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II. Abstract
Return on investment is one of the most important factors in the adaptation of agricultural
irrigation. The main objective of this paper was to explore whether irrigation of potatoes grown
for processing in Prince Edward Island is economically viable if high capacity wells are used as a
source of water. Irrigation data collected in Prince Edward Island for three processing potato
varieties between 1996 and 2017 has been analysed and compiled into a summary of incremental
cash flows. This study examined one-time purchase and installation of an irrigation system and
its annual operating costs. A discounted payback calculation has been completed to determine
the period required to recover the initial capital costs. Although there are limitations to the
accuracy of income and cost estimation due to differences between farming operations, the
calculations show that fixed costs could be recovered within 15 years.
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1.0 Introduction
Following a drought of 2002, the PEI provincial government placed a moratorium on well
drilling for agricultural irrigation. Presently, agriculture is the only sector affected by the
moratorium. Well drilling for residential and commercial purposes continues. Producers who did
not have a well before the moratorium are only able to draw water from smaller wells, pump it
into holding ponds, and later use this water for irrigation. The costs of constructing and
maintaining holding ponds are significant.
Within the industry, there are two broadly defined views on the subject of agricultural irrigation
in PEI using high capacity wells, arguably the most cost-effective way to irrigate. One view
supports the logic that in an average year the rainfall in the province is sufficient to satisfy water
needs for the majority of the growing season. Irrigation would only be supplementary during a
normal year; therefore, it would be used predominantly during drought years, which are
infrequent in PEI. Given the significant costs of well construction and irrigation equipment
installation, supporters of this view are not convinced that the economic benefit would exceed
the cost.
The proponents of irrigation insist that the global environment is changing and the weather is
gradually getting drier. Since droughts are more frequent than before, irrigation is required for
PEI farmers to stay competitive in the global market. This logic acknowledges water sensitivity
of potato crops and emphasizes the importance of not relying on rainfall for crop water needs to
minimize losses due to lack of rain. The timing of water application is just as critical as the
amount applied, which is achievable only with the use of irrigation. Since potatoes are the most
important cash crop in PEI, growth and development of this industry will positively impact the
entire economy of the province. (Appendix B)
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The dry summer of 2017 has impacted the PEI potato industry severely and prompted it to revisit
the topic of agricultural irrigation. According to Statistics Canada, average yields in PEI dropped
to 272 cwt per acre, which is the lowest in five years. By comparison, the average yield in
Alberta was 390.7 cwt per acre, predominantly due to irrigation.
Ultimately, return on investment is one of the most important factors in the adaptation of
agricultural irrigation. Economic benefits must exceed the costs. The main objective of this paper
is to explore whether irrigation of potatoes grown for processing in Prince Edward Island is
economically viable if high capacity wells are used as a source of water. This study examined
and summarized the benefits of irrigation using data collected in Prince Edward Island for three
processing potato varieties including Shepody, Prospect, and Russet Burbank (RB) between
1996 and 2017. A summary of incremental cash flows was compiled for cost-benefit analysis.
One-time purchase and installation of an irrigation system as well as its annual operating costs
were collected and analysed. A discounted payback calculation has been completed to determine
the period required to recover the initial capital costs.
Due to price volatility, potato producers approach new high-cost production practices such as
irrigation with caution in an attempt to minimize financial risks. While irrigation leads to
increased yields and quality, it also increases crop stability due to having control over water
application. Despite confirmed yield and quality increases, it is the potential economic benefit
that promotes implementation of irrigation by individual producers. This study is looking to
explore the length of capital cost payback period if high capacity wells are used as a source of
water.
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1.1 Research Methodology – Overview
The model was designed to capture the net economic benefit resulting from the difference
between the incremental cash flows generated from irrigated crop, and the costs of the equipment
and installation over a period of 15 years. The incremental cash flows represent the increase in
marketable yield, increase in quality bonuses, and decrease in pay deductions for defects
(expressed as pay weight). To arrive at net incremental cash flows, operating costs will be
subtracted from incremental cash flows. Capital costs will include the initial cost of
purchase/installation of a center pivot system, and construction if a high capacity well. A
Discounted Payback Period calculation will be completed in Excel format to determine the time
required to recover the capital investment. Discount rate selected for this calculation is 8
percent. The current business lending rate is between 6.75 and 9.25 percent. Lending rate will
vary significantly depending on the lender, the level of indebtedness of the farming operation,
and many other factors. A significant number of potato farms carry a considerable debt load.
With this in mind, 8 percent appears to be an estimate, which is both reasonable and
conservative. The useful life of a system has been estimated to be 15 years with no salvage
value. This calculation will be performed for three potato varieties: Shepody, Prospect, and
Russet Burbank. The sample will be based on 120 acres of irrigated potatoes, since this is the
coverage area of one center pivot system. Incremental cash flows as well as the operating costs
will be expressed in dollars per acre.
Secondary research process involved extensive academic literature search of potato irrigation
and equipment testing studies conducted in North America, North American potato industry
commercial irrigation resources, Canadian federal government web sources on irrigation,
published statistics, unpublished studies conducted by the PEI Department of Agriculture and
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Fisheries, policy documents, and government web sources of several Canadian provinces among
other. The results of most published studies on irrigation showed significant increases in crop
marketable yield and quality. Precise irrigation management was identified by many authors as
key to maximization of economic benefits of irrigation.

1.2 Background
The largest acreage devoted to potato production in Canada is in Prince Edward Island. PEI
potatoes account for approximately 25 percent of potato crops in the country. Following PEI,
Manitoba, Alberta and New Brunswick are the closest in potato production in Canada with the
biggest portion of all potato crops grown for processing. Processing companies require high
quality, smooth and large potatoes. Irrigation is used to ensure that plants receive a frequent and
uniform supply of water throughout the growing season, which leads to significant increase in
both yield and quality. In PEI, only 3% of potatoes are under irrigation. (Appendix E) By
comparison, in Alberta, Manitoba, and Saskatchewan up to 70% of the crops are irrigated. (Crop
profile for potato Canada, AAFC website, 2011)

The benefits of irrigation and having full control of water application during crucial periods of
growth are proven and numerous. The purpose of this study is not to affirm this as it has been
done by many previous authors in available literature. Multiple sources confirm that proper
irrigation management allows achieving crop improvements on many levels: yield, quality,
shape, and size of tubers as well as an increase in specific gravity (solid content) of potato tubers.
Less stressed potatoes are more efficient in the use of fertilizer, which leads to better plant
growth while requiring fewer pesticides. Potatoes in PEI are grown for the three major markets:
fresh, seed, and processing.
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For the purpose of this paper, only the processing sector of the industry will be discussed. The
purpose of this study is to compare the benefits of irrigation in PEI against the costs, both initial
and ongoing. A discounted payback period calculation will estimate how long it takes to recover
the value of this investment considering the incremental cash flows from an increase in profits.
Since HST is reimbursed to producers, it will not be included in cost calculations.

1.3 Literature Review
The majority of available literature has documented significant increases in irrigated crop yield
and quality. Sprinkler irrigation systems, such as center pivot, performed best to accomplish
light, frequent and uniform water application, which is the most beneficial for potato plants.
Numerous academic sources emphasised the importance of specialized training and precise
irrigation management in achieving substantial economic returns.
Despite plentiful evidence supporting the benefits of irrigation, applying these findings to crops
in this province needs to be done with caution as every area in North America and the world has
its unique set of characteristics such as climate, soil type, and agricultural practices among other.
As a result, most of these findings could only be used with some allowance for error when
making realistic conclusions on benefits of irrigation in PEI.
1.3.1 Development of Potato Production in North America
Over the past several decades, the ongoing development of farming technology has resulted in
farmers harvesting higher potato yields on fewer acres. Approximately 3.5 million acres of
potatoes were grown in the US in the 1930s. By 1985, the acres decreased by half of that;
however, yields nearly doubled. By 2005, potato acreage declined to approximately 1 million
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acres, but yields have further increased and continued increasing mainly due to irrigation in the
Pacific Northwest. By 2005, average yields rose to 390 cwt per acre. Changes in technology
including irrigation were predominantly responsible for this increase in yield. (The Potato
Association of America Handbook, 2010)

A similar trend has also been observed in Canada. In 1925, approximately 500,000 acres of
potatoes were planted in Canada, which decreased to 300,000 acres by 1985 while average yields
have tripled. Canadian yields have been historically lower than yields in the US due to shorter
growing seasons and limited irrigation. (The Potato Association of America Handbook, 2010)
Initially, potato production in Canada was located near the major urban centers. At the beginning
of the 19th century, more than half of potato production concentrated in Ontario and Quebec.
Until 1972, there has been a decline in acreage (to 243,000 acres by that time). From 1972 and
forward there has been a steady recovery with potato acreage beginning to increase
predominantly due to development of processing industry.

As land prices began to rise in Ontario and Quebec, Prince Edward Island became a leader in
Canadian potato industry in terms of yields and total production. Most of the yield growth took
place since the 1950s.

Zepp, Plummer, McLaughlin, and Harrington (1995) discussed most notable trends that could be
observed in Canada and the US: “.. increased farm size, increased per acre yields, the
concentration of production into specialized potato growing areas and increased consumption of
processed potatoes. Potato production evolved over this period into a highly capitalized, highly
productive commercial enterprise… In Canada, production remained about 80% in the east and
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20% in the west; but eastern production tended to concentrate in New Brunswick and Prince
Edward Island. The rise in consumption of processed potatoes and decline in fresh table use
greatly changed the marketing sector over this same period." (Zepp, Plummer, McLaughlin, &
Harrington, 1995)

The development of processing potato industry is relatively recent, and it has resulted in
phenomenal growth in demand for a high-quality raw product. Chips, dehydration, and freezing
are three primary uses of raw potatoes, and they account for almost all of the processing in North
America. Processing potato market in North America is very different from the fresh market.
Since the quality of finished product is critical, the processing contracts specify several particular
quality requirements expected from the raw product. (The Potato Association of America
Handbook, 2010)

While the number of potato farms in Canada is decreasing, the operations that remain are
increasing in size. Rising production costs resulted in a trend toward amalgamation, which
allowed to increase efficiencies, and to successfully compete on the national, and international
level. Due to improved farming practices, yields in Canada have been rising steadily from 294
cwt per acre in 2014 to 307 cwt in 2016. This type of yield increase is more common in Alberta
and Manitoba where irrigation led to a record crop in 2016. (Appendix A) Yields were not as
strong in Eastern Canada due to limited irrigation and dry summer of 2016. (United Potato
Growers of Canada, 2016)

The processing market is rapidly expanding, and high-quality requirements force growers to
explore every opportunity to satisfy processors demand for the high-quality raw product. Large
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farming operations invest in technologies that allow growers to gain or successfully maintain
processing contracts. One of these technologies - irrigation will most likely be explored for the
potential economic benefit.

Processors pay bonuses for higher specific gravity, size, and high quality, and they penalize
suppliers for defects. Processing contracts ensure that processors receive required volume of raw
product to satisfy production schedule. Unfavorable weather conditions could negatively impact
returns even if market prices are relatively stable. Contracts provide stability to growers and
encourage them to use practices that generate profits. Irrigation is one of these practices. (ReyesCabrera, Zotarelli, Rowland, Dukes, & Sargent, 2014)
1.3.2 Water sensitivity of potato plants
Providing the optimal amount of water increases yield, shape and size of potato tubers, improves
specific gravity, and translates into an overall economic benefit to the farmer.
Reducing water stress experienced by plants during periods of dry weather could reduce defects
and improve tuber development. (Costa, Vedove, Gianquinto, Giovanardi, & Peressotti, 1997)
Since potatoes are very sensitive to water stress, shortage of water during several crucial growth
stages often results in defects that lead to significant loss of revenues as affected potatoes do not
meet quality requirements for French fries. So-called "dark or sugar ends" as well as hollow
heart, cracking, knobby surface and scab are among many defects in French fries production.
(Lynch et al., 2004)

Water, sun, and nutrients are among several important factors influencing potato yield. The depth
of plant roots, fertility and texture of soil as well as soil moisture levels determine the amount of

FEASIBILITY OF IRRIGATION USING HIGH CAPACITY WELLS

9

water required to optimize yields. When water loss through the leaves of the plant exceeds water
absorption by the root - the plant will use water from the tubers causing them to decrease in size,
weight, and affect specific gravity (dry matter content), which is very important in French fries
production. (Van Loon, 1981)

Water stress during the bulking period, even for a short time, may result in a condition called
second growth. It causes tubers to grow knobs, crack and deform leading to producers receiving
a lower price for their product. This happens during dry periods when the plant cells mature.
When water is not readily available, new growth starts around the eyes causing this defect.
(Moorby et al. 1975)

Shortage of adequate supply of water is not only an issue of volume but also a matter of time
when it occurs. Plants that do not receive enough water during sprout development will
experience delays in leaf development and canopy growth. Tuber initiation and tuber bulking are
the other two stages of growth during which adequate supply of water is crucial. Water shortage
during these two phases will cause a reduction in the number of new tubers, negatively impact
their quality, and increase the susceptibility of plants to diseases. (Costa, Vedove, Gianquinto,
Giovanardi, & Peressotti, 1997)

Roots of potato plants are predominantly located in the plow layer of soil, which is
approximately 30 cm deep. (Iwama 2008) This makes it difficult for plants to access water from
deeper layers of soil and limits them to the layer of soil that dries out more quickly. During
growing period, one inch of water per week is required to optimize plant development. If a

FEASIBILITY OF IRRIGATION USING HIGH CAPACITY WELLS

10

decision to irrigate has been made, it is imperative to ensure that moisture available to the plant
is optimal as both under and oversupply of water will cause problems. "Availability of water in
the right quantity at the right time is the key to support high yields of good processing quality
potatoes.” (Alva et al., 2002)

Excess, as well as a shortage, could damage potato crop. If the plant receives too much water,
this surplus will be absorbed into the tubers, which would increase their size and weight, but they
will also become more fragile. This would affect their specific gravity, which is extremely
important to processors. Moisture deficit could result in misshapen tubers, bruising, hollow heart,
skin cracks, and other defects. (Reyes-Cabrera, Zotarelli, Dukes, Rowland, & Sargent, 2016)
1.3.3 Soil Water Content
Knowing the density of soil is critical in deciding to irrigate as absorption and retention of water
is impacted by the texture of the soil. Sandier soils absorb water easier, but if too much water is
applied, runoffs could occur. Denser soils with higher clay content tend to retain water for longer
periods of time compared to sandy soils, which is beneficial in drier years. Ongoing and diligent
soil water content monitoring is required for optimal irrigation management. (Kashyap, 2013)

“Soil water retention and transport are dependent on soil properties and climatic variability, as
well as on management factors. The latter is the only factor that can be controlled to gain
desirable efficiency in water management to attain the above goals. This can be accomplished by
continuously monitoring the soil water content both within and below the root zone, and
developing setpoints for scheduling irrigation.” (Alva, 2008)
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1.3.4 Varieties
Varieties most commonly grown for processing in PEI are Shepody, Russet Burbank (RB), and
Prospect. New promising varieties have been developed such as Clearwater Russet, and they
show excellent results if irrigated.

Russet Burbank (RB)
RB is a 130 years old late season variety that is perceived by consumers as "healthier," especially
if prepared with skin on, and it stores well into summer. A 15-year study of tuber quality under
different storage conditions was conducted by Wang, Brandt, and Olsen starting in 1999. While
growing conditions of potatoes affected the outcome of storage, RB was able to maintain quality
suitable for processing consistently. (Wang, Brandt, & Olsen, 2016)
RB tubers have white flesh and long cylindrical shape. RB tends to have knobbier skin texture,
and it is prone to many potato diseases, such as late blight and verticillium wilt.
The PEI soil shows high levels of verticillium contamination, which affects the ability of plants
to absorb water and nutrients, and leads to reduced yields and quality in RB.

A high percentage of tuber solids is an important attribute in processing. Russet Burbank, though
not the highest yielding variety, tends to maintain a high level of total solids under irrigation and
without irrigation, which makes it one of the popular processing varieties. (Growing Irrigated
Potatoes, North Dakota State University, 1992)

Prospect

FEASIBILITY OF IRRIGATION USING HIGH CAPACITY WELLS

12

Prospect is a relatively new variety developed by Robert and Joyce Coffin for Cavendish Farms
specifically for processing. It has smooth skin, flesh cream in color, and shape perfect for
processing. It is also resistant to scab and potato wart, and moderately susceptible to late blight.
(http://www.inspection.gc.ca/plants/potatoes/potato-varieties)
In addition to its superior processing qualities, Prospect requires significantly fewer nitrates to
grow it, and less soil fumigation due to its resistance to many soilborne diseases compared to
RB. (http://www.cavendishfarms.com/foodservice-aboutus-ourgreenstory.aspx)
Prospect has been found to be resistant to verticillium wilt, and drought resistant, which is
important to producers who do not irrigate.

Shepody
Shepody is a mid-season processing variety known for good yields. It was developed in 1969 in
New Brunswick. (Canadian Food Inspection Agency, 2013) Tubers are large, oblong and have
smooth light skin and white flesh. Shepody is known for high yields, high specific gravity, but it
is susceptible to scab, Potato Virus Y, and late blight. It is also moderately susceptible to
verticillium wilt. (http://potatoassociation.org/industry/varieties/white-varieties/shepodysolanum-tuberosum)
Shepody needs 20% less nitrogen than Russet Burbank. If irrigated, it also requires less water but
applied more often than Russet Burbank. (Institute of Agriculture and Natural Resources,
University of Nebraska, 2017)
1.3.5 Rotation
The costs of potato inputs such as fertilizer, pesticide, seed, labor, and fuel are significant.
Significant capital expenditures are required to purchase and maintain agricultural equipment
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and machinery. Land rent is also very costly for potato growers. Three-year mandatory rotation
(year 1 - potatoes, year 2 - grain, year 3 - grass) adds to the high cost of land as farmers only able
to recover their costs when planting potatoes. Grain rotation crops are maintained at break-even
point or loss as their market prices are low. Grass or ryegrass in year three is usually plowed
down and used as a fertilizer. Three-year rotation poses a problem concerning the location of the
wells and irrigation equipment as it potentially could only be used one year out of every three.
Irrigating either grain crop or hay will not result in economic benefit, so to maximize equipment
efficiency, it must move with the potato crop. (Manitoba Potato Council, 1996)
1.3.6 Effects of Irrigation on Yield and Tuber Quality
Most reviewed studies and experiments observed considerable yield and quality improvements
even from supplemental irrigation. Many of these studies confirm that moisture stress is most
damaging in the early and mid stages of tuber development. Though yield increases vary
between potato varieties and soil/climate zones, there is ample data supporting increases in yield
of irrigated potatoes compared to non-irrigated by at least 25%. The shape of tubers and specific
gravity also show significant improvement in irrigated crops. Some studies report that even
during wet years, optimally timed supplemental irrigation resulted in substantial increase in
yields. (Fulton and Murwin, 1955; White and Sanderson, 1989)

A variety trial research conducted over the period of nine years and up to 1989 at North Dakota
State University (NDSU) showed that the average yield of irrigated potatoes was 321 cwt/acre.
The average yield for non-irrigated crops was 159 cwt/acre. (Growing Irrigated Potatoes, 1992)
The findings of this research were supported by Byrd et al. where researchers conducted
irrigation treatments during various stages of tuber development. Effect on yield and quality was
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quantified. The authors confirmed that efficient irrigation scheduling leads to a significant
increase in yield and quality. (Byrd et al., 2014) In addition to yield increases, irrigation showed
to significantly improve the size of marketable tubers leading to higher economic benefit to the
farmer as large, long and smooth potatoes are preferred by the processing industry.
1.3.7 Irrigation in PEI
In PEI, average rainfall from May to September is 458 mm. This leaves approximately 200 mm
shortage, which could come from either snow melting in the spring or irrigation.
(www.gov.pe.ca)

Since normal rainfall in PEI is close to optimal for potato production (one inch of rain per week),
many potato farmers traditionally did not invest in irrigation. With tightening profit margins and
changing weather patterns, many are now looking into irrigation systems to stay competitive. In
2005, there were 3,795 acres of irrigated field crops in PEI (Statistics Canada, 2007)
High cost of new equipment and availability of water sources are the main obstacles to installing
irrigation systems. On the other hand, without irrigation producers are often not able to compete
due to lower yields and quality of their raw product. To satisfy processing contract requirements,
some farmers plant more acres than contracted to ensure they have enough potatoes if a dry
season and lower yield occurred. Growing competition in the US and Canada forced PEI farmers
to consider investing in irrigation to increase competitiveness. To achieve consistently high yield
and quality, irrigation is an investment many producers are willing to explore. Ultimately, this
decision will be based on economics. Each individual producer would have to carefully compare
additional income from the increase in marketable yield against costs of purchasing and
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installation of irrigation equipment, as well as fuel, labor, and maintenance costs. In PEI, most
common irrigation systems are center pivot and reel.
1.3.8 Irrigation Management
Maximizing potato yields and quality by optimizing water content in the soil during the growing
period is the purpose of irrigation management. To achieve maximum economic benefit,
irrigation management must be precise and efficient. Water applications need to be light and
frequent, especially during initial stages of tuber development. Excess water leads to spread of
late blight and other diseases, reduces the marketability of potatoes, and it could cause storage
problems. Therefore, effective irrigation management is essential to provide plants with the exact
amount of water they need to optimize yield and quality. (Vallee, J., C. Boivin, D. Bergeron, R.
Audet et F. Cretien, 2014)

Available literature stresses the importance of precision in irrigation management.
Irrigation has been extensively studied at the University of Idaho Aberdeen Research &
Extension Center by Bradley A. King, an irrigation research engineer and Jeffrey C. Stark, a
research agronomist. King and Stark suggested that there is a relatively narrow range for water
content in the soil that must be maintained during the growing period to maximize economic
returns.

Accurate estimation of plant root depth and plant’s ability to extract water is important to proper
irrigation management. “The shallow rooting depth is attributed to the inability of its relatively
weak root system to penetrate tillage pans or other restrictive layers. Soil compaction by field
vehicle traffic can greatly restrict potato root penetration. Soil water content at the time of tillage
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operations has a major influence on the degree of compaction resulting from field traffic.”
(Bradley A. King and Jeffrey C. Stark, Potato Irrigation Management)
1.3.9 Water Requirements
Rainfall data, evapotranspiration rates, and water holding capacity of the soil are used to decide
how much water is required for optimal crop production. This information is used to determine
frequency and volume of water applications throughout the growing season. Precise water
volume and distribution during the growing period is important in the production of potatoes.
Processing industry demands higher specific gravity standards in raw potatoes used for French
fries. Higher gravity is rewarded by price bonuses and results in higher prices paid to potato
producers. High gravity could be achieved by combining several agricultural practices including
timely irrigation, especially during tuber bulking period. (Wright and Stark, 1990)

New irrigation control technology is discussed in Irrigation best management practices for
potato by Shock et al. Scheduling based on measurement of crop evapotranspiration (the amount
of water lost to the atmosphere), and soil water tension is described in detail since variations in
water availability negatively impact crop yield and quality. (Shock, Pereira, & Eldredge, 2007)

The Potato Association of America Handbook provides a detailed description of irrigation
frequency decision factors: “For irrigation scheduling decisions, the following considerations
should be kept in mind:
1) the effective rooting depth of potatoes is 2 ft (0.6 m),
2) the soil should not be allowed to dry below 65 percent of field capacity,
3) moisture levels above field capacity will seriously affect yield and quality, and
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4) soil types can vary threefold in their respective water holding capacities...
Studies in several different growing areas have shown that daily water needs increase rapidly
from emergence until about two weeks after row closure. From this time the potato plants’ daily
water requirements remain nearly constant until the vines begin to mature, at which time water
requirements decline rapidly.” (Commercial Potato Production in North America, 2010)

Evapotranspiration accounts for a significant amount of water consumed by potato plants.
Evapotranspiration of 650 mm during the growing period is considered optimal for maximizing
the yields. “The most advanced irrigation systems receive signals from local weather stations
calculating evapotranspiration by monitoring temperature, solar radiation, humidity and wind
velocity.” (National Geographic, 2017) “The amount and rate of water that should be applied
during irrigation is dependent on the infiltration rate and water holding capacity of the soil, as
well as on the amount of water already present in the soil profile, and plant growth stage,
including depth of rooting. The amount of runoff can be minimized, if not eliminated, by
accurate determination of infiltration rates into the soil profile and adoption of irrigation
practices that apply water at a rate compatible to the rate the soil can absorb it at a given site.”
(Commercial Potato Production in North America, 2010)

Planting on steep slopes could potentially cause problems such as run-off in irrigated fields. If
rainfall is sufficient to satisfy most water needs, making ridges in certain rows may help to
alleviate this problem by slowing water down slopes. Another option is not to irrigate fields that
have slopes.
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1.3.10 Irrigation Scheduling
The purpose of irrigation scheduling is to ensure that timing and amount of water applied to
crops is both sufficient and uniform throughout the growing season. Careful monitoring of water
content in the soil and timely application of water is crucial in achieving optimal results.
Applying too much water at one time results in over-irrigation. Applying less water more
frequently produces better results as this method of irrigation prevents exceeding soil water
holding capacity.

King and Stark (1997) referred to steps involved in the calculation of the soil water balance
described in Irrigation Scheduling Using Water-Use Tables prepared by University of Idaho
College of Agriculture:
“1. Estimate field (holding) capacity and permanent wilting point based on the predominant soil
texture in the field.
2. Estimate current crop-rooting depth.
3. Maintain a daily soil water balance based on published values of evapotranspiration.
4. Irrigate when daily soil water balance approaches 65 to 70 percent ASW (available soil
water), applying the net amount required to increase the soil water content to field capacity or
less in the case of light, frequent irrigation.
5. Periodically monitor soil water content or soil water potential and adjust the daily soil water
balance to match actual field conditions.” (King & Stark, 1997)
1.3.11 Over-irrigation
“Potato yield is reduced by both over- and under-irrigation. A mere 10 percent deviation from
optimum water application for the growing season may begin to decrease yield. This sensitivity
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to water management is attributable to the sensitivity of potato plants to water stress, coupled
with very little buffering of the soil-plant system to water management errors resulting from
limited soil water storage. Yield reductions due to over-irrigation can be attributed to poor soil
aeration, increased disease problems, and leaching of nitrogen from the shallow crop-root zone.
Efficient irrigation management can increase marketable yield while reducing production costs
by conserving water, energy, and nitrogen fertilizer, as well as reducing potential groundwater
contamination.” (King & Stark, 1997)

The eastern part of PEI is known for its sandy soil, which has low water holding capacity. Overirrigation in this type of soil results in higher nitrate and pesticide leaching compared to soil with
higher clay content such as soil in the western part of PEI. Leaching of fertilizer away from the
roots could lead to diminished yields. Sandy soil typical for many areas in PEI require irrigation
that is frequent and uniform; otherwise, loss of water and nutrients may occur. However, if
frequent irrigation takes place, in sandy soils yields increase significantly. (Rioux & Comeau,
1982)

Lack of nitrogen may age the plant tops prematurely leading to an increase in early and late
blight, pink rot, white mold and other diseases, which can cause significant yield losses both in
the field and in storage. (Commercial Potato Production in North America, 2010)
1.3.12 Diseases caused by over irrigation
Over-irrigation could lead to excessive moisture of plant leaves, which increases the risk of
disease development or worsening. High humidity may lead to the development of blight, soft
rot, white mold, pink rot, scab, verticillium wilt, and a variety of other diseases that may lead to a
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reduction in yield, and tuber size and quality. Seed decay and erratic tuber initiation could be a
result of over-irrigation. (Shock et al., 2013)

Water soil content during harvest affects the amount of mechanical damage applied to tubers. If
soil water content is low, tubers will be dehydrated and more susceptible to bruising. Excess
water also poses many problems. If soil water content is too high - tubers will be more likely to
sustain shatter-bruising and cracking. Water oversaturation of soil for more than 12 hours might
cause damage called "drowning," which occurs due to lack of oxygen needed for tubers to
"breathe." Drowned potatoes will not store and are usually culled by producers. Excess water
during planting lowers soil temperature and may cause seed decay. (Hincksman, 2011)
1.3.13 Soil Water Holding Capacity
Nutrients and water consumed by plants are contained in the soil. Water-holding capacity of the
soil is limited as water is held in soil against gravity. Irrigation should only be applied in quantity
needed to bring soil water content within the root zone to its upper drained limit. Beyond this
limit, the force of gravity will drain water through the larger soil pores taking some nutrients
away from the plant's roots. The water from the soil larger pores is what plants use to grow. If
gravity drains this capillary water, roots would have to pull water from smaller pores, which
requires a higher amount of force. When plants cannot extract water from smaller pores, wilting
will occur. Since potatoes are very water sensitive and they have shallow roots, irrigation
systems that can apply water in the light, uniform and frequent applications are the most
appropriate for potato irrigation. Even though there are several irrigation system types available
on the market, in reality, the deciding factor in the selection of irrigation system is the economic
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benefit. Other contributing factors are a type of soil, crop rotation schedule, access to water
sources, environmental requirements and regulations are also considered. (King & Stark, 1997)
1.3.14 Optimum Soil Moisture Content
Determining optimal water content in soil has been a focus of many research studies. One of the
most water sensitive varieties, Russet Burbank, needs soil water content to be higher than 65%
but no more than 85% to maximize quality and yield.
Irrigation systems such as center-pivot can provide light and frequent application of water and
help to ensure favorable conditions for sprouting of seed after planting and throughout the
growing season.

King and Stark (1997) described the precision with which water should be applied, and during
what period of plant development:
"Excessively dry soils should be irrigated before planting to avoid potential seed piece decay
problems that sometimes result from irrigating between planting and emergence. During the
latter part of the growing season, plants begin to senesce and crop water use rates markedly
decrease. Consequently, care should be taken to adjust irrigation amounts to avoid developing
excessively wet soil conditions. High soil water contents during this period can produce enlarged
lenticels that provide openings for soft rot bacteria to enter the tubers. Pink Rot and Pythium
Leak infections are also increased by excessive late-season soil water Available soil water should
be allowed to decrease to about 60 to 65 percent at vine kill to provide optimal conditions for
promoting tuber skin set and russeting. Drier soil conditions at vine kill increase the chances of
developing stem-end discoloration. Pre-harvest irrigation should be timed to optimize soil
conditions and tuber hydration levels at harvest.” (King & Stark, 1997)
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Dry soil conditions (below 60%) can cause potato tubers to become dehydrated and more
susceptible to blackspot bruising. To prevent this and to re-hydrate potatoes, they need to be
irrigated quite close to harvest or approximately one week prior. It is important not to get fields
too wet at harvest as this makes it more difficult for soil to separate from the tubers and increases
possibility of shatter bruise.

Woli, Hoogenboom, and Alva (2016) conducted a study in the Columbia Basin (Pacific
Northwest, US). This study, used 30 years of weather history, two types of soils, and three areas
in the region to develop a model of responses of potato plants to various aspects of irrigation:
water amounts, application intervals, and nitrogen application under multiple scenarios. The
study showed that yields were greater, and nitrate leaching was reduced with a smaller amount of
water applied to plants. (Woli, Hoogenboom, & Alva, 2016) The authors intended to help
producers to determine water and nitrogen application rates that will maximize yields and
minimize nitrate leaching.

Minimizing nutrient leaching into the environment while achieving marketable yield increase is a
significant challenge in growing processing potatoes. Irrigation practices require a high degree of
precision, skill, and training to minimize risks associated with irrigation.
“Additional nutritional research efforts in genetically modified plants, precision agriculture.., and
other management concerns should significantly help the producer in this effort.” (Westermann,
2005)
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1.3.15 Centre pivot systems
Several methods of irrigation are available to farmers in North America; however, the majority
of potato fields are most commonly irrigated by a sprinkler system of one type or another. Due to
its landscape, soil type, and frequent mandatory rotation the most common systems used in
Prince Edward Island are center pivot and reel.

Valley Irrigation, one of the major dealers of irrigation systems in North America suggests that
producers look at the following factors when choosing an appropriate system: annual ROI (return
on investment), initial investment costs, labour costs, water efficiency, and crop versatility.
(valleyirrigation.com)

Center pivot irrigation systems are efficient and able to apply water uniformly even if fields are
not perfectly leveled. Their labour, operation, and maintenance costs are lower compared to other
types of systems. (Waller & Yitayew, 2016) Though the initial cost of central pivot system is
higher, it will have the least labour and maintenance costs long term. This system can provide
very efficient water application as the application rates could easily be adjusted by the size of the
nozzles and pump pressure. Also, irrigated fields do not have to be flat, and runoff could be
minimized using center pivot method. If properly maintained, center pivots may operate up to 30
years. For the purpose of this study, only the center pivot sprinkler system will be discussed.

The center pivot irrigation system consists of a long horizontal pipeline attached to a water
source on one end, which rotates in a circular motion. The main pipeline consists of several
connected sections (spans) that are each 30 to 60 meters long. They are supported by trusses and
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mounted onto towers on wheels that are mechanically aligned. Often, there is an end-gun
attached to the end of the last tower, which shoots water when it reaches the corner of a field.
The flowrate of the entire system with the end-gun is 600 gpm. The end-gun requires a booster
pump at an additional cost. Low volume sprinkler nozzles are predominantly used for potato
crops. These systems can provide frequent and uniform application, which is optimal when
growing potato crops. Compared to other systems, they are relatively easy to operate, energy
efficient and able to cover areas anywhere between 20 and 200 acres. (Commercial Potato
Production in North America, 2010)

The center pivot requires monitoring during operation; however, most models are computerized
and notify the operator remotely if there are breakdowns or loss of power (King and Wall, 1998).
A pumping station located close to the irrigated field is required for each pivot system. Pumping
stations are usually powered by either electric or diesel motors. For large systems, electricity
could be more cost efficient. Where electric power source is not available, diesel units could be
used by the operator. (Scaloppi & Allen, 1993)
Mobile centre pivot systems could be moved to another field, which is not an easy task, but it is
possible. Systems that are fixed could only be used one year out of three due to the rotation.
Precise irrigation management is always key as it allows maximizing the economic benefit of
irrigation.

“Recent developments in the center pivot sprinkler industry have led to contractual relationships
between aftermarket suppliers and irrigation system manufacturers that should support further
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development of technologies necessary to improve the management of water, nutrient and
pesticide applications.” (Kranz, Evans, Lamm, O'Shaughnessy, & Peters, 2012)

1.4 Regulatory Environment
In the fall of 2017, The Water Act was passed in the legislature. After the first set of regulations
has been drafted, the Act will enter the first stages of implementation.
Before enactment of the Water Act, high capacity well drilling and extraction of groundwater
were controlled by the Water Well Regulations under the Environmental Protection Act. The
Regulations specified that a high capacity well must be constructed by a certified licensed
professional who must be approved by the Department. There was a fee to apply for a driller
license, and it had to be renewed every 24 months for an additional fee. The Regulations also
specified the location of wells with specific guidelines on the distance between newly
constructed wells and property boundaries, sewer lines, waste disposal sites, petroleum storage
tanks, and chemical storage facilities among other. The design of each well as well as the size,
materials, pump installation, and testing procedures upon completion of construction were also
defined in the regulations.

Areas restricted for well construction were also specified in the Regulations (18 pages listing
restricted locations in all three counties). (Environmental Protection Act, Water Well
Regulations, 1995)

The PEI provincial government website lists approximately 288 active high capacity wells on
Prince Edward Island. (Appendix D) Only 36 of them are used for agricultural irrigation.
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(Appendix C) These 36 wells use 4.6 percent of their approved extraction amount from June to
September only. The government, specifically The Department of Communities, Land and
Environment (the Department) regulates every aspect of a high capacity well construction and
use for irrigation from issuing permits to enforcement of legislation.

A high-capacity well is defined as a well that can draw more than 4 Litres of water per second.
To apply for a permit, a producer must submit an application for a groundwater exploration
permit. This permit is required for drilling a test well to determine if water at a particular location
is available and if it is of the desired volume and quality. If approved, additional testing specified
by the Department must be completed, and the results submitted for review and approval of a
groundwater extraction permit.
(www.princeedwardisland.ca)

In January of 2013, a new Water Extraction Policy was introduced by the Department of
Environment, which was a new policy that had outlined groundwater extraction in the province.
Agricultural Irrigation Policy of 1995 preceded this new policy. The previous policy was found
sufficient to conserve groundwater resources, but it was perceived as inadequate for the
protection of aquatic life in Prince Edward Island's river systems. The previous policy was based
on assessing groundwater extraction as a proportion of annual recharge. The new policy is based
on an assessment of the effect of groundwater extraction on seasonal surface water flows in
streams and rivers.

Water Extraction Policy document defined groundwater as water that occurs under the ground
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surface and is extracted by pumping from wells. Surface water is open to the atmosphere, and it
is found in lakes, rivers, and ponds. Rain water penetrates the ground and replenishes
groundwater (a process called recharge). In PEI, only 1.4 % of the total recharge is extracted
from wells making groundwater extraction minimal compared to the total amount of available
water. (Appendix I)

The Water Extraction Policy also outlined water use priorities. They were established a long time
ago, and they included the following uses in order of importance:
• water for fire protection,
• drinking water,
• environment (maintenance of ecosystems),
• industrial use (including agricultural irrigation).

One of the most important changes made to the 1995 policy was the size of pumping allotments.
They changed from 400 igpm (imperial gallons per minute) only to either 400 or 800 igpm
allotments to reflect the pumping equipment currently used in PEI. To ensure that pumping is
done within allowed rates, meters are required for all irrigation equipment. Pumping records are
also required, and pumping must stop when stream water levels drop below the allowed level.
(Water Extraction Policy, 2013)

The Water Act, which has been tabled in Legislature in the fall of 2017 consolidated some
sections from the Environmental Protection Act and included new sections in an attempt to
streamline existing legislation. Citing the need for more research on stream flow, the Water Act
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addresses water extractions in the bill’s regulations section, which could be changed by the
government at a later day outside of the legislative process. No decisions have yet been made on
the issue, as the Department is awaiting the results of a scientific study that will measure the
effects of deep-water wells on the province’s water table.

The provincial government has absolute authority to adjust or cancel water withdrawal permits if
there are water limiting events. In case of conflict among several water users, the Act puts
drinking water and health of the ecosystem ahead of commercial use (including agricultural
irrigation). Specific monitoring programs have been established through regulation and policy.
Under this new act, the compliance piece related to well construction and irrigation will be more
stringent and complex.

The Water Act outlines key new authorities of the Department such as the right to amend,
suspend or deny an approval that is deemed not in the public interest; protect drinking water and
environment; create reserves of water; provide timelines for application approval and rationale
for refusals. Also, public reporting tools have been created to satisfy transparency requirements.

Water Withdrawals and Wastewater Discharges section of the Water Act acknowledged public
concern related to high capacity well drilling and agricultural irrigation, and it replaced the
existing Water Well Regulations. Under the new Water Act (Part V), withdrawals greater than
five igpm will require approval (current limit is 50 igpm), which means both low and high
capacity wells will require approval. The approval process and monitoring will be tightened.
Also, decisions on whether a permit is required will include all sources of water used by an
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applicant (both groundwater and surface water). If all sources combined draw water at a rate
exceeding 25 cubic meters per day or 5igpm, a permit would be required.

Wastewater discharges will also be considered in conjunction with the requests for approval to
draw water. “If an approval is required to remove water from the environment, then it makes
sense to have some control in what manner, and what state the water is when subsequently
returned to the environment.” (PEI Water Act, 2017)

1.5 Problem Statement
Market volatility and significant initial costs of irrigation equipment force potato producers to
exercise caution in their decision making. A significant body of research shows that irrigation
leads to increased yields and quality. Irrigation also allows to have full control over providing
crop water requirements. Despite of confirmed benefits of irrigation, it is the potential economic
benefit that drives adoption of new technology. This study is looking to explore if benefits of
irrigation exceed the costs and to estimate the payback period if high capacity wells are used as a
source of water. It is important to note that specialized training and precise irrigation
management are crucial to maximizing economic benefits.

2.0 Methods
2.1 Design and Measurement
The model used in this paper is designed to calculate the difference between the incremental cash
flows generated as a result of a decision to irrigate, and the costs of this investment over a period
of 15 years. The incremental cash flows represent the increase in marketable yield, increase in
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quality bonuses, and decrease in pay deductions for defects. Costs include the initial capital
investment in purchase/installation of a center pivot system, and construction if a high capacity
well.
Annual operating costs include three major categories: diesel fuel, labour, and
repairs/maintenance. Operating costs be calculated and subtracted from incremental cash flows
to arrive at net incremental cash flows. The writer acknowledges the fact that operating costs will
vary from producer to producer, and will most likely decrease as the precision of irrigation
management and expertise in using these systems grows. The writer used four water application
as the average number of application per season. This is based on the average irrigation
frequency provided by a local producer from East Prince area who has been irrigating for
approximately 20 years.

To perform economic analysis, a Discounted Payback Period calculation has been completed in
Excel to evaluate how long it will take to recover the initial investment. The initial investment
cost includes the purchase price of a system less HST (refundable), installation, cost of pipe from
the well to the pivot and pipe installation, a generator, and a pump. It also includes construction
of a well (exploration, drilling, and testing).

The current business lending rate is between 6.75 and 9.25 percent. Incremental cash flows have
been discounted at a rate of 8 percent. The useful life of a system has been estimated to be 15
years with no salvage value. The Discounted Payback calculation was performed using data for
three potato varieties: Shepody, Russet Burbank, and Prospect. Since one center pivot system
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covers 120 acres, the calculations will be based on this number. Incremental cash flows from
irrigated potatoes as well as operating costs will be expressed in dollars per acre.

2.2 Incremental cash flows - data collection methods
The data showing a comparison of irrigated versus dryland potatoes has been provided by
Cavendish Farms. (Appendix F)
The samples were collected mainly from Kensington, New Annan, Freetown, and Stanley
Bridge area. The soil was sandy loam, some flat, some with a slight slope. The range of sample
plot sizes was 10 feet strips to 75 acres. Some irrigated plots were irrigated by a pivot and some
by reels systems. Samples were collected randomly across the field under irrigation
("treatment") and outside of irrigation ("check") using 10ft strips/bin method for demo plots,
typically one to two 20 feet per treatment in small plots. Sampling was done using Objective
Yield Dig Method.

Comparative data (dry land vs. irrigated) has been collected and assembled into four groups:
● Group 1. Observed 1996-1997, 2005-2007, and 2014-2016. This group included test plots
of irrigated and non-irrigated Shepody, Russet Burbank, and Prospect.
● Group 2. Observed 2013-2016. This group included test plots of irrigated and nonirrigated Russet Burbank, Ranger Russet and Shepody. Pay weights are available for all
three varieties.
● Group 3. Observed 2008-2015. This group included test plots of Russet Burbank only,
and it shows an increase in total yield only. Since pay weight is not available for this
group, it will not be included in the incremental cash flow calculation.
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● Group 4. Observed 2012-2017. This group included test plots of Russet Burbank,
Clearwater Russet and Prospect varieties. Pay weight is available for all three varieties.
(Appendix F)

The four groups include between 2 and 47 test plots, which vary in size; however
increase/decrease in total yield, pay weight, smalls, and tubers larger than 10 ounces are
expressed as a percentage for ease of interpretation. Increase/decrease in return per acre is
expressed in Canadian dollars and as a percentage. It is important to note that producers strive to
decrease the number of smalls, and increase the number of tubers greater than 10 ounces.
Dockage and bonuses are assigned to these quality factors by the purchasing processor.

2.3 Costs - data collection
Costs were provided by local dealers and potato growers. Costs of a center pivot irrigation
system have been obtained from a dealer in Charlottetown. Costs of system assembly and pipe
installation have been provided by a local contractor from Summerside. The 6 inch 160 PSI pipe
is normally purchased by the farmer and installed permanently by a contractor who charges $6
per foot of system assembly plus $1.20 per foot extra for pipe installation. The normal length of
pipe is between 750 and 2000 feet.
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Costs of Central Pivot System in CAD dollars including installation
System Purchase Price
End gun and a booster pump
Installation
Pipe Purchase Price
Pipe Installation
Pump
Generator
Total

$148,340 Note 1
$2,675 Optional
$7,380 Note 2
$14,795 Note 3
$1,650 Note 4
$30,000 Note 5
$10,000
$214,840

Note 1: $119,000 US * 1.2466 exhange rate. Sold by Valley Irrigation through a dealer in Ch'town
Note 2: $6/foot of assembly. 6 spans *205'/span *$6/foot = $7,380
Note 3: $10.76/foot, average length 750-2000 feet. Used 1375 feet for calculation
Note 4: $1.20/foot for pipe installation
Note 5: includes wire and pipe down the well

Irrigated area of a full circle based on six spans, 205' each plus an end gun will be 120 acres. A
practice used by some Ontario farmers allows moving a pivot back and forth between two
adjacent fields. The additional cost of this method is approx. $7,500. The initial cost of
equipment is reduced as the system could irrigate double the area.
Costs of a high capacity well construction including site exploration have been provided by
Moore Well Drilling.
High Capacity Well Drilling and Construction
Exploration
Drilling
Well testing

$7,700 Note 1
$32,000 Note 2
$5,783 Note 3

Total

$45,483

Note 1: 300' 6" test well with 40' casing
Note 2: 300' 12" well if water supply is sufficient
Note 3: Constant testing in the first 24 hours, step-testing
Once constructed, a well is expected to operate for many years without additional costs.
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Prices of equipment and assembly did not include taxes since producers are reimbursed for the
HST. Center pivot systems require a 575-volt power supply, which could be provided either by a
connecting power cord to electricity source or an engine-powered generator. According to an
irrigation dealer, generators are most common. For the purpose of this study, generator costs will
be considered. Fuel costs are based on 288 hours of generator operation (4 applications of water
x 72 hours per application). A generator uses 5 gallons (19 liters) of diesel per hour. Cost of
diesel was $0.85/L in 2017.

Operating costs have been provided by a local PEI producer. Since a center pivot system requires
relatively low labour expenditure, labour costs reflect wages paid for moving and monitoring of
the system including employer portion of benefits (MERCs). The hourly wage used was $16.50
per hour plus related benefits.
System capable of irrigating 120 acres
Fixed Costs (initial investment)
Center Pivot Purchase/Installation
$
High Capacity Well Drilling and Construction $
Total investment
$

214,840
45,483
260,323

Annual operating costs (based on 4 applications per year). Based on 120 irrigated acres
Diesel
Labour
Maintenance
Total operating costs

$
$
$
$

5,472 note 1
2,505 note 2
750 note 3
8,727

It takes 72 hours per water application

Note 1. Cost based on four water applications, 72 hours per application, 19 liters of diesel per
hour
Note 2. Based on 24 hours required to move a system between fields and 9 hours to monitor a
system at $16.50/hour plus MERCs
Note 3. Based on costs provided by a local grower.
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2.4 Costs - High Capacity Well cost breakdown
The source of water is an important element of decision making when considering irrigation
primarily due to its significant costs and availability of adequate supply of water. Distance from
the source of water also affects the cost. The further is the water source from the irrigation
system, the higher are the pumping costs.

Construction of a high capacity well requires obtaining a permit (currently at no cost), drilling
and construction of a well, and a pump powered either by electricity or a diesel engine.
An average high capacity well is 300 feet deep with 60 feet concrete casing, and a well cap.
Bentonite is used to seal around the casing. Depending on the site, site work and preparation may
be required, i.e., clearing and shale for a drilling pad. As a part of site exploration, a 6-inch test
hole is drilled to see if water is available in a required quantity. An average test hole costs
$7,700.
If the test hole is satisfactory, it is enlarged to a 12-inch hole for an additional cost of $32,000.
The next stage is a 24-hour constant test followed by pump testing. The cost of testing is $5,783.
To this point, the cost will be $45,483 not including any site preparation or clearing. Once
everything is up and running, there is virtually no maintenance. Pumps run until they break, at
which point they are replaced with a new one. The only annual maintenance cost is having it
winterized after it is shut down for the season.
Pumps could be anywhere from a 20 to 60 HP (horsepower), depending on pumping levels. An
average cost for the pump, wire, and pipe down the well is approximately $30,000. A direct
supply of 575-volt power is required, but as mentioned previously, generators are used more
commonly. An average cost of a generator is $10,000. They tend to be expensive as they burn a
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lot of fuel, need maintenance, and they need to be monitored. After a well is constructed, the
owner could expect generations of use. According to Moore Well Drilling, there are still stonelined wells in operation that are more than 100 years old. (John Moore, Moore Well Drilling,
2017)

3.0 Economic Analysis
Producers considering investing in the construction of an irrigation system must carefully assess
all aspects of this decision. The purpose of this study is to help with the decision-making process
and provide information sufficient to prepare for it. When considering an investment in
irrigation, producers need to look at the initial capital costs of investment, annual operating costs,
and incremental cash flows to determine potential return on their investment.
Income
Production data has been collected for both irrigated and non-irrigated field samples, which
allowed calculating the increase in income based on cwt per acre.
Pay weight represents the final amount received by producer after any dockage for defects
(smalls, hollow heart, rot, sunburn, and other defects) have been subtracted and bonuses for size
and quality have been added. Pay weight dollar increases for all observation years for each of
three varieties (Shepody, Russet Burbank, and Prospect) have been used to calculate average
dollar increase per acre for each variety. This per acre increase was multiplied by 120 acres to
achieve total increase per sample area.
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Incremental cash flows
$ Increase per acre
Group 1
Shepody $
622
Russet Burbank
$
191
Prospect $
179

Group 2
$
637
$
467
$
-

Group 4
$
$
$

346
595

Ave $ increase per acre
$
630
$
335
$
387

increase
per 120 acres
$
75,540
$
40,160
$
46,440

1. Shepody averaged over 2 groups. Data for Group 4 is unavailable
2. For Prospect, data is unavailable for Group 2
Net $ Increase
Based on 120 irrigated acres
$ increase Less Oper. CostsNet $ increase Net $ increase per acre
Shepody
75,540.00
8,727.00
66,813.00
$557
Russet Burbank40,160.00
8,727.00
31,433.00
$262
Prospect
46,440.00
8,727.00
37,713.00
$314

Costs
Costs have been categorized as fixed (initial investment), and annual operating costs. Fixed costs
will vary from one farm to another due to factors such as the size of the farm, shape, and slope of
fields, availability of surface water and proximity to it, and availability of ground water sufficient
for the construction of a deep well among many other. Operating costs will also vary from
producer to producer; however, the main categories include three major costs: labour, diesel fuel,
and maintenance. Operating costs will also vary depending on the location, soil type, size of the
farm, potato varieties grown, crop rotation schedule, and many other factors. Other ownership
costs may include all or any of the following: depreciation, interest, repairs, taxes, and insurance.
(Commercial Potato Production in North America, 2010)
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According to a local processing potato producer from East Prince, during a normal year, the
average number of water applications per growing season is four. Operating costs were based on
this number of applications.

Amortization period selected for economic analysis is an important factor. The writer used a 15
year period for amortization of an irrigation system. If maintained properly, a center pivot system
may last more than 30 years with a minimal repair budget. According to a local well contractor, a
new well could last for generations.

Weather and many other factors may lower the yield, so there needs to be some contingency
built into the evaluation of the economic benefit of any new production technology.
While average costs of production are published by industry associations each year - they are
only a guideline. Production costs vary quite significantly even between farms in the same area,
so it is important for each producer to know this/her cost per acre and sales/profits figures.
(Commercial Potato Production in North America, 2010)

4.0 Results and Discussion
As mentioned earlier, irrigation of potato crops allows increasing yield by at least 25%. Based on
the summary of local observations that occurred between 1996 and 2017, it is apparent that total
yield of Shepody has increased by an average of 33.5%, Ranger Russet by 12.3%, and
Clearwater Russet by an incredible 70.3%. Russet Burbank, one of the main processing varieties
didn’t perform as well. Its total yield increased by an average of 11%. Cavendish Farm’s
scientist who prepared the summary noted that poorer response of Russet Burbank to irrigation
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(compared to other varieties) was due to a high level of soil contamination with Verticillium wilt,
which is a disease that reduces a flow of water and nutrients to the plant through its vascular
system causing premature defoliation and death. (Presley et al., 1966) Russet Burbank is highly
susceptible to this disease, and levels of Verticillium in PEI are high.

For the purpose of capturing all benefits of irrigation, pay weight increase is the most accurate
representation of the increase in income. Pay weight is what a producer receives after deductions
for rocks/mud/defects, and bonuses for quality and size have been applied. The processors have
small tolerances built into the assessment process. For example, no penalties apply for
mechanical bruise of less than 4%, hollow heart of less than 3%, sunburn of less than 2%, and
smalls of less than 2%. Appendix H shows an example of potato grading report issued by the
processor to the farmer for his raw product.

Pay weight of Shepody increased by 26.9% on average, Ranger Russet by 67%, Clearwater
Russet by 84.9%, Prospect by 14.6%, and Russet Burbank had the lowest average increase of
9.4%.
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Irrigated vs dryland crop comparison. Calculated in cwt per acre. Years observed: 1996-2017
Total yield (cwt) percentage increase
% increase
Shepody
33.5 *
*ave of 37.1 & 29.9
Russet Burbank
11 **
**ave of 14.2, 12.3,& 6.4
Prospect
0 ***
***data unavailble
Ranger Russet
12.3
Clearwater Russet
70.3
Payweight
Shepody
Russet Burbank
Prospect
Ranger Russet
Clearwater Russet

% increase
26.9 *
9.4 **
14.6
67
84.9

Percentage of smalls (defect)
Shepody
Russet Burbank
Prospect
Ranger Russet
Clearwater Russet

% decrease
-51.85 *
-21.3 **
0 ***
-30
-44.4

Percentage of 10 oz (bonus)
Shepody
Russet Burbank
Prospect
Ranger Russet
Clearwater Russet

% increase
148.2 *
35.37 **
47.4
8.1
105.6

*ave of 23.3 & 30.4
**ave of 1.7, 14.9, & 11.7

*ave of -57.5 & -46.2
**ave of -37.7, -9.2, & -17.1
***data unavailable

*ave of 52 & 244.4
**ave of 41.8, 31.2, & 33.1

Two important categories that contribute to pay weight are smalls (defect) and tubers over 10
ounces (bonus). Both have been recorded in summary provided by Cavendish Farms. (Appendix
F)

Observations show a significant decrease in smalls ranging between 21.3% on average in Russet
Burbank and 51.85% in Shepody. Percentage increase in tubers over 10 ounces (bonus) was on
average 148.2% in Shepody, 35.37% in Russet Burbank, 47.4% in Prospect, and 105.6% in
Clearwater Russet. These results could be in part attributed to the ability of irrigated (less
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stressed) plants to absorb nutrients from the soil more efficiently. This better absorption also
leads to fewer nitrates left in soil after harvest.

While benefits of irrigation are well documented and plentiful, the overall economic benefit
would assist farmers in deciding whether to irrigate. The costs of irrigation equipment and a high
capacity well construction are significant. There are also annual operating costs that will vary
from one farm to another. A local potato producer was consulted for this project. Using a pond as
a source of water, he stated that for his farming operation the costs were well justified based on
benefits he observed in the past two decades since he started to irrigate. He did not wish to have
his incremental cash flows per acre included in this paper, but his results corresponded or
exceeded data provided by Cavendish Farms ($335-$630 extra income per acre). He also noted
that his pay weight for Russet Burbank was similar to that of Shepody (better results than those
of Cavendish Farms). He also suggested that using clean well water for irrigation as opposed to
pond water may produce better results as plants would not be exposed to any of the potential
contaminants of pond water.

Discounted payback calculation (Appendix G) shows that under a scenario where income
increase per acre is $557 (Shepody), the cost of initial investment could be recovered in less than
five years. If the increase is $262 (Russet Burbank), the initial investment is recovered in little
over 14 years. Using an average increase of $314 (Prospect), the initial investment is recovered
in less than 11 years.
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5.0 Conclusion and Recommendations
Based on irrigation data collected in PEI between 1996 and 2017, it is apparent that all potato
varieties observed responded to irrigation. Total yield, marketable yield (pay weight), and
percentage of tubers greater than 10 ounces (quality bonus) have increased. At the same time,
defects such as smalls have decreased. This resulted in net income increase ranging from $262
to $557 per acre.
It is important to note that increases in net income described above will vary from farm to farm.
This variability is likely to occur due to the differences in many aspects of farming operations as
well as differences in precision of irrigation management that exist in farming community.
This model was based on 120 acres of an irrigated crop as it is the coverage area of one center
pivot system. It was also based on four water application per growing season. The cost of a
movable center pivot system with a diesel pump was estimated at $214,840. The cost of a high
capacity well was estimated at $45,483 (total of $260,323). Fixed costs, though significant could
be in theory recovered within 15 years. There are limitations to the accuracy of cost estimation
simply because each farming operation is different. Training and experience of farmers also
differ from one operation to another.
Since the timing of irrigation is just as important as optimal volume, full control of water
applications would significantly increase the stability of potato crops. Consistent water
application to maintain optimal soil moisture is the main purpose of irrigation management.
Systems capable of light and frequent applications are the best suited for PEI soils. To optimize
potato crops, irrigation management must involve careful and regular monitoring of soil water
availability, and scheduled water applications based on the needs of potato plants and root depth.
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All sources consulted for this project, including local, put a strong emphasis on the importance of
irrigation management as a key element in the success of irrigation. Experience of producers and
their understanding of key aspects of irrigation practice could be a deciding factor in their
success. Currently, there is a lack of centralized data collection, information sharing, and training
on how to irrigate. There are Island producers who made significant investments in irrigation
without a notable payoff, which could be attributed to lack of training.
PEI producers could benefit from establishing a group that involves a scientist with a background
in Agronomy and expertise in irrigation so that local irrigation data could be collected and best
practices shared with all interested producers. Provincial government could provide leadership in
establishing this group, and provide some funding with shared financial responsibility by other
interested parties such as the PEI Potato Board, the PEI Federation of Agriculture, or potato
producers themselves. Irrigation training would improve the success of producers who consider
this technology valuable and necessary for the future growth of the industry. In the event of well
drilling ban removal, high initial costs will be prohibitive for many PEI potato growers; however,
the option of using the most cost-efficient water source will be available to all. Agricultural
irrigation currently uses a mere 1.2 percent of total used ground water, which also represents
only 1.4 percent of the total groundwater recharge. If drilling ban was lifted, only a small
percentage of farm operations will make a decision to irrigate due to high initial investment
costs, landscape and location of farm fields, proximity to drilling exclusion areas, and many
other limiting factors; therefore, environmental impact will remain minimal. Education of the
general public about water withdrawal for agricultural irrigation could lessen the negative
perception of agricultural irrigation, and promote public trust.
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APPENDICES
APPENDIX A: Average yield by province (tonnes per harvested hectares)

Newfoundland and Labrador
Prince Edward Island
Nova Scotia

2012

2013

2014

2015

2016

% change
2016/15

3,992

F

F

F

F

N/A

1,101,504 1,134,389 1,144,867 1,127,177 1,166,776

4%

18,960

20,412

22,090

14,969

19,595

31%

New Brunswick

654,897

619,018

648,955

684,925

650,225

−5%

Quebec

498,997

520,588

514,782

560,595

540,410

−4%

Ontario

340,421

382,741

373,080

361,513

299,462

−17%

Manitoba

941,794

977,265

872,712

981,120 1,016,047

4%

73,709

81,102

67,449

68,039

66,905

−2%

847,991

827,080

847,764

874,073

907,729

4%

87,317

77,474

70,896

70,534

100,017

42%

4,569,535 4,644,015 4,565,589 4,745,665 4,770,552

1%

Saskatchewan
Alberta
British Columbia
Canada

F: Too unreliable to be published.
N/A: Not applicable.
Source: Statistics Canada (CANSIM Table 001-0014)
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APPENDIX B: Farm cash receipts - 2006 to 2016

52

FEASIBILITY OF IRRIGATION USING HIGH CAPACITY WELLS

APPENDIX C: PEI high capacity wells - agricultural irrigation

53

FEASIBILITY OF IRRIGATION USING HIGH CAPACITY WELLS

APPENDIX D: Active high capacity wells - all other
Existing H ig h C apacity wells Table 2.pdf
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APPENDIX E: Irrigated field crops PEI.
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APPENDIX F: Irrigated vs. dryland potatoes Cavendish Farms
Legend:
yield is expressed in per acre basis

Group 1 1996-1997, 2005-2007, 20142016

Average of 42 Shepody
Average of 47 Shepody
Average of 51 RB
Average of 56 RB
Average of 43 seedlings & varieties
Average of 43 seedlings & varieties
Prospect
Prospect

Group 2 2013-2016
Average of 17 RB
Average of 17 RB
Ranger R.
Ranger R.
Shepody
Shepody

Dryland
Irrigated
% increase
% decrease

%
increase/
Total cwt decrease Pay cwt
307
37.1
421
345
14.2
394
343
27.3
436

%
increase/
Total cwt decrease Pay cwt
313
12.5
352
316
12.3
355
201
29.9
261

294
362
321
326

249
286
94
157
168
219

%
%
%
%
increase/
increase/
increase/
increase/
decrease return $$ decrease % smalls decrease % >10oz decrease
2390
7.1
33.0
23.3
26.0
-57.5
52.0
3012
3.0
50.2
2666
16.9
17.8
1.7
7.2
-37.7
41.8
2857
10.5
25.3
2826
26.0
6.3
42.3
3005
37.0
2826
6.3
3005

%
%
%
%
increase/ Gross
increase/
increase/
increase/
decrease return $$ decrease % smalls decrease % >10oz decrease
2850
19.5
16.3
14.9
16.4
-9.2
31.2
3317
17.7
21.4
1022
10.0
37.0
67.0
80.8
-30.0
8.1
1848
7.0
40.0
2007
13.0
9.0
30.4
31.8
-46.2
244.4
2644
7.0
31.0

%
%
%
increase/ Gross
increase/
increase/
decrease return $$ decrease % smalls decrease % >10oz

Average of 8 RB
Average of 8 RB

%
increase/
Total cwt decrease Pay cwt
334
6.4
356

Group 4 2012-2017

%
increase/
Total cwt decrease Pay cwt

%
%
%
%
increase/ Gross
increase/
increase/
increase/
decrease return $$ decrease % smalls decrease % >10oz decrease
2558
17.0
22.2
11.7
13.5
-17.1
33.1
2904
14.1
29.6
1813
18
18
84.9
100.5
-44.4
105.6
3635
10
37
2792
38
14.6
21.3
47.4
3387
56

Group 3 2008-2015

Average of 8 RB
Average of 8 RB
Average of 2 Clearwater R.
Average of 2 Clearwater R.
Prospect
Prospect

202
344

70.3

275
307
185
342
280
321

%
increase/
decrease
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APPENDIX G: Discounted payback period
Discounted Payback Calculation
Service life 15 years, salvage value - zero,
Discount Rate 8%
Based on 120 irrigated acres
Shepody $630 per acre increase
Year
Cash Flow PV of Cash Flows
0
($260,323) ($260,323)
1
$66,813
$61,864 ($198,459)
2
$66,813
$57,281 ($141,178)
3
$66,813
$53,038
($88,139)
4
$66,813
$49,110
($39,030)
5
$66,813
$45,472
$6,442
6
$66,813
$42,104
$48,545
7
$66,813
$38,985
$87,530
8
$66,813
$36,097 $123,627
9
$66,813
$33,423 $157,050
10
$66,813
$30,947 $187,998
11
$66,813
$28,655 $216,653
12
$66,813
$26,532 $243,185
13
$66,813
$24,567 $267,752
14
$66,813
$22,747 $290,499
15
$66,813
$21,062 $311,561
Payback period is 4.86 years

Russet Burbank $335 per acre increase
Year
Cash Flow PV of Cash Flows
0
($260,323) ($260,323)
1
$31,433
$29,105 ($231,
2
$31,433
$26,949 ($204,
3
$31,433
$24,953 ($179,
4
$31,433
$23,104 ($156,
-0.86 5
$31,433
$21,393 ($134,
6
$31,433
$19,808 ($115,
7
$31,433
$18,341
($96,
8
$31,433
$16,982
($79,
9
$31,433
$15,724
($63,
10
$31,433
$14,560
($49,
11
$31,433
$13,481
($35,
12
$31,433
$12,482
($23,
13
$31,433
$11,558
($11,
14
$31,433
$10,702
($1,
15
$31,433
$9,909
$8,
Payback period is 14.12 years
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APPENDIX H: Potato receiving grading report
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APPENDIX I: Groundwater usage summary
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