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Introdu ction

The Indian Head Agricultural Research Foundation (IHARF) ispaafibnproducer directed applied
research organization which works closely with various levels of government, commaodity groups, private
industry and producers.

Founded in 1993, the Msion of IHARF is to promote profitable and sustainable agriculture by
facilitating research and technology transfer activities for the benefit of its members and the agricultural
community at large.

IHARF Mandate

A Identify new research priorities requilelo meet the needs of agriculture now and in the future.

A Support public good researehesearch that has value to the public but is not tied to studying or
promoting a specific product or service.

A Maintain strategic alliances with the agricultural comrityrin order to strengthen the
provincial research base.

A Play an active role in the technology transfer process and be involved in public education and
awareness activities.

A Maintain a scientific research base at the Indian Head Research Farm.

IHARF Board of Directors

IHARF is led by a nine member Board of Directors consisting of producers and industry stakeholders who
volunteer their time and provide guidance to the organization. Residing all across south eastern
Saskatchewan, IHARF Directors are deditaighe betterment of the agricultural community as a

whole. The 203 IHARF Directors included:

Chris Brown President(Indian Head)

Travis Wiens Vice PresidenfMilestone)

Terry Rein Secretary / Treasurdindian Head)
Fred Stilborr(Balcarres)

RickProcyk(Fillmore)

Kyle HeggiélLeross)

Cameron Gibso(Kendal)

Ivan Ottenbreit(Grayson)

Doug HannaliFoam Lake)

I D I D D D

Ex-Officio
IHARF receives additional guidance from an experienced team of Agriculture afftddjCanada
(AAFC) personnel at the Indian ldeResearch Farm, they included:

A Henry de Gooijer Coordinating Biologist
A Bill May- Research Scientist
A Chris Omoth Research Assistant
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IHARF Staff
The 205 team of IHARF staff included:

Danny Petty Executive Manager

Chris HolzapfelResearch Manager
Christiane CatellierResearch Associate
Karter Kattler Field & Plot Technician
Dan Walker Seasonal Technician
Carly Miller- Summer Student

v I > >

Dr. Guy Lafond Memorial Award

Guy had a passion for agricultural research and was
........ i dedicated to the advancenm of the industry. He was
—_—— - instrumental in establishing the Indian Head Agricultural
wSASIENDODK C2dzyRFiGA2yZ |yR 0SftAS¢K
Mandate and the training of young agronomists.
The first recipient of the Dr. Guy Lafond Memorial Award
was Andrea DRoo from Fairlight, Saskatchewan. Andrea
is completing her Masters in Plant Sciences at the
University of Saskatchewan, studying the genetic and
morphological characterization @aliumspecies
(cleavers) in western Canada.

Extension Events

Indian Head Crop Management Field Day

On July 2, 2015, IHARF hosted the annual Indian Head Crop Management Fiel@1Jayoducers and
agronomists from across the Prairies came for tours led by IHARF, Ydit<& sity of Saskatchewamd
industry specialists. Touend presentations were provided by:

Chris Holzapfel (IHARF)

Andrea De RofUniversity of Saskatchewan

Bill May (AAFC)

Eric Johnson (University of Saskatchewan)

Dr. Tom Warkentin (University of Saskatchewan)

Dr. Kelly Turkington (AAFC Lacombe)

Barb ZiesmafSaskatchewan Ministry of Agriculture)

John Heard (Manitoba Agriculture, Food and Rural Development)
Sherrilyn Phelps (Saskatchewan Pulse Growers)

v I I D D D
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Agri ARM Research Update

On January4, 2016, IHARF, along with Agriculture @ied Research Management (MRM) sites from
across the povince, jointly hosted the AgkRM Research Update. The event highlighted components of
SFOK 2NBIFYATFiA2y Q& | LI ASR NBaSINOK FyR RSY2yaidN
A Chris Holzapfel (IHARF)

Mike Hall (Eastentral Research Foundation)

Dr. Ron Palmer (IHARF)

Lana Shaw (South East Research Farm)

Stu Brandt (Northeast Agriculture Research Foundation)

Jessica Pratchler (Northeast Agriculture Research Foundation)

Gazali Issah (Western Applied Research Corpaoratio

Blake Weiseth (Wheatland Conservation Area)

Gary Kruger (Saskatchewan Ministry of Agriculture , ICDC)

Presentations from each speaker are available for downloadiat.agriarm.ca

> > > > > > B

IHARF Soil and Crop Management Seminar

On Februang, 2016, IHARF hosted its annual winter seminaBaigonie SK, highlighting results of the
2015 seasm and current industry issues. Over 2Qfegts took in presentations delivered by:

Chris Holzapfel (IHARF)

Bill May (AAFC)

Dr. Tom WolfAgrimetrix Research & Training)

Nathan Gregg (Prairie Agricultural Machinery Institute)
Dr.Jamie Larsen (AAFC Lethbridge)

Glen Blahey (Canadian Agricultural Safety Association)
Ashlyn George (Lost Girls Guide to Finding the World)

Presentations from edicspeaker are available for downloadvat/w.iharf.ca.

v I D D D

2015 IHARF Partners

Every year, IHARF works with many organizations dedicated to advageiaglture into the future.
IHARF would like to thank all of our partador their outstanding support of our efforts in 2015:

Platinum

Agriculture & AgrFood Canadalndian Head Research Farm
Agriculture & AgriFood CanadaAgrilnnovation Program
BASF

Bayer CropScience

Canada / Saskatchewan ADOPT Program

Saskatchewan Cala Development Commission
Saskatchewan Ministry of Agriculture

Saskatchewan Pulse Growers

Western Grains Research Foundation

T v I I I D D D

3]2015 IHARF Annual Report


http://www.agriarm.ca/
http://www.iharf.ca/

Silver

v I I D I D D D D D D D

Agriculture Development Fund
IntraGrain Technologies

Koch Agronomic Services
Quarry Seed

Syngenta

Agriculture Fundig Consortium
Agrisoma Biosciences

Dow AgroSciences

Ducks Unlimited Canada

E. I. du Pont

Pioneer HBred

Engage Agro

Markusson New Holland
Mustard 21

Mosaic

Saskatch&an Flax Development Commission
Town of Indian Head
University of Saskatchewan
Yara

Bronze

v I T D D D D D D D D

Crop Production Services
Dekalb

Delage Farms

Farm Credit Canada

FendX

FMC of Canada

HCI Ventures

Monsanto BioAg

NorthStar Genetics

Paterson Grain

Saskatchewan Wheat Development Commission
SeedMaster

TD Canada Trust

Weather INnovations
Wheatland Financiaj Paul Kuntz
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AgriARM

The Saskatchewan ABRM (Agriculture Applied Research Management) program connects eight
regional, applied research and demonstration sites into a province wide network. Each site is organized
as a norprofit organization, and it by volunteer Boards of Directors, generally comprised of
producers in their respective areas.

Each site receives basending from the Saskatchewan Ministry of Agriculture to assist withratpey
and infrastructure costsyith projectbased funding saght after through various government funding
programs, producer / commodity groupsd industry stakeholders. AGRM provides a forum where
government, producers, researchers and industry can partner on provincial and regional projects.

The eight AgARM sites found throughout Saskatchewan include:

Conservation Learning Centit@L(¢, Prince Albert

East Central Research Foundati&€CRf; Canora

Indian Head Aggultural Research FoundatioHHARF; Indian Head
Irrigation Crop Diversification Corporatidl€D¢, Outlook
Northeast Agriculture Research FounidatNARF, Melfort

South East Research FaiRER); Redvers

Western Applied Research CorporatiddARG, Scott

Wheatland Conservation Are®#/CA, Swift Current

I > D D D

SollZone ® cuy * Prince Albert Swift Current
I Biack & Town *
[ Brown [ ] Rural Municipality !
Indian Head
[ oark Brown [_] crop Distict * * Redvers
g * Scott * Outlook

Gray

* Canora 7,’:7 Melfort

Figurel. Locations of organizationsmprising the Saskatchewan AGRM Network.
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http://www.conservationlearningcentre.com/
http://www.ecrf.ca/
http://iharf.ca/
http://www.irrigationsaskatchewan.com/SIPA/sipa_index.htm
http://neag.ca/
http://southeastresearchfarm.org/Home_Page.html
http://www.westernappliedresearch.com/
http://www.wheatlandconservation.ca/home.html

Environmental Data

Weatherdata for Indian Head, Melfort, Scott, and Swift Current, Saskatchewan, are provided, as many
of the studies were conducted at these locations and the data were combined for analyses. Data were
obtained from an Environment Canada weather station foundaabesite, and accessed online
[http:/www.climate.weatheroffice.gc.ca/climateData/canada_e.html].

The 2015 growing season produced above average yields and quality amongst the crops grown at Indian
Head. The spring began with adequate soil moisture levkish were required to carry the crop, as the

FANRG AAIYATAOIYG NIAYTFLIEE S@OSyd RARYyQG GF{1S LXLFO
timely rains and favorable growing conditions throughout the seasbough harvest was wrapped up

relatively close to the long term averagas harvest went on, more rain events did delay field operations

and the harvest of longer season crops.

Tablel. Mean monthly temperatures for the2015 growing season and-tengy normals (198-2010).

Apr May Jun Jul Aug Sep Oct

°C
indian Head 2015 4.8 10.0 16.2* 18.1 17.0 12.8 6.6
normal 4.2 10.8 15.8 18.2 17.4 11.5 4.0
Melfort 2015 3.8 9.9 16.4 17.9 17.0* 11.9 6.6
normal 2.8 10.7 15.9 17.5 16.8 10.8 3.3
Scoft 2015 5.1 9.4 16.0* 181 16.8 11.0 6.1
normal 3.8 10.8 15.3 17.1 16.5 10.4 3.3
Swift Current 2015 6.1* 10.0* 16.9* 19.2* 19.1* 12.9* 7.7*
normal 5.2 10.9 15.4 18.5 18.2 12.0 5.1

* The value displayed is based on incomplete data

Table2. Total monhly precipitation for the 2015 growing season and lbegm normals (19822010).

Apr May Jun Jul Aug Sep Oct Total

mm
Indian Head 2015 9.5 15.6 38.3* 94.6 58.8 67.8* 39.0 323.6*
normal  22.6 51.7 77.4 63.8 51.2 35.3 249  326.9
Melfort 2015 34.4 7.1 54.8 149.8 57.4* 70.0 33.0 406.5*
normal  26.7 42.9 54.3 76.7 52.4 38.7 27.9 319.6
Scoft 2015 15.4 4.1 19.4* 46.4 74.5 49.6 30.5 239.9*

normal  21.6 36.3 61.8 72.1 45.7 36.0 17.9 291.4
2015 8.4* 0.0* 15.3* 93.2* 19.1* 449 235* 204.4*

SwitCurrent \ormal 199 485 728 526 415 341 181 2875

* The value displayed is based on incomplete data
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Research

IHARF trials were situated at various locations in the Indian Head area, with the majority of projects
located onNW26-18-12 W2 andNE2718-12W2. Each trial consisted of numerous plots, each
representing a specific treatment being evaluated in that particular project (eg. rates, seed treatments,
varieties, etc.). Apart from the specific treatments being evaluated, plots were generally caresinipr

best management practices and in a manner which was consistent with normal or typical practices in
the Indian Head area. Deviations in agronomy and crop management have been specified where
required as a result of the study objectives or treatmeming evaluated and are indicated in the
description of each trial. In general, plots were seeded as early as possiblelayi early June,

GAGK yQ E opQ L2034 YR MHéE NBg &Ll OAy3 dzaAy3
spacig using a ConservaPak air drill. Cultivars and varieties were representative of those used by
producers in the area, and recommended seeding practices (i.e. rate, depth) were typically used.
Fertility and insect, weed and disease levels were normally k@ptimiting using commercial fertilizers

and registered pesticide products so that yields would not be limited by anything other than the specific
treatments being evaluated. Plots were desiccated or swathed when required, and harvested as closely
as posible to the appropriate timing using a Wintersteiger plot combine, Kir@2& plot combine, or
modified MF300 combine. Apart from the treatments being evaluated, all agronomy and crop
management practices were consistent for every plot within a trial.

Statistical Analyses

The majority of trials were conducted using a randomized complete block design (RCBD), or a modified
version of this experimental design, meaning each treatment is randomly assigned to plots within
replicates (blocks). Spililot designs were also frequently used. Treatments were replicated 4 times
allowing for the statistical analyses of results to assess whether the observed differences in the
responses (eg. plant density, height, seed yield) were an effect of the treatment beingtedabr due

to natural variability or experimental error. If a difference between two treatments is significant, it

should be repeatable and reasonably expectaajer the conditions in which the trial was conducted

For agricultural research, a signifit® S t S@St 2F hT'nonp A& 3IASYSNIffe
indicates a 95% probability that an observed effect was caused by the treatment and was not due to
random variability or experimental error.

In this report, statistical differences between ateents are represented by letters of the alphabet next
to the observed mean (average) for each treatment. Treatment means with the same letter do not
significantly differ, while means with different letters are significantly different from one anofredlé

3). In the example belowthere was no difference in plant density between the two treatments;
however, Treatment 2 resulted in a significantly higher yield than Treatment 1.

Table3. Example demonsttang how statistical results are presented in the report.

Treatment Plant Density Yield

(not significantly different (significanty different)
Treatment 1 87a 32b
Treatment 2 89a 45a

712015 IHARF Annual Report
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Units

Some data are reported in metric terms (i.e. yield rasg@s shown in kilograms per hectare),

particularly in cases where it was not practical to convert the values to bushels per acre (bu/ac), as in
certain figures. For reference, yield values ranging from 88D kg/ha are shown with the
corresponding valugin bu/ac for each crop. Alternatively, multiplying the kg/ha by 0.8921 will provide
the Ibs/ac, makindor an easy conversion to bu/ac.

Table4. Conversion of kg/ha to bu/ac for various crops.

kg/ha
1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Barley 186 279 372 465 558 651 743 836 929 1022 1115
Canola 178 26.8 357 446 535 625 714 803 89.2 981 107.1

Faba beans 149 223 297 372 446 520 595 669 743 818 89.2

Flaxseed § 159 239 319 398 478 558 63.7 717 79.7 87.6 956
Oats 3 262 394 525 656 787 91.8 105.0 118.1 131.2 144.3 157.4
Peas 149 223 297 372 446 520 595 669 743 81.8 89.2

Soybeans 149 223 297 372 446 520 595 669 743 818 89.2

Wheat 149 223 297 372 446 520 595 669 743 81.8 89.2

Disclaimer

Disclosure of trade names does not imply any endorsement or disapproval of any specific product(s) and
is only intended to differentiate treatments and allow producers to identify the specifimtdolies
being demonstrated in the marketplace.
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The Effect of Fungicide Application Timing on Disease Severity a nd Grain
Yield of Winter Wheat

Description

Winter wheat response to foliar fungicide applications is not well documented in western Canada;
however, foliar fungicides may provide an economic method for control of leaf and head diseases in
situations where moisture conditions are favourable and yield potential is baglal growers are
becomingexperienced irusing foliar fungicidefut areunsure abouthe most effective timing of
applicationor whether dual applicationare economically viabl@he objective of this study was to

evaluate the yield and quality response of winter wheat to foliar fungicide applications at the flag leaf
stage,early heading and both stages. The foliar fungicide treatments consisted of: 1) an untreated
check, 2) a flag leaf application of Twinline (202 mL/ac), 3) an early heading application of Prosaro (324
mL/ac), and 4) both the flag leaf and early heading iapfibns.

Results

Severity of leddisease was rated using the McFadden scalE2)lon ten plants per plat the milk
stage Leaf disease wassgnificantlyhigher in the check thamvith any fungicide timing application at
Indian Head in all yearBifferences in leaf disead®etween the two applications timingsere likely a
result of conditions experienced at difent growth stages$n a specific yeathowever, adual application
of fungicide often resulted in significantly Ideaf diseas¢han a sintg application(Figure2).

CHECK I FLAG " HEAD mDUAL

Leaf Disease {02)
N i [e)} [e0) '5
o

o

IH13 IH14 IH15
Year

Figure2. Winter wheat leaf disease severity as affected by different timings of foliar fungicide treatments.

Fusarium head blighFHB)vas assessed by rating the perceptke area affected for a minimum of 50
heads per plot at the milk stage. TReIB index is the product of the percent of infected rse&iHB
incidence) and the percent area affected in the infected heads (FHB sevextgience of FHB in 2014
was particlarly high due to a favorable disease environment, whereaBIHB was observed on plants
in 2015when the environment was extremely diywhendata from 2013 and 201#ere combined the
early heading fungicide application was the most successful in redaEIBdigure3).
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Figure3. Winter wheat FHB index as affected by different timings of foliar fungicide treatments.

Yield response to fungicide applicatimas similaiover thethree years. All fungide aplication timings
resulted in a significaribcrease in yieldver the untreated check. There was no difference in yield
between the two fungicide timings. There was a significant yield benefit with a dual application over
single applications in 201k@hly, when disease pressure was higig(re4).
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Figured. Winter wheat grain yield as affected by foliar fungicide treatments at Indian Head
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Conclusions

Both fungicide application timings tendéol reduce leaf disease; however, only the later application
reduced FHB infectioA dual application did natonsistentlyprovide an improvement over a single
application at early headingnd choosing products registered for suppression of FHB (i.ea®ros
Caramba, etcganalso protect against leaf diseakser in the seasonThus producers maychieve the
most consistent benefits byeferring fungicide application untarlyheading,unless disease pressure is
high early in the season
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Seed Treatment, Seeding Rates, and Foliar Fungicide Effects on Winter
Wheat Yield and Quality

Description

One of the greatest challenges in winter wheat production is successful establishment and
overwintering of the crop. One of the more effective tineds of improving winter wheat establishment

is to use higher seeding rates; however, the benefits to increased seeding rates ultimately need to be
weighed against higher seed costs. Previous studies have shown that seed treatments were also
effective forimproving plant stands, winter survival and yidldaddition, bliar fungicides may provide

an economic method for control of leaf and head diseases and recent field demonstrations have
suggested that winter wheat is quite responsive to foliar fungicite objectives of this project were 1)
to demonstrate the effects of using seed treatments and/or higher seeding rates to improve winter
wheat establishment and 2) to investigate potential interactions between plant populations, seed
treatments and foliafungicide applications for winter whealreatments are outlined in

Tableb.

Table5. Treatments evaluated in winter wheat establishment and disease management trial.

Trt Seeding Rate Seed Foliar
(seeds/nf)  Treatment”  Fungicidé
1 200 no check
2 300 no check
3 400 no check
4 200 treated check
5 300 treated check
6 400 treated check
7 200 no Fungicide
8 300 no Fungicide
9 400 no Fungicide
10 200 treated Fungicide
11 300 treated Fungicide
12 400 treated Fungicide

“Raxil Pro at 325 mL/100 kg seed
"Twinline 0.2 L/ac at flag leaf and Prosaro 250 EC 0.324 Léaclptheading

Results

Winter wheat establishment was estimated by measuring early season, BiDMdirect measure of
plant health ancaboveground biomassUnlike previous yearshere was no effect of seed treatment or
seeding raten early-seasor\NDVI in 201%data not shownsee20132014I1HARF annual reports).
Similar toprevious yearshowever,the use ofa fungicide and seed treatmt had positive effects on
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yields and test weight€lrable6). Unexpecedly,yieldsand test weightsvere highestat the lowest
seeding rate in 2015This was likely due to extremely dry conditi@asly in the seasonombined wih
the delay in maturity that is often observed lawver seeding rates

Table6. Effect of fungicide, seed treatment, and seeding rate on winter wheat at Indian Head in 2015.

Yield Test Weight
(kg/ha) (9/0.5D

Seed Treatment

Check 3369 b 396.8b

Treated 3473 a 399.1 a
Seeding Rate

200 3530 a 3989 a

300 3390 b 397.4 b

400 3343 b 397.4 Db
Fungicide

Check 3336 b 396.4 b

Treated 3507 a 399.4 a

Conclusions

Seed treatments are a reasonglidw costtool that protect against seed decay and diseabedping

the crop get off to a strong starand increasinghe likelihood of successful overwintering. The response

to seed treatments in theseitls (including previous yeargjas strong with significanmpacts on crop
establishment and grain yiel@he response to seeding rate in 2015 was influenced bytypinal

weather conditions, thusnducers should continue to follothe recommended seeding rate of 300
seeds/nf or higher when using treated wintevheatto increase the probability of strongsgablishment

and overwintering. Foliar fungicide application has also consistently resulted in a significant yield benefit
in winter wheat in these trialat Indian Head

Acknowledgements

This project was sygorted by the Agricultural Demonstration of Practices and Technologies (ADOPT)
initiative under the Canad8askatchewan Growing Forward Adieral agreementyith in-kind support
provided bySyngentaBayer CropScience and BASF

Limiting Losses and Impr oved N Efficiency in Winter Wheat through
Stabilized N Application
Beres, B. (AAFC), Holzapfel, C. (IHARF), Hall, L. (U of A), and Mohr, R. (AAFC).

Description

Ureais themost widely usedorm of nitrogen frtilizer butis susceptiblgo environmentallosses
depending on factors including temperature, soil textwseilorganic carbonand whether products are
incorporated. Ureasand nitrification inhibitoramay slow the process, retaining fertilizer nitrogen in the
soil and gradually providing nitrogeo the crop. In addition to nitrogen placement, form and
application timing, these products provide additional optionsrimtucing environmental N losseghe
objective of this project as to determine if N stabilizers can mitigate losses associatédNvit
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applications in winter wheat systems where some of the entire crop N requirements are applied in the
fall. The 13 treatments evaluated were a combination of four N fertilizer forms (untreated urea; Instinct;
SuperU; and ESN), and three different tinipigcement treatments (100% sideanded at seedindg30%
sidebanded with70% broadcasted in the late fall; and 30% ddededwith 70% broadcast in the

spring), plus a control (no N fertilizer appliebstinct is a nitrification inhibitor, SuperU is @rification

and urease inhibitor, and ESN is a stelease polymer coated urea.

Results

The winter wheat yield response to the different N fertilizer productsjrig, and placement is shown in
Figure5. These results includenly data from Indian Head in 2015 and were not statistically analysed. In
general, it apearsthat sidebanding all N fertilizer @tme of seeding produced the highest yields
regardless of produciThe N products appeared to negatively impact yield camgpdo untreated urea
when N fertilizer was broadcasted in the fall or spring, and especially with ESN broadcasted in the

spring.
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Figureb. The effect of fertilizer product, placement, and timing on winter wheat yields atrndead in 2015.

Conclusions

The results are not conclusive @sly one siteyear of datas includedAs N fertilizer losses are highly
influenced by environmental conditions, the response seen at Indian Head in 2015 may or may not be
typical, and it wilbe important to conduct this study at many sites over several years. This trial is being
conducted at four sites and whle repeated in 201&=inal results with combined data analyses will be
included in future annual report(s).
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Nitrogen Response of Modern versus Open -Pollinated Fall Rye Varieties

Descrption

Recent breeding efforts have improved the yield potential and other agronomic qualities of fall rye.
Hazlet, the newest fall rye variety released by AABE 16% higher yield potential than thbeck

variety in Saskatchewan's Zone 1 &hile rew European fall rye varieties have shown up to 30%
higher yields. Fall rye is traditionally grown as ailoput crop, likely because it has relatively high
nitrogen use efficiency compared to winter wheat. However, higher rates of nitrogen fentiieglne
requiredto reach maximum yield potentiaith modern fall rye varieties. Bhobjective of this study is

to contrastthe nitrogen requirements of a high yielding hybridth a conventional fall rye varietfhe
openpollinated variety, Hazlet, and a hyth, Brasetto, were each grown at six different N fertility rates
(0, 50, 100, 150, 200, and 250 kg N/ha).

Results

Yield response quickly levelled off as nitrogen rates increased in both varieties. Estimated maximum
yields were achieved at 112 kg N/ha a#t kg N/ha for Hazlet and Brasetto, respectively. When

averaged across nitrogen treatments, Brasetto was 25% higher yielding than Hazlet. Like in many cereal
crops, protein was inversely related to yield as nitrogen levels incredasedeffect of N raten grain

protein concentrations varied with variety. Both varieties had similar grain protein concentrations in the
control treatment but protein was always highter Hazlet when N was appli€Bigure6).
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Figure6. Effect of nitrogen rate on grain yield and grain protein of an open pollinated (Hazlet) and hybrid variety
(Brasetto) of fall rye.

Conclusions

Grain yields for Brasetto were nearly 25% higher than Hazlet on average arsbpomse to Ndrtilizer
was similar for both varietiesndicatingsimplythat the genetic yield potential of the hybrid variety is
higher than the conventional varietfhe maximum yieldvas achieved with 120 kg hd; however,
profits were likely maxinzied at a lowerates as there was ralively small yield differences among
fertilized treatments The trial was conducted at a single site and year, thus results may vary under
different conditions. e higher yield potentiabf the hybrid variety shoulte weighed agairighe
increased seed costs
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Comparison of Open-Pollinated and Hybrid Fall Rye under Conventional
and Intensive Management Conditions

Larsen, J. (AAFC), Holzapfel, C. (IHARF), Coles, K. (Farming Smarter)(ARdHC)Rand Brandt, S.
(NARF).

Description

Fall ryecan be as profitabléor Canadian farmeras intensively managed whela¢causet can be grown
productively ormarginal &nd withminimal inpus. In addition, &ll rye is extremely wintehardy posing
significantly less risk for winterkill compared to winter wheat. Hybrid rye from Gerinasnghown &5

40% increase in yield amdore consistent quality compared @anadiaropen-pollinated (OP)varieties
however, hybrid rye seed is sold at a premium c®&seed Producerswill want to optimize the
management packagend maximize yield in order for the added cost bfybrid seed to fit their

production modelThe objectives tothis study were to compare the productivity of Canad@iand

German hybrid fall rye varieties unddifferent levels of crop input€ight treatments were evaluated
which included a combination of four fall rye varieties: t@B(Hazlet and AC Riflehd two hybrids

(Guttino and Brasetto), each grown under both conventional and intensive management systems. The
difference in management factors between conventional and intensive management systems is outlined
in Table7.

Table7. Management factors in conventional and intensive management treatments.

Management Factor Conventional Intensive
Total N 60 kg N/ha 120 kg N/ha
Fall ESN (sideanded) 0 kg N/ha 40 kg N/ha
Spring Agrotain (broadcast) 60 kg N/ma 80 kg N/ha
Seed treatment none Cruier Maxx Cereals
Foliar fungicide none Caranba at flag leaf stage
Fall herbicide 2,4-D 2,4D
Spring herbicide none broadleaf and grassy
Insecticide none as required

Results

The trial was conducted at four locati® in 2015 (Medicine Hat, Indian Head, Melfort, and Brandon).
Across all sites, the hybrids tended to out yield the OP variedied yields were higher in both varieties
under the intensive system. ke results were observed at Indian Head in 2FFigure?).
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Figure?7. The effect dinput system on hybrid and opepollinated (OP)rye yield at Indian Head in 2015.

Test weight was not affected by variety or management treatment, but significant diffesawere
found between varietieq their susceptibility to ergotHybrids weremore susceptible to ergognd

both hybrids showed an increase in ergmider the intensive systenThe higher ergot levels may have
been froman increase in tillers drom environmental conditionst Indian Head in 2015.

Conclusions

An economi@nalysis was completed with all sites included (not shown)iaappears that althoughhe
cost of production is higher, hybrids were more economically viable @RvarietiesAaoss all sites,
there was not a large differenae profits betweenintensiveand conventional management strategies
with the hybrids, howevewith the OPvarietiesit appears that the conventional management strategy
might be most profitable based on treEgronomic package used in this research projébe results

from the first year of this trial are preliminary and the trial will be conducted again in 2016.
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Managing Fusarium Head Blight in Durum Wheat with Higher Seeding
Rates and Foliar Fungicide Application

Description

Fusarium head blight (FHBas been a major factor limiting durum wheat yields and grain quality in
recent yearsDurum is particularly gsceptible toFHBandis a good test crop to evaluate the effects of
various managemerjracticesfor disease suppressioifhe optimum timing ofungicide applicatiofior
FHBcontrolis at early floweringhowever, significantinfection can still occudepending on the duration
of flowering andenvironmentalconditions.Producers are unsure of the benefit of utilizimgptfungicide
applicationgo manage for variability in crop stage andrexlucethe risk of encountering
environmental conditions conducive to disease development during flowelRaegearcltonducted in
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eastern Saskatchewan has shothat increasing the seeding raté durum wheathasnot resulted in

lower FHBinfectionand can actually result in higher disease presstiieleads toa denser crop canopy

or more lodging. However, higher seeding ratesild esult ina more uniform crop withess tillering
resultingin improved controlof this diseasevhen comiined with a welitimed fungicide application.

The objective of this projeatasto demonstrate the effect of usingcombination of higher seeding rate
anddifferent timings offoliar fungicide application to reduce the impactsFéiB on the yield and quality

of durum wheat.The twelve treatments evaluateslere four fungicide application timings (control (no
fungicide); T1 (7200% head emergence); T2 (50% flowering); and both T1 + T2), each in combination
with three seeding rate€00, 300, and 400 seedsfjn

Results

Head density increased with seeding rate, but twothe extentthat plant densityincreasedwith

seeding rateindicating that individual plants responded higher plant populationsvith reduced

tillering.

Diseas pressure was relatively high with approximately 3Aétdence of FHB on averadéhe FHB

index is the product of the percent of infected heads (FHB incidence) and the percent area affected in
the infected heads (FHB severit@eeding rate had no sigmiéint effect on FHB index or grain yi€lthe
effect of fungicide application timing on Fifi8lexand grain yields shown irFigure8. FHB idexwas
highestin the control, slightly lower witlthe T1 application timeandlowest & the T2 and dual

application timeswhich were statistically similgFigure8).
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Figure8. Effect of fungicide timing oRusariumindex and yield of durum wheat.

Test weight and seed weight were raffected by seeding rate, but fungicide treatment was significant

to both. Test weight was the most responsive to fungicide treatment seeing up to 2.9% greater weights
in the dual application over the control. Seeding rate did influence the percentagesafiéim damaged
kernels(FDK) FDK wageduced from 1.7% to 1.3% wheeedingrate wasincreased to 400 seedsy.
Fungicide did not influence FDK
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Conclusions

A reduction in theaumber of tillers per plantesulting fromincrea®d seeding rateheoretically
shortensthe length of the period where wheat is susceptible to FHB infectioe to greater crop
uniformity. Seeding rates targetinactual population®f 300 plantsi? were required to reluce the
impacts of FHRt Indian Head in 201%or fungicides to have an effect on FHBmingis critical and dual
applications may be necessary depending on disease peeasul the duration of headingVhile there
wasno interaction between seeding rate and fungicide treatment, both practioe® beneficialfor
FHBmanagemenin durum wheat.
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Controlled Release Nitrogen Fertilizer for Improving Spring Wheat Yield
and Protein

Description

High protein concentrationare desirable in wheat production aritds important to use adguate N
fertility ratesto avoid losses igrain quality. Growers have attempted to increase protein by applying
more fertilizer N; howevetthis often leads to increased lodging and associated yield lossitiudlty
with harvest. @ntrolled release N mducts can delathe conversion of fertilizer N into plant available
forms,allowing forN uptake later in the growing seas Delayed N uptaksupports protein formation,
with the added benefit ofeducing early season vegetative growth audentially reducinglodging.The
objective of thisprojectwasto demonstrate theeffect ofvariouscontrolled release N producter
optimizing yield and grain proteiwhile minimizing lodgingn CWRS wheat.

The 11 treatments evaluated were five product blentlg100% urea2) 50% ESN + 50% ur&x50%
SuperU + 50% ured) 75% ESN + 25% urea; &)d5% SuperU + 25% uresach applied at two N
fertility rates (75 and 140 kg N/ha), plus anfentilized checkControlled release N products are
typically applied ira blend with untreated uredecausehey aremore costly and to ensure an adequate
amount of plant available N very early in the season.

Results

Lodging was least severe in the control dndreased withN rate, but was relatively low overall

Increasig the N rate from 0 and 75 kg N/b@ 140 kg N/ha significantly increased yield by 55% and 5%,
respectively. At both 75 and 140 kg N/ibe highest yields were achieved witie 75:25 ESN/Urea

blend, and showed significant advantage ovenblendedurea (Figure9).
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Grain protein showed a very strong response to N fertilizer rate, increasingl®dsiograinprotein

with the control t012.3% at 75 kg N/hand 14.3%at 140 kg N/ha. Protein was higher on average with
unblended wea than with eitheithe 50% or 75% E3Nendsbut did not differ from the SuperU blends.
Proteinwas geneally inversely related toigld.

Conclusions

Blends containing ESN generally resulted in the highest yieldshey also had the lowest proteiif.he
performance of the products evaluated may differ under wetter spring conditions when the potential
for losses due to denitrificain andleachingss higher.

Acknowledgements

This project was financially supported by the Agricultural Demonstration of Practices and Technologies
(ADOPT) initiative under the CanaBlaskatchewan Growing Forward Adieral agreement, with in

kind suppot providedby Koch Agronomic Services, Agrium, BASF, Bayer CropScience and Dow
AgroSciences

Optimal Nitrogen Rates for Spring Wheat with Plant Growth Regulators

Description

Wheat yield respondpositively to fertilizer N up to an optimal rate at whialrther additions are no

longer beneficial. Yield decrease beyond the optimal N rate can often be associated with crop lodging.
Registration oplant growth regulators (PGRpuld provideopportunities toenhance wheat yield and
quality by reducing lodgingespecially with higher fertility rateIhe objective of this study was to
determine whetherigher yieldsand/or qualitycan be achieved with a combination of PGR applications
andhigherN fertility. The treatmentsevaluatedwere a combination ofive Nfertilizer rates Q, 50, 100,

150 and 200 kg N/Haand two PGR treatmentsintreated and treated).
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Results

Height increased with N fertilization in both the control and RfeRted wheat however, wheat

treated with PGR was significantly shorter than thtreated wheat at all N rates.odging occurred late

in the season and was considered minor in all treatmeundslging response to the treatments was

similar to theheight response wherdéodging increased with N rate in both control and P&pRlied
treatments, but was significantly lower in PGR treated wheat at all N rates. Similar to the control
treatments, wheat treated with PGR showed the typical diminishing yield response to increased N rates.
However PGR applications resulted in 6% yield increasenvelveraged across fertilizer ratesven with

a low level of lodging overallhe highest yielding individual treatment was 150 kg N/ha combined with

a PGR applicatiofTable8).

Table8. Treatment compasons for spring wheat plant height, lodging, and grain yield at Indian Head in 2015.
Different letters indicate significant differences between the treatments.

Plant Height Lodging Index Grain Yield
(cm) (1-10) (kg/ha)

Control PGR Control PGR Control PGR
7 kg N/ha 91.4b 72.4d 20e 2.0e 3071 f 3130 f
50 kg N/ha 100.3 a 85.7 ¢ 2.8 bcd 20e 3941 e 4231 d
100 kg N/ha 101.7 a 90.0b 3.3b 2.3 de 4460 cd 4839 ab
150 kg N/ha 100.3 a 91.8b 4.0a 2.5 cde 4693 bc 5030 a
200 kg N/ha 100.3 a 91.7b 4.0a 3.0 bc 4493 ¢ 4807 ab

There was a tendency for lower protein content with PGR where slightly higher yields were achieved.
This suggests thdigher N rates may be required to maintaidequate protein levels when PGR
application leads$o higher yield expectations.

Conclusions

This trial demonstrated a strong response to N fertilizer and significant agronomic benefits to the PGR
applications even though it was a relatively dygar with minimarisk ofyield loss due to lodginghese
resuts, combined withresults frompreviousstudies support the use of PGR to redusgringwheat

height and lodging while increasing yiel#wever, growers will need to ensure that any wheat treated
with PGR will be marketable prior to using the products.
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Optimal Seeding Rates for Spring Wheat with Plant Growth Regulators

Description

Wheat yieldsgenerallyrespond positively to increasesteding ratesthoughthe risk of severdodging

often alsoincreasesith higher seeding rate$n an effort to manage lodging in wheat,oducers have
tried growingsemidwarf varieties oreducing seed and fertilitinputs, at the risk of Isingyield and

guality. Registration of plant growth regulators (PGR) could pl@wipportunities to enhance wheat

yield and quality by reducing lodginithe objective of this study was to determine whether higher yields
and/or quality can be achieved with a combination of PGR applications and kiggnding ratesThe
treatmentsevallated were a combination ofive seeding rates (0, 200, 300, 400 and 500 seemk%],

with and withoutPGRapplication.

Results

The application of a PGR resulted in an avefd&$éheight reduction Hant heightalsodeclined linearly
with increasing seedqg rate; however, thee wasonly a 3 cm difference between the shortest and
tallest treatments Application of PGR significantly reduced lodging, thoadhihg wagelatively minor
in all treatments There was noodgingobservedn PGR treated plotat the 300500 seedi?seeding
rates. Yields were highest @pproximately 2000 seeds/m, with or without PGR.i#lds were
increasedby 400 kg/hawith the PGR applicatigmegardless of seeding raEigurel0). The PGR
treatmentsdid not affect test weight or seed weight.
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FigurelO. Effect of PGR in spring wheat on ywith increased seeding rate at Indian Head in 2015.

Conclusions

This trial demonstrated a strong response to N fertilizer and signifiagronomic benefits to the PGR
applications, even though it was a relatively dry year with minimal risk of yield loss due to |odggeng.
results of this trial alsshowno advantage to higher seeding rates, whether or not PGR was applied.
These resultscombined with results from previous studies, support the use of PGR to reduce spring
wheat height and lodging while increasing yields. However, growers will need to ensure that any wheat
treated with PGR will be marketabpeior to using the products.
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Application Timing and Fertility Effects on Spring Wheat Response to
Plant Growth Regulator

Description

Plant growth regulators (PGR) are typically used to reduce internode elongation in cereals to decrease
plant heigh, thicken stems, and reduce thpotential for lodgingSpring wheat yield is often limited by
lodging when higher rates of inputs are utilizélus, he reduction in lodging that could be achieved
with PGR potentially allowfsr inputsto be increased t@romote higher yieldsThe objective of this
study was to determine the effect of application timing and fertility level on the response of spring
wheat to the plant growth regulator Manipulator® (chlormequat chloridéie treatments includetbur
PGR teatments 1) No PGRR) Early applicatioflate herbicide timing, growth stage Zadocks-21art of
tiller formation), 3) Late applicatioigrowth stage Zadocks 35ktart of stem elongation)and 4)growth
stageZadoks 41 (Flag leafin combination withthree fertility treatments 1)100%,2) 125%, an@®)
150% of the recommended fertility package for spring wheat in the thin Black sojlfpor@etotal of 12
treatments The trial was conducted in 2013, 2014, and 2015.

Results

The effect of PGR apmdiiton and timing on spring wheat height, lodging and yield was similar across all
trial years. An application of PGR at any time significantly reduced plant height relative to no PGR
application. Fertility rate did not have any effect on height for thegemexaminedFigurell). Applying
PGR also significantly redubedging in plots. The latest application of PGR appaétr have a more
significant role on height and lodging in 2015. Hidiertility treatmentsdid show an incgase in

lodging, butthis effectwas not significant when a PGR waspléed (Figurell).
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Figurell. Effect of PGR timing and increasing N rates on height and lodging at Indian Head in 2015.
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Yield inceased withboth the application of a PG&hd with increasedertility rates. The interaction
between PGR and fertility showedjeeateryield benefit with PGR application when fertilizer rates were
high (Figurel2).
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Figurel2. Effect of PGR timing and increasing N rate on yield of spring wheat at Indian Head in 2015.

Conclusions

Resultsvere consistenticross all years and indicate the potential for PGR applications to reduce height
and lodging whilenhancing wheat yields, particularly when combined with high fertility rates.-Tank
mixing with herbicides is possible, ddes not appear to be as effective as a later application of PGR.
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Genotype, Weather, Fungicide, and Glyphosate Effect on Spring Wheat
Gluten Strength
Sapirstein, H. (U of M), Bullock, P. (U of M), HolzapfdHERF)

Description

Canadian spring wheat quality has declined in recent years and reasons arelliataven.Processing
guality can be greatly influenced by a widage of environmentadnd managementactors, the most
likelyin recent yeardeingthe increased prevalence of fusarium, unpredictadnhel extreme weather,

and the increased use of pleanest glyphosateThe objective of this study was to investigate the
effects of environment, fungicide, and glyphosatea harvest aid ogluten strength in CWRS whe&ix
different wheat genotypes (Carberry, Cardale, Glenn, Harvest, Stanley, and Stettierfyeated with 1)
fungicide, 2) glyphosate, 3) fungicide and glyphosate, or 4) untreated, to evaluate the effect on wheat
gluten stiength, for a total of 24 treaments.
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Results
The effect of the treatmentsn yield and test weighdf each of the @enotypes ishown inFigurel3.
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Figurel3. Effect of fungicide and glyphosate on yield and test weight of various wheat genotypes.

Conclusions

Results are preliminary and only reflect one sigarof data. This trial will be repeated in the 2016
season.
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Yield Response and Test Weight Stability of Oat to Fertilizer N

Description

Oat growers are looking for ways to increase their yield and maintaiguhéty of the oats they grow.
Many are using high N rates with varying degrees of suahes$o lodging and decreaseest weights
Research indicates that some cultivars have a more stable test weight thars athéne nitrogen
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fertilizer rate is increasedn addition new cultivars are available that growers have not had a chance to
see evaluated inheir own areaThis demonstration will help producers choose the appropriate

nitrogen rate and cultivato achieve their management goals when growing o@tee treatments

included four cultivars, and four N fertility rates (40, 60, 80, and 120 kg N/ha). The fieldatsial w
conducted at four locations in 2015, and different cultivars were chosen at each location based on
popularity and potential for the region.

Results

At Indian Headn 2015 there weralifferences between the cultivars in their response to N fertilizer.
Stiide had slightly more lodging than the other three cultivah®ugh there was little lodging at Indian
Head in 2015 (data not shown{ield response to N fertilizer rates differed among the cultivigigufe
14). The test weipt declined as the N rate increased at Indian Head in 20t6appeared to be more
stable in some cultivars than otherSigurel5).
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Figureld. The effect of varying rates of N fertilizer on yieldafrfoat cultivars at Indian Head in 2015.
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Figurel5s. The effect of varying N rates on test weight of four oat cultivars at Indian Head in 2015.
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Conclusions

The cultivars tested appear to differ in their yield potential, anchigirtyield and quality responses to
varying rates of N fertilizeGimilar observations were made at other locations.
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Investigating Wider Row Spacing in No -Till Canola: Implications for
Weed Competition, Response to Nitrogen Fertilizer, and Seeding Rate
Recommendations

Description

Wider row spacing in canola production has been a topic of intem@sing canola growers and

equipment manufacturers. With larger implements, producessiidincrease the timelinessf seeding

and reduce fuel use and tractor houRast research on canola row spacing has led to varied conclusions
in regards to canola yield response and agronomic implications, thus, revisiting the topic of row spacing
in canola is well justified witthe changes in canola varieties, fertilizer management and seeding
equipment over the past twenty years.

Nitrogen-use-efficiency could potentially be increased with banded N at wider spatiegoreduced N
losseshowever, the potential for seedling imjy also increases as tanded fertilizer becomes more
concentratedwith wider row spacingAs for seeding rate implications, it is possible thater row

spacing could result ia reduction inseeding ratess thewithin-row distance between seedsould
decreaseas row spacing is increased. From a weed management perspectivikelyishat canola

would not compete as well against weeds as row spacing is increased, especially early in the growing
season, though this may not be an issue with modeembltide tolerant hybrid canola varieties.

The objectives of this project were to evaluate the performance of canola grown in row spacings that

exceed the conventional B H ¢ GARGK® ¢ KNBS &S LI NldéteSmire wiatheR G NA I 3
wider rowspacing might affect currerttanola productiorecommendations regardg sidebanded N

fertilizer, seeding rates, andreed managementThe treatments in the three trials consisted of 5

RATFSNBY G NRBg &Ll OAy 3ia combinatiorlvithieithér I) siddnandEd NertdizEBr | Yy R H
rates (0, 50, 100, and 150 kg N/ha), 2) seeding rates (1.5, 3.0, 4.5, and 6.0 kg/ha) or 3) weed control (no
in-crop herbicide compared to a singledrop herbicide application)he study was conducted in 2013,

2014, and 2015.
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Results
1) Implications for siddanded nitrogen fertilizer

In all years combineaanola plant densitdeclinedwith both increagdrow spacing and witincreagd
sidebanded N ratesbutthere wasno interactionbetween the two factors, indating that the more
concentrated band of N fertilizer at wider row spacing did not affect seedling sufviv2015 seed
yields were similar for row spacimgnging from10-m c kiut significantly higher at nspacingThere
wasalways a strong responge N rate with yields continuing to increase upethighest ratef applied
N fertilizer(Figurel®6).
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Figurel6. Effect of increasing N rate on canola plant density and gielddian Head

Implicéions for seeding rates

Plant densitydeclinedin generalwith increagd row spacingWithin eachseeding rate, differences in

plant density among rowidthsg SNE y 24 f F NBES Sy 2 dekk (N2 dutvpllRAIK 38 A S €
RSONBI aSR aA 3yrbvFwidhl Af ibrfyield,Heré was Ko3nteractidibetween row spacing

and seeding ratesuggesing that the effectof seeding rate on yield agsimilar across rowidths, and

also that the effect of row spacing on yield was similar across seeding ratgsefdre,the results

support therecommendation that similar seeding rates should be used regardless of row spacing.
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Implications for weed control

In 2015 weedpressure was lowebut row spacinglid have a sigificant impact on weed biomass,
unlike n previous yearsiVithout herbicide, weed biomass increased linearlyhwow spacing buthere
was no effect of row spacing aveed biomass when combined with ardrop herbicide applicatian
Effects of row spacing on seed yield were significant in 20050t in previous yeardn 2015, the
highest yields were achieved at the narrowest and widest\oeths.

Conclusions

Canola emergence declined as row spacing incred#eaay due to higher intraspecific competition
among seedlingshe reduction inplant populationwas not generally large enough be ofagronomic
concern, particularly amongro& A R K& 2 FTheravéas disBnifisantéeduction in plant depsit
with 100-150 kg/ha of siddanded N however,canola responded to sideanded N wil increagd

yields right up to 150 kg N/h@hese esults suggest thahe N requirement of canol& likely smilar
regardless of row spacing, thoubigh ratesof applied Ncombined with wide row spacing may increase
the risk of seedling injury.
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Effects of Genetic Sclerotinia Tolerance and Foliar Fungicide
Applications on Incidence and Severity of Sclerotinia in Canola

Description

Sclerotinia stemmot causes significant yield loss for canola in western Canada each year, though
incidence and severity of the disease in any location is variable and dependent on environmental
conditions.Foliar fungiadeshave beereffectivefor managingsclerotinia; howeverannual applications
are not economically viablén many regionsRecently,canola varietiesated tolerant to sclerotinia stem
rot have beerdistributed commerciallyUnder favourable conditionspterant varieties may
nonetheless become infected with sclerotinia, tHaBar fungicide applicationsiay still be beneficial.
The objective of this trial is to examittee benefits and limitationsf utilizingtolerant varietiesand

foliar fungicide apptations to manage sclerotinia stem rot in canaad to establistihe conditions
under whichfoliar fungicide applications may lmeneficialwhen growing dolerant variety.The
treatments were a combination of two canola hybri@sisceptible (45H29 RR)d tolerant (45S54 RR),
and four foliar fungicide timing treatmentsintreated check, fungicide applied at 20% bloom, fungicide
applied at 50% bloom, arfdngicide applied at both stagedhe study was conducted e locations

in 2015 (Indian Head, ®&fort, Outlook, Brandon, and Melita).

Results

The tolerant variety exhibited significantly lower disease incidence than the susceptible Madety

disease incidence was low, ranging frori X% across sitefungicide application alsignificantly
reduceddisease incidence, but onily the susceptible varietgFigurel?). The overdlyield responsed
fungicide was fairly weak, and only the fungicide application at 50% bloom provided a significant benefit
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over the controFigurel?). It should be noted that the susceptible variety (45H29) appeared to have
genetically higher yield potential overall, when comparing the effect of environmental conditions and
disease incidence on yield of the two variatie

7 4000
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Figurel?. Sclerotinia incidence and mean yield with fungicide treatment across all locations in 2015.
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Conclusions

This study showed that sclerotinia incidence and severity were reduced by eitheraisiiegant hybrid
or fungicide applications; however, disease pressure geaerallylow andneither of the two
management options fully controlled ¢hdisease whegonditions were most favourablélnder low
disease pressure, there was little benefit to applying fungioidée tolerant hybrid When a yield
benefit to fungicide application was observsfiklds tended to be highewith the later fungicide
application However, arly infectionproducesthe greatest potential yield lostherefore, it is
recommendedo apply furgicide between 260% bloombefore a significant number of petals have
dropped.The resultsof this study suggest thablerant hybrids are effective fananagingliseaseand
less likely to benefit from fungicid@usceptible hybrids magrovide a higheyield potential, at least
under low disease pressure

Acknowledgement

Funding for this project was provided by the Saskatchewan Canola Development Commission, with in
kind sypport provided by Pioneer HBred and BASF

Canola Direct-Cut Harvest System Development

Description

The objective of tis project was to evaluate the field performance of commercially available combine
headers as part of a direcut harvest systenn canolacompared withthe conventional swathing
operation This study was condted at the field scale, utilizing 2014 New Holland CR8090 twin rotor
combine. The combine was configured for canola based on the manufacturers recommended settings,
and optimized for site conditiorisy harvesting adjacent cropgnd utilizing dop pans @mbine settings

were not altered during or ibetween the plot harvesting to maintain consisterimstween treatments

Threestraightcut header treatmentsvere evaluate¥ M0 RNJ LISNJT H0 NAIART 00
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of auger) along with the swathed &atment Two canola varieties were evaluatedstandardvariety

(L130) and a variety with documented shatter resistant traits (L140P). Aluminum catch trays were placed
in the plots at the time of swathing, and remained in the field until harvest in daleatch

environmental losses experienced with the standing candidarvest, catch trays were alptaced

ahead of the combine in order to catch header los3é® study was conducted at Indian Head and

Swift Current in 2014 and 2015.

Results

Conditiors at Indian Heah 2015 were ideal for straighdutting canola. Plant density was consistent
and plants were upright and knitted togethdrhe results showed that header losses can be significant
when straightcutting canola, and these losses should beghied against the benefits of straight
cutting. The extended knife header appeaito be the most forgiving header fgreld and canola

feeding performance over the other header optigiégurel8). As expected,te shatter tolerat variety
performed better than the standard variepgainst environmental and headersk. $/athing remains a
good harvest management option for standard canola varieties.

—+— Draper Header with Rotary Divider
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Figurel8. Canola seed losses across width of headetsdian Headn 2015.

Conclusions

The project is scheduled to be completed after the 2016 growing seasam wltomprehensive final
report and recommendations will be made
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Lumiderm Seed Treatment Effects on Emergence, Flea Beetle Damage,
and Seed Yield of Canola

Description

Commercial canola seed isearly alwaydreated with a seed treatment to control various seedling
diseases and protect against flea beetle damage. In cool springs, the protection of the seed treatment
often wears off while the plants are still smahdunder high insect pressurdopliar insecticide
applications are frequently required at this critical time to prevent damage especially when plant
populations are already low due to eadgason stressekumiderm(cyantraniliproleseed treatment is
a group28insecticidethat is intended to provide extended control over conventional canola seed
treatments, particularly when soils are cool and wlte objective of this studyasto determine if the
addition of Lumiderm seed treatment with either Helix Vibraror Prosper EverGabuld reduce insect
feeding from flea beetles and improve seedling establishment and seed yield at either low or
recommended plant population3he treatments consisted of the standard seed treatments products
(i.e. Helix VibrancéRR or Prosper EvergdLL) with commerciallyassociated varietieD3155GRR)or
L252(Lr|%) with and without Lumiderm (625 g Cyantraniliprglej two differentseedng rates (6Gr 120
seeds/n).

Results

The warm, dry spring and lack of flea beetlegare in the plots resulted in no significant differences
between treatments for plant density, early defoliation, biomass, and yizégpite the relatively low
flea beetle pressure, there was a tendency for less defoliation with the dual seed treatments
(Prosper/Helix plus Lumiderm) relative Roosper or Helix applied alore the 3leaf stageNDVI(an
approximate measure of plant biomass and vigalsp tended to be higher in Lumiderm treatments.
This trend was most pronounced and only statisticagipificant in theRoundup Ready® canola where
Helix Vibrance was the standard treatméhtgurel9).

0.25
Helix = Helix+Lumi

0.2

0.15

NDVI Value

0.1
0.05

0
NDVI1 NDVI2

Figurel9. The effect of adding Lumidern to the seed treatment in RR canola on NDVI measureméifs. in 2
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Conclusions

Although flea beetles were present, pressure was |lowl the weather was warm and drye&earch has
shown that the greatest benefits to Lumiderm generally occur under cool, wet conditions. Seed
treatment did not affect plant populationgr aboveground biomass yield; however, there was evidence
of reduced defoliation and, for Roundup Ready® canola treated with Helix Vibrance, higher NDVI with
the addition of Lumiderm. Seed yield was not affected by plant population or seed treatiikeht due

to low seedling mortality and abundant moisture conditions during the latter half of the season
combined with minimal defoliation and flea beetle pressurg¢he early seasan
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Safe Rates of SideBanded and Seed-Placed P in Canola

Description

Canolas considered sensitiv@tseedplaced P fertilizerhowever, producers would need to apply P at
rates exceeding the recommended safe rates in order to satisfi? trexjuirel to maximize canola yield,
while alsomaintairing longterm soil P fertility Thus, many produceran a P deficit with canola,
particularly when relying on segqalaced PHigh rates of see@laced P fertilizer may result in delayed
emergence and reduced plapbpulations potentially leadingo lower seed yield and/or quality and
increased weed competition. Sidending P with other fertilizaris considered to be a safe and
effective method of applying P fertilizer, particularly when higher rates are required; howexrey

not be the moskfficient methodas sidebanded P is less available early in the seasbe.objective of
this study was to demonstrate the effects of increasing rates of phosphorus fertilizer on canola
establishment and seed yield for both sidand and seedow placemat. The treatmentsevaluated
were a control (no P fertilizer) and five P rates (20, 40, 60, 80 and 10Mkkye®) which were either
side-banded or placed in the segdw.

Results

Canola emergence was not affected by P fertilizer rate or placethemiighout the early growing
seasonln fact, ed placed P appead to have an advantage over sitbeanded P for early season
biomass Averaged acrod3rates, early season biomass yields were 43% higher withiseed
placement than for siddanded P; howeveiseed yields were within less than 1% of each otffieere
were no significant yield differences among fertilized treatmebts there was a tendency for lower
yields at 20 kg s relative to the higher rates with both placement methg@sgure20).
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Figure20. The effect of phosphorus rate on canola early season biomass and seed yield-farsiéel and seed
row-placed monoammonium phosphate at Indian Head in 2015.

Conclusions

There was no evidencef reduced emergence or seeding injury with high rates of seadplaced P

under the conditions encountereak Indian Head in 2015; howevenore researclencompassing a

wider range of soil types and conditioissrequired before recommendatiorms maximum safe rates of
seedrow placed P fertilizetan be changedf growers choose to use rates exceeding the current
recommendationsthey are accepting a certain amount of rigkad should ensuradequate seeding
ratesand considesoil texture, organic m#&tr and moisture conditions at plantingvhile seed

placement can have advantages over di@damding under certain conditions, particularly when residual P
is low and soils are coadh our experiencethese advantages rangtranslate into yield benefits.
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Predicting Canola Phenology, Sclerotinia Incidence, and Yield with
Weather -Based Tools

Description

The aim of the study is to develop models (weather based tools) to forecast canola phenology,
sclerotinia incidence and canola yield. These toolsh&ifreely available to western Canadian canola
producers and industriModels were developed by monitoring various parameters in the field: fixed
time-lapse camera, physical canola growth stage, sclerotinia stem rot, canola yield, and agronomic field
history/practices.

Three canola varieties varying in maturity ratings (early, mid, and late maturing) were seeded into
replicated plots in early May. fixed timelapse camera was mounted after seeding and repeatedly
photographed a 1 m diameter ardi&e times a dayin one plot of each of the three varieti¢gigure21).

Notes were takeron crop emergence (weeks3d), condition, and stage once a week throughout the
growing seasonA weather stationwasinstallednear the plots¢o monitor minimum and maxmum
temperatures, relative humidity, and precipitation. Mieneather stations were also established in the
crop canopyin one plot of each of the three canola variettesmeasure conditions that could be
conducive to disease develment (Figure21). After fruit development, sclerotinidisease incidence

was assesseance a week for three weeks. Incidence was calculated by taking the number of infected
plants in three 1 m row divided by the total number ofupts.

Figure21. Phoograph showing fixed tirdapse cameras and micweather stations installed in plos of canola
with differing maturity ratings.

Field trials were conducted in Manitoba, Saskatchewan, and Alberta in 2&&5comparing
accumulated heat units from three thermal models, accumulated physioled&a(Rday) thresholds
were selected for predicting the growth stag&#8hen growth stages predion thresholds for shor
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mid, and longseason cultivars were cqmared, differences among cultivar groups were determined. The
newly developed sclerotinia stem rot (SSR) score card has both weather and agronomic variables as
input variables and will be refined using 2016 and 2017 cropping season field data. Thersalgsbti
calculationindex was also deployed http://canoladst.cafor the 2016 field season in Manitoba,
Saskatchewan, and Alberta (and will also be refined using field data from 2016 and 2017).
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Brassica carinata Advanced Yield Trial
Description

Brassica carinatacommonly known as Ethiopian mustard, has an oil profile optimized for use in the
biofuel industry, specifically for bio jet fuel. This crop exhibits good resistance to biotic stressors, such as
insects and disease, as wedlabiotic stressors, such as heat and drought, and is well suited to

production in semarid climatesin 2015, seven experimentBrassica carinatines were evaluated

relative to commercial varieties. IHARF basducted varietal evaluations fearinata in collaboration

with Agrisoma Biosciences since 2011.

Funding for this trial was provided bg@soma Biosciences.

Seeding Rate and Seeding Date Effects on Flax Establishment and Yield

Description

A minimum plant populatiof 300 plants/ni istypicaly recommendedor optimal flax yieldsn
SaskatchewanStrong plant establishment éssential to obtain maximurftax yields, addx is a poor
competitor with weeds early in the seascend the crop often hadifficulty recovering from a poor start

or compensating for a low plant populatioA. more rapid and complete emergence can be achieved by
delayingseeding until soils have warmed .u(@nversely flax requires a relatively long growing season

and yieldcould be lost if the crop is seeded too latde objective of this study is to demonstrate the
potential benefit of using early maturing varieties and/or higher seeding rates, particularly when seeding
flaxearly into cool soil. The 12 treatments were combinations of three seeding (late$35 kg/h3,

normal (50 kg/ha), and high (75 kg/hawo seeding dates (early and late May), and two flax varieties:
CDC Bethune @ditional), and FP2454 (earlier maturjng

Results

The results were identical to previous yeargyhérseedingrates will decreasematurity requirements
and increase yielth flax butyieldbegins todecline atseeding ates above 55 kg/ha\lso, in both
varieties,the number of days to maturity decreased significantly when seeding was dekyedhe
two varieties did not differn the number of days to maturit§fFigure22).
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Also observed in previous yeatke yield of the two varietis did not differ significantly or respond
differently to seeding datéFigure23).
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Figure23. The effect of seeding date on yield of two different flax varieties in 2015.

Conclusions

The agronomic péormance of flax was relatively insensititeeseeding dates and rates in this study
The results indicate that delayisgeding by B weeksmay notnecessarily result in lower yields or
maturity issueshowever, the risk of fall frost reducing yield amahlity will increase as the date of
maturity is pushed bachkparticularly in regions with shorter growing seasons.

The effect of seeding rate on yielhs relatively smalinderthe ideal emergenceonditionsat Indian
Head in 20122015. Hgher seedingates are likely to be more beneficial under less favourable
conditions atand following seedindl'he higher seeding rate also tended to accelerate maturity which
couldbe beneficialwith delayed seedingr in northern environments.
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Row Spacing and Fungicide Effects on Flax Yield

Description

Pasmo $eptoria linicolis the most common disease that affectsfiéelds in Saskatchewan and is
most severe in wet environments and witlensecrop canopis. Headline EC (250 g pyraclostrdbjris
currently the only registered foliar fungicide for control of pasmo. Field trials at Indian Head over the
past four years have shovanfairlyconsistent reponse to fungicide applicatiomith yieldincreases of
nearly 30% when disease pressuvas high but lesssignificantor no responsén years or at locations
where disease pressure was lowanagement factors such as seeding rates, row spacing and fertility

may indirectly affect flax response to fungicioleinfluencing the crop canopyfrhe objective of this
project was to demonstrate the response of flax to fungicide, and to evaluate the effects of row spacing
on crop response to fungicid&he ten treatments evaluated in this study were a combinatiotwof
foliar fungicide treatments (check, treated)A 1 K TA JS RAFFSNByY

Results

NEB g

gARGIKE

Fungicidadid not have asignificant impact on plant density, crop maturity, or yield in #aindian Head

in 2015(Table9). Paststudies haveshown that a fungicide applicatiowill influenceflaxyieldwhen

disease pressure is higincreased row spacirgffected plantdensity, maturity and yieldas was shown
in previous yearsin 2015, there was a 28% yield logsenrow width wasincreagd¥ N2 Y mné (2

Table9. Separate effects of foliar fungicide and row spacing on plant density, maturity, and seed yieldaof flax
Indian Headn 2015.

Plant Density Maturity Yidd
(plants/nT) (days) (kg/ha)
Fungicide
Treated 492 a 98.9 a 2015 a
Untreated 459 a 99.0a 2070 a
Row Spacing
Hp OY o6mné 530 a 98.0e 2276 a
om OY OmMHE 517 a 98.3d 2194 b
oc OY owmné 506 a 98.7 ¢ 2068 ¢
nm OY oOmcé 487 a 98.9hb 2040 c
cm OY OHNE 338 b 100.7 a 1635d
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Conclusions

Flax appears to benefit from narrower row spacing, likely because plants are relatively compact and

canopy closure occurs later than other crops. Seeflingat row widths3I NB | (i S NJ defirheyftal mn ¢ A &
to yield There was no interaction between row spacing and fungicide application because disease

pressure was low and fungicide did not affect flax production overall. Certain sites observed yield

increases with fungicide usehanthe environment wadavorable for disease development. The

variability in faxresponseto fungicide support$he recommendatiorto scoutfields on an individual

basis.
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Optimal N, P, and S Fertilizer Management for Flax Production

Description

Fertilizer is one of the largest input costs for most crops, including flax. Fertilizer typically provides a
large return on investment when appropriate rates are applied. Flax responds well to N fertilizer
application raés ranging from approximately 3 kg N/hadepending on residual N and soil moisture
On the other handflax response to P fertilizer is less consistent and pronouncedwfithrother crops.
Still, many producershoose to applyt least enough P ferider to replace what the crop removess

an important strategy for maintaining soil fertility and qualityer the longterm. Potassium (K) and
sulfur (S) are rarely deficient most soils in Saskatchewan and flax seed yield responses to K and S
fertilizer arenot often observedThe objective of this study was to demonstrate the response of flax to
varyingrates of nitrogen(N), phosphorugP) and sulfur(S) fertilizers
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Tablel0. Treatments evaluated in the flax fertility trial at Indian Head in 2015.
Nitrogen  Phosphorus  Sulfur

#  (kgN/ha) (kgROysha) (kg S/ha)
1 45 0 0
2 45 22 0
3 45 45 0
4 45 0 22
5 45 22 22
6 45 45 22
7 90 0 0
8 90 22 0
9 90 45 0
10 90 0 22
11 90 22 22
12 90 45 22
13 135 0 0
14 135 22 0
15 135 45 0
16 135 0 22
17 135 22 22
18 135 45 22
19 0 0 0

Results

Flax emergence was affected byéxtilizer rate but not P rate or S rat&here was a significant linear
reduction in plants with increasing rates of sid@nded N but plant population was not reduced below
300 plants/n. As in previous years, flax yield was higher with the 90 kg/ha rate of N than the 45 kg/ha
rate. Onaverage, P fertilizer increased flaxlggeby approximatly 58 kg/ha in 2015Despite the low
residual levelsthere was no yield response to S fertilizer application in any of the experimental.years

Tablell. Effects of variable fertilizer rates (N, P, and S) on plant density, maturity, grain yield, and test weight of
flax at Indian Head in 2015.

Plant Density Maturity Grain Yield Test Weight
(cm) (days) (kg/ha) (g 0.5/L)

Nitrogen Rate

45 kg Nha 590 a 101.0c 2106 b 328 b

90 kg Nha 530 b 103.0 b 2153 a 331a

135 kg N/ha 513 b 104.0 a 2094 b 332a
Phosphorus Rate

0 kg BOs/ha 550 a 102.7 a 2079 b 330 a

22 kg POs/ ha 537 a 102.7 a 2126 a 33la

45 kg ROs/ha 546 a 102.6 a 2148 a 330 a
Qlphur Rate

0 kg S/ha 549 a 102.6 a 2110 a 33la

22 kg S/ha 539.4 a 102.7 a 2125 a 330 a
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Conclusions

This study has demonstrated thi#x is more responsive to fertilizer applications when residual
nutrients are low and other factors are litimg. Flax response to added N and P declined at higher rates
indicating that yield was limited by other factorBhere was no response to S fertilizer application
despite low residual levels and reasonably Higiyield. Further research is required tbetter

understand flax response to N, P and S fertilizer applicatiodgheir interactionsindervariousfield
conditions.
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Phosphorus Fertilization and Fungicide Effects on Faba Bean
Establishment and Yield

Description

High yielding faba bean crops agamove large amounts of ffom the soil.The amount of P exported in
the seed ranges frort.1-1.31bs BOs per bushel, with total uptake in the range of 28 Ibs BOs per
bushel At Indian Head i2014, early seeded faba &es yielded approximately 90 bat, ttus, the
amount of P removed from the soil was substan#adequde P fertilizationwith faba bean production
isimportant forlong-term soil health.

Common &ba beardiseasesnclude choctate spot, ascochyta leaf and pod spot, sclerotinia (white
mold) and rustThe impactof disease on faba bean yields in Saskatchewandsrtain;however,
several fungicide products are registeradcontrol or suppress these diseaseslhiis crop

The dojective of this study was to demonstrate: 1) phosphorus fertilizer rate and placement effects on
faba bean establishment and yield, and 2) faba bean yield response to applications of registered foliar
fungicidesFaba bean P fertility practices aniseag® management with fungicides would not be

expected to be correlatechowever, these are twaagronomiccomponentghat havenot been

examinedin this regionThe P treatments were a control (no P fertilizer) and 25 or 50®¢ Iy, either
sidebanded or phced in the seedow, with and without fungicide

Results

Faba bean emergence was not atstbyP fertilizer,indicating that the rategvaluatedin this study
were safe 6r seedrow placement under thesoil and weather conditionsxperienced at Indiarliead in
2015 Phosphorus treatment effectsn yield were somewhat variable, thoutjiere wasa tendency for
higher yields athe seed placed0 kg POs/ha rate (Figure24).
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Figure24. The effect oP placement on faba bean yield at two different rates.

The meandiseaseaating (scale 310)at maturity was3.25 for the contro(no fungicide)and 1.74 for the
faba beans which received foliar fungicitteoughyield did not significantly diffdoetween tre sprayed
(48 bu/ac) and unsprayed (45 bu)gglots

Conclusions

With modest yields at Indian Head in 2015, the faba bean momved approximately 563 kg POs/ha
in the seed and would have required-88 kg POs/ha in total. A significant yield bendfivas not
detected with fingicide applicationhowever,variability was higlandthe disease symptoms that were
observed did not appear until relatively late in the seasBreater benefits from a fungicide application
may be observed if disease symptontswor earlier in the season.
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Evaluating Inoculant Options for Faba Bean

Description

The obijective of this study is to determine the effeot different types and rates of inoculants faba
beanproductionin various soil ad climatic zones of Saskatchewalhwo faba bean varieties, Snowdrop
(zero tannin) and FB& (tannin), were evaluated with two rhiz@inoculants;a peat based seed
applied (Nodulator)anda granular iffurrow (TagTeam Inoculants were applied at threates of the
granular formulation (0.5, 1 and 2X recommended application rate), with and without peat seed
inoculant,andthe peat seeeappliedinoculant was alstested without granular inoculant. The trial was
conducted at sixocationsin 2015.
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Results

There were serious issues wiftant stand establishmertue to mechanical difficulties experienced at
seeding time with the largeeededFB94 variety.The yield data shown below wadjasted based on
harvested areahowever, concerns remain witthe validity of the data as some plots had only short
sections of rows harvested. Nonetheless, some observations were made at Indian Head in 2015.
Granular inoculants by themselveppeared to havéttle effect on grain yieldWith dual inoculation
(peat plus ganular) yield was significantly higher than the control treatments, but sighificantly
higher thanpeat inoculationon its own Figure25).
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Figure25. Yield response of two faba bean varieties émious inoculation treatmentat Indian Head in 2015

Conclusions

These results suggest theither the granular inoculants are inef€tiveor that they may have been

damaged during rgpackaging, transport or storagRecommendationsannotbe made basedn the

results observed at Indian Head in 2015, due to issues with plant establishment and concerns regarding
the viability of the granular inoculant.
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Seeding Ratesand Fungicide Options for Faba Bean

Description

Faba beans are a relatively new crop in Saskatchewan, but are growinguillanitypRegional best
managemenpracticesfor basicfaba bean agronomare still limited to growersTwo different trials

were conducted to help develop management recommendations for producers interested in growing
faba beans in Saskatchewdrhe trialsvere conducted at five locations in 2015.

1) Seeding rate recommendation

Aseeding rateof 45 plants/nf is generally recommendeior faba beanbut seeding logisticsan be
problematicwith the variability inseed sizéetweenvarieties. The objective of thstudy wago
evaluatewhether higher seding rates achieve better yields, while remaining logistically and
econorg?ically feasibleThe treatments consisted e different seeding rates (20, 40, 60, 80, and 100
seeds/n).

Results

Faba bean yield exkitied a significant response to seeding rate under the dry cambtexperiencedh
2015 The gtimal seeding rate for faba bean apps#w be around 40 seeds/frat Indian Head in 2015
but ranged between 4®0 seeds/macross sitesYield at Indian Heaappeared to increase beyond the
60 seeds/rrate, butsuch highrates arenot likely economically or logistically feasible.
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Figure26. The effect of seeding rate on faba bean yield at Indian Head in 2015.

2) Fungicide options
Féba beans have a high tolerance fopisture;however, disease issues can arise under certain
conditions. Chocolate Spot and Aschocyta are the two more prominent diseases that influence faba
bean yield and quality. There are products registered for fabasdaut little information is given about
control or suppression of specific diseases. The objeofitieis study waso determine the optimal
timing of fungicideapplicationfor the control of Chocolate Spot and Aschocyta. Treatments consisted of
4 fungcide products (Priaxor, Propulse, Vertisan and Bravo) and two timings (10% and 50% flowering).
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Results

Disease developmenrogressed slowly in the early seasamd no significant differencesbween
treatments were detectedFigure27). The later application appeared to be more effective than the
earlier application.
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Figure27. The effect of fungicide and spray timing on faba bean yield at Indian Head in 2015.

Conclusions

The trial will be repeatedn 2016 and data from all locations will be utilized to develop
recommendations.
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Adaptation and Development of Soybean Compared to Other Crops
Under No-Till Management in Saskatchewan

Description

With the release of earlynaturingvarieties, soybeaproduction has expanded intBaskatchewan with
the highest rates of adoptioim the southeastand interest shown bgroducers throughout the

province The adoption of this crop in southeast Saskatchewan has coincided with unusually wet
conditionswhich has delayed seeding for many growers aadised difficulties with production of
traditional pulse crops such as field peas or lentilsltiple factors have driven soybean adoption in
Saskatchewarhowever,i KSNBE Aa adAfft dzy OS ngliermiyigld StabiMySdativeR A y 3 (1 K
other crops, particularly in cooler and driexgions.

Three different varieties of soybeans, differing in maturity ratings, were planted alongside field peas,
faba beans, and canola on three different seeding dakés.objectives of thistudy were 1) to assess

the risks associated with growing modern, early maturing soybean varieties undiirino

Saskatchewan compared to more traditional broadleaf crops and 2) to improve recommendations for
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the successful estaBlhment of soybeans in southern Saskatchevildre targeted seeding dates were
T1) Early (first two weeks of May), T2) Normat14Qlays after the lseeding date and T3) Late (10
days after the 2 date). The crop/variety treatments were Canola (461415, Field pea (CDC Golden),
Faba bean (Snowbirddnd Soybean (NSC Tilston RREN33003R2YandP002T04RMultiple seeding
dates were included tassess whether the relative performanceeaichcrop changes as seeding is
delayed and to broaden the rangd environmental conditiondMultiple soybean varieties were
included toensure that our results would be applicable to the range of early maturing material
available.The trial was conducted in Indian Head @&wilift Current in 2014 and 201But data fram

each site were analyzed separately.

Results

All crops, especially soybeans, took longer to emerge with early sedaihglant densiy wasnot

affected by seeding date for canola, faba bean or soybdamrspeas, lie highest plant densitwas
observel at the last seeding datevhile the lowest densytwasobserved with mieMay seeding

Soybean maturity wakighlyaffected by seeding date at Indidiead. Sybeans seeded on the firsto
dates at Indian Head emergamd matued at approximately the sameéme, regardless othe

difference in seeding dat&.elds for field peaand faba beans were significantly higher than soybeans
at all three seeding dates and canola was higher yielding forteito datesonly. Overall, yields for
canola, field peaand faba bean did better than soybeans2015(Figure28).

Figure28. Mean yield and contrast results for seed yield at Indian Head in 2015. Soybeans are compared directly to
canola, field pea, and e bean. Yields within a group are either bele)ygbove (+), or equal (=) to soybean.

Conclusions

The trial will be repeated in 2018s more data is accumulated, economic analyses will be completed to
take into account the costs of production and gsaevenues of the various crops as a function of
seeding date.
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