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Winter Wheat Calendar

Month *Days General Guideline for Important Dates See Section
1+ Soil test: Should be done as close to seeding as pos- Soil Fertility and Nutrient
sible, while allowing time to receive analytic results Management
15-20 Optimum seeding time (Peace Region) Seeding Management
August
15-31 Fall fertilizer application; may be banded or seed placed Soil Fertility and Nutrient
at seeding Management
15-31 Optimum seeding time (Vermillion) Seeding Management
1+ Scout for Grasshoppers Insects
Begin scouting for winter annual and perennial weeds; Integrated Weed
1+ : - :
control with herbicides if necessary Management
1-10 Optimum seeding time (Lacombe) Seeding Management
11 Average first frost date for Northern Alberta Crop Rotations
12-15 Average first frost date for Central Alberta Crop Rotations
September
Fqll fertilizer _appl|cat|on; can be broadcast or bgnded Soil Fertility and Nutrient
1-20 prior to seeding, or banded or seed-placed at time of
: Management
seeding
10-20 Optimum seeding time (Lethbridge) Seeding Management
15-23 Average first frost dates for Southern Alberta Crop Rotations
1-30 Begin scouting for Wheat Streak Mosaic Virus Diseases
1-30 Continue scouting for Wheat Streak Mosaic Virus Diseases
R Continue scouting for winter annual and perennial weeds, | Integrated Weed
control with herbicides if necessary Management
Evaluate snow cover and note freeze/thaw cycles, and . .
November : . . . Winter Survival
Chinooks, as these factors can impact winter survival
Evaluate snow cover and note freeze/thaw cycles, and : .
December : : . . Winter Survival
Chinooks, as these factors can impact winter survival
Januar Evaluate snow cover and note freeze/thaw cycles, and
y Chinooks, as these factors can impact winter survival Winter Survival
February Evaluate snow cover and note freeze/thaw cycles, and Chinooks, Winter Survival

as these factors can greatly impact winter survival
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Winter Wheat Calendar

Month *Days General Guideline for Important Dates See Section
Begin scouting for Snowmold at spring melt Diseases
1+ Evaluatg winter survival, don’t be too hasty about plowing down Winter Survival
March a seemingly bad stand
. . I~ " Soil Fertility and Nutrient
20-30 Spring fertilizer application, as soon as conditions are favorable Management
. . o " Soil Fertility and Nutrient
1-15 Spring fertilizer application, as soon as conditions are favorable Management
. ~15 Begin Scouting for Cereal Leaf Beetle Insects
April
1-30 Scout for Wheat Streak Mosaic Virus Diseases
Scout for perennial and summer annual weeds; control with Integrated Weed
herbicides if necessary Management
1-30 Scout for Tan Spot while plant is tillering and low to the ground Diseases
) Begin scouting for Stripe Rust; scouting should be conducted .
1L often until 35-45 days prior to harvest Dlelses
15-30 Begin scouting for Cutworms Insects
May 15-30 Begin scouting for Wireworms Insects
14-20 Average date of last spring frost (Southern Alberta) Crop Rotations
18 Average date of last spring frost (Northern Alberta) Crop Rotations
19-25 Average date of last spring frost (Central Alberta) Crop Rotations
1-30 Continue scouting for Wheat Streak Mosaic Virus Diseases
1-15 Continue scouting for Cutworms Insects
1-15 Continue scouting for Wireworms Insects
June 20-30 Begin scouting for Wheat Stem Sawfly Insects
. : Integrated Weed
Conduct herbicide efficacy checks Management
1-26 Scout for Fusarium Head Blight Diseases
July
1-31 Continue Scouting for Wheat Stem Sawfly Insects

* Days are approximations only; environmental conditions, previous cropping history and other factors may cause variations. This
Calendar should be used as a guideline only.
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Why Grow Winter Wheat?

Winter wheat production has moved from 450 thou-
sand acres (182 thousand hectares) in 1978 (Univer-
sity of Saskatchewan, 2002) to 1654.6 thousand acres
(669.5 thousand hectares) in 2011 across Canada
(Statistics Canada, 2011), yet many farmers remain
hesitant to incorporate it into their rotations.

Improvements to winter hardiness and expanded dis-
ease resistance have led to the development of varieties
that can be successfully grown across a larger, more en-
vironmentally diverse area. See Seeding Management.

Winter wheat's benefits are often overlooked when
comparisons are made solely on grain prices. As with
any production decision, net returns should be consid-
ered not gross revenue alone. Additionally, less mea-
surable benefits such as reduced soil erosion, habitat
contributions for waterfowl and rotational benefits are
other reasons to grow winter wheat. This publication
compares several advantages and disadvantages for
winter wheat cropping in Alberta, reflecting the Uni-
versity of Saskatchewan’s Winter Wheat Production
Manual (University of Saskatchewan, 2002).

Advantages to Growing Winter Wheat Disadvantages to Growing Winter Wheat

Fall, winter and spring moisture can be used more efficiently

Lower protein content than Hard Red Spring Wheat (HRSW)

Crop yields are affected positively by an increase in available
soil water

Rotations and harvest must allow for early seeding

Early spring growth by winter wheat reduces annual weed
competition and reduces the need for in-crop herbicides

Historically price of winter wheat compared to HRSW

Winter wheat fits well into a reduced or no-till agricultural
system

Potential for winter kill

Soil erosion is reduced in conventional tillage systems by the
presence of a winter crop

Green bridge can vector pests such as Wheat Streak Mosaic
Virus and Barley Yellow Dwarf

Reduced insecticide use

Time and equipment constraints during harvest season

Reduced fungicide use

Viewed as a higher risk crop in some regions

Avoids pests (including wheat midge) due to advanced staging

Reduced risk of Fusarium Head Blight and Ergot due to early
development and maturity

Reduced selection for herbicide resistance in weeds

Potential for an earlier harvest than spring wheat

Enhanced diversity of the cropping system

Enhanced nesting area for upland birds

High yield potential (15-40% more than spring seeded wheats)

Profit Potential

The high yield potential of winter wheat can result in higher profits. Further, decreased herbicide, insecticide and
fungicide use can result in decreased overall costs. By expanding the seeding and harvest window, fewer machines
(combines, truck, etc.) and operators are needed, allowing producers to farm more acres with lower overall costs.

<45 p
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Why Grow Winter Wheat?

Cost Determination and Comparison

As a result of the constantly changing economic envi-
ronment that agriculture operates in, costs can vary be-
tween regions and in time. Alberta Agriculture and Ru-
ral Development (AARD) has several online calculators
to determine a specific operation’s costs, yearto-year.

There is no additional cost (or discount) associated with
seeding winter wheat. Regardless of seeding method,
the same number of passes over the field would have to
be made as with spring wheat. There are varietal dif-
ferences in seed cost, yield, winter survival, and selling
price. For more information on this, see Marketing and
Seeding Management.

Cost of Production - Crop Enterprise

Available at:
http://www.agric.gov.ab.ca/app21/Idcalc

Note:

Depending upon the soil zone selected, winter wheat may not
be available to select as a crop type. However, all variables can
be manually edited in subsequent windows. Canadian Prairie
Strong or Spring Wheat can be selected and then manually ed-
ited to reflect Winter Wheat.

Expected Profits

In the past, winter wheat market prices were consider-
ably lower than spring wheat classes, such that producers
were not interested. This situation is changing, as premi-
ums paid for the recently developed, high protein Cana-
dian Western Red Winter (CWRW) Select varieties have
made winter wheat more similarly priced to some Canao-
dian Western Red Spring (CWRS) wheats (Figure 1).

Evidently, crop returns fluctuate between years, depend-
ing on many factors such as oil prices, world produc-

tion levels, and global demand. Producers must not
guide themselves solely on what the highest-quality and
protein varieties are, but also by what is the most conve-
nient variety for their operation. Additional factors such
as, winter wheat's “marketing flexibility,... potential for
early movement,... and more efficient storage” (Ducks
Unlimited Canada, 201 1b) should then be considered
when thinking of incorporating winter wheat into a
cropping rotation. See Marketing.

Historical Payments for Canadian Wheat Classes

1CPSR
1CWRS
mmm | C\V Feed

1994-95 1996-97 1998-99 2000-201 2002-03

Figure 1. Payments, by class, from 1994 to 2011.

$10.00

$0

2004-05 2006-07 2008-09 2010-1

(Composed from Canadian Wheat Board data on final historical payments and the Price Return Outlook for 2011-12, as of Oct 27, 2011.)
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Marketing

Wheat Price Influencers

Global prices for grains, including wheat, have reached historic highs in the past 5 years. Whether prices are in-
creasing or decreasing, multiple factors and their interactions impact the price of wheat (Table 1).

Supply

World’s supply. Decrease in supply = increase in price.

Demand

Canada exports wheat all over the world for food and feed. World’s
population is increasing. Ethanol production is increasing.

Wheat Price Currency
Influencers

Global commaodity markets are determined in US dollars.
Countries’ relative currency value compared to the US dollar is
important.

Speculators

The increase in non-traditional investors in the commodity market
has created increased volatility.

Big Shocks

Violent weather can result in a loss of crops. Wars can result in a
stoppage of trade.

Table 1. Factors Influencing Wheat Price(McCalla, 2009)

Supply

The price of wheat is influenced by the world's sup-
ply of wheat. If the supply is lower than normal, the
price tends to be higher. Globally, the main export-
ers of wheat and, as a result, influencers of sup-
ply, are Canada, Argentina, Australia, the United
States, and The European Union (Figure 1) (Canao-
dian Wheat Board, 2011).

Trade barriers imposed by countries, which influ-
ence the amount of wheat another country can ex-
port, influence the supply of wheat. Wheat yields
also have an effect on the supply. The decrease
in land available for production, due to climate
change and urban sprawl, for example, also im-
pact the supply. Additionally, the price of other
crops will influence a producer’s decision to grow
wheat, depending on how profitable wheat is rela-
tive to other crops (McCalla, 2009).
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Competition in Global Markets (5 year average)
% of Global Trade - WHEAT

Canada

Argentina

- 16%
13%

9%

12% Australia

23%

u.S.
Others

Figure 1. The percentage of total wheat sales in the world. This chart is not
limited to CWRW wheat. Canada makes up about 16% of wheat sales in the
world. (Canadian Wheat Board, 2011)
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Marketing

Demand

Global demand for wheat will have an
influence on the price. As demand increases,
the price usually increases as well. Canadian
wheat is exported all over the world. The
majority of Canadian wheat is sold to Iraq,
Bangladesh, the United States, and Japan
(Canadian Wheat Board, 2011). The map in
Figure 2 shows the approximate percentage
of total Canadian wheat sales globally.

As the world’s population continues to in-
crease, so too will the demand for wheat.
The populations of developing countries are
increasing at a much faster rate than those
of developed countries. These developing
countries will require more food to feed their
mounting populations. Figure 3 illustrates the
predicted growth rate of the world’s popu-
lation up to the year 2030 (Population Di-
vision of the Department of Economic and
Social Affairs of the United Nations Secre-
tariat, 2010).

The demand for Canadian Western General
Purpose (CWGP) wheat is influenced by
the amount of animal feed required and the
amount of ethanol being produced. Since
ethanol is considered a green fuel, which re-
duces greenhouse gas emissions, production
is expected to increase (Figure 4). Further,
the Canadian government has mandated
minimum levels of biofuels be blended into
fuel currently sold in Canada (Mukhopad-
hyay and Thomassin, 2011).

160
140
World Ethanol Production
120
100
80
60
40
20

0

2009 2010 2011
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15% = 12%

10% 20%

13%

20%

s

Figure 2. Distribution of Canadian wheat sales globally. This map is not limited to sales of
CWRW wheat and includes all sales of Canadian wheat. (Canadian Wheat Board, 2011)
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Figure 3. Predicted increase in the world’s population up to the year 2030. The blue represents
the population of developed countries while the yellow represents the population of developing
countries. The population of developing countries is expected to increase at a much greater rate.
As the world’s population increases, the demand for wheat will likely increase. (Population Divi-
sion of the Department of Economic and Social Affairs of the United Nations Secretariat, 2010)

Figure 4. Estimated levels of biodiesel and ethanol production in the world until 2018. (Food and
Agriculture Organization of the United Nations, 2009)

World Biodiesel Production

2012 2013 2014 2015 2016 2017 2018
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Currency, Speculators and Big Shocks

The value of a country’s currency in relation to the US
dollar is important for importing and exporting. Since
all global commodity markets are determined in US
dollars, this will influence how much of a particular
commodity a country can buy. If a country’s currency
is worth more than the US dollar, commodities such as
wheat will be less expensive for that country to buy.

Speculation in the market also influences commod-
ity prices. Speculators are people who buy and sell
commodities in large quantities for the sole purpose of
making money. They do not physically take possession
of the commodity being traded, but rather trade con-
tracts in an attempt to make a profit. The increase of
nontraditional investors in the commodity market has
amplified the volatility of the market. However, these
speculators are unlikely to drive a sustained increase
in price.

Finally, big shocks are a reference to any unexpected
event that can cause a large change in supply. Prob-
lems such as violent weather, which can destroy large
portions of a crop in a country, and wars, which can
result in the stoppage of trade, will influence the price
of wheat. Also, countries in Europe and North Ameri-
ca, as well as Australia, have all decreased their stock-
pile of grain. This means that a big shock can have a
large influence on the price due to the fact that there
are no longer substantial stockpiles of grain to coun-
teract the supply shocks. It is difficult to predict when
and how severe big shocks will be until after they have
occurred (McCalla, 2009).

Winter Wheat Markets

Winter wheat has been grown on the Canadian Prai-
ries since the early days of wheat production. In the
mid-1980s, a large increase in the acres of winter
wheat seeded occurred, followed by a return to aver-
age levels. Again in the last few years winter wheat
acres saw a considerable spike, as the amount nearly
doubled. Winter wheat typically yields higher than
spring wheat due to its ability to take advantage of the
spring moisture and the longer growing season. How-
ever, the protein levels of winter wheat are typically
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Western Canadian Wheat Production

2005 - 2009
15144
12
9
6
4.24
> 2
1.16 1.25
0.05 0.24 0.50

CWRS (PSR PSW CWES  CWHWS  CWRW CWAD

Figure 5. Classes of wheat grown in Western Canada and their respective pro-
duction (million tonnes), 2005-2009. (Canadian Wheat Board, 2011)

lower than that of spring wheat (Graf, 2011; McCal-
lum and DePauw, 2008). Even though winter wheat
has some advantages over spring wheat, the acres of
winter wheat grown in comparison to CWRS are low

(Figure 5).

Winter wheat is segregated into two classes for mar-
keting purposes:

Canadian Western Red Winter (CWRW)
Canadian Western General Purpose (CWGP)

Traditionally winter wheat was grouped into the
classes CWRW Select and CWRW Generic, where
“select” varieties were meant for milling and the “ge-
neric” varieties were of lower quality and bred for
feed or industrial purposes. With the creation of the
Canadian Western General Purpose (CWGP) class in
2008, any new varieties that would have been placed
in the “generic” class have been registered as CWGP.
In addition, by August 1, 2013, the existing CWRW
Generic varieties will be reclassified as CWGP (Gradf,
2011), with the exception of CDC Falcon which will
take effect one year later (August 1, 2014).

CWRW

CWRW wheat is primarily sold as milling wheat. It
can be used in the production of bread and other
baked goods, as well as for the making of pasta (Graf,
2011). Previously, this class of wheat had to be sold

Winter Wheat Production Manual



Marketing

through the Canadian Wheat Board (CWB). Producers
may now market their CWRW wheat through a private
company or the CWB. Profitability is determined by the
price a producer receives and the total yield. The price
of wheat is, in turn, dependent on the market value and
the quality of the grain. CWRW wheat grading stan-
dards are outlined in Figure 6.

CWGP

CWGP wheat is a relatively new class of wheat. It was
created in 2008 and is made up of varieties of wheat
that are high yielding but do not have the desirable high
protein, milling and baking qualities of other wheats.
CWGP wheat is mainly used for ethanol production,
animal feed and other industrial purposes.

Canadian Western Red Winter (CWRW) Wheat

Export grade specifications*

Minimum test weight, kg/hL
Minimum protein, % (13.5% moisture basis)

Total foreign material including other cereal grains

Wheats of other classes or varieties

Damage
Fusarium damage, %

Heated, %
Smudge, %
Sprouted (total), %

Total damage, %

Shrunken and broken
Shrunken, %
Broken, %

Total, %

Figure 6. Grading specifications for CWRW wheat.
(Canadian Wheat Board, 2011)
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No 1 CWRW

79.0

11.0

(Max.) 0.4% including
0.2% other seeds

(Max.) 3% including
1% contrasting classes

0.8
0.05
0.30

0.5

2

No.2 CWRW

76.5

11.0

(Max.) 0.7% including
0.2% other seeds

(Max.) 5% including
2% contrasting classes

1.0
0.1
3
1.0

5

No. 3 CWRW

74.0

No minimum

(Max.) 1.3% including
0.2% other seeds

(Max.) 10% including
3% contrasting classes

1.5
0.5
b
25
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Seeding Management

Variety Selection

Winter wheat varieties are available for all production
areas of the Prairies. Selecting an appropriate variety
with the right mix of characteristics for your region is a
critical decision that will influence your success.

Winter wheat varieties in western Canada are desig-
nated into two classes:

Canada Western Red Winter (CWRW) is a hard
wheat exhibiting excellent milling quality available
in three milling grades. Both No. 1 and No. 2
CWRW have a minimum protein requirement of
11%, while No. 3 CWRW does not have a mini-
mum protein requirement. For more information
please see the Canadian Grain Commission web-
site at www.grainscanada.ge.ca. Flour produced
from high grade CWRW wheat performs well in
the production of hearth bread (such as French-
style bread) and certain types of noodles, and is
also suitable for the production of various types of
flat bread, steamed bread and related products.

Canada Western General Purpose (CWGP) are
typically higher yielding varieties that are most
suitable for ethanol product or animal feed. Vo-
rieties of this class do not meet the strict quality
requirements of the CWRW class but may have
a similar appearance. General Purpose winter
wheat varieties may have hard or soft kernels and
are red or white.
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Making a Variety Choice

(Source: Graf, Briggs & Sieusahai, 2011)

1. Collect information such as Provincial Variety

Guides, seed sources, and consider other producer’s
experiences with growing various varieties. Two
examples are below.

Alberta Seed Guide:
http://www.seed.ab.ca/index.html

Variety Selection Tool:
http://www.usask.ca/agriculture/plantsci/winter_cereals/index.php

. Identify critical needs and wants. For this step do

not initially look at yield, but instead at non-yield
characteristics. Prioritize what traits are critical and
decide on target ratings, unacceptable and accept-
able ratings. Examples of non-yield characteristics
include: winter survival, maturity, lodging resis-
tance, protein content, and various types of disease
resistance.

. Eliminate varieties that do not meet your critical

needs. For example, if you feel that a variety must
have a “Good” rating for winter survival, then all
varieties with ratings in lesser categories should no
longer be considered.

. Compare yield potential among the remaining

candidates.

Winter Wheat Production Manual



Table 1. 2013 Winter Wheat Performance in Alberta. Yield, maturity and protein content are all given relative to CDC OSPREY, which is the common check variety.

(R. Graf, AAFC, Lethbridge). Original source: Table prepared, reviewed and approved by: Alberta/British Columbia Grain Advisory Committee

Seeding Management
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Seeding Management

Important factors to consider when choosing your variety

Marketing Opportunities

Variety selection may be influenced by marketing op-
tions. CWRW varieties may be sold as a milling or in-
dustrial wheat. While CWGP varieties are for fuel or
feed end uses. See Marketing for more information.

Producers are reminded that as of August 1, 2013, the
Canadian Grain Commission will remove CDC Clair,
CDC Harrier, CDC Kestrel and CDC Raptor from the
CWRW class and place them into the CWGP class. The
same will occur for CDC Falcon on August 1, 2014.
These changes have been incorporated into Table 1.

Winter Hardiness

Adequate winter hardiness is particularly important
when growing winter wheat outside the Chinook belt of
southern Alberta and when seeding conditions are sub-
optimal. Long term evidence has shown that a winter
hardiness rating of “Fair” is usually adequate in most
areas of the prairies in most years.

Ideally, plants entering freeze-up should be at the three
leaf stage with healthy crowns. Seeding beyond the
recommended seeding date range, and/or info inad-
equate standing stubble will often influence both win-
ter survival and yield. See Winter Survival. Therefore,
seeding should normally be completed by the end of the
first week of September for most areas in western Can-
ada. In Parkland areas of Saskatchewan and Alberta,

Canada Western Red Winter (CWRW)

\/G:  CDC Osprey, CDC Buteo, Norstar, Radiant

G:  Emerson. Moats

F: AAC Gateway, AC Bellatrix, Flourish, McClintock
P: AC Readymade, AC Tempest

Canada Western General Purpose (CWGP)

\/G: CDC Clair, CDC Kestrel, Peregrine, Pintail

Accipiter, Broadview, CDC Harrier, CDC Ptarmigan,
CDC Raptor, Sunrise

F: CDC Falcon

G:

Table 2. Winter Survival Ratings for Winter Wheat Varieties by Class.
VG= Very Good. G=Good. F=Fair. P=Poor. (R. Graf, AAFC, Lethbridge).
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seeding by the end of August is recommended. Agro-
nomic practices that enhance crop health and vigour,
particularly under suboptimal conditions, will often help
to ensure an adequate plant stand in the spring.

Disease and Pest Resistance

When selecting a variety, consider disease and pest
concerns that are common in your region. See Table 1
and the Diseases section for ratings and more specific
information.

Producers in all areas should be concerned with the
potential for common bunt infection, as most varieties
are highly susceptible. In Alberta and western Saskatch-
ewan, stripe rust tends to be more of a threat than in the
eastern prairies, where resistance to stem and leaf rust
and Fusarium Head Blight are of particular concern.

Producers should keep in mind that a two week break
to avoid a “green bridge” of plant material between
harvest and planting is important in controlling Wheat
Streak Mosaic Virus. While Radiant has resistance to
the wheat curl mite vector of this disease, there is com-
pelling evidence that the mite can evolve to overcome
this type of resistance. Therefore, good agronomic
practices are important and will help to prolong the ef-
fectiveness of the resistance incorporated into Radiant.

While it has not been a problem for several years, farm-
ers in southern Saskatchewan and Alberta should also
scout their fields for evidence of Russian wheat aphid
feeding. While the aphid will not over-winter, feeding
on young seedlings in the fall will weaken the plants,
making them more prone to winter injury. At the current
time, all winter wheat varieties in western Canada are
susceptible to the Russian wheat aphid.

The most common diseases and pests that breeders are
working towards resistance are:

® Leaf Rust

e Fusarium Head Blight

® Wheat Streak Mosaic Virus

® Wheat Stem Sawfly (emerging threat)

e Stem Rust
e Stripe Rust
® Leaf Spots
e Common Bunt

Winter Wheat Production Manual



Seeding Management

Straw Height and Lodging Resistance

Height and lodging resistance are especially impor-
tant considerations in higher moisture regions, or in ir-
rigated production systems, where straw management
and lodging are more likely concerns. In general, vo-
rieties with a “Fair” rating for lodging resistance will
have adequate straw strength under rain-fed production
but will suffer some lodging under high rainfall or irri-
gated production. For high rainfall, high fertility condi-
tions, varieties with a “Good” or “Very Good” rating
are recommended.

Producers are also reminded that under drought condi-
tions, short varieties tend suffer greater yield loss due to
less extensive root systems.

Maturity

Maturity is not normally a concern with winter wheat
because it is usually harvested in mid-August. However,
there are some substantial differences in maturity that
become particularly evident when there are cool, moist
conditions during the ripening phase. Under cool, moist
conditions, the difference between an “Early” variety
(CDC Falcon, Flourish) and a “Late” variety (AC Bel-
latrix, Radiant) can be as much as 10 days.

Yield

Provincial Seed Variety Guides are available and pro-
vide information on yield, productivity traits and seed
availability. It is important to note that yield potential is
greatly influenced by management practices, climatic
zones, disease pressure, and the particular grow-
ing season.

When examining yield figures in a provincial publica-
tion, first note the standard check variety. In Alberta,
the check is CDC Osprey; in Saskatchewan the check is
CDC Buteo, in Manitoba it is CDC Falcon. These variet-
ies have different characteristics and thus, the relative
ratings for some of the traits may differ. It is important to
be somewhat familiar with the standard check.

It is very important to recognize that not all of the variet-
ies are tested in trials every year. This means that the
yield figures between varieties are not necessarily di-
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rectly comparable. To some extent, this is indicated by
the number of station years of testing — note that most
are different. The only direct, head-to-head comparison
in the table is with the standard check variety. This is
also the case for protein content.

When comparing yield figures in the tables published
in Alberta and Saskatchewan, note that the relative
yields are provided for various productivities. Varieties
will differ in their yield response under various produc-
tion regimes. For example, under low productivity, most
likely the result of drought, AC Bellatrix yield signifi-
cantly more than CDC Osprey, and is the only variety to
do so. Conversely, Norstar yields significantly less than
CDC Osprey at the higher yield categories, probably
because of greater susceptibility to lodging.

Yield performance of new varieties is based on the best
data available over at least two years of testing at mul-
tiple locations. However, because the data is limited,
the values are likely to change until a larger database
across several years of testing becomes available. In
Alberta, varieties that are statistically higher yielding
than CDC Osprey are indicated with a “+”; those va-
rieties that are statistically lower yielding are indicated
with a “-“. In cases where yield appears to be higher or
lower than the standard check (CDC Osprey) but there
is no significance indicated, it means that there was not
enough statistical confidence to indicate significance
due to too much variability in performance among the
trial locations.

Other Traits

Depending upon the province, other traits for the va-
rieties are provided and may be relevant under vari-
ous production scenarios. Examples are: protein con-
tent, shattering resistance, test weight, thousand kernel
weight, and kernel hardness and colour.

Up and Coming Winter Wheat Varieties

The 2013 Winter Wheat Variety List (Table 1) summa-
rizes the current and future winter wheat varieties for
which data is available.

Winter Wheat Production Manual



Winter wheat breeding is an on-going effort and re-
search continues to bring improved varieties to market.
Future varieties will have enhancements to the any of
the following traits:

* Disease resistance

*  Winter hardiness

* Increased yield

* Improved lodging resistance

e Earlier maturity

* Higher protein concentration for CWRW varieties

While herbicide resistance would provide more flexibil-
ity for producers’ crop rotations, this is not a possibility
at the current time in Canada.

UPCOMING CWRW VARIETIES
® Flourish (available fall 2013)
® Moats (available fall 2013)
® Emerson (available fall 2013)
e AAC Gateway

UPCOMING GENERAL PURPOSE VARIETIES
* Accipiter (now available)
® Broadview (now available)
® Peregrine (now available)
e Pintail
® Sunrise
* Swainson (registration pending)

20 — Average
Range

30
40

50

60 T T T T T T T T T 1

Figure 1. Influence of seeding date on winter hardiness of winter wheat.
(University of Saskatchewan, 2002)
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The Essence of Timing

The window of time that seeding occurs is critical to
survival in the winter months and seeding past the opti-
mal dates for your region may result in a 5-10 percent
yield penalty for every week delayed (Lafond, May
and Irvine, 2005; Ducks Unlimited Canada: Agronom-
ics, 2011). According to Campbell et al. (1991), seed-
ing date was the most dominant management factor in
spring plant counts. Winter hardiness may be compro-
mised as the seeding date is delayed (Figure 1).

Generally, winter survival depends on the seedlings’ abil-
ity to establish a well-developed crown prior to freeze
up, which occurs at approximately the three leaf stage
(University of Saskatchewan, 2002) (Figure 2). This al-
lows the plant to build up enough carbohydrate reserves
to mobilize during the winter for respiration and in the
spring for initial regrowth (Top Crop Manager, 2001).
Also extremely important is the process of cold acclima-
tion, which relies on seedling dry matter accumulation

(Lafond, May & Irvine 2005). See Winter Survival.

Seeding too early can also be a problem, although this
is not as common a concern due to the harvest win-
dow of the previous crop. Seeding too early can allow
the seedlings to grow to an advanced stage, which
increases the likelihood of frost damage (Alberta Ag-
riculture and Rural Development, 2002). Early seeding
can also present an issue of disease transmission from
spring wheat to the winter wheat, as spring wheat mate-
rial is still green, creating a “green bridge” (McKenzie,
2011). See Diseases.

Crown

Subcrown
Internode

Seminal root

Figure 2. Winter wheat at the three leaf stage. Note the crown development.
(University of Saskatchewan, 2002)
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Seeding Management

Generally, seeding dates should be earlier across the
prairies as you go from south to north, and to a lesser
extent, east (Ducks Unlimited Canada: Agronomics,
2011). Table 3 provides approximate optimal seeding
dates for Alberta.

Area Range of Dates

Lethbridge September 10 to 20
Lacombe September 1 to 10
Vermillion August 25 to September 5
Peace Region August 15 to 20

Table 3. Optimal Seeding Dates for Winter Wheat(Alberta Agriculture, Food and
Rural Development; Ducks Unlimited Canada: Agronomics, 2011)

Field Preparation

Planning to seed winter wheat should begin with harvest
of the previous crop to ensure a good seedbed and ad-
equate stubble. The most successful and recommended
method of seeding for winter wheat is direct seeding,
or “stubbling-in”, as it provides the best snow manage-
ment system (Loeppky, Lafond and Fowler, 1989). Mini-
mizing the amount of soil disturbance during seeding
is also essential when considering drill types (McKen-
zie et al., 2007) or drill types used in conjunction with
residue management (Beres et al., 2011). McKenzie
et al. (2007) reported that disc drills produced the high-
est winter wheat grain yield over knife-style openers.
Similar results were observed by Beres et al. (2011)
although it was noted that the results with the disc drill
were more variable compared to a knife opener con-
figured with 30cm row spacing. The variability could
be related to residue management as trash clearance is
generally less of an issue with knife openers compared
to traditional disc drill configurations.

Important to factors to consider:

(1) Stubble Type and Height: Stubble Trapping Po-
tential (STP) is a measure of how effective stubble will
be as a snow trap. The target STP for winter wheat is
20 or higher, after seeding. Prior to seeding, an ap-
propriate target is a STP of 40, as some stubble will
be knocked down during the seeding process. (Ducks
Unlimited Canada: Successful Winter Wheat Seeding,
2011). Canola, oats, flax and forage crop stubble
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generally provide adequate tall, dense stubble, with-
out potential disease risks. However, the yield potential
of winter wheat may differ between crop stubble types
even if the stubbles have high STP values. For example,
Irvine et al. (2013) reported that canola, barley silage,
and pea stubble types provided the greatest grain yield
of winter wheat compared to barley grain and oat stub-
ble. Barley silage stubble provided the most consistent
results whereas canola and pea stubble were more vari-
able, which may be a reflection of differences in STP
values for these optimal stubble types. Even though oat
stubble would have a high STP value, lower grain yield
was observed (Irvine et al., 2013).

STP = stubble height(cm) x stems per m?
100
Harvested Crop Stubble  STP
Cereals >80
Oilseeds 30 to 50
Chemfallow >40
Pulse Crops above 20 not attainable

Table 4. Optimal STP Targets for Different Crop Types
(Ducks Unlimited Canada: Successful Winter Wheat Seeding, 2011)

The height of the stubble will influence seedling survival
during the winter, as well as moisture reserves for spring
growth (Loeppky et al., 1989). More snow provides
insulation, which decreases fluctuations in temperature
and decreases the risk of an anaerobic environment
being created, which can be a risk factor for disease.
Such conditions can cause respiration issues throughout
the winter (Loeppky et al., 1989; Barker, 2001).

(2) Residue Management: Chaff and straw should be
spread the width of the cut during harvest to decrease
issues with chaff/straw rows. The rows can result in low-
er germination and immobilization of nutrients (Ducks
Unlimited Canada: Successful Winter Wheat Seeding,
2011). Heavy-harrowing to manage residue is very ef-
fective but the operation would reduce standing stubble
and STP; therefore it should be avoided or only used in
conjunction with drills configured with wider-row spac-
ings (30 cm) to minimize stubble disturbance (Beres
etal., 2011).
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Seeding Rate

The ideal fall plant density for winter wheat should be
at least 30 plants per square foot, which translates to
an approximate seeding rate 450 seeds m? (roughly

2.0 - 2.25 bushels per acre)(Beres et al. 2010). Seed-
ing rates may be finetuned using the formula below.

Seeding Rate Calculation

Seeding Rate (Ibs/ac) =
(desired plant population/ft2) x (1000 kernel wt. (g))
+ seedling survival rate (0.70)
+10

A target plant population in spring of approximate-
ly 20-25 plants/ft? is suggested for winter wheat.

1000 Kernel Weight is a measure of seed size,
representing the weight, in grams of 1000 ker-
nels. This measure can vary considerably by
crop, variety, year and even fieldtofield within
the same year. Calculating seeding rate based
on 1000 kernel weight will ensure there are ad-
equate seeds per square foot to achieve target
plant populations.

A seedling survival rate of 70% is estimated for
winter wheat, and takes into account germina-
tion, seedling mortality and winter survival. The
percent survival should be expressed in decimal
form for calculation purposes (i.e. 70% = 0.70).

AARD Seed Rate Calculator

Available at:

http://www.agric.gov.ab.ca/app21/Idcalc

Higher seeding rates, above current recommendations,
may not increase grain yield (McKenzie et al., 2007;
Beres et al. 2010) but are associated with greater
spring plant density, which improves weed competitive
ability and reduces weed biomass (Beres et al. 2010).
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Seeding Management

Seeding Depth

The recommended seeding depth for winter wheat is
less than 1 inch (25 mm) deep into a firm seedbed.

Winter wheat differs somewhat from spring wheat in
its ability to emerge from deeper planting (Loeppky, La-
fond and Fowler, 1989). This is because the subcrown
internode length, which is genetically controlled, is
shorter in winter wheat. The subcrown internode is re-
sponsible for seedling emergence. This is an important
consideration for seeding shallow.

After the growing season of the previous crop, dry sur-
face soil conditions are likely, so seeding into moisture,
as with a spring crop, is not usually possible (Lafond et
al., 2005). As seeding date has a larger effect on the
emergence of the seedling, due to temperature, it is best
to not wait for rain (Lafond et al., 2005). It is essential
to seed winter wheat shallow (less than 1 inch) to en-
courage quick emergence and to allow the kernel ac-
cess to fall rains, as this is the main source of moisture
for germination.

For winter wheat o achieve germination and adequate
establishment, only 9 mm of rain is needed when the
wheat is seeded less than 1 inch deep (Lafond and
Fowler, 1989).

The likelihood of

receiving at least

9 mm of rain is

good, across the

Prairies.  Accord-

ing fo Lafond et al.

(2005), there was

only one year be-

tween 1897 and

2004 when less

than 9 mm of mois-

ture was received

in August and Sep-

tember in the East-

ern Prairies.

Figure 3. Winter wheat emergence in a dryland cropping system.
(Photo: Newground Magazine, Arysta LifeScience)
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Soil Fertility and Nutrient Management

Proper fertilization is essential to achieving maximum
yield and quality of winter wheat. There are many gen-
eral guidelines for proper fertility establishment; how-
ever, these guidelines are most effective when paired
with soil test results. This will allow for the highest yield
potential and the best quality possible. Soil nutrient lev-
els will change from year to year, even in fields that
seem uniform, and incorporating soil sampling can
help maintain a sound fertility management program
(McKenzie et al., 2000).

Rate Guidelines

Fertilizer rates should
be largely based on soil
test results.

It is generally not recom-
mended to apply fertil-
izers other than nitrogen
(N) and phosphorus (P)
unless a deficiency has
been identified.

N fertilizer is used by the
crop to meet its grow-
ing requirements, and
also in the reproductive

stages of development. Soil Nitrogen (Ib/ac)

Brown + Dark Brown Soil Zone

Nitrogen fertilizer recommendations are provided in
Table 1, and are in Ib/ac for winter wheat in the Brown,
Dark Brown and Thin Black soil areas at three soil mois-
ture levels. (See Crop Rotation, Figure 1. for soil zones
in Alberta.) These recommended levels are to achieve
the “sufficient” levels as seen in Figure 2. Additional
phosphorus fertilizer requirements, based on Phospho-
rus available in the soil, are outlined in Table 2. Sulphur
and Potassium fertilizer recommendations are found in

Tables 3 and 4.

Figure 1. Comparison of a 210 kg/ha urea treatment on winter wheat (left) and a 30 kg/ha urea treatment (right) at Bow
Island, Alberta, June 5, 2007. (Photo: Ross McKenzie)

Thin Black Soil Zone

It is important to have Soil Moisture Level Soil Moisture Level
sufficient N available (0-24 inches) Low Medium High Low Medium High
in these final stages, as 0-10 40 60 920 50 70 100
well, because it will aof 10-20 30 50 80 40 60 90
fect the protein levels 20-30 20 40 70 30 50 80
of the grain (McKenzie 30-40 10 30 60 20 40 70
etal., 2006). 40-50 0 20 50 10 30 60
Proper fertilization s 50-60 0 10 40 0 20 50
also essential to opti- 60-70 0 0 30 0 10 40
mize winter survival. 70-80 0 0 20 0 0 30
See Winter Survival for 80-90 0 0 10 0 0 20
more information. 90-100 0 0 0 0 0 10
>100 0 0 0 0 0 0

Table 1. Nitrogen fertilizer recommendations by soil type (McKenzie et. al., 2000)
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Soil Fertility and Nutrient Management

LES
..
~a
e
~

Yield

. A Protein

Relative response

Available N

Figure 2. Relative response of available N to yield and protein. (McKenzie et. al., 2006).

Soil Test Phosphorus Soil Zone
(0-6”)
P (Ib/ac)

0-10 30 35 40
10-20 25 30 35
20-30 20 25 30
30-40 20 20 25
40-50 15 20 20
50-60 15 15 20
60-70 15 15 15
70-80 0 15 15
80-90 0 0 15

>90 0 0 0

Table 2. Phosphorous fertilizer recommendations at various soil test levels using Kelowna or
modified Kelowna soil test P method (McKenzie et al., 2000)

Soil Zone

Guide to Soil Testing

Soil testing is an important tool in assessing
soil fertility and deciding on proper fertilizer
applications. The following information is a
h brief guide to soil sampling. Further infor-
mation and guidance can be obtained by
contacting a local fertilizer dealer, private
laboratory or crop advisor (Alberta Agricul-
ture and Rural Development, 2002).

When to Sample

As close to seeding as possible to al-
lowing sufficient time to receive analyti-
cal results (R. McKenzie, personal com-
munication, 2011).

Where to Sample

Random Sampling: Traditional ap-
proach used in fields with little variation

Samples taken from 15-20 random
locations throughout the field (Al
berta Agriculture and Rural Develop-
ment, 2002).

Benchmark Sampling: Better ap-

proach for fields with greater variability
Soil samples are taken from the same
representative area every year.

Select a representative area in the
field that is fairly uniform, flat and

) Brown & Dark Brown Thin Black & Black Gray Wooded
soi?él (Tlf)?;c) Recoml_nend_ed S0,-S (Ib/ac)
Soil Moisture Level
Low Medium High Low Medium High Low Medium High
0 10 15 20 10 15 20 10 14 20
5 5 10 15 5 10 15 5 10 15
10 0 5 10 0 5 10 0 5 10
15 0 0 5 0 0 5 0 0 5
>20 0 0 0 0 0 0 0 0 0

Table 3. Sulphur fertilizer recommendations for wheat (McKenzie, 2001)
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Soil Fertility and Nutrient Management

productive, usually between .5 to 1 acre, and
mark it using GPS co-ordinates.

Multiple representative areas may be selected
to assess different nutrient concerns in the field
(Alberta Agriculture and Rural Development,
2002).

Use Random Sampling technique (above) with-
in benchmark areas.

Taking samples

Representative soil samples can be obtained by
using a core sampling tool, and should be taken
from the top 0-15 cm and 15-30 cm at each of the
15 to 20 sampling sites (Alberta Agriculture and
Rural Development, 2002).

For more accurate evaluation, or if deficiencies are
expected, separate samples should be taken from
the 0-15 c¢m, 15-30 cm, and 30-60 cm depths at
the same 15 to 20 sites (Alberta Agriculture and
Rural Development, 2002).

Cores should be placed in clean pails or bags,
and then cores from the same depth from the field
or benchmark areas should be mixed (Alberta Ag-
riculture and Rural Development, 2002).

Submitting Samples

Air-dry approximately half a kilogram of soil in
a clean shallow container at room temperature.
Do not dry with artificial heat (Alberta Agriculture
and Rural Development, 2002).

Place air dried sample in appropriate soil con-
tainers and label each with:

Producer/Farm Name

Address, including Postal Code

Depth from which the sample was taken

Legal land location of field

Cropping history (i.e. was a pulse crop grown
on the field last year?)

Indicate if manure has been applied in the
past three years (R. McKenzie, personal com-
munication, 2011).

Contact your laboratory for necessary forms and
packing and shipping instructions.

0 Brown Dark Brown Thin black Black & Grey Wooded
Rcommended K,0 (Ib/ac)
)/d Soil Moisture Level

Low Medium High Low Medium High Low Medium High Low Medium High
0 100 105 110 105 110 115 105 110 115 110 115 120
25 90 95 100 95 100 115 95 100 105 100 105 110
50 80 85 90 85 90 105 85 90 95 90 95 100
75 70 70 80 75 75 95 75 75 85 80 80 90
100 60 60 70 65 65 85 65 65 75 70 70 80
125 50 50 55 55 55 75 55 55 60 60 60 65
150 35 40 45 40 45 50 40 45 50 45 50 55
175 25 30 35 30 35 40 30 35 40 35 40 45
200 15 20 25 20 25 30 20 25 30 25 30 35
225 15 15 15 15 15 20 15 15 20 15 20 25
250 15 15 15 15 15 15 15 15 15 15 15 15
>250 0 0 0 0 0 0 0 0 0 0 0 0

Table 4. Potassium fertilizer recommendations for wheat (McKenzie, 2001)
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Soil Fertility and Nutrient Management

Fertilizer Product Choice

Fertilizer product choice and application timing will de-
pend on nutrient requirements, fertilizer prices, equip-
ment type and conditions. Care should be taken to mini-
mize losses.

Nitrogen is the most limiting nutrient for winter wheat
production. Rates should reflect target yield, less credits
for residual soil N, organic matter and preceding N-
fixing crops, based on soil test results.

Environmentally Smart Nitrogen

(ESN) (44-0-0)

ESN is a slow releasing fertilizer, which has been shown
to have a small yield benefit compared to regular urea.
This is possibly due to a delay in N supply, which can
result in a greater assimilation of ammonium (NH,?)
than nitrate (NO,7). The main benefit of using ESN is
the opportunity to apply the entire amount of N at time
of seeding because of its increased seed safety from its
slow releasing nature (McKenzie et al., 2010). Gener-
ally 80 Ibs/ac (90kg/ha) of ESN can be placed with the
seed using a 10% seedbed utilization without causing
injury (R. McKenzie, personal communication, 2011).

Urea (46-0-0)

Urea is the most common form of nitrogen fertilizer ap-
plied. Depending on soil and weather conditions, ap-
plying urea on the soil surface can increase risk of loss
via ammonia (NH3) volatilization. However, this risk
may be low in regions of cool, dry soil conditions at the
time of application due to a reduced rate of urea hy-
drolysis. This increases the probability that a sufficient
amount of precipitation may be received to transport
urea into the soil (McKenzie et al., 2010). Ideally, the
window between broadcasting urea and a precipita-
tion event should be as short as possible. Urea can be
effectively banded at the time of seeding. This will re-
duce potential volatilization losses because the fertilizer
is not exposed to air. Urea can also be seed-placed,
although care must be taken not to exceed safe rates.
Excessive urea placed with the seed can have a nego-
tive effect and reduce yield. Safe seed-placed rates can
be seen in Table 5.
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Anhydrous Ammonia (82-0-0)

The use of anhydrous ammonia can be a good option
if you have access to a suitable ground opener that en-
sures separation of the anhydrous ammonia (NH,) from
the seed row, while sealing the soil surface to prevent
escape of NH,. The high concentration of N (82%) also
allows for 1.78 times more acres to be fertilized per
tonne of fertilizer than regular urea (46-0-0). This type
of fertilizer often has a price advantage over other types
of urea fertilizers. Anhydrous ammonia requires careful
handling to ensure personal safety (Green, 1998).

Phosphorous (11-51-0, 12-51-0 and 11-55-0)
Phosphorous is the second most limiting fertilizer next to
nitrogen. Adequate P levels will result in rapid growth
and earlier maturity, which is especially beneficial in
areas where frost is a greater concern (McKenzie and
Middleton, 1997). Phosphorous does not move read-
ily in the soil; therefore, placing phosphorous with the
seed is the most effective method to achieve maximum
availability of the fertilizer to the plant. Side banding
P near the seed is also an effective option. Broadcast
applications are generally less effective, and should be
applied at two to four times the recommended rates. A
greater response may occur in the year following ap-
plication than in the year of application (Alberta Agri-
culture and Rural Development, 2002).

Sulphur(21-0-0-24S, 20-0-0-24S and

19-3-0-22S) and Potassium (0-0-62)

Soil testing and field test strips are the best way to deter-
mine if these two nutrients are deficient. Sulphur (S) and
potassium (K) deficiencies are not nearly as widespread
as nitrogen and phosphorus deficiencies. However,
they can be common in some areas and soil types, so it
is important to determine if deficiencies may be present
in a field, using a soil test (Alberta Agriculture and Rural

Development, 2002).

Micronutrients

Deficiencies in micronutrients are uncommon, but when
they do occur the impact on crop yield can be just as
detrimental as with macronutrients. Typically in Alberta,

Winter Wheat Production Manual



most micronutrients are rarely deficient. Deficiencies of some, such as copper on organic and mineral soils, in central
and northern Alberta, are more common. Generally the use of micronutrient fertilizers should only be used on the
advice of a professional agrologist (Alberta Agriculture and Rural Development, 2002).

Effect of Fertilizer Type on Grain Yield

Different types of fertilizer may have an impact on yield and protein content, but typically the results are not signifi-
cant. Below (Figure 3, Figure 4) are graphs comparing the effect two different types of N fertilizer had on yield and
protein in winter wheat.

“ Regular Urea *
msss Polymer Coated Urea

Figure 3. Effect of fertilizer type on winter wheat grain yield
each year at Bow Island. Fertilizers were broadcasted on the soil
surface in early spring. Values are means over three N rates (30,
60, and 90 kg N ha-1). Years without stars are not significantly
different from each other. (McKenzie et. al., 2010)

Grain Yield (mg per ha)
N

2006 2007 2008
Lethbridge

2006 2007 2008

Bow Island
Stubble

2006 2007 2008

Bow Island
Fallow

180

" Regular Urea
s Polymer Coateg Urea

Figure 4. Effect of fertilizer rate (30, 60, and 90 kg N ha')
and type on winter wheat protein concentration in three
environments in southern Alberta. Fertilizers were broadcast on
the soil surface in early spring. Values are means over 3 years
(2006-2008). Within the same N rate and environment, values
without stars are not significantly different.

(McKenzie et. al., 2010)

Protein concentration (g per kg)

Bow Island Bow Island Lethbridge

30 60 90 30 60 90 30 60 90
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Soil Fertility and Nutrient Management

Application Method
Fall Band

Applying N at time of seeding is beneficial as it can
overcome the difficulty of fertilizing early in the spring
when it may be difficult to get info the field. Banding at
time of seeding in a direct seeding operation is a second
effective option, and it saves the expense of an addition-
al operation. However, banding followed by tillage prior
to seeding has been shown to create a drier, rougher,
lumpy seedbed. This can result in greater variability in
seeding depth and poorer seed-soil contact, which ulti-
mately will lead to a reduction of seedling emergence,
particularly at drier sites (McKenzie et al., 2001).

Seed Place

Available soil moisture and percent seedbed utilization
can affect the amount of N that can safely be seed-
placed. Seedbed utilization (SBU) refers to the percent
of seedbed over which the fertilizer and seed has been
spread. With a reduced SBU, high N rates and poor soil
moisture conditions can lead to greatly reduced emer-
gence. Table 5 offers some general guidelines on safe
rates for seed-placed nitrogen for two different SBU's
and soil moisture conditions.

SBU = [spread (inches) + row spacing (inches)] x 100

Seed Bed Utilization is the percentage of seedbed
over which seed and nitrogen have been spread,
relative to row spacing.

The spread refers to opener width. For example,
a knife opener will have a narrower spread and
lower SBU than a sweep opener.

The potential for damage to the
seed from fertilizer is higher with
a lower SBU.

Seed-placed treatments can be effec-
tively used at time of planting, but care

Nitrogen Fertilizer'

Urea (46-0-0)

at a 10% SBU (R. McKenzie, personal communication,
2011). Seed-placed treatments can be used effectively in
conjunction with banding at the time of seeding, mixed
rates of Polymer coated urea, or as a split application.

Spring Broadcast

The traditional practice has been to top-dress N on win-
ter wheat crops in early spring. The efficiency of this
method, however, is reduced by various mechanisms.
When using spring applications it is important to apply
N as early as possible to ensure the plants are able to
meet their maximum potential. Applications in the late
spring have been shown to delay N uptake until after
the maximum grain yield potential has been established.
Also, if the soil conditions are too dry the N may not
move down through the soil to where roots can access
it. There is also an increased risk of volatilization losses
when using spring applications (McKenzie et al., 2001).

Split Application

Another option is to apply part of the N requirements at
time of seeding, and the rest the following spring. It is
most effective if fall moisture conditions are low at the
time of seeding, but by spring are very good. In such
a situation, split applications can be very effective. The
split application approach has been shown to improve
N use efficiency and grain protein. The fall application
of N will accommodate the early season growth require-
ments of the winter wheat. Applying the remaining N
fertilizer in either early spring or later in the growing

season will contribute to increasing grain protein (McK-
enzie ef al., 2006).

G . . 10% SBU 50% SBU
% Available Moisture Ib N/acre
>75% 55 70
50%-75% 40 50
<50% 30 40

must be taken to ensure that the safe ap-
plication rates are not exceeded. With
the use of ESN, the safe application
rates increase to 80 lbs/ac (90 kg/ha)

Table 5. Safe rates of seed-placed nitrogen fertilizer using urea (46-0-0) at two seedbed utilization
levels and three moisture levels. (McKenzie et al., 2000)' Available soil moisture is stated in per
cent of field capacity for medium (loam) to fine textured (clay loam) soils. Assumes soil moisture
will not change significantly during germination and emergence of winter wheat. If soil moisture

decreases after seeding, then some fertilizer injury may occur.

Table of Contents

<4 2 p

Winter Wheat Production Manual



Crop Rotation

For winter wheat production, planning a crop rotation that suits a farm’s management style and location is critical
for success growing winter wheat. Furthermore, selecting an appropriate crop to precede winter wheat is essential
for optimizing winter survival. Across Alberta’s vast geography, there are hugely varied climatic conditions, farming
practices and soil zones. Therefore, it is important to recognize that what works on one farm, or in one region, may
not work in another.

Soil Group Map
of
Alberta
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Soil Groups*
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Dark Gray Chernozemics, Dark Gray - Gray Luvisols
Dry Mixedwood, Peace River Parkiand
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Figure 1. Soil Zones of Alberta.
(Alberta Agriculture and Rural Development, 2011)
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Crop Rotation

Zone ‘A Southern Alberta

Brown Chernozemic and Dark Brown Chernozemic soils

Zone ‘B’ Central Alberta

Black Chernozemic soils

Zone ‘C’

Northern Alberta

Dark Grey Chernozemic and Dark Grey-Grey Luvisol soils

Table 1. Production Zones for Winter Wheat in Alberta.

Preceding Crops to Winter Wheat and their Attributes

Previous Crop Advantages

Improves soil qual-
ity, fixes nitrogen.
Early harvest allows
for timely winter
wheat seeding.

Field Peas
Pisum sativum

Disadvantages

Little to no stubble
residue. Higher risk
of snow cover being
wind swept, result-
ing in lack of crop
insulation.

Fertility

Increases soil ni-
trogen fixation and
soil quality.

Pests / Issues

Increases poten-
tial for snow mold.
(See Diseases.)
Winter survival of
winter wheat can
be a concern.

Comments

Winter survival can
be a concern when
wheat is seeded
into pea stubble;
particularly applica-
ble to Zones B&C.

Stubble captures
and traps snow
creating insulation
for wheat crop.

Argentine
Canola
Brassica napus

Later harvest may
delay winter wheat
seeding.

Canola has high
N and S require-
ments. Consider
sulfate sulphur
application if soils
tests are low AF-
TER canola

Good rotational
crop

Following canola
with wheat main-
tains many farm
operations’ general
rotation

Polish Canola
Brassica rapa

Same as Argentine

Approximately 2
weeks earlier har-
vest than Argentine
and can be straight
cut

Same as Argentine

Good rotational
crop

Excellent option for
stubble and timing.
No herbicide toler-

ance available.

Barley can be

Many pathogens,

Green Bridge:

is harvested.

reduce potential
crop yield.

Wheat Stem Saw
Fly; Grassy Weeds

Barley harvested early, insects, weeds and | Barley and winter = Wheat Streak
Hordeum allowing sufficient soil nutrient zones | wheat require simi- = Mosaic Virus; Stripe | Rotation not ideal.
vulgare time to plant winter | are similar to those | lar nutrients. Rust;

wheat. of winter wheat. Tan Spot

. . Pathogens, insects, Green Bridge:

Belsspey eeds and soil Wheat Streak
Winter Wheat wheat crop canbe | VooC o! Same as winter eat S :
e lanted immediately = XPerience no wheat arown in Mosaic Virus; Stripe | Not a recommend-

. P - y diversity and can atg Rust; Tan Spot; ed practice.

aestivum after previous crop previous year.

Table of Contents
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Previous Crop

Advantages

Provides appropri-

Disadvantages

Provides a sus-

Fertility

Crop Rotation

Pests / Issues

Green Bridge:
Wheat Streak

Comments

Weed, pathogen
and insect cycles
can be altered by
providing no host
and controlling
pests properly.

required. See Seed-
ing Management:
Field Preparation.

summer when no
crop competition is
provided.

Spring Wheat ' _ imi ; Vi e Qi
P. g ate stubble for win- | ceptible host to Similar to y\(lnter MOS?IC Virus; S.tnpe Not a recommend-
Triticum wheat fertility Rust; Tan Spot; )
. ter wheat to capture | the same pests as ed practice.
aestivum snow during winter. | winter wheat needs. Wheat Stem Saw
) ) Fly; Grasshoppers;
Wild oats

Moisture manage-

ment is increased,

amso?s?u?’;opalr? durf:cr)‘?e Fallow stubble is Spring and winter

is availal;le for the brittle and may not annual, perennial

subsequent winter adequately trap and biennial weeds = Used in areas for
Chemical wheatqcro snow. A post-seed- can be expensive | moisture manage-
Fallow - ing STP of > 20 is to kill over the ment and crop rota-

tion planning.

Summer Fallow

Weed, disease and
insect control can
be effective.
Traditional tillage
approach.

Moisture manage-
ment is not optimal.
Soil quality can be
decreased as soil
is more subject to
erosion.

Can speed up the
break down of
plant residue, mak-
ing nutrients more
readily available to
next crop.

Soil can become
over worked, which
reduces quality.
Soil erosion and
wind effects can
dramatically reduce
the amount of
topsoil.

Not a recommend-
ed practice.

Oats
Avena sativa

Short growing sea-
son allows ade-
quate time for winter
wheat planting.

High biomass
residue.

Volunteer oats need
to be controlled in
the winter wheat
crop.

QOats are a relative-
ly low input crop.
Low levels of nitro-
gen required.

Green Bridge:
Wheat Streak
Mosaic Virus; Stripe
Rust; Tan Spot;
Grasshoppers;

Wild oats

Volunteer oats need
to be controlled in
winter wheat crop.
Control of wild oats
in wheat can be
costly.

Fall Rye
Secale cereale

Grows well on light,
sandy soil. Good
drought tolerance.
Early harvest.
Allelopathic control
of weed.

Weedy nature.
Susceptible to
ergot.

Low input crop.

Green Bridge:
Wheat Streak
Mosaic Virus; Stripe
Rust; Tan Spot;
Volunteer Rye

Weedy nature can
be a large prob-
lem in succeeding
Ccrops.

Table 2. Preceding crops to winter wheat and their attributes.
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Crop Rotation

Sample Crop Rotations

Year 1 Year 2 Year 3 Year 4

Field Peas Winter Wheat Canola -
Chem-Fallow Winter Wheat Canola -

QOats Winter Wheat Canola -

Summer Fallow Winter Wheat Canola -

Field Peas Winter Wheat Field Peas Winter Wheat

Table 3. Crop rotations including winter wheat in Northern and Central Alberta (Zones B & C).

Year 1 Year 2 Year 3

Canola Winter Wheat Canola
Chem-Fallow Winter Wheat Canola
Summer Fallow Winter Wheat Canola
Fall Rye Winter Wheat Canola

Table 4. Crop rotations including winter wheat in Southern Alberta (Zone A)

Examples of a Winter Wheat
Crop Rotation

In Northern Alberta; Zone C, including the Peace
Country and the Highway 16-North region, the produc-
er may face challenges around harvesting the preced-
ing crop and planting winter wheat in a timely manner.
As such, the producer may want to look at a crop with a
shorter growing season (i.e. Polish canola, peas, oats,
summer-fallow, chem-fallow). In these areas, snow cov-
er is typically higher during the winter months, creating
more insulation for the winter wheat crop, compared
to Southern Alberta, Zone A, where stubble is needed
to capture the snow because snow is less permanent.

Given the more abundant and consistent snow cover
in Zone C, field peas, in spite of their limited remain-
ing stubble, can be an excellent crop to grow prior to
winter wheat.

For a producer in Southern Alberta, Zone A, snow
capture during the winter months is a concern; there-
fore, the crop grown prior to winter wheat must have
adequate stubble height (see Seeding Management)
during the winter months. This limits potential crops that
could be grown prior to winter wheat to those with taller
stubble. For example, field peas has very short stubble
residue in comparison to canola stubble residue.

The growing season in Southern Alberta is longer than
Northern and Central Alberta, which allows producers
to plant winter wheat at a later date than in locations
further north. In Edmonton, the frostfree period is 115
days, while Lethbridge has 124 such days and Medicine
Hat has 132 frostfree days (Table 5). This allows for a
wider window to both grow and harvest crops prior to
winter wheat, as well as to plant a winter wheat crop.

Frost Dates for Selected Alberta Locations

Station Location

Average Date of

First Fall Frost

Average Date of

Frost-Free

Last Spring Frost

Period (Days)

A Medicine Hat September 23 May 14 132
A Lethbridge September 18 May 17 124
A Calgary September 14 May 20 117
B Red Deer September 12 May 20 115
B Tofield North September 14 May 25 112
B Lloydminster September 15 May 19 119
B Edmonton September 13 May 21 115
C Grande Prairie September 11 May 18 116

Table 5. Frost dates for selected Alberta locations.

(Alberta Agriculture and Rural Development, http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/sag6301, Viewed November, 2011)
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Integrated Weed Management

Weed control is an integral part of sustainable crop-
ping systems. Recent innovations to agronomic prac-
tices have simplified control. Diverse rotations for both
herbicide groups and crops reduces the risk of resis-
tance and creates maximum yield conditions for the
crop. Winter wheat has many advantages over spring
wheat with respect to weed competitive ability, mostly
due to early canopy closure in the spring.

Field Scouting

The first step toward a good management strategy is
proper weed scouting. Scouting requires a thorough
pattern be travelled in a field, accessing high and low
areas and getting a good average of the field’s weed
density and weed types, as seen in Figure 1. Accurate
weed identification is important in making appropriate
weed management decisions. When in doubt, photo-
graph the weed, dig it up and seek reference.

Winter wheat needs to be scouted similar to the staging
of other cereals. Crop maturity is critical for many her-
bicide treatments. It is particularly important to scout in

Winter Wheat Life Cycle

Winter

Overwinters in
3-Leaf Stage

Spring
Rapid Tillering and
Stem Elongation

Fall Summer
(Seeding) Heading and Ripening
Emergence (Harvest)

Figure 2. Growth Habit of Winter Wheat
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Figure 1. A suggested pattern of travel for field scouting.

the late fall for winter annuals and perennials because
they tend to be the most competitive weeds in a win-
ter wheat crop. Table 2 highlights common weeds of
cereals. Figures 2-5 outline life cycles of various weed
types, as well as winter wheat's growth habit.

During scouting, check the entrance of fields for weed
infestations as this area may contain high weed propa-
gates from equipment, traffic, efc.

Winter Annual Weeds Life Cycle

Winter Spring
Overwinters as Dor- Bolting Flowering
mant Juvenile Plant Seed Set
Fall Late Summer
Low Growing Plant/Rosette Germination
(with well developed root) Emergence

Figure 3. Growth habit of winter annual weeds.
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Integrated Weed Management

Winter annuals can be the most significant weed
concern because their life cycle is synchronized with
winter wheat. They are a species that germinates in
the fall and overwinters as a dormant rosette. The
weed resumes growth in the spring, sets seed and then
dies in the summer. Thorough scouting in the fall is
essential for effective weed management. Some winter
annuals include: flixweed, shepherd’s purse, stinkweed
and cleavers. (See Table 2 for a comprehensive list.)

Figure 4. Cleavers, a winter annual. (Photo: MAFRI, 2013)

Perennial weeds has a life cycle of at least two years.
Many species can reproduce by seed production or
through the spread of root material, which may be dif-
ficult to control. Post-harvest and pre-seeding windows
provide an opportunity for control for perennial weeds,
provided there is enough re-growth. A pre-harvest her-
bicide application in the crop preceding winter wheat
may also provide control.

Figure 6. Quackgrass, a rhizotomously spreading perennial.
(Photo: MAFRI, 2013)

Table of Contents
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Perennial Weed Life Cycle

Winter _
Seeds Dormant in Soil; Spring
Mature Plant Overwinters Shoot or Seedling
Emerges
Fall Summer
Mature Plant Sets Seed; Juvenile or

Reserves Sent to Roots Flowering Plant

Figure 5. Perennial weed life cycle. Perennials can grow and reproduce by
seed or structures such as stolons or rhizomes.

Annual Weed Life Cycle
Winter Spring
Seeds Remain in Soil Germination
Plant Dies Emergence of

Seedling
Fall | Summer
Flowering Vegetative Growth of

Seed Set Juvenile Plant

Figure 7. Growth habit of annual weeds.
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Integrated Weed Management

Annuals germinate in the spring, set seed in the same year and then die in the late fall. They are less likely to be a
concern in winter wheat because of the competitiveness of the crop when the weed seeds are germinating.

Advantages of Winter Wheat For Weed Control

Many winter wheat cultivars develop early and larger canopies than spring wheat, which leads to earlier canopy
closure during the germination and early growth stages of annual weeds (Figure 9a). Furthermore, earlier canopy
closure and biomass development improves the use of nutrients and water (Beres et al. 2010b).

Figure 8. Wild oats, an annual weed. (Photo: MAFRI, 2013)

Figure 9a. Stand of Canadian Western Red Spring Wheat (AC
Barrie) (TOP LEFT), compared to Canadian Western Red Win-
ter (CDC Osprey) (TOP RIGHT). The early and dense canopy
of winter wheat (and other fall seeded cereals) contributes to
lower weed biomass, compared to a spring seeded wheat.
(Photo: Brian Beres, AAFC, Lethbridge)

Annual vs. Winter Crop Competition

12
10
Annual Crop
8
Annual Weeds
6

Winter Crop

—>&— Winter Annuals

Figure 9b. Conceptual image illustrating
the relationship between weed biomass

\
i

X production and crop phenology. The
5 & ©§ & > & § T » ¢ = B T & arrow represents the head start in bio-
E 2 E E 2 2 & < = S e 9 mass that winter wheat has over annual
[ o <% <5 S =] < % o N .
2 © 2 g | ¢ 5 O weeds, such as wild oats. This graph
A = e K shows that annual crops are quickly
overcome with weeds in the early
months of the growing season.
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Integrated Weed Management

Rotation

Winter wheat is a sound agronomic crop phase in the
rotation because it can reduce the annual weed seed
bank, much like spring-annual crop phases can reduce
the winter annual seed bank. Wild oats often do not
pose a significant threat to a winter wheat crop to war-
rant spraying, thereby reducing herbicide costs. Winter
wheat's early and vigorous spring growth helps edge
out wild oats and other spring annual weeds.

Seeding Rate and Fall Weed Control

Winter wheat seeding rate is important as it can in-
crease yields when at a competitive rate and a good
seeding rate will give the crop a better advantage
over annual weeds in the spring.

A study conducted by Agriculture and Agri-Food Cana-
da experimented with seeding rates of 300, 450, and
600 seeds m2. They reported that all yield-related vari-
ables, except crop biomass and kernel weight, respond-

ed to seeding rate. Grain yield was 0.24Mg/ha (metric
tons/hectare) optimized at the 300 and 450 seeds/m?
rates but the greatest weed biomass reductions were
observed for the 600 seeds m? rate. The study, conduct-
ed in Lacombe and Lethbridge, used a pre-seed burn
off of glyphosate and fall application of 2,4-D, or fall
application of 2,4-D with spring application of thifen-
sulfuron/tribenuronclodinafop (Refine Extra) mixed with
clodinafop (Horizon) (Beres et al., 2010).

Crop disease levels may increase at the highest seed-
ing rate as the dense canopy provides micro-conditions
conducive to leaf spot and powdery mildew, which may
have caused the lower grain yield at the highest sowing
density. Figure 11 shows the density and biomass for
weeds at different seeding rates. A seeding rate of 450
seeds m? will produce optimal grain yield and high
weed competitive ability.

Figure 10. Linear regression for the ef-
fect of total (dicot plus monocot) weed
biomass on winter wheat yield trends

for fall-applied 2,4-D in Alberta, Can-
ada, 2002-2004. The labels indicate
variety and seeding rate (seeds m-2).

The open square points are for fall
2,4-D plus spring herbicide treatment.
Combinations and closed circle points
are for only fall 2,4-D treatments. The
regression model coefficients are inset
in the chart; W = total weed biomass
and is preceded by the linear slope
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coefficient. ‘Osprey 600’ and ‘Radiant
300’ were considered outliers and ex-
cluded from the analysis. (Beres et al.,
2010).

Figure 11. Radiant at 450 seeds/m2
(LEFT) and 600 seeds/ m? (RIGHT).
Visually similar, few weeds are present
in Due to early canopy closure, though
the photo on the left had a higher grain
yield on average.

(Photo: B. Beres, AAFC, Lethbridge).
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Seed Selection

Plant breeding has created winter wheat varieties with
higher yield potential that are better able to withstand
disease, insects and weed competition. Starting out with
weed and disease free seed will lessen the chances of
disease spread and the introduction of weeds. Buying
certified seed is recommended, as this ensures the seed
has been grown, inspected and cleaned according to
stringent guidelines. See Seeding Management: Vari-
ety Selection.

Seeding Date

Later seeding dates can weaken the crop’s weed com-
petitive ability causing a greater reliance on herbicide
control, which is not always effective; therefore, the
increased weed pressure from delayed seeding dates
can have adverse effects on crop yield. Late seeding
can also affect plant survival, which can reduce the
stand density and increase weed abundance and distri-
bution, often increasing herbicide inputs in the spring.
Figure 9b shows a conceptual image of the difference
between biomass production of weeds vs. winter/an-
nual crop phenology. When delayed seeding occurs
there are limited chances for a fall in-crop application,
leaving weed control to occur at a later date, when the
weeds are more established. See Seeding Manage-
ment: The Essence of Timing.

Seeding Depth

A well-established crop will be the most competi-
tive against weeds. Seeding shallow (less than
1) is necessary with winter wheat because of its
short coleoptile and also allows the seed to germi-
nate quickly with fall moisture. Deep-seeding winter
wheat causes reduced seedling vigor, delayed emer-
gence and, ultimately, higher winterkill. Increased
winter-kill means the crop will lose its competitive
advantage, and stronger herbicide use may ensue.
See Seeding Management: Seeding Depth.

Fertility

Soil test results will provide appropriate guidelines for
application rates of N, P, K, and S for the field. Nitro-
gen is used more efficiently when put down with the
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crop, and the wheat canopy will close, out competing
annuals in the spring. Banding and point injection will
generally limit weed access to the fertilizer, which can
reduce weed density and biomass. Beres et al. (2010c)
reported that fall-banded N applications reduced mono-
cot weed biomass by 29% relative to spring broadcast
N application (Table 2). Controlled release urea prod-
ucts such as polymer-coated urea may cause high weed
biomass in some situations where release is delayed
and plant growth is slowed, creating opportunity for
weeds (Beres et al., 2010c). See Soil Fertility and Nu-
trient Management.

Herbicide Selection

Identifying weeds is the first step to effective chemical
control. Incorrect identification (such as scentless cham-
omile vs. flixweed) can add up to an expensive chemi-
cal bill. Selecting a herbicide can be less complex in
winter wheat when compared to other crops, as there
are only about 20 herbicide chemistries registered for
in-crop applications on winter wheat.

Not only should early emerging weeds be targeted, but
also volunteer seedlings. Control of volunteer cereals will
help control disease vectors. See Insects and Diseases.

Refer to the provincial Crop Protection guide for herbi-
cide selection, weed spectrums and rates. Always fol-
low herbicide labels.

Herbicide Timing
In order to optimize herbicide effectiveness, weeds

need to be correctly identified, including their growth
stage. Weed densities should also be noted in a field.

Winter wheat should be scouted similar to any other
wheat crop, but scouting for weeds will be segmented
into: pre-seeding, 3 leaf stage, and prior to flag leaf
emergence. A pre-seed glyphosate application is a
popular choice to control winter annuals and perenni-
als. This application can be coupled with the pre-har-
vest application in an annual crop to lower cost.

Weeds will continue to emerge throughout the fall,
particularly winter annuals, so a fall herbicide applica-
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tion may be effective prior to freeze-up. An application
2,4-D at label rates is effective for control of winter an-
nuals (Beres et al., 2010a, 2010b). Regular scouting
is imperative to ensure registered growth stages for the
herbicide are not exceeded. Care must also be taken
to not apply the product too early. The herbicide should
be applied under favourable conditions. When weeds
and wheat plants are stressed by environment, or not
actively growing, neither will metabolize chemical very
well, leading to plant injury.

Producers need to be alert in the spring, as winter
wheat is often at the ideal stage to spray when pre-seed
burnoff is happening for spring seeded crops. The ap-
propriate window to spray can be inadvertently over-
looked. Spraying at the wrong stage (especially 2,4-D)
can cause sterile heads and a significant yield loss.

Weed Control Options

Weed Control in the Previous Crop

Good weed sanitation in the crop before winter wheat
helps to establish a competitive crop. Biennial and pe-
rennial weeds should be addressed to limit weed pres-
sure in the fall.

Pre-Seed Burnoff

A pre-seed burn off of glyphosate can be economical
and provide a clean field for planting winter wheat.
Sometimes glyphosate requires an additive, especially
when trying to broaden the weed spectrum, act faster
or get residual effects. There are six registered combi-
nations of additives and glyphosate registered for win-
ter wheat. See Table 1.

1. Express SG/Express Pro + Glyphosate (Group 2,9)
Express products are Group 2 systemic herbicides
that inhibit cell elongation of weeds. Express Pro
contains Methsulfuronmethyl, which provides resid-
ual control of broadleaf weeds for up to 15 days.

Express products provide control of tough to kill
weeds such as dandelion, flixweed, narrow leaved
hawks beard, stinkweed, volunteer canola (includ-
ing Roundup Ready) and wild buckwheat.

2.2,4D + Glyphosate (Group 4,9)
2, 4D is a non-selective systemic herbicide. Weeds
should be in the 2-4 leaf stage for best control. Ac-
cumulation of the chemical occurs in the actively
growing areas of the roots or shoots causing ab-

g(li‘:lpi:]i::ate Active Ingredient Residual Control Benefits Beyond Straight Glyphosate
Express SG Tribenuron-methyl 50% No Additional control of hard to kill weeds plus RR
volunteer canola
Tribenuron- . .
Express Pro methyl 42.9%/ :zs,sup to 15 vAvZZ\(;es plus residual control of flushing broadleaf
Methsulfuronmethyl 8.6% Y
2.4D 2.4-D Amine or Ester No Broad spectrum weed control; control of RR volunteer
canola
P Florasulam and Yes, up to 21 Long residual saves fall spraying; control of RR
rePass
Glyphosate days volunteer canola
Saflufenacil and Fast control of tough to kill weeds; different chemical
Heat No
Glyphosate group (14)
CleanStart Carfentrazone and No Winter annual, volunteer canola and dandelion control
Glyphosate

Table 1. Registered Pre-Seed Burnoff Applications for Winter Wheat
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normal growth. Adding 2,4-D to glyphosate will
broaden the spectrum of controlled weeds and
control Roundup Ready volunteer canola.

3. Pre-Pass (Group 2,9)
Florasulam is taken into the leaves where it inhibits
acetolactate synthase causing an inhibition in pro-
tein synthesis, thereby starving the plant. Broadleaf
weeds are best controlled at the 2-4 leaf stage. Ro-
settes can be up to 15 c¢m across.

4. Heat (Group 14,9)
Heat is a fastacting Group 14 herbicide that
moves quickly through the plant and inhibits pro-
toporhyrinogen oxidase, causing cell membrane
damage. Symptoms can appear within hours of
application. Heat can control broadleaf weeds up
to 8 leaf, and rosettes less than 8 cm across.

5. CleanStart (Group 14,9)
Carfentrazone-ethyl is a contact herbicide that
is useful in controlling volunteer Roundup Ready
canola, kochia and other smaller broadleaf weed:s.
There is no residual in Clean Start, and it should
be applied to broadleaf weeds between the 3 leaf
and 10 cm rosette stages.

Fall Application of 2,4-D (Group 4)

Since winter annuals will be growing in the fall, an
application of 2,4-D may suppress and control these
weeds. 2,4-D, like all phenoxy herbicides, can cause
injury to plants if not applied at the correct time. Spray-
ing at the wrong time can cause sterile heads and a
significant yield loss. Generally 2,4-D applications
in spring when the crop is in a late vegetative stage

Weeds Found in Winter Wheat

Integrated Weed Management

is when injury may occur. Consequently, earlier and
when the crop and weeds are actively growing is better
for efficacy and a strong winter wheat stand.

Although not registered for use in the fall on winter
wheat, label rates of 2,4-D for broadleaf winter annual
control can be applied safely if the crop and weed are
actively growing and the application occurs in frost-free
conditions (Beres et al., 2010a, 2010b). 2,4-D is reg-
istered for spring applications when wheat is tillering
and weeds are at the 2-4 leaf stage. However, spring
applications can be difficult to apply under appropriate
conditions, before wheat plants are too mature.

In two Agriculture and Agri-Food studies, fall-applied
2,4D applications performed in mid-October have
been successful. Winterkill and crop injury was low
and weed populations were suppressed, so it can be
speculated that a fall treatment of 2,4-D may be the
only chemical required to control winter annuals and
perennials in the fall (Beres et al., 2010a, 2010b).

Spring Control

Early scouting and timely applications can prevent
losses due to herbicide injury. Not all herbicide chemis-
tries registered for in-crop application on spring cereals
are registered for winter wheat. Taking into account the
weed spectrum, population and stage of the crop and
weeds, a selection may be made from the Crop Protec-
tion guide or online.

AARD Herbicide Selector

Available at:
http://www.agric.gov.ab.ca/app23/herbsel

Weeds Growth Habit Emergence When to Control
Annual Smartweed/Lady’s Thumb | Annual Spring/Summer Spring/Summer
Annual Sow Thistle Annual/Winter Annual Fall/Spring Fall/Spring
Canada Thistle Creeping Perennial Spring/Fall Spring/Fall
Cleavers Annual/Winter Annual Spring/Fall Spring/Fall
Common Chickweed Annual/Winter Annual Spring/Fall Spring/Fall

Table 2. Weeds Found in Winter Wheat
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Weeds Growth Habit Emergence When to Control
Cow Cockle Annual Spring/Summer Spring/Summer
Dandelion Perennial Spring/Fall Fall

Downy Brome Annual/Winter Annual Spring/Fall Spring/Fall

Field Horsetail Perennial Spring/Fall Spring/Fall
Flixweed Annual/Winter Annual Spring/Fall Spring/Fall
Foxtail Barley Perennial

Green Foxtail Annual Spring/Summer Spring/Summer
Hemp Nettle Annual Spring/Summer Spring/Summer

Japanese Brome

Annual/Winter Annual

Spring/Fall

Spring/Fall

Kochia Annual Spring/Summer Spring/Summer
Lamb’s Quarters Annual Spring/Summer Spring/Summer
Narrow Leaved Hawks Beard Annual/Winter Annual Spring/Fall Spring/Fall
Perennial Sow Thistle Perennial Spring/Fall Spring/Fall
Prostrate Pigweed Annual Spring/Summer Spring/Summer
Pygmy Flower Annual/Winter Annual Spring/Fall Spring/Fall
Quackgrass Perennial Spring/Fall Spring/Fall
Redroot Pigweed Annual Spring/Summer Spring/Summer
Round Leaved Mallow Annual Spring/Summer Spring/Summer

Scentless Chamomile

Annual/Biennial/Winter Annual

Fall/Spring/Summer

Fall/Spring/Summer

Shepherd’s Purse Annual/Winter Annual Spring/Fall Spring/Fall
Stinkweed Annual/Winter Annual Spring/Fall Spring/Fall

Stork’s Bill Annual/Biennial/Winter Annual Fall/Spring/Summer Fall/Spring/Summer
Toadflax Perennial Fall/Spring Fall

Volunteer Barley Annual Spring/Summer Spring/Summer
Volunteer Canola & Other Mustards | Annual Spring/Summer Spring/Summer
Volunteer Oats Annual Spring/Summer Spring/Summer
Volunteer Wheat Annual Fall/Spring/Summer Fall/Spring/Summer
Wild Buckwheat Annual Spring/Summer Spring/Summer

Wild Oats Annual Spring/Summer Spring/Summer
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Insects

Insect control is an essential component of managing a cropping system. Although they can easily be overlooked,
once insect pests reach economic thresholds, prompt action is necessary to prevent significant crop loss. Chemi-
cal, biological and cultural control are all tools that can help manage the pest. While the priority is maintaining a
healthy and productive crop, it is also important to be environmentally friendly, by not over applying insecticides and
considering biological control options. An integrated use of practices can be used to ensure efficient and superior
management of insects.

Insect Damage Crop Stage When to Scout
Stage
MAJOR INSECTS
Cereal Leaf Feeds on the leaves,
Beetle Beetle causing elongated slits | Larva Fresh Tissue May -June
on leaves
Wheat Stem Bores inside stem and . .
Sawfly Sawfly cuts stem to exit Larva Maturing Wheat Stem | Late-June to Mid-August
MINOR INSECTS
Army Cutworm 2&2;3 on leaves, fresh |
Cutworms Larva Ea”ytﬁp””g Wheat 4. May to Mid-June
Pale Western Cuts the plant below row
Cutworm soil surface
Clear Winged i :
9 Feeds on emerging A NS - Before and After Seeding
Grasshoppers heat ti Adult 1 Leaf Stage to Killing ior to wint
Striped Winged wheat tissues Frost (prior to winter)
Feeds on leaf, which
Mite Wheat Curl Mite | prevents the leaf from | Larva Fresh Tissue Not Applicable
unrolling
Infest new leaves as
. they emerge, causing Foliage and Grain
Aphids Rus§|an HTEE flag leaf to trap head NPT Spikes of Actively Early to Mid- May
Aphid . and Adults .
and curl; leads to poor Growing Parts
pollination
When plant is trying
Wireworms Feed on roots Larva to receive nutrients Mid-May to Mid-June
through roots

Table 1. List of Major and Minor Insects that pose a threat to Winter Wheat
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Insects

Cereal Leaf Beetle (Oulema melanopus)
Identification and Life Cycle (Carcamo, 2011; Glogza, 2002)

Spring

Overwintering Adults Emerge,
Eggs Hatch, Larvae Emerge;
Feeding Occurs

Winter
Adults Overwinter

Summer

Majority of Larvae Emerged

Fall Begin to Pupate in Soil (July)

New Adults Search for

Overwintering Sites New Adults Emerge (August)

What kind of damage should | be looking for?
The first apparent damage from Cereal Leaf Beetle
(CLB) is from adult feeding in the spring. Damage is
characterized by long, nar-
row slits in the upper leaf
surface. The larvae of the
CLB emerge in June, and
begin to aggressively feed
on the surface of the leaves.
They feed between veins,
removing all green material
and leaving a windowpane
effect on the lower leaf sur-
face (Kher et al., 2011; Pur-
due University: Cereal Leaf
Beetle, 2009). Cumulatively,
a severely damaged crop
will have a frosted appear-
ance. The most damage is
caused by the larval feed-
ing. The larvae and adults
both prefer new plants or
young tissue on older plants.

Figure 1. Adult CLB, characterized
by an orange-red thorax, yellow
legs and metallic blue-black heads
and wing covers. Adults are ap-
proximately ¥4 inch long.

(Photo: K. Boltze, AAFC, Ottawa)
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When should | scout?

Since the larvae emerge in the spring, scouting should
commence in early June. Controlling them early is more
effective when the larvae are small. However, up to
now the pest has been controlled by a parasitoid wasp
(Tetrastichus julis) which has followed the pest or can be
relocated to areas where the beetle pest is expanding.
Spraying insecticides is not recommended to protect
this effective biocontrol agent.

What kind of pattern should | use to scout the
field for CLB?

Be sure to cover a representative area of the field.
Walk along field edges (~50 ft off edge), as well

as the inner portion of the field.

Pay particular affention to areas that appear “frost
bitten”, as this may be an indication of CLB damage.

O

How do | know if | need to take action?
Damage to young plants tends to impact plant vigour.
Injury to the upper leaves limits the plant’s ability to
photosynthesize and reduces reproductive growth. To
determine whether control measures are warranted,
calculate the economic threshold for CLB, while scout-
ing. The CLB larvae are the target of control.

Calculating the Economic Threshold
1. Sample 10 tillers at 10 random locations in the field

2. Control is recommended if there is an average
of 3 eggs and/or larvae per tiller that are found
before boot stage

3. Contol is recommended if there is an average of
one larvae per flag leaf at or after boot stage
(Government of Saskatchewan, 2011)

What control options are available?

Chemical: Determine CLB abundance before making
a decision fo spray. Calculate the Economic Threshold.
If spraying is warranted, consult the Crop Protection
guide for registered insecticides.
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Biological: Tetrastichus julis is a parasitoid wasp for
the CLB and it helps control it by parasitizing the beetle.
The wasp lays multiple eggs inside the larvae eventu-
ally killing it. Once the larvae have finished develop-
ing, they burst out of the body as larvae and continue
their life cycle (Kher et al., 2011). Lady beetles serve
as natural controls of CLB, by feeding on CLB larvae.
Predators of CLB can significantly suppress populations,
once well established.

Figure 2. Larva of CLB. Typically larvae are slightly larger than the adult beetle,
and have a slug-like appearance. The bodies are yellowish-orange and covered
with a mucus secretion, which gives a wet, black appearance. Larvae have 3
pairs of brown-black legs. (Photo: BC Ministry of Agriculture)

Insects

Figure 3a. T. julis, the parasitic wasp of CLB, in the larval stage, developing in
CLB larva. (Photo: T. Larson, AAFC, Lethbridge)

Figure 3b. CLB Eggs. The eggs are cylindrical and bright yellow-orange in
colour. They darken to brown and eventually black, just prior to hatching. Eggs
are laid in chains of 2-3 on the upper leaf surface, along the middle vein. They
hatch in about 5 days, but hatching depends on temperature.

(Photo: North Dakota State University)

Wheat Stem Sawfly (Cephus cinctus)

Identification and Life Cycle
(Government of Saskatchewan, 2011)

September
Larvae Overwinter

August
Larval Feeding
Continues
May
Larvae Pupate
July

Egg Laying Continues,

Larval Feeding Begins
June
Adults Emerge,
Mate and Lay Eggs
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What kind of damage should | be looking for?
Adult Wheat Stem Sawfly emerge in June and females
deposit eggs in wheat stems, or the elongating stems of
other host plants. If multiple eggs are laid in the same
stem, only one survives to become a mature larva. The
larvae are born in the stem and remain there for most
of the lifecycle (Beres et al., 2011). The larvae feed
upwards in the plant and then begin to move down at
ripening, or as the plant dries down. The larvae chew
a groove around the inside of the stem about 2 cm from
the ground. Larvae create a cocoon and overwinter low
in the stem. Adults emerge from the cocoon in the fol-
lowing spring.

Damage occurs from boring and cutting the wheat stem.
There is reduction in yield, seed set and grade quality,
from larval feeding in the stem. The cut made around
the base of the stem, weakens the plant, causing it to
readily lodge with rain and wind. Further yield losses
occur from the heads falling and not being harvested.
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Winter wheat is not generally the preferred host of
Wheat Stem Sawfly in Canada; however, winter wheat
crops can be infested if planted too late or growth is
delayed in the spring. Montana experiences sizeable
crop losses from sawfly damage in winter wheat be-
cause of a strain with an earlier life cycle better syn-
chronized with winter wheat. See Figure 7.

When should | scout?

Adult sawfly can be captured in late June and early July
with a sweep net. Fields should be monitored again in
later July. Infested wheat stems may be present and vis-
ible as a mottled discolouration. Stems should be split
and inspected for the S-shaped larvae.

What kind of pattern should | use to scout the
field for the Wheat Stem Sawfly?

Ensure a good representation of the field is covered.

Walk along edges (~50 ft off edge) as well as the
inner portion of the field.

Around harvest time, pay particular attention to ar-
eas that appear lodged as this may be caused by
the presence of the Wheat Stem Sawfly.

Infestations may be more severe at field margins,
but are not limited to edges.

How do | know if | need to take action?

The percentage of plants infested by Wheat Stem Saw-
fly should be assessed before harvest. To confirm the
presence of Wheat Stem Sawfly, the stems of wheat
plants should be cut open and checked for typical
sawdustlike “frass”, evidence of sawfly feeding. Sub-
sequent solid stem spring wheat varieties are recom-
mended if 10-15% of the winter wheat crop (or more),

Figure 4. Lodged wheat from Wheat Stem Sawfly infestation near Claresholm,
AB. Approximately 90% of stems have been cut.
(Photo: H. Carcamo, AAFC, Lethbridge)
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Figure 5. Adult Male Wheat Stem Sawfly. They can be distinguished by their
2 pairs of wings, shiny black abdomen, with 3 yellow bands, and yellow legs.
Adults range in size from 10-15 mm and are characteristically inactive, often
found with their heads downward. Females have an ovipositor at the end of their
abdomen, used to “saw” into stems and lay eggs.

(Photo: H. Goulet, AAFC, Ottawa)

was damaged by Wheat Stem Sawfly. Swathing winter
wheat crops is recommended if more than 15% of stems
are infested by sawfly (Alberta Agriculture and Rural
Development, 2012). Information about sawfly infesta-
tion levels is most useful for making decisions relative to
future cropping plans.

What control options are available?
Chemical: There is no insecticide registered to con-
trol Wheat Stem Sawfly. And research trials have not

shown any insecticides to be cost effective (Government
of Saskatchewan, 2012).

Cultural: Damage from sawfly can be reduced by in-
corporating crops resistant to infestation, such as oats
and non-cereals, into rotation (Beres et al., 2011). See
Crop Rotation. Solid stem cultivars decrease the ability
for larvae to bore through wheat stems, thus reducing
damages. Currently only spring wheat cultivars with sol-
id stem traits are available; such winter wheat cultivars
are still being developed in Canada but some cultivars
with various degrees of solid pith are available in Mon-
tana. It should be noted that solid stem wheat are not
resistant to, but rather tolerant to, sawfly damage. See
Seeding Management for variety information. Swath-
ing infested wheat is recommended to prevent infested
stems from lodging. Tillage has been shown to reduce
sawfly populations, but also increases soil erosion and
negatively impacts populations of insects that parasitize
sawfly. Tillage also represents an additional cost.

Biological: Naturally occurring enemies help to sup-
press sawfly populations. One such parasitoid is Brac-
on cephi, a wasp that parasitizes sawfly in wheat fields
(Figure 8). The wasp feeds on sawfly larvae.
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Figure 6. Sawfly larvae. Larvae have a distinct S-shape, when removed from the
stem, and are about 13 mm at maturity. They are cream coloured with a brown
head at maturity but colourless when newly hatched.

(Photo: G. Evjen, AAFC, Swift Current)

Figure 7. Region historically most impacted by Wheat Stem Sawfly (yellow).
Sawfly is becoming an emerging issue further south in the US, beyond what
shown in the above image. (Image: S. Torgonrud, AAFC, Lethbridge)

Figure 8. Bracon cephi, a key parasitoid of Wheat Stem Sawfly
(Photo: H. Goulet, AAFC, Ottawa)
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Cutworms — Army & Pale Western
(Euxoa auxiliaris & Agrotis orthogonia)
Identification and Life Cycle (Hein et al., 2006)

Winter
Larvae Overwinter

Spring
Overwintering Larvae
Begin to Feed & Pupate

Fall

Newly Hatched Larvae
Feed and Move into
Soil to Overwinter

Summer/Early Fall
Moths Emerge and Lay Eggs

From late August to October, moths lay eggs in the soil,
which hatch within a few days or up to 2 weeks. The
newly hatched larvae, or cutworms, feed on plants and
then become inactive over the winter, at which point
they are about half way to maturity. In the spring, they
resume activity and feeding and in May the mature lar-
vae begin to burrow deeper into the soil to pupate.
Moths emerge in June through the larval tunnels.

What kind of damage should | be looking for?
The Army Cutworm grazes above ground on plant
leaves. The damage is visible as holes in leaves and
notches at leaf edges. Plants can recover from Army
Cutworm feeding, provided the damage is not severe.
The Pale Western Cutworm feeds just below the soil on
the stem (Hein et al., 2006; International Maize and
Wheat Improvement Center, 2010). Such damage ap-
pears as dead or wilted plants. If the growing point of
the plant is damaged, it will not recover. Plants should
be examined for evidence of feeding, as to not confuse
damage with what might be winter kill.
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The Army Cutworm is greenish-brown to greenish-grey,
with a darker top side than under side. It features a
narrow stripe, pale in colour, along the mid-back. Its
head is pale brown with brown freckles (Figure 9). The
Pale Western Cutworm forms a C-shape when disturbed
and is pale yellow-grey, with a white mid-dorsal line. lts
head is yellowish brown with 2 apparent dashes, which
form a black inverted V (Figure 9).

When should | scout?

Scouting should begin mid-May, when the larvae
emerge and begin feeding (Hein et al., 2006). Fields
should be scouted on a weekly basis until mid-June. Cut-
worms are nocturnal and feed at night. Therefore, it
may be difficult to find them active and above ground
on bright, sunny days.

What kind of pattern should | use to scout the
field for Cutworms?
Ensure a representative area of the field is covered.

Pay particular attention to circular, bare areas,
as well as ‘wilted” volunteer canola plants (Hein
etal., 2006). Cutworms may also feed along rows.

Dig in the dirt, particularly around damaged
plants. They are often found in close proximity to
wilted or dead plants.

How do | know if | need to take action?
To determine whether control measures are warranted,
consider the nominal economic threshold for Army cut-

worms, of 5-6/m? (Manitoba Agriculture, Food and
Rural Initiatives, 2012). Economic thresholds have not
been extensively researched, so other factors to con-
sider when considering control options include:

Health of the crop: Healthy and vigorous win-
ter wheat crops can withstand higher cutworm
populations.

Moisture conditions: Under good moisture condi-
tions damage is likely to be less significant than
if the crop is drought stressed.

Larvae size: If larvae are too mature, most of the
feeding has already occurred and an insecticide
treatment may not be worthwhile.

Wheat growth stage: Healthy, actively growing
wheat can withstand more damage than a win-
ter wheat crop just coming out of dormancy.

What control options are available?
Chemical: There are very effective insecticides for
cutworm control. Product choice may depend on the
type of cutworm present. Reference the Crop Protec-
tion guide for product options.

Biological: The most successful predators of cut
worms are insectivorous birds. (Montiguide, 2000;
International Maize and Wheat Improvement Center,
2010). Parasitic wasps also contribute to the reduc-
tion cutworm populations.

Figure 9. Pale Western Cutworm (top). Army Cutworm (bottom).

(Photo: University of Nebraska Lincoln)
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Grasshoppers

Identification and Life Cycle
(Purdue University, 2009; Alberta Agriculture and Rural Devel-
opment, 2012)

Fall/Winter

Adults Feed & Die;
Eggs Overwinter

in Soil
August
Egg Laying
Continues May

Eggs Begin
to Hatch

July

Adults appear, Egg Laying; June

Feeding Continues

o

Grasshopper is the name given to a large and diverse
group of insects. Grasshoppers are characterized
by chewing mouth parts, slender bodies, wings that
fold lengthwise, big, strong hind legs for jumping, as
well as a gradual change in form and size as they
develop. In North America, there are in excess of
600 species of grasshoppers, of which there are 85
in Alberta. Only four species are considered pests of
economic importance.

What kind of damage should | be looking for?2
Grasshoppers are grass feeders and cause damage at
the older nymph and adult stage (Alberta Agriculture
and Rural Development, 2003b). Damage can be se-
vere, especially when attacking winter wheat vegeta-
tion in its early stages. In the most severe cases, only the
mid-vein of the leaf remains.

When should | scout?

Take record of the current growing season. If the year is
dry, there is a greater possibility for grasshopper infes-

Nymphs Begin
Feeding

<4 s p

Table of Contents

Insects

tation on cultivated fields. Scout in the fall, when winter
wheat is trying to emerge and set stand.

What kind of pattern should | use to scout the
field for Grasshoppers?

Ensure a representative area of the field is covered.

Begin at one corner of the field and walk diago-
nally across the field. At the corner, turn and walk
along the field edge.

Pay particular attention to bare areas, as well as
‘leafless’ plants as this may indicate an infestation
of Grasshoppers.

How do | know if | need to take action?

To determine whether control measures are warranted,
calculate the economic threshold for Grasshoppers,
while scouting. Also consider factors such as crop
stage, insect maturity and growing conditions.

Calculating the Economic Threshold
1. Sample 20 random locations across the field. Count
the number of grasshopper nymphs that jump up
from a one square foot areq, as it is approached.

2. Control is required if there is an average of 8-12

grasshoppers per square metre.

(Alberta Agriculture and Rural Development, 2012)
What control options are available?
Chemical: There are effective insecticides for Grass-
hopper control. Reference Crop Protection guide for
the most up to date insecticides. Spray the outside bor-
ders of the field first, as this may help prevent spread
of the infestation further into the field (Bradshaw and
Wright, 2011). Insecticides are most effective when ap-
plied after eggs have hatched and Grasshoppers are in
the nymph stage.

Cultural: Avoid planting winter wheat if the season has
had extreme drought and a warm winter is foreseen.
Increasing the seeding rate can help compensate for
partial stand loss (Bradshaw and Wright, 2011).
Crops such as peas and oats can be planted as a
“barrier crop”, surrounding a crop more preferred
by Grasshoppers.
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Wheat Curl Mite (Aceria tulipae)

Identification and Life Cycle
(Grains Research and Development Corporation, 2009)

Winter Spring

Larvae & Adults Mite Populations on

Qverwinter Terminal Leaves Increase
with Temperatures

Fall Summer

Wind Carries Mites
to New Vegetative
Material

Wind Continues to
Carry Mite to New
Vegetative Material

The Wheat Curl Mite is nearly impossible to see with-
out magnification, measuring about 1/100 of an inch.
The mites are white, cigar-shaped organisms with 4 for-
ward-directed legs near the head. Under optimal condi-
tions (temperatures of around 25°C), the mite has a life
cycle of 7-10 days, and populations increase dramati-
cally. Population growth slows under hot (above 30°C),
dry conditions.

What kind of damage should | be looking for?2
The Wheat Curl Mite affects the leaves by curling
the edges, as well as occasionally trapping the flag
leaf (Grains Research and Development Corporation,
2009). The main concern of this insect is that it vectors

the disease, Wheat Streak Mosaic Virus. See Diseases:
Wheat Streak Mosaic Virus.

When should | scout?

Scouting is not economical or effective as only preven-
tative measures help in the control of the Wheat Curl
Mite (Grain Research and Development Center, 2009).
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What kind of pattern should | use to scout the
field for the Wheat Curl Mite?
Detection of the mite is difficult without magnifica-
tion; therefore, scout for the deformities in the crop.

Mites usually appear first at field edges. Large
infestations will cause leaf blades to curl upward
and inward.

How do | know if | need to take action?
There is currently no economic threshold for the Wheat
Curl Mite (Grain Research and Development Center,

2009).

Need to take action? What action is best?
Chemical: There are no pesticides registered for con-
trol of the Wheat Curl Mite.

Cultural: Do not seed winter wheat near newly emerged
volunteer cereals. By controlling volunteer host plants
early, at least 2 weeks prior to planting winter wheat,
the Wheat Curl Mite population is diminished. The
mites cannot survive in the absence of living host plants
for more than 10 days. Spring wheat, barley, corn and
some grasses can act as hosts to the mite.

Varietal: AC Radiant winter wheat is resistant to the
Wheat Curl Mite. See Seeding Management: Variety
Selection.

Figure 10. Wheat Curl Mites.
(Photo: Montana State University)
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Russian Wheat Aphid (Diuraphis noxia)
Identification and Life Cycle (Karren et al., 1989)

Winter Spring
Overwintering Aphids Feed and Begin
Nymphs or Adults to Reproduce Asexually
in Crop
7 Summer
a . 4-5 Living Young
Adults Nest in Produced/Day for
Leaf Whorls; Feed ~ 4 Weeks

& Overwinter I

Adult Russian Wheat Aphids are bright green in colour
and football-shaped. They measure 1.6mm —2.1mm. Dis-
tinguishing features include shortened antennae and re-
duced cornicles at the end of the abdomen. Viewed from
the side, the Russian Wheat Aphid has a supracaudal
structure that looks like a double tail.

What kind of damage should | be looking for?2

The Russian Wheat Aphid injects a toxin into the leaves
as it feeds on the plant phloem. This toxin produces white
streaking on the leaves, eventually turning purple. The
transmitted toxin may cause the plant to be discoloured
and deformed. The flag leaf begins to curl, preventing
the wheat head from fully emerging and causing poor
grain filling (Hodgson et al., 2008; Shea et al., 2006).

Often it is easier to spot damage first, and then look for

the aphid.

When should | scout?

Russian Wheat Aphid can be found on winter wheat from
emergence in the fall until grain ripening the following
year. Generally they are located on the newer leaves.
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What kind of pattern should | use to scout the
field for the Russian Wheat Aphid?

Ensure a representative area of the field is covered.

Travelling a zigzag pattern across the field may be
appropriate when scouting for aphids, which can
be uniformly distributed across a field.

Pay particular attention to distorted areas, as well
as white/purple plants, as this may be an infesta-
tion of the Russian Wheat Aphid.

How do | know if | need to take action?

To determine whether control measures are warranted,
calculate the economic threshold for Russian Wheat
Aphid, while scouting on a weekly basis.

Calculating the Economic Threshold
1. Sample 10 plants at 10 random locations across

the field.

2. Control is required if >10% of plants are infested
with at least one aphid, when the first node is vis-
ible or when 10% or more of tillers are infested
with one aphid, when the tip of the flag leaf is

just visible.
(Government of Saskatchewan, 2011)

Figure 11a. Russian Wheat Aphid. (Photo: University of Idaho)
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Figure 11b. White streaking on cereal leaves, caused by Russian Wheat Aphid

feeding. Streaking eventually turns purple.

(Photo: Kansas State University)

Need to take action? What action is best?

Chemical: There are very effective insecticides avail-
able for Russian Wheat Aphid control. Reference the
Crop Protection guide for the most up to date insecti-
cides. Attempt spraying the outside borders first as this
may help prevent their infestation into the field (Shea
et al., 2006). Control depends on complete coverage.

Cultural: Control weeds and other volunteer crops to
prevent an alternative source of food within the field be-
tween seasons. Volunteer wheat and barley host aphids
between the harvest of spring crops and the emergence
of winter wheat. A variety of wild grasses also can acts
as hosts to the Russian Wheat Aphid throughout the
year (Shea et al., 2006). Maintaining a vigorous crop
can also help, as Russian Wheat Aphid tends to thrive
in stressed crops.

Wireworms

(Ctenicera aeripennis destructor)
Identification and Life Cycle

Winter

Overwintering
Larvae & Pupae

Fall

Feeding Larvae Begin

to Overwinter

Spring

Adults Emerge
& Begin to Lay
Eggs in the Soil

Summer

Larvae Mature (in
2-6 weeks)
Feed on Roots
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Wireworms are the larvae of Click Beetles. They are
slender with a hard, jointed body and three sets of legs
behind the head. The last body segment is notched.
Wireworms range in colour from shiny tan to copper
and are 1-4 cm at maturity (Figure 12).

What kind of damage should | be looking for?
Signs of wireworm feeding include:
Hollowed out seeds and dead seedlings
Damaged, but uncut, stems; wilted plants
Patches of poor plant growth and vigor

Missing rows (wireworms fend to feed along
crop rows)

Plants with dead centre leaves, but outer leaves
are still green

When should | scout?

Begin scouting for larvae around June, in the crop to
precede winter wheat. Continue for the month of June
as the maturation of larvae takes 2-6 weeks, and in
exireme cases, 2-5 years (Alberta Agriculture and Ru-
ral Development, 2012). The wireworms survive for ex-
tended periods in the soil, feeding on roots and seeds.

(Syngenta, Wireworm Field Guide)
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What kind of pattern should | use to scout the
field for wireworms?
Ensure a representative area of the field is covered.

Dig in areas of crop damage to confirm insect
presence.

Bait balls can be planted randomly throughout the
field to attract wireworms underground.

Bait balls are a good indication of insect presence,
but not density (Syngenta, 2011).

Whole potatoes may also be used as wire-
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How do | know if | need to take action?

If in scouting of the crop preceding winter wheat, wire-
worms were found, consider use of a seed treatment tar-
geting wireworms. Thresholds for wireworms have not
been extensively tested. There is a nominal threshold
of 32/m? for cereals (Government of Saskatchewan,
2011). Several 1 m? areas of the field should be ex-
amined to a depth of 6” (15 cm) for the presence of
wireworms, and an average calculated.

Figure 12. Wireworm. Note three pairs of legs immediately behind the head.
(Photo: Ontario Ministry of Agriculture, Food and Rural Affairs)
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Need to take action? What action is best?
Chemical: There are no postemergent insecticide op-
tions for wireworm, but pre-emergent insecticides are
available in the form of seed treatments. Refer to the
Crop Protection guide.

Cultural: Avoid planting canola and flax in known
infected fields as these are the preferred hosts for the
wireworms (Maine Potato IPM Program, 2001). Opti-
mize emergence by aiming for good seed-to-soil con-
tact, seeding at an appropriate time for the production
area and seeding 1” deep or less, at the recommended
seeding rate. Good agronomics support quicker emer-
gence and healthier stands, which are better able to
recover from wireworm damage. See Seeding Man-
agement.

Figure 13. Click Beetle (Adult Wireworm).
(Photo: Ontario Ministry of Agriculture, Food and Rural Affairs)
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Diseases

Disease occurs in crops when there is an interaction
between a susceptible host, a virulent pathogen and
favourable environmental conditions. The plant (host)
must be at a susceptible stage of development and the
pathogen must be virulent and be in a stage where it
is able to affect the plant. Third, the environment must
be suitable for the pathogen to infect the host and the
disease to spread. If any one of the three aspects of the
“disease triangle” (Figure 1) does not exist, disease will
not occur. Control of a disease relies on breaking any
one element of the disease triangle.

Environment

Susceptible Host

Figure 1. The Disease Triangle.

Pathogen

General Guidelines

Stressed plants generally perform better under dis-
ease pressure than unstressed crops due to the ac-
tivation of defense mechanisms. Crops with lush
canopies, having been fertilized well and facing
optimal conditions, will be at greater risk to dis-
ease losses (D.A. Gaudet, personal communica-
tion, 2011).

Crop rotations are a critical component of disease
control and a balanced rotation is able to keep
disease pressure low.

Cleaning and disinfecting your machinery and bins
will reduce spore loads for seed borne diseases.

Farm saved seed has a higher risk of disease prob-
lems than certified seed.

Be wary of a phenomenon called the “Green
Bridge”. Many pests require a living plant to sur-
vive. Ideally, the previous crop will be dead before
winter wheat emerges. If green material is still pres-
ent when the next crop emerges, harbored pests
can transfer from the mature areas to the new crop.
Ensure that there are definite breaks (10-14 days)
in the presence of living materials between crops.

Quick Reference Table for Diseases Found in Winter Wheat

Disease Potential Damage Crop Stage Impacted When to Scout Resistance Cultural Control Chemical Control*
Significant yield From emer-
loss in suscep- | Juvenile and adult Pintail Control volun- Spray suscep-
. - L gence to 35-45 . - L
Stripe Rust tible varieties, leaves, davs before Flourish teers and hosts | tible varieties at
5-10% if resis- Kernels Y Moats in headlands 5% incidence
harvest
tant
. Seed early, fertil-
Minimal to 100% =R, whep Check damage . ize with phos- .
Snow Mold - the plant overwin- . None Available None Available
mortality ters at spring melt phorous and
potassium
Possible yield | Juvenile and adult  OV@! O iregular Use an ap-
Tan Spot y tan coloured le- | None Available | Crop rotation proved foliar
loss leaves . . o
sions with halos fungicide
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Diseases

Disease Potential Damage Crop Stage Impacted When to Scout Resistance Cultural Control Chemical Control*
o . .

Fusarium 1 U i Ll Adult, headed out | Around anthesis D1 e S Foliar fur_19|0|des

. infected results o Emerson on corn stover. can provide sup-
Head Blight . S with filling kernels | of the heads . .

in grain rejection Crop rotation pression

Whea_t Streak Mlnlmgl to total Juvenile leaves Lat_e fall to early AC Radiant** ‘I‘Ellmlnate.the” None Available
Mosaic Virus crop failure spring green bridge

Yield loss under
high inoculum.
Seed quality
issue.

Common Bunt Kernels

Heading

Seed early,
sanitize bins and
equipment. Crop
rotation.

Use an ap-
proved systemic
seed treatment

Bellatrix

20-30% yield
losses under
severe disease
pressure

Take-All of

Wheat heading

Most visible before | Before plants
head out

None Available = Crop rotation None Available

Table 1. Diseases found in Winter Wheat.
*Consult Crop Protection guide for approved fungicides.

**AC Radiant is resistant to the Wheat Curl Mite, the vector of Wheat Streak Mosaic Virus.

Stripe Rust (Yellow Rust, Glume Rust) - Puccinia striiformis

Identification and Life Cycle

Spring
Spores develop from
the previous autumn’s
infections or arrive
on winds from south.
Chlorotic regions form
on juvenile plants.

Winter

Spores overwinter
on living winter
wheat plants.

Summer

Primary season for
stripe rust. Most
of lifecycle occurs
in summer.

Fall

Spores move from
nearby infected spring
cereals to infect winter
wheat. This is known
as the “Green Bridge”
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What should | be looking for?

Look for long streaks of rust to orange coloured pustules
that erupt from chlorotic regions on the leaves following
stem elongation (See Figure 2). The streaks are oriented
vertically on the leaves (Bockus et al., 2010). They can
also occur in masses of orange flecks. If plants are in-
fected before the winter, the leaves will have flecks of
pustules on the lower leaves. Pay close attention when
conditions are wet, especially when the soil is saturated
and dew is present on crops.

Monitor agricultural websites, such as the USDA, from
and for the Pacific Northwest region of the United States
for the development of rust in these regions, as rust can
travel great distances by air.

Damage can be confused with cereal leaf beetle if the
pustules have not emerged yet. See Insects.
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Figure 2. Plants heavily infected with Stripe Rust. (Photo: B. J. Puchalski)

When should | scout?

Scout frequently from emergence to 35-45 days prior
to harvest.

Economic thresholds and losses

Losses range depending on cultivar choice and envi-
ronmental conditions. Resistant varieties have a slow
progression of the disease, which will result in a lesser
5-10% yield loss. Resistance in many varieties becomes
fully expressed if daytime low temperatures rise above
25°C. Susceptible varieties may lose up to 90% of their
leaf surface. Grain yield decreases as greater amounts
of leaf area are lost. Less photosynthesis can occur and
the plant loses water due to damages to the leaf’s epi-
dermal layer.

Apply a foliar fungicide to susceptible varieties at 5%
incidence within the field and 5% severity on the leaves

Table of Contents

<4 p

Diseases

Figure 3. Generalized diagram of what 5% and
10% severity looks like on the wheat leaves.

(Figure 3). Treatment should be applied prior to 5% in-
cidence on the flag leaf.

Need to take action? What action is best?
Resistance: Resistance is available in the winter wheat
varieties: Pintail, Flourish and Moats. The resistance of
AC Radiant has largely been defeated and the races of
rust are shifting rapidly. Check provincial recommenda-
tion list to determine if selected variety is resistant.

Cultural: Remove volunteer wheat in the headlands
and within the field which can harbor rust. Rust can
only persist on live plant tissue and develops only on
wheat, not on oats, barley or canola.

Chemical: Foliar fungicides provide good control.
Seed treatment can delay the onset of disease in seed-
lings. Consult the Crop Protection guide.
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Diseases

Tan Spot of Wheat (Yellow Leaf Spot) - Pyrenophora Tritici-Repentis

Identification and Life Cycle

Winter

Overwinters on
crop debris.

Fall

Infected stubble
can infect newly
emerged seedlings

Figure 4. Tan Spot chlorotic regio
(Photo: Western Committee on Pl

Spring

Plants emerging
from winter are at
higher risk. Rain
causes spores to be
released.

Summer

Noticeable damage may
occur, depending on
conditions and if disease
was established earlier.

ns at 5-10% incidence.
ant Diseases)
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What should | be looking for?

Tan Spot of wheat first appears as dark brown/black
spots on lower leaves. This is followed by the develop-
ment of irregular tan colored lesions with chlorotic or
necrotic halos along the veins (See Figure 4). Lesions
can grow up to 12 mm long and, under favorable con-
ditions, these lesions can coalesce to cover the entire
leaf (Bockus et al., 2010; S. Strelkov, personal com-
munication, 2011).

When should | scout?

Scout while the plants are still tillering and low to the
ground. The disease has difficulty moving vertically and
infections will not be as damaging after stem elonga-
tion (Strelkov, 2011).

Economic thresholds and losses

Susceptible varieties can lose most of their photosyn-
thetic area (Bailey et al., 2003). The result is reduced
yield, poor grain filling and low bushel weight. If the
heads are infected, mature kernels may develop red
smudge or black point (Bailey et al., 2003).

Need to take action? What action is best?
Resistance: As of now, there are no resistant winter
wheat varieties available.

Cultural: Crop rotation out of cereals for 2-3 years,
reduces disease incidence (Strelkov, 2011). Non-host
crops include canola, flax, corn, alfalfa and potatoes.
Tan Spot prefers conditions inherent to reduced tillage.
Spores can spread from mature fields to new crops via
the “green bridge”. Infected crop residues may be bur-
ied to reduce spread.

Chemical: Foliar fungicides provide good control.
As with any chemical treatment, the decision to spray
should be based on expected yield gains and the cost
of application. Consult the Crop Protection guide.
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Snow Mold (Winter Crown Rot)

Identification and Life Cycle

Winter SDrmg
after ~30 days of after snow melt.
continuous snow
COVE.
Summer
Pathogens
survive over
Fall the summer as
Dormant mycelium or
sclerotia.

What should | be looking for?

Several species of fungi cause snow molds (See Fig-
ure 5). Depending on the species, infection can occur
by spores that are released by fruiting structures in the
autumn or under the snow in winter. In the spring after
snow melt, look for irregular, white or brown patches,
with white mycelium around the plants (Smith, 1981).
A mycelia plaque might also be visible when the outer
leaf sheath is removed. Brown or black sclerotia may
be present on the leaf surface. Damage can range from
thinned rows, to a few isolated spots to the general

Figure 5. Cottony snow mold visible on the field surface
(Photo: D.A. Gaudet)

45 p

Table of Contents

Diseases

field. Damages are most severe where snow accumu-
lated in drifts and remained for prolonged periods.

When should | scout?

Scout for damages when the snow melts. Scouting
through snow is too difficult to attempt. However, signs
of snow mold disappear rapidly as temperatures rise
and spring rains occur.

Economic thresholds and losses

Snow mold inflicts greater losses the longer a winter
wheat crop is under continuous snow cover. The map
below indicates continuous snow cover by region. Ar-
eas with more days of continuous snow face greater
risk in growing winter crops. Snow molds can attack
most overwintering crop species including grasses, al-
falfa and clover.

Need to take action? What action is best?
Resistance: As of now, there is no resistance available
in Canadian winter wheat varieties. There is a corre-
lation between more winter hardy varieties and snow
mold resistance, though. So choosing more winter har-
dy varieties could help against cottony snow mold.

Cultural: Plant winter wheat early. The longer the
plants have fo establish and cold-harden, the better they
will do against both winterkill and cottony snow mold
(Smith, 1981) See Winter Survival for more informa-
tion. Tight winter wheat rotations should be avoided. A
rotation with 3-4 years of spring sown annual crop will
lessen inoculum build up.

Chemical: No chemical options are available.

I 80+ days

Il 60-80 days
40-60 days

[ 30-40 days

Figure 6. Days of continuous snow cover on the Canadian Prairies.
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Diseases

Wheat Streak Mosaic Virus (7ritimovirus)

Identification and Life Cycle

Spring

If overwintered,
chlorotic streaking
will become visible.

Winter
Winter wheat &
volunteers host
mite and virus
over winter.

Fall Summer

Losses most
likely to occur
during summer
months.

Mites transfer
virus from host
plants/volunteers
to winter wheat.

What should | be looking for?

The vector for Wheat Streak Mosaic Virus is the wheat
curl mite. The virus cannot spread without the mite. See
Insects. WSMV occurs as chlorotic patches in the field,
originating from plants closest to the headlands. Often
field margins are most severely affected. Plants are usu-
ally stunted, with mottled streaking on the leaves, which
eventually yellow completely and die off (Bockus et al.,
2010; Peel et al., 1997). The heads will be completely
or partially sterile and the grain is typically shriveled.

When should | scout?

Scouting should begin in late fall to early spring (Bai-
ley et al., 2003). Damages become visible soon after
growth resumes in the spring.
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Economic thresholds and losses

Losses can be from less than 1% to complete crop fail-
ure. Damages depend on when infection occurred. Fall
infections are the most severe. Economic thresholds are
based on controlling the vector, the wheat curl mite.
See Insects.

Need to take action? What action is best?
Resistance: AC Radiant is moderately resistant to the
wheat curl mite and, therefore, WSMV.

Cultural & Chemical: Control all volunteer host plants.
Eliminate the “green bridge”. See Insects.

Figure 7. Close up of the chlorotic streaking on young leaves.
(Photo: B.J. Puchalski)
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Fusarium Head Blight (Scab) - Fusarium Graminearum

Identification and Life Cycle

Winter i Spring

FHB Pathogen Seedlings
overwinters in may become
crop residue, infected
soil &/or seed
Summer
Pathogen spores
Fall infect heads of
Dormant wheat during
anthesis

-

What should | be looking for?

The heads of the wheat appear partially bleached and
Fusarium Head Blight (FHB) gives the kernels a slight
pink or orange colouration (Bockus et al., 2010, Es-
ker 2010). The kernels themselves are shriveled and if
severely infected, are chalky in appearance. Blighted
heads may be referred to as Fusarium Damaged Ker-
nels or “tombstone” kernels (Figure 8). FHB may look
like Take-All but heads are not completely sterile and
not completely bleached (Bailey et al., 2003). White,
fungal growth on the heads may be present if condi-
tions are moist.

When should | scout?
Infection occurs at head emergence and throughout

flowering. The disease is promoted by high rainfall and
warm temperatures at flowering. Fungicide should be
applied at early flowering to suppress the disease, if
fungicide is warranted. Winter wheat often escapes
FHB damage, given its early maturity.
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Economic thresholds and losses

Yield losses arise from floret sterility and poor grain fill-
ing. Grade is also reduced and the grain may contain
mycotoxins, making it unsuitable even for feed. Having
10% of your kernels, by weight, damaged by FHB will
result in your grain being graded sample. No. 2 Cana-
dian Western Red Winter allows for only 1% and No.
1 only 0.8% FHB damaged kernels (Canadian Grain
Commission, 2011).

Need to take action? What action is best?
Resistance: Emerson winter wheat has very good resis-
tance to FHB.

Cultural: Do not plant winter wheat on corn stover. Also
avoid planting adjacent to fields with infested cereal or
corn residues. Test seed at an accredited laboratory to
ensure it is free of detectable levels of Fusarium gra-
minearum. In irrigated production situations, manage
irrigation as to avoid irrigating during flowering. This
minimizes the humid conditions that promote infection.
Seeding rates may be increased for a more uniform
and shorter flowering period.

Chemical: Foliar fun-
gicides are available
for FHB suppression.
Refer to the Crop
Protection guide for
product selection and
application timing. A
foliar fungicide ap-
plication may be war-
ranted if conditions
remain warm and wet
after head emergence,
the pathogen is estab-
lished in the area and
the projected yield re-
turn exceeds the cost

of application.
Figure 8. “Tombstone” kernels, charac-
teristic of FHB. (Photo: B.J. Puchalski)
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Common Bunt (Stinking Smut) - Tilletia Laevis and T. Tritici

Identification and Life Cycle

Spring
Winter Attacks the
Dormant developing
within plant. heads in the
boot stage.
Summer
Fall Kernels are

Infects newly replaced by ‘bunt

emerged seedlings. balls’. Distinct
Low temperatures fishy odour
favour infection. develops.

What should | be looking for?

Common bunt is characterized by the kernels of wheat
being replaced with sooty black teliospore masses,
known as bunt balls (Agrios, 2005; Miles et. al., 2009).
These bunt balls can be broken easily with pressure and
smell distinctly of fish (Bailey et al., 2003). Infected til-
lers are shorter than healthy ones. Look for slightly stunt-
ed plants. Bunted heads will swell after precipitation,
resulting in black heads becoming visible (Figure 9).

When should | scout?

This disease is seed borne and infects plants right at ger-
mination. The fungus remains inactive until heads begin
to form on infected plants. Bunt balls replace kernels.

Economic thresholds and losses

Common bunt can cause significant yield losses, pro-
vided there is a large inoculum load present. Yield loss
is equivalent o the percentage of infected tillers (Bailey
et al., 2003). Losses due to downgrading can be sig-
nificant. Even low levels of bunt infection (1% or less
by weight) can be problematic. Bunted grain is primar-
ily rejected due to odour (Bailey et al., 2003). Further,
bunted grain may contaminate clean grain and han-
dling facilities, so delivery may be refused all together.

Need to take action? What action is best?
Resistance: The winter wheat variety Bellatrix is mod-
erately resistant.

Cultural: Sanitation of equipment and bins that come in
contact with common bunt helps to limit disease spread.
Contaminants can be present in combines and augers
and can be decreased by harvesting and processing
non-host crops (Bailey et al., 2003). The chances of
disease development are increased if seeds are planted
deep and the soil is cool (Agrios, 2005). Use certified
seed. Never plant bunted seed, as seed cleaning and
seed treatments will not be able to sufficiently overcome
the disease. Soil borne bunt will persist for one year, so
crop rotation will reduce inoculum loads. Contaminated
grain can be composted. Burning and spreading it is
not advisable.

Chemical: Common bunt can be adequately con-
trolled through seed treatment fungicides. System-
ic fungicides will perform better than protectants,
since control will carry into winter. Refer to the Crop
Protection guide.

Figure 9. A bunt ball compared to healthy grain kernel. (Photo: CPS Collection)
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Take-All (Gaeumannomyces Graminis)

Identification and Life Cycle

Winter
Pathogen
overwinters in
infected plants
or crop residue.

Fall

Pathogen can
infect emerging

Spring
Symptoms of
infection become
visible. Chlorotic
regions.

Summer

Wheat heads will be
sterile. Plant is visibly
stunted. Whole plant

seedlings through may die.
contact with roots.

Figure 10. Roots characteristic of Take-All. (Photo: M. McMullen, NDSU)
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What should | be looking for?

Uproot the plant and check for shoe polish black roots
and crowns (Figure 10). Infected plants are easy to
pull up as roots may have entirely rotted. Diseased
plants are stunted with visibly white heads, occurring
in evident patches. The whiteheads are also sterile with
shriveled kernels (Agrios, 2005). Thick, brown runner
hyphae may also be present and a thick, dark mat of

mycelium will be found between the lowest outer sheath
and the culm (Bockus et al., 2010).

When should | scout?

Scout for disease presence at stem elongation. Control
measures must be enacted in the next season. Infec-
tion is favoured by soil temperatures from 12-20°C and
high soil moisture.

Economic thresholds and losses

Low levels of infection may go undetected and have
litle impact on yield. However, yield losses of 20-30%
can occur under significant disease pressure. The inten-
sity of losses increases under continuous cropping.

Need to take action? What action is best?
Resistance: No cultivars are resistant.

Cultural: A crop rotation of two years out of wheat is
the most effective control option, with a rotation into
legumes or other dicots preferable (Lipps, 2011). Nitro-
gen fertilizer regime also matters, with nitrates favour-
ing Take-All development and ammonium and slow re-
lease forms inhibiting it (Bockus et al., 2010). If a crop
is suffering from any nutrient deficiency, it will be more
prone to Take-All infection. Sufficient levels of phos-
phorous will favour strong root development and de-
crease disease severity. Slightly acidic soils also hinder
disease development. It is important to control grassy
weeds, such as quackgrass, which can be infected and
increase the inoculum load (Lipps, 2011).
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Winter Survival

Winter wheat's ability to survive a winter comes from
its ability to cold acclimate or “harden off” before a
cold event. This ability is a reflection of the many fac-
tors that are at work both inside and outside the plant.
Some factors producers are able to control, but others
cannot be managed, such as the amount of snowfall in
a particular winter. Knowing what these factors are al-
lows a producer to properly react and adjust, mitigating
potential damages.

While all tissues in the plant must acclimate to the cold
individually (roots, leaves and meristematic crown tissue
(Fowler, 1982)), it is the survival of the crown tissue that
is most critical to the survival of the plant as a whole
(Skinner et al., 2008). Management practice recom-
mendations are based on increasing winter survival of
the meristematic crown tissue.

Weather/Climate/Uncontrollable Factors

Winter wheat needs to be able to gradually harden off
before a major cold event. For example, the crop is
unlikely to survive the soil temperature dropping below
-6°C before the end of September (Figure 1). The hard-
ening off process begins when the temperature drops
below 9°C (Fowler, 1982), and continues as the tem-
perature decreases.

— Average
-4 Range

The speed of this acclimation is dependent upon the
crown temperature; the colder the crown of the plant,
the faster it hardens off (Fowler, 1982).

Winter wheat is best adapted to surviving the winter if
it is between the three leaf to first tiller stage (Stage 2
— Stage 4 on the staging diagram). Any more or less
developed than this will result in a decrease in winter
survival capacity.

Cold tolerance is dynamic, however, and it can be lost
if temperatures increase above the previous minimum
temperature that the plants had hardened to. If the
crowns of the plant are exposed to warmer tempera-
tures for as little as 50 hours, the cold hardiness of the
plant can be decreased substantially (Fowler, 1982).
The loss of hardiness has two major implications:

If the temperature of the crown drops again below
the current level of winter hardiness, injury will occur.

Once a crop loses winter hardiness, not only will it
never reach the original level of winter hardiness,
but it will become more prone to dehardening and
will deharden faster the next time an increase in
temperature over the minimum survival tempero-
ture occurs. See Example 1.

30 Sept : Oct # Nov # Dec

Jan  Feb . Mar  Apr May

Figure 1. The range of temperatures that winter wheat is typically hardened to at different times of the year.

(University of Saskatchewan, 2002)
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Example 1:

Crop originally hardened to -19°C. Temperatures rise to -15°C for a prolonged period. This results in the
crops new minimum survival temperature becoming -15°C, a loss of 4°C of winter hardiness. If it took
80 hrs for the loss of winter hardiness to occur, should the temperature increase again, this time past
the new minimum of -15°C, crop dehardening will occur at a faster rate, (i.e. the crops will lose more

degrees of hardiness in a shorter time, perhaps 60 or 70 hours to lose 4°C of hardiness, instead of the
80 hours that it took the first time). (Fowler, 1982; Hayhoe, 2003).

Snow cover is essential for winter wheat survival, not
only to insulate the crop from severely cold tempera-
tures, but to also protect it against rises in temperature
to maintain its cold hardiness (Hayhoe, 2003). See
Winter Survival: Seeding Management.

Cold hardening can be reduced and extreme tempera-
ture swings can adversely affect the survival of winter
wheat. For instance, if Chinooks are severe enough to
melt off the snow cover and/or warm the soil tempera-
ture above the minimum hardened temperature, they
can decrease the hardiness of the crop, setting it up
for injury when the temperatures drop again. That be-
ing said, Chinooks can be a valuable tool in keeping
the soil temperature within the minimum cold hardiness
temperature of the crop if they are not too severe.

Chinooks can be especially damaging from December
to February, the time when the crop is most vulnerable
to winter kill (Figure 1) (Fowler, 1982; Hayhoe, 2003).
This time frame is when the crop is most vulnerable to
damage from freezing, because the soil has lost most to
all of the heat it had from the summer and fall.

Freeze/thaw cycles can also induce winterkill if the
snow cover melts and the resulting water sits on the
field. If the water remains for an extended period of
time or freezes on the crop, anaerobic conditions are
created and crop injury can result (Mackey, 2009).

Figures 2 and 3 are maps of the prairies and the per-
cent chance of winterkill with Norstar as a result of
weather. Not all areas of the prairies are as conducive
to growing winter wheat as others. Winterkill severity
ranges from under 10% to over 50% and the likelihood
of these damages range from 5% to 25%. These prob-
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Figure 2. The percent chance that more than 50% of direct seeded Norstar
winter wheat would be killed. (University of Saskatchewan, 2002)

Figure 3. The percent chance that more than 10% of direct seeded Norstar
winter wheat would be killed. (University of Saskatchewan, 2002)
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abilities should be factored in to a producer’s decision
to plant winter wheat. When planting any crop for the
first time, producers should begin with a relatively small
acreage, and determine whether it is suitable for their
region. The following section will address management
practices that can minimize the risk of crop damage
over the winter months.

Controllable Factors

The factors that are under a producer’s control are
largely management strategies that work to help the
plant position itself to successfully survive the winter.

Seeding Management and Rotation

The most significant controllable factor is to seed into
standing stubble. As mentioned, adequate snow cov-
er is critical for crop survival, and stubble catches the
snow, holding a relatively even snowpack over the crop.

Additionally, stubble affects the crystalline structure of
the snowpack, allowing it to breathe and keep the tem-
perature near the soil from getting too warm. This helps
to prevent anaerobic conditions from occurring at the
soil surface, increasing winter survival. Canola stubble
is ideal, because it is tall but shatters easily, therefore
decreasing potential problems with residue plugging
the seed drill. See Seeding Management.

Seeding date is critical because immature plants will
not have sufficient energy stores to harden off and sur-
vive the winter (Beres, 2010). Inversely, crops seeded
too early grow too large and may lose some of their
plasticity fo survive and recover from the winter (Fowler,
1982). See Seeding Management and Calendar.

Other stubbles that winter wheat can planted info in-
clude wheat, oats, rye, barley, peas and lentils. Howev-
er it should be noted that pulse stubbles do not capture
snow as well as the other crops, making pea stubble a
viable option only in northern regions (Zones B&C) of
Alberta. See Crop Rotation.

Variety Choice and Selection

Not all varieties have the same level of winter hardi-
ness, and as a result, some varieties are better suited for
certain areas than others. The winter survival require-
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Winter Survival

ment can vary within a province (see Figures 2 and 3);
local climatic conditions should be taken into account.
See Seeding Management.

Depending on where a variety was developed, it may
be better suited to certain areas and conditions. [i.e.
western prairies vs. eastern prairies). Furthermore, vao-
rieties differ in their resistance to diseases and insects.
See Seeding Management: Variety Selection.

Fertility

Winter survival can also be affected by affected nitro-
gen and phosphorus fertilization. Phosphorus fertiliza-
tion increases plant survival by increasing the health of
the roots of the plants (including the crown region). The
crown is the most critical part of the plant in regard to
winter survival, and the healthier the crown tissues are
going info the winter, the greater the chance of the crop
overwintering successfully. Figure 4 shows the relation-
ship between phosphorus fertilization and the corre-
sponding increase in winter survival. See Soil Fertility.

If high amounts of nitrogen are plant accessible in the
fall, winter survival can be adversely affected (Grant,
1984, Gusta et. al., 1998). Nitrogen encourages the
plant to grow quickly, resulting in lush growth with large
cell sizes. When air temperatures drop, ice forms in the
large water filled cells and can cause cell, and eventu-
ally, plant death. See Soil Fertility.

15+
20+

25

30

|
-15 0 15 30

Deficiency Excess

Figure 4. The effect of phosphorus fertilization on the winter survival of winter
wheat. (University of Saskatchewan, 2002)
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Large cells mean the plant must produce more solutes
in order to lower the freezing point of the solution in
the cell. This problem is compounded by the fact that
the plant is more focused on lush growth than on winter
hardening under high nitrogen conditions. Ideally, plants
grow slowly, resulting in small cell sizes, and plants fo-
cusing on hardening off rather than vegetative growth.
See Figure 5 for the negative relationship between plant
available nitrogen and winter wheat survival.

Figure 5. The effect of nitrogen fertilization on the winter survival of winter
wheat. (University of Saskatchewan, 2002)

Assessing Winter Survival

One of the most challenging aspects of growing winter
wheat is determining whether it survived the winter. If
plants have brown, dead leaves they may not neces-
sarily be dead. Conversely, if plants immediately turn
green in colour in spring, this does not necessarily mean
the plant made it through winter (Fowler, 1982). Crown
tissue should be assessed to determine if the plant made
it through the winter.

One test to determine whether plants made it through
the winter is to dig several plants out during a warm
day in early spring and place them in a warm room on
a damp towel. Healthy plants will re-grow new white
roots from the crown, whereas damaged tissues will turn
brown. If plants are dug out on a cold day, they could
be damaged, giving a false positive for winter kill.
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Figure 6. A healthy winter wheat plant in the spring. Note: white crown tissue
(Photo: Ducks Unlimited Canada)

Keeping records of what areas were lacking snow cov-
er, as well as any adverse weather patterns that devel-
oped over the winter can help a producer determine
what areas would be most susceptible to winter kill.

Winter wheat has a large capacity to produce tillers,
which gives it the ability to recover and re-grow through
damaged areas. Rather than tilling the winter wheat
under, it may be more advantageous to allow the plants
to recover and produce tillers. See Table 1 Improved
plant recovery can be achieved through top dressing
of nitrogen, early control of weeds and, when required,
fungicide and insecticide applications.

Postponing the decision to terminate the stand and con-
stant monitoring in the spring will give the producer a
more accurate look at the actual condition of the stand.
This approach will also allow for the establishment of
benchmarks to determine the progress of the stand.

Wheat Stand
(plants/square foot) Yield (bu/ac)

77 47
13.3 55
19.0 58
23.0 59
25.5 59
30.4 60

Table 1. Plants/square foot and the Resulting Yield (Lafond and Gan, 1999)
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Growth Stages of Winter Wheat

STEM EXTENSION

or jointing HEADING RIPENING
STAGE STﬁGE
10.5
STAGE flowering %
STAGE 101 (wheat)
STAGE 10
g |n “bOOl”
TILLERING ligule of
= > STAGE last leaf
st ) >
g lastleaf visible y, /
STAGE 7 just
6 second visible
STAGE first node
STAGE 5 node visible
STAGE 4 leaf of stem
STAGE 3 leaf sheaths | Visible
STAGE 2 tillers sheaths  strongly

3
IS
3
eI

1 tilering formed lengthen erected (-
onhe begins
y yww@ ]
\/l\é ™ A~ < N A A~

Figure 7. Winter wheat development as described by the Feekes scale of plant growth

- According to Large (1954) cereals develop as follow Feekes Growth Stages
Tillering

1 One shoot (number of leaves can be added) = «brairding»

2 Beginning of tillering

3 Tillers formed, leaves often twisted spirally. In some varieties of winter wheats, plants may be “creeping” or prostrate
4 Beginning of the erection of the pseudo-stem, leaf sheaths beginning to lengthen

5 Pseudo-stem (formed by sheaths of leaves) strongly erected

Stem Extension

6 First node of stem visible at base of shoot

7 Second node of stem formed, next-to-last leaf just visible

8 Last leaf visible, but still rolled up, ear beginning to swell

9 Ligule of last leaf just visible

10 Sheath of last leaf completely grown out, ear swollen but not yet visible
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Heading

First ears just visible (awns just showing in barley, ear escaping through split of sheath in wheat or oats)

Quarter of heading process completed

Half of heading process completed

Three-quarters of heading process completed

All ears out of sheath

Flowering (Wheat)

Ripening
Milky ripe

Mealy ripe, contents of kernel soft but dry

Kernel hard (difficult to divide by thumb-nail)

Ripe for cutting. Straw dead

Table 2. Feekes Growth Stages
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