
Research Summary
The selection criteria used for the devel-

opment of modern small-grain varieties is based
on performance in environments where synthetic
fertilizers and biocides are applied to minimize nu-
trient deficiencies and pests.  Variety performance
in these environments may not be applicable to
purchased low-input/organic environments where
synthetic fertilizers and biocides are not used.  Our
objective is to identify small-grain varieties from
existing germplasm that are adapted to purchased
low-input/organic environments.

Eight seed lots representing five spring
wheat cultivars and fifteen seed lots representing
thirteen oat cultivars were sown in replicated and
randomized, small-plot adaptation trials in a certi-
fied organic field approximately 25 mi east of
Dickinson near Richardton, North Dakota.  Crop
development and weed biomass data were col-
lected.  The hard red spring wheat (Triticum
aestivum L.) cultivar ‘Stoa’ and the durum spring
wheat (T. turgidum L.)) cultivar ‘Meier’ produced
equal or greater amounts of grain compared with
other spring wheat cultivars.  However, protein
content was greater in grain produced by ‘Coteau’
than either Stoa or Meier.  There was a range in
yield of  27 bu/acre between cultivars in the oat
adaptation trial, but statistical restrictions prevented
differentiating oat cultivars on the basis of yield.
Mean biomass production by grass and broadleaf
weeds when combined was <600 lb/acre.

Introduction
North Dakota leads the nation in organic

production of small grains.  However, little effort
has been made at identifying small grain cultivars
adapted to organic environments in the state or even
the nation.  Conversely, the adaptation of small
grain cultivars under organic management  has
been considered in Europe.  Richards (1988) com-
pared grain yield and other traits of six oat culti-
vars in a field transitioning to organic management
in Scotland during 1987.  He concluded that rank-
ing of the varieties for yield was similar to their
ranking in fields managed conventionally, with one
exception.  Yield of the shortest and possibly least-
competitive cultivar was lower relative to the yield
of other cultivars when grown under organic man-
agement than conventional management. Results
of this study indicate that the relative performance
of oat cultivars may be different under organic man-
agement compared with conventional manage-
ment.

Nine spring-wheat cultivars were compared
under conventional and organic management in
Poland during 1989 and 1991(Poutala et al., 1993).
No differences in yield occurred among the culti-
vars when managed organically, while yields were
different between some of the cultivars when man-
aged conventionally.  Results of this study indi-
cate that the management system (organic and con-
ventional) did affect cultivar performance.  How-

Small-Grain Cultivar Selection for Organic Systems

Patrick M. Carr1, Bradley T. Brummond2, Tonya Haigh3, Hans J. Kandel4, Paul M. Porter5, Theresa

Podoll3, and Steve F. Zwinger6

North Dakota State University
Dickinson Research Extension Center1

ND Extension Service2

Carrington Research Extension Center6

Northern Plains Sustainable Agriculture Society3

University of Minnesota
MN Extension Service4

Department of Agronomy and Genetics5



ever, cultivar selection was not affected by man-
agement system since the highest yielding culti-
vars under conventional management also per-
formed as well as other varieties under organic
management.

Small-grain cultivar performance has been
compared under organic management elsewhere
in Europe (e.g., Richards, 1988; Samuel and
Young, 1989; Storey et al., 1993; Gooding et al.,
1999).  Unfortunately, none of the cultivars in-
cluded in these studies are grown in North
America and probably are not adapted to grow-
ing conditions in North Dakota.  Moreover, many
of the studies were conducted at only one loca-
tion for a single year (e.g., Rydberg, 1986;
Richards, 1988) and are of limited scientific value.
Other studies compared cultivar performance in
fields in transition to organic management and
were not in certified organic fields (e.g., Richards,
1988).  Our objective is to identify wheat and oat
cultivars that are adapted to organic environments
in North Dakota and Minnesota.  This paper sum-
marizes the application of this objective to south-
western North Dakota.

Materials and Methods
A limited comparison of spring wheat and

oat varieties was done on in a certified organic
field on a commercial farm southeast of
Richardton, ND, in 2001.  Eight seed lots repre-
senting five spring wheat cultivars and fifteen seed
lots representing thirteen oat cultivars each were
sown in plots arranged in a randomized complete
block with cultivar treatments replicated six times.
The plots were established using a small-plot
planter after the seedbed was prepared by the par-
ticipating organic farmer using standard practices
on his farm.  Wheat was sown at 1.8 million pure
live kernels/acre (41 live kernels/ft2) and oats at
1.4 million pure live kernels/acre (32 live kernels/
ft2) in 6 by 27 ft plots will be at least 4 by  20 ft
and arranged in a randomized complete block with
treatments replicated four to six times.  Data on
crop emergence and stand, seedling vigor, weed
biomass production, grain yield, test weight, ker-
nel weight, and protein concentration were col-
lected from each wheat plot.  These same data
except for protein concentration also were col-

lected from each oat plot.  The data were analyzed
statistically so differences in agronomic perfor-
mance between cultivars could be identified.

Results and Discussion

Wheat
More plants occurred at 14 days after seed-

ing (DAS) in plots where Coteau kernels from
coded seedlots Boehm, Schmaltz, or Kudrna was
seeded  compared with kernels from the Gustafson
seedlot (Table 1).  Fewer plants also were counted
at 21 DAS when the Coteau was established using
the Gustafson seedlot.  These data indicate that
importance that seedlot quality can have on plant
stand.

Coteau seedlings were less vigorous at 14
DAS when established with the Gustafson seedlot
compared with other seedlots of Coteau, as well
as with seedlots of other wheat cultivars (Table 1).
No differences occurred between seedlings estab-
lished with other seedlots or cultivars.

Coteau plants established with the Boehm
seedlot were equal in height or taller than plants
established from other seedlots at 14 DAS (Table
1).  No differences in plant height were detected at
21 DAS among plants established from the vari-
ous seedlots.

Less grain generally was produced when
Coteau was seeded compared with other spring
wheat cultivars, except when the Boehm seedlot
of Coteau was used (Table 1).  Conversely, protein
content generally was elevated in grain produced
by Coteau compared with other spring wheat cul-
tivars, and grain protein content of the Coteau cul-
tivar was lower when produced from the Boehm
seedlot than from the other three seedlots. Test
weight of grain produced by Parshall was equal or
heavier than the test weight of grain produced by
other cultivars, but the test weight of grain pro-
duced by all cultivar/seedlot treatments was >60
lb/bu.  Heavier kernels were produced by Kyle,
Maier, and Coteau when the Boehm seedlot was
used compared with other cultivar/seedlot treat-
ments.



Mean biomass production by grass and
broadleaf weeds was < 200 lb/acre when weeds
were harvested at 30 DAS (Table 2).  Mean biom-
ass production was < 600 lb/acre when weeds were
harvested around 90 DAS.  By comparison, biom-
ass production across the wheat cultivar/seedlot
treatments averaged almost 1400 lb/acre at 30 DAS
and almost 4000 lb/acre around 90 DAS.  The data
indicate that weeds contributed about 9% of total
plant dry-matter at 30 DAS and around 12% of
total plant dry-matter at 90 DAS.

The preliminary results of this trial suggest
that the hard red spring wheat cultivars Parshall
and Stoa may be better adapted than Coteau for
production in organic environments similar to the
one encountered in this study, if the only criterion
used to determine adaptation is grain yield.  How-
ever, an exception to this hypothesis exists since
no differences in yield between Coteau and the
other two cultivars occurred when the Boehm
seedlot of Coteau was used.  Coteau may be better
adapted than the other cultivars included in this
trial if the criterion for determining adaptation is
grain protein concentration.  A more thorough and
multi-year study is needed before cultivar recom-
mendations for spring wheat can be provided to
organic agriculturists in southwestern North Da-
kota.

Oats
Equal or greater numbers of plants occurred

at 14 and 21 DAS when Wabasha was seeded com-
pared with other cultivars (Table 3).  Conversely, few-
est plants occurred at 21 DAS when Paul from the
coded Gustafson seedlot was seeded, and at 14 DAS
when this seedlot or Hytest from the conventional
seedlot was used.  Plant numbers were similar at 21
DAS when Hytest from both conventional and or-
ganic seedlots were compared, but fewer plants oc-
curred at 14 DAS when Hytest from the conventional
seedlot was used.

Paul seedlings were less vigorous than seed-
lings of other cultivars at 14 DAS (Table 3).  Seed-
ling vigor was rated ‘high’ at 14 DAS for eight of the
fifteen seedlots included in the study.  However, plants
were less vigorous when established with conven-
tional compared with organic seedlots of Hytest oats.

Seedling height ranged from 2.8 in for Paul
to 3.8 in for organic Hytest at 14 DAS (Table 3).
No difference in plant height was detected between
oat cultivars at 21 DAS.

Grain yield averaged almost 49 bu/acre for
the cultivar and seedlot treatments included in this
study with oats (Table 3).  However, the high co-
efficient of variation percentage (CV%) prevented
differences in yield between treatments from be-
ing detected statistically.  There were differences
in grain kernel weight and test weight between
cultivars and seedlots.  Heaviest kernels were pro-
duced by AC Assiniboia and organic Hytest.
Heaviest test weights of grain were produced by
Hytest (both conventional and organic sources) and
Paul.

Mean biomass production by grass and
broadleaf weeds was < 100 lb/acre when weeds
were harvested at 30 DAS (Table  4).  Mean biom-
ass production was < 500 lb/acre when weeds were
harvested around 90 DAS.  By comparison, biom-
ass production across the oat cultivar/seedlot treat-
ments averaged over 800 lb/acre at 30 DAS and
almost 3400 lb/acre around 90 DAS.  The data in-
dicate that weeds contributed about 9% of total
plant dry-matter at 30 DAS and around 11% of
total plant dry-matter at 90 DAS.

Conclusions/Implications of Research
Readers are cautioned to infer much from

this preliminary study.  However, results of wheat
and oat cultivar comparisons in a certified organic
field indicate that some cultivars may be adapted
better than others to organic environments, based
on agronomic performance.  This work will con-
tinue in 2002, thanks to the support of both the
Organic Farming Research Foundation and the
Wheat Subcommittee of the North Dakota State
Board of Agricultural Research and Education.
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