings, whereby individual farmers rely on "traditional” routines which
have proven to be reasonably effective in avoiding any visible signs of crop

impairment.

5.4 CONCLUSION

In this chapter, the actual irrigation techniques and practices used on 3§
surveyed farms in southern Ontario have been examined. Based on this
investigation, some generalizations relating to the management of water on the

surveyed farms can be stated. On a broad scale, a distinction can be made
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between "technical” and "cultural” water management practices. By "technical”,
is meant the structural methods of storing, delivering and applying irrigation
water. Since the initiation of irrigation on the surveyed farms, the sources of
water and techniques utilized in watering fields have been subject to a great
deal of modification and change. For example, under conditions of inadequate
supply due to natural shortages, competition, or operational failure of storage
structures, farmers have attempted to secure a sufficient supply of water for
irrigation through structural alternatives rather than attempting to modify
their demand for water. The alternatives selected in turn, have been
influenced to varying degrees by the physical availability of supply. and the
economic standing and personal preference of the farmer. Similarly, the
technical methods of irrigation have been subject to continual change. Farmers
have not been averse to adopting new techniques of irrigating when the
innovations have been particularly applicable to the crop and soil parameters
of their operation, where the farmer could afford the new system, and
especially where the innovation offered a recognizable solution to an obvious

problem, such as excessive labour requirements under the old system.

Cultural practices, however, can be seen as distinct from technical
practices as they determine the actual timing of water applications and the
amount of water applied to crops. In deciding when to apply water, farmers
have developed a set of rational guides which rely mot only on crop
appearance, but physical factors such as the occurremnce of frost and wind and
stages in crop growth. Similarly in determining how much water to apply,
farmers rely on historical decisions that have been made under conditions of

evaluation and empirical observation. That the application of water to a crop
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may not occur exactly when it is required and the amount applied may not
be the precise amount necessary for optimum production, is not of great
import to thr farmer. What is important is that these guides have proven to
be effective in satisfying the farmers rationale for irrigating. As Bennett
(1986) has noted, "satisfaction is the key that binds current uses to past
practices.” Thus, in the absence of any salient detrimental effects arising from

the use of these indicators and g+ ‘s, they can be expected to comtinue.

In recent years, however, the technical-scientific community has
expressed a great deal »f concern that irrigation water is not being used as
efficiently as possible and that farmers have no rational basis for determining
when to apply water and how much water to apply (see O'Riordan 1969). In
general, the attitude of these “resource managers” is summed up as follows:

"the wastage of irrigation water is common wherever distribution
is casually monitored, on-the-farm distribution systems are poorly
designed and poorly managed..Wastage may be in the form of
over-application, undue losses in delivery or uneconomical

choices of crops. Occasionally the wastage of water is the result
of uncertainty over the state of water supply so that needed
on-the-farm investments are not made. Often however, the wastage
is either the result of carelessness or uninformed

agricultural methods” (United Nations 1976; my emphasis).

Based on this perception, most irrigation management research has
focused on means of reducing irrigation requirements and enhancing irrigation
efficiency; primarily through improved technologies and “refined” irrigation
scheduling techniques. Yet, as several studies have noted (Irwin and Armitage
1981, O'Riordan 1969..), these "improvements” have not been readily adopted
by irr.gating farmers. The following chapter will deal with the nature of
these improvements and, in light of .he actual irrigation practices discussed in

this chapter, suggest that the variance between optimal and actual water
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management practices is not 50 much a result of "carelessness” or uninformed
agricultural methods, bu. reflects differing degrees of focus and concern oa the

part of both the yarmer and the research scientist.
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CHAPTER 6
THE "EXPERT”-PRACTITICNLCR DICHOTOMY IN IRRIGATION MANAGEMENT

6.1 INTE DOUCTION

Within the last 25 to 30 years, irrigation scientists (predominantly
agronomists, agricultural economists and agricultural engineers) have
concentrated their research efforts on questions of irrigation efficiency. The
problem, as most of these researchers view it, is that traditional irrigation
practices and methods, as developed by farmers, have resulted in an injudicious
use of water (ic. Bos and Nugturen 1983, Jensen et al. 1980, Renlogle and
Merriam 1980). This attitude however, as noted by Chambers (1980), is
commonly based on broad generalizations which have been extrapolated from
une or few case studies and are not necessarily universally applicable. Yet the
predominant view of the technical-scientific community remains that wherever
"water is plentiful, farmers tend to overirrigate in bott frequency and depth
of application” (Blaney 1955). This condition, in turn, represents an inefficient
use of irrigation water. Several authors have noted that although the
technology for reducing water requirements and achieving efficient use of
water has existed for decades, the application of this technology on irrigating
farms has been minimal (ie. Jensen et al. 1980, Replogle and Merriam 1980).
There is an implicit assumption among "agro-scientists”, however, that merely
because the information 'nd knowledge required to increase efficiency and
marimize production exists, it should and will be used by farmers. Take for
example the comments of Gilley and Jensen (1983) that "because of better

water control..farmers will continue to improve their irrigation systems” (my
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emphasis); or the belief of King and Tuertell (1984) that “undoubtedly, as our
understanding of soil-plant-atmosphere interactions grow, new and improved
models and estimates of evapotranspiration will become available for the
benefit of agriculture.” In their desire to develop "new and improved” models
and irrigation systems, researchers commonly display several objectives. Based
on a perception that indigenous (farmer) kmowledge results in an overuse or a
misuse of water, one objective is to reduce the amount oi water used in
irrigation. Predominantly however, the commonly stated objective of the
irrigation research community is to, properly manage water in order to
"achieve yields close to the maximum,” (Gilley and Jensen 1983). Indeed, as
Bennett (1986) suggests, this attempt to "increase output in the shortest possible
span of time”, hac been the primary objective of agricultural researcL and
national agricultural policy in most countries since the emergence of modern

commercialized agriculture.

When these desires or objectives are not reflected in the practices of
farmers, and when available information is not utilized and incorporated into
agricultural operations, "unsatisfactory” performance is commonly ¢xplained in
terms of the "backwardness” of the farmer, or the "catch-all” notion proposed
by White (1962) and echoed by O'Riordan (1969) that a particularly strong
social resistance to change in rural areas is to blame. Rarely, however, is
attention given to the purposive action or objectives of the farmer in relation
to individual irrigation practices. Even rarer still is it imagined that these
objectives may differ from those of the irrigation "expert.” Based on the

insightful observations of Levine (1980) that

"there are some important management constraints on irrigation
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efficiency that are not under the control of the irrigation engineer,
but which greatly influence the efficiency of water use in practice.”

the remainder of this chapter suggests that the degree to which the measures
suggested for reducing water requirements or iacreasing efficiencies are within
the ability of the farmer to change, and the extent to which these changes
reflect his objectives in irrigating will determine the degree to which
improved irrigation efficiencies or reductions in water use are practically
attainable. This examination of the variation between optimal and actusl

water management practices hinges on several key issues:

i) the awareness of a problem as determined by irrigator estimations
of existing efficiency and possibilities of enhanced efficiencies;

ii) the availability of irrigation management information through
agricultural extension agencies and government programs;

iii) sources of information used by farmers;
iv) desire for extension support on the part of irrigators; and

v) incentives that have led farmers to adopt "improved” practices
in the past.

Before examining these issues however, a definition of efficiency must
be provided and existing alternatives for reducing water requirements and

increasing efficiencies should be examined.

6.2 THE EFFICIE"'CY EQUATION

As no.:d by Bos and Nugteren (1983) the term “efficiency” is a relative

one which has been interpreted in a variety of ways dependant on the
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intentions of the user. Generally, "irrigation efficiency can be comsidered in
both an economic and a physical sense” (Weatherford et al. 1982). An economic
definition of irrigation efficiency is usually considered in allocative terms and
is measured by comparing the productivity of water used in irrigation to its
productive value in alternate uses (ie. Timmons 1983, United Nations 1976). In
phys.cal terms, however, water application efficiency is typically defined in
one ot two ways: (a) as a ratio of the quantity of water stored in the root
zone following an irrigation (available water) to the amount of water
delivered to the field; and (b) a ratio of the amount of water needed by a
crop to the amount of water applied (ie. Cannell 1962, Hudson 1962). According
to Hudson (1962), the sole difference between the two is that irrigation water
retained in the root zone but not needed by the crop during the growing
season is considered efficient under (a) and inefficient under (b). "In practice,
such amounts are usually so small as to be insignificant” (Hudson 1962). In
fact the standard definition accepted by the International Commission on
Irrigation and Drainage (ICID) combines these two formulae and expresses field
application efficiency as: a ratio of “the volume of irrigation water needed,
and made available, for evapotranspiration by the crop to avoid undesirable
water stress in the plants throughout the growing season to the volume of
irrigation water furnished to the field. (Bos and Nugteren 1983). It should be
noted that this discussion has omitted consideration of conveyance and
distribution efficiencies. However, these components of the efficiency equation
are primarily applicable to irrigation systems which utilize open channel
convey nce and distribution methods, where seepage losses pose a severe
problem, rather than closed conduit transport channels such as those found on

the surveyed farms.
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Under the definition supplied above then, maximum efficiency is
achieved when all losses of water other than that evaporated from wet soil
surfaces and iranspired by plants, are eliminated. According to Keller et al
(1980), the major sources of on-farm water loss associated with sprinkler
irrigation are: direct evaporation from droplets and transpiration from
unwanted vegetation; wind drift; leaks and system drainage; and deep

percolation and/or runoff losses due to over-watering.

6.2.1 Balancing the Efficiency Equation

Based on the general perception of irrigation specialists that irrigation
water is being used inefficiently by farmers, research efforts have focused on
means of reducing irrigation requirements and improving cfficiencies. There is
however, considerable uncertainty and, often, disagreements concerning the
primary causes of inefficiency and the mcans of achieving compliance with
various disciplinary norms (ie. Weatherford et al. 1982). Agricultural engineers,
for example, tend to stress the importance of technology. The common
parlance is that an "inefficient use of water results from the physical
condition...of the on-farm irrigation system” (Gilley and Jensen 1983), but, "we
know that sprinkler irrigation, drip irrigation and other engincering measures
increase water 2y lication efficiency” (Gardner 1984). Consequently,

"because automated sprinkler and centre-pivot systems provide the

capability for improved water management, advanced water management

concepts should be more easily applied where these techmiques are
used.” (Gilley and Jensen 1983).

Agronomists and agro-meteorologists, on the other hand have



concentrated on decreasing the demand for water through: modification of the
field micro-climate to reduce evaporative and transpirative water demands; the
development and selection of low-water-use plant varieties; and improved
irrigation scheduling through theoretical, climatically derived estimates of
potential evapotranspiration. Efforts to modify micro-climate generally
concentrate on the beneficial effects of tree windbreaks in reducing wind
speed over farm fields and thereby reducing air turbulence in the immediate
soil-plant environment. As increased turbulence accelerates the transfer of
water vapour to the environment, a consequent reduction should decrease water
loss through evapotranspiration (ic. Robins 1967, Rosenburg 1982). An
alternative means of reducing irrigation water demands, recommended by plant
scientists, is the selection and use of varieties of related species that have

inherently, or genetically manipulated, low transpiration rates.

Although both of these alternatives would tend to reduce the demand
for water and hence the irrigation requirement, they are not necessarily
related to the question of physical irrigation efficiency which under the
definition supplied above, considers the in situ conditions of irrigation. Im
other words, how much water is required to satisfy the consumptive demands
of a particular crop-soil combination vs. the amount of water applied.
Consequently, most research on the subject of improved irrigation efficiencies
has focused on the scheduling of irrigation applications, both in terms of
timing and amount, to meet the needs of the crop for maximum production.
The premise here is that farmers do not have sufficient information to judge
the wat;ar requirements of crops and due to this uncertainty, "tend to

overirrigate” (Biere and Worman 1983). This in turn leads to great variability
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"in the growth and yield of crops from year to year on the same farm and
from farm w0 farm in the same year” (King and Tuertell 1984). The optimum
goals in scheduling, according to Gilley and Jensen (1983) should be:

i) to reduce the negative effects of applying excess water by

delaying irrigations until soil water depletion is sufficient to
permit the storage of the next application; and

ii) to avoid plant water stress by irrigating before crop yields

and/or crop quality are reduced because of inadequate soil water.”

Although several "scientific” scheduling methods have been available for
a number of years, most of the emphasis since the early 1950’s has
concentrated primarily on meteorologically-based soil moisture budget
procedures. Robertson (1956) appears to have been the first to experiment with
soil moisture budgets in Ontario, although several researchers have developed a
number of variations on the theme (see Ayers 1965, Griffin and Hargreaves
1974, Krogman and Hobbs 1976, Lambert et al. 1981, Pitblado 1984, Sly 1977,
Tan 1984, Wilcox and Sly 1974). The idea of the budget itself is quite simple
and essentially entails balancing outgoing water in the form of evaporation
from the soil surface and transpiration from plants (evapotranspiration)
against incoming water in the form of piecipitation. Based on this balance
irrigation water is added when the water stored in the root zone of the soil
has been depleted to a critical level (usually considered to be 50%) of field
capacity (the maximum amount of water held in storage in a particular soil).
The amount of water added should be sufficient to restore the soil to field
capacity, or in humid regions slightly below field capacity in comsideration of
the possibility of a rain shortly after irrigation. Although the format is

generally the same for all moisture budget procedures, the terminological
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definitions differ. Specifically, the reliability of any particular budget depends
on the accurate measurement of several components:

a) crop evapotranspiration;

b) effective rainfall;

c) available water storage capacity of a soil; and

d) the allowable level of soil water depletion.

Yet few researchers agree on standards of measuremeni. Fstimations of
evapotranspiration have become increasingly complex since the landmark work
of Thornthwaite (1948) and Penman (1948) but recent revisws suggest that
there is still no consensus on the subject (Burman et al. 1980, King and
Tuertell 1984). Indeed, in assessing several scheduling procedures for humid
areas, Lambert et al. (1981) noted that although crop needs could normally be
adequately met using water budget methods, researchers:

"obviously don’t know enough about how to estimate available water

in a profile; how to account for dry conditions in the upper, more

densely rooted portions of the root zone while the lower portions

are still wet; how to calculate evapotranspiration, especially

under limited soil water contents; or how to manage the allowable

depletion parameter to optimize crop behaviour.”

Although it is refreshing to find at least one author who suggests that
the knowledge of science may be just as "imperfect” as that of the farmer,
most researchers still express surprise that although the technical knowledge to
improve water use efficiencics has existed for decades, it has not, “o0 any great
extent, been incorporated into the water management practices of irrigators.
However, in devising methods to improve on-farm water management such as
those outlined above, “agro-scientists” tend to neglect the one important

component of the efficiency equation that they criticize the most - the

farmer. A notable exception to this condition, however, is the work of
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Weatherford et al. (1982) who question the deterministic assumption that
merely because scientifically “rational” methods exist, they will be
incorporated into the irrigation practices of farmers. Rather, Weatherford et
al. (1982) argue that an understanding of the perceptions of irrigators are "as
important as any ’‘objective’ facts that purport to tell the truth to the fourth
decimal point.” In a similar vein, Korsching and Nowak (1983) suggested that
”it would be a blessing if the solution to water problems were simply
physical, biclogical or even economic”, but that many social factors often
negate the potential technological and economic benefits of the proposed
solutions. Some of these factors have been outlined in Section 6.1.1 and will be

discussed below.

6.3 THE CONTEXT OF IRRIGATION EFFICIENCY

6.3.1 Awareness of a Problem

For any change in the water-use practices of farmers to occur, there

must first be an awareness of a problem. Obviously, farmers will only seek a
remedy when they believe a problem exists. As Korsching and Nowak (1983)
have noted, "this seems almost too self-evident and simplistic for elaboration
but is something that..change-agency personnel often overlook.” Typically,
there exists an implicit assumption that farmers have the same impression of
the problem and objectives in solving it, as the researchers who are advocating
change. In this study, a measure of awareness was established by gaugeing

irrigators’ perceptions of efficiencies and inefficiencies in their use of water.

6.3.2 Perceptions of Efficiency
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In conducting the survey, farmers were asked whether they thought
that they were using irrigation water as efficiently as possible and to supply
explanations for their beliefs. No definition of efficiency was presented to the
respondents. The great majority of the 35 farmers interviewed (36%) felt that
they were using water as efficiently as possibie while only five of the
respondents (14%) felt that their use of water was inefficient to some degree
(Table 6.1). Although farmers were not asked to state specific measures of
efficiency, several respondents provided qualitative answers stating that their

efficiency was good or that there was minimal waste.

6.3.3 Reasons for Efficiency

Among those farmers interviewed, there did not appear to be uniform
agreement as to a single reason for efficiency in the use of water. Over
one-half (19) of the respondents felt that efficiency was the result of their
cultural practices. Ten of these farmers felt that by irrigating at night, they
eliminated any loss of water from evaporation and wind drift that would
occur if water were applied during the day. Nine farmers suggested that they
achieved efficient use in a temporal sense by irrigating “only when necessary”.
"Necessary” in all of these cases referred to obvious signs f water need as
determined by the observation of crop condition. A few respondents (5) related
efficiency to the economic cost of pumping water. Although these respondents
could not provide specific estimates of their pumping costs, the general
rsponse was that "it costs money to pump so we don’t water just for the fun
of it.” Prerumably, the cost of supplying water, in the minds of these farmers,

provides an incentive to minimize water use and eliminate any wasteful
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practices, but little evidence is available to support this presumption. A final
five irrigators attributed their efficient use to their technmical irrigation
systems. Two of these respondents suggested that the design of their system
minimized any wetted diameter overlap so that a uniform depth of water was
being applied to the field. Three irrigators stated that their use of water was

relatively efficient as there was minimal leakage from their irrigation systems.

6.3.4 Reasons for Inefficiency

Of the five farmers who felt that their use of water was inefficient,
the majority felt that a great loss of water occurred due to evaporation and
wind drift. In one farmer’s estimate, this could be up to as much as one-third
of the amount applied. One farmer felt that his application system resulted in
an inefficient use of water because it did not provide a uniform coverage of
the field. An additional respondent suggested that a leakage of water from

conveyance pipes reduced his efficiency in applying water.

6.3.5 Opportunities to Improve Efficiency

Given the generally strong impression among the surveyed farmers that
they are using water as efficiently as possible, a surprisingly high number of
resporudents were able to identify specific measures when asked how they
might make more efficient use of irrigation water (Table 6.2). Overall, slightly
less than half of the farmers (49%) responded that there were opportunities to
improve efficiencies. The remainder responded ”"no” or "don’t know™. Again,
there was no unanimity as to one factor leading to increased efficiency and

farmers typically qualified their responses by supplying reasons for why these
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opportunities had not been realized. The most frequently-mentioned responses
related to an alteration of cultural irrigation practices. For example, eight
respondents suggested that by irrigating at night, losses due to evaporation and
wind drift could be significantly reduced. These respondents however were
generally willing to accept these losses in order to maintain an acceptable
daily labour routine. The general impression among these farmers is summed
up by the comments of one irrigator: "I could irrigate at night, but who
wants to stay up all night.” In a similar vein, two respondents felt that
efficiencies might be improved by adopting "improved” scheduling techniques
that had been recommended by local extension agents, but that they did not
irrigate frequently enough to justify the time involved in maintairing the
records required to use these techniques. It is of note that two of the
respondents who related their existing efficiency to the cost of pumping water
were among those who cited these opportunities to increase efficiency, but
were averse to change for the reasoms outlined above. These attitudes would
tend to suggest that even where the cost of supplying water is borne by the
farmer, social desires (ie. maintaining a routine daily schedule) can take
precedence over the economic benefits of improved efficiencies. This example
would seem to contradict the positivist argument of some scholars that where
water users bear the full cost of supplying their demand, they will strive to
realize and adopt measures to reduce that demand (see Millerd 1984, Mitchell
1984). As Hart (1975) has suggested, aithough this argument might hold true at
the regional aggregate level, "perhaps it does not operate quite so neatly at the

level of the individual farmer.”

Fewer respondents mentioned improved irrigation technologies as a
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factor leadirg tn improved efficiency. Of the six farmers who perceived
opportunities, half cited automated travelling systems while three others
mentioned drip irrigation. Again however, most of these respondents felt that
the expense of these systems precluded their adoption or that they did not
irrigate frequently enough to justify the expense. One additional respondent
cited the re-establishment of windbreaks as an opportunity to improve
efficiency. This particular respond-at, a Holland-marsh farmer, noted that an
extensive windbreak had been destroyed by government road crews in order to
widen a highway that runs through this intensively farmed area. Since that

time, this irrigator felt that his water applications had become more frequent.

A final respondent suggested that efficiency could be increased by
combining the application of fertilizer with the application of irrigation
water. This alternative however, would appear to be related more to

production efficiency than the physical efficiency of water use.

In general t n, the majority of the irrigators surveyed believe that
they are using water as efficiently as possible. Most of these farmers
apparently defined efficiency based on their impression of the causes of water
loss and efforts that they undertake to reduce these losses. These efforts
generally relate to cultural irrigation practices rather than the technical
attributes of their irrigation systems. As such, the recognition of opportunities
to improve efficiencies are identified based on perceptions of the major cause
of water loss. Where this is seen to be due to evaporation and wind loss,
there is a belief that irrigating at night would reduce these losses. Where
problems are due to poor uniformity of water application, there is a

perception that improved technologies might provide a remedy. Again the
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perceived opportunities to improve efficiency are dependant upon the unique
operating conditions of ecach individual farm and farmer. The realization of
these opportunities, in turn are constrained to some degree by a nnmber of
factors, the most apparent of which seem to be social and economic
acceptability. For example, wheress some farmers are willing to, and do,
irrigate at night to reduce losses, and hence increase efficiency, others who
may recoghnize the inherent efficiency of this practice find it socially
unacceptable, yet still believe that they are using water as efficiently as
possible. Similarly the cost and perceived benefits of realizing the opportunity
are constraining factors. Whereas some farmers simply cannot afford the cost
of improved technologies, others do not believe that the relevant benefits
arising from them justify the investment of time (in the case of scheduling)

or money (in the case of equipment).

In addition the ability of farmers to adopt water-reducing measures,
such as specific crop varieties may be constrained by external factors such as
marketing arrangements. One example of such a situation was discovered in
general discussions with three individual producers of proressing potatoes in
Simcoe County. Each of these farmers held a contract, *hrough a broker, with
three major potato chip manufacturers in the province. In return for an
assured market outlet for their produce, these producers were bound, by
contract, to grow a specific variety of potato. In recent years, according to
these farmers, the manufacturer had been demanding a specific variety which,
in the eyes of these farmers was more susceptible to moisture stress than
varieties which they had previously grown and consequently required more

frequent irrigation to obtain a marketable crop. The manufacturer, however,
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felt that this variety produced a whiter potatoe chip, which according to
their market surveys, reflected consumer desires. In these cases at least,

it would seem that the concerns of the processor determine the crop variety
grown rather than the concerns of the farmer. Thus, the manufacturers’ role
as the provider of a stable market creates a situation where, through

contractual obligations, the farmer is not permitted to adopt low-water

using varieties.

6.4 FOCUS AND CONCERNS OF IRRIGATORS

In recognizing opportunities to improve water management practices
on the farm, irrigators are also constrained, co some degree, by the
availability of information and the sources of information that they most
frequently come into contact with. As Irwin and Armitage (1981) have noted,
several methods have been used to disseminate knowledge to irrigators in
Ontario. These methods have included descriptive articles in farm
periodicals, publications released by the government, experimental results
published in professional disciplinary journals, conferences and extension
personnel at government agricultural offices, research stations and
universities. In each of the three study areas, for example, there is at
least one government extension agent or research scientist willing to
provide information on advanced irrigation technologies and scheduling
techniques. However, when asked what sources of irrigation information they
used, few farmers mentioned a significant number of these sources (table

6.3). Rather, most farmers rely upon commercial equipment
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dealers, general farming publications or conversations with other

irrigators as their most important primary ané secondary sources of
information. Ease of access is likely the most important factor in
determining the use of these sources. For example, equipment dealers
strenuously attempt to contact irrigators and promote their products,
tailoring their advice to the immediate needs and concerns of the farmer.
Agricultural specialists (iz. research scientists and extension agents), on

the other hand, have a tendency to take communication for granted and
assume that farmers actively engage in search and learning activities in an
effort to improve their management practices (see Chambers 1974, Feder ct
al. 1985). No doubt this is true when farmers believe a problem exists with
their current practices, however, as suggested above, most of the surveyed
farmers believe that their irrigation scheduling practices are satisfactory
and not in need of change. In fact, most of the respondents to this study
stated that they did not actively seek out irrigation advice and had tc be
prompted to provide an answer to this question (ie. If you did desire

irrigation information, -vhere would yot be most likely to look?)

The fact tﬁat most respondents cited ejquipment dealers or
manufacturers as their primary scurces of information points to their
concern with the technical aspects of irrigation management. This concern
is reflected in the types of government programs which irrigators have used
in the past, and the form of government support that they would like to see
in the future. Given the relatively low level of contact with government
agricultural representatives, it is not surprising that the majority of

irrigators surveyed had no knowledge of government programs which provide
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support for irrigation (Table 6.4). Those who had taken advantage of
programs in the past, however, werc generally concerned with acquiring
assistance in the development of a water supply or the purchase of
irrigation equipment. Similarly, when asked if there was a need for
government involvement in irrigation management and what fcrm this
involvement should take (Table 6.5), most farmers who responded in the
affirmative felt that this involvement should be in the form of economic
incentives to update irrigation equipment or the development and
maintenance of an adequate water supply. Fewer suggested that there was a
need for research or educational programs related to improved scheduling
practices. The majority of farmers who responded negatively to this
question were of the opiaion that any form of government involvement was
synonymous with unfavourable attempts to control their behaviour through
legal regulations or zconomic penalties. Among these farmers, this
oppositional attitude does not seem to be confined to issues of irrigation,

but permeates through the entire sphere of agricultural operations.
Nonctheiess, this attitude in relation to irrigation is not surprising.

Where government has been involved in farm water management activities in
the past, this involvement has ty,.. ~— been of a regulatory nature. The
example of the Permit To Take Water Pro; m is obvious. Similarly, the farm
pond program,discussed in chapter 5, requires conformity to specific

design, location, and construction standards as a precondition for

assistance. Farmers often view these standards as impractical or feel that
the amount of assistance available does not warrant the effort required to

satisfy bureaucratic demands.
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These findings are similar to those of Korsching and Nowak (1982; cited in
Korsching and Nowak 1983), who in studying the acceptability of water
management policies, concluded that farmers were more likely to favour
policies of economic incentives and educational programs than regulatory

policies of forced compliance.
6.4.1 Incentives For the Adoption of Improved Water Management Practices

As noted in the preceding chapter, those farmers interviewed have
more readily altered their technical irrigation methods than their cultural
practices. Similarly, as emphasized above, most respondents rely on
equipment suppliers for irrigation information; and where farmers are
desirous of government support, the most frequently cited need is for
financial assistance to purchase improved equipment or develop a water
supply. Where farmers have adopted "improved” irrigation systems, however,
the goal has not been to acheive greater control over water or higher
efficiencies in water use. In fact, when those surveyed farmers who had
adopted improved systems were asked why they had changed, not one mentioned
increased water use efficiency as a reason. Rather, the great majority
stated that their primary goal was to reduce the amouvnt of labour required
in irrigating (Table 6.6). Although Table 6.6 lists reasons is articulated
by the re ndents, the stated responses of “ease of operat on” and "wider
coverage of crop” are synonymous with the reduction of labour requirements.
For example, by providing a wider coverage of the area under crop at each

setting, the number of settings and hence, the amount of
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labour required to irrigate a complete field, are reduced. This concern
with the labour-reducing benefits of improved irrigation systems has also
been echoed by promotional articles in farm periodicals (Gardiner 1982).

In a similar vein, Wong (1969) in a study of industrial water use found
that, in adopting new technical developments, industrial managers
recognized the impacts on production efficiency moreso than the effects on
water use and placed greater emphasis on the benefits of reductions in

labour and operational costs, than any increases in physical efficiency.

The important point here is that the rationale for adopting
improved irrigation systems differs from the expectations of irrigation
"specialists”. Whereas these specializts feel that farmers tend to improve
their irrigation systems because of better water control, and see
reductions in labour as indirect benefits, farmers tend to improve their
systems becausz of the direct benefits of lower labour requirements,
regardless of the effects on water use. Additionally and unfortunately,
some writers tend to consider efficiency as an inherent attribute of a
specific technology. For example, McKnight (1979), in an almost fervent
review of the benefits of centre-pivot technology ‘concludes that,

"«. N0 other commonly used irrigation technique can provide such

efficiency of water application. The frequency and rate of watering

can be completely controlled, thereby meeting the varying moisture
requirements of the crop at all stages of growth.”
This attitude however, fails to realize that irrigation efficiency is not
automatically increased by installing an improved system. Given that the

frequency and rate of application are under the control of the operator,

the attainment of any level of efficiency is as much, if not moreso, a
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function of the way that the swstem is operated and managed, than the
potential efficiency of the technology. In fact, the benefits of increased
efficiency and reduced labour requirements offered by automated irrigation
systems may actually be contradictory. For example, while conducting
surveys in Simcoe County one day, the author observed two centre-pivot
systems, which had been operating since early morning, continue to apply
water during a severe late aftermoon thunderstorm. This is obviously an
"inefficient” practice that can, in part, be attributed to the non-labour
intensive nature of the technology. Under traditional hand-move sprinkler
systems, the supervision of water application is virtually assured by the
need to visit the field frequently in order tc move lateral pipes. With
automated travelling systems however, the irrigator is not confined to the
farm and is free to turn the system on and leave it unattended for an
extendzd period of time. During this time, the farmer may take care of
other chores or even leave the farm while the system is operating. In the
event of a malfunction, or as in this case, a sudden storm, he or she may
not be available to shut the system down. Thus, physical efficiency is not
determined solely by virtue of the technology but is mediated by the human
management factor. Where the technology is not adopted for reasons of

efficiency, it is unlikely that the potential efficiency will be attained.

In general then, the observation of Bottrall (1978) that "the
operational aspects of farm irrigation do not usually reflect a high degree
of water use efficiency as a primary objective”, wcuid appear to hold true
for the farm:rs interviewed. However, the assumption that this lack of

concern with efficiency results in an gveruse of water and the expectation
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that "reductions in water application below quantities dictated by rules of
thumb will improve the value of the product, if not its quantity” (Howe

1976), are not universally applicable.

6.5 IMPLICATIONS OF "IMPROVED” WATER MANAGEMENT PRACTICES

Among those farmers surveyed, it can be shown that under-irrigation
Jin terms of crop requirements, is actually the norm. Aithough few
experimental studies of localized irrigation requirements have been
conducted in southern Ontario, the results of some of those that have are
summarized in Table 6.7. Each of the studies listed utilized a soil
moisture budget technique to detecrmine the seasonal need for irrigation and
used a variety of climatic parameters to estimate potential
evapotranspiration. Details on the specific techniques can be found by
consulting each study. Regardless of the method used, the implication of
these rescarch studies is clear. When the results in Table 6.7 are
compared with the actual practices of the surveyed irrigators (Tables 5.11
and 5.12), it is found that rather than over-irrigating, most farmers are
actually applying much less water than their crops theoretically require
for maximum production. Although none of these studies comsidered data for
Simcoe County, Ayers (1965) examined data for 11 locations across southern
Ontario and concluded that the pattern of irrigation requirements does not
differ greatly by geographic region within southern Ontario. Thus, it can
be expected that this relationship of actual to ideal water applications

holds true for
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Simcoe. Unfortunately, only one of these studies was an actual field trial.
In testing a computer-based scheduling procedure, Pitblado (1984) compared
the irrigation need as predicted by the model with the actual applications
of one farmer. Whereas the model predicted the need for four applications
through: it the growing season, the farmer irrigated only once.
Interestingiy, this irrigation occurred after 10 consecutive days without
rain. All of the otaer consecutive no-rainfall periods had been less than

10 days.

Under the definition of physical irrigation efficiency supplied
above, it is not certain whether this practice of under-ixrrigation should
be termed efficient or inefficient. Potentially, it §3 "supra-efficient™;
for in relation to crop requirements, ¢fficiencies of greater than 100% are
being attained. Nonetheless, this finding establishes the point that
reductions in the amount of water applied used in irrigation and the
adoption of "improved” technologies or scheduling procedures are not
invariably coincident. In addition, this dichotomy is not limited to humid
regions such as southern Ontario. McKenzie and Chanasyk (1981) for example
describe the operation of a government-run irrigation scheduling service
for farmers in southern Alberta. Although the program was initiated to
counter water shortages caused by peak demands for irrigation water, it was
subsequently found that the scheduling service directed a number of farmers
<0 apply more water, more frequently than they had under their traditional

scheduling practices.
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6.6 THE DISCORDANCE BETWEEN “EXPERTS” AND FARMERS

In light of the above discussion, it is apparent that most of the
farmers interviewed for this study are, by virtue of their cultural
irrigation procedures, practicing a form of ~"deficit” or survival
irrigation. In doing so, they are diverging from what the
technical-scientific community commonly considers optimal irrigation
management. Thus, Pitblado (1984), in justifying the development of an
"accurate” irrigation schcduling procedure, suggests that the traditional
scheduling practices of irrigators "are not good enough in this day and
age”. Unfortunately, in making this statement, Pitblado, along with other
researchers, misses the point. When the objectives of irrigators are
considered, these practices are just that — good enough. In irrigating,
farmers are not striving to maximize their gains in yield or profit, but
are attempting to achieve a satisfactory level of production with a minimal
input of labour and energy. Just as there is a distinction in objectives
between the "experts” and the practitioners, there is also a distinction in
the perceived benefits of “improved” practices. In weighing the value of
information from irrigation "specialists”, farmers view their
recommendations with the appropriate "grain of salt” and consider the
relevance of new irrigation developments in terms of their own objectives.
Hence, it is not surprising that irrigators have readily adopted
progressive technologies not because of their potential impact on water
use, but because of their diminutive effect on labour requirements. For
similar reasoms, it is not surprising that irrigators have not adopted

"improved” irrigation scheduling procedures. For the majority of these
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farmers, the use of these techniques would involve a greater input of
labour and energy in irrigating. Additionally, a maximization of yiclds
would entail increased production costs and place greater stress on related
farm operations. Additional time, labour and perhaps machinery would be
required for harvest, and transport of the final product to market.
Similarly, for some crops, additionai effort would have to be exerted to
secure new market outlets for the producz. Hence it is conceivable, and
likely, that increased production costs and exposure to risk associated

with maximum production could outweigh any potential benefits. In general
discussions, several surveyed farmers noted the lack of available labour as
a disincentive to achieving increased yields. One of these irrigators put

it quite bluntly; "I can’t get enough help to get my crop off as it is now,
why should I try to increase my yield when it’s just going to sit in the
field and rot?” Thus, in the real world of contcmporary irrigation
agriculture, the attainment of maximum yields is a dubious proposition and
not as simple a matter as applying "the right ainount of water at the right
time.” In failing to adopt "improved” scheduling practices, it is not that
farmers fail to realize that these procedures might significantly increase
yields (indeed, most do according to the Ontario Ministry ot Agriculture
and Food Survey, 1986), but that the goal of utility maximization brings

with it significant alterations to all other production activities.

Rather than being strictly concerned with the "proper” management
of water to achieve maximum yicld, the farmer is concerned with balancing
all of these production inputs, of which water is only one, to achieve a

manageable, satisfactory level of output. In doing so, most farmers have
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developed tested and tried guides for using water that are rational within
their own particular operating circumstance and in relation to their
objectives. The degree to which farmers comply with the water management
recommendations of irrigation specislists then, is not a question of
carelessness, uninformed methods, or ir.ationality as reflected in the
"backwardness” of the farmer or some abstract notion of social resistance
to change; but one of differing objectives between the researcher and
practitioner. Bennett (1986) explains this gap in objectives between
researchers and farmers in terms of their respective operational
circumstance. Whereas the researcher "lacking a stake in remunerative
outcome”, is free to conceive, define and control all factors affecting
outcome in an objective manner, the farmer "is not free to systematically
vary or control many of these factors because he cannot, or because he is

bound by a fear of risking a negative outcome.”

Unfortunately, most irrigation ”specialists” seem oblivious to this
distinction in objectives and operating coustraints. To some degree , this
is undevrstandable given the con:plex task of understanding soil-water- plant
relationships. In the words of Chambers (1980), "the maddening nature of
water itself, with its tendency to flow, seep, evaporate, condense and
transpire, and the problems it presents in measurement ..tie down natural
and physical scientists to research intensive tasks denying them the time,
even if they had the inclination, to branch out and examine wider aspects
such as .he people who manage water and how they behave.” It is not
acceptable however, when these same experts offer simplistic explanations

as to why farmers do rot conform to their conceptions of optimal water
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management. By ignoring the essential rationality of farmers and their
objectives in irrigating, and in assuming a one-way flow of information
from the “expert™ to the practitioner, agro-scientists run the risk of
transferring mis-guided recommendations to professional water managers and
policy-makers, and developing water management technologies that will

remain unused by the final decision-maker - the irrigator.
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CHAPTER 7

CONCLUSION AND SUGGESTIONS FOR FUTURE RESEARCH

Undoubtedly, as increased pressure is placed on available water
resources in the coming years, the attention of resource managers, be they
engineers, econcmists, geographers or a combination thereof, will continue
to focus on estimates of future dem-nd and procedures to match demand with
available supplies. Rightly so; for adequate planning measures require and
will continue to require some knowledge of the processes that operate to
effectively consume a resource that has come to be realized as finite in
time and space. This thesis however, has not concerned itself with
generating any quantitative estimates of demand or with devising any new
techniques for managing or reducing demand. Rather, it has attempted to
compliment these e¢fforts by questioning the assumptions on which they are
based. The premise of the thesis is that any projections of future water
demand or efforts to modify existing demands must rely upon a basic
understanding of the water use and management practices that give rise to
that demand. With respect to irrigation water use in Ontario this means
examining the on-farm water management practices of individual farmers. As
such, this study has been of a descriptive nature. Examination and
discussion have not revolved around any specific hypothesis nor have they
attempted to statistically delineate any cause-effect relationships in an
individuals use of water. What has been accomplished is a description of
how water is used by 35 farmers in the climatically humid region of

southern Ontario. At the same time, several postulations have been offered
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as to why water is used in the way that it is. The lack of a specific
hypothesis rather than being detrimental was seen as & necessary
pre-condition to this study. Given the paucity of data and the lack of
understanding of actual irrigation practices in Ontario, it could be argued
that the conception of this research in terms of the standard “scientific”
mode of a testable hypothesis would have hindered the flexibility to
understand and convey sorae of the more salient features of irrigation water
use in southern Ontario. Indeed, this study has not isolated any dominant
factor or set of factors that affect water use or account for variations in
use between individuals or between the geographical regions studied.
Farmers adapt their practices to their particular circumstances; yet
circumstance is a vague word. It cannot be construed .o pertain only to
the physical characteristics of site such as soils and hyd.sology but must
also entail situational variables: agricultural features and economic

factors such as crop choice, farm size, market potential; production costs,
revenues, and labour availability; institutional and technolsogical features
such as resource allocation mechanisms, legal regulations, methods of
distribution and application; all of which simultaneously cortrol and are
controlled by individual personal traits often described by even more
ambiguous terms as experience, perceptions, attitudes, values and goals.

It is the impression of the author that these components of ciscumstance
which influence the final use of the water resource are so closely
inter-related that the isolation of any or all of them for purposes of

statistical analysis would engender dubious results.

Nonetheless, this study has provided several worthwhile results
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relevant to water management policy and practice. Of primary importance is
a basic operational description of small-scale, privately managed

irrigation systems in a humid environment. It is doubtful that the
operations described for southern Ontario are unique in the world; indeed

it is expected that similar systems can be found in other regions wiuh
climates commonly described as "humid”. However, such a description does
seem to be unique to the dominant irrigation water management literature
which evokes a tendency to focus on large-scale, communally oriented or
regulated irrigation "systems” operating in arid environments. If nothing
else, such a description serves to clarify some of the common myths which
pertain to irrigation in humid environments such as southern Ontario (and
most likely all of eastern Canada) and stresses the importance of the need
to understand the conditions that create and maintain irrigation

agriculture in any localized area, over the need to provide provincial or
national estimates of present and projected water demands for national or
international agencies (see United Nations 1976; other statements demanding
invernational estimates of demand can be found in publications of the
International Committee on Irrigation and Drainage, ie. Bos and Nugturen
1981). This need to elucidate the practical conditions

of irrigation in southern Ontario arc of particular consequence today.

The atmosphere of a "water crisis” in certain areas of Canada including
southern Ontario (Sewell 1969, Foster and Seweil 1981) prompted the federal
governiuent, in 1984, to establish an Inquiry on Federai Water Policy. This
inquiry in turn designed a research program to "obtain authori.ative

accounts of the various sutjects of investigation, drawing on existing
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expertise” (Inquiry on Federal Water Policy 1984). Two of the resulting
"authoritative accounts” point to a lack of understanding of humid region
irrigation agriculture in Canada. Indeed, in assessing the socio-economic
value of water for agricultural uses in Canada, Muller (1985) makes no
mention of irrigation in Ontario and relies explicitly on data from the
western provinces for his analysis. Similarly, Bowden and Ander.on (1985)
in a study examining national agricaltural water issues revert to rhetoric
when discussing irrigation water use in Ontario and display an obvious lack
of understanding of the context of irrigation in this region. An example
of this mis-understanding is provided with the suggestion that,

"In Ontario..any future increase in irrigation area

for major crops (corn, soybeans, white beans) is ex-

pected to be constrained by the availability of water,

as well as labour and capital costs and..irrigation

is expected to continue to be relied upon only duri.g

very dry years.” (Bowden and Anderson 1985).

In light of the description of irrigation practices presented in
this thesis, it is obvious that these sweeping statements belie the true
nature of irrigation water use in southern Ontario. "Major” crops such as
corn, soybeans and white beans have rarely been irrigated in Ontario and it
is unlikely that they ever will be. This is not because of any
constraining influences of water availability, labour or capital costs but
is related to the locations in which these crops are grown and the
negligible benefits accruing to these crops through the use of irrigation
(Stevenson 1987, personal communication). Similarly, irrigation, at least
for those areas studied, is not practiced only ”in very dry years”, but has

come to be accepted as an annual production practice. In fact, a more
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accurate statement would be that irrigation is ‘ot practiced only in the
very wettest of growing seasoms. In addition, although irrigated acreage
appears to be declining at present (primarily due to the continuing
economic down fall of the tobacco industry), Smit (1987) in a study of the
implications of escalating atmospheric concentrations of CO2 for
agriculture in Ontario, made several observations that may significantly
increase the use of irrigation in the southern part of the province,
namely:
a)”advantages of warmer temperatures under a changed
climate are likely to be offset by increased mois-
ture stress on crops;”

b)”crops like corn and soybeans may become very risky
in southerm Ontario because of drought conditions;” and

c)”horticultural crops may be grown across much of
southern Ontario...”

Under these conditions, Smit (1987) concludes that,

"increased use of irrigation may be seem, with

more demands on water supplies at a time when
other sectors are also drawing upon a diminished
water supply.”

The erroncous statements and omissions in the two federal studies
are somewhat forgiveable given the previously mentioned paucity of data,
the broad terms of reference, and the natiomal macro-scale overview
demanded of them. However when it is recognized that these statements and
results will be cor-idered by government decision makess in formulating
resource u.t and allocation policies, the need to prepare and present

research which accurately reflects localized conditions and practices of
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resource use becomes readily apparent. Similarly in water resjurce

planning for irrigation, whether it be geared at providing supply,

projecting demand or sttempting to "improve” the management of irrigation
water, it is necessary to be cognizant of the underlying factors behind all
features of the existing system and particularly important to understand
how farmers perceive and manage their resources prior to making any
conclusive recommendations or implementing any plans. The consequences of
not doing so risk the result of inconsistent predictions, failed water
development projects and a lack of widespread acceptance of improved

management practices.

Although with a different purpose in mind, Day 1974; cited in
Mitchell 1979) in conducting a hindsight review of the benefit-cost
considerations of a reservoir construction project indirectly depicted the
consequences of failing to consult and understand the water management
practices cf farmers. The project in question was a reservoir in
southwestern Ontario which, although multi-purpose in object, was designed
to serve one major purpose: to "increase agricultural productivity from
improved irrigation water” (Mitchell 1979). In turn,

"the principal justification of the project

was based on expected increases in farm produc-

tivity due to irrigation” (Mitchell 1979).
The basis for this project seems to be the findings of Yakutchik and
Lammers (1970), in a 1964 survey, that irrigators were using less water
than was required for maximum production according to climatically based

water schedules. Planners consequently assumed that by increasing the
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physical availability of supply, farmers would irrigate for maximum
production and expand their range of irrigated crops. However, Day (1974;
cited in Mitchell 1979) questioned the project planning assumptions and
dismissed the agricultural benefits as negligible when, after interviewing
farmers two years after the reservoir construction, he found that,
"none of the farmers to be assisted previously

experienced any detrimental water shortages, none

presently irrigates crops other tham tobacco, and

none intends to adopt vegetables or strawberries

as cash croms or to irrigate corn, hay or

pasture” (Day 1974; quoted in Mitchell 1979).
After reviewing other aspects of the dam and reservoir operations, it was
concluded that original benefit-cost estimates of 2.2:1 were unrealistic
and a revised analysis placed the ratio at 0:1. The project was
essentially a failure in ecomomic terms. Although not the sole cause, a
failure to consult the primary target audience or to understand the

objective rationality of their water management practices contributed in

large part to the failure of this developmesnt project.

The example of misdirected water management planning outlined above
emphasizes the primary conclusion and recommendation of this study.

In formulating water management plans and water policy directives, it is
necessary for pro .ssional decision-makers to base their judgements on
contextual reality. For example, basing irrigation water demand projections
on bureaucratic records is obviously only suitable and acceptable if those
using water are relying on similar methods of determining demand or if the
government agency has some practical control over the amouni of water being

used in irrigation. As discussed in Chapter 4, this is not the case in
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Ontario. Similarly the assumption that significant amounts of water can be
conserved or that "bemeficial” increases in production can be attained in
almost any irrigation system by promoting the concepts and mechanisms of
"irrigation efficiency” must be questioned. As Weatherford et al. (1982)
have noted,

"estimates of potential savings by those not

thoroughly acquainted with the current irrigation

practices in any area cun exaggerate the possibilities

of improving water use efficiency and lead to

recommendations of unworkable and politically

infeasible measures for increasing irrigation efficiency.”
Hence, comments which recognize the diversity and complexity of
circumstance must take the place of broad, generalized and rhetorical
statements which disregard the fact that every irrigation system is
location specific and that different management constraints in every
location will affect the quantities of water that can be saved or used more
efficiently. Thus, the statement of Bower et al. (1984) that,

"in agriculture it is well known that there are at

least two ways of substituting away from water

quantity in irrigation. One is by changing or

improving the irrigation system..The second is

by investing in the care and timing of water

application - by taking advantage of careful

analysis of plant needs and soil moisture conditions

to estimate the optimal quantity to apply

rather than to follow a traditional rule of thumb,”
is meaningless without reference to a specific location in time and space.
The contextual reality of irrigation water use in Ontario, for example, is
that both of these "well known” means of "substituting away from water

quantity in irrigation” (w hich presumable refers to reducing the demand for

water), would not reduce demand at all but would maintain tae "status quo”
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or effectively increase the seasonal demand for irrigation water.

There is then, a need to redefine the terms that are generally
associated with agricultural water conservation in light of the unique
operating circumstance of any particular setting or irrigation system. It
must be recognized that, in promoting the concepts of physical irrigation
efficiency, the primary objectives of agronomists and “professional” water
managers, although intertwined within some disciplinary boundaries, differ
in terms of the desired end result. Agronomists tend to view “improved”
irrigation techniques as a means of supplying water to provide for maximum
crop requirements in order to achieve maximum potential production. Water
managers meanwhile vicw these same techniques as 2 means toward reducing
water demand. The equation of demand with requirement to achieve perfect
physical efficiency, however does not necessarily result in water
conservation in all situations. By attempting to alter demand to meet
physical requirements, researchers display a tendency to operate on ime
unqualified assumptior that "the true ’‘requirements’ are only a small part
of observed water use.” (Bower et al. 1984). This is likely true for many
irrigation systems, especially in arid areas but it is important to note
the general management constraints that give rise to this situation.
Economists tend to stress *»e effect of historically low-priced water (ie.
consumers not realizing the marginal cost of supply), as the main reason
for excessive use. Their "commonsense” notion being, that for any good
(resource) purchased, the quantity demanded will increase as tl.e cost per
unit decrcases. Numerous studies however, while acknowledging and

confirming the iraportance of the price-demand relationship, have suggested
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that institutional controls such as rigid bureaucratic or communal

allocations and structural water delivery systems are perhaps more
important in creating and maintaining conditions under which demand exceeds
physical requirements (Chambers 1980, Coward Jr. 1980, Holmes 1986, Hudson
1962, Levine 1980, Thornton 1980). Where water allocation is based on a
system of absolute rights and water is delivered to farms based on a
calendar rotation, farmers have no control over the scheduling of water;
they must accept water when it is delivered to them and in the amount
determined by right. In the words of Hudson (1962), under such situations,
”a farmer must take water when it is available, not when it is needed.”
Holmes (1986) arrived at a similar conclusion that "crops are not

necessarily irrigated when water is needed” and that ” the frequency in the
delivery of water to the farms largely determines the frequency uof
waterings within a region.” Several authors also express concern over
variation of the "use it or lose it” principle where there exists a legal
threat that users may forfeit all or part of their water rights by failing
to use the full apportionment of that right (Ashworth 1982, Hudson 1962,
Weatherford et al. 1982). In such cases, over-irrigation may be stimulated
by the farmers fear of losing his right to water. Thus, Hudson (1962)
concludes, for the Utah Valley at least, that the implementation of
improvements in irrigation water management is not as simpie as
transferring “expert” knowledge or providing economic incentives through
modified water pricing schemes, but that the farmer must be free of the
"rigid institutional controls that hinder change” (Hudson 1962) for change

to occur. The flexibility of the farmer to alter irrigation water use
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practices then, would seem to be the primary precondition of reducing the

demand for water. Where the farmer does not have control over the delivery

and application of water, it is unlikely that this flexibility exists.

It is the practically autonomous control of irrigation water by
farmers that is the most salient characteristic of irrigation wzter use in
Ontario. Here it is not a case of an abundance of water creating a
tendency to over-irrigate. More likely, it is an abundance of water that
gives rise to conditions by which water is under-utilized in irrigating.
Historically, the dominant agricultural water issue in Ontario, as in other
humid environments, has been a problem of excess water. Consequently,
government involvement has generally been oriented toward ameliorating the
detrimencal effects of ¢xcess water through the support of artificial
drainage, flood prctection and land reclamation projects. Providin a
supply cf water to combat periodic deficiencies of natural rainfall -as
typically been an individual responsibility. The close proximity of
available water sources to the point of use for most farms has not
necessitated government or communal involvement or support in the delivery
of water to irrigating farms. Thus, irrigatofs are free of the communal or
bureaucratic restraints common to arid region canal distribution schemes
(where water must be transported long distances and service the needs of a
larg: number of users), and have the flexibility to control the timing and
amount of water applied to their crops. The absolute control of the farmer
in developing, maintaining and delivering a supply of water to his fields

cannot be ignored.
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Under these conditions of freedom from regulations, farmers have the
ability to adapt their irrigation practices to their individual operating
circumstance. Hence, similarity among farmers in their irrigation
practices is not as evident as in arid areas. Rather, diversity is
common-place. The landscape of irrigation in southern Ontario is not one
of contiguity. Farmers rely on a variety of different sources of water,
and a variety of different techniques of applying water to their fields.
Decisions as to the frequency and quantity of water applications vary
markedly between farmers irrigating similar crops on soils of similar
texture. Thus, the form of irrigation water management - both technical
and cultural practices - on any particular farm is not merely a response or
adjustment to the availability of water. Where structural water delivery
does not control the availability of water, the nature of water use and the
resulting demand for water in any geographical region is determined by the
decisions of the irrigator. A wide range of physical, economic, technical
and social factors are involved in determining the nature of water
management on any one farm and in reaching a decision on resource use,
individuals will be guided by their own unique experience as farmers.
Howewver beyond variations in these factors at the micro-scale level of the
individual farmer, as Hart (1975) has noted, there are some factors which
influence farmers’ decisions that are essentially similar over fairly
¢xtensive areas. In Ontario, irrigators operate within the constraints of
a humid environment, under which they realize the economic and labour costs
of supplying and using water as a rupplemental production input. This is

not necessarily seen in the strict economic sense of “"marginal costs and
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returns” but nonetheless can be expected to0 result in a fairly efficient

use of both the capital investment in developing an irrigation system, and
the subsequent flow of water. It can not be overlooked that rainfall is
the primary moisture input to agriculture in Ontario. It is free, does not
require pumping and requires little labour in distribution. There is not
then, the dry land condition of irrigate or have no agriculture. In the
case where natural precipitation can be expected to meet the moisture
requirements of plant growth throughout most of the growing season farmers
can be expected to, and do economize on the seasonal costs of energy and
labour required to supply supplemental water. Presumably, irrigators see
irrigation as a means of providing a floor below which produrtivity should
not fall, rather than a ceiling which productivity should reach. In

essence this can be seen as a risk-avoidance strategy. Farmers in southern
Ontario are familiar with the damages of excess water - the increase in
rot’ diseases, infestation of pests, leaching of nutrients, soil erosion.

It is not without reflection on experience when farmers comment that

over-irrigation is worse than under-irrigating.

This is not to suggest that selective on-farm improvements in water
management and reductions in water use cannot be made on irrigating farms
in southern Ontario. Certainly improved technologies sach as drip
irrigation have an important role to play in e¢nhancing the efficiency of
water use, and indeed in making improvements, farmers will require the aid
of the "agro-scientific” community in the areas of research, information
and education. At the same tume¢ however, the “agro-scientific” community

will require the aid of farmers in the areas of research, information and
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education. Before undertaking to alter existing water use practices,
researchers and planners must first understand how and why irrigators
operate as they do now, before the ramifications of change can be
understood. It is not good enough to borrow concepts that appear to have
achieved some success in other areas. There must at least be a basic
understanding of the unique physical, social, economic and institutional
opportunities and constraints inherent to any particular geographic

location. Only then can existing practices be understood as rational and
the one-way flow of information and change from the expert to the farmer be
reversed to include the knowledge and expertise of the farmer. “The major
hopes for improving rational water resource management” do not, as
O’Riordan (1969) has implied, rest "in the development of water use
efficiency models”, but rather as Weatherford e: al. (1982) have more
recently noted it is in the translation of these broad principles "into
workable knowledge in the light of existing local conditions™ that offers
the most promise. The challenge in improving irrigation water management
then, lies in understanding the characteristics of irrigation agriculture

and the circumstances of individual irrigators. This study can pretend to

be nothing more than a first step in thus direction.

7.2 SUGGESTIONS FOR FUTURE RESEARCH

Due to constraints of time and funding, this study has necessarily
been limited to an examination of an extremely small sample of irrigators
in Ontario. Additionally, in an effort to present a "non biased” sample

and include a wide variety of opcrating conditions, the sample was defined
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by political rather than watershed or "agricultural region” boundaries.
Data on water use practices was not drawn from actual field measurements or
records, and represents only the opinions and estimates of those farmers
interviewed. Any inferences or conclusions presented are based on this
data and pertain only to those 35 farmers surveyed. Thus, they must be
looked upon as provisional and not absolutely “representative” (if in
reality, there is such a beast as a representative sample). Bunting and
Guelke (1979) have also lucidly pointed out the danger of inferring
absolute patterns of individual behaviour based solely on a simple
interview or questionnaire. Based on these limitations then, this
exploratory research must be refined. Several recommendations for future

research can be suggested.

i) Future efforts to document water use practices should
concentrate on levels which are appropriate for existing planning
institutions. Given the emphasis on the watershed as the baseline
planning unit in Ontario, studies should focus their efforts on
basins or micro-basins, realizing that any results are not
necessarily applicable outside of these boundaries.

ii) Studies of water use practices which incorporate a large sample
population such as the Ontario Ministry of Agriculture and Food
Irrigation Survey Report (1986), are perhaps usefui in presenting
an aggregate picture of irrigation :griculture in the province, but
in the absence of any contextual interpretation, their benefits for
planning or management principles are limited. The focus on
extremely large sample sizes to satisfy some st sticil notion of
representativeness tends to hinder the ability to offer practical
interpretations of the resulting dats. Future studies should focus
on manageable sample sizes in localized arecas so that results and
interpretations can offer some meaningful input to the planning
Brocess.

iii) There is a need to conduct studies of overt behaviour in order
to determine the applicability and acceptability of survey results.
Are the water use practices implied from the results of interviews
actually replicated in reality? As Bunting and Guelke (1979) have
suggested,
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"this is not an easy task and will involve
critical and imaginative investigation of
all available data - data which look closely
at individual behaviour and at the overall
environmental and cultural context.”

In this regard there is a need to examine and define components of
the "environmental and cultural context”. Although physical and
economic relations have received much attention, intangibles such
as social goals, values and attitudes require a clearer definition

and some means of measuring and evaluating their importance and
impact on water use prac..ces.

iv) If we accept that physical, economic and social contexts in any
particular location change over time, so it must be accepted that
resource use practices are not static but also change through timc.
Results of studies conducted at one point in time which demonstrate
a relationship between resource use practices and the
“environmental and cultural context” cannot be accepted as fixed or
invariable. Thus, there is a need to conduct longitudinal studies

of irrigation practices. By concentrating on individual farms over
a certain period of time, a greater understanding of the
inter-relationship ketween the contextual variables and the demand
for water should be gained. What affect will a climatic warmiung
trend have on water use policy and practice? How do water use
practices respond to a changing agricultural economy such as the
prices of inputs and products? Do the objectives of farmers -
their desires for income, for leisure etc. - change within and
between generations? How do these varying objectives alter or
maintain the way in which water is used? These questions, among
numerous others, are central to an understanding of the origins of
the demand for water placed on any natural or artificial supply
system. They require an answer before any definitive means of
"managing” demand can be found. These answers in turn will not lie
in any single disciplinary realm but as Chamber (1980) has
suggested, they lie outside of the "cramped visions within narrow
disciplinary boundaries” and in the elimination of a "mutual
ignorance between social scientists and technologists and a
reluctance to explore a no-man’s-land between disciplines™.
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Appendix 1 - Questionnaire



TWSP. LOT CONC.

BACKGROUND

1) a) How iong have you farmed on your current property?

b) Do you grow i) Greenhouse or ii) Field Crops ?

2} If known, what year did irrigation begin on your property?

3) Why did you begin irrigating? (Please indicate importance of each eg. 12,3)

a) Reduce Fisk of Drought
b} increase Crop Yieid
¢) More Intensive Farming
d) Availability of Resliable Water Supply
@) Availability of Capita! in the Form
of Loan or Grant
f) Recommendation of Fellow rFarmer or
Agricultural Representative -
g) Other

4) a) Total Acres Currently Farmed
b) Tota! Acres Currently Irrigated
c) Total Acres Currently Owned

5) Do you nave a wind row on your farm:

6) On wrat type of soil is your farm iocated?




TWSP.

LOT

IRRIGATION ORGANIZATION

1) When did irrigation commence in this county?
a) Last 10 years
b) 11 - 30 years
c) 31 -~ 50 years
d) 51 - 100 years
e) More than 100 years

2) Are you solely responsible for your irrigaiion system or do you
belong to a collective group who share responsibilities for
irrigation?

a) Individual
b} Group

' If you belong to a group. how many other farmers belong to this
group?

4) Did this collective share the initial capital cost of your
irrigation system? Yes No

IRRIGATION RESPON E

1) Have you realized a significant increase in crop yields since you
began irrigating? ({Please describe)

CONC.



TWSP.

2) Since you began irrigating, have you: a) Increased

Hectares

b) Decreased

Hectares

your planted acreage?

3) Have you changed crops or cropping patterns since you began
irrigating? if so why?

4) Do you use your irrigatior: system for application of fertilizer
or other uses? Yes
Use

WATER SUPPLY AND USE

1) Please list your sources of irrigation water.

Number Naines

a) Natural stream or river
b) Natural lake or pond

c) Ponds - Dugeut
— Onstream —
- By-pass
d) Well
e} Other




TWSP. LoT

2) Have you ever experienced a shortage or irrigation water?
If known, please explain the reason for this shortage.

3) How ad> you determine when to irrigate?

i) Crop Appearance
i’ Soil Feel
iii) Water Budget Records
iv) Scientific Instruments

4) Do you feel that you are using irrigation water as efficiently as
possible? Please explain.

5) How might you make more efficient use of irrigation water?
Please explain.

IRRIGATION SYSTEM

1) Please indicate the amount of acreage that you have under different
methods or irrigation:

CONC.



TWSP. LOT

CONC.

a) Portable pipe and sprinkiers Hectares
b) Centre pivot system Hectares
¢) Volume Guns on a self-

propeiled trailer Hectares
d) Hose and trickie or drip

applicators Hectares
e) Other

Hectares

2) If known, what was the initial capital cost of your irrigation
system? $

3) What is the approximate annual operation and maintenance cost of
your irrigation system? $ .

4) a) Have ycu changed irrigation systems since you began irrigating?
Yes No . If so, when? .

b) Please describe this change. (ea. Additions or change from
sprinkler to drip).

IRRIGATION POLICY

1) What 1s your major source of irrigation advice? (In order of importance)
a) Irrigation equipment supplier
b) Agricultural representative
c} Government Publications




TWSP. Lot

d) Farm Pericdicals (Magazines)
e) Discussion with other irrigators
f) Other

2) Do you know of any government program which provides financial
support o irrigators?

If so, a) What is the name of the program?
b) Have you made use of this program?

3) Do you feel that government (OMAF, AGR, CDA) support of irrigation is:
a) Non-existant
b) Minima:
¢) Adequate _
d) Substantial

4) Do you feel tha* there should be greater government invcivement in

irrigation incentive programs?

a) What form should this involvement take?

CONC.



TWSP. LOT

5) a) Do you have a MO.E. permit to take water? Yes No .

b) If yes. how did you calculate this amount of water to apply for?

c) Do you feel that this is an effective method of managing and
protecting the use of irrigation water for the province?

d) Could you suggest any beneficial changes to this program?

MARKETING OF CROPS

1} What percentage of your crops are sold in a fresh market?
What percentage are procassed?

CROP % FRESH % PROCESSED

cC C



TWSP.

2) a) Distance to processing plant?

b) Distance to fresh market?

3) a) Do you have a contract with a processing plant?

LOT

b) Accepted before or after irrigation?

¢} Year this contract began?

4) Why do you follow the cropping pattern described above?

a) Contractual agreements

b) Best use of labour and other resources

c) Best return considerations

d) Common cropping pattern in the area

e} Other

FUTURE PLANS

1) Please describe any plans you may be considering including
expansion or reduction of physica!l facilities. (Including
equipment and acreage).

CONC.
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TWSP. LOT CONC.

2) Please describe any plans you may be considering regarding major
cropping pattern changes.

Can you supply any additional information regarding any presently existing
problems of water supply and demand, irrigation efficiencies or wastages?



TWSP.

Comments:

Thank you for your time etc. If you have any questions about the
research or would like the results, please contact me at

c/o Wilfrid L -‘er University
75 Universit ‘e, West
Waterloo, Cntario, Canada

N2L 3C5
Telephone: (519) 884-1970 Sxt 2877

LOT

CONC.



TRRIGATION PRODUCTION

Crup

Irrigated
Acres

Water Use Per Acre
(Acre Inches)

Times Water
Applied

TWSP, LOT

Heaviest Dates
of Watering

CONC,

Plans for
1987 Acreage

ASPARAGUS
BEANS (GREEN)
BEANS (SOY)
BEETS
CABBAGE
CAULIFLOWER
CARROTS
CELERY

CORN
CUCUMBERS
LETTUCE
ONIONS

PEAS
PEPPERS
POTATOES
RUTABAGAS
SPINACH

TOBACCO

TAME HAY
IMPROVED PASTURE
OATS

BARLEY

WIIEAT

FLAXSEED
RAPESEED

PEACHES
APPLES

PEARS
CHERRIES
GRADES
STRAWBERRIES
MELONS

OTHER




Appendix Ii - Permit to Take Water Application



Mimistry Application for Permit to 1ake Water

of the The Ontario Water Resources Act, Sectio, "0 Co P bie sn
Environment L
Ontario Please Print in Block Letters
J Teatephone
Name of Apoticant L_J__J__] I- b4 l l | I l
{ l Ares Number
Mailing Address
| - I Postal Code
City Yown €te Peov

Application Particulars
Please resd instructions (Permit to Ts & Watet Program Information Shest}

A Couece of Water
1 Waelt  How many? L.__..__.l Soring  How many? L_____.__l

2 Leke Strasm or Rivar/Name L ]
3 Pond How many? L____J Tvou D Dugout D By-Pass D On Stream D Pitor Quarry
4 Otner Typs of Source l l
5 Oate of construction ot source? LE_J_M_.\_V_.‘ tion of weter taking equipmens? s J _Y__l

B Location of Taking l

fLat Concession Towianip snd Caunty or Aggian or CTlstrict, ar City, Town gr Village with: Street end Number}

7 ¢ acation of Water Use. Same as8 Car ' I
TLot Concesiian Township and County or Ragion or District or Clty, TOwn or Viligge with Strast and Numbaer)
D Purpose of Teking [ ireigation Ocommercial  Dinduntrial OMunicipn O Pubiic Supply 0O Recrastion
Q Other I '

€ Penod of Weter Taking {Complets 1 or 2)

1 Tekingto cammance an #nd to extend for s period of l

[3} Y 1Onvs Waesks Manthy Ye
2 Sessonsl taking 1o extend fron. I i l 1o l { each yeor for
[=] M [+] [ Years

"

RAeguest Amount of Taking from Esch Source

SOUARCE ¢ SQURCE 2 S0OURCE 3

State Uris Used

1 Source Nemp or Description tcheck vne
2 M Sur Amount

Takyn iy Ont Minute E 3:«‘::;'.'2?3'.3“ he
3 Memimum Amgunt

Teksn in One Osy i U S Gellons fer Minute
4 Number of Hours of or Dey

Yekingin Gne Dav Maximum .

:) Litros Por Minute o
Average Oevy

S Meximum Numper of Days
at Taking ‘'n Ona Yasr

€ Suybmit 8 disgrem Of the sres of water uss 1n the space provided on 1he reverss side of this torm
[Dragram instructions and e «mple are shawn on the information sheet)

splicant agrses 10 indamnify gnd sove harmiasy the Ceowii i right 6 the Provinie of Ontario snd Ity otlicers emplovass @gents snd contrgctors from
. 4g8intt Al damuges [Gss cOsts Claims, suits intunisl daMands aclions end procesdings resulting 11om Or In eny Manne? connuctad with any act or
omis3i0n Of the spphicant OF sny Of ity Off:cort ermplovess agents r contrsctors and relating to this Applization ena dny Petrmit Raenawst Permit or termy
snd canadiions of & Permit, 135ued in re3DONEE 1O this Applcation
| understand tnat It is the policy of the Director tn haituing o Parmit 1o Take Water ta 1tnpose the General Tarms and Conditions aNpearing on the feverse side
of this Applicatian Therd 8re n0 special carcumytances or tas1ons why the Direcior should not 1mpois Such tarms end cONGIIONS tn 1s3uIng the
spplying far (Nate Crass out the underiined senteace T 1L 1§ nOt applSatie (0 you 8nd enciows with your Apphcsiion ¢ letrar 10 the Directar wstung out
$UCh reasont and ipecisl circumstances |

Oste

o ™M ¥ Signature of Applicgnt ot of Autharized Otficer or Agent

{For Ottice Use Only)
Permit to Take Water

Permit Expiras Permit Numbaer

o MV
Pursuant to Section 20 of The Onterno Wetar Hesources Act Dermanion s harsbiy granted 107 the taking of water In gtzordence with tha ebove Apglication
subject to the Genarst Terms snd Conditions which appesr avariee! and subject 16 the Soeclal C s and 510 the & A Particuists
o3 followse

Notice of Terms and Conditions
The Onterio Water Fasources Act Section 61

Toke notice thet in Issuing this Permit to Take Waier | heve tarms any d wartaning to the tak ing of weter and tQ the resutts of the tek ing

terms and conditians have been detignad to 110w 10f the dovelopmant of weter resources for bensiizial purposss whils providing fessonsble piotection

15810Q WISt UINE AN O PUDI(E INTETNILS 1N Water
YOu mav sopest the tarms and conditions by Qiving Written notice to the Oirector of the Mintstry st thy appraptists Regien Otfice (tee Information sheet)
and to the Envirenmaentsi Appesl 8asrd 1 St Clair Avenus West. Torontd Ontatic M4V 1KE  within litteen davs atter sarvice of this Notice 16 the svent
of en appasl the terme end conditions of the Parmit 81 isued, wauld remain In gifact until thy sppest has basn tinailz
Ow

D MY Signature ot Director
0508 4/82 {over)



Mimstry

of the

Envircnment
Ontano

Permit to Take Water Program Informaticr: Sheet

Legisiation and Rationale

On March 29 1961 legistation was enacted 1o authorize th  Ministry ot
the Environment to reguiste weler takings 1n ordet to Pror ote etiiCient
davelopient and henetisl use ot suriece and ground watees - APt
priste section of The Ontarig Water Resources Act as smended s reproduced
othit cireglar

With tew eaceptions, a Permit to Take Watst 15 requited Tor the taking of
more than 50 000 Iitees tappras 10 000 imoera! Gallans) of water in & day
from eny ground or syrtace source ot water supply Of Jombination thereo!

A Permit 5 no1 required tor the taking Of water 107 domestc ar farm pur
poses 83 defined n section 20 [11 of The Ontsno Water Resources Act of
tor fire Fighting purposes

A Peemit 1s required 1or the taking of weter 10+ irrgation, public, municipsl

. 1adusteal and uses. for dewstenng of
quernes ans gravel piis #nd foundation and constrycl:on sites and totr the
takeng of strearniiow 110 ttotspe by dammung, diversion Of by eacavation

Watet 1n reservoirs created by damming or Dy excavation 5 considered o

surface water and the taking 1o such a resefvair by Mmeant of gn migke

smetalled of e instaling atier March 28 1961 1 subject to reguistion by
Nt even though tne reservoic was COnstructad 8t an eerlior date

# taking of less 1han 50000 itres {10 000 Irmpenal Gations) in 8 day
or 8 taking by means of perrgnent wor ks insialied prior to Masch 29 1961,
may, upon notice requrt duthotization By Perms ol in the Gpimon uf the
Drector based on scienuhic evidence, the taking interteses vath any aubhc
ar private intarett in any water

The Permit 10ce1es major sources of water takings and places the remONsIb:
bty on the permitted taker 10 ensure thet estadlished water vses in thy sres
sre nut interfered with

Specificaly tor withyrawals ar impoundments of sutface water the Permit
reasnes that downstream How s Mmashtained 10 emsuse the satislactory
conlinuation of downstresm watet uses

Snocifically tor withdrawali of ground weter the Parmut requnes that the
1aking ol watat Ly pumping Hoin walls Joes ot sclversely sifect neatby
water [avals and therefote intarlare withs sstptilatied vias

In cases where nierference aecuts the Peemet holder 13 cpguued 10 Ceste
Intetlererce and/or resiore ottecied witer suotlies Sud DIGwde temBorary
tuppiies of water untid restitanion ¢ complete Al complawds ol water
tupnly nterference thould be *eported 1o the Duector ol the Minusiey of
the Environmaent at the agdtess appearing overtast

1t should ais0 be noted that the Permat prosects the Permat hoider by esab-
fishing the holder s anterest :n watse In 1erms of date and quantuy

es on Permits

®  Authonzation 1o take water 1s given through & Permit which i completed
on the lowsr haif of the Anphication sheet snd relurned to the applicant

*  Any perion who contravenet ary of the termi and conditiong of 8 Parmat

s guilty of an atience and On summary conviction s hable 10 8 fine of

not more than $200 for every day 1he contravent:on cantinues

No fee 13 charged {0 & Peremit

Permits are not transterabls without Ministenal suthonzation New

awnerg should make 8 new spplicshion

* Changes of sddress and ovaership and/er changes n source of weter
SupRiy. Of 1n gmounts ¢ teking should bLe separted promptly on the
Changes 1n Permit Particulans card supphied with the Permit

® Complaints recetved by geromttess from establihed water usets of com:

plaings ol interiecence with 8 parmiited waler taking hould be seported

promptiy to the Ministry

The Parrmit must be kept availabie for insoaction st sil umes

Records of the gctuel amounts of water tsken mey be required (see

General Termg and Candstions on back of Permit) Forms which sce used

far maintaning such records 3¢@ SUPRIEA by the Ministry whan tequired

® Most Permils are nsued for 8 period Gf (en years Within 6 months of the
date of expity, each Permit hoider wail recewve & tenewasl notice Follow
Ing Compienon, signing and returning of this rotice, 3 renewat Permut will
be constdbied and it most cases issued

* Water takings {eom streams must not stop streamiiow
Water 13kings from ground water must not interfere with waler Jevels in
tocal wells which were in use p110f 10 the date of the Permiy

* A Parmit doas not confer upon the hoider any npsran 11ghts that the
Petmut holder would not have under common taw Fiparan rights ace
tghts which betong to a landowner gnd allow him to use water from o
sIream whech tiows pust his land 1oe the benehit of that 1and

.

0500 4/82
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water
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taking of
water
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Flowng or
leaking o
water from
wril 8tc
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Oftfences

Faise
nfonme.
an

The Ontaric Water Resources \ct, Section 20,
reads as foliows:

20 —t1) inthis section relarence o the taking of weter for use
for domestic o farm purpaies maany the teking of water by
My parson Othee then & municipslity or 8 ComMpany bubht ute
ity for ordinary household purposes or tor the watering of
hvestock Douttey, home gardens o lav ng but does not include
ihe watet'ng ar irrigation of crops groan for sale

121 in jubsection 4 the retgrence to the taking of water for
the watearing of Livestock of poultry does not inciude the taking
of surface water into norege for thy watening of (ivestock of
poultey

(31 Notwithstending any ganeral of specie! Act or any raguls
f1on of order mede theraunder and subiact to subsectio 5 no
porson snell take more then o total of 50 CO0 titres of watar in
s day,
ta) by meens of 3 well o wells that gre construt'ed or
despened siter the 29ih day of Maich 1961, or
(4} by Mmesns ol an 1nlet or inters feom & suitece source ~t
IWERlY  witere the intet Of 1niets 15 01 are wnstalled 10 the
source of supply of 13 or ars eniacged siter the 291h day
of March, 1961, or
fe) by mesns of 3 siructure of works constructsd ot et the
29th day of March 1961 tor 1hs Uivarsion of starsge of
waiet or
idl by any combination of the mesns reterred (010 Jlsuses
4. bsndc,

withzut & permit 1sued by a Cieector.

14) Notwithstanding any geners) of specis! Act ot a0y raguistion
or otder Mmage thereunder whers the tabing of warer fcr aay
purpute Other than the taking of watet by any person exvept s
mumisipalily o Company pubibe uthity 10y use for Ordiacy
househotd purposes or fur the watering of lvestock of poultry
a0 othet then the taking of water by sy persan o fue hant
wig nterterss an 1he 0puuon of 8 Duector with any pubic us
Driva1e nierest in any wates tt e Diracior mey. by nolice secved
0N 01 4801 Ly cegiateied mail to the peisan who i 1nktng e ag
1e3pGLsILIE for the taking Of water that so intorl- es protiust
the pesson (oM 40 tIKINY ¥/at®r witliout 8 PErmt 1ssusd by the
Biracior

5} Subsection 3 doet not spply 10 the taking of water by eny
oeson tor use tor domaestic or farm purposes ae tor fice (gnt.
ln'

{61 A Diractor may 10 his GiCretion 1ssue 1afase o e or
Incel 3 permut may wnpose suth terms and canditions
$Buing 3 Permut a3 heconsders prope and may shigr thy 1eems
g conditions o! & permet arter it i usued

[7) Whaere the Howing or leaking of water from a well o1 (he
diversion flowng or release ol water from or by means of 8
hote or excavation made 1n the ground (o any puiposs other
than the taking of water, intgsteres inthe apinion ot 8 Direcior
with any pubhc Of Privete interest :n aoy water the Dicector
May, by Notice servad on Qr sent 10 the parson who constructed
of made such wail hole or excavation or 1o the registered
ownsr of the 1and 1a whih such wali hols Or 8xcavation 1§
loceted. require the Derson G Owner (0 $10p Of teguiate such
flowing lesking cvargion or release af water 1n such mannae
snd within such  me as the Director may diract of requie
tuch DRFIGN Or Ov  #r 10 take such meisures 0 1el3LON tO Such
tlowing, 1eaking, diversion or releass of water 33 the nolice mey
mquire

{8} Evary parson who contrevenes,
sl subsection Jor 4 or
b s notice served on him of raceved by him or on his be-
half yader subsection 4 or 7 of
(ch any of the terms and conditions of a permit istusd by 8
Oirector,
18 guilty of an offence and on summary convichion i liabie 10 8
fine of not more then $200 tor every day the contravention
conunues

Ssction 59 reads as follows:

§9 Every peeson who knawingly gives false intormanon in any
0plication  teturn Or statement nidde 1o the Minister or a0
employes of the Ministry 1n cespect of any marter unger thas
Act or the reguitions made under this Actis guilty of an olfence
;r;réonn wummary convic «n 15 hiabte to a fine of not more than

fover)



Pa wit to Take Water Program Information

Gonusal &

on € an

Applicstion lor Permit to Trke Warer

t

e s CFMTRAL
VS seaio Y

—

! - -~

SouThwisreny Wy T ®
AtGon ; == !
et Q : o o
-t

. T . 7T REGIONS AND OFFICES
— T N 8 * WEST Cenmta 1N ONTARIQ
T e e ""'.t - Moon L
l--:n— - - /’. - - - -

-

Adyerys 811 COHPIDANRNCE OF $OULNLEL L0 ThE gr.entian ot the Ontario Mindiry OF the & Fiy ronm nt
Guecryr Poreni 10 Thhe Wortr Peogram ot the Hegon OI1L Cure@@oAding 15 the e dtion uf yu
naiev taking

Hotihwesteen Region 161
Boe

43> Jamet Sieeet Sauth
Thynder Bay Ontaro
FIC 508

Te. (G075 415 1205

Southassiern Ragion 141
Bo» 820

133 04tton Sureat
Rrgion Jntaio
[RIRTT

Tet 1513 543 4000

Wi Cantrer Rpgign 121
19 King Street Nortn
Homilion Dalgno
tér 4T3

Ter (416)321. 7640

Nottheastesn Kegion 151 Cemtal Rengn €30 Southweitern Region L1

197 Larch Sireed 8804 £ieany Loive 985 Aderge S 1eet South
Sudbury Gatgno flon Mg Gntaro Longun Untstiy

PIE 5vy 03¢ 3C) NEE 1V

fer (7051679 4501 Ter 14151 424 3000 Te 191 681 1500

S8 GumOn 41 0 eME Saphm e e wmeerdst W e (Beibs 86 Bete BNy 3 4 W | ieees

TOWNIMS GF BATHAM

.
i 1
| om0 . {
—_— SRS S N SVASNS I SO N
SRR e (T DT T
‘l ‘ ' i e J l
b -
Yuoemed W T @
.MI‘ ] ! l
S R : |
: /1
Y| or e | |
EL 3 | o sy L ot p | \
7 hesewmema z|
f: e
1\\ s = [
17N denas il |
! | Y |
——d Y D' —— _1
JRS——— LI Yo"y A
L |
- [ 1

S ARHTN W i Aueed
L 2 T e )

-

loem mmatite and whmit ene repv ol thy
Appteat on tor Permit 10 Teke Water L3 iny
Cem1ar o M aties of 1ne Environment Heson
GHEP a0D100: 1410 (G the 1K 8101 0l vo o e
TBPTQ IR Al TR UGLEE) 81 e 1) 048 febtey
(1 OU 810 ULPHIBIN &1 10 vou ! hoed tor o Pos
L 0N ENUNIE OF CUMIALLS n Appbd g1ion
A0 YOU will D SUiSU WA 01 Aot 4 Pasrm,
Iy ™

All sactignt 0F the ADCIcstion farm mult pe
comuinteg The aevgnsien NA  shouid be
VI ADge 8 I ON 1) AS1 Wplatie Ty
GMILOA ol A1OIMELaR O the ieguired Ore-
§ M il Seley SHE Sebl OF § Patrner

Belors tonsteuctag & woll oL o) Seiirable 1 “wh
ot an Acpucaton (01 Pemi Aay baown
Pmiidiont that mae abect the gansany ot g
Paienit w i 2a Uioren 10 he MIOUESAT 1 SETERTGN
o et e 1 ey ol L8 Doss il lor tng
AV 10 pioeade SN the reguited it
FOATE NG IRP 11800 falors thy wenl 4 Lon
3 UtieD ANy evibed Gf Mutng w larmes on
WP BLIG Le MBI Bl 1he wal Res teen
<Compisieg

A dugrem must b M tiried S11es ihe
COMNL ST s # L DL i thasl dnu Ao
HLo1 gt ¢ A6 a4e0n muinie | ang 10wnIn B

Aamans

<1 Bounasres 1 apin ants proverty

I LOTINS 40t AamL OF DAngis OF 80 14¢ gt
Druops ey

41 Locst om 1 gl Orapuied ek NPl 8 iver
e

St Lotdort ¢ 40 wels Aubes 0ama aad

Dt LUt an 4y b0 SO0 merrey VLOU 81 1
P i s taen gtal
Ewhe yote s 10 thapurpn o wesiy
P 8 wuGenen wie e hvm eh DENZe
@ Lo edeuie 1 oaimueal b chguond 11OmM e
Moy ot 10e Las o ment My e pal gnd
Provaid Ao ovan Section 13550 Cipn Svmnue
Veelt Touanio L sigee MAN 1Py 1Teieurgne
416 RL A1 *ee Secion 41 Untene
Ve Husure @
TINAE SIMMING Gr DerOIMON WMIEE 618 NvOIveu
e ARE BHAd 1 mot0 thy WuDMinon GF 6 ¢ 00
OF 1P ugnt ¢ nict sre e juntd by 1he M autsy
w1 Hare G HE e s unae e Letet ged gy
Empiostment At woLd L Stungbie The e
PLOINE murt Ao s 1 ate huw €2 DIIBOKRS 10
MIAGA GoNr 1 n Thm duteng gnd 0hrer ing
GO 4 ER TG 1 it e Ponug oo - 8serwor
B0 A0y WLMAUS  TaNAg O wsiet mhers
Wb L]
Compisis Sectian € uing s wessIe Column
10r €3ch 15urte F1um whh withr 110 U with
Grewa  Masmyn .t ng 8 Une Ose  can
WO, Le deiermune) Uy muttpryeng (e
18120 DUMD CaDaL Ly DY (he manumum Lime gl
ue 'y oDeavON
venneivkn Factery
VTtoot » JudB rretres
1imoer ot Ganon ¢ 12U S pationg
11mpeian Gation » 4 84 1ie
Aoy sy nto mangn ¢ *d by the
a1 caat su L AEIDIGL UUN 8 ubmitted
watt ke gpuhotiun
Leammlisof st tionst wnlcrmation sre
11 Pummbong 1ea1 cale 1ov waily
U Pioiomd procetuim o rinkipies of
wersting 8 Jem - the tygmont for end
nmea ol dianng ang MB4INg Wy be?
U e mERMIN IRY MR weter Lavel
MOTIHONE POIMINIS INE FONIVO B Elogd
L4n8C Ty Lurva AT B teMivoun OMreIBhiIng
reas ot 1aieses ot wate
b Ol weis! Wiy oruhienms N the

of the rature ol 4 pend et 4
hited Hom ¢ wweil (9 widiare whather it
1418018 001t By rOUNE waide A0S
turtuce runott

Al Appiications must be sgred ol deo

When 4n Acglicetiun iy Hwwd by o0 sgant

OG0! ot the BpEIc Nt 1Ne satut of the ayent

o othiciel Ml e cloorly dofinad

1105 the polcy o 1he Direcion i igmyireg Povmnisy

Do the Gensrsl Terms ot Coambuiars

WPrng un Ing bk o the Agpigsion

YOV with 10 Uting 10K fTmOMN OF twtwen

SO (0 the stmntion 01 the Duector a4 I8

oAy cuitan ot 1he Goneral Teems ond Conds

FOA1 IhONIS Hot Lo IMDOWD +  iWVIng wout

Permil C1O1 UUt IR VN ING) 1enre e i My

ABOICILON 89d e tuse 3 10 tre Duecwos

SHNG BuL 160 1045018 61 KIS A1 CIHEUMIIACIY




Appendix II - General Flow Diagram of the Permit Process



Receipt information
re: taking of water

v

Initial information review

P

Permit not required
(PNR)

Y

Advise of permit legislation
(APL)

Y

GENERAL FLOW DIAGRAM OF
THE PERMIT PRQCESS

Receipt of permit application

A

File

Y

Information & policy review
{clarify application)

Y

Resource review
(resource guidelines)

Y

Technical review
Specify terms & cnnditions

¥

Issuance of permit

- official authorization
- clerical processing

- distribution of info.

A\ 4

Pre-permit
investigation-
Assess imposition

of Special Conditions

another -
Issue)a second permit

Y

Receipt of in-term information:

1.Water
taking
records

2.Receipt of info.
suggesting
alterations in

terms and conditions

Issue amendment

A

Y

Amendment review

Y

Expiry

Advise of expiry & renewal

Y

Receipt of renewal application

Y

File

Renewal review

Y

A

Issuance of permit renewal
- ¢fficial authorization
- clerical processing

- distribution of info.

Y

Cancellation

Y
File




Appendix IV - Water Balance Tabulations for Canadian Climat Stations



WATER BALANCE TABULATIONS FOR
CANADIAN CLIMATE STATIONS

K. Johnstone and
P.Y.T. Louie
Hydrometeorology Division
Canadian Climate Centre
Atmospheric Environment Service

The climatic water balance refers to a climate-based accounting of the
water gains and losses at a location or region. As developed by Thornthwaite
and Mather (1955) the air temperature and precipitation are used to compute

a water budget that tabulates the additions, losses, and changes in water

storage at a location.

The method of computing the terms of the daily or monthly water budgets,
and maay examples of budget applications, were discussed by Mather (1978).
Phillips (1976) summarized a number of these applications and explained the
terms of a monthly water balance that was applied to the 1941-1970 normals

for more than 1500 Canadian climate stations.

This note describes a more :cent versioa of the water budget procedure.

This new version offers improvements and greater flexibility than the previous
budget procedure by Phillips (1976). Daily temperature and precipitation for
the period of interest are the required inputs. The use of daily climatic
data permits better modelling of snowmelt and improves the accounting of snow
storage which are of particular importance in the Canadian climate. The

use of daily data also permits the budgeting time-step to be varied from
seven days to one month, providing a more detailed tabulation of the varia-
tion of the water balance componentc. By computing the budget for the entire
period of interest, a time series of each component is derived. From these
time series, statistical parameters such as means and standard deviations for

each component are computed. A sample output is shown in Table 1.



The water budget procedures used in this version are summarized in
-gure 1. The fsllowing sections briefly discuss the data requirements,

the budget components and the model applications and limitatioms.

This note has been prepared to assist users with the interpretation of
the outputs of this revised water balance procedure. Zequests for water
balance tabulations for selected stations or questions pertaining to the
technique should be directed to:

Awmospheric Environment Service
4905 Dufferin Street
pownsview, Ontario

M3H 5T4

Attention: Hydrometeo: ogy Divisioin

Dat: Requirements

The basic data requivement is a complete daily record of temperature and
precipitation tor the station and period of interest. Such daily data are
available for uver 2,500 climate stations in Canada which are maintained in
computer compatible form in the Atmospheric Environment Service National
Climatolugical Archives, The data set used should be as continuous as possible.
Any large gaps in the data record would require re-initializing the budget

and render parts of the derived budget unreliable.

The only other data requirements are the station latitude and an
estimate of the water holding capacity of the soil. The soil water holding

capacity values will be discussed in more detail in the next section,



Explanation of Terms

Terms used in the climatic water balance procedure are explained in the

following paragraphs. All units are millimetres unless otherwise indicated.

Period (PRD)

The period refers to the time step (in days) for which the budget
com ‘onents are computed and tabulated. A period length from seven days to
one month can be selected. Although seven days is the shortest time step
for which the budget is computed, it is necessary to compute some budget
parameters on a daily basi., hence the requirement for daily data. These
parameters include snowmelt, potential evapotranspiration and the classifica-

tion of daily precipitation as rain or snow.

Temperature (TEMP)

Mean air temperature (in degrees Celsius) is an average of the mean daily

temperatures during the period.

Precipitation (PCPN)

Accumulated precipitation during the period.
Rain (RAIN)

The accumulated precipitation on days with a daily mean temperature
greater than the critical temperature CTEMP. CTEMP is .enerally set at

-1° c.

Precipitation onccurring on days with a daily mean temperature equal to

or less than CTEMP is added to the snow storage.



Snow Storage (SNOW)

Snow storage is the water equivalent of snow at the end of the period.
It is calculated by accumulating, over the inter, the precipitation on days
with a mean daily temperature less than CTEMP. The snow storage is depleted

by the snow melt routine.

Snow Melt (MELT)

The snowmett Jr-ing each period is the accumulated daily melt. The
daily melt is computed when there is sncw on the ground and the daily

temperature is greater than 0° C:

Daily Melt =

(1.88+0.007*P)* (9.,0*T/5)+1.27

(Corps of Engineers, 1956) where P is the daily precipitation and T is the
daily mean temperature. This melt equation was developed for a forested

basin. Other similar degree-day type melt equations may be used.

Potential Evapotranspiration (PE)

Potential evapotranspiration is the amount of water that would be
evaporated or transpired from a vegetated surface if there is sufficient
moisture in the soil at all times for the use of the vegetation (Thornthwaite
and Mather, 1955). The potential evapotranspiration for the period, PE, is

the accumulated daily potential evapotranspiration.

The daily potential evapotranspiration is given DLy:
PE =ADJ*0.533(10 /1),
where ADJ is an adjustment factor to correct for the length of the day

(sunrise to sunset),



T is the daily mean temperature,
I is the Thornthwaite heat index given by

2 1.514

—t
il
(R

o (Tj/5)

where Tj is the mean monthly temperature for month j, and

5 2

713- 7.71x10° sz + 1.79x10°° 1 + 0.49

A = 6.75x10

Water Holding Capacity (WHC) and Soil Storage (SOIL)

The water holding capacity of the soil is the maximum amount or water
that can be held in the capillaries of the soil for the use of plants. The
water holding capacity of the soil depends on the composition, structure,
and depth of the soil and the type of vegetation surface (Phillips, 1976).
Values of water holding capacity based on soil texture for Canadian climate
stations have been provided by Agriculture Canada (Kirkwood et al.,

1983). These values range from 100 mm for sandy soils to 280 mm for clay.
in this water budget model, the soil is assumed to have a two-layer
structure. The upper layer has been set to 40 per cent of the soil

vater holding capacity but can be specified at some other level if required.

The soil storage gives the status of the soil moisture level at the
end of the period. When the total available free water (i.e. rain plus
snowmelt) exceeds the evapotranspiration demand for the period, the excess
water is added to the soil storage until the WHC is reached. When the
evaporative demand exceeds the total availsile free water for the period,
moisture is drawn from soil storage The soil storage is therefore a good
indicator of the moisture condition for the location since it incorporates
antecedent conditions, the moisture supply, and the moisture demand for

the current period.



Actual Evapotranspiration (AE)

Actual evapotranspiration is the total evapotranspiration for the period.
When the total available free water equals or exceeds the PE for the period,
AE is set equal to PE. When the total available free water is less than
the PE for the period, water is drawn from soil storage to satisfy the
evaporative demand. The rate at which water can be drawn from soil storage
is defined by a drying curve and depends on the soil moisture level at
the end of the previous period. The drying curve assumed in this water

budget model is illustrated in the insert in Figure 1.

Moisture Deficit (DEF)

The deficit is the amount by which the available moisture fails to meet
the demand for water. The deficit is computed by subtracting the PE from

the AE for the period in question.

Moisture Surplus (SURP)

Surplus water is the excess after the evaporation needs of the surface
have been met (AE equals PE) and soil storage has been returned to the WHC

level.

Accumulated Precipitation (ACCUM PCPN)

The total precipitation since the beginning of the water year (October 1
to September 30).

é§suggtions

The simplicity of the water budget procedure described here arises from

a number of assumptions that were made about the physical processes involved.



The shortcomings of these assumptions are briefly discussed in this

section.

Potential evapotranspiration (PE) was estimated using the empirical
Thornthwaite equation. This equation does not directly account for the
significant short-term controls on evapotranspiration rates that are
exerted by humidity, wind, radiation, or plant physiology. However, Calder
et al. (1983) have found that sophisticated meteorological PE models that
incorporate some of these factors do not necessarily result in improved soil
moisture predictions. The Thornthwaite model includes a seasonal variation
of PE that was found to be necessary for good model performance by Calder

et al. (1983).

Many methods of estimating the amount of soil moisture given up for
evapotranspiration during a time step have been proposed. I[n assessing a
number of these methods, Calder et al. (1983) found that a layered soil
structure and moisture withdrawal scheme similar to the method used in
this budget performed better than other methods that were not optimized.
Locally optimized procedures are preferable to the method now used, but

the data necessary to optimize the method are generally unavailable.

The assumption that precipitation falling on days with a mean temperature
smaller than -1° C accumulates as snow is meteorologically reasonable. But
the assumption does not take into account changes in the form of precipita-
tion during the day and the -1° C threshold may not be the appropriate choice
for the meteorological conditions of any given day or station location.

For simplicity, a single critical value is used throughout a budget computa-

tion, bu*t may be changed from application to application.



The daily snow melt equation was derived by the U.S. Corps of Engineers
(1956) for the total melt, during rain, in a heavily forested basin and has
been converted to metric units. The equation was derived from data collected
in the mountains of the western United States and may not be the best for

application at stations in other portions of North America.

This water budget does not account for the errors in precipitation
measurement, infiltration rate of the soil, snow ablation, surface or sub-
surface runoff, nor other aspects of the real-world water balance. Moreover,
the application of the snow melt and other budget equations to make inferences
about the components of the water balance for a river basin involves the
assumptions that the equations are appropriate for the basin concerned and
that the input data are both appropriate and representative for the basin.
Consequently, the components of the water budzet procedure should only be
regarded as indices of the main components of the water balance. The budget
outputs were not expected, nor were intended, to provide point or basin

specific estimates of actual conditions.

Appl ications

The original Thornthwaite water balance (Thornthwaite, 1948) was
developed for the classification of cl.mates. Because of its simplicity
and basic data requirements, it has gained worldwide popularity. The revised
version of the Thornthwaite water balance (Thornthwaite and Mather, 1955)
has been applied to a wide variety of problems. In water resource planning,
annual and monthly water budgets have been used to obtain quantitative
estimates of evapotranspiration, moisture deficit and surplus of a region.
For operational applications such as irrigation scheduling, computing

drought/forest-fire indices and climate monitoring in near real-time, water



budgets have been used on a weekly and even daily basis. The reconst.uction
of past water balances has been found to be a useful diagnostic tool in studies

on climatic change and on the influence of man on the hydrological cycle.

For a more complete discussion on water budget applications, two references
are recommended. Mather (1978) discussed in detail the application of water
budgets in environmental analysis. Carter et al. (1973} have compiled an
extensive annotated bibliography on the application of water budgets in

geography.
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