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Background

Organic farming presents unique challenges that include limitations in available soil nutrients and
interference from weeds. Due to the unique stresses found under organic management, selecting crop
cultivars for organic crop production underganic production systems is recommended. Previous
research conducted at the University of Manitoba has demonstrated that performance of spring wheat
(Triticum aestivunt..) in organic systems is improvethi plant breeding processccurs undegctual
organicfield conditions.

A further step in developing crop cultivars adapted to organic production systems is to iraohesd
directly in the selection process through participatory plant breeding (PPB). BE@&laboration
between researchers anfdrmers that aims to restore the place of farmers in the plant breeding
process. In Canada the majority of cultivar development occurs under conventional management in
environments that have been made homogeneous through the use of chemicals andeferiidize to

the more diversenature of organic farms, involving farmers in the plant breeding process by having
them conduct selection cfarm may be particularly beneficial to organic farmers.

A PPB program for spring wheat was initiated by the Unityeo§iManitoba in collaboration with
Agriculture and AgiFood Canada (AAFC) in 2011. A plant breedele the cross angrovided early
generationpopulations to farmers locateith Manitoba After three years of ofarm selection, the
farmer-selected what populations were returned to the University of Manitoba for further testitg.
2014, we tested all of the farmer selected populations in a common study at the Carman research



station. The objective was to teield performance and quality of farmeelected wheat populations
andcompare them with some registered varieties. The plots were grown on thetéonmgorganic land
at Carman.

Methods

Part 1¢ Getting farmers involved

Early generation (F& 3 generation) wheat populations from the organic wheat breeding program

the University of Manitobavere distributedto eight farmersdcated in Manitoba in 201 F{gure 1).

With input from the plant breeder and coordinator, tiparticipating farmers chose&heat popuhtions

based on the known characteristics of the parental lineach farmer chose three populations and was

given 5,000 seedsf eachpopulation in order to seed a 20rarea. Plots were seeded on farm using a

garden seeder or by hand and selections owedi throughout the growing season based/ G KS T NI S N.
preferences.

Selections were made throughout the growing season by removing undesirable plants from the
populations, with final selections being made at harvest. At harvest farmers selected iamguiedy 300
spikes/population to move forward to the next generation, with the exceptibone of the

participating farmers who bulk harvestéige plots The selected spikes were sent to the University of
Manitoba for threshing and cleaning and returniedthe farmers the following springThis process was
repeated for 3 consecutive years: 2011, 2012 and 2002013, the F6gr 6" generationwas

harvested bythe participating farmers.
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Figure 1Location ofthe farms in the participtory wheat breeding program 2011.

Part 2¢ The research trial

To evaluate the field performance and quality of the farrsekected populations the H6"™ generation)
farmer selections were seeded in a replicafedd experiment athe Universityof Manitobaresearch
farm nearCarman, ManitobaCheck cultivars were included in the study for comparison purpo&es.
complete treatment list can be found in Table 1.

The field experiment was replicated four times and the plot size was Zatawas collected
throughout the growing season on plant density, lgaeason vigour, growth stageaf diseasg leaf
and stemrust, fusarium head blightrop and weed biomass, height, days to maturity, lodging, spike
density, yield and harvesdex. Thasand kernel weight wameasured pet-harvest, and a subsample
of seedwasanalyzed for macro and micronutrients.
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Table 1 Treatmenthameandpedigree (female parent/male parendf the treatments included in the
study. Farmer selected population®re selected under organic crop production as part of the
participatory plant breeding (PPB) projecheck cultivars were selected under conventional crop
production

Treatment Pedigree

Farmer selected populations

BJO8IG BW430/BW897

BJ22IG 3X%134*FA0067/BW880
BJ23IG BD94B*D0371/BW880
BJ26KS NDO04/321/BA51*B92
BJ32KS BD92A*D0621/BW410
BJ18KS BW429/BW880

BJ11CG ACS 54608/Waskada
BJOBCG BW430/BW897

BJ16SC ACS 54608/BW342
BJ11SC ACS 54608/Waskada
BJ25SC NDO04/321/BW874
BJ28MW SD3948/BW880
BJ27TMW SD3948/97B649A3
BJO3HRE HW341/BW342
BJ13HRE BW433/BW430

BJ2HRE 3X%134*FA0067/BW875
BJ11KB ACS 54608/Waskada
BJOA-KB HW341/Vesper
BJ10AKB ACS 54608/BW342
BJOSGM HW341/Waskada
BJ15GM BW425/BW430

BJ43GM 3X1134*FA0067/BW342
PAOGKBAL Red Fife/5602 HR
Check cultivars

AC Cadillac Pacific*3/BW553

Glenn ND2831/SteeleND

AAC Brandon Superb/CDC Osler//ND744
Carberry Alsen/Superb

Unity McKenzie*3//BW174*2/Clark
ACVesper A/HWA/[*3ACBarrie/6/BW150*2/Tp/Tm/3/2*BW252/4/98A190/5/Sup
PT245 Somerset/BW865

The initials of thdarmer that selected the population have been added to the population nailmsome cases more than one
farmer received the same population.
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Results
Agronomic Characteristics

Days to maturity (DTM), height, lodging, yield and thousand kernel weighltsefor all treatments
included in thefield study are presented in Tali?e

Table2. Days to maturity (DTM), height (cm), lodging index, yield (KY, tlaousand kernel weight
(TKW), and protein of all treatments included in the study.

Height Yield

Treatment DTM (cm) Lodging (kg ha) TKW (Q)
BJO8IG 98 102 3.7 4658 35.0
BJ22IG 99 103 15 4983 35.2
BJ23IG 98 100 3.0 4928 33.6
BJ26KS 94 101 3.5 4622 31.2
BJ32KS 96 99 3.8 4027 32.4
BJ18KS 100 103 4.5 5318 32.1
BJ11CG 105 103 5.3 4788 34.0
BJO8CG 103 103 3.3 5095 33.0
BJ16SC 100 92 2.8 4750 32.2
BJ11SC 104 103 3.8 4740 32.6
BJ25SC 103 91 4.5 4536 32.5
BJ28MW 98 100 1.8 4834 33.0
BJ27AMW 95 96 3.3 5102 34.6
BJO3SHRE 98 93 3.0 4457 33.1
BJ13HRE 99 104 4.0 4635 36.2
BJ21HRE 99 94 1.8 4856 34.7
BJ11KB 103 103 3.3 5081 35.6
BJ04KB 99 100 2.8 4311 35.5
BJ106KB 101 109 2.8 4716 34.8
BJO5GM 100 99 2.5 4184 35.0
BJ15GM 100 103 3.3 4332 35.6
BJ43GM 102 96 2.5 4041 34.9
PAOGKBAL 101 108 4.5 4453 35.0
ACCadillac 96 102 4.5 4437 36.2
Glenn 99 91 1.3 4834 32.6
AAC Brandon 97 83 25 4272 37.2
Carberry 97 81 1.8 3315 33.8
Unity 98 98 3.5 5108 37.4
AC Vesper 94 93 2.0 5050 36.4
PT245 93 91 1.0 3591 34.5
Pr>F <.0001 <.0001 <.0001 <.0001 0.0449
LSD 4.23 3.60 1.01 505 4.9

19 rating scale, with 1 given to plots with erect stems and 9 given to plots with plants that are flat on the ground.
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Farmer selected populations compared to conventionally selected checks

Tocompare the farmer selected populations to the gentionally selected checkseatmentswere
combined andanalyzed as two groups: farmer selected populations@m/entionally selectedhecks.

EarlySeasorVigour

Early season vigour was visuaiiyed and took into account the general health and appearance of the
plants, row cover and tolerance to harrowi(feigure 1) There were significant differencesearly

vigour across treatments, and @ group the farmer selectgabpulationsdisplayed sigificantly greater
early vigour than the comntionally selected varieties (Figuzé\).

Figre 1A tmentwi poor earl season
vigour (left) compared to a treatment with
good early season vigour (right).

Leaf Disease

Leaf disease waseasured at heading analant maturity by visually estimating the percent of the flag
leaf surface area that showed symptoms of diseaBeere were significant differences between
treatments at maturity, but not at heading. When analyzed as a group tliere no significant
differences between the farmer selected populations and¢haventionally selectedheck varieties
(Figure2B).

Plant height

As a group the farmer selected populations were significantly taller than the conventionatijesele
ched varieties Theaverage height of the farmer selected populations ®asn taller than the
conventionally selected check varieties (FigRe.
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Days to maturity

There were significant differences across treatments for days to maturity. As a group the farmer
selected populations matured four days later than the conventionally selected check varieties (Figure
2D); however, there were large differences in days tdurity between treatments.
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Figure2. Farmer selected populations compared to the conventionally selected check vafietié3
early season vigouwisually rated with a 44 rating scale with 4 Hag the most igourous), B) percent of
flag leaf showing symptoms of leaf disegSgplant height andD)days to maturity.A P value of <0.05
indicates a significant diffence between the fameselected populationand conventiorally selected
check varieties.

Lodging

Lodging was rated using &9lrating scale wit a rating of 1 given to plots wittompletely erect stems
and 9to plots withplants that are flat on the grounFigure 3) There were significant treatment
differences in lodging and as a group the farmer selected populations lodged more than the
conventionally selected checks (Figd#s). On average, the farmer selected populations received a
lodging rating of 3, while the conventionally selected checks were radeal2 Figure 3.
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Figure 3Wheat plots a the time lodging was evaluated. Plots with a lodging rating of 1 (lef
(middle), and 5 (right).

Yield

There were significant yield differences between treatments. As a group the farmer selected
populations yielded significantly higher than the conventionally selected checks (BRjuré©n average
the farmer selections yielde8 bu a¢" greater than theconventionally selectedheck varieties.

Thousand kernel weight

There were significant differences in thousand kernel weight across treatments, but there was no
significant difference between the farmer selected populations and the conventionally sttletobeks
(Figure4C).

Kernel numbeper unit area of land

Kernel number per unit of land is a measure used by plant breeders and crop physiologists to better
understand the yield potential of cereal crops. It is generally accepted that yietdadlcrops like rice,
wheat,andoats are limited by the seed numbper unit area of land. Resulv$ thiswork show that

there were significant differences in kernel numiper unit area of landcross treatments. On average,
the farmer selected populationsad 700more kernelsm™? than the conventionally selected checks
(Figure4D). This result demonstrates that farmers were indeed increasing the yield potentighared

to the conventionally bred varietiesan exciting development.
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Figured. Farmer selected populations compared to the conventionally selected check varieti@s$ for:
lodging (29 rating scale with a higher number indicating more lodgiBpyjeld (kg/ha) C)thousand
kernel weight (TKW)yandD) kernel number per unit areaA P value of <0.05 indicates a significant
difference between the fameselected anadtonventionally selectedheck varieties.

How do farmer selections shape a pdgtion?

Havingmorethan one farmemake selections in the same populatiprovidesa unique opportunity to
see how the person making the selectiongheir particularselection environment influensghe
population. While the populations started out the same, the charasties of these populations shifted
over the three year period of afarm selection.

There werethree populations that were distributed to more than one farmeéResults showed that
thesepopulations weresimilar in termsf yieldandamount of leaf disese There were, however,
differences in early season vigour, height, days to maturity, and lodging (Bigure

Early season vigour

There were significant differences in early season vigour in the population BJ11, witteletidd by
farmer SQBJ11SChaving greateearly season vigour than BJ11 selected by farmer KB-(E&)1 1
(FigureBA). Differences in early season vigour between the same population selected by two different
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farmers are likely due to the selection environment since thésdbaracteristic that has not been
directly selected for. Farmeselected populations with greater early season vigour mase tread
greater weed competition early in the growing season during thdaom selection period, which would
have resulted irtolecting seed fronthe most vigourous plants The treatment with greater early
season vigour may have also been a better quality seed sample which may have resulted in faster
germination, orthe population may haveeen more tolerant to harrowing.

Height

The populatiorBJ1Ghadsignificant height differences between treatments selected by two different
farmers(Figure 8B)with BJ10selected by farmer KB (BJK®)measumg17 cm taller than BJ10

selected by farmer SC (B3&Q)Figure5). In general, te farmer selected populations were taller than
the conventionally selectedheck varieties, but comparing the individual farmer selections shows how
much of an influence the person making selections has on a populiatjost three years. Thieeight
difference between the farmer selectioislikelydue to the¥ | NJYpgeleBerizefor taller or shorter
wheat.
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Figure 5.Te population BJ28C (left) measuring 92 cm tall compared to EKIB(Iright at 109
cm.
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Days to maturity

There was asignificant difference in days to maturity in thepulationBJOgFigure 8C)with BJO8
selected by farmelG (BJ08G)reachingmaturity in 98 days, while BJO8 selected by far@&BJ08CG)
reached maturity in 103 day§igureb6). The five day diffeence in days to maturity between these two
populations may be explainda the selection environment. BJI8 was selected in the Brandon area,
which on average has a 10 day shorter frost free period than Carman, Manitoba wher€ BI08&s
selected. Whathappened in this case is that the farmer from the shorter season reagitually
producedr ¢ KSI (i & @Hadids Matwity fasiekan the farmer from the longer season region.
This is a good example of how genetically diverse populations cailbeet to the environment where
they will be grownand the importance of farmer involvement in the early plant breeding process

Figure 6.The population BJOES (left) reached maturity in 98 days compared to B3@8
(right) which reached maturityni103 days.

Lodging

There were significant differences in the amount of lodging in population @dddre 8D)with BJ11
selected by farme€G(BJ11CG) lodging more than BJ11 selected by far8€X8J11SC) and KB (B311
KB)(Figure7). Differences in the amount of lodging between farmer selections may be due to a

combination of the selection environment and the person making the selections. Soils that are very high

in fertility tend to result in greater issues with lodging, and whenehgre population is lodged it is
difficult to make selections. If some lodging occurs within a population during the three years of on
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