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Aberia

AGRICULTURE, FOOD AND
RURAL DEVELOPMENT

Crop Diversification Centre S.S. #4 Telephone 403/362-1300
South Brooks, Alberta Fax 403/362-1306
Canada T1R 1E6

July 21, 2003

Potato Growers of Alberta
6008 — 46™ Avenue
Taber, AB T1G 2B1

Attention:  Vern Warkentin, Executive Director

Re: MOU for “Effect of MHG60 for size control in a Chipping Variety” project

Dear Vemn;

Thank you for your e-mail advising me that the PGA is willing to fund our project entitled
“Effect of MH60 for Size Control in a Chipping Variety” in 2003. As a formality, we like to set
up a Memo.randum of Understanding (MOU) with each cooperator for externally funded projects.
Please review the enclosed MOU. If the terms of the MOU are acceptable, please sign both
copies and return an original to me. If you would prefer to propose alternate terms, please
contact me at 403-362-1314 and we can discuss the terms further. An invoice will be issued

under separate cover. Thank you.

Sincerely, ’/ '

Michele Konschuh, Ph.D.
Potato Research Agronomist




Project
New: X Renewal:

MEMORANDUM OF UNDERSTANDING

Between: Potato Growers of Alberta
(hereafter referred to as “PGA”)

and
Alberta Agriculture, Food & Rural Development
(hereafter referred to as “AAFRD”)
Project Title: Effect of MHB0 for Size Control in a Chipping Variety
Objectives: 1. To determine the effect of MHG60 applications on Norvalley potatoes in
southern Alberta; and

2. To establish the correct stage of tuber development for MHG60 application to
attain an optimal size profile.

STATEMENT OF WORK

Alberta Agriculture, Food & Rural Development is willing to undertake this study for the PGA,
who hereby agrees to contribute toward the costs of researching the information required as
described in the research proposal.

PERIOD OF WORK

The research project will commence in July, 2003. A progress report will be provided to the
PGA by December 31, 2003, and a full report will be sent when all of the storage data has been
analyzed.

BASIS OF PAYMENT

The sponsor of the project, the PGA, will provide $5,375 upon finalization of this memorandum
to AAFRD, to cover the following estimated yearly costs:

Casual Manpower (on an as need basis): $4,685
Materials and Supplies $100
GST and Overhead $590

The Budget can be adjusted and used at the discretion of the project manager.

Payment of research project expenditures will be made from funds made available to AAFRD
up to the maximum amount of funds received from the sponsor.



If requested, AAFRD will provide a record of revenue and expenditure upon project completion
or depletion of funds. Any remaining funds after completion or termination of the project can be
used for research at the discretion of the project manager.

RESPONSIBILITY OF PROJECT MANAGER

The project manager for this study is Dr. Michele Konschuh. She will provide all reports to
AAFRD and the sponsor.

The project manager will authorize expenses and submit them to the appropriate AAFRD
department for processing payment.

The project manager is not eligible for any manpower funds herself.

AMENDMENTS OR TERMINATION

This Memorandum of Understanding may be amended by mutual consent of the parties as
evidenced by an exchange of letters.

Either AAFRD or the PGA may terminate this Memorandum of Understanding by providing two
weeks notice in writing to the other party.

NOTICES AND REPRESENTATIVES

Notices for all purposes of or incidental to this Memorandum of Understanding shall be
effectively given if delivered personally, or sent by registered or certified mail to the
representatives of the parties designated as follows:

Potato Growers of Alberta Alberta Agriculture, Food & Rural
Development:

Mr. Vern Warkentin Dr. Christine Murray

Executive Director Branch Head, CDCS

Potato Growers of Alberta Crop Diversification Centre South

6008 — 46" Avenue S.S. #4

Taber, AB T1G 2B1 Brooks, AB T1R 1EG6

Information generated from the project may be used by the Department of Agriculture, Food &
Rural Development and the PGA.

The sponsor, the PGA, relinquishes ownership of any materials, supplies and assets purchased
with project funds to the AAFRD which assigns control to the project manager's departmental
division.



The parties affirm their acceptance of the terms of this Memorandum of Understanding by
signing below.

Copies bearing original signatures of this Memorandum will be kept by each party.

[ X LA 21, 2003

Dr. Michele Konschuh, Project Manager Date / |

| agree that the project manager named above may supervise this project.

Dr. Christine Murray,\Branch Head, CDCS Date

% 23/

Mr. enti xecutive Director Date /
Potato Growers of Alberta



AGRICULTURE, FOOD AND
RURAL DEVELOPMENT

Crop Diversification Centre S.S. #4 Telephone 403/362-1300
South Brooks, Alberta Fax 403/362-1306
Canada T1R 1E6

June 18, 2003

Potato Growers of Alberta
6008 — 46" Avenue
Taber, AB T1G 2B1

Attention: Board of Directors

Re: Application for Funding
“Effect of MH60 for Size Control in a Chipping Variety”

Dear Board Members:

I attended a meeting June 12 hosted by Tony Mrak (UAP) where Keith Lockhart of Crompton
Corp. (formerly Uniroyal) spoke about the usefulness of MH60 for size control in potatoes.
Crompton has already commissioned a trial with Alberta Agriculture to study the effect of MH60
on Russet Burbank size profiles. At the meeting, it became apparent that growers with chipping
varieties are also very interested in this product. Lawrie Wilson of Frito Lay has agreed to
perform quality assessments if we conduct a trial on a chipping variety through the PGA.
Norvalley was suggested as it is grown by Frito Lay and Old Dutch growers. Crompton has
agreed to provide product for the study.

Enclosed are 10 copies of the funding application for our project entitled “Effect of MH60 for
Size Control in a Chipping Variety”. The trial will be conducted in a commercial field of
Norvalley potatoes in the Taber or Vauxhall area. We are requesting a contribution of $5,375
from the PGA for 2003. A second year of data would also be required. Please contact me if you
have any questions (403-362-1314).

Thank you for your consideration. I look forward to hearing from you.

Sincerely, .

LU

Michele Konschuh, Ph.D. #~ /A
3

Potato Research Agronomist /M 0




Project Proposal

Effect of MHG60 for Size Control in a
Chipping Variety

Prepared for:

Board of Directors
Potato Growers of Alberta
6008 — 46™ Avenue
Taber, AB T1G 2B1

Prepared by:

Michele Konschuh and Simone Dalpé
Alberta Agriculture, Food and Rural Development
Crop Diversification Centre South
SS #4
Brooks, AB T1R 1E6

June 16, 2003



I. BACKGROUND

A significant quantity of chipping potatoes are grown in southern Alberta, but little research has
been conducted locally on these varieties. Tubers of many of these varieties can reach
undesirable sizes before the crop reaches physiological maturity. The potato chip industry favors
uniform tuber size and growers are docked for oversize tubers.

The use of maleic hydrazide as a foliar applied sprout inhibitor has been well documented. Weis
et al. (1980) studied maleic hydrazide applied to Russet Burbank potatoes in Wisconsin and
reported that maleic hydrazide was an effective sprout inhibitor on tubers from treatment dates in
July and August. Weis et al. (1980) also reported an increase in yield of U.S. #1 tubers and a
reduction in malformed tubers. Yada et al. (1991) applied MH60SG on Kennebec and Norchip
potatoes in Ontario and reported that foliar applied MH had no apparent effect on yield, was
effective in suppressing sprout growth, and had no effect on sugar content of potatoes newly
harvested or after 6 months of storage. They also reported that no consistent difference was
found between the color of chips made from potatoes from untreated and MH-treated plants.
Crompton Corporation is advocating the use of maleic hydrazide (MH60) for controlling tuber
size. This product is expected to allow smaller tubers to bulk up while preventing larger tubers
from becoming too large.

The purpose of the proposed research is to compare MH60 applications at several stages of tuber
development to determine if the product can effectively alter the size profile of a chipping
variety of potatoes grown in southern Alberta. Total yield, grade, specific gravity, % defects and
chip color will be assessed with the help of a commercial processor. Tubers will be stored after
harvest and periodically assessed for sprout control as well.

References:

Schaupmeyer, C. A. 1992. Potato Production Guide for Commercial Producers. Alberta
Agriculture Agdex 258/20-8. pp. 20-21.

Weis, G. G., J. A. Schoenemann and M. D. Groskopp. 1980. Influence of time of application of
maleic hydrazide on the yield and quality of Russet Burbank potatoes.Am. Potato J. 57:
197-204.

Yada, R. Y., R. H. Coffin, M. K. Keenan, M. Fitts, C. Dufault and G. C. C. Tai. 1991. The effect
of maleic hydrazide (potassium salt) on potato yield, sugar content and chip color of
Kennebec and Norchip cultivars. Am. Potato J. 68: 705-709.

II. PROJECT OBJECTIVES

e To determine the effect of MH60 applications on Norvalley potatoes in southern
Alberta. Total yield, yield profile, specific gravity, %hollow heart, and internal defects will
be assessed.

e To establish the correct stage of tuber development for MHG60 application to attain an
optimal size profile. MH60 will be applied at three developmental stages and compared
with no MH60 application. Size profiles will be compared for each treatment.



III. WORKPLAN

A crop of Norvalley potatoes will be planted and managed commercially in southern Alberta.
Approximately 1 acre will be used for each treatment (6 rows x length of the field). Treatments
will be applied when tubers have sized to 1 to 1.5” (treatment #2), 2” (treatment #3) and two
weeks before regular top-killing (treatment #4). We will harvest five samples from each
treatment area, each measuring 50’ x 2 rows. Total yield will be estimated based on these digs.
Samples of tubers will be provided to Frito-Lay in Taber for lab analysis and grading. Tubers
will also be graded at Brooks and stored for 8 months. Shrinkage and sprout control wiil be
assessed.

Treatments will be applied as follows:
1. Check; no MH60
2. MH60 applied when tubers are 1 to 1.5” in diameter
3. MHG60 applied when tubers are 2” in diameter
4. MHG60 applied two weeks before desiccating

The trial should be conducted for two to three consecutive years to allow for differences in
environmental conditions between years.

IV. TIME-FRAME AND REPORTING
July: MHG60 application to Treatment #2

August: MHG60 application to Treatment #3
MHG60 application to Treatment #4

September:  Harvest

Grading
October to
May: Storage assessments
June: Data analysis
Report writing

Interim progress will be reported verbally or by e-mail as requested. Michele Konschuh, Ph. D.
(Potato Research Agronomist) will act as Project Leader.



V. BUDGET

Description Unit Cost Total Cost
Field familiarization & staking treatment areas (2 people x 125 250

1 day)
Monitoring stage of tuber development (3 visits x 0.5 day x

1 person) 125 185
Materials & supplies (stakes, bags, tags) 100
Treatment #2 (1 to 1.5” tubers):

Tuber samples, applying MH60 (2 people x 0.5 day) 125 125
Treatment #3 (2” tubers):

Tuber samples, applying MH60 (2 people x 0.5 day) 125 125
Treatment #4 (14 days before desiccating):

Tuber samples, applying MH60 (2 people x 0.5 day) 125 125
Travel (9 field visits, 150 km round trip @0.35, lunches) 1,500
Harvest (4 people x 2 days) 125 1,000
Grading (4 people x 2 days) 125 1,000
Sprout checks (4 assessments x 1 person x 0.5 day) 125 250
Shrinkage (1 person x 1 day) 125 125
Data analysis and report writing (incl.)
Overhead and GST (5% OH + 7% GST) 590

Total $5,375

Note: The budget does not include compensation for time committed to the project by crop
scouts, processors, cooperators, or professional AAFRD staff.

An invoice will be mailed out for the total cost of the project once a memorandum of
understanding has been signed by both parties.

Contact Information:

Michele Konschuh Lawrie Wilson

Potato Research Agronomist

AAFRD, Crop Diversification Centre South Frito Lay Canada
S.S.#4 5904 — 52 Avenue
Brooks, AB TI1R 1E6 Taber, AB T1G1X3

Ph. 403-362-1314; Fax 403-362-1306 Ph. 403-223-3574 ; Fax 403-223-9401



Effect of Royal MH60 for Size Control in Chipping Potatoes — 2"d Year

Michele Konschuh and Simone Dalpé

Alberta Agriculture, Food and Rural Development, Crop Diversification Centre South, S.S. #4, Brooks, AB T1R 1E6

Alberta Agriculture Food and Rural Development
Crop Diversification Division

-

POTATO

Background

Royal MH60 is a plant growth regulator. When applied to healthy growing
plants, the active ingredient, maleic hydrazide, is absorbed by the plant and will
affect plant growth by stopping cell division, but not cell expansion. Through
such action, Royal MH controls sprout development in potatoes. In addition to
sprout control, Royal MH can help reduce storage losses and improve potato
quality through a number of additional effects on the potato. Royal MH may
Improve grade, reduce the number of late season set potatoes, reduce volunteers
and reduce shrinkage. Both the extent and number of these benefits obtained will
depend on several factors such as variety and local growing conditions.

Anecdotal information from North Dakota indicates that MH60 may allow
potatoes to reach physiological maturity (higher specific gravity) without
producing an excess of oversize tubers.

Purpose

« To compare several rates of MHG60 application to determine if the product can
effectively alter the size profile and quality of Chipping potatoes grown in
southern Alberta; and

 To determine whether lower than recommended rates of MHG0 result in any
beneficial effects.

Acknowledgements

This project was supported through funding by the Potato Growers of Alberta
and Alberta Agriculture, Food and Rural Development, and in-kind
contributions by Kanegawa Farms Ltd., AMPDF, Frito Lay and Crompton Co.
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 Application of the full rate of MHG60 two weeks before top-kill increased
gross yield and marketable yield.

« Marketable yield from the other application rates were similar to the
control.
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Project Plan and Treatments

The study was conducted in a commercial field of chipping potatoes (Frito Lay
variety9) in the Rolling Hills area. Royal MH60SG® (maleic hydrazide) was
applied to 6 row strips at different rates two weeks before desiccation. The
smallest tubers that were expected to size up measured 1.5 to 2” in diameter.
Tuber yield, grade and quality were assessed for each treatment. Commercial
grade and quality assessments will be conducted by FritoLay. Storage samples
will be assessed for shrinkage and sprout control after 4 and 8 months.

«Control — no Royal MH60SG®

33 % — Royal MH60SG® (1.88 kg/ha) applied two weeks before desiccation;

August 5, 2004

*67 % — Royal MH60SG® (3.78 kg/ha) applied two weeks before desiccation;

August 5, 2004

100 % — Royal MH60SG® (5.65 kg/ha) applied two weeks before desiccation;

August 5, 2004
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Rate of Application

» The best chip score resulted from a full MHG60 application, 2 weeks prior
to top-kill (smallest tubers were 2 in diameter).

Observations

« Timing of Royal MHG60 application on potatoes is critical for size control in
tubers (2003 results). The best results obtained in 2003 indicated that MH60
should be applied when the smallest tubers likely to size up reach 2” in
diameter or two weeks prior to desiccation. In 2004, the crop reached these
stages at the same time, so rates of application were examined instead of
timing.

« Cut rates of MH60 applied two weeks prior to desiccation did not affect total
or marketable yield of FL1879 potatoes..

« Application of the registered rate (100 %) of MH60 two weeks prior to
desiccation increased both total and marketable yield of tubers.

 Nelither specific gravity nor chip scores were affected by application of MH60
two weeks before desiccation, regardless of rate of application.

» The effect of MHG60 application on stored potato quality (sprouts and chip
scores) will be determined this winter.

Note

This poster is based on preliminary data from the 2004 field season. The data
has not yet been statistically analyzed. Commercial data was not available at the
time of printing. Storage data (shrinkage and sprout inhibition) will be collected
through the winter months. A full report will be available through the PGA by
spring. Data from at least two years will be evaluated before any general
recommendations will be made.




Background

One of the key areas of research that the Alberta potato industry identified in industry-wide
priority setting meetings in 2003 and 2004 is breeding for new potato varieties. This was
reiterated in National industry consultation meetings held in 2011. For about 40 years now,
Agriculture and Agri-Food Canada managed a potato breeding program in Western Canada
focused on breeding and selecting varieties that would perform well under our environmental
conditions. Alberta Agriculture facilitated the process by conducting regional trials, disease
resistance trials, agronomic trials, culinary and storage trials with promising new varieties. In
recent years, reductions in government staff and budgets put pressure on the support provided by
both levels of government. The nature of potato breeding and selection has shifted. Industry
participants are exploring varieties for different end-uses, such as gourmet and functional food
uses. The potato breeding programs in Canada were consolidated into a National program in
2004 and there is now one National Potato Breeder based in New Brunswick. By necessity, less
emphasis is directed at varieties best suited for Western Canada. Varieties from breeding
programs in Europe and the United States are often being assessed by industry stakeholders.

Regional trials of potato varieties in Western Canada were funded in part by industry money
collected through the Western Canadian Potato Breeding Consortium. This system was unique
to Western Canada and served established industry stakeholders well. Newcomers to the
industry were not easily able to participate. Even established stakeholders questioned whether
they received sufficient value for the fees. The shift to an accelerated release mechanism moved
the responsibility for the evaluations to industry and provides broader access to stakeholders
initially. However, the window for evaluation of varieties is much narrower than in the
Consortium and less data is available for decision makers.

Over the last 15 years, Alberta Agriculture and Rural Development staff worked with individual
stakeholders in the potato industry to provide agronomic evaluations of potato varieties from
various breeding programs. Public varieties are still widely grown, but not always as good a fit
as private varieties for the same end use. Growing environments vary significantly among potato
production regions in Canada. Alberta data is essential when selecting varieties appropriate for
our climate, our customers and industry stakeholders.

Many breeding programs target disease resistance, nitrogen use efficiency and excellent storage
potential in addition to increased yield. The challenge is often that impartial comparisons of the
material with standards varieties are not available. Each stakeholder would have the
responsibility to obtain seed, sign agreements, engage researchers, or evaluate varieties
independently. Many are not equipped to conduct small-scale evaluations well and seed is not
available for larger-scale evaluations. Breeder’s seed also has higher tolerances for virus loads
and producers evaluating this material on farm put the remainder of the crop at risk.

In Alberta, potato industry stakeholders are looking for replacement varieties that use less
nitrogen, less water, less pesticide, yet yield superior processing or culinary quality and tonnage.
Varieties from breeding programs in Canada, Europe and the United States are often being
assessed. Many breeding programs target disease resistance, nitrogen use efficiency and



excellent storage potential in addition to increased yield. Tuber yield potential and nutritional
requirements are impacted by variety characteristics and by environmental characteristics such as
the length of the growing season (Westerman, 1993). As noted by Love et al. (2003), the full
potential of a new variety may not be realized until proper management is implemented. There is
increasing pressure on potato producers to utilize best management practices to reduce the
environmental footprint for potatoes. The costs of such shifts in production practices will be
borne primarily by producers.

An ideal French fry variety would have earlier maturity than Russet Burbank, be relatively
tolerant of environmental fluctuations, have few defects, yield well and have specific gravity in
the desired range (1.086 to 1.092). Good fry color out of the field is an asset, and good fry color
out of storage is also very desirable. An ideal chipping variety would produce a good yield of
medium sized tubers, be relatively tolerant of environmental fluctuations, have few defects, and
have high specific gravity in the desired range (above 1.086). Chipping tubers with a good skin
set, good maturity at harvest and low concentration of reducing sugars is also very desirable.
Varieties that store well at cooler temperatures are an asset. ldeal fresh market varieties would
produce a good yield of creamer or medium sized tubers, be relatively tolerant of environmental
fluctuations, have few defects, and have an attractive appearance. Fresh market tubers with a
good skin set that store well are very desirable.

The purpose of this project was to pool resources to evaluate potential varieties from a range of
sources, using a cooperative approach. This trial was established to collect local agronomic data
on varieties from breeding programs in Canada, the U.S. and elsewhere. Including agronomy in
the evaluations allowed us to provide growers with additional relevant information when they
consider producing new varieties. Often, there are economies of scale realized when varieties
are evaluated collectively rather than individually. ARD was well positioned to provide regional
data in an impartial setting. The varieties were planted in replicated plots at the Alberta
Irrigation Technology Centre (AITC) in Lethbridge, AB and in demonstration plots at the Crop
Diversification Centre South (CDCN) in Brooks, AB in 2014.

Project Overview

Potato variety evaluation trials were conducted at the Alberta Irrigation Technology Centre
(AITC) in Lethbridge to provide data from an irrigated site in Alberta. Standard varieties were
included to represent early French fry, full-season French fry, early chipper, full-season chipper,
fresh market red, fresh market yellow classes. Sufficient potatoes were planted to provide
replicated data from AITC and to host a demonstration field day at CDCS in 2014.

Material for these trials was provided by AAFC Potato Breeding Program and by industry
stakeholders either through the AAFC Accelerated Release Program or by sourcing varieties
from European, U.S. or other breeding programs. All import requirements were the
responsibility of the stakeholder requesting evaluation.

At AITC, we set up a nitrogen response trial with moderate and reduced levels of nitrogen
fertility. Stakeholders indicated whether or not they required fertility information and provided



sufficient seed (in-kind) and funds to include these evaluations. Some accommodations were
made to ensure that all client sponsors found value in the data provided.

The leveraged funding from industry also provided resources for the regional evaluation of
AAFC material prior to release to industry. Without funding from this project, there would not
have been an opportunity to observe the breeding program cultivars in Alberta in 2014.

Variety trials were set up as randomized complete blocks. Guard rows were planted to minimize
edge effects. Four replicate rows (6m) were harvested. The agronomic trials were set up as split
plot designs with nitrogen level as the main plot and varieties as sub plots.

Data collected included emergence data, stand count, total yield, grade by size category relevant
to end-use, specific gravity, internal defects, external deformities, and culinary evaluations.
Samples were returned to stakeholders for bruise testing, storage assessments or acrylamide
testing by the stakeholders. Local production data supports adoption of new potato varieties that
will enhance the competitiveness of our potato industry.

A field day was hosted at CDCS in August to allow stakeholders to evaluate the response of

cultivars to irrigated growing conditions in Alberta. There is no substitution for first-hand
observation of potato varieties in the field.

Objectives:

A. To evaluate potential new varieties for processing (fry and chip), creamer and other
markets;

B. To provide the potato industry an opportunity to assess varieties grown under local
conditions;

C. To compare varieties from European, Tri-State and National breeding programs (AAFC)
under Alberta conditions; and

D. To develop agronomic information on nitrogen response to support potato growers
interested in producing new varieties.

E. To evaluate the cooperative approach to variety development and develop a model that

takes the industry beyond the current project.

Project Team Members

Alberta Agriculture and Rural Development, Crop Diversification Centre South, Brooks, AB
e Dr. Michele Konschuh, Potato Research Scientist — Project Lead
e Seasonal Technologists

Agriculture and Agri-Food Canada, Potato Research Centre, Fredericton, NB
e Dr. Benoit Bizimungu, Plant Breeder
e Technologists






Executive Summary

In 2014, the first year of the trial, funding from 9 industry stakeholders plus the Potato Growers
of Alberta (PGA) was leveraged to conduct replicated potato variety trials in southern Alberta.
The trial was conducted under pivot irrigation at the Alberta Irrigation Technology Centre in
Lethbridge, AB. More than 100 potato varieties were evaluated in 2014. Data collected was
adjusted where possible to ensure that clients were provided with information useful for their
organizations. A limited amount of agronomic data was also provided at the request of client
sponsors.

Data collected included emergence data, stand count, total yield, grade by size category relevant
to end-use, specific gravity, internal defects, external deformities, and culinary evaluations.
Samples were returned to stakeholders for bruise testing, storage assessments or acrylamide
testing by the stakeholders. Local production data supports adoption of new potato varieties that
will enhance the competitiveness of our potato industry.

A few potato cultivars submitted by clients were intended for the French fry market. French fry
varieties must yield well and have good fry characteristics. Specific gravity of the potatoes is an
indirect measure of fry colour. In lieu of submitting additional cultivars, one client elected to
evaluate several nitrogen fertilizer strategies for two varieties.

Eight chipping potato varieties were included in 2014. Old Dutch Foods, as well as seed growers
and variety development firms provided chippers for evaluation. Chipping potatoes are graded
by size rather than weight. As with French fry cultivars, good fry colour is essential and specific
gravity is a good indirect measure of chip colour. Typically, chipping potatoes required less N
than French fry cultivars and a comparison at a lower rate of N was requested for seven of the
chipping entries. Chip colour scores were provided for varieties evaluated as chippers.

Fresh market potatoes were included in the 2014 trial as well. Although the fresh market sector
of Alberta’s potato industry is the smallest segment, there is a lot of growth potential even if we
simply replace imported potatoes with locally produced ones. Sixteen fresh market cultivars and
2 checks were evaluated in 2014. Five entries were evaluated on a moderate rate of N, 5 entries
were evaluated at a lower rate of N and 6 entries were evaluated at both rates to determine
whether or not the varieties respond well to reduced N. Culinary data was provided as requested.
For table potatoes, potatoes were evaluated as baked and boiled to determine the best fit for
marketing purposes.

A special category of fresh market potatoes is the creamer potato market, made popular by the
Alberta based Little Potato Company. Creamer potatoes are not smaller versions of other fresh
market varieties; the varieties are selected for high tuber set and small tuber size intentionally to
satisfy this market. These potatoes are prepared with the skin on and may be served with limited
additional preparation. As such, skin set and tuber appearance are critical. Flavour is also very
important for this class of potatoes. Forty creamer cultivars were included in the trail in 2014 and
spacing was adjusted to reflect the special nature of this type of crop.



Agriculture and Agri-Food Canada (AAFC) has been involved in potato breeding for over 40
years. The National Potato Variety program includes selections that might be suitable for the
French fry, chipping, or table market, including the creamer category. Industry participants are
encouraged to view selections after one or two years of regional testing and to “pick up” the
varieties for further testing. Without regional testing in Alberta and knowledge of how the
cultivars perform in our growing environment, industry stakeholders would be hard-pressed to
make selections. AAFC supplied test material for replicated trials and included entries suitable
for all industry sectors. In 2014, 11 chipping cultivars, 13 French fry cultivars and 13 fresh
market cultivars were evaluated along with relevant check material from eastern and western
sources at AITC.

A field day was hosted at CDCS in August to allow stakeholders to evaluate the response of
cultivars to irrigated growing conditions in Alberta. There is no substitution for first-hand
observation of potato varieties in the field.

Customer specific reports were generated and provided. Client confidentiality was respected by
coding entries prior to releasing reports more widely.



Lutein In Yellow-Fleshed Potatoes

Michele Konschuh!, Qin Chen?, Tricia McAllister?, Simone Dalpé!, Tina Lewis? and Norm Janssen’
Alberta Agriculture, Food and Rural Development, Crop Diversification Centre South!, S.S. #4, Brooks, AB T1R 1E6;

AAFRD, Crop Diversification Centre North?; AAFRD, Agri-Food Investment;
Agricuture and Agri-Food Canada, Lethbridge Research Centre*

Alberta Agriculture Food and Rural Development
Crop Diversification Division

Background
*Carotenoid pigments, such as lutein produce the flesh color in yellow-fleshed
potatoes.

*Carotenoids are known to protect against a variety of chronic diseases including
cardiovascular disease and certain cancers.

*Dietary lutein intakes of 3 to 6 mg per day have been connected with reduced
risk of age-related macular degeneration (AMD) and cataract formation (leading
causes of blindness as people age).

*We must provide good reasons for people to include potatoes as part of a healthy
diet.

Objectives

1. To determine concentrations of total carotenoids and lutein and zeaxanthin in
yellow-fleshed potato varieties grown in Alberta;

2. To determine whether growing location (Brooks vs Edmonton) has an impact
on carotenoid content in potato tubers;

3. To determine the stability of carotenoids, especially lutein and zeaxanthin,
during storage of potato tubers; and during cooking or processing of potatoes.

Project Plan and Treatments

*Grew 20 yellow-fleshed potato varieties and two checks (Yukon Gold and Russet
Burbank) at CDCN (rain fed) and CDCS (irrigated) in 2004.

*Composite samples were used to measure the yellow flesh color and total
carotenoid, lutein and zeaxanthin levels.

*To provide information on carotenoid stability with respect to storage and
processing or cooking:

5 promising processing varieties and 5 promising fresh market varieties were
stored for 4 months.

Lutein and total carotenoids were measured before and after processing or
boiling.

Flesh Color and Carotenoid Content

Table 3: Flesh color intensity (chroma) and concentration of carotenoids
(lutein, zeaxanthin = Zea, and total carotenoids; ug per g FW) in yellow-fleshed
potato tubers grown at two locations in Alberta.

CDCS (Brooks) CDCN (Edmonton)
Variety Chroma Lutein Zea Total  Chrom Lutein Zea Total
Russet Burbank 30.3 13.5 0.0 30.0 31.3 9.3 0. 21.0
Innovator 41.9 22.7 1.4 90.0 43.6 23.5 1.5 85.0
Baby Boomer 42.3 17.6 0.6 69.0 44.6 253 1.2 86.0
Amandine 42.6 9.9 0.0 35.0 44.7 24.0 2.3 78.0
Provento 43.1 13.9 0.0 78.0 45.6 20.2 0.0 115.0
Cherie (red) 43.2 27.2 0.9 109.0 42.9 31.0 1.8 133.0
Adora 43.5 17.7 1.5 83.0 44.0 18.5 1.7 71.0
Velox 44.8 13.9 0.0 77.0 46.2 12.7 0.0 54.0
Sante 45.0 27.2 2.2 120.0 47.4 36.2 2.1 142.0
Agat 45.5 23.5 0.0 95.0 46.2 29.0 1.5 93.0
Red Scarlett 45.5 17.6 0.0 74.0 47.2 16.3 0.0 60.0
Yukon Gold 46.6 12.6 0.4 65.0 46.0 10.6 2.0 59.0
Fabula 46.8 17.0 1.3 93.0 48.0 23.9 2.4 115.0
Cecile (red) 47.5 40.6 0.0 195.0 49.5 32.4 1.0 128.0
Sinora 47.6 28.2 0.9 111.0 50.2 17.3 0.0 54.0
Penta 47.6 27.5 0.8 116.0 47.8 26.3 1.5 93.0
Mozart red) 48.0 18.6 0.0 62.0 48.6 31.3 1.0 96.0
Rosara (red) 48.2 21.7 0.6 146.0 51.2 24.8 2.2 125.0
Piccolo 50.2 23.6 1.0 110.0 53.3 21.5 1.4 102.0
Satina 50.7 54.0 3.3 227.0 51.0 50.8 4.2 110.0
Victoria 51.1 22.5 0.9 124.0 49.6 21.9 2.1 110.0
Island Sunshine 53.6 45.0 1.2 240.0 53.0 34.3 0.5 133.0
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Figure 1: Concentration (ug / g FW) of lutein extracted from yellow-fleshed
potatoes at harvest (post-harvest), and after four months storage (post-
storage).
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Figure 2: Concentration (ug / g FW) of lutein extracted from yellow-fleshed
potatoes at harvest (before storage), after four months storage (stored), and
after cooking out of storage.
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Figure 3: Concentration (ug / g FW) of lutein extracted from yellow-fleshed
potatoes at harvest (before storage), after four months storage (stored), and
after frying out of storage.

Fresh Market Varieties

Satina

Island Sunshine

Piccolo Cecile

Observations

 Total carotenoid concentration in yellow-fleshed potatoes ranged from 35 to
240 ug/100 g FW (1 mg = 1000 pg).

» In most varieties, lutein made up to one third of the total carotenoid content.
Zeaxanthin concentration was negligible in the varieties studied.

 Lutein concentration ranged from 9.5 (check) to over 50 ug/100 g FW (Satina).

» Carotenoid stability 1n storage differed by variety, but in all cases, less lutein
was recovered from stored tubers than from freshly harvested tubers.

* More lutein was recovered from three of the five varieties after cooking.

* The quantity of lutein extracted from fried samples was much greater than from
stored potatoes.

« Two additional years of funding will enable us to determine the effect of
growing location (Edmonton, Lacombe, Brooks) and time of harvest on lutein
concentration in 10 varieties.

Potential Processing Varieties

Innovator Satina Victoria

Sinora

Conclusions

Lutein concentration 1s correlated with variety, but can be influenced by growing
location, storage and cooking or frying.

A seven ounce potato may contribute between 20 and 50% of the lutein in a
supplemented multi-vitamin.
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MEMORANDUM OF UNDERSTANDING

Between: Potato Growers of Alberta
(hereafter referred to as “PGA”")

and
Alberta Agriculture, Food & Rural Development
(hereafter referred to as “AAFRD")
Project Title: Effect of MHE0 for Size Control in a Chipping Variety
Objectives: 1. To determine the effect of MH60 applications on chipping potatoes in
southern Alberta; and

2. To establish the correct stage of tuber development for MH60 application to
attain an optimal size profile.

STATEMENT OF WORK

Alberta Agriculture, Food & Rural Development is willing to undertake this study for the PGA,
who hereby agrees to contribute toward the costs of researching the information required as
described in the research proposal.

PERIOD OF WORK

The research project will commence in July, 2004. A progress report will be provided to the
PGA by December 31, 2004, and a full report will be sent when all of the storage data has been
analyzed.

BASIS OF PAYMENT

The sponsor of the project, the PGA, will provide $5,375 upon finalization of this memorandum
to AAFRD, to cover the following estimated yearly costs:

Casual Manpower (on an as need basis): $4,685
Materials and Supplies $100
GST and Overhead $590

The Budget can be adjusted and used at the discretion of the project manager.

Payment of research project expenditures will be made from funds made available to AAFRD
up to the maximum amount of funds received from the sponsor.



If requested, AAFRD will provide a record of revenue and expenditure upon project completion
or depletion of funds. Any remaining funds after completion or termination of the project can be
used for research at the discretion of the project manager.

RESPONSIBILITY OF PROJECT MANAGER

The project manager for this study is Dr. Michele Konschuh. She will provide all reports to
AAFRD and the sponsor.

The project manager will authorize expenses and submit them to the appropriate AAFRD
department for processing payment.

The project manager is not eligible for any manpower funds herself.

AMENDMENTS OR TERMINATION

This Memorandum of Understanding may be amended by mutuai consent of the parties as
evidenced by an exchange of letters.

Either AAFRD or the PGA may terminate this Memorandum of Understanding by providing two
weeks notice in writing to the other party.

NOTICES AND REPRESENTATIVES

Notices for all purposes of or incidental to this Memorandum of Understanding shall be
effectively given if delivered personally, or sent by registered or certified mail to the
representatives of the parties designated as follows:

Potato Growers of Alberta Alberta Agriculture, Food & Rural
Development:

Mr. Vern Warkentin Dr. Christine Murray

Executive Director Branch Head, CDCS

Potato Growers of Alberta Crop Diversification Centre South

6008 — 46" Avenue S.S. #4

Taber, AB T1G 2B1 Brooks, AB T1R 1E6

Information generated from the project may be used by the Department of Agriculture, Food &
Rural Development and the PGA.

The sponsor, the PGA, relinquishes ownership of any materials, supplies and assets purchased
with project funds to the AAFRD which assigns control to the project manager's departmental
division.



' The parties affirm their acceptance of the terms of this Memorandum of Understanding by
signing below.

Copies bearing original signatures of this Memorandum will be kept by each party.

/// ,/% - k.. / P ':_;1/5%

Dr. Michele Konschuh, Project Manager Date

| agree that the project manager named above may supervise this project.

Chaitne By M [3/by

Dr. Christine Murray, Bransh Héad, CDCS Date

) ; ;
nnen Z {W /éé'/
Mr. Vgrn Warkentiry, Executive Director Date

Potato Growers of Alberta



Abena

AGRICULTURE, FOOD AND
RURAL DEVELOPMENT

Crop Diversification Centre S.S. #4 Telephone 403/362-1300
South Brooks, Alberta Fax 403/362-1306
Canada T1R 1E6

January 15, 2004

Potato Growers of Alberta
6008 — 46™ Avenue
Taber, AB T1G 2B1

Attention: Board of Directors

Re: Application for Funding
“Effect of MH60 for Size Control in a Chipping Variety”

Dear Board Members:

I am writing this letter in lieu of a full funding application for the second year of our project. In
2003, the Board approved our application for funding for the project entitled “Effect of MH60
for Size Control in a Chipping Variety”. The trial was conducted in a commercial field of
Norvalley potatoes near Taber. Some interesting data was generated and a progress report will
be submitted to the PGA once the storage data has been analyzed. I hope to present a summary
of our 2003 findings at a PGA breakfast in the near future. We would like to conduct the trial for
a second year to ensure that the observations we made are generally applicable and not simply the
result of a particular year. We may shift the application dates somewhat based on the 2003
findings. We are requesting a contribution of $5,375 from the PGA for 2004. Please contact me
if you need any clarification (403-362-1314).

Thank you for your consideration. I look forward to hearing from you.

Sincerely, _ p, / .
W/ [448

Michele Konschuh, Ph.D.
Potato Research Agronomist
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POTATO GROWERS OF ALBERTA

Taber, April 16 2004.

Michele Konschuh

Potato Research Agronomist

Alberta Agriculture, Food and Rural Development
Crop Diversification Centre South

Brooks

Re: “Assessment of carotenoid content of yellow-fleshed varieties grown in
Alberta to determine potential nutritional benefits”

Dear Michele

We are pleased to advise that the Board of the Potato Growers of Alberta has
approved your application in the amount of, $2,000.00, and the funds are
available to meet the timelines specified in your application.

When requesting the funds for the project, please provide an invoice that
specifies the amount, GST and to whom payable.

We appreciate your commitment and dedication to the potato industry.

Yours truly,

Alfonso Parra
Technical Director
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NIF Application # -

AAFRD-IDS - New Initiatives Fund (NIF)

Confine information to the space provided.

Project Title: The title should be brief and descriptive (Max. 15 words
Assessment of carotenoid content of yellow-fleshed potato varieties grown in Alberta to
determine potential nutritional benefits.

Project Abstract: Briefly provide a summary of the proposed project

This project involves growing yellow-fleshed potato varieties in two locations in Alberta and
analyzing them for flesh color intensity, total carotenoid content and concentrations of lutein
and zeaxanthin. Promising lines will also be assessed after storage and cooking or processing
to determine the stability of carotenoid compounds in potato tubers. Lutein and zeaxanthin
are two carotenoid compounds associated with reduced incidence of age-related macular
degeneration and cataract formation. Potato varieties with significant concentrations of |

Submitter Information: Project Manager

Name: Michele Konschuh Title: Potato Research Agronomist
Branch: Crop Diversification Centre South | Division: Crop Diversification Division
Sector: Industry Development Sector Tel: 403-362-1314

E-Mail: Michele.Konschuh®@gov.ab.ca

Baseline Project Information:

Project Start Date: (month/year) 04/04 | Project Length: (months) 11
Project Budget: Bring amounts forward from attached budget worksheet
Manpower $18,000
Contract Services $4,500
Equipment Rental $
Other Costs $1,400
Contingency $2,390
Total Project Costs $26,290
Less: Total Amount (Cash Only) Requested from Other Sources $4,500
Amount Requested from AAFRD-IDS $21,790
| Total Amount of In-Kind Contributions | $400 |

Branch Head Section: To be completed by Project Manager’s Branch Head
Name of Branch Head: Christine Murray
Comments: Briefly provide any comments regarding the proposed project.

I support this project. It is aligned with the Functional Foods/Natural Health Products key
initiative; it is preliminary work for a new opportunity for the Alberta crop. The team
assembled has the necessary knowledge and skills to conduct the required research. An
important aspect of the research is the analysis of the potatoes for the content of the
carotenoids, which is proposed to be in conjunction with the Food Processing Centre Group at
Brooks. It is of great benefit to be able to use or develop in-house analysis techniques for this
purpose, as it is cost efficient compared to paying for technique development at other labs.

It also increases the information that can be used in the future when working with external
partners.




NIF Application # -

Project Goals and Objectives:

1. Introduction: Briefly describe the overall purpose/goal/final outcome of the proposed project.

e Yukon Gold, a yellow-fleshed potato cultivar developed by Canadian potato breeders
(Johnston & Rowberry 1981) has found a niche in North America and has opened the door
to acceptance of yellow-fleshed potatoes by consumers. The impetus to develop new,
improved vyellow-fleshed cultivars has now expanded beyond the goal of simply
developing novelty types for specialty markets (Lu et al. 2001). The yellow color of the
potato flesh is imparted by carotenoids and Lu et al. (2001) reported that both individual
and total carotenoid contents were positively correlated to yellow-flesh intensity in potato
tubers.  Carotenoids may protect against a variety of chronic diseases including
cardiovascular disease (Gaziano et al. 1995) and certain cancers (Colditz et al. 1985).
Perhaps the clearest link between specific carotenoids and a health outcome is that for
lutein and zeaxanthin with age-related macular degeneration (AMD), the leading cause of
visual impairment and blindness in the U.S (Snodderly 1995). Lutein and zeaxanthin are
two carotenoids that circulate in human blood plasma and are concentrated in the macula
region of the eye. Consumption of foods rich in lutein and zeaxanthin is inversely related
to AMD (Seddon et al. 1994) and short-term feeding of foods rich in lutein and zeaxanthin
can substantially increase pigment density in the eyes of human subjects (Hammond et al.
1997). Conversely, people with macular degeneration have been found to have lower
levels of zeaxanthin and lutein than people without which supports the premise that these
antioxidants provide some protection (Bliss 2003). Recent feeding studies have also
shown that although spinach is rich in carotenoids, other foods may contain a more bio-
available source of the compounds (Bliss 2003).

e As of 2000, there was no dietary reference intake for lutein in the U.S. (Food and Nutrition
Board / Institute of Medicine). It is widely believed, however, that health benefits would
accrue as a result of increasing lutein consumption in the U.S. from the estimated average
intake of 1.3 mg/day (Chug-Ahuja et al. 1993). Studies at the University of Florida looking
at the effect of dietary lutein supplements of 2.4 mg/day showed an increase in serum
lutein concentration and an increase in macular pigment density. Total carotenoid
content in white-fleshed potato varieties ranges from15 to 185 pg/100 g fresh weight,
while yellow fleshed varieties can exceed 500 ug/100g fresh weight of lutein and up to 1.4
mg/100 g fresh weight of total carotenoids (Lu et al. 2001). A typical baked potato serving
is approximately 200g; so yellow-fleshed potatoes could supply a significant percentage of
dietary lutein.

A J 1) = (ol | h | 3 L £y 3 h ]

2. Key Objectives/Deliverables: In point form, indicate the main objectives of the project.

O To determine concentrations of total carotenoids and lutein and zeaxanthin in yellow-
fleshed potato varieties grown in Alberta.

@ To determine whether growing location (Brooks versus Edmonton) has an impact on
total carotenoid content in potato tubers.

0 To determine the stability of carotenoids, especially lutein and zeaxanthin, during
storage of potato tubers with significant concentrations of carotenoids.

a To determine the stability of carotenoids, especially lutein and zeaxanthin, during
cooking or processing of varieties with significant concentrations of carotenoids.




NIF Application # -

3. Impact on Alberta’s Agriculture/Food Industry: Describe the potential impact the project will have
on the growth of the industry. Also, provide an indication of the scope of the industry potentially impacted by the
project (i.e. small or large segment of the industry impacted).

The project is preliminary in nature. If the project determines that yellow-fleshed potato
varieties grown in Alberta are significant sources of dietary carotenoids, additional study
could attempt to link health claims to yellow-fleshed potato products. This would impact the
table, processing and seed sectors of the potato industry. Table potato packers may be able
to use the information as a marketing tool. Processors could use the information to develop
and market healthier snack food. Seed growers would be positioned to supply seed potato for
both table and processing markets.

Overall, the scope of the industry potentially impacted by the trial is small, however, this
project opens up an avenue for the industry to be proactive when it comes to market
responsiveness, diversity and industry competitiveness. There has been a significant amount
of bad press associated with potatoes as a result of the popularity of the Atkins diet, the
prevalence of Type II diabetes in our population, and the current focus on glycemic indexing.
Potatoes are good sources of other nutrients, and highlighting other attributes would be a
more effective strategy than refuting claims in the popular press.

4. Benefits to Industry Development Sector: Briefly describe the potential benefits to the Industry
Development Sector. Refers to individual growth (intellectual capacity & leadership) and organizational capacity.

This project represents a deviation from the type of projects normally conducted in the
Potato Research Agronomy program. The area of nutritional content and functional foods is
of key concern to Albertans and the potato industry has identified functional foods, consumer
attitudes and healthy fast foods using potatoes as research priorities. The project would
provide me with an opportunity for academic growth in branching into a new area of
research. The project represents forward thinking on the part of Industry Development
Sector and shows our understanding and support of concerns facing the potato industry in
the province. Also, the project involves cooperating with private companies, testing facilities
and the federal government. The project will allow me to hone my project management skills
including organization and communication sKkills.

5. Uniqueness: The uniqueness of a project is related to the number of others with a similar objective that have
been done or are currently underway in Alberta, Canada and North America.

Brown et al. (1993) published a study looking at carotenoid content in orange-fleshed potato
varieties. A 2001 report published by USDA researchers makes the link between lutein in
potatoes and eye health. Their study assessed two registered varieties and eleven diploid
clones for carotenoid content and composition and indicated that tuber flesh color could be
used as an indicator of carotenoid content for breeding and selection purposes. A 2002
report concluded that carotenoids and carotenoid esters are quantitatively significant
compounds in potatoes. A 2003 article on USDA research noted that although some
vegetables, such as spinach, are very high in lutein, other food sources may represent
significant sources due to greater availability of the lutein. Clinical trials are underway at the
University of Alberta comparing two Alberta potato varieties with respect to glycaemic index.
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AAFRD-IDS - New Initiatives Fund (NIF)

Describe the project strategy, including objectives/outcomes, deliverables, milestones/dates and
individuals responsible.

NIF Application # -

Summary of Project Strategy

Our strategy is to grow approximately 20 registered or nearly registered varieties of yellow-
fleshed potatoes in replicated trials at two locations in Alberta, an irrigated site in Brooks and
a dry land site in Edmonton. Yield, size profiles, and specific gravity will be determined for

all samples.

Composite samples will be analyzed for total carotenoid concentration, and

lutein and zeaxanthin concentrations using HPLC. Yellow flesh color will be assessed using a
Approximately five promising varieties will be analyzed again after
storage and cooking or processing to determine how stable the carotenoid compounds are in
potato tissue and how suitable the varieties are for various market applications.

Hunter Colorimeter.

Objective/Outcome Deliverables Milestones/Dates Responsible
1. Source of Will grow sufficient potatoes in | Potatoes Michele
potatoes for a replicated trial to provide harvested by Konschuh &

analysis

tissue for analysis after harvest,
storage and processing. Two
locations.

October 2004

Simone Dalpé,
Tricia McAllister
& Tina Lewis

2. Carotenoid
analyses of potato
varieties after
harvest

Potatoes will be sent to testing
facility for analysis

Data from commercial testing
facility

Potatoes sent to
testing facility by
November 2004
Data expected by
December 2004

Simone Dalpé
and Tina Lewis

3. Promising
varieties selected
for storage and
processing analyses

Data from carotenoid analyses
and field data will be used to
select several promising
varieties to continue working
with

Identification of
at least five
promising
varieties by
January 2005

Michele
Konschuh, Qin
Chen, Tricia
McAllister, Norm
Janssen

4. Measurements of
yellow flesh color
intensity

Hunter colorimeter
determinations of yellow flesh
color for all varieties

Quantitative data
by February 2005

Simone Dalpé

5. Carotenoid
analyses of
promising varieties
after storage and
cooking or

Stored potatoes will be
analyzed then cooked or
processed to determine
carotenoid stability. Potato
tissue sent to testing facility for

Potatoes sent
January 2005
Data expected
February 2005

Simone Dalpé

6. Trial report

éumm-é;y of the work
conducted in the study will be
compiled into a trial report.

Trial Report by
April 2005

Michele
Konschuh, Qin
Chen, Tricia
McAllister
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AAFRD-IDS - New Initiatives Fund (NIF)

Identify individuals (internal/external) that will be contributing directly to the project.

Person
Years
Name Division/Institution* Required Role/Responsibility
Project Manager | Crop Diversification 0.1 Project coordination, oversee
Michele / CDCS production of potatoes for sampling
Konschuh at CDCS
Qin Chen AAFC 0.05 Assist with selection of promising
Lethbridge Research varieties
Centre
Tricia McAllister | Crop Diversification 0.1 Oversee production of potatoes for
/ CDCN sampling at CDCN
Simone Dalpé Crop Diversification/ | 0.1 Plant and manage potato production,
CDCS grade potatoes, arrange for samples
to be sent to testing facility, arrange
for storage and processing of
Tina Lewis Crop Diversification 0.1 Plant and manage potato production,
/ CDCN grade potatoes, arrange for samples
to be sent to testing facility, arrange
for storage and processing of
Norm Janssen Agri-Food Investment | 0.05 Provide perspective on potential

Division / Production
Investment

commercialization opportunities

* For individuals from outside of AAFRD, indicate proper business name and address.
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AAFRD-IDS - New Initiatives Fund (NIF)

State the amount being requested in each category. Only indicate amounts where cash will be
expended. Account for In-kind Contributions in item “E” of the worksheet (see page 5).

A. Manpower
Person Salary/Wage

Years Amount
Name/Title Address Required Requested

Professional
Technical HPLC Technologist CDCS 0.2 8,000

Brooks, AB
Graduate
Student
Other Field Assistant CDCS 0.2 5,000
(Specify) Brooks, AB
Casual
Labour
Other Field Assistant CDCN 0.2 5,000
(Specify) Edmonton, AB
Casual
Labour

TOTAL A $18,000

Note: Employees of public institutions are not eligible for wages, honoraria, or other compensation from project funds.
Include in-kind contributions of such employees on project team worksheet.

B. Contract Services (amounts for contracts other than manpower identified above)

Name Description of Contract Services Rate Total Cost
FPDC Facility fees for HPLC analysis of $150/day $4,500
carotenoid content of potato tissue 2 samples/day
(60 samples) - not including estimated
manpower
$
$
TOTAL B $4,500

C. Equipment Rental

Name Description of Equipment Rate Total Cost
$
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$
$
TOTAL B $
D. Other Costs
i. Travel (includes travel and accommodation costs)
a. Project Travel
Traveller’s Name
Destination(s)
Number of Trips
Mode of Travel
Purpose
Cost (Line 1) | $
ii. Materials/Supplies (if you have more than six items, please attach a list)
Description of Items to be Purchased Quantity $ Per Unit Cost
Bags, stakes, tags for plot work 2 sites 200/site 400
Seed potato 20 varieties 50 1,000
Sub-Total (Line 2) $1,400

iii. Computer Cost (relates to purchase of software; purchase of hardware not eligible for funding)

$
$
Sub-Total (Line 3) $

iv. Miscellaneous Costs

Sub-Total (Line4)




NIF Application # -
[ TOTAL C (Line 1 + 2 +3+4) | $1,400 |

E. Contingency (include 10% of the total budget for unexpected costs)

| TOTALE | $2,390 |

| TOTAL PROJECT COST (A+B+C+D+E) | $26,290 |
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E. Other Funding Sources (Support applied for, granted, or promised for this project from

sources other than AAFRD-IDS New Initiatives Fund)

In-Kind Contributions (i.e. use of facilities, materials/supplies and services provided)

Name (No Abbreviations) & Description of Contribution

Confirmed

Amount

Name: Parkland Seed Potatoes

Address: Box 5581, Lacombe, AB

Description: Will provide seed potato of up to eight yellow-
fleshed varieties for inclusion in the study

(Y/N)
N

$400

Name:
Address:
Description:

Name:
Address
Description:

Name:
Address:
Description:

Name:
Address:
Description:

Total In-Kind Contributions

$400

Cash Contributions

Name of Organization*

Confirmed
(Y/N)

Amount

Potato Growers of Alberta

N

$2,000

Maple Leaf Potatoes

$1,000

McCain Foods Ltd.

$1,000

Lamb-Weston

Little Potato Company

zZ zZ z Z

$500

Total Amount (Cash Only) Requested from Other Sources (A+B+C+D+E)

$4,500

* For organizations from outside of AAFRD, indicate proper business name and address.
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AEROPONIC SEED POTATO
PRODUCTION - PIP200
EVALUATION (2012-2014)

MICHELE KONSCHUH
AGRICULTURE AND RURAL DEVELOPMENT
Agriculture and
b&rbﬁ,- Rural Development




ALBERTA SEED POTATOES

» Alberta is the largest seed exporter in Canada

- Early generation seed begins with disease-free
tissue culture plantlets

» Certified mini-tubers are produced in greenhouses

» These tubers are multiplied for several generations in
the field prior to being sold to produce commercial
Crops

- Costs of mini-tuber production have been
increasing and yield has not

- Competitors were selling mini-tubers at prices
dangerously close to our COP



PROJECT

» After a literature search and consultations with seed
growers, a proposal was developed to address
productivity from a number of angles

* The research committee favored an evaluation of a
novel aeroponic system, the Vital Farms PIP100

- Eventually, we were able to bring a modified
version, the PIP200, to our facility for evaluation

» Three rounds of production were planned

 Field comparisons between aeroponic and
conventional mini-tubers were included in the
project



-

VITAL FARMS PIPP200



PIP200 CONTROL SYSTEM




STOCK TANKS




TISSUE CULTURED PLANTLETS




TRANSPLANTS READY FOR SYSTEM




NEWLY PLANTED




APPROXIMATELY 2 WEEKS AFTER
TRANSPLANTING




ROOT DEVELOPMENT




TUBER COMPARTMENT

INVISIBLE POTATO HILL



TUBER DEVELOPMENT




APPROXIMATELY 8 WEEKS AFTER TRANSPLANTING
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TUBER PRODUCTION POTENTIAL



ROOTS



MINI-TUBERS PER PLANT
WINTER 2012

Dakota Imola Ranger Russet Satina
Pearl Russet  Burbank

Umatilla



FIELD EVALUATION 2013



FIELD EVALUATION

2013




FIELD EVALUATION - WINTER CROP
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Shepody Russet Viking Musica
Burbank
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TUBER SET - WINTER CROP

m Conventional
= Aeroponic

Shepody Russet Viking Musica
Burbank



SPRING CROP




TUBER PRODUCTION POTENTIAL



MINI-TUBERS PER PLANT
SPRING CROP 2013

Agria Sangre Satina Sangre
(25mm) (22mm)

Goldrush



FIELD EVALUATION
2014




FIELD EVALUATION - SPRING CROP
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Agria  Atlantic Sangre Satina Goldrush



TUBER SET - SPRING CROP

m Conventional
= Spring

Agria Atlantic  Satina  Sangre Goldrush



SUMMER CROP




TUBER PRODUCTION POTENTIAL



MINI-TUBERS PER PLANT
SUMMER CROP

Dakota Imola Ranger Russet Satina
Pearl Russet  Burbank

Umatilla



FIELD EVALUATION
2014
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FIELD EVALUATION - SUMMER CROP
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Imola Ranger Satina Umatilla
Russet Russet



TUBER SET - SUMMER CROP

m Conventional
= Aeroponic

Imola Ranger Satina Umatilla
Russet Russet



BONUS ROUND 2014

SINGLE VARIETY — RUSSET BURBANK



VITAL FARMS PIPP200



BONUS ROUND
(RUSSET BURBANK)

Number of Tubers > 20mm

18000

P

16000 /
10000 / o
/ — Tubers per picking
8000 / Total tubers
6000 /
4000 /
D T I I I

6-May 6-Jun 6-Jul 6-Aug

3 2
3 g




ECONOMIC EVALUATION

« Compared variable costs for similar sized facility

- Conventional (included plantlets, fertilizers,
disinfectants, potting mix, plastic, other materials
and manpower)

» If 2 to 3 tubers per plant; COP = $0.71 to $0.43/tuber

» Aeroponic (included plantlets, fertilizers,
disinfectants, felt, plastic, rock wool, nozzles, other
marterials and manpower)

e lilks 1e.20 Iueerssper plapisC OP =50 850
$0.27 /tuber



SUMMARY

We have grown four rounds of seed potato in the PIP200,
including over 17 different potato varieties

Each crop cycle has yielded better resulis than the
previous round

There is still more to learn to optimize the production for
specific varieties

We haven't yet realized the full potential of the system,
but in the fourth cycle, we reached a level of fuber
production that | believe is economically feasible

The PIP150 is a more cost-effective option for growers

Vital Farms is also working with a greenhouse
manufacturer on integrating the system with a
greenhouse frame



THANK YOU

» Funding for the project was provided by ACIDF, PGA
and Ag & Food Councill; in-kind conftributions were
provided by Alberta seed growers

This has been one of the most interesting projects | have
had the opportunity to work on

* In my opinion, our role as Government of Alberta is to
mitigate risks to producers

* | am willing to share what | have learned
» The report will be available on the PGA website

» Northbright has incorporated many suggestions in design
modifications

* Michele Konschuh 403-362-0689 (cell)

m: Agriculture
ACILF Y Food Council

POTATO GROWERS OF ALBERTA The Catalyst
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Abstract

Twenty yellow-fleshed potato varieties were grown alongside two check
varieties at two Alberta locations; a dry-land site near Edmonton and an
irrigated site near Brooks. Tuber flesh color (chroma) was measured after
harvest and ranged from 30 in the Russet Burbank check (off-white flesh) to
over 50 in several yellow-fleshed varieties. There was very high correlation
between locations with respect to tuber flesh color, indicating that flesh

color is a variety specific trait not easily influenced by growing location.
Total carotenoids, lutein and zeaxanthin were extracted from tubers after
harvest, and again after 4 months storage at 8°C for some varieties. Total
carotenoid content ranged from 35 to 240 ug per 100 g FW and was positively
correlated with tuber flesh color. Lutein concentrations in the same variety
were correlated but not consistent between growing locations. Environmental
conditions experienced at each site were quite different and it was not

clear whether the differences observed were a result of latitude, soil type,
environmental conditions or simply tuber size and maturity. Lutein accounted
for approximately !5 of the total carotenoid content in many varieties and
ranged from 9.3 ug per 100 g FW in the Russet Burbank check to over 50

ng per 100 g FW in the deep yellow-fleshed variety, Satina. Zeaxanthin was
present in low concentrations and did not contribute significantly to total
carotenoid content in the varieties studied.

Five fresh market varieties (Agata, Cecile, Island Sunshine, Piccolo and
Satina) were selected for storage and cooking stability analyses. Another
five potential processing varieties (Innovator, Sante, Satina, Sinora and
Victoria) were selected for storage and frying stability analyses. Less lutein
was extracted from stored potatoes than from freshly harvested potatoes, but
the decrease in lutein concentration depended on the potato variety. More
lutein was recovered from cooked potato than from stored potato for three
of the fresh market varieties. Similarly, the concentration of lutein extracted
from fried samples was much higher than from stored samples for all of the
processing varieties studied. A reduction in moisture content only accounted
for a portion of the increase observed. Although the reason for greater lutein
concentrations after cooking and frying was not determined, we have put
forward some possible explanations.

Introduction

Yukon Gold, a yellow-fleshed potato cultivar developed by Canadian potato
breeders (Johnston & Rowberry 1981) has found a niche in North America
and has opened the door to acceptance of yellow-fleshed potatoes by
consumers. The impetus to develop new, improved yellow-fleshed cultivars
has now expanded beyond the goal of simply developing novelty types for
specialty markets (Lu et al. 2001). The yellow color of the potato flesh is
imparted by carotenoids and Lu et al. (2001) reported that both individual
and total carotenoid contents were positively correlated to yellow-flesh
intensity in potato tubers. Carotenoids may protect against a variety of chronic
diseases including cardiovascular disease (Gaziano et al. 1995) and certain
cancers (Colditz et al. 1985). Perhaps the clearest link between specific
carotenoids and a health outcome is that for lutein and zeaxanthin with age-
related macular degeneration (AMD), the leading cause of visual impairment
and blindness in the U.S (Snodderly 1995). Lutein and zeaxanthin are two
carotenoids that circulate in human blood plasma and are concentrated in the
macula region of the eye. Consumption of foods rich in lutein and zeaxanthin
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to ensure seed pieces of no more than 70 to 85 g, suberized, and planted
30 cm apart in 6 m rows spaced 90 cm apart. Each variety was grown in a
randomized complete block design with four replicates (see plot plan).

Table 1: Yellow-fleshed potato varieties included in the lutein

screening trial.
Variety Seed Supplied By
Agata Solanum international
Adora HZPC Americas
Amandine Solanum International
Baby Boomer Solanum Intemational
Cherie ' Solanum International
Fabula HZPC Americas
Innovator HZPC Americas
Island Sunshine Parkiand Seed Potatoes
Mozart HZPC Americas
Piccolo Solanum Intemnational
Provento Parkland Seed Potatoes
Red Scarlet HZPC Americas
Rosara Solanum International
Russet Burbank Check
Cecile (RZ94-83) HZPC Americas
Sante Parkland Seed Potatoes
Satina Solanum International
Sinora Parkland Seed Potatoes
Velox Solanum International
Victoria HZPC Americas
Yukon Gold Check

At CDCS the plots were managed following the guidelines for the Western
Canadian Potato Breeding Program. Potatoes were planted approximately 12
to 14 cm deep using a two-row wheel planter on May 19, 2004 at CDCS. The
plots were hilled prior to emergence and were irrigated at CDCS to maintain
soil moisture close to 70%. Eptam (2.0 L/ac) was applied pre-planting (April
15), Lorox (1.8 L/ac) was applied pre-emergent (June 8) and Prism (24 g/ac)
was applied post-emergent (June 23) to control weeds. Foliar fungicides were
applied approximately every 2 weeks during the growing season to prevent
early blight and late blight from developing (Table 2). Insecticides were
applied July 15 (Sevin, 0.5 L/ac) and July 30 (Admire, 80 mL/ac) to control
Colorado Potato Beetles. Reglone (1 L/ac) was applied August 27 to desiccate
the plots. All treatments at CDCS were harvested mechanically September 9
and 10.

Assessment of carotenoid content of yellow-fleshed potato varieties grown in Alberta to determine potential nutritional benefits 6
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Flesh color was measured using a HunterLab ColorQuest color measurement
instrument. Tubers were prepared for color analysis by dicing into 1 ¢cm cubes
and using approximately 250 mL for color measurement. Measurements were
made in triplicate. Chroma was measured using the CIELCh color scale, D65
illuminant and a 10° observer angle. Chroma is a measure of color intensity.
Previous unpublished work in our lab indicated that chroma is the best
indicator of yellowness in white and yellow-fleshed potatoes.

The composite sample provided for carotenoid analysis was diced and frozen
(approximately 1 cm cubes). Carotenoid analysis was based on the method

of Lu et al. (2001). Carotenoids were extracted from a 100 g sub-sample with
100 mL tetrahydrofuran containing 0.05% butylated hydroxytoluene, 2 g
sodium carbonate and 3 g Celite 545 as a filter aid. The mixture was blended
for 1 minute and vacuum filtered through Whatman 1 filter paper. The filter
cake and paper were extracted a second time with fresh extraction solvent

and the filtrates combined. Most of the yellow color was removed from the
potatoes during the first extraction. The combined filtrate was evaporated on
a rotary evaporator to remove the tetrahydrofuran. The concentrated extract
was transferred quantitatively with a small amount of methanol to a separatory
funnel containing 50 mL saturated aqueous sodium chloride. The aqueous
solution was extracted repeatedly with methylene chloride until all the yellow
color was removed. Generally, two extractions were sufficient. The methylene
chloride extract was dried over anhydrous sodium sulfate. The extract was
then evaporated to dryness. The residue was re-dissolved in mobile phase
containing beta-apo-8’-carotenal as an internal standard to a final volume of
25 mL (fried samples were diluted to S0 mL). The extract was filtered though
a 0.45 pm filter into an HPLC vial.

Analysis of carotenoids was performed on an Agilent 1100 liquid
chromatography system using a Phenomenex Synergi Hydro RP column (4.6
x 250 mm) and diode-array detection at 450 nm. The mobile phase consisted
of 70% acetonitrile, 15% methanol, 15% methylene chloride, 0.05% butylated
hydroxytoluene and 0.01% N,N-diisopropylethylamine. Elution was isocratic
at 0.8 mL/min. Linearity and retention times were verified with lutein and
zeaxanthin standards. Carotenoid concentrations were calculated relative to
the internal standard concentration.

Results

Composite samples of marketable potatoes from each location were used to
determine the concentration of lutein and zeaxanthin per 100 g fresh weight
of tuber. These samples were also used to determine flesh color intensity
(chroma) and total carotenoid concentration from each potato variety at each
location. The data for CDCS and CDCN are reported in Table 3.

Assessment of carotencid content of yeliow-fleshed potalo varieties grown in Alberta to determine potential nuiritional benefils 8
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have been reported to be present in yellow-fleshed tubers (Brown et al.

1993, Lu et al. 2001, Brethaupt and Bamedi 2002). Lutein and zeaxanthin
specifically, have been linked to improved eye health in clinical studies
(Bruno and Medeiros 2000, Moeller et al. 2000, Krinsky et al. 2003). Lutein
was present in appreciable amounts in all of the varieties examined, even

the non-yellow check, Russet Burbank. However, zeaxanthin was present in
very low quantities and did not contribute significantly to the total carotenoid
concentration in the tubers. In most varieties, lutein made up to ' of the total
carotenoid content. It was beyond the scope of this trial to identify other
carotenoid compounds present in the potato tubers. Lutein concentration
ranged from 9.3 pg / 100 g FW in the Russet Burbank check to over

50 ug/ 100 g FW in the variety Satina. Again, there was a strong correlation
(r?=0.925) in lutein concentration between locations, but the numbers were
not identical. There may be an influence of growing location (environment,
latitude, soil type, etc.) or the size and maturity of the tubers harvested on
lutein concentration, but variety seemed to be the greatest influencing factor.
Total carotenoid concentration was correlated between CDCN and CDCS
samples, but the correlation for total carotenoid (1*= 0.57) was not as strong as
that for lutein (r* = 0.62). This suggests that compounds other than lutein may
be more variable from one location to another.

Based on the lutein data (Table 3), yield data, tuber shape and specific gravity
data (Appendix); five varieties were selected to move forward as potential

fits for fresh market. Varieties with high lutein, moderate to low specific
gravity, high yields of marketable or small potatoes, and pleasant tuber shapes
were selected for fresh market interest. These varieties, Agata, Cecile, Island
Sunshine, Piccolo, and Satina, were compared to Yukon Gold, a well-known
yellow-fleshed variety sold in the fresh market, for storage and cooking data
collection.

Based on the lutein data (Table 3), yield, tuber shape and specific gravity data
(Appendix); five varieties were selected to move forward as potential fits for
the processing industry. Varieties with high lutein, oblong to oval tuber shape,
good marketable yield and high specific gravity were selected for processing
interest. These varietie, Innovator, Sante, Satina, Sinora, and Victoria, were
compared with Russet Burbank, a widely used French fry processing variety,
for storage and frying data collection.

Lutein, zeaxanthin and total carotenoids were determined again after
approximately four months in storage. Carotenoid stability varied with variety,
and in all cases, less total carotenoid and less lutein were recovered from
tubers after storage. Differences may be related to the physiology of specific
varieties (including size and maturity at harvest) or may relate to variability

in dormancy and shrinkage in storage. The storage lutein data for the fresh
market and processing varieties are shown in Figure 1.

Assessment of carotenoid content of yeliow-flashed polato varieties grown in Alberta to delermine potential nutritional benefits 10
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Total carotenoids, lutein, and zeaxanthin were also extracted from samples
that had been fried out of storage (Figure 3). These potatoes were sliced into
fry strips, blanched, frozen, fried and used for lutein extraction. As already
noted, less lutein was recovered from tubers after storage than after harvest.
However, the quantity of lutein extracted from fried samples was much

higher than from stored samples for all varieties fried. This trend was also
observed for total carotenoid concentrations. This can in part, be accounted for
because of changes in moisture content as a result of frying, but was true of
all varieties expect for Sante, even when expressed in terms of dry weight of
tuber tissue.

Lutein Frying Stability

100
80 Storage
@ Stored
a0 OFried Out of Storage
70 — .
£ e
3 50 — B
3
£
S 40
-
30
20
10 —
[}

Sante Innovator Victona Russet Burbank
Varlety

Satina

Figure 3: Concentration (ug / g FW) of lutein extracted from yellow-
fleshed potatoes at harvest (before storage), after four months storage
(stored), and after frying out of storage.

The greater recovery of lutein after cooking or frying may be explained by a
number of possible rationales:

1. Because lutein is lipophillic (soluble in solvents, not water), heating as a
result of cooking or frying and cell disruption may increase the quantity of
lutein extracted by the same method; or

2. Some other carotenoid compounds (for example lutein epoxides and
lutein esters) may be converted to lutein during the cooking or frying
process; or

3.The reduction in water concentration in the tissues as a result of cooking
and frying may result in less interference during the extraction process and
allow for greater extraction efficiency.

It was, however, not within the scope of this project to determine which
explanation best fits the data.

Assessment of carotenoid content of yellow-fleshed potalo varieties grown in Alberta lo determine polenlial nulritional benefits 12
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Summary

The color of yellow-fleshed potatoes is imparted by carotenoids. Carotenoids
are anti-oxidant compounds that may protect against a variety of chronic
diseases and certain cancers. Lutein and zeaxanthin are two specific
carotenoid compound associated with a reduced incidence of age-related
macular degeneration and cataract formation. This project involved screening
twenty yellow-fleshed potato varieties grown in two Alberta locations, and
analyzing them for tuber flesh color intensity, total carotenoid content and
concentrations of lutein and zeaxanthin. Total carotenoid content ranged from
35 t0 240 pg per 100 g FW and was positively correlated with tuber flesh
color intensity. Lutein accounted for approximately % of the total carotenoid
content in many varieties and ranged from 9.3 pg per 100 g FW in the Russet
Burbank (off-white) check to over 50 pug per 100 g FW in the variety Satina
(deep-yellow). Zeaxanthin was present in low concentrations and did not
contribute significantly to the total carotenoid content in the varieties studied.

Five promising fresh market varieties (Agata, Cecile, Island Sunshine, Piccolo
and Satina) were selected for storage and cooking analyses. Five varieties
(Innovator, Sante, Satina, Sinora and Victoria) were selected as promising
processing varieties for storage and frying stability analyses. Less lutein

was extracted from stored potatoes than from freshly harvested potatoes, but
the decrease in lutein concentration depended on the potato variety. More
lutein was recovered from cooked potato than from stored potato for three

of the fresh market varieties. Similarly, the concentration of lutein extracted
from fried samples was much higher than from stored samples for all of the
processing varieties studied. A reduction in moisture content only accounted
for a portion of the increase in lutein concentration observed. Although the
reason for greater lutein concentrations after cooking and frying was not
determined, we have put forward some possible explanations. Potato varieties
with significant concentrations of lutein and zeaxanthin may be marketed in
the future as functional foods.

Sponsors

AAFRD New Initiatives Fund
Potato Growers of Alberta

Con Agra Limited (Lamb-Weston)
Maple Leaf Potatoes

McCain Foods Ltd.

Solanum International

HZPC Americas Corp.

Parkland Seed Potatoes
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Table A1: Description, characteristics and resistance or susceptibilities of yellow-fleshed potato varieties and check varieties used in the trial

Description Characteristics Resistance or Susceptibilities
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Adora earty light yellow | pale yeliow {oblong shallow/medium | high boil, bake MR MS| R R | MR | MR R(G)
smooth, : very good, short |, .
Agata early yellow yellow ovallong | shaliow high dormancy boil, bake MR MR | MR MR MR | HR |R(A)| R
Amandine| earty pale yellow | pale yellow |long very shallow high R R S S
Baby . ; . bake,
Boomer mid-season | yellow yellow round medium high good wedges R S
Ceclle deepred |bright yellow] ovaliong |shallow boil, bake
Cherie early red pale yellow {ovalllong |very shallow high good boil, bake MR MS
Fabula mid-season |yeliow pale yellow |oval shallow very high boil, bake MR R | HR R R | HR | HR
reddish 3 good, can .
innovator | early b cream ovaliong |shallow high recondition boil, bake, fry} MR R MR | MR | MR HR S
Istand . very good, long :
Sunshine | V&Y late buff, flaky | yellow round deep high dormancy boil, bake MR MR HR(1 S S
Mozart
-y yellow / red . i good, good 2
Penta mid-season eyebrows yellow round shallow/medium | high dormancy boil, bake MR MS MR |MR| R R S |MR| S |R(A)
Piccolo | medium earty] yellow yellow ovallong [ shallow high good dormancy | boil, bake R S
Provento |mid-season |yellow yellow round/oval | shaliow very high boil, bake MR MR | MS MR | HR HR ] R R |HR| 8§ | MR
Red . "
Scarlett early red pale yellow |oval shallow high boil, bake MR MS MR | MR | HR
Rosara first early red yellow ovallong |shallow high medium boil, bake R R R MR| R
Russet russet, . ) .
Burbank | V&Y late netted white long shallow high good boil, bake, fry] R HR| R HS
Sante mid-season | buff light yellow | oblong shallow very high ] good boil, bake, fry]| MR MS | MR HR | HR HR|HR|HR|HR]|HR| S
Satina medium early] yellow deep yellow | oval shallow/medium | very high | good b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>