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Objectives and Rationale

7. Project objectives:

The objective of thiprojectwas to demonstrate tloptimum fall rye seeding ratefor high yielding
hybrids versus conventionalpen pollinatedrarieies

8. Project Rationale:

While fall rye acres have dramatically declined since peaking in the 18880 herbicides, other
profitable crop optionsand markeng challengey the introductiorof new hybrid varietiebasled to
renewed interest in this crofiveraged across the major piosial zones, the five currently available
hybrids yield 111127% (119% on average) of the current check (and highest yielding open pollinated
variety) Hazlet (Saskatchewan Seed Growers Association 2018 Glideitionally, fall rye has been
grown as dow-input crop, likely because it has relatively high nitrogghuse efficiency compared to
winter wheatand tends tibe grown on poorer landA separate project (ADOPT #2601339) is
evaluating hybrid versus opgmllinated (OP) fall rye response to Ntfiezer applications; however,
when transitioning to hybrids, seed costs for this crop will increassiderablyThis increase is due to
the combination of higher initial costs and tequiremento purchase new seadnually Farmerswill
benefitfrom third party validation of optimal seeding rates in order to help them make informed
decisionsandthe necessary investments with confidefidee objective of thiprojectwas to
demonstratéoth theoverall yield potential and relative responsesgarying seeding rates fddP
versushybrid fall rye.The project was also conducted in 285 thereforethis report will summarize
theresults from both years

Methodology and Results

9. Methodology:
Field trials near Indian Headiereestablishedh the fall of 205 (50.5% N, 103603W) andcontinued
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in 2016 (50.554 N, 103.572 \Wndian Head idocatedin the thinBlack soil zone of southeast
Saskatchewan and the soll is classified as an Indian ¢laadith typical organic matter
corcentration®of 4.5-5.5%. The treatments were a factorial combination of two varieties and six
seedingates. The varietwaseither Hazlet (OP) or Brasetto (hybrid) and skeedingates weré0,
110, 170, 230, 20 or 350 viableseeds M. Thetwelvetreatments werarranged in &our replicate
Randomized Complete Block Design (RBCD)

Selectedagronomic information is provided in TableF&ll rye seedreated with Cruiser Maxk
Vibrancé was direct seedddto canola stubblen September @and September7dn 2015 and Q16
respectivelySeed rates varied as per protocol dralfertilizer sotces were ureésidebanded)
monoammonium phosphate (sidended)and potasium sulphate (seqalaced)at Indian Head
Fertilizer rates were held constant acriveatmentgo supply 11830-47-16 kg N-P,Os-K,0O-S/ha
Weeds were controlled using registepedemergent and herop herbicideapplications Foliar
fungicide wasappliedat earlyheading(prior to anthesisjo protect againgate occurrindeaf disease
and potentially, fusarium head blighPre-harvest glphosatevas appliedafter all plots had reached
physiologicalmaturityand he centre five rows of each pleere straightombined orAugust12-13
(2016) and August 24 (201.

Table 1. Agronomic information for the ADOPT Fall Rye Seeding Rate Respmse
Demonstration at Indian Headduring the 2016 and 2017 growing seasons

Factor / Field Operatior

2015-16

201617

Previous Crop

Preemergent herbicide

Seed Treatment
Seeding Date

Row spacing

kg N-P,0s-K,0-S ha*
Fall Plant Density
Spring Plant Density

In-crop herbicide

Foliar fungicide
Head Density
Preharvest herbicide

Harvest date

Canola (LL)

880 g glyphosate Ha+
729 g 2,4D ha*

(Sep24-2015)

Cruiser Vibrance Quattro

Sep20-2015
30cm
1153047-16
Oct15-2015
Apr-28-2016

280 g bromoxynil ha +
280 g MCPA ester hat+
198 g tralkoxydim ha

(May-17-2015)
89 g metconazole Ha
(Juneb)
Junl15-2016

880 g glyphosate Ha
(JuF28-2016)

Aug-12-2016

Canola(LL)

880 g glyphosate Hat+
729 g 2,4D ha*

(Sep30-2016)

Cruiser Vibrance Quattro

Sep27-2016
30 cm
11530-47-16
Nov-1-2016
May 4-2017

280 g bromoxynil ha +
280 g MCPA ester ha+
198 g tralkoxydim ha

(May-30-2017)

89 g metconazole Ha
(Junel0)

Jul14-2017

880 g glyphosate Ha
(Aug-11-2017)
Aug-24-2017

n/ai informationnot available
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Various data were collected during the growing season and from the harvested grain samples.
Emergence was determined both in the fall and again in the spring by counting the number of plants in
two markedl m sections of cromw andcalculatingplants nf. Head density was determined by
counting the number of heads in the markedtions of cropow andcalculatingheads rif. The average
number of heads per plant westimatedy dividing the observed head$’ iy thecorresponding

plants nf measured in the springodging was assessed at maturity using the Belgian lodging scale
whereboththe area of the plot affected (A=) andthe intensity of lodging in affected areas ({5)llare
rated The lodging index (LI)s calculated using the formula LI = Al x 0.2. Yields were determined
from the harvested grain samphesl are expessed as kg Haclean seedcorrected td 4%seed

moisture content Dockage was determined from a 1000 g-saimple using CGC methodologgd

grain moisture was determined fromabtronics Model 91®oisture metefor the purpose of

correcting grain yieldsAll ergot bodies were handpicked from a 500 g clean subsample and
subsequently weighed to determine percent eFgwtcomposites in 2016 and each plot in 2017, falling
number analyses were completedkind by AAFC Lethbridge (Jamie LarserDaily temperature and
preciptation data were estimated using online data from the Environment Canada weather station
locatedapproximately3-5 km of thefield sites.

Responsealata were analysed using the Mixed procedured® ®ith the effects ofear (Y),variety
(VAR), seedingate SR) and their interaction (VAR SR, Y x VAR, Y x SR, and Y x VAR x SR
considered fixedReplicateeffectsweretreated asandom.Treatment means were separated using
Fi sher 6s p rstovitherthogendl cdntBagigsedte determine whether the observéd
responses were linear quadratiq(curvilinear) All treatment effects and differences betweszans
were considered significant Bt1O0.05.

10. Results:
Growing season weather

Weather data for the 2016 and 2@ft@wing seasons at Indian Head are presented in Tabl€@15

16, fall moisture was adequate whtlee winter wasmilder than normalith very little snow coveor
extreme temperaturéisroughouthe entire winterFor the 201617 fall/winter, October was cold and

wet but November was warmer than normal. Temperatures and snow cover from December through
March were approximately normal but conditions were warm and dry through April and into the spring.
While there wa goodinitial moisture both springs, the 2016 season was much wetter qitdr28b of
long-term average growing season precipitatiwith far greater yield potential for theopbutalso

more potential for disease and lodging. The 2§drigseason wadry (52% of longterm average
growing season precipitatiomhich, combined with a hard frodbw of approximately6° C)on May

18 substantially reducetie overallyield potential ofcrop. Despite the poor conditions, the plots were
uniform and the olesved responses for both yearre considered reliable and representative for the
environmental conditions encountered. The contrasting growing season conditions provide a robust
evaluation of fall rye responses to varying seeding rates.
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Table 2. Mean monthly temperatures and precipitation amounts along with longerm (1981-2010)
averages for thel5-2016 and 201617 growing season at Indian Head, SK.

Year April May June July August Avg. / Total
Mean Temperature (°G)
IH-2016 3.8 13.9 17.5 18.5 17.1 14.2
IH-2017 4.2 11.6 155 18.4 16.7 13.3
IH-LT 4.2 10.8 15.8 18.2 17.4 13.3
Precipitation (mm}
IH-2016 13.9 72.6 63.0 112.8 29.8 292
IH-2017 18.5 10.4 65.6 154 25.2 135
IH-LT 17.1 51.8 77.4 63.8 51.2 261

DetailedField Trial Results

The overall tests of fixed effestare presented for all response variables in Table thistest, pvalues
less than or equal to 0.8nify at leas95% confidecethatobserved variation idue to treatment
effectsas opposed toaturally occurringandrandom variability The effectof year were significant for
all variables except tillers/plant and both variety and seeding rate effects were significant for all
variables. Variety interactions with seeding rate (VABR were significant for fall plant density,
tillers/plant, lodging grain yield and ergot. Two wagteractions with yeai.e.Y x VAR and Y x SR)
were significanin numerous cases which will be discussed in greater detail where apprdpréate.
threeway interaction (Yx VAR x NR) was ot significantfor any variables

Table 3. Test of fixed effects year (Y), variety (VAR) and seeding rate (SR)r selected fall rye response
variables at Indian Head over a tweyear period.

Effect Fall Spring Head Tillers /  Lodging Grain Percent

Plant Plant Density Plant Rating Yield Ergot

Density  Density
p-values

Year (Y) <0.001 <o0.001 0.002 0.300 <0.001 <0.001 <0.001
Variety (VAR) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <o0.001
Seed Rat¢SR) <0.001 <0.001 <0.001 <0.0016 <0.001 <0.0016 <o0.001
VAR x SR 0.006 0.297 0.763 <0.001 0.006 0.010 0.003
Y x VAR 0.811 0.017 0.016 0.928 <0.001 <0.001 0.013
Y x SR 0.459 <0.001 0.649 0.008 0.001 0.871 <0.001
Y x VAR x SR 0.071 0.306 0.797 0.914 0.436 0.465 0.256
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Treatment means for the two varieties (averaged across seeding rates) are presented for individual
growing seasons and averaged actiosswo yearsn Table 4.

With theexception of the spring measurements in 2017 where there was no difference, estimated plant
populations were always higher for the conventional variety (Hazlet) than for the hybrid (Brasetto)
Averaged over the twgear period, the observed differencesav@? plants/m(24%) in the fall and 19
plants/m (14%) in the spring. Final overall plant populations were higher in 2016 than 2017 and there
appeared to be more winterkil the second year of the studyossibly due to the relatively late seeding
andcold fall resulting in smaller, weaker plants going in the winter.

Overall head density was higher for the hybrid rye both years individually and by 58 H¢a88tn

when averaged across years. While significant in both cases, the magnituddiféétece in head

density between varieties was much higher under the harsher conditions-h720&® the previous year
where conditions were more favourable (22% versus 6%). Head density is an important yield component
and a function of both the numbef plants established and the tillering ability of individual plants.

The average number of tillers per plant was relatively consistent over the two year period but higher, on
average, for the hybrid rye than the OP variety. Across seeding rates asBykaeads per plant were
measuredor the conventional variety compared to 4.6 for the hybrid.

Lodging was a muchreaterconcern in 2016 than in 2017 but was significantly worse for the OP variety
in both yearsin 201617 the mean lodging rating was/ versus 0.4 for the OP and hybvarieties
respectively while in 20%18 the values wer@.5 and 0.2. The possible range of values with this rating
scale is ; therefore, with the exception of a few treatments in 2016, lodging was never considered to
a major agronomic concern.

Grain yields were nearly twice as high overall in 2016 (6014 kdaa)in2017 (3133 kg/ha); however,

the relative performance of the two varieties was reasonably consistent. The average yield advantage to
the hybrid rye ogr the OP variety was 1363 kg/ha or 26% in 2016 compared to 492 kg/ha (17%) under
the lower yielding conditions in 201This suggests that, while advantages to the hybrid can be expected
under a wide range of environmental conditions, greatest emafitoe realized under mofavourable
growing conditions where the overall yield potential is kigh

Ergot is one of the most common and important factors leading to grade reduction in @2iexel

percent ergot was somewhat higher in 2016 versus 201Wasalso consitently higher for the hybrid
variety. In 2016, 0.33% and 0.65% percent ergot were observed for the hybrid and OP varieties while in
2017 the observed concentrations wa26% and 0.35%. The maximum allowable ergot concentrations
are 0.05% for No. 1, @0% for No. 2, and 0.33% for No. 3 Canada Western Rye.



Table 4. Treatment means for variety (by year) effects oselected fall rye response variables at Indian Head over a twar period. For each

variabl e, means within a group followed by the sam@ 0e@%)r do noi
Year Fall Plant Spring Plant Head Tiller Severity of Grain Ergot
Density Density Density Frequency Lodging Yield Concentration
(plants/n) (plants/nd) (heads/m) (heads/plant) (0-10) (kg/ha) (%)

OP-16 178.0a 175.0a 471.1b 3.3b 1.66 a 5332 b 0.33b
HYB-16 144.7 b 143.7b 4973 a 45a 0.43b 6695 a 0.65a
S.E.M. 3.25 3.62 8.98 0.14 0.075 56.9 0.047
OP-17 1619 a 127.2 a 3975Db 35b 0.52a 2887 b 0.25b
HYB-17 130.4 b 120.0 a 486.5 a 4.7 a 0.20 b 3379 a 0.35a
S.E.M. 4.30 6.00 17.77 0.26 0.023 85.6 0.056
OP-avg 169.9 a 1511 a 434.3 b 3.4b 1.09 a 4109 b 0.29b
HYB-avg 137.5b 131.8b 4919 a 46 a 0.31b 5037 a 0.50 a

S.E.M. 2.78 3.55 10.80 0.15 0.039 62.0 0.042




Completeresults for seeding rate effects on tkeponseariables measured along with those for
associatedhteractions are presented in Tablet25in the Appendices while the VAR x SReractions
are also presented graphically in Figuresih main body of the report.

For the fall plant densitiethere was a significartWAR x SR interactiorwherebythe relationshipvas

linearfor the OP variety (i.e. plant populations kept increasing through all seeding rates) but quadratic for
the hybrid (i.e. plant populations started levelling off at high segedites) (Fig. 1Table 5. This was
reasonablyonsistenboth years of the demonstratibaut more prominent in 2017 where overall plant
populationsverelower. Similar toseeding rate trialfor other cropsmortality increased with seeding

rate for bothvarieties and in both yearshis isdue to heightened competition amongst plants within the
rows at the higher seeding ratésross years, fall plant populations ranged fror238 plants/mfor the

OP variety and from 3217 plants/rfor the hybrid.

When measured in the sprijrayerall plant densities were lower than they were in the fallthad

responses fdoothvarietieswere quadrati¢Fig. 2, Table 8)The difference between fall and spring
populations was much higher in 201% than the previous season and was also muchewimtentat the
higher seeding rates. The difference between the two yearttwbatedto later seeding and poorer
conditionsfor establishment in 20167. The difference across seeding rates was likelysult osmaller
weaker plants at denser populatiolh$s alsoprobablethat measurement error was higher in the spring as
winter cereals can be difficult to accuratdigtinguish plants from tillers in a neshestructive manner at

this time When averaged across yedhe spring plant populations ranged from&H# plants/rhfor the

OP variety and from 4197 plants/rhfor the hybrid The fact thaspringpopulationsat thelower seeding
rates were higher thahose inthe fall while the opposite occurred at high seeding rates is, at least partly,
attributed to measurement err@urrent industry seeding rate recommendations for fall rye are to target
180-200 plants/rhfor optimum yield and quality.

Head densities were measusgthe same locations as plant densities and are presented in Fig. 3 and
Table 7 of the AppendiceBespite the overall higher head densities of the hybrid, there was no
significant VAR x SR interactiofiTable 3) however, the results of the orthogonal contrasts differed
between varieties when averaged across years. For the OP variety the respdnsedvesbdinear
while for the hybrid it was quadratic, levelling off at thighestseeding rateDespite this differengehe
relative rankings in theneans separationgere similarfor both varietiesvith nosignificant differences in
head densjtfor seeding rates from 2&50 seeds/fraccording to the multiple comparisons tdste
overall head densities and responses to seeding rateovesistent fronyearto-year. These results
demonstrate an overalteater capacitto producehigher head derntses with the hybrid andparticularly
when considereth conjunctionwith the lower plant populationsnproved abilityto compensate for
reducedpopulations through tillering.

The numbers of heads per pléne. tillering) was affected by seeding ratedaaccording to the
interactions (Table 3}heseeding rateesponse differed between varieties (Fig. 4, TablA8kxpected,
the number of tillers was highat lower seeding rategith an observed randgeom 7.6 headglant at 50
seeds/mto 2.8 heads/plant at 350 seedsivhen averaged across years and varieties. The significant
VAR x SR interaction was due &similar number otheads/planbetweerthe hybrid and OP varieties at
seeding ratefrom 170350 seeds/fbutsignificantly moretillers for the hybrid at seeding rates ot 50
110 seeds/fAveraged across years, the values ranged frdrb.8.heads/plant for OP rye and from
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3.09.3 for the hybrid. For both varieties the responses were quadititicaluesfalling sharplyas
seedingate increased from 5D70 seeds/Athen levelling off as the rates were increafether.

Lodging (rated at maturity) was also affected by seeding rate with a significant VAR x SR interaction.
Lodging and the overall response to seeding rate also Yesiad/earto-yearbut there was no Y x VAR

x SR interactiorso the trends were otherwise simil@he overall seeding rate response was quadratic for
both varieties with more lodging at both the lowest and highest seeding rates but, as previouslg,indicate
wasless severe for the hybrid with much less variation across seeding3atesd.on the two response
curves, lodging was minimized at seeding rates of2@Mseeds/Afor both varieties but, with the

hybrid, the values did not significantly diffezgardless of seeding rate when averaged across years.

Seedhg rate effects on grain yield along with any associated interactions are presented in Fig. 6 and Table
10 of the Appendices$:or yield, thee was &/AR x SR interactiorbut neither the Y x SR no¥ x VAR

x SR interactions were significafftable 3) therebyindicating the responses were consistent both years.
For the OP variety, neither the linear igoiadratic responses were significesfien averaged across years
(Table 10); however, rye yield at the 50 seedsteding rate was 8% lower than that of the highest
yielding treatment (110 seeds)jmFor the hybrid, maximum yielias achieved at 17880 seeds/fm

where yields werd8%greaterthanatthe lowest seedingte on average. Hybrid ryeigidsdeclined

slightly as the seeding rateereincreasedeyond230 seeds/fFor individual years, the yield spresad
amongst seeding ratés the hybridwere883 kg/ha (15%) in 2016 and 822 kg/ha (29%) in 2@4th
maximum yields were observed 70 and 230 seeds/nmespectively. This suggests thgbrid rye hasa
greaterability to compensate at lower plant densities under wetter conditions than when drought is a
major yield limiting factor as was the case in 2017

Percent ergot was affected by seeding rate with significant VAR x SR and Y x SR interactions but no Y x
VAR x SRinteraction (Table 3). Despite the Y x SR interaction, overall trends were sieiVeedn the

two years; howeveergot levels were higher irD26 and there was larger spread and more treatment
separation across seeding rates than there was in(P@ilé 11) Focussing on the VAR x SR

interaction, the overall seeding rate response was similar for both varieties but percent ergot was
substantiallyand significantlyhigherfor the hybrid than the OP varietyat suboptimal seeding rates (<

170 seeds/f (Fig. 7, Table 11)While the hybrid did tend to have more ergot than the OP variety at the
higher seeding rates when averaged across years, the differences were much smaller and never
statistically significantThese results demonstrate that using adecpastang rates and other measures to
ensure sufficient and uniform plant populations are important for minimizing ergot issues and subsequent
grade reductions with fall rye. Even with optimal seeding rates, additional cleaning may be required to
achieve top gragbs depending on environmental conditions.

While these measurements were not statistically analyzed, falling numbers for each treatment in 2016 are
provided in Table 12. Falling number is a measutgredd making quality with higher numbers being
desiralle when targeting milling marketsaling numbes were much higher overall with the hybrBD6

sec) than the OP variety4@sec)when averaged across years; however, no clear or consistent effects of
seeding rate were noted
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Figure3. Seeding rate effects on fall rye (hybrid versus open pollinatedpddensities over a tweyear period at Indian Had (201617).
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Figure4d. Seeding rate effects on fall rye (hybrid versus open pollinatétigring over a twoyear period at Indian Head (20167).
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Figure6. Seeding rate effects on fall rye (hybrid versus open pollinatgdjin yieldover a two-year period at Indian Head (20167).
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Extension Activities and Dissemination of Results

In 2016, his demonstration wasghlighted during the IHARF Crop Management Field Qayly 19,

219 registered guestwhere Chris Holzapfel (IHARF) and Dr. Brian Beres (AAEEthbridge)led a
discussion on winter cereal agronomy and opportunities. The trial was also shown and discussed by
Chris Holzapfebn a tour cehosted with Arysta Lifesciences (July 26, 45 guestsaddition to these

more formal tours, the site was visited by numerous growers, agronomistseaicthers over the
seasonln 2017, the demonstration was again shown and discussed by Chris Holzapfel at the IHARF
Crop Management Field Day (July 18, appmately 200 guests) with a focus on results from the
previous season and the overall differences in winter cereal performance between the two years.

In addition to the field tours, results from the first year of this demonstratoepresentedby Chris
Holzapfelat the AgrtARM Research Update alanuary 12, 2017 as part of Crop Production Watk
the IHARF Winter Seminar and AGM in Weyburn, SK (February 1, 2017) and at a Crop Command
Agronomy Meeting in South on March 16, 20D¢. Jamie Larsen presta thehighlights of the first
year resultatthe Saskatchewan Winter Cereals Development Commission AGM on January 9, 2017
and numerous other producer meetinigs@ddition multiple industry representativése. FP Genetics
and KWS)have utilizedhepreliminary results in their own extension and training activttiesughout
western Canadd he 2016 fullreport has been widely distributed as a download through the IHARF
website and personal correspondence upon request. Upcatgltinedesultsfrom the projectwill be
made available onlin@vww.iharf.cg in the winter of 201718 and through a variety of other media (i.e.
oral presentations, popularragilture press, fact sheets, efs)opportunities arise

11. Conclusions and Recommendations

This project has demonstratéak relative yield potential anseeding rateesponse of modern open
pollinated (Hazlet) versus hybrid (Brasettal) rye varietiesover two contrasting growing seas@is
Indian HeadSaskatchewarWith good fall moisture conditions and a mild winter/spring, overall
establishment was excellant2016 but somewhat more challenging in 2017 with later seeding and
unusually cool conditionthrough the month that followeé&or April throudn August, moisture was
abundant in 2016 but muslcarceithe following season and, when combined with spring ftbet,
overall rye yield potential was much low#vhile fall plant densities were similar between the two
years, there appeared to more thignover the winter months under the I&ssurable conditions
encountered i2017, particularly athe highest seeding ratedoth varieties compensated well for lower
plant populations through increased tillerimgt the hybridconsistentlyproduced moréeads plantat
lower seeding rates amdso wheraveraged across seeding rates. This was evident in the measurements
of head density where head¥ increased linearlyith seeding ratéor the OP rye and quadradity

with the hybridwherehead densities plateadiat 230-270 seeds/f Minor lodging and significant
treatment effectarere detectedherdoy lodging was worse overall with the OP variety amalst severe
at the lowest and highest seeding raié&re was very little lodging in 26417 under the drier than
normal conditionsregardless of the treatmefiven under wetter conditiongdging was negligible at
optimal seeding ratesith the OP varietynd regardless of seeding rat¢h the hybrid The hybrid out
yielded the OP varigtby 26% when averaged across seeding mt281516 and by 17% under the
lower yielding caditions in 201617. The OP variety was relatively unresponsive to seeding rate but
yields did tend to be lowest at the lowest seeding Téie hybrid variety wamore responsiveith
maximum yields achieved at 1-280 seeds/frand slight declines as seeding rate was further increased
to 350 seeds/MThe optimum seeding rate and overall range in yields across seedingasig®ater
under the drgonditions of 20187 when comparetb the much wetter previous seasbrom an
economic perspective, grain yield is important but quality is also a major facinsidemwhen

making management decisio3ne of the greatest causes of degvading in fél rye is ergot which

was consistently and significantly affected by seeding Eaxgot was fgher overall in the hybrid but,
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for both varieties, wagreaterat suboptimal (< 170 seedsAnseeding rates; however theeding rate

effect was much strongerith the hybrid. The hybrid still tended to have more ergot than the OP variety
at higher seeding rates but the differences were not generally statistically signiianatl, it appears

that target seeding rates of approximafélp-230seeds i aresufficient to optimize both yield and

quality across a wide range of environmental conditions with the higher end of the range being
recommended if conditions are considered poor for establishment or dry weather is likely to be a yield
limiting factor.
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13. Appendices

Table 5. Treatment means for seeding rate (by year and variety) effects on fall rye plant density (measured in the fall) at Indiare&tl over a twe

year period. Means withinacolumnf ol | owed by the same | etter do not sPiOgmi f0oi5gantl| y
201516 201617 Average
33?5 g (nget) (BTaEEtto) Average (nget) (Btle:'(s,ztto) Average (ngFl)et) (Bt'z;ggtto) Average
-- Fall Plant Density (plants/n
50 seeds/f 69.3 e 38.1f 53.7 f 46.4 e 29.9d 38.1f 57.8f 340e 459 f
110 seeds/m  107.9d 94.7 e 101.3 e 89.8d 71.8c 80.8e 98.8e 83.3d 910e
170 seeds/m  153.0 ¢ 133.7d 143.3d 1444 c 1325b 138.4d 148.7 d 1331 c 140.9d
230 seeds/m  187.9b 167.3 c 1776 ¢ 200.2 b 146.9 b 1735¢c 194.0c 157.1b 1755¢c
290 seeds/m  267.8 a 201.8b 2348 Db 2235Db 200.6 a 2120b 245.7 b 201.2 a 223.40Db
350 seeds/m 2822 a 2326 a 2574 a 267.0 a 200.6 a 233.8 a 274.6 a 216.6 a 2456 a
S.EM 7.65 5.45 10.32 7.33 6.46 4.62
Orthogonal -- Pr>F
Contrasts
SR lin <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
SRi quad 0.794 0.043 0.194 0.188 0.015 0.008 0.367 0.002 0.004
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Table 6. Treatment means for seeding rate (by year and variety) effects on fall rye plant density (measured in the spring) at Indidead over a twe

year period. Means within a column followed by tDhestPOa e 0I5¢tt er
201516 201617 Average

Seeding OP HYB OP HYB OP HYB

Rate (Hazle)  (Brasetio) /\/€ra0€ (Hazlet)  (Brasetto) /\/Erage (Hazlety  (Brasetto) ~\Verage

Spring Plant Densityplants/ni)

50 seeds/Mm 68.1e 36.5f 52.3f 541c 447 c 49.4d 6l.1e 40.6d 509e
110 seeds/M 111.1d 101.7 e 106.4 e 96.8 b 105.4 b 101.1c 103.9d 103.6 c 103.8d
170 seeds/M 148.1c 132.5d 140.3d 1349ab 127.6ab 131.2 b 1415¢c 130.0b 135.8c
230 seeds/fMm 1842 b 1649¢c 1745¢c 154.2 a 122.6 ab 138.4 ab 169.2 b 143.7 b 156.5 b
290 seeds/M 265.8 a 194.8 b 230.3 b 167.3a 1579 a 162.6 a 216.5a 176.4 a 196.4 a
350 seeds/f 272.7 a 231.7a 252.2a 1559 a 161.6a 158.7 ab 2143 a 196.7 a 205.5a
S.EM 8.70 6.18 14.61 10.34 8.52 6.05
Orthogonal BrSE

Contrasts

SRi lin <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 < 0.001 < 0.0 <0.001
SRi quad 0.982 0.073 0.196 0.005 0.067 0.002 0.019 0.018 0.001

20



ADOPT #20160341 (IHARF)

December 2017

Table 7. Treatment means for seeding rate (by year and variety) effects on fall rye head density at Indian Head over a tyear period. Means

within a column foll owed the same | etterPOdao.nmost) . .significantly
2015-16 201617 Average
Seeding (Hgflet) (B'?aYSEn@ Average (H(;zFl)et) (Bt'e:'(sztto) Average (ngFl)et) (Bt'azeBtto) Average
Head Density (headsfn -
50 seeds/Mm 410.1d 360.9c 385.5d 285.5¢c 372.8b 329.1c 347.8d 366.8 d 357.3d
110 seeds/f 440.1cd  476.5b 458.3 ¢ 314.6 bc 440.1ab 377.3bc 377.3cd  458.3c 417.8 ¢
170 seeds/M 450.7 cd 480.7 b 465.7 c 417.5 ab 496.2 a 456.9 ab 434.1bc 488.4bc 461.3 bc
230 seeds/fMm 476.1 bc 5422 a 509.2 b 426.1 ab 513.8a 467.0 a 451.1ab 528.0ab 489.6 ab
290 seeds/M 526.6 a 566.0 a 546.3 a 4552 a 545.1 a 500.1 a 490.9 a 5555a 523.2a
350seeds/m 5229 a 557.4a 540.1ab 486.0 a 551.2 a 518.6 a 504.4 a 554.3 a 529.4 a
S.EM 17.56 13.10 41.46 29.62 22.90 16.72
Orthogonal BrSE
Contrasts
SRi lin <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 < 0.001 <0.001 <0.001
SRi quad 0.955 0.001 0.012 0.403 0.240 0.197 0.468 0.022 0.034
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Table 8. Treatment means for seeding rate (by year and variety) effects on fall rye tillering (calculated from spring plant populath and head
density measurementpat Indian Head over a twoyear period. Means within a column followed by the same letter do natignificantly differ
(Fisherods proRQCclt.e0b)LSD test,

201516 201617 Average

Seeding ooy @aseto) AR (oeh Gt AR (e (G AVerage

- Tillers (heads/plant}
50 seeds/f 6.2 a 10.1a 8.2a 54a 85a 7.0a 5.8a 9.3a 7.6a
110 seeds/fm 40b 49b 45b 34b 43b 39b 3.7b 4.6b 4.2b
170 seeds/f 3.0c 3.7c 3.3c 3.3b 41b 3.7b 3.2 bc 3.9 bc 3.5bc
230 seeds/M 2.6 cd 3.3cd 3.0cd 29b 44b 3.6b 2.7 bc 3.9 bc 3.3c
290 seeds/M 20d 2.9 cd 2.4 de 28b 3.7b 32b 24c¢ 33c 28¢c
350 seeds/fMm 20d 24d 22e 34b 35b 35b 27¢c 30c 28¢c
S.EM 0.34 0.24 0.63 0.44 0.36 0.25
Orthogonal Br>F
Contrasts
SRi lin < 0.001 < 0.001 <0.001 0.013 <0.001 <0.001 < 0.001 <0.001 <0.001
SRi quad <0.001 <0.001 <0.001 0.012 0.001 < 0.001 < 0.001 < 0.001 < 0.001
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Table 9. Treatment means for seeding rate (by year and variety) effects on lodging in fall rye at Indian Head over a tyear period. Means within a
column followed by the same |l etter do nP® G.i@m:)i.ficantly differ (

201516 201617 Average

Seeding (Hgflet) (B'?aYSEn@ Average (H(;zFl)et) (Bt'e:'(sztto) Average (ngFl)et) (Bt'azeBtto) Average
memmmeesmememeeeeseeeeeeas Lodging (G10)

50 seeds/f 2.25a 0.80 a 153 a 0.65 a 0.20 a 0.43 a 145a 0.50 a 0.98 a
110 seeds/f 1.25b 0.33 ab 0.79 cd 0.50 ab 0.20 a 0.35 abc 0.88 b 0.26 a 0.57 cd
170 seeds/M 1.15b 0.30 ab 0.73d 0.40 bc 0.20 a 0.30 bc 0.78 b 0.25a 0.51d
230 seeds/fMm 1.20b 0.28 b 0.74d 0.30c 0.20 a 0.25c 0.75b 0.24 a 0.49d
290 seeds/M 1.88 a 0.35ab 1.11 bc 0.60 a 0.20 a 0.40 ab 1.24a 0.28 a 0.76 bc
350 seeds/M 225a 0.50 ab 1.38 ab 0.65a 0.20 a 0.43 a 1l45a 0.35a 0.90 ab
S.EM 0.183 0.129 0.057 0.040 0.096 0.068
Orthogonal BrSE
Contrasts
SRi lin 0.182 0.311 0.827 0.675 1.000 0.766 0.189 0.368 0.767
SRi quad <0.001 0.029 <0.001 <0.001 1.000 <0.001 < 0.001 0.048 <0.001
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Table 10. Treatment means for seeding rate (by year and variety) effects on fall rye grain yield at Indian Head over a twear period. Means

within a column foll owed the same | etterPOdao.nmost) . .significantly
201516 201617 Average
Seeding (Hgflet) (B'?aYSEn@ Average (H(;zFl)et) (Bt'e:'(sztto) Average (ngFl)et) (Bt'azeBtto) Average
-- - Grain Yield (kg/ha) e e
50 seeds/Mm 5161 b 6089 c 5625 c 2748 a 2850 b 2799 b 3954 b 4469 c 4212 c
110 seeds/f 5374 a 6933 a 6153 a 3154 a 3357 a 3255 a 4264 a 5145ab 4704 ab
170 seeds/M 5438 a 6972 a 6205 a 2957 a 3592 a 3275 a 4198 ab 5282 a 4740 a
230 seeds/fMm 5345 ab 6824 a 6085 a 2825 a 3672 a 3249 a 4085 ab 5248 a 4667 ab
290 seeds/M 5340 ab 6812 a 6076 ab 2727 a 3416 a 3072 ab 4034ab 5114ab 4574 ab
350 seeds/M 5334 ab 6542 b 5938 b 2911 a 3387 a 3149 a 4123 ab 4964 b 4544 b
S.EM 86.1 70.1 178.6 131.0 105.0 82.0
Orthogonal or SE
Contrasts
SRi lin 0.261 0.030 0.005 0.668 0.039 0.252 0.960 0.004 0.033
SRi quad 0.041 0.064 < 0.001 0.636 0.004 0.019 0.225 <0.001 < 0.001
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Table 11. Treatment means for seeding rate (by year and variety) effects on ergot in fall rye at Indian Head over a twear period. Means within a

column followed by the same |letter do nPR® G.i@m:)i.ficantly differ (
201516 201617 Average

Seeding (Hgflet) (B'?aYSEn@ Average (H(;zFl)et) (Bt'e:'(sztto) Average (ngFl)et) (Bt'azeBtto) Average

me e e oo Ergot (%)

50 seeds/fm 0.80 a 1.72a 126 a 047 a 0.74 a 0.6la 0.64 a 123 a 0.93a

110 seeds/f 0.28 b 0.76 b 0.52 b 0.28 ab 0.41b 0.34 Db 0.28 b 0.58 b 0.43 Db

170 seeds/fn 0.26 b 0.34c 0.30c 0.21 ab 0.26 b 0.24 b 0.24 b 0.30c 0.27c

230 seeds/M 0.21b 0.35¢c 0.28 ¢ 0.13 b 0.26 b 0.19b 0.17 b 0.31c 0.24c

290 seeds/M 0.24 Db 0.42c 0.33c 0.26 ab 0.28 b 0.27 b 0.25Db 0.35¢c 0.30 bc

350 seeds/M 0.23 b 0.33c¢c 0.28 c 0.17 ab 0.17b 0.17b 0.20b 0.25c¢c 0.23c

S.EM 0.096 0.071 0.121 0.088 0.080 0.060

Orthogonal BrSE

Contrasts

SRi lin <0.001 <0.001 <0.001 0.102 0.003 0.001 < 0.001 < 0.001 <0.001

SRi quad 0.002 <0.001 <0.001 0.224 0.107 0.043 0.004 < 0.001 <0.001
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Table 12. Treatment means forseedingrate (by year and variety) effects orfalling number in fall rye at Indian Head over a threeyear period. This
test was completed on composite samples (as opposite to individual plot samples); therefore, statistical analyses were mpietzd.

201516 201617 Average (Y)
Seeding OP HYB Avg OoP HYB Avg OoP HYB Avg
Rate Hazlet) (Brasetto) (VAR) Hazlet) (Brasetto) (VAR) Hazlet) (Brasetto) (VAR)

Falling Number(seconds) memmmememememeeeeeeeeeeeaene

50 seeds/rh 169.5 332.0 250.8 254.0 266.0 260.0 211.8 299.0 2554
110 seeds/fn 245.5 314.5 280.0 243.3 267.5 255.4 244.4 291.0 267.7
170 seeds/f 221.0 335.0 278.0 236.8 310.0 273.4 228.9 322.5 275.7
230 seeds/M 249.0 332.0 290.5 234.5 286.8 260.7 241.8 309.4 275.6
290 seeds/Mm 271.6 326.5 299.1 261.3 286.8 274.1 266.5 306.7 286.6
350 seeds/M 239.5 329.0 284.3 253.5 271.0 262.3 246.5 300.0 273.3
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Figure A-2. Brasetto (HYB) fall rye seeded at 50 seedsTat Indian Head (July 29, 2018.
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Figure A-4. Brasetto (HYB) fall rye seeded at 3568eeds rif at Indian Head (July 29, 2016.
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Figure A-5. Hazlet (OP) fall rye seeded at 50 seedsat Indian Head (August 1, 2017.

Figure A-6. Brasetto (HYB) fall rye seeded at 50 seeds hat Indian Head (August 1, 2017.
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