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Objectives and Rationale

7. Project objectives:

The objective of this project weréo demonstrate these ofseed treatmesthigher seeding rateand
foliar fungicideapplicationgo improve winter wheat establishmeyield, and quality.

8. Project Rationale:

One of the greatest challenges winter wheaigrowersin Saskatchewais successful establishment
and overwintering of the crop. Common problesnsouteredincludenarrow windows for planting,
dry or coolsoils in the falland winterkill, particularly whesnow cover is limitedOneobviousbut
effective method of improving wier wheat establishment is to use higterding rates; however the
benefitsto increasingseeding rates need to be weighed against higher seeadicddtgistic
implications (i.e. fewer acres per fillRecentesearch in western Canasl@owed that seed treatments
canalsobe effective for improving plant stals, winter survivaand yield. This positive effectwas
mostly prominentt suboptimal seeding rateg<300 seeds/R). Regarding diseas&inter wheats
susceptible to both leaf spot diseases and fusarium headvafightconditions for disease are
favourable andoliar fungcides are ofteneconomical under such circumstancEss project was
conductedd demonstrate thelativecontributions of these individual crop inputs to successful winter
wheat establishment along with maintaining high yield poteatidlgrain qualit.

Methodology and Results

9. Methodology:

Field demonstrations wefist establishedt Indian Head Saskatchewarih the fall of 2013 and

continuedor three growing seasons which will often keferred tosimply as2014 2015 and®016 The
treatments were arranged in split plot design with foliar fungicide treatment as the main plot and seeding
rates / seed treatments as the-glalts. All treatments were m@icated four times anshcluded the

following:

1. 200 seeds i UntreatedSeed /No Fungicide
2. 300 seeds 7t UntreatedSeed /No Fungicide
3. 400 seeds 7t UntreatedSeed /No Fungicide
4. 200 seeds i TreatedSeed /No Fungicide
5. 300 seeds i TreatedSeed /No Fungicide
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6. 400 seeds i TreatedSeed /No Fungicide

7. 200 seeds 7t UntreatedSeed /FungicideApplied
8.300 seeds fif UntreatedSeed /FungicideApplied
9. 400 seeds fi UntreatedSeed /FungicideApplied
10. 200 seeds fil TreatedSeed /FungicideApplied
11. 300 seeds fil TreatedSeed /FungicideApplied
12. 400 seeds fil TreatedSeed /FungicideApplied

Pertinent agronomic information is provided in Tabl&/Inter wheat irall yearswas directseedednto
canolastubble inlate Septembawith all fertilizer either seegblaced or siddandedat planting. Weeds
were controlled using registered herbicagplicationsand fungicides were applies per protocoPre-
harvest glyphosateas applied at physiological maity and the plots werstraightcombinedas soon

as it was fit to do sdNormalized difference vegetation index (NDVI) was measured using a handheld
GreenSeekeaturing stenelongation(prior to flag leaf emergence)iDVI can be utilized aan indirect
measure ofcrop vigour,canopy density andverallaboveground biomass. Yields were determined
from the harvested grain samplekich werecorrectedor dockage antb 145% seed moisture
content.Dockage anddst weights were determinedingstandardized@ GC methodology and test
weights are expressed as g 0.5 Seed size was determined by mechanically counting and weighing a
minimum of 500 seedsnd calculatingy 1000 seedS(TKW). Weather data were estimated freither
Environment Canadar privateweather statioawhich werealwayswithin 6 kmfrom thetrial sites
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Table 1. Selected agronomic information for winter wheat fungicide and seed treatment
demonstrationsover a threeyear period at Indian Head

Factor _/Field Indian Head Indian Head Indian Head
Operation 201314 201415 201516
Previous Crop Canola (LL) Canola (LL) Canola (LL)

Preemergent
herbicide

Cultivar

Seed Treatmefit
Seeding Date
Row spacing

kg N-P,0s-K,0O-Sha

In-crop herbicide 1

In-crop herbicide 2

Flagleaf fungicide

Anthesis fungicide

Preharvest
herbicide

Harvest date

890 gglyphosaténa+
5 gflorasolanha
(28-Sep)

Moats
Raxil Pro
23-Sep
30 cm
1153548-16

280 g bromoxynitia+
280 g MCPA esteha
(8-Jun)

15 g pyroxsulam/ha
(8-Jun)

64 gpyraclostrobin +

49 g metconazole/ha
(24-Jun)

890 g glyphosate/ha +
5 g florasolam/ha
(21-Sep)

Moats
Raxil PraShield
22-Sep
30cm
11530-48-16

140g fluroxypyrha+

99 g clopyralid/ha +

560 g MCPA esteha
(25-May)

15 g pyroxsulam/ha
(25-May)

64 gpyraclostrobin +
49 g metconazolba

(10-Jun)

890 g glyphosate/ha +
5 g florasolam/ha
(24-Sep)

Moats
Raxil Pro
21-Sep
30 cm
11530-0-15

280 g bromoxynil/ha
280 g MCPA ester/ha
(22-Jun)

15 g pyroxsulam/ha
(22-May)

64 gpyraclostrobin +
49 g metconazole/ha
(6-Jun)

100 g prothioconazole/hi 100 g prothioconazole/hi 100 g prothioconazole/hi
+ 100 g tebuconazole/h¢ + 100 g tebuconazole/h: + 100 gtebuconazole/ha

(22-Jul)

890 g glyphosate/ha
(20-Aug)
29-Aug

(25-Jun)

890 g glyphosate/ha
(8-Aug)
13-Aug

(22-Jun)

890 g glyphosate/ha
(29-Jul)

7-Aug

10. Results:

Growing season weather

Mean monthly temperatures and precipitation amo{2@$416) along with the longerm averages for
Indian Headare presenteith Table 2 In 2013-14 at Indian Headhe winter wheatvaswell established
in the fall and, whileviay and July weralry, June wasnuchwetter than normabndmoisture was not
consdered limiting at any point during the seasln201415 at Indian Head, while moisture
conditions were excellent in the fall and the winter wheat got off to a strong start, the spring was
extremely dry with no significant precipitation until late Jubevhich point the winter wheat was
headingout andyields had already been limited 201516, the winter wheaivasestablished well in
the fallwith essentially neanortality observedafter a mild wintewith very little snowfall Early gring
was drierthan average but initial soil moisture was adequatenaisture was nevdimiting from late

May onwards. Above average temperatures combined with high soil moisture and humidity resulted in

relatively heavydisease pressuie 201516.
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Table 2. Mean monthly temperatures and precipitation amounts along with longterm (1981-2010)
averages for the 204-15 growing seasos at Indian Head, SK.

Year May June July August Avg. / Total
Mean Temperature (°G)
2016 14.0 17.5 18.5 17.2 16.8
2015 10.3 16.2 18.1 17.0 154
2014 10.2 14.4 17.3 17.4 14.8
Long-term 10.8 15.8 18.2 17.4 15.6
Precipitation (mmy}
2016 72.6 63 112.8 29.8 278
2015 15.6 38.3 94.6 58.8 192
2014 36.0 199.2 7.8 142.2 385
Long-term 51.8 77.4 63.8 51.2 244

Effects on Crop Establishment

Overalltests of fixed effectfor NDVI are presented in Tab& These tests are used to determine

whether a factor or interaction between factifected specificesponse variabl&al ues ar® 0. 05
considered significarandindicate 986 confidencethat the treatmeriieing testedhad an effect orthe
correspondingesponse variablas opposed to any observed differences being due to random, naturally
occurring variation

Both higher seeding rates and seed treatinertasedDVI in 2014 and 2016howeverno treatments
affeced NDVI in 2015(Tables 3 and 4)n 2014 at Indian Head, NDVI increased when the seeding rate
was increased from 200 to 300 seedsomt notfrom 300 to 400 seedsNDVI in 2016 increased

each time the seeding rate was increplsediever, he greatesncrease occurred when increasing the
seeding rate from 200 to 300 seeds ffhe use of a seed treatm@ntreased NDVI by and 7%n

2014 and 2016&herebysuggesting that seed treatments had a positive impact orseadgn vegetative
growthin thoseyears

Table 3. Effects of fungicide, seed treatmentseeding rateand their interactions on winter wheat NDVI at
Indian Head (201416).P-v al ues of O 0. 05 indicate that an e
were notdue to random or naturally occurring variability.

Variable Fungicide Seed Seeding FxT FxR TxR FXTxR
(F) Trt (T) Rate (R)
Pr. >F
IH-2014 0.842 0.006 <0.001 0.621 0.680 0.906 0.373
IH-2015 0.110 0.325 0.494 0.528 0.180 0.511 0.096
IH-2016 0.758 0.003 <0.001 0.325 0.947 0.805 0.989
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Table 4. Main effect (seeding rate, seetteatment and fungicide) meandor winter wheat NDVI. Data
were analyzed separately for eacfiear and main effect meanswithin a column followed by the same
|l etter do not significantl yoOdiof 0&) . (Fi sherods p

Main Effect IH-2014 IH-2015 IH-2016
Fungicide

1) Untreated 0.372 a 0.419 a 0.384 a
2) Treated 0.367 a 0.399 a 0.378 a
S.EM. 0.020 0.007 0.012
Seed Treatment

1) Untreated 0.358 b 0411 a 0.368 b
2) Treated 0.380 a 0.406 a 0.394 a
S.EM. 0.016 0.005 0.010
Seeding Rate

1) 200 seeds in 0.328 b 0.405 a 0.320 ¢
2) 300 seeds ih 0.392 a 0.413 a 0.394 b
3) 400 seeds i 0.388 a 0.405 a 0.429 a
S.EM. 0.017 0.006 0.010

Effects on Grain Yield

Tests ofseeding rate, seed treatment and fungicide eftectginter wheat yield along with the main
effectsmeans are presented in Table86. Yields were affected by both fungicide € 0.0020.014)
and seeding rat® = <.0001-0.017) in all three yearandseed treatmerih 2014 and 2015 onlfP =
0.0440.038 but not 2016 = 0.135) Therewere, howeversignificant interactions between fungicide
and seed treatmedetectedn 2016 P = 0.045) andetweernll three main effects 2015 f = 0.020)

Table 5. Effects of fungicide, seed treatmentseeding rateand their interactions on winter wheat grain
yield at Indian Head (201416).P-v al ues of O 0. 05 indicate that
differences were not due to random or naturally occurring variability.

Variable Fungicide Seed Seeding FxT FxR TxR FXTxR
P Trt. (T) Rate (R)
Pr. >F
IH-2014 0.014 0.044 0.017 0.968 0.951 0.815 0.282
IH-2015 0.001 0.038 0.009 0.775 0.998 0.221 0.020
IH-2016 0.001 0.135 <.0001 0.045 0.490 0.930 0.151

Foliar fungicides increased winter wheat yigideach of the three yeatsowever, thextentof the
increasesanged from only 5%n 2015 to as high a&6% in2016(Table §. Seed treatmestesulted in
higherwinter wheat yieldn 2014 and 2015 but n@ivhen averaged across seeding rates and fungicide
treatments)n 2016. The magnitudef the observed yield gains with seed treatmesats generally
smallranging from 23%. Doubling the seeding rafeom 200 to 400 seeds fincreasd yieldsby 2-
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4% in 2014 and 2016; however, in 2034elds at 200 seeds hwere 5% higher than thosethe higher
ratesunder thaunusual environmentabnditions that yeakWhile early 2015 was drynoisture

conditions dramatically improvedom late Juneonwardsand, in general, later seeded or maturing crops
had an advantage at this siéinter wheat seeded at the 200 seedsate always matured noticeably
laterthan at the heavier ratdsowever, it was difficult to visibly distinguish betwettie 300400 seeds

m? rates.In 2015, the 3vay (F x T x Rwas due to inconsistenciestheseed treatment response
amongst some of thiadividual fungicide / seeding rate combinations (Tabi2)A~ocussing on #aF x

T interaction in 2016seed treatmes improved winter yield by 3% in the absence of foliar fungicide
but did not affect yield when fungicides were applied (Tahle 7)

Table 6. Main effect (seeding rate, seed treatment and fungicide) meafe winter wheat grain yield.
Data were analyzed separately for each site andaim effect meanswithin a column followed by the same
l etter do not significantl yOdiof 0&) . (Fi shero6s p

Main Effect IH-2014 IH-2015 IH-2016
Fungicide

1) Untreated 4654 b 3336 b 4846 b
2) Treated 5346 a 3507 a 5793 a
S.EM. 142.9 54.4 79.3
Seed Treatment

1) Untreated 4947 b 3369 b 5293 a
2) Treated 5053 a 3473 a 5346 a
S.EM. 104.1 54.4 75.3
Seeding Rate

1) 200 seeds i 4898 b 3530 a 5193 b
2) 300 seeds i 5086 a 3390 b 5357 a
3) 400 seeds i 5015 ab 3343 b 5409 a
S.EM. 107.1 59.5 77.3

Table 7. Mean winter wheat grain yields for the observed
fungicide x seed treatment (F XT) interaction at Indian Head
in 2016. Means within acolumn followed by the same letter do
not significantly differO (OFi

Foliar Fungicide  Seed Treatment Grain Yield
no no 4784c
no yes 4909 b
yes no 5804 a
yes yes 5784 a
S.EM. S.EM. 83.0
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Effects on Test Weight eed Size

Tests of treatment effects and main effect means fowkdght are presented in Tableand9 while
those for TKW are in Tablek) and 1. Winter wheat test weight was affected by foliar fungiedeh
year(P < 0.0010.007) by seed treatmeim 2015 P < 0.001),and by seeding rate in 2015 and 20R6 (
<0.0010.012) The effectof foliar fungicideson test weight wasmall butalways positivevith
increases ranging froM8% in 2015 ta2.8% in 2016 In 2015 whertest weights were significantly
higher with seed treatments, the increase@Wé% Higher seeding rates had a positive eftattest
weightin 2014 and 2016 (0-8.5%)and a slyht negative effect (0.4%) in 2015There were no
interactions between faars detected for test weight in any years.

Table 8. Effects offungicide, seed treatmentseeding rateand their interactions on winter wheat test
weight.P-val ues of O 0.05 indicate that esemcesevéré motdue to
random or naturally occurring variability.

Variable Fungicide Seed Seeding FxT FXxR TxR FxTxR
(F) Trt (T) Rate (R)
Pr. >F
IH-2014 0.007 0.674 0.053 0.836 0.137 0.758 0.817
IH-2015 0.002 <0.001 <0.001 0.920 0.796 0.260 0.207
IH-2016 0.001 0.236 0.012 0.386 0.388 0.967 0.802

Table 9. Main effect (seeding rate, seetteatment and fungicide) meandor winter wheat test weight
Data were analyzed separately for each site andaim effect meanswithin a column followed by the same
|l etter do not significantl yoOdiof 0&) . (Fi sheros p

Main Effect IH-2014 IH-2015 IH-2016
Fungicide

1) Untreated 392.2b 396.4 b 385.3b
2) Treated 399.3a 399.4 a 396.1 a
S.E. 1.21 0.22 0.81
Seed Treatment

1) Untreated 395.6 a 396.8 b 390.4 a
2) Treated 3959a 399.1a 391.0a
S.E. 1.12 0.21 0.74
Seeding Rate

1) 200seeds M 394.6 b 3989 a 389.6 b
2) 300 seeds ih 396.2 a 397.4 b 391.2a
3) 400 seeds i 396.4 a 397.4b 391.2a
S.E. 1.16 2.43 0.78

Thousand kerneleightswereaffected by fungicidén all three years and seed treatment in one year
(Table10). Foliar fungicides consistently increased TKW wtile change ranging from 2.2% in 2015 to

8
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11.%8% in 206 andby 7.8% when averaged across all three ye@lse onlyyearwhere seed treatments
affected TKWwasin 2015 where their use resulted in a Z8ncrease. Again, seeding rate did not
significantly affect TKWin any year however, an interaction between fungicide and seeding rate was
detected in 2014(= 0.023) The interaction was due to a decline in TKW with increasing seeding rates
in the absence dfingicidesbutnot on the sprayed plots. This may have been due to higher disease with
the denser crop canopies which was alleviated with foliar fungicide applications.

Table 10. Effects of fungicide, seed treatmentseeding rateand their interactions on winter wheat seed

size thousand kernel weigh). P-v a | u e s

O 0.05

differences were not due to random or naturally occurring variability.

indicat e

t hat a

Variable Fungicide Seeding FxT FxR TxR FXTxR
Trt. (T) Rate (R)
Pr. >F
IH-2014 0.644 0.708 0.741 0.023 0.783 0.100
IH-2015 0.769 0.384 0.791 0.408 0.517
IH-2016 0.493 0.192 0.440 0.348 0.537

Table 11. Main effect (seeding rate, seed treatment and fungicide) meafar winter wheat seed size
(thousand kernel weigh). Data were analyzed separateljor each site and nain effect meanswithin a

columnf ol | owed t he l etter not sPiOg roi. fOi5¢
Main Effect IH-2014 IH-2015 IH-2016
Fungicide

1) Untreated 31.2b 314D 29.5b
2) Treated 34.5a 32.1a 33.3a
S.E. 0.25 0.20 0.36
Seed Treatment

1) Untreated 32.8a 31.3b 314 a
2) Treated 329a 32.2a 31.3a
S.E. 0.23 0.20 0.30
Seeding Rate

1) 200 seeds i 33.0a 319a 31.6a
2) 300 seeds ih 32.8a 3l.6a 31.3a
3) 400 seeds ih 32.8a 319a 31.2a
S.E. 0.26 0.25 0.33
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Table 12. Mean winter wheat thousand kernel weights for the
observed fungicide x seeding rate (F R) interaction at
Indian Head in 2014. Means within a columrfollowed by the

same |l etter do not signific:
tes; PO 0. 05) .
Foliar Fungicide  Seeding Rate 0/1000 seeds
no 200seeds/rh 31.9b
no 300seeds/rh 31.1bc
no 400 seeds/rh 30.8¢
yes 200seeds/h 34.2a
yes 300 seeds/rh 34.6a
yes 400 seeds/m 34.9a
S.EM. S.EM. 0.36

Extension and Acknowledgement

At Indian Headthis demonstrationvasa formal stop at the Crop Management Field Day on July 22
2014 Agronomistsrom IHARF andDucks Unlimitedled a discussionf the opportunities and
challenges associated with winter wheat production and discussed best management practices for this
crop, particularly with regartb establishment and disease managenidmd tour was attended by over
200registered guesend signs were in place to acknowledge the support of the Agricultural
Demonstrations of Technologies and Practices (ADOPT) prograenfield trials were not a formal
stop at theCrop Managemerftield Day in 201%ut were visited by industry agronomistisd producers
on several occasiotsroughout the seasohhis demonstrationwvasagainpart of theCrop Management
Field Dayin 2016(July 19, 219 registered gugstghere Chris Holzapfel (IHARF) and Dr. Brian Beres
(AAFC-Lethbridge)led a discussion on wier wheat agronomy with a focus on N management, seed
treatments, seeding rates and dis@aageagemeniThe trial was also shown and discussed by Chris
Holzapfelon a tour cehosted with Arysta Lifesciences (July 28)16,45 guests). In addition to these
more formal tours, the site was visited by numerous growers, agronomistseaithers over the
seasonln 2015, results to date were presentedpproximately 200 registered guestshe IHARFSoil
and Crop Management Seminar / AGM on FebrdaayWhite City, SKandwill alsobe presented at
the AgriARM Research Update on January 12, 2017 as part of Crop ProductionA\seegkmary of
this work will be included in the 2016IARF Annual Reportvhich, in addition to the full report, will
beavailableonline. Results willalsobe made available through a variety of other media (i.e. oral
presentations, popular agriculture press, fact sheetsastogportunities arise

11. Conclusions and Recommendations

This project demonstratete merits ofhigher seeding rates asded treatmentsr improving stand
establishmenand foliar fungicideapplications fominimizing diseasémpactson winter wheat yield

and quality Field trials were conducted near Indian Head, Saskatchewan for three consgouting

seasons (20134, 201415, and 2018.6). While results were presented and discussed for individual

years in the preceding text, the data were also combined across years and analyzed together in a single
analyses (Tables 13 and 14).

10
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Table 13. Effects of fungicide, seed treatmentseeding rateand their interactions on winter wheat NDVI,
yield, test weight and thousand kernel weight (3 year averagesite considered randonm. P-v al ue s
0.05 indicate that an effect was sigjficant and observed differences were not due to random or naturally
occurring variability.

Variable NDVI Grain Yield Test Weight 1000 Kernel Weight
Pr. >F

Fungicide (F) 0.519 <0.001 <0.001 <0. 001

Seed Trt (T) 0.001 0.004 <0.001 0.061

Seed Rate (R <0.001 0.154 0.165 0.391

FxT 0.595 0.533 0.771 0.137

FxR 0.721 0.936 0.444 0.120

TxR 0.920 0.391 0.670 0.584
FxTxR 0.889 0.631 0.831 0.317

Focuwsing on establishment, increasing seeding liataseliable method of enhancinant winter

wheat stands; however, the additional seed costt be weighed against the potergigdonomicgains.
Higher seeding rates increased eadasorNDVI in 2/3 years and when averaged across years,
suggesting earlier canopy closure which can be important for field uniformityweed competitionin
this demonstration, 200 seed? mates were not suffici¢no optimize yield in 2/3 years; however, due
to the unusual weather conditions in 20{iiBlds were significantly higher at 200 seed$thnan at the
higher ratesConsequently, yields were similar for all seeding rates when averaged acrgsasite
(Tables 13 and 24While therewere never any benefits to increasing seeding bagsnd 300 seeds
m?in the current project, emergence was always excellent arterkiti was minimali higher seeding
rates (i.e. 400+ seeds?rcan provide a buffer under such circumstances and improve winter wheat
yield stability over the longerm.Seeding rate did not affect thousand kernel weights in any years;
however, test wght was always affected in a similar manner as grain yield (i.e. increased with seeding
rate in 2014 and 2016 but decreased in 2&¢ to the inconsistent results; test weight was similar
across seeding rates when averaged over-yleaBperiod.

Seediteatments are a reasonably low cost thatcanprovideprotecton against seed decagledling
diseasesand can helwvinter wheatope with early season strestfasreby increasinthe probability of
overwinteringsuccessfly. Seed treatments can be particularly important if using seed with poor vigour
or high levels of diseas&he response to seed treatmentthese trials wasmall but relatively

consistent. Early season NDVI was higher with seed treatments in both 202@1&nahich indicated
improved establishment and/or more vigorous early season gisvdiraged across years, using treated
seed increased ND\y 5%,from 0.377 to 0.395While not part of the current project, sesgublied
fungicides resulted in approxinady 2x the number of established plants in 2Q32vhen winter wheat

was planted into extremely dry soils and emergence did not occur until $ygag.yields were

increased by 2% in 20184, by 3% in 20145 and by 3% in 20136 when foliar fungicides we not
applied(but not when foliar fungicides were appljedhis resulted in a significant overall yield

increase of 2.2%, or 100 kg hél.5 busac') when averaged over the thigeas. In the similar
demonstratiomwonducted in 20123, seeehpplied fingicide resulted in an 859 kg hél3 bus ag) or
16%yvyield increaseSeed treatment effects on seed quality were occasionally observed with significant
increases in both test weight and thousand kernel weights in 2015 and a small but sigmnifiease in

test weight when averaged over all three years.

11
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Table 14. Main effect (seeding rate, seed treatment and fungicide) meafar winter wheat NDVI, yield,
test weight and thousand kernel weight (3 year averagéyl ain effed meanswithin a column followed by
the same | etter do not signifi®®ONOLWYWS5Jiffer (F

Main Effect NDVI Grain Yield Test Weight Seed Size
(0-1) (kg/ha) (g/0.51) (g9/1000 seeds)
Fungicide
3) Untreated 0.390 a 4279 b 391.3b 30.7b
4) Treated 0.383 a 4882 a 398.3 a 33.3a
S.E. 0.0128 589.3 2.19 0.49
Seed Treatment
3) Untreated 0.377b 4524 b 394.3b 319a
4) Treated 0.395a 4624 a 395.3a 32.2a
S.E. 0.0120 587.2 2.15 0.46
Seeding Rate
4) 200 seeds th 0.351b 4541 a 394.4 a 32.2a
5) 300 seeds ih 0.399 a 4611 a 3949 a 319a
6) 400 seeds ih 0.408 a 4589 a 395.0a 32.0a
S.E. 0.0123 587.4 2.15 0.46

Winter wheat irsoutheasSaskatchewan is commonly affected by both leaf spot diseases and fusarium
head blight; therefore n@e the crop is established, foliar fungicides ofterrequiredto achieve top

winter wheat yield. Previous field trials evaluated fldgaf versus anttsgs applications and found that

a single application at heading frequently provided adequate protection against leaf disease while also
suppressing FHBEhowever dual applicationsanbe beneficial when disease pressure early in the
season is high. In theurrent demonstration, plots that were treated with fungicide were spayed at both
crop stageand, d the inputs evaluated, foliar fungicides provided the most consistent and greatest
benefits with yield increaseangingfrom 5% in 2015 to 20% in 201B8veraged over the threear

period, fungicide applications increased winter wheat yields by 1483kg ha (8.9 bus ad).

Fungicide application increased test weighOt8£6 (2015) to 2.8% (2016) and by 1.8%enaveragd

over the three yearSimilarly, fungicide also increasdtiousand seed weighach year with the

magnitude ranging from 2.2% (2015) to 12.9% (2016) and averaging 8.5% over the three years.

Overall, seeding rates, seed treatments and foliar fungicides contributed to wipd¢ieatablishment

and yield/quality maintenance. Adequate seeding rates improve overall stand establishment and can
buffer against winter kill and/or variable establishment. Minimum rates of 300 s&eaiem

recommended and previous research suggestsathatas high as 4050 seeds ihmay be justified to
enhance yield stability under varying environmental conditions. Winter cereals also respond relatively
consistently to seed treatments, likely a result of the more stressful early season conditpareddo
springseededrops under typical conditions. While the yield benefits associated with seed treatments in
the current project were small, they were relatively consistent and preceding work showed dramatic
improvements in stand establishment giedld under harsher conditions. Foliar fungicide applications

do not impact winter wheat establishment or build yield potential; however, they were critical for
maintaining that potential and minimizing disease induced yield or quality loss.

12
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appreciated.
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13. Appendices

December 2016

Table A-1. Least squares means fofungicide, seed treatment and seeding rateffects(individual
treatments) on the NDVI of winter wheat. Data were analyzed separately for each site and valuesthin

a column followed by the same |l etter do PO t0.s0if
Foliar Seed Seeding Rate IH-2014 IH-2015 IH-2016
Fungicide  Treatment

seeds/h

no no 200 0.308 th 0.414ab 0.311f
no no 300 0.388 abcd 0.406abc 0.384 bed
no no 400 0.375 abcd 0.423ab bazse
no yes 200 0.333 efg 0.417ab 0.331 ef
no yes 300 0.396 abcd 0.427a 0.409 abc
no yes 400 0.398 abcd 0.426a 0.438 a
yes no 200 0.328 dgh 0.396abc 0.302 f
yes no 300 0.368 bcef 0.417ab 0.370 cde
yes no 400 0.380 abce 0.380c 0.410 abc
yes yes 200 0.343 cdfg 0.393bc 0.336 def
yes yes 300 0.415a 0.401abc 0.411 ab
yes yes 400 0.398 abe 0.405abc 0.439 a
S.E. b b 0.023 0.011 0.018
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Table A-2. Least squares means fofungicide, seed treatment and seeding rateffects(individual
treatments) on grain yield of winter wheat Data were analyzed separately foeach site and valuesvithin

a column followed by the same |l etter do PO t0.sOif
Foliar Seed Seeding Rate IH-2014 IH-2015 IH-2016
Fungicide  Treatment

seeds/rh

no no 200 4444 e 3459 b 4657 d
no no 300 4742 cd 3145 ¢ 4870 c
no no 400 4618 de 3268 bc 4824 cd
no yes 200 4654 de 3430 b 4834 c
no yes 300 4721 cd 3469 b 4898 c
no yes 400 4741 cd 3243 bc 4996 c
yes no 200 5203 bc 3437 b 5661 b
yes no 300 5333 ab 3471 b 5792 ab
yes no 400 5340 ab 3435 b 5958 a
yes yes 200 5291 b 3795 a 5623 b
yes yes 300 5548 a 3477 b 5868 a
yes yes 400 5361 ab 3425 b 5861 a
S.E. b b 163.6 93.9 96.3
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Table A-3. Least squares means fofungicide, seed treatment and seeding rateffects(individual
treatments) on test weight of winter wheat Data were analyzed separately for each site and valuesthin

a column followed by the same |l etter do PO t0.s0if
Foliar Seed Seeding Rate IH-2014 IH-2015 IH-2016
Fungicide  Treatment

seeds/rh

no no 200 390.7 b 396.3 f 384.3c
no no 300 391.9b 3945¢ 385.2c
no no 400 393.7 b 395.0¢ 384.8c
no yes 200 391.1b 398.3 cd 385.0c
no yes 300 392.0b 397.5 def 385.9c¢c
no yes 400 393.6b 396.8 ef 386.3¢c
yes no 200 3984 a 398.9 bc 394.6 b
yes no 300 399.7a 397.8 cde 396.6 ab
yes no 400 399.3a 398.2 cd 397.0a
yes yes 200 3984 a 402.1 a 3946 b
yes yes 300 401.3 a 399.9b 397.2 a
yes yes 400 3989a 399.8 b 396.8 ab
S.E. b b 1.55 0.45 1.11
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Table A-4. Least squares means fofungicide, seed treatment and seeding rateffects(individual
treatments) on thousand kernel weight of winter wheatData were analyzed separately for each site and

valueswi t hin a column followed by the same letter
test PO 0. 05) .
Foliar Seed Seeding Rate IH-2014 IH-2015 IH-2016
Fungicide  Treatment
seeds/rh
no no 200 31.7 bc 31.1bc 299c
no no 300 31.4 bcd 30.7c 28.8¢c
no no 400 304d 30.8c 29.3c
no yes 200 32.1b 32.1abc 30.0c
no yes 300 30.8 cd 32.0abc 294 c
no yes 400 31.2 bcd 32.0abc 299c
yes no 200 34.0 a 31.9abc 34.1a
yes no 300 343 a 31.1bc 33.6ab
yes no 400 35.3a 32.4ab 32.8ab
yes yes 200 344 a 32.3ab 326D
yes yes 300 34.8 a 32.7a 33.3ab
yes yes 400 345a 32.3ab 33.2ab
S.E. b b 0.47 0.49 0.60
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Figure A-1. Winter wheat fro Indian Head in 2014. No ungicide on I anfunicie (fIg Ius anthesis)
applied on right (300 treated seeds/fin both cases).
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Figure A-2. Winter wheat from Indian Head in 2015. No fungicide on left and fungicide (flag plus anthesis)
applied on right (300 reated seeds/rhin both cases).
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Figure A-3. Winter wheat from Indian Head in 2016. No fungicide on left and fungicide (flag plus anthesis)
applied on right (300 treated seeds/fin both cases).

Abstract
14. Abstract/Summary:

Winter wheatrials were conductedverthreegrowing season@0142016)at Indian Heado
demonstratéherelativecontributionsof seedhg rates, seed treatmerand foliar fungicide on winter
wheatestablishmentyield andquality. With the range of seeding rates tested and under the conditions
encounteredseeding rateffectswere relatively small; however, 200 seedéwas normally

insufficient to maximize yields. The exception was in 2015 where, with a dry spring thet stenmer,
lower seeding rates delayed maturity and, unexpectedly, resulted in higher yields. Test weight was also
generally lower when seeding rates wieeow optimal Seed treatments provided small but consistent
benefits with respect early seasonwgito (NDVI), yield, and, to a lesser extent, grain quaktyeraged
over the three years, seed treatments resulted in a 2.3% (1.3)lyiest increase compared to seed that
was not treated with a sea@plied fungicideWhile (spring/summer applied@liar fungicides will not
improve winter wheat establishment or bualdditionalyield potential; theyareimportant for

preventing yield or quality loss associated vditeaseOf the inputs evaluated in this demonstration,
foliar fungicides provided #nmost consistent and greatest benefits with geldsrangingfrom 5-20%

and averagind4% or 603 kg ha(8.9 bus ad). Foliar fungicide applications also consistently
increased test weight and thousand kernel weight.
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