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Executive Summary

After two crop years of research with the Biofuels Cropping Systems Research project,
valuable data is bemutilized to inform growers, industry and other researchers about the
potential of oilseed crop production in WashingtoRuture research plans have been adjusted
with revised research objectives and experiments to accommodate our shifting understanding
and knavledge of biofuel croppingWhile great progress has been made in defining benefits
and constraints of biofuel croppingin WA state, there are many questions and issues that
remain unresolved. A sumnmy of 2010-2011 future plans can be founuh the final sectiong.

101). Highlights of project progress to date include:

1.

Cold tolerance tests in the lab and legeeded field trials of commercial winter canola
varieties show lite to no tolerance to early frosts when the plants are seedlings.
However, earlier planting dates in June and July with and without interseeded legumes
have resulted in consistent stand establishment. AeB#y canola variety field trial will
identify cold hardy lines, as during Fall 2009 we had the most extreme cold stress
without snow cover at Pullman in 50 years, and only the third time in 55 years at
Davenport. Regrowth and yield measurements in 2010 will determine the success of
utilizing winter @nola as a biennial crop, both as a forage and seed source, in eastern
and central WA Visual surveys at Davenport indicate that some winter varieties at
Davenport survived the severe freezing stress.

Canola has proven to be a very effective scavenfegsidual soil N in both dryland and
irrigated areas, based on our demonstratedximum yield with noN fertilizer in

irrigated canola, and our achievement of-80% maximum yield with no N fertilizer in
dryland field studies. These results may leadevision of currently published fertilizer

N recommendations for canola in the PNW and ultimately alter life cycle analyses of
energy inputs and GHG emissions for PNW canola production. Canola is being grown by
deep well irrigators because it is an gamhaturing crop that saves water. Safflower was
also produced with low N rates and deficit irrigation in central WA.

Canola acreage is increasing in north central WA as growers become more educated
about the basic agronomics of production; several graeave modified equipment

based on research results. A partnership established between the Colville Confederated
Tribes, norribe growers, and several agencies has resulted in production of canola
based biodiesel that is used in a school bus on the vasien. There is potential to

produce enough biodiesel to use in all of the school buses and logging trucks on the
reservation, and canola meal for 10,000 head of cattle.

Winter canola production will ultimately be determined by market price in refeiop

to winter wheat. Winter canola was competitively priced with wheat over the past
year, resulting in more positive economic analyses and encouraging more growers to
experiment with canola.

Oilseed crop and variety recommendations can be morespiéeific based on oil
analysis and yield results from the different agroclimatic zones of Washington. The
biodiesel industry has discussed making variety recommendations for narrowing quality
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10.

11.

12.

13.

specifications of feedstocks, and our oil composition analyslifi@lp inform the
industry on biodiesel quality relatewil characteristics.

Early (midAugust) planted winter canola produced high yields at Puyallup, with two
times the yield as a mi@eptember planting. Low yields of camelina, mustard and flax
at Mt. Vernon may be fertility related; cool, wet weather also has an impact on crop
success.

Data thus far show that winter canola uses more soil water than winter wheat and that
grain yield of the crofter winter canola is lower than after winter wheatlowever,
several more years of mulibcation field data are needed to validate this finding, since
this is contrary to many grower testimonials that cite a yield boost following canola.

Camelina shows potential as an oilseed crop in the typical winteatdummer fallow
region. The rotation it will most likely fit in is ay&ar winter wheat camelina-

summer fallow systemThis cropping system, as well as several camelina agronomic
studies,is being evaluated at Lind.

Plantback restrictions due taripr application of Group 2 herbicides in whdagume
rotations are a major limitation to growers wanting to produce oilseed crops. Four
camelina mutant populations have been identified with partial resistance to imi
herbicides, and one with SU resistanavith no significant change in yield potential.
Research this year will determine if a higher resistance level can be obtained.

Three commonly used seed treatments were not effective at controlling Rhizoctonia
damping off; the most effective contrstrategies will be to avoid greenbridge
problems, develop and use cultivars with good levels of genetic resistance, and crop
rotation. Blackleg and Sclerotinia white mold have not yet been observed in dryland
canola.

Successful establishment and winteingval of upland versus lowland switchgrass
varieties, as well as other warm season grasses, varies depending on planting date and
soil temperature. A flexible window of planting times will be critical to expanding
acreage of grasses for future cellutsthanol production in the Columbia Basin.

Commercial herbicide labels for plantback restrictions in wipedse crop rotations

may need to be adjusted to longer intervals based on residual herbicide studies. In the
long run, this might discouraggowers from future use of these long term residual
herbicides.

Field days, workshops, seminars, and collaborations with industry and other groups
continues to be the focus of information transfer from the research projects.
Attendance at 2009 events ir@ased dramatically from 2008, indicating the interest
level in oilseed crop production has not waned.




REGIONS 1 and 2
Eastern WA annual cropping and intermediate rainfall zones

Title: Development of Camelina Lines Resistant to Group 2 Herbicides

Pl: Scot Hulbert
CoPI:lan Burke

Graduate students:Dusty Walsh: started with Biofuels funding and is now funded by a
Sungrant; the biofuels project provided matching funds for the Sungrant through part of Ron
{t220Qa arftFINE o00St2600

Technical Supportka Sloot; partially funded by Biofuels funding.

Background:Our preliminary experiments found that all camelina varieties tested were similar

to canola varieties in their sensitivity to residual soil levels of imidazolinone and sulonyl urea
(SU) herbicidg that are commonly used in the Pacific Northwest (PNW). Resistance to these
herbicides in other plant species has typically occurred by specific mutations at loci that code for
acetolactate synthase enzymes (Chaleff & Mauvais, 1984; Haughn & Somed8itipHattori et

al, 1992; Tranel and Wright 2002). Plant breeders working on other crops, like canola and wheat,
have been successful in identifying genetic variants that are more resistant to these herbicides
by mutagenesis and selection (Tan et al. 2008k therefore initiated a program to identify

mutant alleles and identify genetic backgrounds that are best for incorporating these alleles for
germplasm or variety release.

Camelina is poorly characterized genetically, but some advances have been made
recently (Gehringer et al. 2006). Its chromosome number (2n=40) indicates it is probably a
polyploidy since basic chromosome numbers in the Brassica tribe are typically small. Camelina
also appears to have mostly diploid inheritance and though mostefithrkers studied are
AFLPs, which are multilocus markers and typically scored as dominant alleles. Most SSR markers
also detected more than one locus (Gehringer et al. 2006). It seems likel@dhaglina sativa
is either an allopolyploid or had a polpi@ation event in its evolutionary history. It therefore
probably has two or more independently segregating,-&h&ding loci.

Several other breakthroughs have recently been made that should help camelina get
established as a viable oilseed crop in eastWashington. A herbicide (Poast) has been
approved to help control grassy weedhgtp://agr.mt.gov/camelina/Poast%20Label.pdind the
meal has been approved for chicken (broilers) and bedfectged.

Objectives:The main objective is to identify camelina lines that are less sensitive to

imidazolinone herbicides like Pursuit and Beyond. Pursuit is used widely in legume rotations

and Beyond is used increasingly in Clearfield wheat productfosecondary objective is to find

tAySa 6AGK AYONBFASR NBaradlryos G2 {!Qaz tA1S al

Methods: Camelina populations were constructed that were mutagenized with atigthane
sulfonate and amplified by self fertilization. The mutagenized populatere screened in field
plots with recommended field rates of herbicides. The inheritance of resistance is now being
determined while moving the resistance into camelina lines with good yield potential. The
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performance of current camelina cultivars igitige examined to determine suitable backgrounds
for the mutations.

Duration: Five years; 2062011.

Results: To identify mutations in camelina that confer tolerance to these herbicides, we
constructed EMS mutagenized populations of the camelina endtiCalena and Cheyenne. The
mutagenized seed was advanced by-geffilization one generation without selection to allow
mutant alleles to become homozygous and reveal recessive characters. Our initial field
experiment identified several putative mutantssistant to the herbicide imazethapyr. The

putative mutants were transplanted to the greenhouse and seed was recovered from most. We
tested the progeny with imazethapyr (Pursuit herbicide) by spraying recommended field rates (4
oz/acre) to determine with of the families were derived from true herbicide resistant

mutations. We also tested progeny seedlings of the putative mutants for tolerance to imazamox
(Beyond herbicide). Four of the lines were selected for showing high levels of resistance to both
herbicides and no morphological abnormalities. One of the mutants was from the Cheyenne
population and three from the Calena population. All of the progeny appeared tolerant to both
herbicides indicating the original selection was homozygous for the mutatidrthat the

mutation caused cross resistance. Fertility and seed set and morphology were similar to the
parental lines.

All four mutants were crossed to nanutant camelina lines and, Bopulations were
made from the 5. These are currently beingaasto determine if each of the resistant lines
was caused by mutations at a single locus. The mutants were also intercrossed to each other
and b populations were made. We are currently using these to conduct allelism tests to
determine if all the mutatios occurred at the same locus.

To create a breeding population for public releasgrBgeny of the mutant in the
Cheyenne (Mutant 1) background crossed to the Calena line were selected for Pursuit resistance
and grown to maturity. Families from themost highly resistant plants are currently being
progeny tested and grown to maturity in the greenhouse. Remnant seed of each family is being
tested for resistance to determine if the lines are homozygous. Seed from the homozygous F
families will be buled and planted in the field this spring.

We also screened the mutagenized population in the Calena background to identify
NBaArAadlyoOoS (42 {!Qad {SSR FNRY aSOSNIft LJ2aairoftsS \
greenhouse for resistance to Maverick. Gofehe lines appeared to have potential resistance.

We are conducting further tests with this line to determine if it is actually more resistant than
wild-type Calena plants.

Variety performance trials were conducted in 2008 to identify the best genatjqe
creating herbicide resistant varieties. Yield of different camelina varieties was tested in several
growing environments to test for differences in yield potential as well as other traits. Two
spring trials were performed with 18 camelina varietiesllected by Stephen Guy) in 2008 at
LaCrosse and Pullman (Table 1). Both sites had been planted to wheat the previous season. The
LaCrosse site was planted March 6 and the Pullman site was planted April 22. The plots were
fertilized with 50 and 75 Ibsf N, respectively and 10 Ibs or P and S. Yields were higher, for the
most part, at the LaCrosse site. This was probably due to the delayed planting of the Pullman
plots due to the cool wet spring weather. The camelina at Pullmasyielded the springanola
and flax varieties planted for comparison. No significant differences were observed between the




varieties at the Pullman site but the variety differences were significant at the LaCrosse trial
(P=.02).

Table 3. Camelina yield in spring plantingsPullman and La Crosse in 2008.
LaCrosse Pullman LaCrosse

Variety Ib/acre Ib/acre % oil
Calena 2016 1565 0.276
Suneson 1621 1684 0.267
Blain Creek 1695 1781 0.265
Ligena 1741 1557 0.267
Columbia 1550 1513 0.267
Celine 1764 1642 0.272
Cheyenne 1766 1298 0.261
GPO7 1490 1290 0.277
GP41 1960 1601 0.260
GP42 1694 1731 0.267
GP48 1941 1564 0.251
GP67 1741 1453 0.263
SO1 1841 1738 0.271
SO-2 1600 1687 0.265
SO-3 1842 1547 0.264
S04 1706 1371 0.266
SO-5 1569 1605 0.261
SO-6 1808 1612 0.263
357 MAG6 canola 974

Hyola 3057 canola 540

Omega Flax 963

Neche Flax 778

DiscussionWe identified four independent mutations that confer partial resistance to
imazethapyr and imazamox. None of these provide complete resistance to-affacre rate

of the herbicides sprayed directly on the foliage because the seedlings typically are stunted at
least temporarily. The first of the four mutants identified segregates roughly as expected for a
single cedominant gene. Given the genetic acytogenetic analyses conducted to date on this
crop, it seems likely that there are multiple ALS loci. If there are two loci with equal chances to
give resistant alleles, then we have roughly an 87.5% chance that we have mutations at two
different loci anong the four mutants obtained. If this is the case, we may be able to combine
two different mutants into one line to get higher levels of resistance.

Impact/Potential Outcomes:Camelina varieties resistant to group 2 herbicides will help

adoption d this crop in the intermediate rainfall area and possibly parts of the low and high
rainfall areas. No large differences in yield potential were seen among varieties in our tests. We
therefore do not think it will be difficult to create a cultivar withet herbicide resistant traits
incorporated along with yield potentials similar to existing cultivars.

Publications:None yet




Future directions in the upcoming yea®ur main objective is to finish genetic and biochemical
experiments that should be denbefore releasing and publishing data describing the herbicide
resistant mutants. We will:

1)
2)
3)

4)
5)

6)

7

Determine if the three imidazolinone resistant mutants (mutants 6, 10 and 18) that have
not been examined genetically segregate as though they are Mendelian (jiees

mutant 1).

Examine inheritance of crosses between mutants 6, 10 and 8 and mutant 1 to determine
if they are the same locus.

Determine if the putative SU resistant mutant is really more resistant than Calena.
Cross the putative SU mutant to Calepadetermine its inheritance.

Cross the putative SU mutant to imidazolinone mutantsth determine if it is the

same locus (if it is a real mutant). Determine if it segregates independently of any of the
mutants, and if it does advance lines that arsistant to both imidazolinones and
sulfonylureas. A population showing resistance to both would ultimately be released
separately from the imidazolinone resistant line.

Grow a field plot consisting of a bulk population made from poolddrilies of a

Mutant 1 x Calena cross either at Ralston or the Wilke Farm. The pargfaalikes

are now flowering in the greenhouse. The field plot will be used for selection to improve
GKS LRLJzZ I GA2yQa @8ASER gKAES Aythydtdaiy3
release.

Perform enzyme assays to compare the sensitivity of enzymes from mutant 1 to wild
type camelina to determine the relative sensitivity.

We will not conduct additional yield trials on available cultivars since other team members
(Schillnger and Guy) are conducting extensive trials. We will begin trials with breeding lines and
use other varieties as controls, but these will not begin in 2010 because the populations will not
yet be sufficiently amplified.

References:
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Regions 1 and 2

Title: Potential of Bennially Grown Canola and Canola Grown in Other Dryland PNW
Environments.

t L SéotAulbert, Bill Pan, Tim Paulitz, Dave Huggins

Graduate students:Ebrahiem Babiker was partially funded with Biofuels funding and a grant
from the Pacific Northwest @ala Research Program.

Technical SupportRkon Sloot; partially funded by Biofuels funding.

BackgroundWinter canola has better and more consistent yield potential than spring canola in
Eastern Washington if good stands can be established and plavesftianed a healthy rosette
before cold winter temperatures occur (Davis et al. 2008). In irrigated areas sufficient size is
generally achieved when planted by mid September. In the rainfed annual cropping areas, mid
September plantings typically do notvesufficient soil moisture to germinate until fall rains
0SAAYD® ¢KS LI Iyhta FNBY GKSasS tFraGSNI LI IFydAay3a
survive the low temperatures. In the low and intermediate rainfall regions winter canola is
typically panted into summer fallow land in late August or early September and stands can also
be difficult to achieve under these conditions. Canola is poorly suited for deep furrow seeding
that has been developed for winter wheat seeded into fallow. Soils arardihot and

moisture is well below the surface. Unlike the Midwest, rains rarely occur during this period and
the seed must be planted very deep to find moisture; the combination of deep planting and hot
soil temperatures makes stand establishment vegomsistent.

Planting winter canola in late spring or early summer makes stand establishment much
easier. This is not a common practice however, so it is difficult to predict how the canola plants
will respond to a long period of growth the first summaefdre vernalization, and how it will
affect their ability to survive the winter and perform well the following season. Canola varieties
B NE AY GKSANI GSNYFEATIGAZ2Y NBIJdZANBYSyGas a2
summer or fall. Canla plants will likely use most of the available water the first summer, and
varieties may respond differently in how they are affected by this.

Growing canola as a biennial crop might also present opportunities for other beneficial
cropping systems vagiions like grazing and intercropping. Cropping rotations that include
perennial or biennial forages can provide multiple agronomic and environmental benefits which
enhance soil tilth and fertility (Russelle et al 2007). In a mixed cropping system wistedk
are rotated with cash crops, winter canola can provide an immediate source of high quality
forage and a grain crop for oil production the following year while improving the profitability
and flexibility of the system (Kirkegaard 2006; Neely 080). Winter canola has been grazed
in Oklahoma and Australia but this is typically planted in the fall and grazed in the winter
(http://www.canola.okstate.edu/cropprodution/forageproduction/index.htm Kirkegaard et al
2008). When winter canola was planted in March or April in Australia and grazed-Augnigt,
the varieties recovered from grazing to produce 4 tonsfrash weight; 9.9 tons acteand
good (47%) oitontent. Qil yield was unaffected by early grazing but a later grazing date
increased forage production and reduced grain (oil) yield. Canola could be intercropped to
enhance its forage quality or possibly to supply nitrogen. Legumes are valuableréndpfeng
because they fix nitrogen and can thus be used to improve soil fertility without purchasing
fertilizer. Legumes have been grown with wheat, without affecting crop yields (Wiersma et al
2005). Yield reductions could occur when cropped with caifitit@ crops were competing for
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limited water, but if the competition is limited to the first year of a biennial crop, this should
have a smaller effect.

Incidence of many diseases in canola in Eastern Washington has generally been low. We
have not obseved black leg, probably the most destructive disease of canola in Canada and the
Midwest, http://www.ag.ndsu.edu/pubs/plantsci/crops/ppl367.pfand it has not been
reported in Washingin. Incidence of Sclerotinia stem rot,
(http://www.whitemoldresearch.com/HTML/canola.cfanother destructive disease in the
Midwest, is not common in dryland canola but can be a problenrigmaied canola. Rhizoctonia
damping off can be a problem in stand establishment as it can be very destructive in seedlings
but can also damage older plants (Paulitz et al 2002, Huber et al. 1992). In Washington it can be
a particular problem in direct geling, especially when weeds and volunteers are killed near
planting time (Paulitz et al, 2002;
http://css.wsu.edu/Proceedings/2003/Paulitz_RootDisease3.pdf

Objectives:Our man objective is to identify conditions where winter canola can be grown more
reliably in dryland eastern Washington environments. A secondary objective is to identify
varieties or germplasm that are best adapted to these conditions, especially if they are
nonconventional environments (e.g. unusual planting times). Germplasm that might be better
adapted to these conditions might include accessions that can survive hard freezes as seedlings,
germplasm that can survive very dry conditions and subsequent wgingermplasm that can

emerge and survive during very hot dry conditions or germplasm that is more resistant to any
diseases encountered in these conditions.

Methods: Canola lines and varieties were collected from all major canola production regions.
These varieties were screened by a variety of lab, greenhouse and field tests. Seedling cold
tolerance tests were conducted in programmable refrigeration chambers. Seven to 14 day old
seedlings grown at 2C were placed in the cold chambers for 24 hoArsariety of different

cold temperature regimes during this period were attempted to differentiate the tolerance of
different varieties.

Rhizoctonia assays were performed by planting seedlings in Ritzville silt loam infested
with 100 ppg oRhizoctoniaalani AGS8 isolate C1, 50 ppg &. solanAG21 isolate 040562 or a
noninfested soil as a control. Flats were grown &iCLE a growth chamber. The percentage of
seedling emergence, hypocotyl rot, shoot length and root length were used as criteria for
evaluation.

Field tests of multiple varieties were done in a variety of different planting dates and
locations. Plots at Othello were planted after tillage and irrigation. Furrows for irrigation were
cut through the plots after seedling emergence. Thesetpigs were done with a small walk
behind planter that plants five rows on a four foot wide plot. One foot was left between plots
so the plots were considered to be five feet wide for yield calculations. Other locations were
direct seeded into wheat stulde. A direct seed drill was used with row cleaners, a shank that
places fertilizer approximately two inches below the seed and dodisle openers. Row
cleaners and seed openers were adjusted to reachibeh into moist soil and packer wheels
firmed thesoil over the seed. The direct seed drill planted eight rows on eighivfatg plots.

Five rows from the middle of the plots were harvested to harvest samples and determine yield.

Canola and canolegume intercropping plots were planted in both Pullmend
Davenport in 2009. Pullman plantings were on June 10 and July 8 and Davenport plantings on

June &andJuly 7. Plotsizeswer®8 pnQ FyR ¢gSNB LI I YyiSR SAGKSNI gAd
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HyClass110RR Canola with one foot row spacmg (8 rows), 10.6 gﬁ:anuIaK Hny 3 WINASEQ
peas, or 10.6 g canola with g xw i U FALER

Hny 3 W! / DNIge

chickling vetch. In the
intercropped plots, the
legumes and canola were
planted in alternate rows

(Figire 1). Each of the
three cropping treatments
wasreplicated four times in =
a randomized complete
block design. After
approximately two months B
growth, ¥ of each plot (8 X Z
Hp QU g1 NI ¥y \
and the shoot materlal was Flgurel Canolalegume mterseeded pIots

Y26SR (2 o0oé¢ Glftftd ¢KS

biomass from each ¥z plot was weighed and samples wemected and dried to determine dry
weight.

Duration: Five years; 2062011.

Results: Growth chamber tests of canola seedlings failed to identify repeatable differences

among canola varieties in their resistance to low temperatures. Conditions treat &itle

variety typically killed all the varieties in each test. A variety of different field environments

were used to try to identify differences between the varieties in tolerances to various stresses

6¢ro0ftS MOD® ¢KS @I NRSRAASE AFYNRISKIS  UYEONAGFAT 25 € f224yyAT Sat
were planted in each of the last two years. The total number of varieties at each site was

between 65 and 100, except for the Davenport 09/10 plots where only 33 varieties that were

commercially available wenganted.

Table 1 General descriptions of trials planted to test canola germplasm performance under
various environments.

Planting
Site/Year Date Environment Useful Data
Othello 07/08 Sept. 10 Irrigated Yield potential
Othello 08/09 Sept. 22 Irrigated Yield potential
Ralston 07/08 Aug. 14 Dry fallow None/no stands
Pullman 07/08 Sept. 25 Late seeding None/no winter survival
Reardan 07/08 Sept. 17 Mod/late seeding None/chem. damage at flowering
Pullman 08/09 Aug. 28 Early/Dry Early drought surval
Davenport 08/09 Sept. 2 Std Chem Fallow  Seedlings died in early fall
Davenport 09/10 June 10 Biennial Premature bolting/pending
Davenport 09/10 July 10 Biennial Survival and yield date pending
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As with the growth chamber tests, field tests that wealanted late and thus had small
plants during the winter typically had poor survival, and no differences between varieties were
observed for this trait.

Table 2.Yields of canola varieties in the national variety trials in irrigated plots in Othe2@08
and 2009.

2008 2009

Yield Yield
Variety Ibs/acre | Variety Ibs/acre
NPZ0391RR 5201 | Hornet 3622
MH903383 5172 | Flash 3169
DSV07102 5128 | Safran 3138
CWH116 4818 | Sitro 3077
CWH111 4756 | Falstaf 3043
Sitro 4732 | Hybristar 3023
Hybristar 4707 | KS3302 2931
DSV07101 4672 | Hybrisurf 2920
Kadore 4653 | CWH101D 2904
KS9135 4630 | Virginia 2902
Hornet 4567 | 45D03 2887
Satori 4563 | Visby 2815
NPZ0791RR 4501 | HyClass154w 2799
Virginia 4439 | Hyclass110W ~ 2708
MH604001 4432 | CWH095D 2701
CWH630 RR 4430 | AAMU18-07 2695
CWH686 RR 4409 | Rossini 2648
Forza 4395 | KS3077 2556
Ceres 4395 | AAMU33-07 2544
Abilene 4387 | ARC000242 2524
ARC2184a 4348 | KS3132 2502
KS3132 4326 | Hybrigold 2496
KS4085 4320 | NPZ0604 2469
Baldur 4308 | 06.Ul.LWC.1 2443
Athena 4264 | Dimension 2440
Wichita 4240 | Baldur 2435
Rally 4229 | CWH111 2417
CWHG633 4213 | Kiowa 2394
CWH688 4207 | BSX6271 2392
ARC97018 4202 | KS3254 2378
ARC98007 4171 | BSX501 2333
CWH687 RR 4154 | DKW4510 2321
CWHO095 4080 | KS3074 2280
CWH632 4063 | BSX6406 2270
DKW1369 4060 | Wichita 2242
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Table 2 (cont.).

2008 2009

Yield Yield
Variety Ibs/acre | Variety Ibs/acre
KS4158 4036 | 06.UL.LWC.5 2240
Navaho 4034 | CWH633 2232
Taurus 3991 | KS4158 2211
06.UIWC.1 3981 | ARC00002 2179
KS3077 3956 | KS4022 2176
DSV07100 3943 | KS4085 2141
ARC8015 3940 | Kronos 2104
Kronos 3902 | DKW4615 2090
06.UIWC.5 3898 | BSX6242 2086
Mohican 3890 | 46W14 2078
KS7436 3877 | BSX6131 2075
KS3022 3874 | Hybrilux 2072
CWH631 3829 | Sumner 2063
ARC97019 3801 | ULWH.5.2 2014
CWHO081 3781 | DKW4110 1944
06.UIWH5.1 3764 | ARC2182 1923
Visby 3754 | 46W99 1901
KS4022 3738 | ARC00002 1863
KS3018 3687 | DKW4715 1819
KS3254 3672 | Athena 1794
Falstaf 3567 | Kadore 1779
Sumner 3545 | Hyclass115W 1776
KS3074 3529 | Gospel 1717
06UIWH.5.2 3511 | ULWH.5.1 1696
Flash 3439 | Largo 1642
Rapier 3413 | HyClass107w| 1639
Erica 3388 | Ericka 1624
Casino 2925 | Salute 1561
Gospel 2732 | Hearty 1509
Salute 1547 | Rattler 1509
Jetton 1399 | Rapier 1479
Plainsman 1248 | Camas 1448

Variety trials were planted in 2009 in Davenport to test valiatiagation to early

planting in this region. Two planting dates were selected, June 8 and July 7 -fGinirgarieties
were selected which included most of the commercially available material in the PNW and some
other material that has shown high yield poteal in trials in Othello. The plots were planted
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planting date. Plots were scored for premature flowering on October 8. Little if any flowering
was observedni any of the Julplanted plots, but several varieties showed some premature
flowering in the June planting. The varieties Sumner and Wichita showed an estimated 48 and

32% flowering plantsrespectively Two Idaho varieties, Erika and Athena, also slioave
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tendency to flower in this trial, with approximately 18% and 14% flowering, respectively. The
other varieties all averaged 10% or less flowering and several had no flowering plants. The stems
of many plants were elongated -ID cm but this appeared toe affected as much or more by
environment than genotype. Areas of the field that appeared the most drought stressed showed
little stem elongation, possibly because the plants had quit growing before they were stimulated
to begin flowering. The effects efem elongation, drought stress and flowering on seed and oil
yields the following spring will not be known until after harvest.

Early planted trials were also established to examine several other cropping systems
factors on the performance and utilizati of earlyplanted canola. Factors examined included
the effects of intercropping with legumes and the effects of harvesting biomass two months
after planting (Table 3). Good stands were achieved with canola monocultures at both
locations. Plots withdth canola and legumes were established by making two passes through
the plots with seed openers spaced at two foot intervals. Legume rows were alternated with
OLy2ftl NRga 6AGK FLILINBEAYI GSte mué 0SG6SSy GKS
cm deep and canola approximately 2 cm deep. After the first plantings at both locations, it was
apparent that the legumes should be planted first because disturbing the planted canola rows
often covers the seed with excess soil, sometimes preventing emergence.

Aphid infestations occurred at both Pullman and Davenport in August, so single
applications of Malathion were made in both locations.

Table 3 Average yield (Ibs/acre) of biomass harvested in a single cutting from each plot
approximately two monthsféer planting.

Pullman Pullman Davenport  Davenport
June July June July
Canola 5461 11217 2298 2134
Canola/pea 5843 10210 1862 1710
Canola/vetch 6294 11124 1710 1634

In greenhouse experiments, we examined resistance to two taiRhizoctonia solani
(AG2.1 and AG8) among vari®rassicapecies and varieties, including nearly 100 winter
canola cultivars. No resistance was observed in the camelina varieties, mustard vaeties (
junceaor S. albd, B. rapacanola, or sprin@. napusanola lines examed. AG2.1 was the most
virulent strain and reduced seedling emergence. The effects of AGS8 included seedling stunting
and postemergence damping off. While less aggressive, it is very prevalent in the region and
also infects wheat. Thre® napuswinter canola varieties were identified that were more
tolerant to the disease. We have made several crosses between resistant and susceptible
varieties to look at the inheritance of resistance to this disease. The hybrid cultivars Flash and
Sitro, from the Geman company DSV, and the oppallinated DeKalb variety CWH688 showed
the most tolerance to the twdRhizoctoniastrains. The resistance in the CWH688 variety is most
likely to be true breeding (homozygous) in this variety so we made crosses with ety .var
CWHG688 was crossed to two susceptible varieties, Wichita and Virginia, and two F2 populations
were constructed.

We have examined various chemical seed treatments on the incidence of seedling
dampingoff of canola in the greenhouse, inoculated R. solanAG 21. These chemicals
included Prosper 400 (thiram, carboxin, and metalaxyl), Helix Xtra (fludioxonil plus insecticide),
and Maxim 4FS (fludioxoniNone of the chemicalsvere effective in reducing dampirnuff.
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Discussion:

The project las had little success in identifying canola germplasm with high levels of
cold tolerance at the seedling stage. Few repeatable differences between varieties were
observed in laboratory tests on seedlings. In addition, late planted trials have inditaieallt
the commercial varieties tested were sensitive to hard frosts as young plants. Late planted
winter canola is therefore not currently a viable option for consistently growing winter canola in
the annual cropping regions.

Good stands of winter cmla are relatively easy to establish. Many winter canola
varieties remain vegetative throughout the summer if they have not been vernalized. Some
varieties, like Sumner and Wichita, have a tendency to flower in some environments when
planted early and sbuld be avoided for early planting times. The strategy of planting winter
canola in late spring or early summer may have great utility in the intermediate and high rainfall
regions, but the effect on seed yield needs to be determined. Additional testthg
intercropping and biomass harvesting (including grazing) will indicate whether these operations
have yield penalties or advantages.

With no effective seed treatments for Rhizoctonia damping off, the most effective
control strategies will be to avoigreen bridge problems and to develop and use cultivars with
good levels of genetic resistance. Since we do not have an active canola breeding program, we
will plan to demonstrate and publish the existing sources of resistance.

Impact/Potential Outcomes

If our early planted winter canola trials are successful, it will open several important
options for canola producers. More consistent stand establishment will take a lot of the risk out
of canola production in the intermediate and maybe low rairdadlas. If grazing or biomass
harvest does not severely affect canola yields, this may make winter canola attractive in the
annual cropping region, especially to growers that have animals. If legume intercropping does
not hurt yields, it may allow groweis the high and intermediate rainfall regions to reduce
input costs.

Methods for reliable production of winter canola would not only benefit the biofuels
industry, but would make our wheat based cropping systems more sustainable. Including canola
in rotations with wheat can facilitate weed control and provide other rotation benefits and
thereby increase overall profitability (Guy and Karrow 1998; Helm and Hansen 2008; Herdrich
2001; Painter et al. 2009).

Publications:none yet

Future directions in he upcoming year:

Our field experiments will focus on the early planted (biennial canola). We will collect yield data

on the variety trials planted in Davenport and also on the canola/legume intercropping

experiment. We will also replant these experingragain using two early planting dates. The

RFGSa oAttt y20 6S OK2aSy dzyiAf ALINAYy3IS I FGESNI 4S8
July plantings.
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Regions 1 and 2

Title: Oilseed Crop Fertility

PlIs:Richard Koenig, William Pan, Robert Stevens
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Background:

Canod follows dry matter and nitrogen (N) uptake patterns similar to wheat (Figure 1).

Maximum dry matter and N accumulation occur between the beginning of stem elongation and
the end of flowering. Stress during this time will limit dry matter accumulatiomptslke and

seed yield by limiting lateral branching and flowering. Dry matter and N peak during seed fill and
then decline as seed matures due primarily to leaf senescence and pod shattering.

120

Dry matter accumulation and distribution | Nitrogen uptake
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Figure 1 Canola dry matter and nitrogen accumulation patterns.

Table 1 summarizes nutrient uptake, partitioning and remesgtimates for canola and
wheat. On an equivalent yield basis, canola accumulates more nitrogen (N), phosphorus (P),
potassium (K) and sulfur (S) than wheat. Due in part to a low harvest index (HI) and high nutrient
concentration in the residue, canola alsaves more nutrients in the field after harvest than
comparable yields of wheat. Cycling of nutrients in this residue to subsequent crops is likely one
important rotational benefit of canola (Kirkegaard et al., 1994; 1997). For example, Jackson
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(2000) rgported 40% of N, 30% of the P, and 85% of K accumulated by spring canola remained in
the residue left after harvest.

Table ! O2YLI NRAaz2y 2F @SN 3IS ydziNASyd dzLdilk 1S | yR
Crop
Nutrient Canola Soft white winter wheat Dark northern spri.ng wheat
(10% protein) (14% protein)
----------------------- tbs per 100 Ib seed yield
Nitrogen
Uptake 5.8 2.2 3.2
Removal 34 1.8 25
%Removed 59 70 80
Phosphorus (as P205)
Uptake 1.9 0.9 11
Remoal 1.3 0.7 0.9
%Removed 68 80 80
Potassium (as K20)
Uptake 4.1 2.7 2.7
Removal 0.6 0.6 0.6
%Removed 15 22 22
Sulfur
Uptake 1.0 0.5 0.8
Removal 0.6 0.2 0.3
%Removed 60 40 40

M{2dzNOSY ! {5! tflyda 5 hhtip/opk.irdS.dsdabgdefiaNdvarigus refereddds fisted ittlis2 6
narrative.

General fertilizer requirements of canola are a function of residual soil nutrient levels
and achievable yields. The following sections discuss majaenttesponses,
recommendations and management for canola.

Nitrogen (N)

Canola seed yield responds well to applied N when residual soil levels are low (Grant
and Bailey, 1993; Jackson, 2000; Hocking and Stapper, 2001) and water is not limiting (Lemke et
al., 2008). In Montana, Jackson (2000) measured seed yield responses of 2,000 to 3,000 Ib/acre
when up to 225 Ib N/acre was applied to soils with available N below 50 Ib/acre. Similar yield
responses were obtained when 90 Ib N/acre was applied at a ditesimnilar residual N levels in
Australia (Hocking and Stapper, 2001). A few references state that canola N requirements are
similar to those of wheat, while most acknowledge that canola requires more N than an
equivalent yield unit of wheat (Grant andilgg, 1993). Brennan and Bolland (2009) indicated
that canola may require as much as 40% (rang&3%) more N to achieve 90% maximum
canola yield compared to wheat, while requiring significantly less P.

Table 2 summarizes base N recommendations for leainom several U.S. state
extension fertilizer guides and one publication from Canada. Recommendations are similar to
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hard red spring wheat and higher than those commonly reported for soft white wheat in the
Pacific Northwest. The formula for determiniagcanola N fertilizer recommendation is also
similar to that of wheat:

Fertilizer N recommendation = (yield goal x base N recommendat®s)il N contributions

Base N recommendations are summarized in Table 2. Soil N contributions include
residual N ira soil test, organic matter contributions, and adjustments (credits or debits) based
on previous crop history. These contributions can be estimated using established procedures for
other crops.

Table 2 A summary of base N requirements for canola fromous U.S. States and Canada.
Citations for these publications are given in the reference section. For comparison, the soft
white winter wheat base N recommendation is 4.5 Ib/100 Ib yield (2.7 Ib N/bushel) and the dark
northern spring wheat base N recomndation is 6.0 1b/100 Ib yield (3.6 Ib N/bushel).

Source of recommendation Winter canola Spring canola

Guide quotett b A G N2
Colorado State University requirements are similar to --
dryland winter vik S I (i €

Colorado (San Luis Hills Farm) - 6

Great Plains Canola Handbook 5 -

Montana State University - 7t08

North Dakota State University 5 --

Oregon State University 7 7

Ontario, Canada pddp 2 wmMm odp G2 co
South Dakota State University 6.5 6.5

University of Idaho yom (2 wmnc TOT G2 wmn
2 aKAY3AG2y 6 NBLR2 N

SELINASYyOSaé¢d FNRY 6to08 6t08

2000)

UbAGNRISY NBO2YYSYRIFIGA2yad RSLISYR 2y @AStR f S@St
for details.

5 bAGNRISY NBO2YYSYRFGAZ2ZYya RSLISYR 2y B8ASIR (808t 0 {

Nitrogen fertilization resulted in linear decreases in canola seed oil concentration (Sheppard and
Bates, 1980; Smith et al., 1988; Taylor et al., 1991; RaamskZallinan, 1994; Jackson, 2000).
However, due to relatively larger seed yield responses to applied N, total oil yield still increased
with N fertilizer up to rates that optimized yield. Excessive rates of N reduce seed yield due to
lodging and delayed aturity (Sheppard and Bates, 1980; Grant and Bailey, 1993; Jackson,
2000). Hybrids have been found to have higher yield potential and N responsiveness than open

18



pollinated varieties (Cutforth et al., 2009). Canola varieties differ in N utilizatioreaffic(seed
yield per unit plant N) due to differences in harvest index (Svecnjak and Rengel, 2006).

Several studies have evaluated split applications of N for canola and rape. Wright et al. (1988)
found no advantage with split applications of N madeatisg and rosette stages compared to
comparable rates applied only at sowing for spring rape in Australia. Similarly, Hocking and
Stapper (2001) found no advantage with split applications of N made at sowing and stem
elongation for spring canola. Nitrogeacommendations for winter canola grown in the U.S.
(Boyles et al., 2006) state that low (< 1/3 total) rates of N should be applied in the fall to reduce
the risk of winter injury.

Objectives:

1. Develop baseline growth and nutrient uptake curves to chanm@oe major oilseed
crop nutrient needs;

2. Develop nutrient (primarily nitrogen and sulfur) management recommendations for
major oilseed crops that maximize oil yield and quality;

3. Disseminate information on oilseed crop fertility management to growers in
extension bulletins, and to the scientific community in peeviewed journal
articles;

4. Evaluate phosphorus requirements of oilseed crops, and rotational benefits of
oilseed alternatives on subsequent crops of wheat.

Materials and MethodsWinter canola waglantedin fall 2007 and 2008t the rate of 5 Ib/acre

on 6inch spacing on con chemical fallow sites at two dryland locations, (Wilke Farm near
Davenport and Palouse Conservation Field Station [(PCFS]) near Pullman. Planting details are
presented in Talel3.

Table 3 Plantingdataat Wilke Farm and PCFSanola was seeded at 7 Ibs/acre at both sites
with a Fabr&drill.

Wilke PCFS
Date Variety =~ Row spacing Date Variety Row spacing
Fall 2007 Aug.21 DKW 1369 T ®p €| Aug. 21 DKW 1369 T ®p €
Spring 2008 May Hyola 357 T ®p €
Fall 2008 Sept. 17 DKW 1369 T ®p € | October DKW 1369 Mp €
Spring 2009 April 29  Hyola 357 T ®p¢
Fall 2009 too dry August 11 DKW 4110 Mp €

Spring canola was established in a separate study following winter wheat at Davenport
in April 2008 Preplant soil sampling {point composite sample to a depth of 5 feet in efo®t
increments) was conducted to characterize baseline fertility conditionsclt sieyear.
Treatments consisted ofrange of nitrogen rates (0 to 160 Ib N/acre in 40 Ib increments with 15
Ib S/acre) applied in treatments replicated four times in a randomized complete block
experiment design. Additional treatments were includedates of 80 and 160 Ib N/acre in
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which sulfur was omitted to evaluate sulfur responses. Fertilizer was bandddches beneath
the surface before planting. Select fafiring split N application treatments were also included.

Winter canola at the Daverpt site was severely damaged due to a June frost in 2008
and was not harvested. Winter canola failed to establish at Davenport in fall 2008 due to
herbicide drift and spring canola was oversown on the winter trial. Winter canola at PCFS failed
to establid in fall 2007 due to inadequate soil moisture at sowing and so spring canola was
oversown at this site in 2008. Winter canola established and survived the winter iR02008
fall 2009, seedbed moisture was inadequate to seed at Davenport, but faakMNpplied. At
PCFS, the winter canola was well established in fall 2009 and appears to have survived the 8
freeze in midOctober.Spring canola was oversown at the winter canola site at Davenport.
Spring and winter canola was grown to maturity and leated to determine seed yield, oil yield
and oil quality (oil yield and quality analysis is pending).

An additional study was initiated in 2008 north of Kamiak Butte to determine phosphorus
requirement for oilseed crops (canola, camelina, and flax) coatp® lentil. In 2009, winter

wheat was planted uniformly across all plots to determine residual P and crop rotational effects
on wheat yield and P uptake. The experiment was repeated near Pullman, WA on the Boyd
Farm in 2009. The above crops were sekdith a Fabro®© drill in spring 2008 at recommended
rates and triple super phosphate was applied at 5 rates (0, 10, 20, 40, and 60 Ib P/acre) in a
randomized complete block, split plot arrangement. Weeds were controlled with Roundup
before planting and irtrop manual removal. Canola and lentils were treated with fungicide. All
oilseedlegume plots were harvested in fall 2009 with a Massey Fergeson Kinkaide®© plot
combine. Wheat was harvested with the Hege© combine. Wheat head weight, tiller counts,
test weight, grain yield and grain protein content are being analyzed from the Kamiak Butte
experiment. For the oilseed experiment, seed yield and oil yield, and seed composition data are
being collected.

Duration: The current N rate and timing, and the Ppease experiments will be completed in
2011. Fertility focus will shift to determination of N cycling dynamics and N management
requirements of biennial canola/legume cropping.
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Results

2009 grain yields (top graph) were higher 2500
than in 2008 (bottorrgraph), but yield N
responses to N were of a similar nature. 2000 4 Pullmen
There was an exponential response to N Winter canol
supply at both locations (Figure 2). Roughly
80% of maximum yield was obtained without
any addedfertilizer N, demonstrating
OFLy2ftl Qa SEOSttSyid az
capabiliy. Maximum yield was obtained

with 120 Ib N added, but with <500 Ib
seed/acre increase. Nitrogen timing had no 04
yield effects on winter canola at Pullman,

whereas N timing on spring canola at
Davenportproducedhigher yields with fall

spring splits compad to all fall, and all fall N

yielded higher than all spring N at the highes 1600
N rate (data not presented).

1500 4

Davenport
1000 .
/s Spring canola

500 A

Seed Yield (Ibs acre™')

T T T
0 100 200 300

N Supply (Ibs acre") = (preplant residual N + fertilizer N)

1400 4

kT
A

In the P rate study established at the Boyd 1200 1 ulmen <072 Spring canola
farm with spring oilseeds, yields were low

and there was no significant effect Prate
(data not pesented). Lack of a significant
response to P rate may be a result of crop
growth limited by water availability.

1000 1 Yield = 1332 (1-10 20124 N sy

800 1

I

600 / o " ~ Springcanola
/,’ Davenport (r°=0.74)

400 - -

Seed Yield (Ibs acre™)

| » Yield = 701(1-(10- 004N supo)

. . 4 | 7
Discussion 0

Winter canola exhibits excellent yield 01 4
potential when a good plant stand can be : ‘ :
established and the canola is able to 0 100 200 %0
overwinter. Common recommendations (see N Supply (Ibs N acre™') = (preplant residual N + fertiizer N)

PNW fertility guides for canola) for fertilizing canola are based on wheat N recommendations for

the game arga. Our resqlts thus far have not Figure 2 Canola seed yield response to nitroge
confirmed this extrapolation. Optimal N supply supply.§/mbol plotted points from left to right

over the 4 siteyears has not cortated with represant 0, 40, 80, 120 and 160 Ib N/ acre.
yield. Canola has been shown to be a very

efficient user of residual N, and the fertilizer N use above and beyond residual N use has been
rather low. Furthermore, separate analyses of canola straw residues indicates a very high C:N
ratio, which suggests N may be immobilized by substantial canola residues carried forward into
the next cropping seasorrhis may have a bearing in future life cycle analyses in reducing GHG
and energy debits in canola based biodiesel.

Potential Impacts/Outcomes
We anticipate that we will modify N fertility recommendations for canola in wheat rotations
based on this research.

21



Future plans

Winter and spring fertility studies are being repeated at both dryland locations noted above.
Winter canola establishment #he PCFS was excellent. Establishment at Davenport is an
apparent failure again. Spring canola will be established at both locations as in 2009. This group
will interact with the biennial canola team to define a fertilizer management strategy for early
seeded biennial canola.

Publications
Hammac, A., W.L.Pan, R.P.Bolton, R.T.Koenig. 2010. A High Resolution Imaging System to Assess
Root Hair Development of Oilseed Crops in Response to Water Stress. PlantpBeds)
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Background:Most of the literature on diseases of canola comes from the Midwast

Canadian provinces. The major yiBiditing diseases are blackleg and Sclerotinia white rot.
Both are diseases favored by wet climates and summer rain. However, in the dryland area of
the PNW, the summers are dry, and soilborne pathogens are piplaore yieldimiting. We

have not seen any reports of blackleg, and Sclerotinia is confined to irrigated agriculture, often
in rotation with potatoes, another host.

Rhizoctonia and Pythium are two important root rotting pathogens of cereals suchest w

and barley, which are grown in rotation with canola. In order to be proactive, it is important to
study potential diseases that may affect a newly introduced crop, such as canola, which is now
grown on very limited acreage in Eastern Washingtothelfacreage was to expand, native
pathogens or introduced pathogens could pose a risk, the longer the crop is cultivated. Newly
introduced crops often have an advantage for the first few years, and often encounter little
disease, because the pathogens haee built up to devastating levels.

Objectives: The objective of this research was to identify potential soilborne pathogens of
canola and other brassicas in the dryland areas of the PNW, to determine their pathogenicity,
and how they are affected byap rotation.

Methods: Using the Cook Agronomy Farm, we looked at the effect of rotatioRkimnoctonia
solaniAG 21, which has been identified as one of the most virulent pathogens of canola. We
used reattime PCR to assay the population densities dweryears, comparing a rotation with
canola every third year to other rotation crops such as peas, and continuous cereals.

We also tested a number of isolates of new groupRleizoctoniaand Ceratobasidiunwith
canola in inoculated greenhouse tests. Pluepose was to determine if these fungi could be
pathogenic on canola, and constitute a risk to future canola production.

Duration: 2007-2009
Results

1. Rhizoctonia solaAG 21 andPythiumspecies

In a series of cropping system studies, publishe2Dih0, we determined thaRhizoctonia
solani2-1 could be a major risk to winter canola planted after barley in irrigated field plots.
We observed a major crop failure, due to the greenbridge carryover of the pathogen, in a
cropping systems study at Lind/A.
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On the Cook Farm, we have observed and quantified this pathogen over a number of years,
using a toothpick baiting technique. In the last two years, we have usetimeaPCR
techniques, which quantify the DNA of each specific pathogen. Figurent she

distribution ofR. solanAG2-1 andR. oryzaen 2008. These samples were done in spring
wheat the year following the rotationskR. oryzadnad a wider distribution, but was not
influenced by rotation. On the other hand, solanAG 21 was found in higher populations

in the previous winter and spring canola rotations. Figure 2 shows similar results from
previous surveys using the toothpick bioassay. When averaged over all the sites (Table 1),
the level ofR. solanAG 21 was significantly gher in the canola rotations.

We also sampled four of the main specie®gthium which could potentially cause a rot on
canola. However, none of these species were significantly affected by the rotations, based
on the spatial distributions (Fig. 3).oWever, both canola rotations had significantly higher
levels ofPythium irregularegyroup 1V, when averaged over all the sites (Table 1).

In 2009 in late planted spring canola, we observed a reduction in stands due to Rhizoctonia
root and stem rot of caola on the Cook Farm. The pathogen killed off larger seedlings, by
rotting the hypocotyls (Figs:9).

2. Other groups oRhizoctonia

In the last two years, we have made extensive collectiori®haoctonidrom both dryland

areas and irrigated vegetableesas. We have identified a number of new strains, including

R. solanAG10 (previously thought to be nepathogenic), A& (a potato pathogen), AG

(a widehost range pathogen) an@eratobasidiunsp. The latter are also known as

binucleate RhizoctoniaWe conducted a number of greenhouse tests with isolates.
Pasteurized soil was inoculated with the isolates which were grown on sterile oats in the lab.
The inoculum was ground and incorporated into the soil at 1% w/w, and the seeds were
planted. Expements were carried out in a growth room at 15 C.

Isolates of AAO significantly reduced plant height and dry weight (Fig. 10 and 11). Isolates
of AG 3 and 4 an@eratobasidiunsp. isolated from irrigated circles also reduced the height
and dry weighof canola seedlings in inoculated greenhouse tests (Figs. 12 and 13)
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Table 1. Average pg of DNA for each crop/pathogen.

Crop ABAY IRRI IRRIV ROS ORY AG2-1
Spring barley 0.04 0.06 0.18 b? 0.19 531b 0.32b
Winter barley 0.03 <0.01 0.27 b 0.10 6.84 ab 761b
Spring canola 0.07 <0.01 0.78 a 1.29 1.62b 52.86 a
Winter canola 0.12 0.02 0.80 a 0.12 14.83 a 30.83 ab
Spring pea 0.01 <0.01 0.24b 0.11 1.19b 0.10b
Winter pea 0.04 <0.01 0.65 ab 0.20 9.62 ab 0.00 b

Y ABA = P. abappressorium, IRRI = P. irregulare grp. I, IRRIV = P. irregulare grp. 1V,
ROS = P. rostratifingens, ORY = R. oryzae, AG2-1 = R. solani AG-2-1.

*Values with the same |l etter are notPs=s
0.05).
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SB = spring barley

WB = winter barley SC =spring canola SP = spring pea

Figure 1.Distribution of populations oRhizoctonia oryzaand R. solanAG 21 in Field C of the Coc
Farm, based on redime quantitative PCR amplifitan of DNA from soil. Samples were taken wt
the entire field was planted with spring wheat. The legend indicates the previous rotation crop (

strips.
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Figure 2.Distribution of populations oRhizoctonia oryzaand R. solanAG 21 in Field C of the Coc
Farm, based on senguantitative toothpick baiting method. These samples were taken three y
before the samples in Figure 1. Samples were taken when the entire field was planted with

wheat.
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Pythium abappressorium

Pythium irregulare grp. |

Pythium rostratifingens

Pythium irregulare grp. IV

WC = winter canola WP =winter pea SB = spring barley
WB = winter barley SC =spring canola SP = spring pea

Figure 3.Distribution of ppulations ofPythiumspp. in Field C of the Cook Farm, based on r
time quantitative PCR amplification of DNA from soil. Samples were taken when the entir
was planted with spring wheat. The legend indicates the previous rotation crop on tps. stri

30




