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In 2013, the University of Vermont Extensipim collaboration with the University dflaine, began the fourtyearof
extensive organic variety trials evaluating hard red winter wheat in order to detextmich varieties thrive ithe
Northeast The trials were established at the Bordervie
Willsboro Reseach Farm in Willsboro, New York. This trial is one of several in a USDA Organic Research Educatic
Initiative grant focused on the production of high quality organic bread wheat in New England.

MATERIALS AND METHODS

The experirental plot design at bothcations was a randomized complete block vietr replications. Wheat varieties
evaluated are listed inable 1

Table 1.2013Winter wheat varieties planted n Alburgh, VT and Willsboro, NY

Winter Wheat Origin and Year of
Varieties Uy mes ° Rel ease Sl s
Appal. Wht. HW NC, 2009 USDA-ARS, NC
Arapahoe HR NE, 1998 Albert Lea Seed House, MN
Borden MHR Canada, 1983 UVM, VT
Camelot HR NE, 2008 USDA-ARS, NE
Expedition HR SD, 2002 Albert Lea Seed House, MN
Harvard HR Canada UVM, VT
Ideal HR SD, Pending North Dakota State UnivND
Jerry HR ND, 2001 North Dakota State UnivND
Maxine HR Canada, 2001 Matt Williams, ME
Millennium HR NE, 1999 USDA-ARS, NE
Morley (AC) HR Canada Bramhill Seeds, Canada
NEO5425 HR NE, Experimental UNL, NE
NEO6469 HR NE, Experimental UNL, NE
NEO6545(Freeman HR NE, 2013 UNL, NE
NEO6607 HR NE, Experimental UNL, NE
NEO7409 HR NE, Experimental UNL, NE
NuEast HR NC, 2009 USDA-ARS, NC
NWO3666 HW NE, Experimental UNL, NE
Overland HR NE, 2006 Albert Lea Seed Hous#&|N
Redeemer HR Canada Bramhill Seeds, Canada
Robidoux HR NE, 2011 USDA-ARS, NE
Sherman SW OR, 1928 UVM, VT
Warthog HR Canada Seedway, VT
Zorro HR Canada UVM, VT
A HR = hard red, MH R hard wihéed SWu=rsofttwhite.d r e d , HW =
y Year of release was not al ways availabl e.

The seedbeds at both the Alburgh and Willsbocatiors wereprepared by conventional tillage methods. All plots wer¢

managed with practices similar to those used by producdg isurrounding areas (Table 2). The previous crop plante
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at the Alburgh site was spring wheat. The field was fall plowed, diskedpike tooth harrowed to prepare for planting.
The plots in Alburgh were seeded witiKimcaid Cone Seeder on-Hep2012.

At the Willsboro location, planting of the winter wheat followed a three year crop of alfalfa/timothyhefield was
moldboardplowed, disked and dragged with a springoth harrow prior to seedinghe plots were seeded on-3ép
2012 with a custom made eigtaw cone planter.

Popuhtions were measured on-@&t 2012 in Alburgh and 1Blov 2012 in Willsboro. Populations were danined by
taking three, 0.3 meter counts per plot. Winter survival of the plots was measured at the Alburgh skero2013 and
in Willsboro on 8May 2013. Winter survival wasasecn a visual rating with ai05 scale, where Eepresets excellent
stand density, an€@ represents no stand.

Flowering dates of the wheat were recorded when at least 50% of the spikes were in bloom. At the Willsboro site,
flowering dates were approximated to the week of flowering because daily observations could cartdiee due to
location. At the Alburgh locatigrplant leaf disease incidence and the percent of piéetted was evaluated on-Bay

2013. Leaf disease was based on a visual rating withGasgale, where 0 indicates no infection, and 10 indicategeseve

infection. The percent of plant infection indicates the severity of the grain leaf diseases on the whole plant, and w4
determined visually where 10% indicates minimal disease coverage and 100% means the entire plant was infecte
Willsboro, the preasnce of plant leaf disease was assessed-duri2013. Throughout the growing seasither

pertinent observations on wheat development were recorded.

Grain plots were harvested the Alburgh sitevith an Almaco
SRC50plot combineon 17 and 19ul2013;t he har vest
20060 (I mage 1plotswdrerharWstdd bns2blaold |,
with a Hege plot combing; 186e
the time of harvestlant heights were meared, excluding awns, and
the severity of lodging wagcordedbasedn a visual rating with a 0
i 5 scale, where 0 indicates no lodging and 5 indicates severe lod
and a complete crop loss. In addition, grain moisture, test weight,
yield were calculated.

Following harvest, seed was cleaned with a k@ighper cleaner
(A.T. Ferrell, Bluffton, IN). An approximate one pound subsample
was collected to determine quality. Quality measurements include
standard testing pareeters used by commercial millgest weight
wasmeasurd by the weighing ofa known wlume of grain.
: Generally the heavier the wheat is per lalistine higher baking

Image 1. Winter wheat trial harvest in guality. The acceptable test weight for bread wheat i6®&s @r

Alburgh, VT. bushel. Once test weight wdstermined, the samplegrethen
ground into flour using the Perten LM3108Horatory Mill.At this time, flour was evaluated for its protein content,
falling number, and mycotoxin levels. Grains were analyzed for protein carsiagtthe Perten Inframatic 8600 Hou
Analyzer. Grain protein affects gten strength and loaf volumilost commercial mills target 1%5% proteinThe
determination of falling amber (AACC Method 581B, AACC Intl., 2000) vasmeasured on the Perten FN 1500 Fallin]
Number MachineThe falling number is related to the level of sprout dantagehas occued in the grain. It is measured
by the time it takes, in seconds, for a stirrer to fall through a slurry of flour and water to the bottom of the tuge. Fall
numbers greater than 350 indicate low enzymatic activity and sound quality wheat. A falling rawdoehan 200
indicates high enzymatic activity and poor quality whBaoxynivalenol (DON) analysis waanalyzedusing Veratox
DON 5/5 Quantitative test from the NEOGEN Corpis test has a detection range of 0.5 to 5 ppm. Sample®®ith
values grater than 1 ppm are considered unsuitable for human consumption.
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All data was analyzed using a mixed model analysis where replicates were consideyadeffiects The Least

Significant Differencel(SD) procedure was used to separate cultivar means wekdrtést was significant (P< 0.10).
There were significant differences among the two locations for most parameters, and therefore data from each log
reported independently.

Table 2 General plot management of th&013 winterwheat trials.

Trial Information Winter wheat variety trial
Location Alburgh, VT Willsboro, NY
BorderviewResearchrarm | Willsboro Research Farm

Soil type Benson rocky it loam Kingsbury silt clay loam
Previouscrop Spring wheat Timothy/Alfalfa Sod
Row spacing(in) 6 6
Seeding ate (live seed/m) 350 350
Replicates 4 4
Planting date 21-Sep2012 27-Sep2012
Harvest date 17 and 19ul 2013 20-Jul 2013
Harvest area (ft) 5x20 4x 13

. . Fall plow, disk & spike Fall plow, disk & @ring
Tillage operations tooth harrow tooth harrow

Variations in yield and quality can occur because of variations in genetics, soil, weather, and other growing condit
Statistical analysis makes it possible to determine whether a difference among varieties is real or whgihdraiven
occurred due tother variations in the fieldAt the bottom of each table a LSD value isgented for each variable (e.g.
yield). Least Significant Differences at the 10% level of probability are shown. Wreetsfterence between two

ation

ons.

varieties within a column is equal to or greater than the LSD value at the bottom of the column, you can be sure in |9 out

10 chances that there is a real differelnesveen the two varieties. Wheairieties that were not significantly lower in
performance thathe highest variety in a particular colurme éndicated with an asterisk the example belowariety A
is significantly different from variety C but not from variety B. The difference between A and B is ed@ahthich is
less than the LSD value 889 Thismeans that these varietidisl not differ in yield. The differenceetween A and C is
equal to 1454vhich is geater than the LSD value of 88Bhis meansttat the yields of these varietia®re significanty
different from one anothefhe astésk indicateshat varietyB was not significantly laver than the top yielding variety

Variety Yield
A 3161
B 3886*
C 4615*
LSD 889




RESULTS

Seasonal precipitation and temperature recorded at weather sitatitose proximity to th2012 and 2018ites are
shown in Table 3. The growing season this year was marked by lower than normal temperatures in April and June
higher than normal rainfall in the months of May and Junélbargh, there was an accumulation 5035 Growing
Degree Days (GDD), which is 5 GDDs below the 30 year average. Willsboro, with 5129 accumulated GDDs, had §

GDDs than the lorngerm average.

Table 3. Temperature and precipitation summary for Alburgh, VT and Willsboro, NY, 2012 and 2013

Alburgh, VT Sepl2 | Oct-12 | Mar-13 | Apr-13 | May-13 | Jun-13 | Jul-13
Average temperature (°F) 60.8 52.4 32.1 43.6 59.1 64.0 71.7
Departure from normal 0.20 4.20 1.00 -1.20 2.70 -1.80 1.10
Precipitation (inches) 5.36 4.13 1.04 2.12 4.79 9. 23 1.89
Departurgrom normal 1.72 0.53 -1.17 -0.70 1.34 5.54 -2.26
Growing Degree Days (base 32°F 896 652 88.5 348 848 967 1235
Departure from normal 38.0 150 88.5 -35.5 91.4 -47.0 36.8

Based on weather data from a Davis Instruments Vantage Pro2 witth&vLink data logger. Historical averages are for 30 years

of NOAA data (19812010) from Burlington, VT.

June 2013 precipitation data based on National We at her

(http://www.nrcc.cornell.edu/page_summaries.html)

Willsboro, NY Sepl2 | Oct-12 | Mar-13 | Apr-13 | May-13 | Jun-13 | Jul-13
Average temperature (°F) 61.9 52.9 32.8 44.8 60.7 66.5 73.8
Departure from normal 1.30 4.70 1.70 0.00 4.30 0.70 3.20
Precipitation (inches) 5.36 5.04 2.05 2.05 8.74 9.86 4.49
Departure from normal 1.72 1.44 -0.16 -0.77 5.29 6.17 0.34
Growing Dggree Days (base 32°F] 896 648 24.8 383 890 1034 1253
Departure from normal 37.5 146 24.8 -1.50 133 19.5 54.3

Based on National Weather Service data from cooperative observation stations in Burlington, VT. Historical averagds are for 3

years of NOAAdai (19812010) from Burlington, VT.

Winter Wheat Growth and Development

During the 2013rowing seasaorseveral observations and measurements veeded on wheat developme®everal
foliar diseases were observed during wheaetbpment at both trial locations including; Powdery Mild&nysiphe
graminis f. sp. Tritigj, Ascochyta Leaf SpdDidymella exitiali3, Leaf RusiPuccinia reconditg and Stripe Rust
(Puccinia striiform) (Image 2 and 3). This was the first confirmredord of Stripe Rust on grains in Vermdsoliar
diseases reduce photosynthetic leaf area, use nutrients, and increasgarespid transpiration withicolonized host
tissuesA diseased plant typically exhibits reduced vigor, growth and seetél arlier occurrencehegreater degree
of host susceptibility, antthe longer duration of conditions favorable for disease developmidnincreaseyield loss. At
the Alburgh location, all of the 25 winter wheat varieties trialed had some degese disease (Table 4, Figure 1). The
variety Expedition had the most severe leaf disease (8.75) with over 77.5% of the plant infected. The variety with t
lowest infection severity was Borden (3.25) with only 30% of plant infection. Other varietie®witlidease severity
included; Appalachian White, Warthog, Overland, Zorro, Ideal, Maxine, Millennium, Harvard, and NuEast.
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Rust, Alburgh, VT
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Image 3. Winter wheat leaf infected withStripe
Rust, Alburgh, VT

Table 4. Assessment of foliar disease of the 25 winter
wheat varieties in Alburgh, VT

e Leaf Diseasq Plant
Severity Infection
1-10 %
Appal. Wht. 4.00* 40.0*
Arapahoe 7.50 62.5
Borden 3.25* 30.0*
Camelot 6.00 50.0*
Expedition 8.75 77.5
Harvard 5.25* 42.5*
Ideal 5.00* 47.5*
Jerry 6.75 50.0*
Maxine 5.00* 46.3*
Mille nnium 5.00* 37.5*
Morley (AC) 5.75 47.5*
NEO5425 7.00 67.5
NEO6469 7.25 67.5
NEOG6545 (Freeman) 5.50 50.0*
NEO6607 7.50 60.0
NEO7409 8.25 80.0
NuEast 5.25* 47.5*
NWO3666 5.75 47.5*
Overland 4.50* 35.0*
Redeemer 5.75 60.0
Robidoux 7.50 62.5
Roughrider 6.50 52.5
Sherman 5.50 45.0*
Warthog 4.25* 40.0*
Zorro 4.50* 35.0*
LSD (0.10) 2.09 21.4
Trial Mean 5.89 51.3
Values shown ibold are of the highest value or top
performing.

* Wheat that did not perform significantly lower than
the top performing variety in a particular column is
indicated with an asterisk.




Theflowering date wasecordedvhenapproximately50% of the plot was in bloofior each of the varieties (Tablé. Bn
Alburgh, most varietiesvere in fullbloomby 3-Jun, and irWillsboro, the majority of the varieties bloomed thecond
week of Juneln generalbird damage was minimal at both trial locatidmsose smut caused Ilge fungusUstilago
tritici, was observed at both locations. The loose smut fungus is carried as dormant mycelium withioo&aitngeed
and is spread by planting infected seed. A simigicted seed or plant cannot be distinguished from an uninfect=d
until the head starts to emerge. The disease is most obvious just after the time of heading by the characteristic du
appearance of diseased heads. The spores are dispersed by the wind during wheat flowering and can infect healt
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Figure 1. Leaf disease severity and the percent of plamfection of the 25 winter wheatvarieties in Alburgh, VT
*Varieties with the same letter did indiffer significantly leaf disease severity or plant infection.
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Several varietiem both locations were observed to have lodged to varying degrees. At both trial locations, three varietie

Sherman, Roughrider, and Borden had lodging severe enough to impact harvest ability. Three additional varieties
NWO3666, NEO6607, and Jerry lodbseverely at the Willsboro location.

Prior to harvest, plant heights were measured (T@)blghermar(45.9 inches) anBorden(45.4 inchesyvere the talst
varieties in Alburgh and Zorro was the tallest variety in Willsboro measuring 42.7 inchgsnelral, it wasbserved that
the shorter and less vigorous varieties had higher weed pressures. The taller, or earlier deverligpies overall had

less weed presur®verall, there was minimal weed pressat the Alburgh trial site, conversely tiveed pressure at the
Willsboro site waselatively high.




Table 5. The approximate winter wheatflowering dates in Table 6. Plant heights inAlburgh, VT and Willsboro, NY .

Alburgh, VT and Willsboro, NY . S Alburgh, VT |Willsboro, NY
Alburgh, VT | Wilsboro, NY Plant height| Plant height

Variety Flowering Date | Flowering Date inches inches
Appalachian Wht. 3-Jun 14-Jun Appalachian Wht. 32.7 29.1
Arapahoe 3-Jun 14-Jun Arapahoe 39.1 35.3
Borden 5-Jun 14-Jun Borden 45.4* 36.5
Camelot 10-Jun 16-Jun Camelot 35.4 31.4
Expedition 3-Jun 16-Jun Expedition 36.1 311
Harvard 3-Jun 14-Jun Harvard 36.8 34.3
Ideal 10-Jun 14-Jun Ideal 37.2 31.3

Jerry 5-Jun 14-Jun Jerry 38.3 30.0
Maxine 5-Jun 14-Jun Maxine 34.9 33.0
Millennium 10-Jun 14-Jun Mille nnium 37.3 34.9
Morley (AC) 5-Jun 14-Jun Morley (AC) 40.2 38.2
NEO5425 3-Jun 18-Jun NEO5425 35.3 31.9
NEO6469 3-Jun 14-Jun NEO6469 34.6 31.4
NEOG6545 (Freeman) 3-Jun 18-Jun NEO6545 (Freemah)  35.0 32.0
NEO6607 3-Jun 14-Jun NEOG607 355 291
NuEast 3-Jun 14-Jun NuEast 35.1 32.4
NWO3666 3-Jun 14-Jun NWO3666 36.1 33.4
Overland 5-Jun 14-Jun Overland 38.2 33.8
Redeemer 5-Jun 14-Jun Redeemer 38.9 34.8
Raobidoux 3-Jun 18-Jun Robidoux 36.4 33.9
Roughrider 5-Jun 14-Jun Roughrider 412 31.8
Sherman 10-Jun 14-Jun Sherman 45 O* 28.5
Warthog 5-Jun 14-Jun Warthog 36.1 36.4
Zorro 10-Jun 14-Jun Zorro 44 2% 42 7%

LSD (0.10) 2.86 4.25

Trial Mean 37.6 33.1

Values shown itbold are of the highest value or top performing
* Wheatthat did not perform significantly lower than the top
performing variety in a particular column is indicated with an
asterisk.

Winter Wheat Yield and Quality:

The yields at bottocatiors were significantly different. The mean yield in Alburgh (2787 Ibd)agas 1500 Ibs lower
than the mean yielith 2012 and at Willsboro (3142 IbsBahe yield was about 1000 Ibs lower than in 2012. The highe
yielding variety at the Alburgh site was NEO6545 (Freeman) (3916 samd NEO6607 (3959 Ibs Javas the highest
yielding inWillsboro (Tables 78 and Figures 2, 3). Other high yielding varieties in Alburgh include Borden, Harvard
Overland, and Zorro. The varieties NEO5425, Expedition, Zorro, NEO6545 (Freeman), AppalachiaanihieEast,
yielded well at the Willsboro location. The lowestlgliag varieties at both locations were Sherman and Roughrider.
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The variety with the lowest moisture at the time of harvest was NW0O3666 (10.3%) in Alburgh. Several varieties at
Alburgh site had to be dried down to below 14% moisture, necessary fimabgtiain storability. The lowest moisture at
the Willsboro trial site was Borden (8.18 %). All of the Willsboro varieties except for Expedition (15.7%) had moist
below 14%. Test weight is the measure of grain density determined by weighing a knbymmevof grain. Generally, the
heavier the wheat is per bushel, the higher baking quidigdburgh, NuEast had the highest test weight of 60.8 I&s bu
Ten of the 25 winter wheat varieties trial in Alburgh did not attain the optimal 56 to 60 tesdweight for wheat. The
highest test weight in Willsboro was Appalachian White (53.6 Ib3.None of the 25 winter wheat varieties in
Willsboro had optimal test weights.

Table 7. Harvest results of 25 winter wheat varieties, TableBarvest results of 25 winter wheat varieties,
Alburgh, VT. Willsboro, NY.
Harvest Vsl Harvest vl
Variety . Test weighf @13.5% Variety . Test weighf @13.5%
moisture ) moisture )
moisture moisture
% lbs bu* lbs ac* % bbs bu' bs ac'
Appalachian Wht. 13.4 59.3* 2898 Appalachian Wht. 12.8 53.6* 3614*
Arapahoe 14.4 56.1 2536 Arapahoe 11.6 51.5* 3312
Borden 13.4 54.3 3453* Borden 8.18* 46.1 3161
Camelot 12.0 57.4* 2594 Camelot 12.8 51.8* 3115
Expedition 12.6 59.3* 2913 Expedition 15.7 53.3* 3804*
Harvard 16.6 54.6 3453* Harvard 13.4 48.0 2983
Ideal 16.5 53.0 3074 Ideal 9.23* 47.1 3440
Jerry 15.2 55.3 2470 Jerry 9.98* 46.3 3157
Maxine 10.7 60.3* 3057 Maxine 11.6 50.0 2731
Millennium 15.6 55.5 1721 Millennium 12.4 44.6 2479
Morley (AC) 14.8 55.5 2975 Morley (AC) 10.7 48.9 3087
NEO5425 18.6 54.3 2964 NEO5425 12.5 51.4* 3830*
NEO6469 14.1 56.3 2974 NEO6469 12.0 49.6 3462
NEO6545 (Freemah) 14.2 56.8* 3916* NEO6545 (Freemah) 12.6 50.1 3684*
NEO6607 11.9 58.5* 2948 NEO6607 11.4 51.6* 3959*
NEO7409 15.6 53.0 2094 NEO7409 11.4 49.9 2908
NuEast 13.0 60.8* 3055 NuEast 13.1 53.5* 3563*
NWO3666 10.3 59.6* 2575 NWO3666 12.3 49.5 2996
Overland 12.8 57.9* 3331* Overland 12.2 51.1* 3293
Redeemer 16.2 56.3 2927 Redeemer 11.2 50.0 2898
Robidoux 15.6 52.0 2316 Robidoux 9.33* 43.5 2864
Roughrider 10.4 58.0* 1494 Roughrider 11.6 44.0 1573
Sherman 13.7 57.3* 1459 Sherman 10.9 44.0 1614
Warthog 12.7 58.4* 3229 Warthog 12.4 52.5* 3294
Zorro 14.5 55.3 3260* Zorro 11.5 49.4 3721*
LSD (0.10) NS 419 686 LSD (0.10) 1.85 2.96 406
Trial Mean 14.0 56.6 2787 Trial Mean 11.7 49.3 3142

Values shown itbold are of the highest value or top performing.

* Wheat that did not pesfm significantly lower than the top performing variety in a particular column is indicated with an asteris
NS - None of the varieties were significantly different from one another
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.Figure 2. Yield and protein concentrationof 25 winter wheat varieties, Alburgh, VT.
Varieties with the same letter didtrdiffer significantly in yield or protein.

Figure 3. Yield and protein concentration of 25 winter wheatvarieties, Willsboro, NY.
Varieties with the same letter didtrdiffer significantly in yield or protein.




