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ABSTRACT

Field experiments and greenhouse studies wereucteaito evaluate the effects of
phosphorus (P), potassium (K), and fungicides antevisurvival, and yield of winter-wheat in
North Dakota. The study was conducted as a RCBD av&plit-plot of planting date, and a
factorial combination of cultivars and seed treattae

Of the factors included, cultivar was the mosttabnting factor for fall emergence,
spring stand count, and yield. Planting date wadazmded by insufficient autumn soil
moisture, delaying emergence approximately 50%iabMWilliston, and Hettinger.
Phosphorus, K, and fungicide treatment effects weteconsistent across locations, but
fungicide, priming and selected P and K treatmeriieased stand count or yield at Hettinger,
Williston, and Lisbon.

These data indicate the use of winter-hardy cagyfungicides, and favorable
conditions in the fall for emergence are critiattbrs for growing winter wheat in North

Dakota.
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INTRODUCTION

North Dakota (ND) agriculture is diverse and pradiec The state produces more than
twenty different agricultural crop commodities aadhe highest producer in the nation for nine
of those commodities (NASS, 2011a). Of the threeses of wheal (iticum aestivumL.)
grown in North Dakota, hard red winter wheat (HRW&)y comprises about 1% of the
nation’s total winter wheat production. The are&l&WW planted in North Dakota has
fluctuated considerably during the last decadegirapfrom 32,000 to 255,000 (EASS,
2011b).

Hard red winter wheat provides many benefits owedmed spring wheat (HRSW), such
as higher yield potential, lower input costs, restlcompetition for labor at planting and
harvesting with other crops, reduced wind and watesion of top soil during the fall, winter,
and spring months, and better cover for wildlifeidg key nesting periods (Wiersma and
Ransom, 2005).

Despite the benefits, HRWW seedlings can be adiyeaskected by the long cold North
Dakota winters. Management practices that redueglisg winter injury include: choosing a
cultivar with good winter hardiness, planting nde recommended planting date, and planting
into standing crop residue (Peel et al., 1997) nBvben these recommendations are followed,

there is still a chance of winter injury in someage



OBJECTIVES
The objectives of this research were to deternfieestfect of planting date, cultivar
selection, and P, K and fungicide seed treatmanfalbemergence, winter survival, and yield of

winter wheat in North Dakota.



LITERATURE REVIEW

Injury of winter cereals caused by sub-freezinggeratures less thaf@is a common
occurrence during the winter in northern regionghefUnited States, especially in North
Dakota. Winter hardiness is a major criterion ilestng HRWW cultivars to be planted in this
region. The most winter hardy varieties should laated in the most northern regions,
especially if planting into little or no residue sma and Ransom, 2005). Winter hardiness is a
genetic trait (Pan et al., 1994). However, managemeactices (i.e. planting date and previous
crop residue) can influence winter survival ofalltivars (Peel et al., 1997).

Winter Survival

Hard red winter wheat requires a period of cofdferatures before it will undergo a
transition of the apical meristem from vegetatiwedproductive growth, known as vernalization
(Michaels and Amasino, 2000). Vernalization of HRW&M slow physiological process
requiring prolonged cool temperatures of approxatya®C (Trione and Metzger, 1970). To
achieve vernalization, winter annual plants mussdoen in the fall if they are to flower and
produce seed the following summer.

Minimum vernalization temperatures for HRWW rangani 1-7C, with some cultivars
requiring temperatures as low a8GgMichaels and Amasino, 2000). Average lengthiroét
required for the seedlings to complete vernalizaisocultivar dependent, but typically ranges
from 2-10 wks.

For HRWW to survive winter months, the crown of fiiant needs to go through a cold
acclimation process known as “hardening”. In HRWMW process of cold acclimation is under
the control of a genetic system induced by low terapure (Fowler and Gusta, 1977). Both

vernalization and cold acclimation require plardwgth when morning and afternoon soil
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temperatures are below 7°C and 10°C (Fowler, 20 grgy required for the process of cold
acclimation is supplied either from seed reservdsoon photosynthesis (Gusta et al., 1977).
The process of hardening requires 3-6 wks deperahngultivar. Wiersma and Ransom (2005)
suggest that well developed HRWW seedlings thae meoperly hardened crowns are capable
of surviving soil temperatures as low as®@bbut the specific temperature varies by cultivar.
Survival of the crown, however, does not ensuretti@plant will live. Chen et al. (1983) found
plant roots to be less winter hardy than the crawder a controlled environment, with roots
killed at -8C. When favorable conditions returned the authousid that new roots were
produced. However, if the plant does not have cigfiit energy to recover from the loss of roots
the plant will likely die before new roots can diege

Soil has a high capacity to buffer changes in &mafure, but extreme winter conditions
require additional insulation from snow to prevesmter injury to plants in most years (Decker
et al., 2003). The primary way to increase the ldebsnow cover is by trapping snow that falls
on the area, or is blown in from adjacent fieldngstanding residue from the previous crop.
Depth of snow cover has a direct effect on insagathe soil from sub-freezing temperatures
(Bauer and Black, 1990). Standing residue collantsholds snow through the winter months,
which insulates and protects the crown of the wpéatt from being potentially damaged by
sub-freezing air temperatures (Aase and Siddow@gQ)l Bauer and Black (1990) found
significantly greater post-winter plant populati@fHHRWW with an increase in stubble height
of the previous crop. The lowest residue heightn() resulted in consistently lower plant
populations, with as low as 0% winter survival $ome HRWW cultivars tested. The tallest

residues (20 and 36 cm) consistently resultedarhtghest post-winter plant populations.



SoybeanGlycine max L.), field pea Pisum sativumL.), and other annual legume crops,
do not always provide enough standing plant postdsa residue to effectively retain the 7.6 cm
to 15 cm depth of snow required for insulation, ethis recommended by Wiersma and Ransom
(2005). Without this residue, winter winds can bline snow off of the field, increasing the
chance that the crown will be exposed to lethaZneg temperatures.

Phosphorus

Phosphorus is an essential nutrient for plant gtamd is crucial in energy storage and
transfer in plants (Havlin et al., 2005). Energpto@ed during photosynthesis is converted to
phosphate compounds that are used to produce estergge compounds for later release to
sustain growth and reproductive processes. In tereps, P increases the rate of root growth
and the extent of tillering (Fageria, 2009). Plgdihwith or near the seed in wheat makes the P
more readily available to the developing roots aften result in a healthier plant (Sander and
Eghball, 1999). Gusta and Fowler (1979) reported Fhencouraged carbohydrate accumulation
in the winter wheat crown and suggested that Pin@agase spring recovery from freezing
injury, rather than promoting increased cold hagds In addition, it was also speculated by
Willemot (1975) that adequate levels of P were meglufor regeneration in tissues damaged by
freezing and for promotion of spring regrowth. Ady conducted by Grant et al. (1984) showed
a 70.6% survival increase with the addition of P ha when no nitrogen (N) fertilizer was
added. However, percent survival decreased witteasing amounts of N, regardless of P level.

Knapp and Knapp (1978) reported many benefitsfertitizer banded between the rows
in the fall. The addition of P produced a signifittg greater number of spikelets, along with a
significant yield increase. Greater winter surviwas observed in wheat receiving P compared

to treatments receiving none. Additionally, a yigldrease of up to 60% has been reported in

5



winter wheat with fall P fertilization compared tviho P applied in the fall (Sweeney et al.,
2000), while others have reported a 20% vyield iasee(Sander and Eghball, 1999).

Phosphorus efficiency and grain yield can be inftesl by soil pH. Fiedler et al. (1989)
recorded increased grain yields in seed-placedeP lmoadcast P at low soil P levels. However,
with the increase of soil pH from 6.0 to 8.0 andhessoil test P increased, the advantage of seed
placed P became less pronounced. McConnell anelagples (1986) reported increased grain
yields at all locations with P additions. Yiel&mreases ranged from 9% to 103% and 5% to 99%
in the first and second year, respectively. Howenerst grain yield increases were the result of
meeting the general need for P and not winter satvi
Potassium

Potassium is also an important plant nutrientramés second in plant uptake only to N
(Havlin et al., 2005). Potassium has many vitaésah plants including root growth, water and
nutrient uptake, maintenance of turgor, and reguiatf CQ, absorption through leaf stomata
(Fageria, 2009). Potassium is relatively immohiléhe soil, but is more mobile than P. For this
reason, both P and K must be placed close to #ekiseorder for them to be absorbed by the
roots of seedlings when root mass is small. Patas& essential in many crop quality
characteristics due to its involvement in the sgsif and transport of photosynthates to plant
reproductive and storage organs, and subsequewnision into carbohydrates, proteins, oils,
and other products (Havlin et al., 2005).

Applications of K and P are associated with incegasold hardiness of alfalfa
(Medicago sativa L.) and strawberriedfagaria ananassa L.) (Jung and Smith, 1959; Ragan
and Nylund, 1977; and Zurawicz and Stushnoff, 19Jihg and Smith (1959) concluded that

the best plant survival and top growth producticourred when alfalfa plants were fertilized
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with 224 kg hd of K and 44-89 kg Haof P. The percent of plant survival decreased veitrer
element was increased or decreased and when thd R eatio declined from five to two.

Visual K deficiency symptoms appear first on théeollow leaves and progress towards
the younger top leaves as deficiency severity ame@e (Havlin et al., 2005). Potassium
deficiency can also occur in young leaves of higieyng, fast maturing crops such as cotton
(Gossypium hirsutum L.) and wheat. Potassium deficiencies can leadltéav growth, poor root
development, weak stems in wheat, and increasegstilsility to bacterial, fungal diseases and
insect and mite infestation.

Tennant (1976) found an increase in the total rermobroots formed with increasing
amounts of K up to the recommended application Réeommended K rates are crop and
location dependent since soil parent material, G moisture, soil temperature and soil pH
affect K availability. Applications of K exceedirid6 kg hd suppressed root development.
When K was deficient, root formation was also a#ec Tennant found that after 10 d of K
deficiency, the deficient root system had 3-5 satmoots compared with 5-6 in non-deficient
treatments.

Seed Coating

Coating seed with fungicides and insecticides le@®ime a common practice among
farmers globally as an inexpensive way to proteetrsseed from insects and soil born fungi
(Taylor and Harman, 1990). Ahmed and colleague812fund wheat seedling emergence was
more rapid when seeds were treated with fungicidefiticide mixtures than when not treated.
Improved emergence and higher plant populationsggusifungicide and insecticide combination
seed treatments as compared to the untreated seealttitbuted to the prevention of wheat

seedling diseases caused by soil borne fungi. $raild Patterson (1995) reported a 5% (185 kg
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ha') increase in grain yield for winter wheat growreimstern Oregon in response to seed
treatments intended mainly for smiitl{etia tritici, T. laevis) control.

The incorporation of nutrients in seed coatings m@yide an opportunity to supply
each seed sown with an appropriate supply of mitriearly, and gives the seedling the best
chance of survival. Unfortunately, research inttilieer seed coatings has not received as much
attention as fungicide and insecticide seed treatsn@&cott, 1989). Seed coated or banded P and
K may be helpful as the critical P and K concemtratn the soil solution required for maximum
growth of wheat seedlings from Feekes 1 to 5 (Feek@41) is far greater than later in the
plant’s life at Feekes10.1 to 11 (Sutton et al83)9

Karanam and Vadez (2010) reported that pearl n{fletinisetum glaucum L.) shoot
biomass increased significantly in all the P semating treatments in the range of 18% to 85%
over the non-coated control in a low P soil. Thghlest biomass response was seen in the P seed
coating treatment with 77.5 mg P geed. This response was expressed in all hybsieis u
except one.

Peltonen-Sainio and colleagues (1997) found crapagement practices that support
early growth and vigor are likely to result in hggtbiomass production of oa#svena sativa L.).
With early growth and even seedling emergence,manlosure accelerated thereby reducing
weed pressure, and increasing yields. The coafipgar|l millet seeds with P delayed the
germination and emergence of plants for about a@apardless of genotype (Karanam and
Vadez, 2010). However, despite this short delagrethvas a rapid and dramatic effect of the
coating on the shoot biomass in the initial 2-4 \aker emergence of the plants. Smid and
Bates (1971) found that small additions of ferélin seed coatings were three to four times as

effective in providing an early supply of P to n&iZea mays L.) seedlings compared to band
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placement near the seed. Close placement and aligjlaf nutrients to seedlings appears to be
most important for elements which are immobile saslP, especially under cool conditions,
which restrict P uptake (Klepper et al. 1983).

Seed Priming

Seed priming, as defined by Heydecker (1973),aseasowing treatment in which seeds
are soaked in an osmaotic solution for several hadnish allows the seed to imbibe water and go
through the first stages of germination, but dostspermit radicle protrusion through the seed
coat. After the period of imbibition, seeds canmptly be dried to their original moisture
content and stored in cool, dry conditions, or f@drvia conventional techniques.

Priming of wheat seed with a solution may improeengination and emergence (Ashraf
and Abu-Sakra, 1978) and promote vigorous root giq@arceller and Soriano, 1972) under
low soil water potential compared with checks.dsfalso been reported that seed priming
improves stand establishment, grain and straw gieldd harvest index in maize (Farooq et al.,
2008).

Harris (1996) found that conditions after sowingl ladarge influence on emergence and
seedling vigor in sorghunsgrghum bicolor L.) and argued that speed of germination and
emergence were important determinants of successfablishment. Rapidly germinating
seedlings had the capacity to emerge and prodiegerdet systems before the upper layers of
the soil dried out, or became non-conducive to lsggdrowth. Delayed emergence reduces the
subsequent relative growth rate of the seedling imngeneral, healthy plants with well-
developed root systems can withstand adverse conslibetter than plants whose development

and growth have been interrupted at an early gtdggis 1996).



Planting Date

The optimal planting dates for HRWW vary dependinghe location within the state of
North Dakota, harvest of the previous crop, andtiereconditions. On average, HRWW
producers in North Dakota, normally plant arounel thiddle of September. Producers in the
northern regions of North Dakota, however, plantkeearlier to ensure proper germination and
growth before the first killing frost in the falroducers in the southern regions tend to plant a
wk later than northern regions of the state.

Planting too early in the season can diminishrsailsture reserves and increase the
chances of diseases, such as wheat streak mosasdqRotyviruses group). This disease is
problematic with early planting as there is inadequime for the green bridge of summer
grasses and the new winter wheat plants to be brgkeel et al., 1997). The green bridge is
commonly referred to as continual living green plaaterial from one growing season to the
next, which allows the vector of the disease, theat curl mite Aceria tosichellaK.), to
survive. The green bridge is broken when greentplaterial is desiccated during the fall by
chemicals, or natural weather conditions, and thepeohibiting the wheat curl mite to survive.

Early planting can also lead to excessive fall ptaowth, which can reduce winter
survival. However, planting later than the recomdezhdate can significantly increase winter
injury, and inhibit germination from lack of moiseuand cooler temperatures (Lafond and
Fowler, 1989). Pittman and Andrews (1961) repodedarked decrease in winter wheat yield in
Alberta, Canada when planting before or after #tmmmmended date. In their study, as little as
one wk difference in planting date produced sigatiit differences in winter survival. Sander
and Eghball (1999) reported winter wheat graindyrelductions of up to 15% or more in

Nebraska when the optimal planting date was nal.use
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MATERIALSAND METHODS

Field and greenhouse experiments were conductexiatmine the effect of planting date,
cultivar, P and K fertilizer and fungicide treatntemhich are placed with HRWW seed on
winter wheat survival and yield.

Field Research

Field experiments were conducted in 2012-2013vatlbcations in North Dakota:
Lisbon, Prosper, Minot, Williston, and Hettingeable 1 lists the soil series, taxonomy, and
slope of each experimental location.

Plots were 1.5 m wide and 5.5 m long at all logaiexcept Hettinger where they
werel.5 m wide and 8.5 m in length. Individual plobntained seven rows that were evenly
spaced 18 cm at all locations. Experiments wenetthno-till during the fall of 2012 in the
following crop residues: HRSW at Lisbon, and Prosfield pea at Minot, dry beatliaseolus
vulgaris L.) at Williston, and lentilsl(ens culinaris Medik.) at Hettinger. The erect residue
remaining was 13 cm tall at Prosper and Lisbonréihoaining erect residue was present at
Minot, Williston, and Hettinger. Border plots wepkanted on the two outermost columns of
plots to ensure similar light, moisture and nutrieompetition as interior plots.

Germination tests were performed on seed repriegendth cultivars and were
determined by placing 100 seeds from each culoweaa moist paper towel for one wk at room
temperature (25°C). After one wk, seeds with tHeauatile showing were considered viable and
were counted as viable seeds. Both cultivars hgld ¢eermination percentages with Jerry being

95%, and SY Wolf being 93%. Seeding rates weredaseriable seeds per hectare.
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Table 1 Soil series, taxonomy, and slope of experimentations at Prosper, Lisbon, Minot,
Hettinger, and Williston ND, during the 2012-201r8ging season.

Location  Soil Seriest Soil Taxonomy# % Slope
Prosper Bearden— Fine-silty, mixed, superactive, frigid Aeric
Lindaas Calciaquolls 0-2
Fine, smectitic, frigid Typic Argiaquolls
Lisbon Barnes —Svea Fine-loamy, mixed, superachigd Udic
Haploborolls 3-6
and Fine-loamy, mixed, superactive, frigid Pachic Udic
Haploborolls
Gwinner— Fine, smedctitic, frigid Pachic Vertic Argiudolls

Peever—Parnell
Fine, smedctitic, frigid Vertic Argiudolls
Fine, smectitic, frigid Vertic Argiaquolls

Minot Aastad-Tonka Fine-loamy, mixed, superactivielgid, Pachic
Argiudolls 0-3
and Fine, smectic fridgid Argiaquic Argialbolls
Forman-Aastad  Fine-loamy, mixed superactive, dri@alcic
Argiudolls 0-3
Hettinger Belfield— Fine, smectitic, frigid Glossic Natrustolls
Savage—Daglum 0-2
Willistion  Williams- Fine-loamy, mixed, superactive, frigid dig 0-3
Argiustolls and
Bowbells Fine-loamy, mixed, superactive, frigiccRia
Argiustolls 0-6

T Soil data obtained from (USDA-NRCS, 2013).
¥ Soil Taxonomy listed on individual lines basedhyphenated soil series name.

Winter wheat was planted at all locations at a iigi$ 2.96 million live seeds Ha At
Prosper and Lisbon, plots were sown using a Greatd*3P605NT no-till drill (Great Plains
Mfg. Inc., Salina, KS). Hettinger plots were sowsing a Fabro™ planter with AcraPlant
ACRADrill™ (Fabro Enterprises Ltd, Swift Currentaskatchewan, Canada). At Williston a
custom made Fabro self-propelled cone seeder (Fatisprises Ltd, Swift Current,
Saskatchewan, Canada) was used, and Minot waeglaih a no-till small plot drill.

Experimental design was a randomized completekbhath a split-plot restriction. The

whole plot was planting date (2 levels) and the-glais consisted of a factorial combination of
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cultivar (2 levels) and P, K, and fungicide seeétments (10 levels). These treatments are

summarized in Table 2. Treatments were replicatedtimes at each location.

Table 2. Factors and levels of each factor includdikld studies at Hettinger, Williston,
Minot, Prosper, and Lisbon ND 2013.

Planting Date Cultivar P, K fertilizer and Seeddtreent

Early Planting Jerry 1- Check

Late Planting SY Wolf 2- IF 28 kg,Ps, 18 kg K0 ha t
3- IF 56 kg ROs, 37 kg KO ha'
4-FST

5- FST + IF 28 kg 05, 18 kg KO ha'
6- FST+ IF 56 kg s, 37 kg KO ha'

7- Seed Priming with O

8- Seed Priming with KEHPO,

9- Seed Coat 5.6 kg®s, 3.7 kg KO ha'
10- Seed Coat 11.1kg®, 7.3 kg KO ha'

tIF= in-furrow
FFST= fungicide seed treatment.

The two planting dates that were compared consadtad optimum date and another
date approximately three wks later (Table 4). Miaod Williston were the first locations planted
on September 14, 2012, Lisbon, Prosper, and Hettwgre planted on September 18, and 19,
respectively. The second planting date occurrewh f@xtober 10-12, 2012 with the northern
sites planted before the southern sites (Table 4).

The two winter wheat cultivars used were choseriferexperiment based on their
winter hardiness. Jerry, a cultivar released froontiNDakota State University (NDSU) in 2001
was the most commonly grown cultivar in North Dakdtiring the time period of the studies
due to its “good” winter hardiness rating. The ottwtivar, SY Wolf, was released by Agripro
in 2012 and has a winter hardiness rating of “fair”

Ten phosphorus-potassium and fungicide treatmeets wused to determine the effect of
P, K, and fungicide on seedling winter survivale$h treatments consisted of the following: 1)
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check, 2) naked seed + IF 28 kgPB, 18 kg KO ha', 3) naked seed + IF 56 kg@®, 37 kg KO
ha', 4) fungicide seed treatment (FST), 5) FST +8Fkg ROs, 18 kg KO ha?, 6) FST + IF 56
kg P.Os, 37 kg KO ha', 7) seed priming with water, 8) seed priming vétKH,PO, solution, 9)
seed coated with 5.6 kg®s, 3.7 kg KO ha', 10) seed coated with 11.1 kg, 7.3 kg kO

ha’, refer to in Table 2. The fertilizer that was u$edall treatments was a refined mono-
potassium-phosphate (KRQ,) 0-52-34 (Haifa Co., Israel). This fertilizer walsosen for this
experiment due to its low salt rating (1% solutoi.4 EC, and 4.4 pH), and was highly refined
to facilitate seed coating.

Conventional P and K fertilizer treatments wereghed before planting, pre-packaged
and applied with the seed at planting by first gnmgf the seed out of a separate pre-weighed
seed packet, followed by the fertilizer packet itite planter. The three in-furrow P and K
fertilizer treatments, which were planted with atheut fungicide, were intended to determine
the effect of fungicide on seedling emergence amdgal at the different levels of P and K
fertilizer.

The seed treatment fungicide used was a combinatitebuconazole (alpha-[2-(4-
chlorophenyl) ethyl]-alpha-(1, 1-dimethyl-ethyl)-1H2,4-triazole-1-ethanol) at a rate of 0.02
mg a.i. g seed, and metalaxyl (N-(2,6-dimethylphenyl)-N-(hmetyacetyl)alanine methyl ester)
at a rate of 0.21 mg a.i’‘geed. Fungicide was applied to the seed usingga-#i& motorized
liquid seed treater (Wintersteiger Seed Mech., [Sate City, UT).

Seed priming was conducted by rinsing the seed tafilwater to wash off impurities
and chaff. The seed was then placed in a plastkdiiand distilled water was added until the
water completely covered the seed. The seed wias ligfe water for 12 h and stirred every 4 h

with a screwdriver for agitation. At the end ofl1,2he seed was removed from the bucket,
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rinsed with tap water, and placed in mesh sacksdrying room at 30°C. Sacks were mixed and
rotated every three hours until seeds reach 11-Ke&t¥%el moisture.

Priming seeds in the fertilizer solution was cortddcsimilarly, except that the seeds
were soaked in a 1% wi/v solution of KO, for 12 h. At the end of priming, the seed was
rinsed off twice using tap water and placed inyardy room at 30°C until seeds reach the desired
11-12% kernel moisture.

The two seed coating fertilizer treatments werewvarate of 5.6 kg FOs, 3.7 kg KO
ha' and a high rate of 11.1 kg®, 7.3 kg kO ha’. Seeds were coated with P and K using a
starch based water soluble all-purpose adhesives$gr, Somerset, NJ) at the rate of 1 g for
every 150 g of seed. The adhesive and 20.0 ml tdrweere added together in a small beaker
and mixed thoroughly. The adhesive solution was #aded to the seed in a bucket and mixed
until all the seeds were evenly coated. The prajiae fertilizer, which varied depending on the
treatment, was then gradually added to the newdyecbseed while mixing to ensure even
coverage of all the seed. When completed, the wasdglaced in a brown paper bag and left to
dry overnight at room temperature. To apply the tate of fertilizer, 34.5 g of mono-potassium-
phosphate (MKP) was weighed and applied to the; gbedigh rate required 69.0 g of MKP.

In the fall of 2012, soil samples were taken attdgpf 0-15 cm and 15-60 cm at each
location before planting. The second depth wasitéileen the same hole as the first sample. The
samples were analyzed for N, P, K, pH, and orgaratter (OM) at the NDSU soil analysis lab,
and are reported in Table 3. The soil analysismodsised to adjust N-P-K rates at any locations;
however, it was used to help determine the likeBilability of essential macro-nutrients. No P
or K was added to the plots besides what was iecatpd during planting for individual

treatments.
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In the spring of 2013, winter wheat plots at atldbons were fertilizedt a rate of 123 kg
N ha' using urea (46-0-0) combined with a urease inbitiBPT (N-(n-butyl)-thiophosphoric
triamide, and N-methyl-2-pyrrolidone) (Agrotain tij at a rate of 3 ml kof N. The nitrogen
was applied before tillering at Feekes 3, and widgven days before a rainfall event occurred.
A fall burn down application of glyphosate (N-(ppbsnomethyl) glycine) at a rate of
3.4 kg a.e. Hj tank mixed with a non-ionic surfactant (NIS), &lact', at a rate of 2 L ha
was applied two wks before planting at the Lisbod Brosper sites to break the green bridge to
reduce the likelihood of wheat streak mosaic vand to reduce weed pressure during seedling
emergence. Minot, Williston and Hettinger were péahinto legume crop stubble and did not
require herbicide treatments in the fall due towdeather after the harvest of the previous crop.

Table 3. Nitrogen, P, K, pH and organic matter lesyy sampling depth at Lisbon, Prosper,
Minot, Williston, and Hettinger in the fall of 2012

Location Depth N P K pH oMt
(cm) (kg ha) (mg kg") (mg kg") %
Lisbon 0-15 38.0 5L) ¥ 205 (VH) 6.9 5.2
15-61 50.5 2(VL) 50 (L) 7.8 3.2
Prosper 0-15 53.8 25VH) 150 (H) 6.7 3.4
15-61 50.5 7(L) 80 (M) 8.0 1.8
Minot 0-15 16.8 (M) 415 (VH) 6.9 2.8
15-61 33.6 3(VL) 140 (H) 8.0 2.1
Williston 0-15 45.9 15(H) 375 (VH) 6.1 2.4
15-61 50.5 3(VL) 95 (M) 7.8 2.0
Hettinger 0-15 165.8 2QVH) 410 (VH) 6.3 3.1
15-61 104.2 5L) 190 (VH) 7.3 2.3
Greenhouse§ - - Z9H) - - -

T OM = Organic Matter

T Letter(s) in parentheses represent a fertiligjesbased on NDSU's fertilizer recommendation
guide (Franzen, 2010). VL=very low, L=low, M=mediuhki=high, and VH=very high.

8LC1 Sunshine potting mix.

Two spring herbicide applications were used to mdmrassy and broadleaf weeds at the
Lisbon location. The first application was a premafXlorasulam [N-(2,6-difluorophenyl)-8-

fluoro-5-methoxy (1,2,4)triazolo(1,5-c)pyrimidines2lfonamide] at a rate of 15 g a.i.ha
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fluuroxypyr 1-methylheptyl ester [((4-amino-3,5-Hioro-6-fluoro-2-pyridinyl)oxy) acetic acid,
1-methylheptyl ester] at a rate of 2.8 g a.i>hend pyroxsulam [ N-(5,7-dimethoxy[1,2,4]
triazolo[1,5-a]pyrimidin-2-yl)-2-methoxy-4(triflu@methyl)-3-pyridinesulfonamide], at a rate of
99 g a.i. ha, tank mixed with the same NIS product as previpuséntioned at the same rate.
The second herbicide application was applied timeelater using a sequential application
method of propyxycarbazone-sodium (methyl 2-[[[(ydro-4-methyl-5-0x0-3-propoxy-1H-
1,2,4-triazol-1-yl)carbonylJamino]sulfonyllbenzoasodium salt) at a rate of 44 g a.i:*ha
Followed by a mix consisting of 140 g a.i. *haf the octanoic and heptonoic esters of
bromoxynil (3, 5-dibromo-4-hydrozybenzonitrile)9Qy a.i. had fenoxaprop-p-ethyl (ethyl 2-[4-
[(6-chloro-2-benzoxazolyl)oxy] phenoxy], and 4@.g ha' pyrasulfotole ((5-hydroxy-1,3
dimethyl-1H-pryrazol-4yl)[2-methylsulfonyl)-4(trifloromethyl)phenyljmethanone), for control
of grass and broadleaf weeds, tank mixed with ébpo# fungicide of propiconazole (1-[[2
(2,4Dichlorophenyl)-4-propyl-1,3-dioxolan-2-yllmstiiil-H-1,2,4-triazole) at a rate of 80 g a.i.
ha', and trifloxystrobin (benzeneacetic acid (E,E)kalfmethoxyimino)-2-[[[[1-[3
(trifluoromethyl)phenyllethylidene] aminoJoxy]metfiymethylester) at a rate of 80 g a.i-ha

The same mix of fenoxaprop-p-ethyl, pyrasulfotbl@moxynil octanoate, and
bromoxynil heptanoate, was tank mixed with a fuittigremix of propiconazole, and
trifloxystrobin at the same rate as Lisbon, and agslied at Prosper, Minot, and Williston
locations to control broadleaf and grassy weedseanmky-season leaf diseases. A second
fungicide application was applied at flowering bi@ations except Hettinger, using a premix
of prothioconazole (2-[-(1-chlorocycloproplyl)-3-thlorophenyl)-2-hydroxypropyl]-1,2-

dihydro-3H-1,2,4-triazole-3-thione) at a rate of@8@.i. h&, and tebuconazole (alpha-[2-(4-
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chlorophenyl)ethyl]-alpha-(1,1-dimethylethyl)-1H2]4-triazole-1-ethanol) at a rate of 99 g a.i.
ha', to control fusarium head blighEsarium graminearum) and foliar diseases.

All sites except Prosper and Hettinger were desicce late summer after plots had
reached physiological maturity (Feekes 11) to lmabtgvestWiersma and Ransom, 2005). At
Lisbon and Minot an application of paraquat dicider(1, 1'-dimethyl-4, 4’-bipyridinium
dichloride), at a rate of 0.78kg a.i. haas used, and at Williston glyphosate was used-atea
of 3.36 kg a.e. b At Lisbon and Prosper all pesticide applicatiomse applied using a
backpack sprayer and hand held boom, except fdathieerbicide application which was
applied with a tractor mounted sprayer. Pesticaggsied at Hettinger, Minot, and Williston

used a similar tractor mounted tank sprayer toyaglbpesticides.

Table 4. Dates of important measurements and digfdications at Lisbon, Prosper, Hettinger,
Williston, and Minot, ND 2012- 2013.

Measurement/ Application Lisbon Prosper Hettinger illi¥tbn Minot
------------------------------------- Date ------=-==-sm-mmemmeeeem e oo eeee

2012

Fall herbicide 4-Sep 4-Sep N/A N/A N/A

Early planting date 18-Sep 18-Sep 19-Sep 14-Sep Sepi-

Late planting date 11-Oct 11-Oct 12-Oct 10-Oct -0

Fall stand count 15-Nov 15-Nov 17-Dec N/A 7-Dec
2013

Spring stand count 13-May 13-May 27-May 11-May 1awm

N fertilizer 13-May 13-May 25-May 11-May 11-May

Weed control 6-Jun 6-Jun 4-Jun 8-Jun 26-Jun

Pre-boot fungicide 6-Jun 6-Jun N/A 8-Jun 26-Jun

Fungicide/head blight 9-Jul 9-Jul N/A 2-Jul 19-Jul

Desiccant 5-Aug N/A N/A 1-Aug 13-Aug

Harvest 14-Aug 15-Aug 27-Aug 21-Aug 22-Aug

Fall stand counts were taken at Hettinger and Mayotounting the number of plants
within a random 1 m length of rows 4 and 5, whicdmsvapproximately 1 m in from front edge of
the plot. The number of plants from both rows w&en averaged, and recorded into the field

book. At Lisbon and Prosper, stand counts werertdly counting the number of plants in a
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randomly selected 30 cm length of rows two, thfiwe,and six, then averaging the number of
plants from the four rows. At Williston no fall @atvere obtained due to early snow cover. To
quantify spring survival, stand count data werdeotéd after snow melt between Feekes 1 to 3
stages using the same methods used in the fati Wiiliston being collected using the same
methods as Hettinger, and Minot. Stand count datietinger, Williston, and Minot were taken
from all treatments in the experiment. Howevemdteount data for Lisbon and Prosper were
taken for two replications of the early plantingedanly. When analyzing the data from Lisbon
and Prosper, planting date was excluded as a fatdisbon and Prosper stakes were placed in
rows where data were collected to ensure accupaitegsstand counts. Stand count data were
adjusted to rh

Hettinger, Williston, Minot, Prosper and Lisbon wérarvested when the wheat plants
reached Feekes 11, and had dried to approximasétyrhoisture. Winter wheat was harvested at
Lisbon and Prosper using a Wintersteiger Classitd¥gombine (Wintersteiger Ag, Ried,
Austria). At Hettinger plots were harvested usirtgrgcaid 8XP™ plot combine (Kincaid
Equipment Manufacturing, Haven, KS), and plots ati$ton and Minot were harvested using a
Wintersteiger Elite™ plot combine (Wintersteiger,ARjed, Austria). All seven rows of each
plot were harvested. Once harvested, the seed nes(d necessary) and cleaned. Moisture and
test weight were recorded for all locations usir@gAC 2100™ moisture/test weight tester
(DICKEY-John Corp., Minneapolis, MNAt Hettinger only, yield was determined using a
weighing system (Kincaid Equipment Manufacturingvien, KS) on the plot combine. At all
other locations, yield was determined in the lalbgis digital scale to measure the weight of the
whole plot and adjusting to a moisture content26%. At harvest, plot lengths were recorded

and yield was adjusted using the length of thespl@tain protein was measured using a 0.5 kg
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sub-sample of seed from each plot with a Diode AR#200 NIR Analyzer™ (Perten
Instruments, Springfield, IL) and expressed on &%3moisture basis. Yield and protein data
from Lisbon were not used in the results and dsiomsdue to extensive weed pressure at the
site, and the subsequent inaccuracy of the dakacted.

Data were analyzed using a mixed model approac@EPRIXED) with SAS 9.0 for
Windows (SAS Institute, Cary, NC). Location andliegies were considered random effects
while planting date, cultivar, and fertilizer tresnts were considered fixed effects. Means were
separated using a paired t comparison at the 5&b ¢é\wonfidence.

Greenhouse Resear ch

The greenhouse experiments were conducted in Fangthe campus of NDSU.

Experiments were conducted to determine winterigabiity, and seedling vigor.

Winter Survivability

The purpose of this study was to determine if Patd fungicide treatments increased
winter survivability under controlled environmentalnditions in the greenhouse. The study was
arranged as a randomized complete block with & glpli restriction. The whole plot consisted
of two environments, and the sub-plots consisteal fatctorial combination of two cultivars, and
ten fertilizer treatments, replicated five timesviEonments consist of the greenhouse, and a
refrigeration chamber (Table 5).

Seeds were planted in a tray of sheet pots. Eagltontained 20 cells that were 5 cm
long by 6.3 cm wide by 7 cm deep. Prior to plantidgnd K fertilizer was measured and placed
in envelopes at a rate of 20 mg and 40 mg MKP essmting the 28 and 56 kg tud P,Os, and
18 and 37 kg Haof K,O used in the field study, respectively. Each wasg filled with Sunshine

LC1 potting soil mix (Sun Gro Horticulture, AgawaMA) and saturated with water before
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planting. A seed was planted in a furrow of eadhrmade with a finger at a depth of 2.5 cm.
Seeds planted in the cells were of visual unifoize.d~or treatments requiring P, and K in-
furrow, a pre-measured packet of P and K fertilizas added in the furrow with the seed. The
seed was promptly covered and the potting soilligagly compacted to ensure proper soil to

seed contact.

Table 5. Factors and levels of each factor includasiinter survivability and seedling
vigor experiments conducted at greenhouses oratin@us of NDSU, 2013.

Environmentt Cultivar Fertilizert

Greenhouse Jerry 1- Check

Refrigeration Chamber SY Wolf  2- IF 28 kg ROs, 18 kg KO ha's
3- IF 56 kg ROs, 37 kg KO ha'
4- FST

5- FST+ IF 28 kg #0s, 18 kg KO ha'
6- FST+ IF 56 kg s, 37 kg KO ha'
7- Seed Priming with D

8- Seed Priming with KHPO,

9- Seed Coat 5.6 kg®s, 3.7 kg KO ha'

10- Seed Coat 11.1kg®;, 7.3 kg KO ha'
T This factor was not included in the seedling viggperiment.
T Only fertilizer treatment numbers 1, 7, 8, 9, &@dwvere used in the seedling vigor
experiment.
8 IF=in-furrow
FST= fungicide seed treatment.

The cultivars and fertilizer treatments used i3 #Xperiment were similar to those used
in the field study as previously described. Aftirping, five trays were placed in the
greenhouse for five d at a temperature of 20°@it@ate germination. On the fifth d, the trays
were transferred to the refrigeration chamber (BRkfrigerated Boxes, Inc., Morehead City,
NC) for six wks at 2°C to stimulate vernalizatiamdaypical autumn cooling temperatures. The
other five trays were directly placed in the redngtion chamber to start germination and cold

acclimation.
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After the cold acclimation process in the refrigena chamber all viable seeds had
emerged and seedlings were at the Feekes 1. Texgstien transferred to an ESPEC BTU-433
Criterion temperature (environmental) chamber (ESRBrth America, Inc., Hudsonville, MI)
where the chamber was programed to gradually deetda temperature from 2°C to -15°C. The
seedlings were subjected to -15°C for 20 min. AA@min at the deep freeze stage the
temperature in the chamber gradually increased@ @mpleting the cycle which took
approximately 18 h. At the completion of this pregefive trays were removed and the other five
trays were placed in the environmental chambenttetgo the same process. After the
environmental chamber all trays were placed irréfigeration chamber for at one d to allow
the soil media to return to 2°C. After thawing, thee trays that started in the refrigerated
chamber remained in the chamber, and the othetriiys were placed in the greenhouse. Both
locations were watered and maintained for two wikd plant vigor data were collected. No
fertilizer was added to the trays while in the gite@use or refrigeration chamber. The
experiment took approximately nine wks to complete.

Emergence data were collected every d after plgniiil all seedlings had emerged.
Two wks after being frozen in the temperature chemmlagor data were collected on trays in the
greenhouse and refrigeration chamber. The methed tasdetermine vigor was a visual rating
of 0-5, with 0 being dead and 5 being alive andthgdooking.

Data were analyzed using a mixed model approac@@ERIXED) with SAS 9.0 for
Windows (SAS Institute, Cary, NC). Replicates wesasidered random effects while
environment, cultivar, and fertilizer treatmentseeonsidered as fixed effects. Means were

separated using a paired t comparison at the 5&b ¢é\wonfidence.
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Seedling Vigor

The objective of this study was to determine ifing and seed coating P and K
fertilizer improved seedling vigor, and if seedliRguptake increased. This study was conducted
in a greenhouse on the campus of NDSU similargoatimter survivability study. The study was
arranged as a randomized complete block designanféictorial combination of two cultivars,
and five fertilizer treatments. The experiment weseated four times with five replicates per
run. Each run took approximately four wks to congle

Seeds were planted in a similar manner to the watevivability study. The cultivars
used in this study are the same as was used fretdestudy and the greenhouse study of winter
survivability (Table 5). The fertilizer treatmentsed were similar to the treatments explained in
the winter survival study but were limited to 1)eck, 2) seed priming with water, 3) seed
priming with MKP solution, 4) seed coated with &gha® P,Os, and 3.7 kg haK,0 and 5)
seed coated with 11.1 kg h®0s, 7.3 kg hd K,0. The same refined KiRQ, was used for the
P and K fertilizer seed treatments.

Within the first wk, seedling emergence was recdrsienilar to the previously described
winter survivability study. At the end of four wksthe greenhouse, seedling plant height was
measured from the top of the solil to the tip ofltrest tiller, tillers were also counted in each
cell. Plant height data were not recorded for rums and two. The shoot was then severed at the
soil surface and placed in a paper bag and placadiiyer at 3%2C for seven d. Samples were
then taken out and dry weight was measured oreatffitc scale.

Data were analyzed using a mixed model approac®@@ERIXED) with SAS 9.0 for

Windows (SAS Institute, Cary, NC). Replicates amasrwere considered random effects while
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cultivar, and fertilizer treatments were considefirdd effects. Means were separated using a

paired t comparison at the 5% level of confidence.
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RESULTSAND DISCUSSION

Weather Conditions

Precipitation during the month of September 2012 mach below average (NDAWN,
2013). Average precipitation in the western halNofth Dakota was approximately 0-1 cm
while the eastern half of the state received apprately 0.5-1.5 cm. Neither region received
sufficient precipitation to start the germinatiammgess of winter wheat and sustain seedling
growth for the first planting date at any locatibtowever, precipitation averages did increase
throughout North Dakota in October after the seqoladting date, to approximately 1-10 cm.
This rainfall was suitable for even germination a&ngergence for any seeds that had not
germinated from the first planting date. The fiidling frost (below -2C) in 2012 occurred on
October 4, 4, 5, 6, and 5, at the Hettinger, MiN@il]iston, Prosper, and Lisbon, respectively
(NDAWN, 2013).

At the NDAWN weather stations near Hettinger, MirWilliston, Prosper, and Lisbon
the average daily bare soil temperature did ngp thelow OC until November, 11, 25, 24, 26,
and 23, respectively (NDAWN, 2013). Snow cover iovEmber was minimal at the southern
locations accumulating only 0-13 cm in Hettingeggper, and Lisbon. The northern locations,
Minot and Williston, accumulated 13-51 cm during thonth of November. Total snow fall
accumulation for North Dakota ranged from 76 crthie south-west corner of the state and
gradually increased to 203 cm in the north ceratnal north eastern locations of the study

(Figure 1).
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Snowfall (cm)

Figure 1. Total snowfall in North Dakota winter2012-2013. (Data
from NWS Cooperative Network; Image from ND Staterate

Early snow accumulations in October and Novembbsisled enough to allow fall stand
counts data to be taken at all locations of thdysaxcept at Williston where snow cover
persisted. Significant snow accumulation to busfeit temperatures did not occur until January,
causing seedlings to be exposed to soil tempsmwbajmately -3C during December at
Hettinger, and Minot (Table 6).

Fall Stand Count 2012

Fall stand counts were taken to determine theeffeP and K fertilizer and fungicide
treatments, planting date, and cultivar on fall egeace. Emergence varied considerably across
planting dates and locations due to different welaéimd soil conditions at planting (Table 7). At
Minot, emergence at the later planting date wasagmately 50% less than at the early
planting date. The effect of planting date on $&ind count suggests that seedling stand

establishment is greater when HRWW is plantedexaali the recommended planting date as

opposed to the later date.
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Table 6. Monthly average temperatures that wererded by automated
weather stations near Hettinger, Minot, Willistempsper, and Lisbon, ND.

Normal Baret
Max. Min. Min. Soill
Location Month Year Temp. Temp. Temp. Temp.
°C °C °C °C
Hettinger Nov. 2012 7.1 -6.6 -1.7 1.0
Dec. 2012 -1.2 -13.8 -13.8 -35
Jan. 2013 -21 -13.1 -14.8 -2.9
Feb. 2013 2.6 -8.6 -12.7 2.1
Mar. 2013 42 92 75 07
Minot Nov 2012 14 -7.4 -7.8 0.0
Dec 2012 -6.6 -17.0 -15.1 -2.7
Jan 2013 -6.2 -17.0 -17.3 -4.3
Feb 2013 -34 -13.6 -14.7 -3.3
Mar. 2013 46 162 83 20
Williston Nov. 2012 2.1 -7.3 -6.7 11
Dec 2012 51 -13.8 -13.7 -3.8
Jan 2013 5.3 -14.9 -15.3 -3.2
Feb 2013 -0.9 -9.9 -12.4 -2.5
Mar. 2013 11 122 64 21
Prosper  Nov. 2012 3.2 -6.3 -7.2 1.3
Dec 2012 -6.0 -14.7 -15.2 -1.7
Jan 2013 -6.3 -18.6 -18.7 -2.4
Feb 2013 -6.2 -16.4 -15.7 -2.7
Mar. 2013 -28 163 77 - 1.7
Lisbon Nov. 2012 3.7 -6.4 -6.3 1.3
Dec. 2012 -54 -14.6 -13.8 -1.2
Jan. 2013 -5.6 -18.0 -16.9 -2.8
Feb. 2013 5.3 -16.3 -14.0 -2.8
Mar. 2013 -2.9 -14.3 -7.2 -1.7

tBare soil temperature is the temperature of baitevith no vegetation at
10 cm below the soil surface.
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Table 7. Planting date effects on fall stand count
averaged over cultivar, P, K, and fungicide treattse

at Hettinger and Minot, ND 2012.

Planting Date  Hettinger Minot Combinedt

-------- Seedlings M --------
Early 46 at 120a 83a
Late Ob 55 Db 27b

tCombined analysis of locations listed above, tahe
95% level of confidence using a paired t-test.
tMeans followed by the same letter in the samenonlu
are not significantly different §0.05) using a paired t-
test.

When data were analyzed using a combined analysalflocations fall stand counts
were not significantly impacted by P and K ferglizor fungicide treatments. At individual
locations, Hettinger emergence was better witHdheseed coated P and K rate, priming with P
and K, and the fungicide seed treatment with 28&gP,0s and 18 kg hd K,O compared to
the check (Table 8). The low rate of seed coateddK at Minot also had better fall emergence
compared to the check. Emergence at Lisbon wasoweprusing the high rate of seed coated P
and K, both priming treatments, and all three foittg seed treatment factors as compared to the
check. Depending on the environment the treatnurgsed coating, priming and a fungicide
seed treatment with P showed potential for imprgvail stand establishment. Ashraf and Abu-

Shakra (1978) also found that priming of wheat seitl water improved germination and

emergence.
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Table 8. Phosphorus, K and fungicide treatmenteffen fall stand count averaged
over planting dates and cultivars at Hettinger, dflifProsper, and Lisbon, ND 2012.

Treatment Hettinger Minot Prosper Lisbon Combinedt
--------------------------- Seedlings M -------------=semmmmmmmmee-
Check 17det 89 bcd 93a 9¢ 26a
IF 288 25bcc 93 abc 133a 14 efg 3la
IF 56 24 bcc 82 cd 123a 18 efg 28a
SC Low Pf 30abc 106 a 122a 23 defg 34a
SC High P 19cde 104 ab 125a 27 cdef 32a
Prime Water 8e 84 cd 136a 32 bcde 27 a
Prime P 36a 83 cd 127a 36 abcd 32a
FSTTT 20bcde 76 d 141 a 41 abc 28a
FST 28 32ak 83 cd 124a 45 ab 3la
FST 56 19cde 77 cd 120a 50 a 28a

T Combined analysis of locations listed above atathe 95% level of confidence
using a paired t-test.

T Means followed by the same letter in the samemolare not significantly
different (p<0.05) using a paired t-test.

§ IF = in-furrow BOs at 28, 56 kg ha, and KO at 18, 37 kg ha

{1 SC = seed coat with a rate ePRat 5.6, 11.1 kg hg and KO at 3.7, 7.3 kg h&
t1 FST = fungicide seed treat.

The planting date x P and K fertilizer and fungectdeatments (Table 9) indicated that

stand counts decreased approximately 50% at thedkinting date compared to the early

planting date. Lafond and Fowler (1989) found adLiBcrease in the delay in emergence for

every degree the temperature dropped from 20 to St&hd counts of the late planting date at

Minot show a low number of emerged seedlings, wiggtossibly due to cool soil, and freezing

temperatures (Table 7). The stand counts in thébgwd analysis show that a combination of

either early planting and seed coating with Lowr Rarly planting with FST 28 kg Hd,0s,

and 18 kg ha K,0 will improve fall stand counts compared to thedh Increasing the amount

of P and K in the treatment did not seem to impravergence at the early planting date.
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Table 9. Planting date x P, and K fertilizer anddigide treatment effects on fall
stand counts averaged over cultivars at Hettiregaad,Minot, ND 2012.

Plant Date Treatment Hettinger Minot Combinedt
-------------- Seedlings M --------------

Early
Check 35ct 115 abcd 75 bc
IF 288 51bc 127 abc 89ab
IF 56 48 bc 127 abc 87ab
SC Low Pf 61ab 132ab 96a
SC High P 38c 136 a 87 ab
Prime Water 1d 103 de 60c
Prime P 72a 106 bcd 89ab
FSTtT 39c 111 bed 75bc
FST 28 64ab 123 abcd 93 a
FST 56 38¢c 124 abcd 90 ab

Late
Check od 64 fg 32 def
IF 28 od 59 fghi 29 defg
IF 56 od 37 i 18 fg
SC Low P od 79 ef 40d
SC High P 0d 71f 35de
Prime Water od 66 f 33 def
Prime P od 60 fgh 30 defg
FST od 41 hij 20 efg
FST 28 od 43 ghij 21 efg
FST 56 od 31 j 159

T Combined analysis of locations listed above,atahe 95% level of confidence
using a paired t-test.

T Means followed by the same letter in the sameroolare not significantly
different (p<0.05) using a paired t-test.

§ IF = in-furrow BOs at 28, 56 kg ha and KO at 18, 37 kg Ha

1 SC = seed coat with a rate @R at 5.6, 11.1 kg hg and KO at 3.7, 7.3 kg Ha
t1 FST = fungicide seed treat.

Spring Stand Count 2013

Combined and analyzed spring stand count data &lblocations were non-significant at
both late and early planting dates (Table 10). Mwee, spring stand counts at individual
locations did not show any differences betweeretiiéy and late planting dates. It was
anticipated that spring stand counts would indiedteeh planting date was superior for spring
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re-growth. This did not occur, however, most likdlye to the dry soil conditions at the early
planting date which precluded early germinatioris fpresumed some seeds may have started
germinating at the time of planting but did not éawufficient moisture to complete the process
and died, or seeds may have deteriorated due gafan other soil pathogens while awaiting
sufficient moisture to germinate. Stand count datéected in the spring tended to be higher than
the fall stand counts. This could be due in path#ofact that not all the seeds planted emerged
from the soil surface in the fall, but were ableetoerge in the spring. This made analyzing fall
stand counts and winter survival impractical.

Table 10. Planting date effects on spring stanchcaveraged over

cultivars, P and K fertilizer and fungicide treatmtseat Hettinger,
Williston, and Minot ND 2013.

Planting Date Hettinger Williston Minot Combinedt
------------------ Seedlings M

Early 88 at 109a 124a 107a

Late 101a 119a 107a 109a

Tt Combined analysis of locations listed above, rah@95% level of

confidence using a paired t-test.

T Means followed by the same letter in the samemnlare not

significantly different (g0.05) using a paired t-test.

At Williston and Minot, Jerry had better springrslacounts than did SY Wolf (Table

11). At Hettinger, SY Wolf had a higher stand cotinain did Jerry. The response at Williston
and Minot is probably an effect of SY Wolf havingler winter injury than Jerry. Stand counts
at Prosper and Lisbon were similar, for cultivansis is probably due to the fact that these
locations were planted into spring wheat stubblewbaptured more blowing snow. Therefore
seedlings were better insulated from freezing teatpees during the winter months. Post-winter

plant populations of HRWW tend to increase wheblsiel height is sufficient to catch snow and

insulate the seedlings crown from extreme cold é8and Black, 1990).

31



Table 11. Effects of cultivar on spring stand coavgraged over planting date, P, and K
fertilizer and fungicide treatments at Hettingeii)lMton, Minot, Prosper, and Lisbon, ND
2013.

Cultivar Hettinger Williston Minot Prosper Lisbon o@binedt
---------------------------------- Seedlings M ———----m-mmmmmmmemeeee

Jerry 84bt 123a 126a 89a 92a 76 a

SY Wolf 105a 105b 106b 92a 90a 72 a

T Combined analysis of locations listed above, rah@©5% level of confidence using a
paired t-test.

¥ Means followed by the same letter in the sameronlare not significantly different
(p<0.05) using a paired t-test.

At individual locations such as Hettinger, Prosprg Williston spring stand counts did
show a difference between P and K fertilizer antyfaide treatments (Table 12). However,
treatments were not consistent at all locationgléttinger, the best stands were obtained with a
FST, compared to the check. A fungicide seed treatmand priming with water were
significantly better than the check at ProspenMAitiston the check was superior to IF 28, IF 56,
and SC High P, but was similar to the rest of teatments. At Minot and Lisbon the fungicide

seed treatment did not seem to have any effedt@sgring stand count when compared to any

of the other treatments.

32



Table 12. Effect of P and K fertilizer and fungieitteatments on spring stand count
averaged over cultivars, and planting dates, dirkdgtr, Williston, Minot, Prosper, and
Lisbon, ND 2013.

Treatment  Hettinger Williston Minot Prosper Lisbon Combinedt
---------------------------------- Seedlings M ---------=mmmmmmemmmm oo
Check 87bt 138ab 116a 70b 87a 76 a
IF 288 92 ab 75e 128a 93ab 101a 69 a
IF 56 87b 100cde 103a 95ab 94a 68 a
SC Low
PY 98ab 103bcde 108a 87ab 109a 71 a
SC High P 84b 85de 128a 92ab 86a 68 a
Prime
Water 87b 116abcd 102a 104a 100a 71a
Prime P 85h 127 abc 111a 9l1ab 75a 73 a
FSTtt 116a 147a 129a 105a 78a 87 a
FST 28 101ab 122abc 118a 85ab 105a 78 a
FST 56 108ab 127abc 117a 85ab 80a 79 a

T Combined analysis of locations listed above atame 95% level of confidence using a
paired t-test.

T Means followed by the same letter in the samemonlare not significantly different
(p<0.05) using a paired t-test.

§ IF = in-furrow BOs at 28, 56 kg hd, and KO at 18, 37 kg ha

{1 SC = seed coat with a rate efRat 5.6, 11.1 kg hg and KO at 3.7, 7.3 kg h&

1 FST = fungicide seed treat.

There was a significant planting date x cultivaeraction at Minot and Williston for
spring stand count which resulted from Jerry haarggher stand count than SY Wolf at the
early planting date. There were no differences betwcultivars at the later planting date (Table
13). Hettinger had greater spring stand counts tiwerater planting date than for the early
planting date in contrast to Minot. SY Wolf at Hiegfer had greater stand counts than Jerry at
the later planting date. The reason for this isnawkn. However, it may be that the dry soll
conditions had a more negative impact on the eaniented treatment, and SY Wolf was

favored by the late germination more so than J&tanting Jerry early at Williston shows a

positive effect; unfortunately no significance wetected at the later planting date with either

cultivar.
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Table 13. Planting date x cultivar effects on spsitand counts averaged over P and
K fertilizer and fungicide treatments at Hetting@filliston, and Minot, ND 2013.

Planting Date Cultivar Hettinger Williston Minot  o@hbinedt
--------------------- Seedlings M------------------——-
Early
Jerry 85b% 128 a 141a 118 a
SY Wolf 90b N b 108b 96 b
Late
Jerry 83b 116 ab 111b 103 ab
SY Wolf 1193 121 ab 104b 115a

T Combined analysis of locations listed above, rahe©5% level of confidence

using a paired t-test.

T Means followed by the same letter in the samemoolare not significantly different

(p<0.05) using a paired t-test.
Yield 2013

Data from combined analysis of all locations showed the early planting date had

slightly higher yield than the later planting datg was not significant (Table 14). The effect of
planting date, however, was not consistent acaxsgtibns. The yields of the early and late
planting dates were similar at Hettinger and MiddtWilliston the later planting date had
higher yields. The opposite occurred at Prospeerathe early planting date had significantly
higher yields than the late planting date. Theat§fef planting date on yield are similar to the
spring and fall stand count data, which can helgax these differences in yield. Hettinger
spring counts were 101 plants’rfor the late as opposed to 86 plants fior the early planting
date (Table 10). This suggests that higher sptiagdscounts directly impacted yield. Paulsen
(1987) found that adequate wheat stands are néedathieve the optimal yield potential for the
environment. Deficient stands limit grain yieldglanay increase the need for other production

inputs. Yield data at Minot could have been skelweaveed pressure caused by delayed

herbicide applications which was caused by a calspring.
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Table 14. Effects of planting date on yield averhgeer cultivar, P and K fertilizer
and fungicide treatments at Hettinger, Willistorindt, and Prosper, ND 2013.

Planting Date Hettinger Williston Minot Prosper Combinedt
------------------------------ ST S —

Early 4.78a% 2.72b 4.26a 3.90a 3.55a

Late 5.03a 3.22a 4.02a 3.18b 3.43 a

T Combined analysis of locations listed above, rahe©5% level of confidence
using a paired t-test.

T Means followed by the same letter in the sameroolare not significantly different
(p<0.05) using a paired t-test.

The effect of cultivar was the only factor that wleal differences for yield when all
locations were combined and analyzed (Table 159.ifdividual yield results at Williston,
Minot and Prosper indicate that Jerry yielded lvattan SY Wolf. Under favorable conditions
SY Wolf typically has higher yield potential thane$ Jerry. However, SY Wolf did have lower
stand counts in the spring at both Williston anehédj which could have resulted from winter
kill (Table 11). Wiersma and Ransom (2005) suggkttat winter wheat cultivar selection is
critical for optimizing grain yield, grain qualitgnd reducing risk of winter kill and economic
returns. Fowler (2013) suggested that winter kil occur when long periods of exposure to
temperatures approach the minimum survival tempezaif the plant, thus reducing spring
stand establishment. Fluctuation of temperatune fireezing to non-freezing can also cause

plants to become more susceptible to winter kM.\8olf is known to be much more sensitive to

winter injury than Jerry (Ransom et al., 2012).
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Table 15. Effects of cultivar on yield averagedmgpi@anting date, P and K fertilizer
and fungicide treatments at Hettinger, Willistorindt, and Prosper, ND 2013.

Cultivar Hettinger Williston Minot Prosper Combinedt
------------------------------- VIO S ——

Jerry 4.86at 3.26a 4.56a 4.08a 3.77 a

SY Wolf 497a 2.66b 3.71b 2.99b 3.21b

T Combined analysis of locations listed above, rahe©5% level of confidence

using a paired t-test.

T Means followed by the same letter in the samemolare not significantly

different (p<0.05) using a paired t-test.

When data from all locations were combined andyaeal, P and K fertilizer and
fungicide treatments did not significantly affeatig (Table 16). However, P and K fertilizer and
fungicide treatments resulted in differences indyat Hettinger. Both FST 28 and FST 56 were
significantly higher yielding than Prime P, Primeai&t, SC High P, SC Low P, IF 56 and the
check. This suggests that the effect of a fungisekd treatment with P and K in-furrow
increased yield. The increase in yield could beféect of the fungicide seed treatments, which
protects the seed from soil born fungi allowingdliegys to become well established (Cook et al.,

2002), while P fertilization could have increaskd humber of heads per plant (Sweeney et al.

2000), optimizing winter wheat yield.
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Table 16. Effects of P and K fertilizer and fungieitreatments on yield averaged
over planting date and cultivar at Hettinger, Vgiitin, Minot, and Prosper ND,

2013.
Treatment Hettinger Williston Minot Prosper Combinedt
------------------------------ T

Check 4.62ct 3.12 ab 4.32ab 3.58a 3.46 a
IF 288 5.07 abc 2.62b 4.14 ab 3.57a 3.47 a
IF 56 4.88 bc 2.91 ab 4.10ab 3.44a 3.50a
SC Low PY 4.94bc 2.85 ab 4.19ab 3.64a 3.52 a
SC High P 4.70c 2.91 ab 4.19ab 3.49a 3.46 a
Prime Water 4.70c 3.12 ab 4.04ab 3.48a 341a
Prime P 4.70c 261Db 4.11 ab 3.56a 3.33 a
FSTtT 4.91bc 3.26 a 4.44 a 3.63a 3.6la
FST 28 5.28a 2.93 ab 3.98b 3.53a 3.54a
FST 56 5.38a 3.20 a 3.93b 3.53a 3.60 a

t Combined analysis of locations listed above ataime 95% level of confidence

using a paired t-test.

¥ Means followed by the same letter in the sameronlare not significantly

different (p<0.05) using a paired t-test.

§ IF = in-furrow BOs at 28, 56 kg hd and KO at 18, 37 kg h&

1SC= seed coat with a rate e at 5.6, 11.1 kg hg and KO at 3.7, 7.3 kg

ha-.

t1 FST = fungicide seed treat.
Grain Protein 2013

At individual locations, cultivar was the most intfant factor impacting grain protein
(Table 17). Hettinger and Williston both show Jéraying greater grain protein than SY Wolf,
with the opposite result at Minot. The greater g@aiotein of SY Wolf compared to Jerry at
Minot may be associated with the relatively lowlgief SY Wolf at this location (Table 15).
Terman et al. (1969) found that increases in yisldially result in a decrease of protein content

in the grain, due to a dilution of the protein tladccumulated.
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Table 17. Effect of cultivar on grain protein avged over planting date, P and K
fertilizer and fungicide treatments at Hettingeri)l\ton, Minot, and Prosper, ND 2013.

Cultivar Hettinger Williston Minot Prosper Combinked
----------------------------- % Protein ---------—------msemeeeo

Jerry 14.4 at 13.1a 14.5b 14.8a 14.2 a

SY Wolf 13.9b 12.8b 15.4a 14.9a 14.3 a

T Combined analysis of locations listed above, rah@®©B5% level of confidence using a
paired t-test.

T Means followed by the same letter in the samemoolare not significantly different
(p<0.05) using a paired t-test.

Phosphorus and K fertilizer and fungicide treatraetidl not have an effect on grain
protein at Hettinger and Williston compared to theck (Table 18). However, at Minot, SC
High P was better than the check, and at Prosjgr,28, SC High P, and SC Low P were
significantly better than the check.

Table 18. Phosphorus and K fertilizer and fungi¢réatment effects on grain protein

averaged across planting date and cultivar at mgt] Williston, Minot, and
Prosper, ND 2013.

Treatment Hettinger Williston Minot Prosper  Comlrie
------------------------------- % Protein -------—-----mcmeeeeeeee
Check 14.2akt 13.0a 14.9b 14.4b 142 a
IF 288 14.2ak 13.1a 15.0ab 14.8ab 144 a
IF 56 14.3a 13.0a 15.1ab 14.9ab 144 a
SC Low P 14. 1 13.2a 14.8b 15.0a 144 a
SC High P 14.3 13.1a 15.3a 15.1a 145a
Prime Water 14. Ak 13.3a 14.8b 14.7ab 143 a
Prime P 14.2ak 12.2b 149b 14.9ab 142 a
FSTtt 14.1b 12.8ab 14.9ab 14.9ab 14.2 a
FST 28 14.2ak 12.7ab 15.0ab 15.1a 144 a
FST 56 14.2ak 12.9a 14.9ab 14.7ab 143 a

t Combined analysis of locations listed above ataime 95% level of confidence
using a paired t-test.

tMeans followed by the same letter in the samengplare not significantly different
(p<0.05) using a paired t-test.

§ IF = in-furrow BOs at 28, 56 kg hd and KO at 18, 37 kg ha

{1 SC = seed coat with a rate e at 5.6, 11.1 kg h§ and KO at 3.7, 7.3 kg h&

1 FST = fungicide seed treat.
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The planting date x cultivar interaction for grairotein was significant at Hettinger
(Table 19). Both early and late planting dateseofydwere greater than SY Wolf. At Minot the
effect of planting date x cultivar indicates theadig protein was greatest in SY Wolf, at the later
planting date. Protein content in the late pladtealy at Williston was greater than both early
and late planted SY Wolf, but was similar to egulignted Jerry. Due to the inconsistency of the
results at each location the combined analysidl td@ations does not show any significant
differences between treatments.

Table 19. Effect of planting date x cultivar onigrprotein averaged across P and K
fertilizer and fungicide treatments at Hettingeii)lMton, Minot, and Prosper ND 2013.

Treatment Cultivar  Hettinger Williston Minot Prosper Combinedt
------------------------------ % Protein --------—------mmmeeme -
Early
Jerry 14.4a% 12.9ab 14.5c 14.9a 142 a
SY Wolf 14.1b 12.7b 15.2b 14.7a 143 a
Late
Jerry 14.5a 13.3a 14.5¢c 14.7a 143 a
SY Wolf 13.8c 12.9b 15.6a 15.0a 145 a

T Combined analysis of locations listed above, rah@©5% level of confidence using a

paired t-test.

T Means followed by the same letter in the sameroolare not significantly different

(p<0.05) using a paired t-test.
Seedling Survival

Cultivars differed significantly with seedling suwal in the environment of the

refrigeration chamber (Table 24). Jerry survivettdsehan SY Wolf when subjected to °C5
These results are similar to the findings of Ransb@l. (2012). This difference was only

expressed in the refrigeration chamber. Both caliwwere completely killed within the other

environment when survival ratings were taken.
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Table 20. Effect of cultivar on seedling survivateaged
over P and K fertilizer, and fungicide seed treaitae

Cultivar Greenhouse Refrigeration Chamber
----------------- 0-5t

Jerry 0.0at 23 a

SY Wolf 0.0a 1.0b

T Based on a visual score of 5 being the best.
¥ Means followed by the same letter in the samerool are
not significantly different (0.05) using a paired t-test.
Greenhouse Seedling
Seedling height was related to cultivar at indi\l runs and when runs were combined
(Table 22). The results indicated that Jerry graert than SY Wolf. SY Wolf is considered a
semi-dwarf cultivar, as compared to Jerry whicbassidered to be of conventional height

(Ransom et al., 2012).

Table 21. Effect of cultivar on seedling heightwb runs
of the seedling vigor study, averaged over feriliz

Cultivar Run 3 Run 4 Combinedt
_____________________ o

Jerry 31.2at 28.2a 29.7a

SY Wolf 23.4b 26.2a 24.8b

T Combined analysis of locations listed above atahe
95% level of confidence using a paired t-test.
T Means followed by the same letter in the samenol
are not significantly different §0.05) using a paired t-
test.
No differences were found on the effect of primamgl seed coating P on plant height
(Table 23). Dry weight data collected from thisdstulid not indicate any significant differences

between cultivars, and P and K fertilizer treatreefihis excluded it from this text.
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Table 22. Effect of priming and seed coating P ldrah
plant height of run 3, and run 4 of the seedlirgpvi
study, averaged over cultivar.

Treatment Run 3 Run 4 Combinedt
____________________ Cm o
Check 29.7at 28.2a 28.9a
Prime Water 26.2A 27.7a 26.9a
Prime P 27.7a 27.4a 27.4a
SC Low P8 22.68 27.7a 25.1a
SC High P 30.% 24.4a 27.4a

T Combined analysis of locations listed above, raheat
95% level of confidence using a paired t-test.

T Means followed by the same letter in the samenol
are not significantly different 0.05) using a paired t-
test.

§ SC=seed coat with a rate ofR at 5.6, 11.1 kg h§
and KO at 3.7, 7.3 kg ha

Greenhouse Emergence

The emergence of Jerry in the greenhouse was quitke the emergence of SY Wolf
when runs were combined (Table 20). In run oneyJanerged a day earlier than did SY Waolf,
with the opposite occurring in run three.

Table 23. The effect of cultivar on emergenceoofr fruns in the greenhouse of
the seedling vigor study, averaged over P, K, anditide treatments.

Cultivar Run 1 Run 2 Run 3 Run 4 Combinedt
----------------------- Days to Emergence --------------------
Jerry 3.3at 3.3a 3.7b 3.3a 3.4a
SY Wolf 4.2b 3.8a 3.2a 3.8a 3.8b

Tt Combined analysis of locations listed above, rah@95% level of
confidence using a paired t-test.
T Means followed by the same letter in the samemnlare not significantly
different (p<0.05) using a paired t-test.
In this greenhouse study, the FST 56 was thetéreterge at 9 days (Table 21). This
was not significantly different from the check haxwg which emerged one day later. It was
different though from all of the other treatmemntsept FST, and the check. This suggests that

seed priming did not hasten germination and emerenthe greenhouse. The cause of this is
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probably associated with the high P level in thérsedia that was used (Table 3). In the
refrigeration chamber, seedlings took approximafly times as long to emerge compared to
the greenhouse. No differences were detected armtyagments in the refrigeration chamber.

Table 24. Effect of P and K fertilizer and fungieitreatments on emergence in the
greenhouse, and refrigeration chamber, averagedcalte/ars.

Treatment Greenhouse Refrigeration Chamber
-------------- Days to Emergence ----------------
Check 10abct 46a
IF 28% 12bc 42a
IF 56 11bc 5la
SC Low P§ 12 49 a
SC High P 11bc 44 a
Prime Water 1Ibc 46a
Prime P 12c 48 a
FSTY 10ab 43a
FST 28 11bc 45a
FST 56 9a 49a

Tt Means followed by the same letter in the samemolare not significantly
different (p<0.05) using a paired t-test.

1 IF = in-furrow BOs at 28, 56 kg hia and KO at 18, 37 kg ha

§ SC = seed coat with a rate of R at 5.6, 11.1 kg hg and KO at 3.7, 7.3 kg h&
9 FEST = fungicide seed treat.
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CONCLUSIONS

The effect of planting date was not conclusivealsrsoisture constrained emergence,
especially in the early planted treatments in seEvarthe environments. As a result, emergence
occurred later and seedlings appeared smallerap@mal, and the beneficial effect of a larger
seedling in the fall with earlier planting did ratcur. However, the results indicate that although
planting date may over many experiments be impgrtha presence and persistence of
favorable soil moisture for seedling emergencedewklopment is even more important.

Of the factors evaluated, cultivar was the mogtartant. Jerry had close to 20% higher
spring stand counts than SY Wolf in Minot and Véiitin. These data support the
recommendation of growing winter hardy cultivardNiarth Dakota. Even though the yield
potential of Jerry is less than that of SY Wolfkansistently out-yielded it because of the
superior spring stand associated with its bettetevisurvival.

The P and K fertilizer and fungicide treatment tesswere not consistent across
environments. The fungicide seed treatment reatlttettinger, Williston, and Minot had
improved spring stand count and often yield whemgared to other treatments, demonstrating
the value of protecting seeds when conditions arerible for disease. Seed priming hastened
seedling emergence at Hettinger, and Lisbon. Howeeed priming did not hasten emergence
at any of the other two locations, or any run caned in the greenhouse. Additional research is
required to determine the effect of priming, anddag P and K fertilizer on, emergence, spring

stand counts, and yield of winter wheat in Norttk@a.
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APPENDI X

Table A1l. ANOVA for fall stand count, spring stacalunt, yield, and protein at Hettinger, ND 2013.

Fall SCt Spring SC Yield Protein

Sovt dft MSt F Value MS F Value MSF Value MS F Value
REP 3 149.6 1.0 4166.5 0.6 1839 1.2 0.8 4.18
A[Planting Date] 1 84870.0 261.2* 77284 1.4 570.2 3.8 01 07
REP x A (error a) 3 149.6 0.4 67275 4.2** 150.6 3.2* 0.2 14

B [Cultivar] 1 200.2 0.6 17223.0 10.8** 98.2 2.1 9.4 63.9*
AXB 1 200.2 0.6 94556 59* 236.7 5.1* 1.1 7.3 **
C [Fertilizer] 9 1069.1 3.3* 1903.3 1.2 217.8 4.7 ** 0.1 1.0
AxC 9 1069.1 3.3 ** 2159.7 1.3 80.3 1.7 0.1 04
BxC 9 603.4 1.9 24335 15 309 0.7 0.1 0.6
AxXxBxC 9 603.4 1.9 21741 14 62.1 1.3 0.1 1.0
Error 113 334.1 1600.4 46.5 0.1

tSOV = source of variance, df = degrees of freed®@ = stand count, MS = mean square
* ** Significant at (p<0.05), (p<0.01)
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Table A2. ANOVA for fall stand count, spring stacalunt, yield, and protein at Minot, ND 2013.

Fall SCt Spring SC Yield Protein
SOVt dft MSt F Value MS F Value MS FValue MSF Value
REP 3 9284 0.6 25669.0 9.3* 627.8 1.3 09 75
A [Planting Date] 1 170564.0114.7* 11306.0 4.1 5074 1.1 1.9 15.0*
REP x A (errora) 3 14865 3.0* 2765.1 15 464.2 5.4 ** 0.3 04
B [Cultivar] 1 1225 0.2 16749.0 9.2* 6417.1 74.8* 32.7 109.3**
AxB 1 722.5 1.4 6540.8 3.6 38.1 0.4 1.2 40*
C [Fertilizer] 9 1666.9 3.4* 15875 0.9 73.9 0.9 04 14
AxC 9 1428.6 29* 22125 1.2 1245 1.4 0.2 0.6
BxC 9 240.65 0.5 3466.4 1.9 36.3 0.4 0.7 25*
AxBxC 9 10445 2.1+ 875.7 0.5 109.3 1.3 0.2 0.8
Error 113 495.2 1814.3 85.7 0.3

tSOV = source of variance, df = degrees of freeds@ = stand count, MS = mean square

* ** Significant at (p<0.05), (p<0.01)



Table A3. ANOVA for fall stand count, spring staomlnt, yield, and protein at Prosper, ND 2013.

€s

Fall SCt Spring SC Yield Protein
SOVt dff MSt F Value MS F Value MS  F Value MS F Value
Rep 1 52434 1.0 27723.0 1.0 56.3 1.6 0.9 2.6
A [Cultivar] 1 473 0.3 196 0.14 10459.0 341.07** 0.4 0.5
B
[Fertilizer] 9 165.4 1.04 98.2 0.74 11.3 0.37 0.8 1.1
AxB 9 263.7 1.65 109.9 0.84 436 1.42 0.6 0.9
Error 19 1594 130.9 30.7 0.7

TSOV = source of variance, df = degrees of freedd@ = stand count, MS = mean square
* ** Significant at (p<0.05), (p<0.01)



Table A4. ANOVA for spring stand count, yield, amabtein at Williston, ND 2013.

Spring SCt Yield Protein
SOVt dft  MSt F Value MS F Value MS F Value
Rep 3 33846.0 3.8 2988.94 185.5** 1.3 0.7
A [Planting Date] 1 38416 0.4 2439.19 151.4** 38 1.9
Rep x A (error a) 3 8891.3 35* 16.11 0.1 20 261
B [Cultivar] 1 11628.0 45* 3459.04 27.7** 4.21 54%*
AxB 1 18404.0 7.1 % 516.31 4.1* 0.8 1.0
C [Fertilizer] 9 8338.7 3.2** 176.34 1.4 1.3 1.7
AxC 9 2795.2 1.1 168.09 1.3 1.1 1.4
BxC 9 2018.1 0.8 197.49 1.6 0.2 0.3
AxBxC 9 2116.9 0.8 7475 0.6 2.1 2.6 **
Error 113 2578.9 127.74 0.8

tSOV = source of variance, df = degrees of freed®@ = stand count, MS = mean square
* ** Significant at (p<0.05), (p<0.01)

Table A5. ANOVA for fall stand count, and springustl count at Lisbon, ND

2013.

Fall SCt Spring SC
SOVt dft MSt F Value MS F Value
Rep 1 2900.8 1.0 28037.0 1.0
A Cultivar 1 0 0.0 11.0 0.1
B Fertilizer 9 186.9 6.3 ** 143.8 0.8
AxB 9 0 0.0 96.8 0.5
Error 19 29.5 179.1

tSOV = source of variance, df = degrees of freed®@= stand count, MS =
mean square
* ** Significant at (p<0.05), (p<0.01)
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Table A6. Combined ANOVA for fall stand count, spgistand count, yield, and protein at Hettinger,

Williston, Minot, Prosper, and Lisbon, ND 2013.

Fall SCt Spring SC Yield Protein
SOVt dft MSt F Value MS F Value MS FValue MSF Value
Rep (location) 12 12178.019.0** 29811.0 16.4** 1005.3 9.9** 1.1 20*
Location 4 191286.015.7* 361301.0 12.1* 45444.0 45.2* 109.3 99.9**
A [Planting Date] 1 283655.062.4** 56667.0 12.4* 7515 2.9 3.8 94
REP x A (error a) 3 4546.2 7.1 ** 4565.0 2.5 2577 2.5 0.4 0.7
B [Cultivar] 1 67.3 0.1 2201.2 1.2 13380.0 133.0** 15 29
AXB 1 76.9 0.1 19553.0 10.7** 4159 4.13* 0.8 1.6
C [Fertilizer] 9 566.4 0.9 3004.7 1.6 126.6 1.3 1.0 1.8
AxC 9 7476 1.2 1881.6 1.0 66.3 0.7 0.4 0.8
BxC 9 233.2 04 2309.9 1.3 1236 1.2 0.1 0.2
AxXBxC 9 423.1 0.7 700.1 04 88.6 0.9 0.7 1.36
Error 733 640.4 1820.3 100.6 0.5

TSOV = source of variance, df = degrees of freed®@ = stand count, MS = mean square
* ** Significant at (p<0.05), (£0.01)



Table A7. ANOVA for emergence, tillering, and drgight for run 1, 2013.

Emergence Tillering Dry Weight
SOVt dft MSt F Value MS F Value MS F Value
Rep 4 8.4  3.18* 1.3 1.1 0.2 2.27
A [Cultivar] 1 20.2 30.56** 2.0 1.65 0.0 0.53
B [Fertilizer] 9 2.9 0.48 1.6 1.34 0.0 0.62
AxB 9 0.7 1.12 1.2 1.05 0.1 0.84
Error 76 50.4 1.2 5.8

tSOV = source of variance, df = degrees of freedd® = mean square

* ** Significant at (p<0.05), (p<0.01)

Table A8. ANOVA for emergence, tillering, and drgight for run 2, 2013.

Emergence Tillering Dry Weight
SOVt dff MSt F Value MS F Value MS F Value
Rep 4 0.9 0.9 2.2 2.7* 0.2 3.8
A [Cultivar] 1 4.8 4.6* 5.3 6.8* 0.1 3.8
B [Fertilizer] 9 1.1 1.0 0.6 0.7 0.1 0.7
AxB 9 1.2 1.2 0.8 1.0 0.0 0.5
Error 76 1.0 0.8 0.0

tSOV = source of variance, df = degrees of freeddf® = mean square

* ** Significant at (p<0.05), (p<0.01)

Table A9. ANOVA for emergence, plant height, ang aeight for run 3, 2013.

Emergence Height Dry Weight
SOVt dft MSt FValue MS F Value MS F Value
Rep 3 0.8 0.4 13.8 1.2 0.0 2.8
A [Cultivar] 1 2.5 1.3 96.9 8.4* 0.0 27.4**
B [Fertilizer] 4 1.1 0.6 133 11 0.0 1.1
AxB 4 1.4 0.7 11.2 1.0 0.0 0.7
Error 27 2.0 11.6 0.0

TSOV = source of variance, df = degrees of freedd® = mean square

* ** Significant at (p<0.05), (p<0.01)
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Table A10. ANOVA for emergence, plant height, angldeight for run 4, 2013.

Emergence Height Dry Weight
SOVt dft MSt F Value MS F Value MS F Value
Rep 3 24  3.68* 2.1 0.5 0.0 0.7
A [Cultivar] 1 2.0 3.0 7.2 1.7 0.0 9.3 **
B [Fertilizer] 4 0.6 0.9 3.0 0.7 0.0 1.0
AxB 4 0.5 0.7 3.9 0.9 0.0 1.2
Error 27 0.7 4.4 0.0

tSOV = source of variance, df = degrees of freedd® = mean square
* ** Significant at (p<0.05), (p<0.01)

Table A11. Combined ANOVA for emergence, plant heignd dry weight for run 3,
and run 4, 2013.

Emergence Height Dry Weight

SOVt dff MSt F Value MS F Value MS F Value
Rep 3 1.1 0.6 4.6 0.5 0.0 1.6
Rep (location) 4 1.7 1.3 8.4 1.0 0.0 47.2 **
A [Cultivar] 1 0.0 0.0 78.5 9.3 ** 0.0 29.9 **
B [Fertilizer] 4 0.1 0.1 4.8 0.8 0.0 0.7
AxB 4 1.0 0.7 4.8 0.6 0.0 0.6
Error 27 1.3 8.7 0.0

TSOV = source of variance, df = degrees of freedd® = mean square
* ** Significant at (p<0.05), (p<0.01)

Table A12. ANOVA for emergence, and survival atriRgfration
Chamber, 2013.

Emergence Survival
SOVt dft MSt  F Value MS F Value
Rep 4 53.9 0.3 3.2 0.6
A [Cultivar] 1 171.1 1.1 40.6 8.2*
B [Fertilizer] 9 79.8 0.5 34 0.7*
AXB 9 76.9 0.5 09 0.2
Error 68 10977 4.9
TSOV = source of variance, df = degrees of freedd® = mean

square
* ** Significant at (p<0.05), (p<0.01)
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Table A13. ANOVA for emergence, and survival at New, 2013.

Emergence Survival
SOVt dft MS F Value MS F Value
Rep 4 3.0 0.5 0.0 0.0
A [Cultivar] 1 1.4 0.2 0.0 0.0
B [Fertilizer] 9 11.6 20* 0.0 0.0
AxB 9 3.2 0.6 0.0 0.0
Error 76 5.7 0.0

tSOV = source of variance, df = degrees of freedd® = mean square
* ** Significant at (p<0.05), (p<0.01)
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