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Executive Summary
The objective of this project was to assist growers of potatoes in Saskatchewan
to make more effective and environmentally sound decisions regarding pest
control based on Integrated Pest Management (IPM) principles. The approach
used was to have project staff visit the growers field sites on several occasions
over the production season to assist the growers in evaluating their pest
problems and in making appropriate pest management decisions. Over the 2006
and 2007 cropping seasons the project worked with 14 different potato growers
at locations scattered across the province. Project staff also worked in
consultation with the Saskatchewan Seed Potato Growers' Association (SSPGA),
Saskatchewan Agriculture and Food (SAF) and the University of Saskatchewan
(U of S). Pest problems targeted for management utilizing IPM were Late Blight,
wireworm, aphids and weeds. Where other problems were observed, the project
also endeavored to be of assistance in their management.
The project assisted in delivery of the NegFry prediction program for
management of Late Blight. The disease management recommendations
derived from NegFry were compared with grower practices. In many cases the
growers were treating their crops more frequently than recommended by NegFry
- indicating a potential area for cost savings and reduced pesticide use. In cases
where the growers were not opting to spray as frequently as recommended by
NegFry, the consequences were minimal as the inoculum required to get a Late
Blight infestation started was not present in either 2006 or 2007. If inoculum had
arrived, we suspect that these growers would not have been adequately
protected. A major limitation to both the accuracy of NegFry and the growers
confidence in the readings is related to excessive distance between the weather
stations used to drive the NegFry model and the growers’ fields. Use of infield
weather monitoring systems would alleviate this problem.
In a survey of seed-borne disease conducted prior to planting in 2007, a
significant variation in disease levels was observed from farm to farm. High
levels of Rhizoctonia were widespread. Long rotations out of potatoes, coupled
with the application of fungicides in-furrow at the time of planting, appeared to
reduce problems with Rhizoctonia. Levels of many diseases tended to increase
with generations in the field, which supports the concept of “fast flush” as a
means of slowing the build up of disease. However, the incidence of black dot
appeared to be independent of generations in the field - suggesting that soil
inoculum levels rather than seed contamination is the major factor determining
severity of this disease.
The project monitored the arrival and spread of the aphids that spread viruses
within the potato crop. This information allowed growers to determine whether
any control measures were required and also to judge the efficacy of any
treatments used. The data suggests that the chemical control treatments
available provide, at best, a temporary reduction in aphid numbers. Alternative
methods of protecting the crop from aphid-borne viruses are required. The
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project showed that wireworm populations varied considerably both from field to
field and over the course of the growing season. Wireworm populations caught
in survey traps was a good predictor of the amount of crop damage that could be
anticipated. Crop rotation out of cereals and potatoes appeared to be the most
effective wireworm management tool. Application of the only registered pesticide
(Thimet) provided little in the way of wireworm control.
The project showed that the growers were generally keeping weed populations
well below the damage threshold – although adverse weather did have the
potential to cause their weed control programs to fail. The growers used a
diverse array of weed control strategies involving both chemical and mechanical
control methods. Because of the diversity of techniques used, it was difficult to
compare the relative efficacy or cost efficiency of the various techniques.
The project also assisted the grower participants in the development and
implementation of Environmental Farm Plans (EFP).
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1.0

Project Background and Objectives

Both seed and table potatoes are grown widely in Saskatchewan. A total of
>10,000 acres were planted by commercial scale (>5 acres) growers in 2006,
with many more acres grown by market gardeners and hobbyists. Commercial
operations may exceed 1000 acres in size. Although both seed and table potato
production tends to be focused in the Lake Diefenbaker area, there are growers
scattered throughout the province.
Maintenance of crop health and quality is critical in both seed and table
production. Growers must be aware of and must make suitable efforts to control
the diseases and insects that may damage the crop and the weeds that compete
with the crop. At present, potato growers in Saskatchewan have relatively few
pests or disease concerns - particularly in comparison to other potato production
areas in Canada and the United States. This may reflect the relative isolation,
limited production and rigorous growing conditions characteristic of
Saskatchewan. Nonetheless, disease and to lesser extent insects do still
represent problems for potato growers in Saskatchewan. Unfortunately, weed
pressure in Saskatchewan potato fields is comparable with or even more severe
than other production areas. A failure to achieve adequate weed control can
reduce yields and interfere with the harvest process.
Each year, potato growers in Saskatchewan utilize a range of pesticides to
control insect, disease and weed problems in their fields. Although the growers
strive to make the best possible decisions regarding pest control, these decisions
involve complex evaluation of the costs (financial, environmental and operational
efficiency) of taking a specific control action against a specific pest versus opting
for another approach - or simply not acting at all.
The objective of this project was to assist growers of potatoes in Saskatchewan
to make more effective and environmentally sound decisions regarding pest
control based on integrated pest management principles.
The basic components of an integrated pest management program are;
a.

Inventory the pest problems at the specific site. Factors that need to be
considered are;
i)
Correct identification of the potential pest,
ii) Accurate evaluation of pest populations,
iii) Determination of the damage potential of the existing and potential
pest population.

b.

Determination of the potential for pest damage to exceed the costs (financial
and environmental) associated with implementing any pest control
methodology.
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c.

If pest control is warranted, inventory the available pest control methods for
costs, efficacy and environmental impact.

d.

When the “best” pest control method has been chosen and utilized, the
impact of that control measure of the target pest population is monitored - to
confirm the assumptions outlined in c. above. The impact of the pest control
method on the health of any non-target organisms . . . including the
applicator should also be monitored.

The specific pest problems targeted in this project for management utilizing IPM
were Late Blight, wireworm, aphids and weeds while any other problems will be
observed.

1.1

Diseases

1.1.1

Late Blight

Late Blight (Phytophthora infestans) is a devastating fungal disease that attacks
both potato plant tissue and tubers. Once a plant has become infected with Late
Blight, there are no production practices or crop protection materials that can
cure the infection. Application of preventive fungicides before infection has taken
place is the only defense. Consequently, in most years, growers will make
multiple applications of fungicides - despite the fact that environmental conditions
in Saskatchewan are only occasionally suitable for the development of the Late
Blight fungus.
Clearly, multiple applications of fungicides in an effort to control a disease that
fails to develop because of unfavorable weather conditions represents a waste of
time and resources on the part of the grower and also involves the extensive use
of pesticides without any real benefit. For example, a grower following a typical
calendar based 10 day spray schedule would treat their crop six to eight times
over the growing season. However, environmental conditions during the 2002,
2003, 2004 and 2005 cropping seasons did not support the development of Late
Blight in Saskatchewan. Consequently, any fungicides applied in those years
were both useless and unnecessary.
A more effective and environmentally sound method way to control Late Blight is
to utilize weather-based disease prediction models to determine whether or not
conditions are suitable for development of Late Blight - thereby allowing the
growers to tailor the start of their spray program to the onset of the disease
season. These systems also make weather and crop development-based
recommendations as to when and how often subsequent applications of
protectant fungicides are required. Ideally, this combination of disease prediction
and fungicide scheduling allows the growers to effectively manage Late Blight
without over applying fungicides. This is desirable from the perspective of both
cost efficiency and environmental stewardship. Mancozeb and Chlorothalonil are
the primary fungicides applied to prevent Late Blight in Saskatchewan. Both of
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these products have associated environmental and health risks, particularly in
reference to wetlands as they are toxic to fish and aquatic invertebrates.
In tests of the NegFry disease prediction system conducted in Saskatchewan in
2001, the spray schedule recommended by the NegFry prediction system utilized
50% less pesticide than a typical calendar-based program. The reduction in
sprays achieved by implementing the NegFry program was favorable from both
and economic and environmental perspective.
Despite some of the obvious merits of basing a Late Blight spray program on
appropriate prediction models, grower adoption and implementation of the
recommendations produced by the NegFry model were limited in tests conducted
in 2002 through 2004.
Some or all of the following may explain the limited grower uptake;
a.

The SSPGA relied on a small network of 12 weather stations to provide the
environmental data needed to drive the NegFry disease
prediction/management system. A weather monitoring network of this
limited size was of limited efficacy in a province the size of Saskatchewan particularly as the potato growers are widely scattered across the province.
The weather monitoring systems were also prone to breakdowns . . .
resulting in “blind spots” in the prediction models. These problems eroded
the growers’ confidence in the readings generated from the NegFry model
the weather monitoring systems also required extensive maintenance and
repair - at a cost that was beyond the means of the SSPGA.

b.

Many of the growers were reluctant to follow the recommendations of the
model . . . but for divergent reasons. Growers that were accustomed to a
calendar-based spray program were not comfortable that the less intensive
spray program recommended by NegFry would provide adequate disease
control. Conversely, there were growers that felt that the four to five sprays
recommended by NegFry were excessive - an opinion that was re-enforced
by the absence of Late Blight in any field in Saskatchewan in 2002 to 2004.

This project will expand the network of weather stations used to forecast the
development of the Late Blight potato disease in all potato producing areas of
Saskatchewan. Agreements have been established to allow the SSPGA to use
data from Saskatchewan Crop Insurance’s extensive weather station network to
drive the SSPGA’s disease prediction/management models. This change will
increase the accuracy of the system and thereby provide the growers better
information and recommendations regarding disease management.
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Project Action Plan for IPM of Late Blight
The SSPGA believes that the adoption of weather-based prediction models
represents the most sound, effective and environmentally responsible method for
dealing with Late Blight in Saskatchewan. In an effort to deal with the factors that
previously limited grower uptake of the model recommendations to date this
project will;
a.

Expand the network of weather stations used to forecast the development of
Late Blight in all potato producing areas of Saskatchewan. Agreements
have been established to allow the SSPGA to use data from Saskatchewan
Crop Insurance’s extensive weather station network to drive the disease
prediction/management models being advocated by the SSPGA. This
change will increase both the accuracy and reliability of the system and
thereby provide the growers better information and recommendations
regarding disease management.

b,

Work with growers to address any questions or concerns they may regard
making the switch to the spray program.

c.

Conduct site specific crop monitoring to evaluate disease control achieved
by whatever spray program the grower opts to utilize . . . and then to
compare the efficacy, cost and environmental impact of that spray program
relative to other options.

1.2

Insect Pests

Several insect pests have the potential to damage potato crops in
Saskatchewan. Growers typically focus their management efforts on Colorado
Potato Beetle, aphids and wireworm. Unfortunately, there is very little evidence
to indicate, a) whether these pests are actually causing economically significant
levels of crop damage, and b) whether the insecticides (organophosphates,
neonicotinoids, pyrethroids, carbamates, and organochlorines) being applied are
actually having the desired effect on these insect pests.

1.2.1

Wireworm

Wireworm occurs sporadically in most fields . . . but from time to time
populations may increase to the point where feeding damage by these soil
inhabiting grubs increases to the point where they cause severe damage to the
crop. Many factors have the potential to influence both the population of
wireworm found in a field and the level of damage that they cause. This makes it
difficult to determine an action threshold. Even if populations are high there is
only limited potential for the growers to control the problem using standard
chemical control agents. The only product presently registered for wireworm
control in Saskatchewan is Thimet (phorate).
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This product is;
a.

Most effective at controlling the wireworm that attack seed pieces in the
spring . . . it has little ability to protect the tubers in the fall - yet it is the
damage to the crop in the fall that causes growers the greatest losses.

b.

Efficacy of phorate appears to vary from year to year and between sites.
This may reflect a relationship between product efficacy and environmental
conditions, soil conditions and different species of wireworm present at the
specific site. Variable efficacy can lead growers to increase the application
rate in an effort to achieve more reliable control.

c.

Phorate has been scheduled for withdrawal from use for several years due
to concerns about its acute toxicity to applicators and non-target species . . .
and also due to concerns about its potential to move into surface and
groundwater systems.

Although the growers appreciate the validity of the concerns regarding this
pesticide, the lack of any alternative control measures has caused the Canadian
potato industry to consistently lobby for continuances of the registration of this
product. As a consequence, the registration of phorate has recently been
extended through the 2010 cropping season.
Project Action Plan for IPM of Wireworm
The project will seek to manage wireworm in a more effective and
environmentally friendly manner. Bait traps will be used to evaluate wireworm
populations prior to, at and after planting. Wireworm numbers and species
composition will be determined and an effort will be made to determine factors
that contribute to or are associated with high populations. Comparisons of
populations and associated levels of crop damage in fields with and without
phorate treatments will be a particular focus. The project will also provide the
growers with an unbiased evaluation of the actual level of tuber damage caused
by the wireworm and will provide corresponding recommendations regarding the
appropriateness of utilizing phorate as a control agent.

1.2.2

Aphids

Saskatchewan-grown seed potatoes have developed a well-deserved reputation
for high quality and freedom from disease. This reputation has contributed to the
expansion of the seed potato sector in Saskatchewan. However, over the past
three years, the incidences of viruses like PVY and Leaf Roll have been on the
increase in seed fields in Saskatchewan. These diseases depend on insects and particularly aphids as their vector for movement from plant to plant within a
field. As there are no methods to control virus diseases directly, growers may
instead seek to control the insects that spread the disease.

IPM Project for Potatoes in Saskatchewan - AEGP Project Number 1581-1-10-12

Page 7 of 51

Unfortunately, aphid control using pesticide is;
a.

Costly - as multiple applications in large volumes of water are required to
get consistent and thorough coverage.

b.

Difficult to achieve - once established in a field, aphids reproduce rapidly.
As they tend to cluster on the undersides of the leaves, in the growing
points and on the stems, they are often protected from contact with
pesticide sprays. As aphids are present in huge numbers in adjacent crops
and are mobile, they can flood potato fields even after a heavy pesticide
application.

c.

Relatively ineffective as a means of controlling the movement of viral
diseases. Any viral diseases being harbored by an aphid vector are spread
to the potato plant within a few seconds of the onset of the feeding process.
No standard insecticide kills fast enough to prevent this type of spread. A
more effective approach is to treat the crop with products like crop oils that
actually deter aphid feeding - however, these products only work if they are
applied repeatedly in large enough volumes to get complete crop coverage.
This type of application regime is again costly and may actually damage the
crop.

IPM Programs for Aphids
Step 1 - monitor aphid populations and species composition within grower fields.
Some aphids are incapable of serving as vectors of the viruses that attack
potatoes. Therefore, triggering a spray program simply based on the presence of
aphids in a field is potentially a waste of resources. The Green Peach aphids,
and to a lesser extend the Potato aphid, are the most efficient vectors of viral
diseases of potato. These aphid species tend to arrive late in the growing
season - another factor mitigating against continuous spraying for aphids. There
is however, some evidence that other aphid species may also be capable of
contributing to the spread of viral diseases of potatoes.
Step 2 - determine the risk factors for virus spread.
a.

Is there a significant reservoir of viral disease to serve as the starting point
for the infection? If the growers are absolutely confident there is no disease
in the area, the presence of aphids in the field becomes irrelevant. PVY has
a very limited lifetime within the aphid vector and therefore on nearby fields
represent a potential reservoir of the disease. By contrast, the Leaf Roll
virus persists throughout the lifetime of the aphid - and therefore can move
from region to region during the migration flights of winged adults. As a
consequence, there is always some risk of disease-laden aphids being
present in the field.
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b.

How much longer will the crop be in the field? The longer the exposure
period, the greater the risk of infection. Early harvesting may represent a
useful management tool in this type of situation.

c.

What generation of seed potatoes is at risk? As the disease tolerances are
very low in early generations of seed potatoes, greater efforts are justified to
keep these generations free of aphids.

Step 3 - implementing a control program. If implementing a spray program is
indicated based on Steps 1 and 2 above, the grower needs to assess the
available control options for efficacy and environmental impact.
Step 4 - monitoring the spray program. Both efficacy and side-effects need to be
evaluated. If the spray program is not meeting the objectives, modifications need
to be made.
Project Action Plan for IPM for Aphids in Seed Potatoes
a.

Monitor populations and species composition of aphids within potato fields.
Aphids will be trapped using standard dish traps. As species identification
requires some expertise, all samples will be evaluated by qualified program
staff rather than relying on the growers.

b.

Monitor populations and species composition of aphids in fields adjacent to
potato fields. As cereal crops mature and forage crops are cut there tends
to be an influx of aphids from these fields into adjacent vigorous potato
crops. If these aphid populations represent a risk to the potato crop, some
effort at early control may be justified.

c.

Assist growers in risk evaluation. Using the information on aphid
populations, and additional risk factors like anticipated levels of virus
infestation, anticipated duration of exposure and risk tolerance, the IPM
program will assist growers to make appropriate management decisions.

d.

Monitor efficacy of a spray program. If a grower opts to spray, the program
will monitor efficacy of the control treatment in terms of its impact on aphid
numbers at increasing intervals after treatment.

1.3

Weed Control

Once potatoes become established, they are quite capable of out-competing
most weeds - therefore the key is weed control during the early stages of crop
development. As potatoes are a row crop, inter-row tillage is widely used to
achieve very effective weed control between the rows. Herbicides are the only
option to control weeds within the row. Some growers opt to do without
herbicides, relying on vigorous crop growth to out compete the resulting weeds
within the rows. Most growers opt for some form of herbicide programs. There is
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a wide range of herbicides cleared for use in potatoes and these products can be
applied at differing stages of crop development. This combination of products
and application windows makes it possible to grow potato crops that are virtually
free of weeds - but not without significant product costs. Growers must balance
anticipated yield and quality gains against treatment costs. Unfortunately, there
is relatively little information available regarding the weed population action
thresholds for potatoes. The potential environmental impact of an aggressive
herbicide program also needs to be considered.
Project Action Plan for IPM of Weeds in Potatoes
Assess the weed populations and species composition in potato fields across
Saskatchewan and then compare and correlate these data with the weed control
practices utilized. The objective will be to assist growers to implement the most
effective weed control program for their specific situation. Where possible, the
program will emphasize alternatives to herbicides like paraquat (Gramoxone) and
diquat (Reglone) as these products are toxic to both the applicator and aquatic
ecosystems.

1.4

Environmental Farm Plans for Saskatchewan’s Potato
Sector

Saskatchewan’s agriculture industry is a necessary and thriving business, and
environmental stewardship is key to the sustainability of it. With more
environmental issues being brought forth, producers have to be aware of
potential threats and address them. EFPs are to be used as management tools
to help address potential environmental risks and learn why they are considered
a risk. They allow you as a producer to know first hand what is sustainable on
your operation and what isn’t. A completed EFP is an indispensable tool for
producers to help set and achieve their agri-environmental goals.
Environmental Farm Plans are voluntary, confidential, self assessment tools
used by agriculture producers to raise awareness of and identify environmental
risks and opportunities on their operation. As part of their EFP, producers will
develop their own action plans with technical advice and assistance, to identify
management practices that help reduce environmental risk on their operations.
EFPs are a planning tool to develop ‘Beneficial Management Practices’ (BMPs)
for which there are grants of up to $30,000 per farm available. This program is
managed by the Canada-Saskatchewan Farm Stewardship Program (CSFSP), a
provincial division of the National Farm Stewardship Program, launched under
the Agricultural Policy Framework. The CSFSP is directed by Shelanne Wiles
Longley from Saskatoon with 17 area facilitators across Saskatchewan who
present EFP workshops on a regular basis.
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Project Action Plan regarding EFPs
Growers that have not completed their EFPs yet, will be encouraged to do so before
the end of this year by reminding them of upcoming EFP workshops in their area.

2.0

Project Results

Project Staffing
Mr. Gert Kruger was hired on contract by the SSPGA to act as the IPM technician
for this project
Gert Kruger obtained a B.Sc in Agriculture from the University of the Orange Free
State (Bloemfontein – South Africa) in 1977 with majors in Soil Science, Agronomy
and Chemistry. In 1979 he acquired an Honors Degree and in 1986 his Masters
Degree from the Department of Soil Science at the same university. Gert worked
for the SA Department of Agriculture (1978 – 1982) as research officer, doing soil
surveys, soil analysis, plant nutrition research and lecturing soil science to college
students. He then worked for Sasol Fertilizers (1982 – 1994), doing plant nutrition
research, developing agriculture recommendation software, doing extension work
as an agriculture advisor and finally ended up in the middle management structure
of the company. Since 1994 he has been self employed for the most part, starting
and managing small businesses, serving on the board of directors of Agrichicks and
developing software. Gert came to Canada in August 2003, helping with
administration of his wife’s physician practice, working for Great West Stock Farm
as a breeding technician (May 2004 to Sept 2005) and managing the family’s
investment company.
In early June 2006, the SSPGA, working with Saskatchewan Agriculture and Food
(SAF) and University of Saskatchewan (U of S) staff set up a series of training
sessions to familiarize Mr. Kruger with the potato sector and the project objectives.
Project plans and methodologies were established at that time. Over the course of
the 2006 growing season, Mr. Kruger met with the representatives of the SSPGA,
SAF and U of S to discuss project activities and findings. Over the winter of 20062007 SAF, U of S and SSPGA staff worked with Mr. Kruger in the analysis and
presentation of the 2006 project data. In spring of 2007 another planning session
occurred and the process of project development, implementation and review were
repeated in 2007.
Selection of Grower Co-operators and Associated Field Sites
Due to limited time available between the start of the program and the onset of
planting of the 2006 crop, it was decided to focus most of the sampling on fields
managed by members of the SSPGA - as these growers are highly motivated to cooperate in these types of pest management initiatives. Grower sites were selected
to cover the main potato production areas in Saskatchewan. Growers were assured
that although the data generated at their specific sites would be reported, the data
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would be treated in a manner that would protect their confidentiality. Within each
grower operation, specific fields were selected based on variety and generation.
Where possible preference was given to Norland, Burbank or Shepody to reduce
variability and later generations were preferred to reduce risks for the grower.
Table 2.0.1: Fields monitored during the 2006 season

Grow er

Tow n

Field

# of
Observations

Assiniboine Valley Seed Potato Ltd.

Kamsack

A

5

Bartko, Brad

North Battleford

E
W

7
7

Cay, Norman & Marilyn

Tisdale

A

5

Crystal Organics

Crystal Lake

Dutch Potato Farm

Outlook

N
S
E

5
5
6

W

6

Hyland, Thomas & Ingrid

Scott

A

7

Island Holdings

Lucky Lake

A

4

Northern Konstar Seed Potatoes Ltd.

Broderick

E

6

W

4

Pasquia Seed Potatoes

Carrot River

A

6

Prairie Dome Potatoes

Yorkton

A

5

Spudwyk Farms

Broderick

NE
SE
W

6
6
6

The Spud Farm

Riverhurst

N

6

S

6

True North Seed Potato Co. Ltd.

Outlook

A

6

W B Ingram Farm

Quill Lake

A

6
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For the 2007 season, 22 fields from 15 growers where observed (Table 2.0.2). In
addition to that, before planting, 83 tuber samples were collected from most SSPGA
members to determine disease levels. At the end of the growing season 70
harvested tuber samples were collected to determine wireworm damage and
disease levels.
Table 2.0.2: Fields monitored during the 2007 season
Grower

Town

Field

Assiniboine Valley Seed Potato Ltd.

Kamsack

1

Barrich Farms (1994) Ltd.

Broderick

NE 34-29-8-W3
SE 34-29-8-W3
SW 16-28-7-W3

Bartko, Brad & Richard

North Battleford

1

Cay, Norman & Marilyn
Robert & Tracey

Tisdale

1

Crystal Springs

1

Outlook

NW 3-30-8-W3

Scott

East
West

Macrorie

1

Pasquia Seed Potatoes

Carrot River

1

Prairie Dome Potatoes

Yorkton

South
North

Shymanski Farms Ltd.

Choiceland

1

Crystal Organics
Dutch Potato Farm
Hyland, Thomas & Ingrid
Island Holdings

Spudwyk Farms

Broderick

The Spud Farm

Riverhurst

True North Seed Potato Co. Ltd.
WB Ingram

SE 23-27-7 W3
SE 6-26-6 W3
NW 3-28-7-W3
SE 26-22-7-W3
SW 6-24-6-W3

Outlook

NE 32-28-7-W3

Quill Lake

1
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2.1

Diseases

2.1.1

Late Blight Monitoring Program

The health of all test fields was visually monitored during weekly inspections in both
2006 and 2007. The IPM technician was trained to identify Late Blight along with
other diseases of potatoes. Samples of any questionable or unknown problems
were sent to the University of Saskatchewan for confirmation. The growers’ spray
programs were also monitored (timing and products applied).
In 2006, Weather Innovations Network (WIN) was contracted by Saskatchewan
Crop Insurance to deliver weather information and crop models for the province of
Saskatchewan. The SSPGA was able to partner with WIN to use the weather data
they collected to drive the NegFry Program used by the SSPGA to predict the onset
and spread of Late Blight. Although WIN did an excellent job of delivering the
NegFry Program in 2006 – there were some significant problems with the weather
data that was used to drive the models. WIN reported that the data coming from the
Environment Canada weather stations was unreliable – which created extra work
for WIN and introduced errors into the disease prediction models. WIN therefore
requested that in 2007, only weather stations utilizing WIN equipment be used to
drive the model. However, there are many gaps in the WIN network of weather
stations – including many of the key production areas for potatoes in Saskatchewan.
Therefore, in 2007 the NegFry Program was driven by data obtained from both WIN
and Environment Canada weather stations.
Results
In 2006 environmental conditions were favorable for the development of Late Blight
through most of June and again in September. Hotter, drier conditions in July and
August reduced the risk in dry land production areas, but the risk levels stayed high
in irrigated crops. Environmental conditions in 2007 were favorable for the
development of Late Blight through most of June and toward the end of August in
some areas. During July and the first half of August 2007 conditions were less
favorable. No Late Blight was identified in any of the grower co-operators’ fields, nor
was it found in any other field in Saskatchewan in 2006 and 2007. This likely
reflects an absence of the initial inoculum required to establish this disease - rather
than the success of the growers’ fungicidal spray program.
The spray programs utilized by the grower co-operators ran from applying no
fungicides through to weekly calendar-based programs requiring a total of eight
applications over the growing season. Table 2.1.1.1 summarizes the growers taking
part in this study’s approach to Late Blight control in 2006 and 2007.
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Table 2.1.1.1: Growers approach to Late Blight control
Approach to Late Blight Control
Organic or no spraying at all
Sprayed very 2 weeks
Sprayed every 10 days
Sprayed every week
Led by NegFry adapted for local conditions

# of Growers
2006
2
1
1
1
8

# of Growers
2007
3
1
1
2
9

Tables 2.1.1.2 (2006) and 2.1.1.3 (2007) reflect the number of times each field in
this study was sprayed for Late Blight and compares it with the number of sprays
recommended by the NegFry calculations. It is clear that in the 2006 season most
growers in this study sprayed as often as recommended by NegFry or less often.
Only two fields were sprayed more often than was recommended by NegFry. Even
the field that was sprayed weekly received the number of sprays (eight)
recommended by NegFry. This is not an indication that weekly spraying is the best
strategy but only that in this particular season and area conditions were very
favorable for a Late Blight outbreak.
In 2007 the same growers sprayed as much as seven times more than
recommended by NegFry. This would appear to represent a substantial waste of
inputs and effort, however, when contacted on this issue, the growers felt that
Negfry was underestimating the blight risk. They pointed out that the Negfry model
was being driven by humidity data obtained from a non-irrigated area, whereas their
crops were irrigated. Irrigation would tend to increase the humidity in the crop
canopy, thereby increasing the risk of blight. However, what the growers fail to take
into consideration is that the Negfry model has already been adjusted to factor in
this issue – the humidity threshold for the program was purposefully reduced from
the normal of 95% down to 87% as a means of addressing this issue. This
adjustment was made based on research conducted in blight prone areas of North
Dakota where the only weather data available was again from stations situated
outside irrigated areas.
The trend to spray less than the NegFry recommendation (up to seven sprays less)
is risky. It is most likely the result of a number of years when the inoculum
necessary to start a blight outbreak was not present, as the growers had planted
blight-free seed and weather patterns had failed to blow blight spores in from
adjacent production areas. This situation could change quickly and unpredictably
and therefore a protective spray program makes good sense. For growers
determined not to spray until Late Blight becomes a real risk, an adequate early
warning system for Late Blight outbreaks, both within Saskatchewan and in adjacent
production areas is critical.
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Table 2.1.1.2: Number of Late Blight sprays to growers fields in comparison
with the number of sprays recommended by NegFry for 2006
Number of
Blight Sprays
Applied

Number of
Sprays According
NegFry

Difference

Organic

0

9

-9

Organic

0

9

-9

Organic

0

7

-7

Organic

0
2
0
2
4
2
3
3
3
7
6
6
6
8
7
4

7
9
6
7
6
3
4
4
4
7
6
6
6
8
6
3

-7
-7
-6
-5
-2
-1
-1
-1
-1
0
0
0
0
0
1

4.2

6.2

-2.8

Approach

Looked at NegFry
Looked at NegFry
Looked at NegFry
Every 2 W eeks
Looked at NegFry
Looked at NegFry
Looked at NegFry
Looked at NegFry
Looked at NegFry
Every 10 Days
Every 10 Days
Looked at NegFry
Every W eek
Looked at NegFry
Looked at NegFry
Average
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Table 2.1.1.3: Number of Late Blight sprays to growers fields in comparison
with the number of sprays recommended by NegFry for 2007

Approach

Number of
Blight Sprays
Applied

Organic
Decided not to Spray
Look at NegFry
Organic
Look at NegFry
Look at NegFry
Look at NegFry
Look at NegFry
Look at NegFry
Look at NegFry
Look at NegFry
Look at NegFry
Look at NegFry
Look at NegFry
Every 2 Weeks
Every 10 Days
Every 10 Days
Look at NegFry
Every Week
Every Week
Every Week
Every Week

0
0
1
0
3
1
1
3
3
3
6
4
4
5
5
5
5
6
9
10
10
10

Number of
Sprays
According to
NegFry
5
5
5
3
6
3
3
3
3
3
6
3
3
3
3
3
3
3
3
3
3
3

Average

4.3

3.5

Difference

-5
-5
-4
-3
-3
-2
-2
0
0
0
0
1
1
2
2
2
2
3
6
7
7
7
0.7

Some of the concerns of the growers about the way in which the NegFry system
was operated were that:
a.

In some cases the nearest weather station was too far away from them (up to
130 kilometers) to be trustworthy;

b.

Late Blight is a moisture-driven disease. The growers were concerned about
thunderstorms that either missed the weather station or the potato field;

c.

They feel that the micro-topography of their potato fields was likely different
from that of the weather station’s location;
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d.

Most of the potato fields in Saskatchewan are irrigated - producing a microclimate that is more suited to blight than the micro-climate around a typical
weather station.

e.

There were cases of huge differences occurring between the NegFry results
of weather stations relatively close to each other. For example, Cupar and
Duval (Table 2.1.1.4) are only 60 km apart, yet the NegFry numbers for these
sites for Aug 3, 2007 are very different. A similar discrepancy occurs when
comparing Foam Lake with Yorkton. There is either something wrong with the
numbers from some of these stations or else this reinforces the importance of
relying on weather information collected from stations in close proximity to the
grower site.

Table 2.1.1.4: NegFry results for 3 August 2007
Station
Cupar
Debden
Duval
Foam Lake
Hudson Bay
Lancer
Outlook
Saskatoon
Scott
Spalding
Yorkton

Accumulated Risk
Value (ARV)
130
130
130
130
130
130
130
130
130
130
130

Accumulated Blight Unit
Values (ABUV)
161
110
0
96
70
5
24
16
20
64
5

To address this problem, starting in 2007, WIN offered the growers the opportunity
to have site specific forecasts generated based on weather stations situated in the
growers’ potato fields. The cost was about $3500/site to purchase the necessary
on-site weather monitoring equipment plus $500/site for site specific disease
forecasting by WIN. Up until now, none of the growers has opted for this service.
Future Investigations
a.

The growers need to be better informed about how Negfry operates in order
to avoid over application of sprays to irrigated fields.

b.

As indicated above, the use of on-farm weather information would improve the
growers’ confidence in the validity of the NegFry information.

c.

WIN is working on new Late Blight prediction models – ideally developing
models that more accurately predict the onset of blight and the need to spray.
These models should be tested under Saskatchewan conditions.
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2.1.2

Rhizoctonia

Rhizoctonia solani is common wherever potatoes are grown. Black scurf on tubers
(looks like dirt that does not wash off) is the most visual part of this disease. It is
carried over from one season to the next via the sclerotia on tubers and survives in
soil for many years by saprophytically colonizing plant residues other than those of
potatoes. Apart from reducing yield, the rhizoctonia on tubers makes them less
attractive and even unacceptable for the table market. It is therefore very important
that seed growers should produce tubers that have the lowest levels of Rhizoctonia
infection as possible.
In the 2006 season it was noted that some tuber samples were moderately infected
with black scurf. Therefore, in the 2007 season, tuber samples collected before
planting and after harvesting of the crop, resulting from this seed, were screened for
black scurf.
The results from the screening of seed tubers prior to planting are presented in a
report by Arcadio Viveros Guzman, Dr. Jill Thomson and Dr. Doug Waterer,
attached hereto as Appendix 1.
The occurrence of black
scurf on tubers in the fall
2007 harvest was visually
inspected and indexed,
based on the percent of
tubers with black scurf
and the percent of the
surface area of the tubers
that was covered. In
figure 2.1.2.1 the extent of
the problem can be seen.
Only 36% of the samples
had an index of less than
10, which could be
considered as ideal for
seed potatoes.
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On average, samples from
non-irrigated fields showed a
higher incidence of black scurf
than those from irrigated fields
(Fig. 2.1.2.2). (The numbers in
brackets on the x-axes are the
number of samples or
observations.) A possible
explanation for this may be
found in the observation that
in some affected tubers,
Rhizoctonia appeared to start
or spread along small cracks
in the tubers’ skin (see
photos, top of next page). The
cracks in the tuber skin may
be caused by tubers starting
to grow again after growth
was stopped due to moisture
stress.
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Tubers sampled from two severely water
logged fields also had a high occurrence of
black scurf. Under these circumstances the
lenticels on the tubers where enlarged and the
lenticels seemed to provide an entry point for
the Rhizoctonia (photo on the left). These
results suggest that the occurrence of
Rhizoctonia and possibly other fungal diseases
can be reduced by careful scheduling of
irrigation – with the objective of avoiding both
under and/or over irrigation.

It was also observed
that russet and white
skinned varieties like
Russet Burbank,
Shepody and others,
on average, had less
Rhizoctonia than red
skinned varieties (Fig.
2.1.2.3).
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The results also
indicated that pre-elite
and E1 samples had,
on average, much less
Rhizoctonia than later
generations of seed
(Fig. 2.1.2.4). This
illustrates the fact that
Rhizoctonia is
transferred from one
generation to the next
by seed and its severity
tends to increase with
generations in the field.

It is also known that
Rhizoctonia can
survive in a field for a
number of years. In
Fig 2.1.2.5, it is
obvious that samples
from fields on a one
to four year rotation
had, on average,
much more black
scurf than samples
obtained from fields
in a longer rotation
(>4 years) or from
new fields.
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Some growers are
opting to apply the
fungicide Quadris as an
in-furrow treatment at
planting as a means of
achieving better, early
season protection from
Rhizoctonia infection.
In fields with a
relatively short crop
rotation and a
correspondingly high
risk of Rhizoctonia
application of Quadris
did appear to reduce
the black scurf index
compared to crops not
treated with Quadris
(Fig. 2.1.2.6).

One of the participating growers did a number of strip tests with and without
Quadris. The results from these tests are presented in Table 2.1.2. In most
cases Quadris reduced the occurrence of Black Scurf. However, it did not
eliminate the problem.
Table 2.1.2: Effect of in-row Quadris on Black Scurf index of harvested
tubers
Variety
Gold Rush
Norland DR
Norland Wisconsin
AC Peregrine Red
AC Peregrine Red
Sangre
Yukon Gold
Average
Average % Reduction

Generation
E2
E3
E3
E2
E3
E3
E3

Quadris
98
105
80
177
83
48
143
105
27
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In conclusion, the best way to avoid Rhizoctonia, without needing to rely on
pesticides, is to use clean seed and plant in clean soil, to use a long rotation
and to carefully manage the moisture supply to the crop. The viability of this
approach was proven by a number of growers who did not have Rhizoctonia
problems.

Future Investigations
Continued sampling and monitoring of the Rhizoctonia problem, with appropriate
feedback to the growers, should assist in the management of this problem.

Other Diseases
Seed samples from the 2007 planting material were taken from most growers
(each variety and generation) to be tested for seed-transmitted diseases like
Rhizoctonia, Silver Scurf, Scab and Black Dot. The work was done by Arcadio
Viveros Guzman under the guidance of Dr. Jill Thomson and Dr. Doug Waterer
(University of Saskatchewan). Each grower received their own results in
confidence as well as a copy of the pooled results. The latter is attached to this
report as Appendix 1. The growers valued the results and expressed their
gratitude to the personnel at the University of Saskatchewan.
In general very few diseases were observed during the field assessments
conducted in 2006 and 2007. In the 2006 growing season some Blackleg and
Rhizoctonia was observed. Only two cases of Calico (Alfalfa Mosaic Virus) and
one of Purple Top were observed. No Leaf Roll or other mosaic virus infected
plants were observed.
In 2007 a high incidence of Blackleg was observed in one field. Samples were
sent to Dr. Larry Kawchuk (Agriculture Canada, Lethbridge) who confirmed that
the causal organism was black leg (Erwinia carotovora).
Aster Yellows was epidemic in canola in 2007 (photos on next page). Some
canola fields had more than 10% plants affected. With large numbers of
leafhoppers, the main vector of Aster Yellow, present a small number of potato
plants were infected, leading to the development of Purple Top Wilt.
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Canola with a severe
incidence of Aster Yellows

The potato plant
on the right with
Purple Top Wilt
(Aster Yellows)
produced very few
and only small
tubers, compared
to the plant on the
left.
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Future Investigations
a.

The growers found the seed survey to be a useful tool - particularly given
the apparent severity of contamination of the seed with Rhizoctonia.

b.

The field study correlating production practices with Rhizoctonia levels on
the resulting crop was also useful but needs to be confirmed through at
least one more cropping season.

c.

Continued monitoring of the levels of Silver Scurf, Black Dot and scab would
be useful to determine if any of these diseases are becoming more of an
issue. For example, the widespread occurrence of black dot across the
province came as a surprise to many growers.

2.2

Insects

2.2.1

Wireworm Monitoring Program

In an effort to evaluate wireworm populations, a trapping program was
implemented in 2006. The trapping methods used corresponded with the
practices of researchers familiar with the biology of wireworm. At each site, small
sections of carrot (ca 2.5 cm long) were buried into the hill at the approximate
depth of seeding (ca 10 cm). Carrots are one of the preferred foods for
wireworms. At intervals of 7 to 14 days the carrots were dug up and evaluated
for the wireworm holes and/or the actual presence of wireworms. Any wireworms
present were collected and send out for species identification. This trapping
program started in July and continued through the season until senescence.
At harvest time tuber samples (about 100 tubers per field) were collected from
the test fields and evaluated for wireworm damage. The correlations between
population levels as indicated by the trapping program and the level of tuber
damage in the resulting crop were evaluated. The influence of cultivation
practices and the efficacy of any pesticides applied for wireworm control were
studied.
In 2007 an effort was made to evaluate wireworm populations prior to planting by
utilizing a trapping program. The objective was to determine if it was possible to
use the traps to decide whether chemical control measures were actually
necessary. Fields to be planted with potatoes in 2008 were surveyed in the fall
of 2007 to determine if fall was a useful time to be surveying for wireworm
problems.
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Fields in the Outlook area were monitored on a weekly basis to get a better
understanding of wireworm activity over the growing season and to evaluate the
potential effect of Cruiser (thiamethoxamin) applied as a seed treatment to grain
on wireworm populations in subsequent crops in the rotation. In two of these
fields Cruiser had been applied as a seed treatment to the cereal grain crop
planted in 2006. In one of the fields, traps were also placed in the middle of
skipped strips between potato varieties and/or generations (about 3m wide)
where Thimet was not applied, to get an idea of the effectiveness of Thimet.

Results
In Figure 2.2.1.1, the percentage of tubers with wormlike holes was plotted
against the average number of traps with wireworms in them for 2006. The
results show that in situations where more than 15% of the traps contain worms,
significant crop damage (>10% of tubers damaged) is likely and chemical control
measures are warranted. By contrast, if less than 10% of the traps pick up a
worm, there is limited risk of crop damages and little likelihood that Thimet
application is required.
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In Figure 2.2.1.2, the
percentage of tubers
with wormlike holes is
plotted against the
average number of
traps where the bait
crop (carrot) had
wormlike holes in
them. It appears that
this is a more
sensitive indicator
than counting the
number of worms
actually present on
the trap crop.
Damage to the potato
crop was limited if
less than 20% of the
traps showed worm
damage.

The crops
preceding potatoes
had a very clear
influence on the
percent of tubers
damaged by
wireworm. From
the 2006
observations (Fig.
2.2.1.3) it is clear
that if potatoes
followed after a
broad leaf crop,
specifically alfalfa,
wireworm damage
was limited. On
the other hand,
when potatoes
followed a grain
crop, damage
could be
substantial. The
same trend was found for the 2007 data. In Fig. 2.2.1.4 the results are shown for
combined data from 2006 and 2007.
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Summer fallow prior to the
potato crop also seemed to
reduce wireworm damage.
However, the effect of
summer fallowing was
confounded with potential
effect of soil moisture levels,
as only fields grown without
irrigation were summer
fallowed prior to planting the
potato crop (Fig. 2.2.1.5).
Wireworm did more damage
on irrigated fields than under
dryland conditions. This
was expected as wireworms
seek out moister soil.
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About 60% of the fields /
plots investigated had
been treated with Thimet
in an effort to protect the
crop against wireworm.
The results of this survey
indicate that in both
seasons, Thimet was not
able to significantly reduce
the tuber damage from
wireworm. Figure 2.2.1.6
shows the combined
results of the two seasons.
It might have protected the
seed pieces at planting
since we observed that
tubers cut in half to check
for hollow heart during the
survey were attacked by
wireworm while uncut
tubers were left alone.

The 2006
observations
indicate that
Thimet also
did not
provide any
protection to
the carrot
traps, placed
in the potato
row where
one would
have
expected
some
protection
(Fig. 2.2.1.7).
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In the field where traps in
the skipped rows (without
Thimet) was compared to
traps in rows (with
Thimet) there were almost
the same number of
wireworms found in each
set of traps. However,
there were almost 30%
fewer wireworm holes in
the traps in the rows
treated with Thimet,
compared to the traps in
the skipped rows (Fig.
2.2.1.8). It appears that
Thimet had at least some
impact on the wireworms
early in the season, but
the effect was not
persistent enough to
protect the tubers from
wireworm damage later in
the season.

These results suggest that either;
a.

Thimet was ineffective, or

b.

The growers were making appropriate decisions regarding the need for
Thimet, i.e., they were only applying Thimet in fields where there was
significant wireworm pressure. In those cases the Thimet was not
completely preventing wireworm problems but it may have been reducing
the severity of loss and/or it may have been reducing wireworm populations,
thereby reducing damage in subsequent crops.

The actual efficacy and economic viability of Thimet can only be determined in
replicated strip trials conducted at multiple sites and over several growing
seasons.
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The 2007 results show the percentage of the traps containing wireworm, as well
as the percentage of traps with wireworm damage declined from May to early
July and then increased again after that (Figure 2.2.1.9). This is most likely
because wireworms tend to dig deeper into the soil in midsummer to avoid high
temperatures close to the soil surface. The resurgence of wireworm numbers
late in the season may explain why we observed high levels of tuber damage
even in fields treated with Thimet. Any worms not controlled by the Thimet would
tend to migrate toward the soil surface in the fall - putting them into contact with
the potato tubers just prior to harvest.
The number of traps observed in each time period were as follows:
May 10-2

57

May 21-31

62

Jun 1-15

46

Jun 16-Jul 10

77

Jul11-31

81

Aug 1-15

51

Aug 1-21

74
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The two fields that had been
planted with wheat treated
with Cruiser in 2006 were
compared with two fields that
had been planted to untreated
wheat in 2006 (Fig. 2.2.1.3).
All four fields were within a 25
km radius of each other and
each field was sampled 12
times. Sampling stopped
after the potatoes were
desiccated. The number of
traps making up the averages
is displayed under the x-axis.
No significant differences in
levels of wireworm activity
were observed between fields
planted the previous year with
Cruiser-treated wheat seed,
compared to fields planted
with non-treated seed.

We were surprised by the number
and activity of wireworms
detected in traps put out in early
May 2007 as soil temperatures at
that time were only between 5o
and 10oC.
The relationship between trap
counts taken prior to planting and
tuber damage at the end of the
2007 season was not as clear as
the relationship seen in 2006
based on in-season trapping
(Fig. 2.2.1.11). When in-season
trapping was used, if more than
20% of the traps were damaged,
a significant level of damage to
the crop could be anticipated.
However, based on samples
taken prior to planting in 2007,
there were cases where 100% of
the traps were damaged, yet the
resulting crop showed very little tuber damage by wireworms.
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Possible reasons for this may be that the number (6) and distribution of the traps
in the fields was insufficient. It was also noted that in some fields all the worms
were fairly small and they may not have been able to make holes of sufficient
size to be recognizable at the final harvest.
The traps that were put out in October 2007 on fields to be planted to potatoes in
2008 did not produce any worms or trap damage in spite of the fact that the soil
temperature was still close to 10oC. This suggests that fall sampling needed to
be done earlier.
Wireworm damage to the majority of the tuber samples collected at harvest in
2007 was low. Eighty percent of the samples had 10% or less damage and not a
single tuber was damaged to the extent that it would have been unsuitable for
use as seed.
In conclusion: At the moment crop history is the most reliable predictor of
wireworm problems as well as being the best method to control wireworms. If
50% or more of the crops in a rotation are broad leaf plants (other than potatoes),
wireworms will not likely pose a major threat. If potatoes are planted within two
seasons from an alfalfa crop, no significant losses to wireworms are anticipated
and the use of insecticides is not warranted.
In cereal based rotations where wireworms represent a threat, in-season
monitoring of wireworm populations served as an accurate predictor of the level
of tuber damage that could be anticipated at harvest. This information could be
of direct use to a grower - for example, if the in-season samples indicated the
presence of significant wireworm populations the growers should consider an
early harvest as wireworm damage is cumulative.
Ideally, pre-planting surveys could be used to predict wireworm damage levels –
thereby allowing growers to make appropriate decisions as to the merit of a
particular field, and more importantly, the need for Thimet application at planting.
However, the pre-plant survey conducted in 2007 failed to predict the damage
levels seen in the resulting crop. Other researchers have also struggled to
accurately predict wireworm damage ahead of planting.
Future Investigations
The efficiency of Thimet to control wireworms needs to be determined in strip
tests in a number of fields and locations.
Fall and spring trapping of wireworms should be further investigated and the
trapping techniques improved.
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2.2.2

Aphid Monitoring Program

Initially, yellow painted, tin baking pans (320 x 220 mm by 50 mm deep) filled
with water and a few drops of detergent were used to trap aphids for subsequent
counting and species identification. The pans were eventually replaced with
yellow 5 liter plastic pails (200 mm diameter by 170 mm deep) since they proved
to be more practical. The traps were located at the edge of the same fields
tested for wireworms. The contents of the traps were filtered out each week,
placed in sample bottles and preserved with isopropyl alcohol. In 2006 the
samples were sent to Regina where the aphid populations and species
composition in the samples were visually determined by Connie Achtymichuk of
Saskatchewan Agriculture and Food. In 2007 the aphid count and species
identification were done by the SSPGA IPM technician. Specimens of the aphids
identified were sent to Crop Protection Laboratory of Saskatchewan Agriculture,
Food in Regina for confirmation.
At each visit potato plants and weeds close to the aphid traps were also visually
inspected for aphids.
Results
In both 2006 and 2007 there were large numbers of aphids on bordering crops
and also on weeds (wild oats and alfalfa, lambs-quarters, volunteer canola and
grains etc.) in the potato fields, but very
few aphids on potato plants (Fig. 2.2.2.1).
In none of the fields monitored could any
clusters of aphids be found on potato
leaves. Toward the end of July and
especially during August, when the
adjacent grain crops started to ripen, it
was expected that there would be an
influx of aphids into the potato fields which
stay lush and green until top kill.
However, very few aphids where spotted
on the potatoes at that time.
The Aphid Index was calculated as
follows: If no aphids were spotted, a value
of 0 was given. Very few aphids (one or
two detected on plants during an
inspection) were given a value of 1; Few
aphids (more than 2 aphids detected on
plants) were given a value of 2; Lots
(when clusters were detected on a couple
of plants) were given a value of 4.
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The photos above illustrate a typical situation in a potato field. A lone aphid can
be seen on the potatoes while a cluster was present on the wild oats. This
suggests that this species of aphid does not flourish on potatoes.

In 2006 only two
trappings contained
green peach aphids,
while at 11 of the 21
fields monitored some
potato aphids were
found. The numbers of
potato and green peach
aphids peaked at the
beginning of August
while the other aphids
peaked in the middle of
August and
disappeared by the end
of August (Fig. 2.2.2).

In 2007, there were few aphids in the traps in the beginning of July (Fig. 2.2.2.3),
the numbers increased rapidly in the north and east, peaking at the beginning of
August and then declining again. In Outlook and the west, fewer aphids were
found in the traps and the increase and subsequent decrease in aphid
populations were more gradual. The peak in the aphid population (according to
the traps) corresponded more or less with the ripening and the onset of swathing
of cereals, canola, beans and peas. It is believed that the aphids in these crops
at that time produced winged members that set out to look for greener pastures
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such as
adjacent
potato fields.
However just
as in 2006, it
looks as if
most aphid
species do not
prefer
potatoes. We
found an
abundance of
aphids (winged
and unwinged) on the
oats in the
border strips,
on weeds like
wild oats,
lambs
quarters, wild mustard, volunteer canola, etc. but very seldom were aphids found
on the potato plants and, if they were found, they were infrequent and scattered
(see photo). On a number of occasions the grower was present when I did the
inspections and they
had the same
experience. However,
this year I found two
fields where non-flying
aphids did form small
colonies on potato
leaves, indicating that it
is possible for at least
some species to multiply on
potatoes.
Right: Volunteer canola
loaded with aphids and
none on the potato
leaves.
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In 2007 Green Peach
and Potato aphids were
detected in traps by
mid-July, even before
they were detected in
Manitoba (Fig. 2.2.2.4).
Eventually both of
these species, which
are capable of
transmitting potato
viruses, were detected
in all production areas
in Saskatchewan.

In 2007 four of the fields
monitored for aphids
were sprayed seven
times for aphid control
(three to four sprays with
insecticide alternated with
vegetable oils); another
four fields received 1
spray with an insecticide,
while the remaining 13
fields were not sprayed
for aphids. The total
number of aphids in the
traps were reduced by
the spray treatments (Fig.
2.2.2.5). Green Peach
numbers were reduced
by the sprays while
potato aphid numbers
were not affected.
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If only traps in the Outlook
area are considered (Fig.
2.2.2.6), it appears as if a
single insecticide spray
does more harm than
good, i.e. aphid numbers
increased after the spray
application. It is possible
that the spray may have
killed aphid predators.
Alternatively, the spray
event may have coincided
with a massive influx of
aphids which effectively
overwhelmed any control
provided by the spray.
Even the fields that
received seven sprays
had, on average, the same
number of the dangerous
aphid species (GPA +
potato aphids) as the fields
where no spraying was
done. It should be borne in mind
that the traps were located on the
edge of the fields and would
therefore have caught aphids
flying in from neighbouring
untreated fields. The aphid
control situation therefore might
look better deeper into the potato
field.
For fields in the Outlook area it
appeared as if non-winged aphids
on potato leaves were eliminated
by the sprays, although winged
aphids were still flying in from
neighbouring fields. It is alarming
though that the weeds (the
aphids’ preferred hosts) were still
full of aphids, even after seven
spray treatments. In the
introduction of this report it was
mentioned that there are
concerns regarding the
effectiveness of aphid sprays.
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These results do reinforce these concerns. At best it looks like intensive
spraying could limit the spread of potato viruses within a potato field but would do
little to protect a field from infected aphids flying in from outside the field.
It was interesting to note that the
fields with lots of weeds also had
the greatest total aphid counts
as well as the most Green Peach
aphids in the traps (Fig. 2.2.2.8
and 2.2.2.9). This trend was
also observed on both the
potatoes and the weeds.
Whether the weeds are simply
attracting the aphids or acting as
a breeding area could not be
determined. Regardless, this
data would suggest that keeping
the crop weed free may
represent a good practice in an
integrated virus management
program.

In some fields that were not
sprayed with insecticides, large
numbers of ladybugs were
observed (photo). The presence
of these aphid predators,
together with the death of the
aphids’ preferred cereal crop
hosts, may explain the sharp
decline in aphid numbers
experienced in late summer in
the east and north. Aphids were
found on border strips and
weeds that were still green as
late as the end of September
(long after potatoes were desiccated), indicating that aphids will stick around as long
as there is food available .
Tuber samples from all the fields monitored for aphids were sent to Dr. Larry
Kawchuk, Agriculture and Agri-Food Canada in Lethbridge AB for PVY testing. All
the samples tested negative for PVY. It can therefore be concluded that the few
aphids that did feed on the potatoes were not infected by PVY, likely because there
were very few or no reservoir of PVY infected plants in the vicinity of the potato
fields tested.
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Growers are advised to surround their potato crops with a border strip of a crop that
is more attractive to aphids than the potato crop. Cereals are usually the preferred
lure crop as they are easy to establish. However, it is crucial that these lure crops
be in good shape when the aphids begin to blow in or migrate out of adjacent
maturing cereal crops. Some growers planted the border strips too early and
consequently the aphids lost interest in these maturing border crops before the
potatoes were desiccated. Some planted the border strips too late, resulting in not
enough leaf cover to lure aphids to the border strips when they start to leave the
adjacent field crops.
In response to feedback obtained from the growers in 2006, the 2007 aphid
counts were shared with the growers within a couple of days after the traps were
sampled. This information was appreciated by the growers as it allowed them to
make more effective crop management decisions.
In conclusion: This study showed the usefulness of the aphid monitoring
program as a tool for tracking the risk of spread of virus diseases into the seed
crop. The program showed that although aphids appeared in significant numbers
in potato fields relatively early in the growing season, the species capable of
transmitting the key viruses did not typically arrive until later in the season - and
therefore, efforts to control the aphid populations should be timed accordingly.
Aphid populations were far higher in weeds and crop margins than in the main
crop. This suggests that care is required in evaluating the size of the aphid
population. The count data also suggest that neither insecticides nor vegetable
oils are of much value in reducing aphid populations or the risk of virus transfer to
the potato crop. This is noteworthy, given the fact that some growers are making
up to seven applications to their crop. Results of the virus tests taken from the
fields monitored for aphids are all negative for PVY in spite of the fact that the
majority of the fields where not sprayed for aphids.
Future Investigations
The occurrence and development of Potato and Green Peach aphid populations
in potato fields in Saskatchewan will need to be monitored and reported on a
timely basis to insure the health and reputation of the seed industry. More data
as to the timing of arrival, species composition of the aphid population and host
preferences would be useful. Of particular importance will be the testing of
alternative methods of aphid control, as it appears that the methods presently
being employed are relatively ineffective. Better management of border strips is
required.
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2.2.3

Other Insects

The odd Colorado Potato Beetle (CPB) was observed, even as late as
September. However no visible damage to potato foliage by CPB or any other
insect was seen in either 2006 or 2007. Some fields were loaded with
leafhoppers but we could not see any damage done to the potatoes by them
apart from the odd plant with Purple Top Wilt.

2.3

Weeds

Weed infestation of each field was classified based on visual inspections during
four to eight visits during the growing season as:
None = no visible weeds above or under the potato canopy. Value = 0.
Very Few = almost no weeds visible above the canopy, with some under the
canopy. Value = 1.
Few = some weeds above and under the canopy. Value = 2.
Many = weeds outnumbered the potatoes. Value = 4.
A Weed Infestation Index for a group of fields was calculated by averaging the
numeric values from each field.
The weeds present were
identified and recorded.
Growers were also questioned
about the methods and
frequency of weed control.
Results: In 86% of fields
monitored over the two years,
weed control was good to
excellent (Fig 2.3.1). Five of
the six fields with poor weed
control had experienced
extremely wet conditions in the
early part of the season. This
delayed weed control and, as a
consequence, the weeds got
out of hand. The other field
with lots of weeds experienced
a rain shower just after Sencor
was applied, washing the
chemical from the leaves.
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It should be pointed out that in both these cases the growers could have opted
for alternate methods of weed control. However, they decided against this
approach, likely due to the added cost.
Yield was plotted
against weed
infestation in an effort
to evaluate the
damage caused by
weeds (Fig. 2.3.2).
Keeping in mind that
this is a very small
sample, it seemed
that a ‘few’ weeds did
not have a noticeable
effect on yield, but
once the fields
reached a weediness
rating of 3 or above,
yields were
compromised. This
suggests that the
growers should have considered alternate methods of weed control in situations
where their first approach to the problem had failed.
The weeds that were found in the growers’ fields are listed in Table 2.3.1, along
with the percentage of fields in which it occurred. Lamb’s quarters, wild
buckwheat, green foxtail and wild oats were seen in more than 50% of the fields
monitored. This suggests that either;
a.
b.

these weeds are the most common in the fields used for potato production,
and/or
they were the most challenging weeds to control within a potato crop.

Green foxtail was seen in more fields in 2007 (82%) than in 2006 (65%). This
might only be by chance or it could be related to differences in weather
conditions. It is also interesting to note that green foxtail survived in 78% of the
fields where chemical weed control was practiced and it is more of a problem in
fields coming out of cereals or fallow than when the previous crop was a
broadleaf. Lambs-quarters, wild buckwheat and green foxtail seemed to be
better controlled by mechanical methods than by herbicides. This might be a
resistance issue or may reflect the fact that these weeds tend to have multiple
flushes that are difficult to control using a single application of herbicide. Fallow
seemed to reduce lambs-quarters and kochia while broadleaf crops in the
rotation reduced the occurrence of green foxtail, buckwheat and wild oats.
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Table 2.3.1: Weeds identified in the 2006 and 2007 surveys of potato
growers’ fields, the % of fields infested and the influence of weed control
method and previous crop on infestation levels

W eed
Lam b'sQuarters

Seasons
200
2006+
2006
7
7

Method of Control
Chem ica Mechanica
l
l

Influence of previous crop
Fallo
Broad
Cereal
w
Leaf
s

85

73

80

84

67

55

92

88

Green Foxtail

65

82

76

78

67

82

62

82

W ild Buckwheat

75

68

73

78

56

82

54

82

W ild Oats

65

59

63

63

67

73

38

76

Rr Pigweed

45

41

44

41

56

36

38

53

Canola

45

32

39

50

0

18

69

29

W ild Mustard

35

41

39

34

56

45

31

41

Kochia
Shepherd's
Purse

20

27

24

28

11

0

38

29

25

18

22

16

44

55

15

6

Alfalfa

30

9

20

9

56

45

23

0

Cleavers

30

9

20

19

22

36

8

18

Stinkweed
Canadian
Thistle

30

9

20

22

11

18

38

6

30

0

15

16

11

18

15

12

Russian Thistle
N.L. Hawk's
Beard

20

9

15

0

14

12

Dandelion

20

0

10

Pros.Pigweed

0

18

10

W heat
Green
Sm artweed

0

5

10

10

5

7

Sow Thistle

10

5

7

Stork's Bill

15

0

7

0

9

5

Barnyard Grass

0

9

5

10

0

5

R-L Mallow

0

9

5

Ball Mustard

5

0

2

Peas

0

5

2

Flixweed
Quack Grass

IPM Project for Potatoes in Saskatchewan - AEGP Project Number 1581-1-10-12

Page 44 of 51

Although the number of fields in
which the major weeds were
found was highest for fields
coming out of cereals, these
fields also had the lowest overall
weediness ratings (Fig 2.3.3).
This stresses the importance of
crop rotation as a means to
achieve good weed control.

Chemical weed control
resulted in a lower average
weed infestation index than
mechanical weed control
(Fig. 2.3.4). It should also
be noted that all growers
do some mechanical weed
control as a function of
their field preparation,
planting and hilling
operations. For some
growers those steps
represent all the effort that
is taken to control weeds.
In other cases they may
use one or more tillage
operations specifically
design to control the
weeds.
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There were so many differences in the ways that the growers opted to manage
weeds that meaningful comparisons between the weed programs become
difficult.
In Table 2.3.2 the chemicals used by the growers are compared in terms of
action, cost and hazards.
Table 2.3.2: Comparison of the chemicals used by growers
Herbicide

Applications

Cost $/ha

Hazards

From

To

System ic, soil & Contact;
Grasses & som e BL's;
Pre plant or before 100 m m
Only for som e Varieties

26.11

38.56

Affects grazing anim als;
Affects follow up crops;
Avoid wetlands

Poast

System ic foliar; grasses;
All stages

27.24

96.18

Poison to people;
Affects grazing anim als;

Gram oxone

Contact foliar, all weeds;
Pre crop em ergence

63.11

126.22

Poison; Corrosive to eyes
Affects grazing anim als
Danger to non target
plants; Toxic to wetlands

Eptam

Contact foliar & system ic soil;
Grasses; Pre plant

53.75

107.49

Poison to people,
wildlife & fish

All crop stages;
Grasses;
System ic foliar

27.37

82.13

Skin & eye irritant;
Affects grazing anim als;
Avoid wetlands.

Dual

Pre plant, System ic Soil;
grasses & som e BL's;
reduce em ergence of weeds

45.94

64.84

Eye & skin irritant;
Affects grazing anim als;
Avoid wetlands & sloughs

Linuron

System ic Soil & Contact
Foliar; Grasses &
Broadleaves;
Not for sandy soils
Pre-em erging

72.66

145.31

Affects grazing anim als

Glyphosate

System ic Foliar; m ost
weeds;
Pre plant only.

26.64

Poison to people;
Eye & skin irritant;
Avoid non target plants
Avoid wetlands

Prism

System ic Foliar & Soil;
Grasses & Pigweed;
Irrigation only; No
guarantees

Sencor

Select/
Centurion

4.45

50.14

Eye irritant; Affects
grazing anim als; Avoid
wetlands; Other crops $
shelterbelts

We saw some good results with mechanical control alone, or glyphosate in the
fall and early spring followed only by pre-plant field preparation and hilling. Post
emergence applied Sencor (for non-sensitive varieties only), coupled with hilling,
followed by Select or Poast for grassy weeds also worked well. All these
programs are relatively inexpensive and not too hard on the environment.
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Linuron, although pricey, may prove economical if used alone due to the broad
spectrum of weeds that it controls and the persistent nature of its weed control
activity. Summer fallow also provided ample opportunity to prepare a field that is
relatively free from weeds. Where potatoes were grown in a fixed rotation, careful
control of problem weed species in the non-potato seasons helped weed control
in the potato crop. But for a number of growers this is not an option since they
only rent land for their potato crops.

Left is an example of a
potato field in a fixed
rotation with excellent weed
control in the field as well as
on the edges.

2.4

Environmental Farm Planning

Gert Kruger attended an EFP workshop in October 2006 to familiarize himself
with the plan. The first morning of the SSPGA’s conference in December 2006
was used for workshop 1 of EFP and a number of the growers took part in that
workshop. To date, 12 of the 15 seed growers who took part in this study have
finished their EFPs.
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Appendix 1
Survey of Seed-borne Potato Diseases 2007
By
Arcadio Viveros Guzman
Dr. Jill Thomsom
Dr. Doug Waterer

In spring of 2007 a co-operative project between the SSPGA, Saskatchewan potato
growers and the University of Saskatchewan was initiated to determine the extent
of seed infestation by a number of seed-borne potato diseases. Tuber samples
were collected from a number of potato growers in Saskatchewan and these tubers
were assessed for disease by Arcadio Viveros Guzmán, a graduate student working
with Dr. Doug Waterer. The intent of this project was to determine if disease levels
are increasing on seed of higher generations, so it was requested that growers
supply a sample from the lowest and highest generation of the cultivars grown on
their farms. The response was excellent with 84 tuber samples being submitted.
Thirty two cultivars were represented, and the generations ranged from pre-elite to
Foundation. The survey was also intended to determine the levels of black dot
infestation in Saskatchewan seed. Black dot is a skin blemish disease caused by
the fungus Colletotrichum coccodes, and it causes silvery patches on tubers, very
similar to those resulting from silver scurf infection. Until recently the black dot
pathogen was not considered to be an important pathogen. However, it has
become an economically important disease in the last few years because of
consumer demand for washed potatoes with a healthy appearance. Tubers infected
with black dot develop dry, grey areas very similar to those caused by silver scurf
and the two diseases are difficult to differentiate without a laboratory examination.
Small, black sclerotia generally occur within the black dot lesions (hence the name Black dot). Black dot and silver scurf are difficult to differentiate without a laboratory
examination.
The black dot pathogen typically invades plants that are stressed by lack of fertilizer,
weed competition, water stress, etc. and often acts in combination with other
pathogens. The fungus can infect the potato foliage, causing wilting, chlorosis,
necrosis and even early plant death. The wilt of foliage usually starts at the top of
the plant and can be mistaken for Verticillium wilt or can be found in concurrence
with it. Leaves that are damaged by windblown soil are more susceptible to
infection by black dot and dark brown, necrotic lesions develop. The lesions caused
on roots and stolons resemble those caused by Rhizoctonia solani but the black
sclerotia become evident when the infected tissues (especially stems) mature and
dry out.
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The standard management practices recommended for potato production should
help to control the black dot pathogen – a long rotation between potato crops, using
clean seed, avoiding stress during the growing season. Currently there are no
chemical products recommended specifically for the control of black dot, but
chemicals used to control other pathogens such as Rhizoctonia and silver scurf are
likely to limit black dot disease also.
Methods:
Thirty tubers were evaluated when possible, occasionally a smaller tuber sample
was supplied and in this case less than 30 tubers were evaluated. The tubers in
each sample were washed and the numbers infected with Rhizoctonia, common and
powdery scab were recorded. The incidence of diseased tubers, expressed as a
percentage of the sample, was calculated. The percentage of the surface area of
each tuber infected with disease was evaluated for all of the sampled tubers and the
average disease severity for each sample was calculated.
The tubers were then incubated at room temperature for 3 weeks in plastic tubs
lined with damp paper towel. Under the high humidity conditions the silver scurf
fungus (Helminthosporium solani) produced distinctive black, segmented spores,
while black dot produced small, black sclerotia (resting structures that can survive
in the soil for a number of years). Thus the surface area per tuber infected by these
two fungi could be determined. The evaluation of disease levels on every tuber was
accomplished using the following formulas:

1.

To express the disease incidence as the percentage of infected tubers:

Disease incidence = number of infected tubers in sample_____________ X100
number of tubers in sample (usually 30 in our samples)

2.

To calculate an average percentage of the surface area covered per potato:

Average disease severity = total of all the scores for the diseased tubers
number of tubers in the sample

Results:
The percentage incidence of disease was reported for each sample received, and
also the average disease severity (expressed as the average percentage surface
area infected).
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The overall average disease level for all the samples evaluated is shown in Table
1, and for the four most commonly grown cultivars in Table 2. The four most
popular varieties made up 50% of all the samples received (Table 3).
To date (July 16, 2007) 68 samples have been assessed for disease levels of
rhizoctonia, common scab and powdery scab. Thirty three of these samples
have also been assessed for silver scurf and black dot. There are 35 samples
being incubated before silver scurf and black dot assessment and 16 samples
waiting to be washed and assessed for all five diseases. All data should be
collected by mid August 2007.
Eleven growers participated in the survey from a number of areas in the
province. Thirty one cultivars were represented over a range of generations.
Fifteen samples were of generations that were not needed and will not be used in
the comparative part of this survey. Each grower received the results from
his/her samples only. The final conclusions drawn from this survey will be
presented at the SSPGA meeting.

Table 1: The overall average of disease levels in all the potato cultivars
and samples provided by all of the growers in Saskatchewan

INCIDENCE (I) AND SEVERITY (S) OF DISEASE
Rhizoctonia Common scab Powdery scab
Silver scurf
I
S
I
S
Overall
average* 25.49
0.91
3.86
0.25
* All cultivars and generations included.

Black dot

I

S

I

S

I

S

-

-

33.38

4.00

6.71

0.29

D isease incidence = num ber of infected tubers in sam ple ______________ X100
num ber of tubers in sam ple (usually 30 in our sam ples)
Average disease severity = total of all the scores for the diseased tubers
num ber of tubers in the sam ple
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Table 2: The overall average disease levels found in the four most popular potato
cultivars grown in Saskatchewan

INCIDENCE ( I ) AND SEVERITY (S) OF DISEASE
Cultivar*

Rhizoctonia
I

Com m on scab

S

I

Powdery scab

S

I

Silver scurf

S

I

Black dot
S

I

S

Norland**

22.86

0.78

4.57

0.16

-

0.00

21.67

1.89

5.00

0.44

Russet Burbank

19.59

0.63

0.59

0.01

0.00

0.00

44.54

3.10

5.62

0.08

Shepody

55.17

2.06

1.67

0.02

-

-

26.33

2.43

20.67

1.57

Yukon Gold
28.60
1.76
2.00
0.08
0.00
0.0
29.25
4.24
5.00
* Different generations of each cultivar are included.
**Norland includes different variations such as Norland W isconsin, DR Norland, Red Norland and Norland .

0.05

Disease incidence =

num ber of infected tubers in sam ple _______________ X 100
num ber of tubers in sam ple (usually 30 in our sam ples)

Average disease severity = total of all the scores for the diseased tubers
num ber of tubers in the sam ple

Table 3: The number of growers (total 11) that provided the most popular cultivars
and the total number of samples per cultivar
# of Growers # of Samples
Norland
5
14
Russet Burbank
9
17
Shepody
4
6
Yukon Gold
3
5
* Different generations are included in the cultivar samples.
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