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Introduction

Field crops are produced in Ontario under diverse soil
and climatic conditions. The goal is sustainable crop
production using proven techniques that include:
scouting and pest management, soil and fertility
management, tillage, variety selection, planting and
harvesting practices. These techniques also take into
consideration the responsible use of natural resources.
These, combined with in-field trials, help producers
determine which practices warrant adoption. Good
agronomic practices are essential for helping Ontario
farmers produce food, fibre and fuel. Successful crop
production is dependent upon many inter-related
management practices. A little good luck and good
weather helps too.

Publication 811, the Agronomy Guide for Field Crops
is designed to be a technical resource for field crop
production. This third edition replaces the 2009
edition. It has been updated with current Ontario
research and production guidelines as approved by
the Ontario Soil Management Research and Services
Committee (OSMRSC), which is represented by

researchers, industry, producers and extension staff.

Some information used in the Agronomy Guide for
Field Crops originates from other sources, including
the University of Guelph, the Ontario Soil and
Crop Improvement Association (OSCIA), the
Innovative Farmers Association of Ontario (IFAQO),
seed companies, the United States Department

of Agriculture (USDA), U.S. universities and

other research institutions. Data presented in this
publication — both new and old — represents the
most relevant and current knowledge available.

‘The Agronomy Guide for Field Crops is available in

its entirety, on the OMAFRA website. Additional or
updated information on many of the topics discussed
throughout this guide can often be found on the crops
pages of the OMAFRA website at ontario.ca/crops or

at fieldcropnews.com.

This publication does not provide information regarding
specific pesticide products for the control of insects,
diseases or weeds. For pesticide product information,
see OMAFRA Publication 812, Field Crop Protection
Guide and Publication 75, Guide to Weed Control.

Integrated Cropping Systems

Sustainable Crop Production

Publication 811, the Agronomy Guide for Field Crops is
organized by crop and by discipline. Each chapter has
detailed information that is current, Ontario specific
and promotes sustainable crop production. Crop
production is not just about one crop or one specific
discipline (e.g., pest management). Crop production
requires an integrated approach that looks at all aspects
of the farm and production practices, with an eye to
maintaining or improving the land.

Sustainable crop production can be defined as
‘developing and utilizing crop production systems that
meet the need of present producers without compromising
the ability of future generations of producers to do the
same” (adapted definition from Dr. G. Brunddand —
Director-General of the World Health Organization).

ere are three segments to sustainable cro
Th th gments to sustainabl
production: economic, social and environmental.

Economic sustainability focuses on:

* profit/loss of operation

* supply and demand — product marketability

* operation capacity and long-term availability
of resources (e.g., soil)

* maintaining a viable business for the future

Social sustainability focuses on:

* succession planning for the next generation

* ability to engage with and support the community
(e.g., rural/urban)

* maintaining a viable business/family life balance

Environmental sustainability focuses on:

* ensuring continued resources to sustain crop
production activities

* ability to communicate the use of sustainable,
traceable production practices to the public

* maintaining soil health and decreasing negative
impact of crop inputs on the environment
(e.g., nutrient/pest management)

Sustainability = Systems Thinking
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Sustainable crop production requires an integrated
systems approach. Every field has unique and site-specific
characteristics that influence management, inputs and
profitability. Integrated crop management takes all aspects
of crop production into consideration, including:

* soil management — texture and tillage requirements

* crop rotation

* crop fertility

* nutrient (waste) management

* water management

* crop protection

* wildlife management

* site management

* scouting and record-keeping

¢ labour/equipment management

* energy consumption

* economic analysis (e.g., determining thresholds for
action, cost of production, return on investment)

‘The Agronomy Guide for Field Crops covers many
aspects of the sustainable crop production considerations
listed above. Chapter 1, Corn discusses the aspects

of tillage, while soil management, crop rotations

and improving soil health is explored in Chapter 8,
Managing for Healthy Soils. Scouting and record
keeping are covered in Chapter 10, Field Scouting,
while crop fertility and nutrient management are
discussed in Chapter 9, Soil Fertility and Nutrient Use.
Crop protection issues are covered in detail in Chapter
13, Weed Control, Chapter 14, IPM and Protecting
Natural Enemies and Pollinators, Chapter 15, Insects and
Pests of Field Crops and Chapter 16, Diseases of Field Crops.

The paragraphs below summarize how the aspects listed
above integrate into the production of Ontario field crops.

It Starts With a Healthy Soil

Soil health is often described as the soil’s capacity to
support crop growth, without becoming degraded

or otherwise harming the environment. Physical,
chemical and biological indicators are measured to
determine a soil’s health. Physical indicators include
aggregate stability, available water holding capacity, soil
structure and soil compaction. Soil nutrient levels and
soil pH are chemical indicators. Biological indicators
include soil organic matter, microbial respiration and
soil life populations.

In simple terms a healthy soil will:

* have good soil structure, minimal compaction
and resist crusting

* have good drainage, water movement and
water-holding capacity

* have nutrient levels, pH and organic matter
(OM) in the optimal range

* be resistant to wind, water or tillage erosion

* encourage seedling emergence and root growth

¢ produce uniform crop growth

¢ have an abundance of earthworms

* have a fresh, earthy odour

* readily decompose residue

Most of the characteristics of a healthy soil have a
direct or indirect link to other aspects of integrated
crop management. More information on healthy soils
can be found in Chapter 8, Managing for Healthy Soils.

Crop Rotation

Crop rotation is an integral part of the crop production
system. A well-planned crop rotation will:

* increase yields

* aid in maintaining or improving soil structure
and organic matter levels

* protect against soil erosion

* improve soil resilience against weather extremes

* provide residual nitrogen from legumes in
the rotation

* help to disrupt insect and disease cycles

* reduce weed pressure

* spread out workload

The basic rule of crop rotation is that a crop should
never follow itself. Continuous cropping of any crop
will increase the buildup of diseases and insects specific
to that crop and will potentially result in heavier
infestations and reduced yields. The more often the
same crop type has been grown in the same field, the
greater the potential risk.

The greatest benefit from crop rotation comes when
crops, including cover crops, grown in sequence are
from different families; monocots (grasses) and dicots
(broadleaves). The fibrous root systems of cereal and
forage crops (including red clover) are excellent for
building soil structure. The advantage of including
wheat in the rotation often goes beyond the wheat
year. Table Intro—1, Management considerations for
various crop rotations provides an example of response
to a crop following various crops in a rotation. More
information about crop rotations can be found in
Chapter 8, Managing for Healthy Soils.
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Table Intro—1. Management considerations for various crop rotations

Previous Crop

Crop Corn Soybeans Cereals Forages Edible Beans Canola
Corn + high residue - greater + high residue in + increased * no issues + reduced
volume to herbicide no-till system — wireworm risk in mycorrhizae =
manage rotation/weed if straw wasn’t grassy sod less P uptake
- yield depression control options removed could + potential
+ less herbicide - increased keep soils reduced crop
rotation/weed European chafer | cooler growth
control options risk (light- - greater
+ corn rootworm textured soils) herbicide
slugs (in short rotation/weed
term no-till) control options
* greater cover
crop options
Soybeans + high residue - yield depression | - herbicide - increased « increased risk + increased risk
volume to - low residue rotation options wireworm risk of white mould of white mould
manage return — - slugs could be - soil degradation | - potential
- greater declining soil issue (over- reduced crop
herbicide organic matter winter cover) growth
rotation/weed - less herbicide
control options rotation/weed
- slugs (short control options
term no-till) - increased risk
of soybean root
diseases, white
mould, soybean
cyst nematode,
Winter + increased * planting + increased risk + increased risk - earlier harvest * may cause a
Cereals Fusarium head date issues of seedling, of wireworm makes timely slight reduction
blight risk depending root and leaf feeding planting easier in growth
on length of diseases
season bean + reduced
variety herbicide
rotation/options
Spring + high residue * no issues + increased risk + increased risk * no issues * no issues
Cereals can affect of seedling, of wireworm
seedbed root and leaf
preparation diseases
Forages + high residue « limited weed « limited weed + autotoxicity if * no issues * no issues
can affect control options control options re-seeded too
seedbed - potential for soon
preparation herbicide « limited weed
carryover control options
Dry Edible * no issues + increased risk + slugs may + slugs in no-till - soil degradation | - white mould
Beans of root rots, cause damage + reduced « increased risk * may cause a
white mould in no-till herbicide of root rots and slight decrease
options white mould in growth
« yield depression
Canola + slugs may « increased risk * no issues + slugs may « increased risk - yield depression

cause damage
in no-till

+ harvest is too
late for planting
winter canola

- potential for
herbicide
carryover

of root rots,
white mould

reduce stand

of white mould

- increased risk
of root rots and
white mould

- decreased soil
structure
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Rotation Economics

The success of a crop is generally evaluated on
economic yield, where inputs and fixed costs are
subtracted from gross profit. Most of the time the crop
is evaluated on a per year basis and includes market
demand as part of the decision making process as to
which crop to grow. A more sustainable approach

to crop economics would look at economic yield by
rotation. This would combine inputs and fixed costs
for all the crops within a crop rotation, divided by the
gross profit of all the crops within that rotation. This
would allow a longer-term evaluation of all the crops
and could often reflect benefits beyond the actual crop
harvested, such as pest management, herbicide rotation
opportunities or soil building practices. As shown
below under Economic Justification for Including Wheat
in a Corn-Soybean Rotation, Dr. B. Deen, University of
Guelph, demonstrates the potential yield benefit from
adding wheat into a corn-soybean rotation.

Economic Justification for Including Wheat in a
Corn-Soybean Rotation

Example: Adding Wheat into a Corn-Soybean
Rotation'

* 2%—6% increase in corn yield
6.5 bulacre @ $4.50/bu = $29.25
* 9%-14% increase in soybean yield
5 bulacre @ $12.00/bu = $60.00
* reduction in rotational nitrogen requirement
26.4 lblacre @ $0.60/lb = $15.84
* other advantages
— tillage reduction
— yield stability
— opportunity to sell straw
— potential reduction in compaction
— improved soil structure
— spread-out workload
Conservative estimate = $10.00

Total additional profit to wheat is approximately
$115.00/acre

Benefits of diversifying a crop rotation include:

* increased subsequent corn yield (average 4%)

* increased subsequent soybean yield (average 11%)
* opportunity for addition of cover crops

* opportunity for manure application

* opportunity for wheat straw sales

* spread workload over growing season

When profitability is assessed on a full rotation basis,
often the economies of scale have resulted in accepting
a lower profit per acre.

'Source: Dr. B. Deen, University of Guelph. Metric
is not provided as the example is for illustrative
purposes only.

Integrating Cover Crops into the Rotation

Resilient crop yields can be maximized by improving
soil health, which is enhanced through the use of cover
crops. Long-term advocates have found that adding
cover crops to their rotation adds a critical amount

of additional carbon to the soil.

Cover crops should be considered as part of the overall
crop rotation and especially on soils with lower organic
matter, or on fields with short rotations and little
return of crop residue or manure. Cover crops can
help to ensure appropriate ground cover over the
non-growing season to help protect the soil. It is
important to know the goal or expected benefit from
a cover crop. The section Matching Cover Crop Choices
to Function, looks at the various reasons for including
cover crops in a rotation and the potential cover
crops that best meet those goals. See Chapter 8,
Managing for Healthy Soils for more information
about cover crops.
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Matching Cover Crop Choices to Function
Cover Crop Function

* nitrogen production

* nitrogen scavenging

Best Choices for Cover Crops

* legumes — red clover and other clovers, alfalfa, peas, vetch

« fall uptake — oilseed radish and other brassicas, oats, barley

* winter/spring uptake — cereal rye, winter wheat

* weed suppression

« fast growing/shading plants — oilseed radish and other brassicas,

winter rye, buckwheat

* soil structure building

* compaction reduction

* fibrous root systems from oats, barley, rye, wheat, triticale,
ryegrass or clovers

* most cover crops roots will assist in reducing compaction

* moderate compaction — radish
* more severe compaction requires strong, dense tap roots that grow
over time — alfalfa, sweet clover

* biomass return to soil

« fall seeded — spring cereals, oilseed radish

e summer-seeded — millets, sorehum, sudangrass, sorchum-sudangrass
g g g g

* erosion protection, (wind, water)

* most cover crops once well established — winter rye, winter wheat,

ryegrass (well-established), spring cereals seeded early

* emergency forage

« fall — oats, barley, wheat, rye, forage brassicas

¢ summer — millet, sorghum, sudangrass, sorghum-sudangrass,
see Table 3-2 for more annual forage options

* nematode suppression

* cutlass mustard, sudans/sorghums (Sordan 79, Trudan 8) pearl

millet (CFPM 101), marigold (Crackerjack, Creole), oilseed radish

(Adagio, Colonel)

Not all cover crops have the ability to suppress nematode populations;
some can act as hosts. Cover crop activity is variety- and nematode-specific.

Tillage and Residue Management

Reasons for Tillage
There are many reasons to perform tillage for crop

production in addition to increasing soil dry-down.

Soil is also tilled for reasons, including:

* weed control

* wireworm and grub suppression

* soil levelling to improve seedbed uniformity
* incorporation of crop residues

* incorporation of fertilizer and manure

* seedbed preparation

The advent of herbicides greatly reduced the need for
tillage to control weeds (except in organic systems)
and the development of equipment to plant into crop
residues ensures that crops can be planted successfully
with little or no tillage. Generally, performing primary
tillage operations in the spring will leave the soil less
prone to erosion than tillage in the fall. It is best to
use the least amount of tillage necessary to achieve

the goal. This will help to keep the soil in place and

prevent movement into water courses.

Considering all parts of the system will improve the
success of any tillage system. For example:

ix



* Spreading residue and chaff evenly at harvest will
improve tillage and planting operations.

* A diverse crop rotation can reduce insect and disease
issues and can increase the potential success with
reduced tillage.

* Adapting the planter or drill for specific soil texture
and/or crop residue type, over and above the
addition of coulters or residue wheels, will improve
seed placement.

A number of different tillage systems are used in
Ontario. These are summarized below. Additional
information can be found in the tillage section of
Chapter 1, Corn.

Conventional Tillage

Conventional tillage in Ontario generally consists of
fall mouldboard or chisel plowing followed in spring
by secondary tillage, usually with a field cultivator or
tandem disc. Most plowing is targeted to an operating
depth of 15 cm (6 in.), since plowing deeper often

results in unwanted mixing of subsoil into the seedbed.

The more uniform and level a field is left after fall
plowing, the greater the opportunities to reduce
secondary tillage costs and improve planter or drill
performance. One disadvantage is that the lack of
surface residue in conventional tillage exposes fields
to greater erosion risks from water and wind. On
complex slopes, tillage can be responsible for causing
large quantities of topsoil to move to lower slope
positions (tillage erosion).

Fall Mulch Tillage

The chisel plow, disc-ripper and discs (either tandem
or offset) are the most widely adopted fall primary
tillage tools in Ontario. These tools usually leave more
residue on the soil surface while leaving the surface
level in the fall, so that single-pass planting (no
secondary tillage) becomes a viable option in the spring.

Vertical Tillage

Vertical tillage is used to reduce any pushing or
smearing action that may be caused by tillage tools.
Many vertical tillage tools are designed to size residue
into more manageable pieces and distribute crop
residue, while causing some soil fracturing and mixing
of soil with residue at the surface. A number of tillage
tools embrace the concept of “vertical” tillage, but

use shallow concavity discs, low profile sweeps and
extensive harrows to provide some additional soil

disturbance — all the while attempting to remain true
to the idea of tillage without significant inversion and
soil smearing.

Spring Mulch Tillage

The best practice for reducing erosion and input costs
is to eliminate fall tillage. Producers working on fine-
textured soils, where crop residues are high following
corn, wheat or other crops, may be apprehensive about
leaving soils untouched in the fall. Following soybeans
or dry edible beans, there is little justification for doing
fall tillage on most fields in Ontario. Considerations
following other crops include risk of soil erosion,
availability of equipment to handle spring residue

and field drainage. Producer experience with spring
mulch tillage systems has shown that working
undisturbed soils in the spring obtained better results
when using high-clearance tines, narrow teeth and/or
when packers or rollers were used in conjunction with
the field cultivator.

Fall Strip-Tillage

Performing fall tillage, confined to narrow zones that
correspond to next year’s corn rows, has received
considerable attention in the past few years. The strips of
soil are loosened, cleared of residue and often elevated,
while leaving the rest of the field covered with protective
crop residue. The following spring, the strips are drier,
less dense and more suited to “no-till” planting.

Strip-tillage systems also provide an opportunity to
band fertilizers that must be broadcast in a no-till
system. Applying fertilizer using the strip-tillage
system may also replace the need to apply banded
starter fertilizers through the planter. Fall banding of
phosphorus and potassium in strip-tillage systems,
with adequate fertility levels, can produce higher yields
than when similar rates of fertilizer are broadcast in
no-till systems.

Spring Strip-Tillage

Spring strip-tillage offers an opportunity to prepare
fine, residue-free seedbeds in which a planter can
operate. Most spring strip-tillage operations are
restricted to the lighter textured soils but in some cases
medium textured soils that are well drained are suitable
for this one pass tillage option. The spring strip-tillage
operation usually precedes the planter by no more
than 6-12 hours in order to prevent the seed zone
from drying out excessively. Producers have also used



spring strip-tillage as a technique for applying all or
part of a corn crop’s nitrogen (N), phosphorus (P) and
potassium (K) requirements.

From a soil conservation perspective, spring strip-
tillage also offers the advantage of eliminating the
presence of fall strips that can potentially funnel
water and be susceptible to erosion, especially if
implemented up and down the slope.

Deep Tillage

Increasing axle loads of farm machinery, and the
general concern that soils have become more compacted,
have increased the use of deep tillage systems. The
main reason offered for deep tillage is that elimination
of compacted sub-soil layers and/or tillage pans will
promote rapid and deep root growth and improve
drainage. However, in Ontario, subsoils loosened using
deep tillage are often easily re-compacted by wheel
traffic. Moreover, it is possible that deep-tilled soils
receiving wheel traffic end up with poorer drainage
because deep tillage destroyed the natural pores created
by worms or previous crop roots. Deep tillage into

dry soils combined with deep rooted crops (alfalfa,
sweet clover) offer the best opportunity for repairing
compacted soils.

No-Till Systems

In no-till systems, tillage is not used to prepare a
seedbed. Minimal soil loosening in a narrow band
immediately ahead of the seed opener is performed
by planter-mounted coulters and/or residue clearing
devices. Successful no-till crop production is partially
dependent on effective use of alternative production
practices and field management strategies that deal
with yield-limiting factors that otherwise would have
been corrected with tillage.

For successful no-till production it is important to:

* have good soil drainage and water infiltration

* maintain a multi-crop crop rotation

* incorporate residue management to maintain some
soil cover all year

* incorporate weed control strategies without use of
tillage

* manage diseases and insects

* start with adequate soil fertility levels and consider
fertilizer placement

* minimize soil compaction

Field Scouting and Integrated Pest Management
Integrated Pest Management (IPM) is an approach
to weed, insect and disease management that uses all
available control strategies to manage pest populations,
keeping them below economic thresholds. This
results in a cropping system that is more resilient to
failures since it does not exclusively rely on the use of
pesticides to control pests. For example, integrated
weed management strategies include field scouting,
tillage and nutrient management practices, crop
rotations and cover crops.

Ongoing monitoring of fields and crops, throughout
the growing season and beyond, allows a farmer to
observe issues and apply remediation in a timely
manner to minimize any negative economic impact,
while improving field operation efficiencies. Some
problems cannot be addressed when observed, but
the information can still be recorded for future use.

While traditionally field scouting has been solely
associated with pest monitoring and management,
it has many other benefits, including:

* pre-planting field walks that identify drainage issues

* post-planting field walks to look at equipment
performance (planters delivering desired population,
depth, placement across the entire unit)

* nutrient management (specific areas with nutrient
deficiency symptoms)

* crop variety selection (evaluation of in-field
comparisons of variety performance)

* scouting as part of soil sampling, which allows
observation of field conditions (erosion, drainage)
outside the cropping window

Additional information about field scouting can be
found in Chapter 10, Field Scouting.

Record Keeping

New tools are available to increase the value of
scouting and to assist in record keeping. With the
adoption of smartphones and tablets, a large number
of apps are available to assist with scouting. Selected
apps should address all the information parameters
of interest and integrate with other software/hardware
systems on the farm. An app that isolates data on

a phone or tablet offers little value. Many of the

crop and whole farm management systems have
developed field apps that integrate with their main
programs. Many of these also take advantage of
Global Positioning Systems (GPS) capabilities to

Xi
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better identify the location where problems/issues are
discovered. Figure Intro—1, An example of an Ontario
scouting and record keeping smartphone app, is a collection
of screen shots from Pest Manager, an app developed

to aid Ontario producers in identifying pests while
scouting. Pest Manager provides instant management
options, with the ability to map the locations where the
pest was found for record keeping purposes.

Figure Intro-1. An example of an Ontario scouting
and record keeping smartphone app.

'The Pest Manager app is an excellent example of a
scouting and record keeping tool for pest management.
The app includes diseases, weeds, and insects of
soybean, corn and cereal crops. Users can map areas of
fields where pests are identified. This tool can help in
the identification of each pest (insect, weed, disease)
and provides detailed information on their life cycle,
impact, action thresholds and management strategies,
including biological, cultural and chemical control
options. Information provided within this app is

only valid for Ontario. When using pesticides, always
be sure to read and follow the labels and warnings.
This app is free to download and is available for iOS,
Android and the BlackBerry BB10 operating systems.

A Systems Approach to Managing Crop Nutrients
How nutrients are managed for crop production will
depend on many other components of the whole farm
operation. The 4R concept of nutrient management
— the right nutrient sources, at the right rate, at

the right time and in the right place — is being
implemented world-wide by industry, researchers,
government agencies, producers and their advisors.
4R nutrient stewardship is an approach that is essential
to the development of sustainable agriculture. Its
application can have positive impacts on increasing
food production in an economically viable manner,
while preserving the environment.

4R stewardship or nutrient management is a systems
approach that considers the following components:

Inventory of nutrients on the farm

This includes organic (manure), inorganic,
the nutrients needed by the crop and those
already in the soil.

Characteristics of field and farm

Nutrients are managed according to land base
availability, production goals, proximity to water
resources, farmstead layout, equipment availability
and safety concerns.

Site conditions when nutrients are applied

Crop requirements and baseline fertility levels

from regular soil testing are used to determine best
application rates. At the time of application, field
conditions are assessed to determine the best nutrient
source and the best option for nutrient placement.
Where manure or other organic amendments are
applied, special consideration is given to odour,
potential nutrient loss and maintaining adequate
separation distance from sensitive areas.

Residual nutrients from previous crops

Where legumes are used in rotation, or where
manure or other organic amendments are applied
regularly, credit is given to available nutrients and
is subtracted from commercial fertilizer needs.

Nutrient use efficiency

Nutrient use efficiency ensures that the nutrients
are available when the crop requires them,
resulting in reduced nutrient loss and sustained
soil fertility.

Production vs. profit

Because maximum yield will not always give the
most profitable yield, crop production practices
should always strive for maximum economic yield.

Other farm management considerations
Nutrient management is part of a comprehensive
crop production system that includes soil and
water management, Crop rotation, variety selection,
planting techniques, tillage systems and pest
management. How nutrients are managed will
depend on these other components of the whole
farm operation, including some of the social
aspects such as family needs and outside-farm
interests. For additional information see Chapter 9,
Soil Fertility and Nutrient Use.
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1. Corn

Corn is widely grown across southern Ontario. Over
the years 2004—2015, grain corn acreage averaged
769,000 ha (1.9 million acres) with an average yield
of 9.53 t/ha (152 bu/acre). An additional 118,000 ha
(0.3 million acres) is grown as corn silage for livestock
feed. Grain corn produced within the province is used

for both feed (55%) and industrial (45%) uses.

Tillage

To successfully produce corn in Ontario, it is
important to consider factors such as soil texture and
crop rotation. Factors that will influence tillage options
include risk of erosion, availability of equipment and
labour and impact on soil health. Soils in Ontario
are usually saturated in early spring, and quick
dry-down is necessary to ensure timely corn planting.
Appropriate use of tillage can increase spring soil
dry-down rates by loosening soil. This improves
drainage and/or reduces residue cover, which
increases rates of soil water evaporation.

The guiding principle behind conservation tillage
and soil erosion reduction in corn production
should be to maintain 30% of the soil surface
covered with crop residue, or living cover,
throughout the entire year.

Soil Texture and Drainage

In Ontario, coarse-textured soils (e.g., sand, loamy

or sandy loams) that have good internal drainage
characteristics show little yield response to tillage
(drainage classification: rapid or well). Even for crops
that leave large amounts of residue cover, such as grain
corn or cereals, there is often little response to tillage.
On heavy-textured soils with relatively slow internal
drainage, tillage can significantly increase the rate of
soil drying and warming. This increases the possibility
for timely planting and rapid uniform emergence.
Table 1-1, Comparison of two tillage systems on grain
corn yield, provides a summary of Ontario tillage

research for corn, following either grain corn or cereals
grouped according to soil texture. Tillage increased
yield about 70% of the time following cereals, grain
corn or soybeans on the medium- and fine-textured
sites with an average 5%-7% yield increase.

Crop Rotation

A good crop rotation can replace a significant amount
of tillage. Table 1-1 summarizes Ontario tillage
research, conducted on medium- and fine-textured
soils, grouped by previous crop. Generally, there is:

* Little corn yield response to tillage following forages.
Including forages in crop rotations improves soil
structure and may eliminate the need for tillage to
improve seedbed tilth.

* Relatively low yield response to tillage following
soybeans when compared to either cereals or grain
corn, which is partially due to lower crop-residue
levels following soybeans in no-till systems.

* High residue levels can reduce early-season soil
temperature, resulting in delayed planting, slower
corn growth and lower yield potential. Tillage
increases corn yield about 75% of the time when
following cereals or grain corn on medium- or fine-
textured soils, with yield increases averaging 5%-9%.

Other Reasons for Tillage

There are other reasons to perform tillage for
corn production in addition to increasing soil
dry-down rates:

« improved seedbed uniformity, resulting in more
consistent planter performance and faster, more
uniform corn emergence

* incorporation of surface-applied fertilizer or manure,
resulting in increased nutrient availability and/or
use efficiency

* termination and/or incorporation of weed or crop
residue that can serve as hosts to increase populations
of insect pests

* alleviation of soil compaction
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Table 1-1. Comparison of two tillage systems on grain corn yield

Yield Mouldboard
Comparison Type # Sites No-Till Mouldboard Response Win: Loss
Soil texture! coarse 11 8.22 t/ha 8.16 t/ha -0.9% 45:55
(131 bu/acre) (130 bu/acre)
medium 79 8.66 t/ha 9.16 t/ha 5.6% 72:28
(138 bu/acre) (146 bu/acre)
fine 42 8.60 t/ha 9.16 t/ha 6.5% 71:29
(137 bu/acre) (146 bu/acre)
Previous crop? forages 13 8.84 t/ha 8.91 t/ha 0.7% 54:46
(141 bu/acre) (142 bu/acre)
soybeans 50 8.98 t/ha 9.04 t/ha 0.9% 56:44
(143 bu/acre) (144 bu/acre)
cereals 75 9.23 t/ha 9.60 t/ha 4.1% 71:29
(straw-baled) (147 bu/acre) (153 bu/acre)
grain corn 49 7.72 t/ha 8.41 t/ha 9.1% 76:24
(123 bu/acre) (134 bu/acre)

Source: Tillage Ontario Database, 2008 (www.tillageontario.com).

1 Trials conducted following cereals (straw-baled) or grain corn (1982-2007).
2 Trials conducted on medium- or fine-textured soils following various crops (1982-2007).

Conventional Tillage

Conventional tillage for corn in Ontario consists of fall
mouldboard plowing followed in spring by secondary
tillage, usually with a field cultivator or tandem disc.
Most mouldboard plowing is targeted to an operating
depth of 15 cm (6 in.); plowing deeper often results

in unwanted mixing of subsoil into the seedbed. The
more uniform and level a field is left after fall plowing,
the greater the opportunities to reduce secondary tillage
costs and improve planter performance. The lack of
surface residue in conventional tillage exposes fields to
greater erosion risks from water and wind. On complex
slopes, tillage can be responsible for causing large
quantities of topsoil to move to lower slope positions.

Fall Mulch Tillage

The chisel plow, disc-ripper and discs (either tandem
or offset) have been the most widely adopted fall
mulch tillage tools in Ontario. Tillage research trials
conducted across Ontario over the past 20 years have
generally shown that disking often resulted in more
favourable soil conditions and higher corn yields than
chisel plowing. Table 1-2, Impact of fall tillage systems
on grain corn yield summarizes the corn yield data from
these sites.

Chisel plowing with twisted shovel teeth may leave

the soil quite ridged. This can lead to extra costs in
secondary tillage (more passes), uneven seedbeds and
occasionally excessive soil drying. Using sweep teeth on
all or part of the chisel plow overcomes some of these
problems. Adding a levelling bar or harrows to the rear
of the chisel plow, or timely secondary tillage in the
spring can also avoid this. The same approach should
be considered with any fall mulch tillage operation.
Leaving the soil surface level in the fall allows for
single-pass corn planting (no secondary tillage) to
become a viable option in the spring. This is a good
technique for reducing tillage costs and improving soil
structure. Soil surfaces are often left too rough in the
fall so that multiple passes of spring tillage are required
to make the field fit for planting.

2
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Fall mulch tillage systems should leave the soil
surface smooth enough that spring secondary
tillage can be minimized.

Vertical Tillage

Vertical tillage is used to reduce any pushing or
smearing action that may be caused by tillage tools
that engage the ground in the horizontal plane. Many
vertical tillage tools are designed to break apart residue
into more manageable pieces and distribute crop
residue, while causing some soil fracturing and mixing
of soil with residue at the surface (Photo 1-1). Classic
vertical tillage tools include a range of implements
from shanks (parabolic or straight) that generally are
without sweeps or wings, to straight or wavy coulters
that run parallel to the direction of travel. In reality,
quite a number of tillage tools embrace the concept of
“vertical” tillage but have employed shallow concavity
discs, low profile sweeps and extensive harrows to
provide some additional soil disturbance, while
attempting to remain true to the idea of tillage
without significant inversion and soil smearing.

Photo 1-1. Vertical tillage tools are designed to
manage and mix residue with light soil fractioning.

The most effective uses of vertical tillage tools for
corn production fall into three categories:

1) Effective secondary tillage where mulch tillage
has taken place the previous fall.

2) Single pass residue management and seedbed
preparation for corn in lower residue situations
(e.g., after soybeans or winter wheat where straw
is removed).

3) Residue management and shallow tillage in
corn-after-corn rotations where vertical tillage may
occur both in the fall and then again in the spring.

Spring Mulch Tillage

The best practice for reducing erosion and input costs
is to eliminate fall tillage. Producers working on fine-
textured soils where crop residues are high following
corn, wheat or other crops may be apprehensive about
leaving soils untouched in the fall. However, following
soybeans, there is little justification for doing fall tillage
on most fields in Ontario. Table 1-2, Impact of fall
tillage on grain corn yield, illustrates that even on finely
textured soils, spring tillage alone (two passes of a field
cultivator) was generally sufficient when corn followed
soybeans in the rotation. Other demonstration trials
established on medium- and coarse-textured soils have
shown the same results. Producer experience with
spring mulch tillage systems has shown that working
undisturbed soils in the spring obtained better results
when using high-clearance tines, narrow teeth and/or
when packers or rollers were used in conjunction with
the field cultivator.

When corn follows soybeans, systems that
involve more than spring cultivation do not
produce enough extra corn to pay for the fall
tillage operation.
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Table 1-2. Impact of fall tillage systems on grain corn yield

Mouldboard and chisel plots received spring secondary tillage; fall tandem disc-only plots were planted directly in the spring without any
secondary tillage.

Tillage Systems
No. of Fall Tandem
Location County Soil Previous Crop years Mouldboard Chisel Disc Only

Alvinston Lambton clay soybeans 3 5.96 t/ha 5.39 t/ha 5.71t/ha
(95 bu/acre) (86 bu/acre) (91 bu/acre)
Fingal Elgin silty clay loam | soybeans 3 9.97 t/ha 9.66 t/ha 9.66 t/ha
(159 bu/acre) (154 bu/acre) (154 bu/acre)
Centralia Huron silt loam wheat, straw-baled 3 9.16 t/ha 8.72 t/ha 8.84 t/ha
(146 bu/acre) (139 bu/acre) (141 bu/acre)
Wyoming Lambton silty clay loam | wheat, straw-baled 3 9.97 t/ha 9.72 t/ha 9.85 t/ha
(159 bu/acre) (155 bu/acre) (157 bu/acre)
Average 8.78 t/ha 8.41 t/ha 8.53 t/ha
(140 bu/acre) | (134 bu/acre) | (136 bu/acre)

Source: T. Vyn, K. Janovicek, D. Hooker and G.

Opuku, University of Guelph.

Fall Strip Tillage

Performing fall tillage confined to narrow zones that
correspond to next year’s corn rows has received
considerable attention in the past few years. The
strips of soil are loosened, generally off-set from the
previous row, cleared of residue and often somewhat

systems in winter wheat stubble. This data indicates
that on fine-textured soils, strip-tillage in the fall
generally produced higher yields than no-till systems.
Only at the Wyoming, ON location did fall strip till
yields equal those obtained with the conventional
mouldboard system. Subsequent research has
supported the observations shown in Table 1-3, that

elevated, while leaving the rest of the field covered with
protective crop residue. The next spring, the strips are
drier, less dense and more suited to “no-till” planting.

Table 1-3, Fall strip-tillage for corn after winter whear
(straw removed), summarizes Ontario research comparing
a trans-till zone tillage tool to conventional and no-till

Table 1-3. Fall strip-tillage for corn after
winter wheat (straw removed)

Soil Yield
Moisture

Tillage in Early Fine- Medium-
System May Textured Soil | Textured Soil
Fall 23.3% 9.97 t/ha 9.22 t/ha
mouldboard (159 bu/acre) | (147 bu/acre)
Fall zone-till 25.6% 9.97 t/ha 8.72 t/ha

(159 bu/acre) | (139 bu/acre)
No-till 29.8% 9.35 t/ha 8.47 t/ha

(149 bu/acre) | (135 bu/acre)

Source: T.J. Vyn, 1997, University of Guelph.

on fine-textured soils following wheat, fall strip-tillage
generally resulted in higher corn yields than no-till and
equal yields to those of conventional tillage systems.
Research results have not consistently shown a yield
advantage for fall strip-tillage systems over no-till on
medium-textured soils or when following soybeans.

Early spring moisture measurements on the same
tillage plots generally showed that fall strip-tilled zones
were consistently drier in early May compared to the
undisturbed no-till plots (Table 1-3). Yield responses
in side-by-side trials have not always indicated a
benefit to fall strip-tillage, but producers with large
acreage, pootly draining soils or high surface residues
may gain a consistent benefit from strip-tillage in
terms of planting timeliness, emergence uniformity
and early corn growth. Performing secondary spring
strip-tillage in fall strip-tillage zones has increased
yields in instances where fall strip-tillage yields are less
than those in conventional tillage systems.

Strip-tillage systems also provide an opportunity
to band fertilizers that in a no-till system must be
broadcast. Applying fertilizer using the strip-tillage
system may also replace the need to apply banded

+
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starter fertilizers through the planter. Fall banding

of phosphorus and potassium in strip-tillage systems
can produce higher yields than when similar rates of
fertilizer were broadcast in no-till systems. However,
corn yields from using strip-tillage systems to band-
apply phosphorus (P) and/or potassium (K) in the fall
have generally been lower than when P and K have
been applied through the planter. This is especially
evident when P and K soil fertility levels were medium
or low.

Spring Strip Tillage

Spring strip tillage offers an opportunity to prepare
fine, residue free seedbeds in which the corn planter
can operate. Most spring strip tillage operations are
restricted to the lighter textured soils, though in some
cases well drained, medium textured soils are suitable
for this one pass tillage option. The spring strip tillage
operation usually precedes the planter by no more than
612 hours in order to prevent the seed zone from
excessively drying out. Spring strip tillage has also been
used as a technique for applying all or part of the corn
crop’s nitrogen (N), P and K requirements. To avoid
seed or seedling burn from fertilizer placed in the seed
zone three approaches can be taken:

1. Reduce the amount of fertilizer to rates that
are similar to the planter banded safe rates, see
Chapter 9, Table 9-22, Maximum safe rates of
nutrients in fertilizer.

2. Disperse the fertilizer throughout the strip to
avoid any concentrated zones.

3. Use fertilizer products that are less likely to
cause salt or ammonia injury (i.e., coated
urea). Spring strip tillage systems that include a
fertilizer application option can reduce the cost
and complexity of a typical conservation tillage
corn planter (e.g., no coulters or row cleaners are
required, reduced down pressure requirement and
the elimination of dry fertilizer).

From a soil conservation perspective, if implemented
up and down the slope, spring strip-tillage also offers
the advantage of eliminating the presence of fall strips
that can potentially funnel water and be susceptible to
erosion. Global Positioning Systems (GPS) can further
add to the soil erosion controlling benefits of strip
tillage (fall or spring) if the strips run on the contour
of sloping fields (Photo 1-2).

Deep Tillage

Deep tillage has increased due to heavier axle loads of
farm machinery and the general concern that soils have
become more compacted. The main benefit of using
deep tillage is the elimination of compacted sub-soil
layers and/or tillage pans. Deep tillage will promote
rapid and deep root growth and improve drainage.
However, in Ontario, sub-soils that are loosened using
deep tillage are often easily re-compacted by wheel
traffic. Moreover, it is possible that deep-tilled soils
receiving wheel traffic will end up with poorer drainage
and less favourable root growth. This occurs because
deep tillage often destroys the natural pores created by
WwOrms or previous crop roots.

Photo 1-2. Strip tillage on the contour with GPS can
aid in soil erosion control.

In Ontario, use of the disk ripper to perform

deep, 30-35 cm (12-14 in.), tillage has increased
significantly. Table 1-4, Grain corn yield response to
three tillage systems, summarizes the results of a study
that evaluated corn yield response to deep tillage using
a disk ripper in medium-textured soils. On these
productive soils with little evidence of severe subsoil
compaction, there was little yield advantage and no
economic benefit over a fall strip-tillage system where
soils were tilled at about half the depth. Following
wheat, both the disk ripper and fall strip-tillage
systems produced yields that were 5% higher than
no-till, but all of the yield response from tillage could
be obtained using a fall strip-tillage system with a
tillage depth of about half that of the disk ripper. Some
producers have claimed benefits from deep tillage on
areas with poor drainage or severe soil compaction
(e.g., headlands). The need for deep tillage in Ontario
is often only associated with fields or areas of fields
with severe drainage limitations or soil compaction.

I S
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Table 1-4. Grain corn yield response to
three tillage systems

Trials were conducted on medium- (loam or silt loam) textured
soils following soybeans (4 sites) and winter wheat (8 sites)
(2002-05).

Tillage Soybeans Wheat

Fall disk ripper 9.73 t/ha 9.73 t/ha
30-35 cm (12-14 in.) (155 bu/acre) | (155 bu/acre)
Fall strip-tillage 9.48 t/ha 9.73 t/ha
15-20 cm (6-8 in.) (151 bu/acre) | (155 bu/acre)
No-till 9.54 t/ha 9.29 t/ha

(152 bu/acre) | (148 bu/acre)

Source: Ontario Tillage Database, 2008 (www.tillageontario.com)

The strip-tillage system has also been presented as

an opportunity for reducing compaction and/or
improving drainage by conducting deep tillage. In
some cases, it has been suggested to till as deep as
30-35 cm (12-14 in.). Researchers tested deep
in-row ripping at sites near Granton and Ridgetown.
Table 1-5, Effects of tillage systems on corn yields
Jollowing winter wheat, illustrates that deep loosening
either provided no yield benefit or not enough to
pay for the cost of the deep tillage operation. The
advantage of using a strip-tillage system to perform
deep tillage is that wheel traffic does not occur on the
deep tilled strips until the next harvest. This allows
extra time for the soil to stabilize before it is exposed
to wheel traffic again.

Table 1-5. Effects of tillage systems on corn yields
following winter wheat

Granton Ridgetown
(loam—clay loam (clay loam
Tillage System soil) soil)

Fall mouldboard 11.35 t/ha 7.78 t/ha
(181 bu/acre) (124 bu/acre)
Deep fall zone-till 10.79 t/ha 8.15 t/ha
30 cm (14 in.) (172 bu/acre) (130 bu/acre)
No-till (3-coulters) 10.73 t/ha 7.65 t/ha
(171 bu/acre) (122 bu/acre)
No-till (row 10.85 t/ha 7.78 t/ha
cleaners) (173 bu/acre) (124 bu/acre)

Source: T. Vyn, B. Deen, K. Janovicek, Univ. of Guelph, D.
Young, Univ. of Guelph, Ridgetown Campus (1998-2000).

No-Till Systems

In no-till systems, tillage is not used to prepare a
seedbed. Minimal soil loosening in a narrow band
immediately ahead of the seed opener is performed
by planter-mounted coulters and/or residue clearing
devices. Successful no-till corn production is partially
dependent on effective use of field management
strategies which may include alternative production
practices that compensate for what tillage provides in
other systems. For successful no-till corn production,
the following issues must be carefully addressed:

* soil drainage

* crop rotation

* residue management

* weed control

¢ disease/insect management
« fertilizer placement

* soil compaction

Soil Drainage

Soils experience slower spring drying rates in no-till
systems due to the lack of soil loosening and residue
incorporation associated with tillage. This can delay
planting and possibly decrease the number of days
available for timely planting. Effective tile drainage is
necessary for many Ontario soils to ensure a reasonable
opportunity for timely no-till corn planting. Good
drainage also helps to provide a favourable seedbed
environment for rapid, deep root growth. Producers on
fine-textured soils often discover that successful no-till
is very difficult in fields that are not systematically tile
drained. These fine-textured fields with inadequate tile
drainage will often require some type of fall tillage to
maximize yield potential.

Crop Rotation

In Ontario, no-till corn generally produces similar
yields to tilled systems when following crops that
produce low residues, such as soybeans, dry edible
beans or forages harvested as hay or haylage. For soils
with relatively slow internal drainage, increasing the
amount of surface residue cover can slow soil drying,
and delay the opportunity for timely planting and
conditions that promote fast, deep, early-season root
growth. Improved soil structure and higher earthworm
activity associated with soils following forages may
contribute to the success of no-till corn production
following forages.

..
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No-till corn grown on medium- and fine-textured soils
that follow crops producing high residue often struggle
to achieve optimum yields, regardless of careful
management for other parts of the production system.

If the choice is made to maintain residue cover
following high residue crops such as grain corn or
cereals, some tillage will likely be required. This will
increase the chance of timely planting and maximum
yield potential.

Residue Management

Reducing tillage costs, improving net profits and
enhancing long-term soil health requires decisions
about how best to handle crop residues, particularly
wheat straw. Where no-till or reduced till corn is

to follow wheat, remove the wheat straw from the
field. Table 1-6, Effect of wheat straw levels on no-till
corn yields, summarizes corn yields from tillage trials
where three different levels of straw were left on the
field and corn was no-till planted the following year.
Removing straw from fields, especially in high-yielding
wheat crops and on heavier-textured soils, increased
the potential for no-till corn yields to equal those of
mouldboard plowing.

Table 1-6. Effect of wheat straw levels
on no-till corn yields

Tillage System/Straw Level*? Yield

No-till/ 9.16 t/ha
all straw and stubble remain (146 bu/acre)
No-till/ 9.35 t/ha
straw baled but stubble remains (149 bu/acre)
No-till/ 9.91 t/ha
straw baled and stubble cut and removed (158 bu/acre)

Mouldboard/ 9.97 t/ha
straw baled but stubble remains (159 bu/acre)

Source: T. Vyn, G. Opuku and C. Swanton, University of Guelph.

1 Average 1994-96. Wyoming, Ontario.
2 Stubble heights were approximately 25-30 cm (10-12 in.)
except for plots where stubble was cut and removed.

Where straw removal is not an option, uniform
spreading of the straw and chaft is critical for

no-till or reduced tillage success in corn. Even where
straw is to be left in the windrow, it is important

to spread the chaff as widely and evenly as possible
during combining. In cool, wet springs, the lower

soil temperatures, poorer growth and potential slug
damage brought on by mats of decaying wheat residue
often result in yield losses that may have been avoided
by uniform spreading of residue.

The benefits of incorporating all of the straw might
outweigh the advantages of reducing tillage. For farms
where erosion potential is higher, adopting a reduced
tillage system is likely more sustainable, even with the
need to remove some straw. Another option is using

a system where wheat fields receive a small amount of
tillage to partially incorporate straw while still leaving
the soil surface largely protected.

Researchers examined the impact of adding nitrogen
to assist in straw breakdown. Results indicate that
straw did not decay more quickly where nitrogen was
spread on wheat straw in the fall. In addition, the soil
nitrogen levels the following spring were not higher
compared to where no nitrogen was applied.

Weed Control

For corn yield potential to be realized, optimum weed
control is required. Additional management in no-till
cropping systems may be needed to control perennial
weeds and weed species that are new to the system
due to a shift in weed populations. Spring pre-plant
burndown treatments are critical in allowing the crop
to develop without weed interference during critical
early growth phases.

Disease and Insect Management

Tillage can play a role in preventing or suppressing
certain pest and disease issues. Weeds, volunteer plants
from the previous crop and certain cover crops left on
the soil surface through the winter and early spring
can increase the risk of some insect pests. Low lying
weeds such as chickweed are ideal for egg laying by
black cutworm moths that fly in from the southern
United States (U.S.) in early spring. Cereal aphids
can transmit vector viruses from volunteer wheat
plants and infect the newly planted cereal crop. Corn
planted into a rye cover crop increases the risk of
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armyworm infestations. Achieving good weed and
cover crop management through herbicide applications
in the fall and tillage in early spring at least 3 weeks
prior to planting can avoid some of these pest risks.
Tillage can be used in attempts to reduce populations
of wireworms and grubs by bringing them up to the
soil surface, exposing them to their natural enemies.
However, caution is warranted as several passes are
required and may not provide adequate control. Tillage
can actually increase the risk of one particular pest,
seedcorn maggot, if weeds, manure or cover crops

are incorporated into the soil shortly before planting.
Incorporation needs to occur at least 3 weeks prior

to planting to ensure that the adults are no longer
attracted to the decaying vegetation.

Some diseases are more prone to no-till systems as
tillage can help in disease management. Tillage helps
the soil to warm up and dry quickly, reducing the risk
of seedling diseases. Some stalk rot diseases can also
be managed through tillage though in some cases,
crop rotation and hybrid selection play a larger role
in disease management.

More details on insect pests and diseases of corn can be
found in Chapter 15, Insects and pests of field crops and
Chapter 16, Diseases of field crops.

Fertilizer Placement

Nutrient stratification (nutrients concentrated near
the soil surface) may occur in long-term, no-till fields.
Without the option to incorporate or mix dry fertilizer
material in the no-till system, fertilizer placement
becomes increasingly important.

Studies done in Ontario and the U.S. cornbelt have
shown that applying phosphorus and potassium

in starter fertilizer bands resulted in yield response
in no-till systems to be similar to fall mouldboard
systems. This is especially evident in cases when soil
tests indicated low to medium soil fertility levels of
K. Planter-banded phosphorus and potassium were
utilized more efficiently compared to fall surface
broadcast in no-till systems. However, on sites with
low fertility, a combination of broadcast and planter
banding may be necessary to maximize no-till yields.

Cooler- and less-aerated soils in no-till systems often
have a slower rate of nitrogen mineralization compared
to conventional tillage systems. This is often overcome
by applying 35 kg/ha (30 Ib/acre) of nitrogen in the

starter fertilizer.

Applying 35 kg/ha (30 Ib/acre) of nitrogen in the
starter on no-till corn planters has often overcome
the slower nitrogen mineralization frequently
present in no-till soils, where the balance of the
nitrogen is applied in a side-dress application.

Soil Compaction

The best option for preventing soil compaction is

to avoid field operations when soils are wet. Soil
compaction is often cited as one of the reasons no-till
corn may yield less than conventionally tilled corn.
An option for enhancing corn yields in reduced tillage
systems may include incorporating deep rooted crops
into the rotation, and/or extensive loosening of soil
deeper into the soil profile. This can be done without
disrupting much of the crop residue on the soil surface
and can be confined to zones where next year’s corn
rows will be planted (e.g., strip-tillage).

Usually the most effective method to minimize the risk
of deep compaction, 35—45 cm (15-18 in.) depth is to
reduce the number of field operations and/or minimize
use of equipment with heavy axles (e.g., grain buggies)
wherever possible. Avoiding field traffic when soils are
wet will also help minimize compaction.

Tire management can help reduce soil compaction in
the root zone (top 20 cm (8 in.). Increasing floatation
by minimizing inflation pressures can reduce the
impacts of tires, especially in the surface soil layers.
This requires three key steps:

1. Know the axle load that each tire is carrying.

2. Know the manufacturer's specifications for
that tire.

3. Adjust inflation pressures down to the minimum
acceptable pressure for soil conditions (speed, load
type, duals, etc.). A good target for tire inflation
pressures to reduce soil compaction is 1 Bar

(14.5 PSI).

-
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Planter Performance

Optimal planter performance is necessary to maximize
corn yield potential in any tillage system. Planter
performance and/or suitability are especially critical

in no-till systems. Absence of tillage results in greater
variability in near-surface soil properties and residue
cover, therefore ensuring that planting equipment is
properly maintained and adjusted for no-till planting
conditions will lessen variability in corn plant stand
and emergence, and increase yields in no-till systems.

Hybrid Selection
Maturity Ratings

Corn development is driven primarily by temperature,
especially during the planting-to-silking period. Unlike
soybeans, day length has little effect on the rate at
which corn develops. The Ontario crop heat unit
system has been developed to calculate the impact of
temperature on corn development. Ontario crop heat
units (CHUs) are calculated based on daily maximum
and minimum temperatures and allow for a numerical
rating of growing seasons, geographical locations

and corn hybrids. This system allows producers to
select hybrids that have a high probability of reaching

maturity before a killing frost occurs.

Ontario Crop Heat Units

CHU calculations require a start date, a formula for
calculating CHU based on daily temperatures and an
end date. Starting in 2009, Ontario began recording
CHU on May 1, regardless of location or temperatures
experienced up to that date. The CHU system uses a
calculation to arrive at a daily CHU total and employs
the following trigger to mark the season end: when
average temperature falls below 12°C or the first
occurrence of -2°C. The current CHU system and map
(sometimes referred to as CHU-M1 because of the
May 1 start date) are based on data from the 1971-
2000 time period. The CHU map for Ontario is found
in Figure 1-1, Crop heat units (CHU-M1) available for
corn production.

Other jurisdictions use different systems for
quantifying the effect of temperature on corn
development and for rating corn hybrid maturity.
Unfortunately, these systems are unique, and true
mathematical conversions from one to the other

are not possible. Table 1-7, Approximate conversions
between three systems of measuring heat accumulation

in a growing season provides values to assist in making
reasonable comparisons between the different systems.

Table 1-7. Approximate conversions between
three systems of measuring heat accumulation
in a growing season

Growing
Ontario Corn Degree Days
Crop Heat Relative (Base 10)
Units Maturity (GDD or
Location (CHU-M1) (CRM) GDU)
Walkerton 2,759 84 2,000
Guelph 2,828 84 2,012
Ottawa 3,099 91 2,174
London 3,120 92 2,203
Simcoe 3,190 94 2,268
Belleville 3,369 98 2,353
Ridgetown 3,462 104 2,511
Harrow 3,702 111 2,673

It takes approximately 75-80 crop heat units
to produce each corn leaf. Therefore, at
temperatures of 30°C during the day and 20°C
at night, there is one new leaf every 2-3 days. At
20°C during the day and 10°C at night, one new
leaf appears every 5-6 days.

Producers who record daily high and low
temperatures can use Table 10-4, Daily crop
heat unit accumulations based on maximum and
minimum temperatures to calculate CHU for their
own farm.
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North Bay

Northern
Region

Figure 1-1. Crop heat units (CHU-M1) available for corn production.

This map is based on weather data from 1971-2000 with a common season start date across the province of May 1.
Source: Weather Innovations Inc. (WIN)

Selecting the Most Profitable Hybrids general guidelines for selecting hybrids. Fine-tuning
Hybrid Selection is probably the Single most important hybrld SClCCtiOn for an indIVIdual farm Should bC dOIlC
management decision in determining cropping in consultation with seed company representatives.
profitability. Corn hybrids with superior yield

potential have been continuously introduced into the Maturity and CHU-M1

market place over the past 50 years. Yield increases
of approximately 1.5% per year have been achieved.
To remain competitive, producers must introduce
new hybrids to their acreage on a regular basis. The
following are a few key considerations intended as

Physiological maturity (black layer) is achieved when
all the kernels have reached their maximum dry matter
accumulation and there is no additional moisture or
nutrient transport from the plant. Using crop heat
unit ratings, hybrids can be selected to reach black
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layer before traditional season-ending frosts occurs.
Figure 1-1, Crop heat units (CHU-M1) available for
corn production, or farm records will provide the heat
units normally accumulated in a given area.

Highest Yield

In any given hybrid performance trial, there may be

a 1.9-2.5 t/ha (30-40 bu/acre) difference in yield
between the highest- and lowest-yielding hybrids.

This emphasizes the importance of obtaining reliable
information on hybrid yield potential and adaptability.
Producers must be able to sort through information
from several key sources: public performance trial data,
strip trial data (seed company or farm organization)
and on-farm comparisons.

The Ontario Corn Committee (OCC) conducts

corn hybrid performance trials each year across

the province. These performance trials include the
majority of available hybrids. Generally, these trials are
set up so that a given set of hybrids, for a certain heat
unit range, are tested at three to four locations. This
data is available at www.gocorn.net and can be viewed
in several formats to allow for stakeholders to carefully
examine the results. These trials give a good indication
of yield potential; however, they are limited to a few
locations and therefore do not adequately evaluate
hybrid adaptability over a wide range of conditions.
For this information, producers need to turn to strip
trials that are conducted on a larger number of sites
across a wide range of environments. Seed companies
summarize these strip trial results which are made
available through their seed guides.

Many producers find it valuable to have corn hybrid
strip trials or comparisons on their own farm. This
allows new, high-yield potential hybrids to be tested
against those proven performers in the farming
practice. However, it is important to remember that
reliable hybrid selections require more than one test
site, even if that site is on the producer’s own farm.
Producers should look for 2-year data that originates
from many sites (preferably more than 30) before
making decisions about hybrids that will be planted
on a significant portion of their acreage.

One way to look at hybrid selection is to define two
groups of hybrids for a farm operation. The first
group is “New Hybrids” and is comprised of the
most promising new hybrids in the market place.
This group will represent hybrids that are grown on a

relatively small acreage and that are tracked carefully
for their performance on a given farm, in strip trials
and in public performance trials. The goal is to quickly
identify the top hybrid in this group and move it
into the second hybrid group which is called “Tested
Hybrids”. The Tested Hybrids group represents hybrids
that have proven their performance and are grown on
a large percentage of a given operation’s corn acres.
Producers who make the most accurate and quickest
decisions to move new, higher performing hybrids into
their operations will achieve maximum competitive
advantage and yield increases.

Producers who make the most accurate and
quickest decisions to move new, higher performing
hybrids into their operations will achieve maximum
competitive advantage.

Hybrid Positioning

Corn hybrids have often been classified with various
terms such as “workhorses” or “racehorses”, having
offensive versus defensive natures. Hybrids that
produce above-average yield under good conditions,
but perform below average under poor conditions

are considered racehorses (offensive). Hybrids that
have relatively consistent yields in both low- and
high-yielding conditions are considered workhorses
(defensive). As site-specific management increases

in popularity, many producers will choose racehorse
varieties in the most productive areas of their field and
workhorse varieties where soil or weather conditions
are less favourable. Trends within the seed industry
indicate that hybrids will be increasingly defined

for their ability to fit into certain management
strategies and/or environments. Precision agriculture
technologies can better define the potential for hybrids
to exploit site specific resources more effectively.

Producers should be aware of the possibility of
selecting hybrids that will respond more effectively to
higher or lower input strategies. Producers can avoid
some of the risk associated with hybrid selection by
taking time to investigate a hybrid’s past performance.
Select hybrids that complement each other, because they
have different weaknesses for specific characteristics.
For example, when selecting two long-season hybrids
with high yield potential for earliest planting, ensure
that they do not both score relatively low for resistance
to the leaf diseases.

11
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Standability

Select hybrids that have suitable maturity ratings

and outstanding yield potential. Selecting for hybrid
standability is also recommended. This trait is
particularly important where significant field drying
is expected. If drying facilities are available on the
farm and harvesting at relatively high moisture levels
(>26%) is an option, standability may be less critical.
Traits associated with improved hybrid standability
include resistance to stalk rot and leaf blights, genetic
stalk strength (a thick stalk rind), short plant height,
lower ear placement and above average late-season
plant health. Plant intactness or late-season plant
health ratings also indicate better harvestability ratings.

One of the most significant advancements in improved
standability has been the introduction of Bt hybrids
that are resistant to a range of corn feeding pests. All
producers using Bt hybrids are required to plant a refuge
which contains corn plants that are not genetically
modified in order to prevent a build-up of resistant pest
strains. Producers can now purchase refuge incorporated
blends that contain both Bt and non-Bt seed in the
same bag, eliminating some of the issues with having
to plant separate refuge. For further information on Bt
corn refer to Chapter 15, Insects and Pests of Field Crops
as well as the Canadian Corn Pest Coalition website

at www.cornpest.ca.

Harvest Moistures and Drying Costs

Hybrid selection may also be influenced by the
producer’s target harvest moistures. In situations
where corn is stored as high moisture grain (e.g., 28%
moisture), producers have an opportunity to maximize
returns by growing full-season, high-yielding hybrids.
If corn is dried during storage, evaluate the impact
that high harvest moistures may have on net returns.
For example, any potential gains in net returns from

a hybrid that yields 0.31 t/ha (5 bu/acre) greater than
another should be balanced against increased drying
charges. OCC performance trial data has shown that
when corn is planted early, aggressive hybrid selection
(i.e., full-season and beyond) often results in yield
advantages over hybrids that mature in less days
(shorter-season hybrids). The increased yield from full-
or long-season hybrids more than compensates for the
increased drying costs due to higher harvest moistures.
Producers should evaluate net returns for hybrids after
dryings costs. Depending on drying costs a 2-3 bushel
per acre increase in yield often more than compensates
for an additional 1% increase in harvest moistures.
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Selecting Hybrids for Silage

When choosing hybrids specifically for whole-plant
silage, a yield advantage can usually be obtained by
selecting hybrids rated 100-200 heat units higher than
those selected for grain. Select hybrids for high silage
yields with improved digestible energy. Silage-only
and dual-purpose corn hybrids are available on the
market. Dual-purpose hybrids offer grain harvest as an
option, providing more flexibility when the silo is full.
Without sufficient independent data, it is very difficult
to compare and select corn silage hybrids between
companies. Choose top hybrids that have strong
ratings for silage yield and quality. Various models are
used to compare the economic value of corn silage
hybrids. The University of Wisconsin has developed
“milk per acre” and “milk per ton” calculations using
their Milk 2006 model to combine the traits of silage
yield, digestibility, fibre, starch, crude protein and
intake potential into single measures. Milk per ton
measures quality, while milk per acre combines yield

and quality.

Switching to Shorter-Season Hybrids

Field conditions may delay planting and necessitate
switching to less than full-season hybrids. Factors to
consider in this decision include yield potential of
shorter-season hybrids, test weight concerns, drying
costs and late-season harvesting capabilities.

Grain corn obtains 90% of its total grain weight by the
time it reaches one-half milk line, a maturity stage that
even late-planted, full-season hybrids reach in most
years. Switching to shorter-season hybrids may be a
reasonable alternative from a grain yield perspective if
earlier maturing hybrids can produce within 10% of
the full-season hybrid’s yield. Generally, this is a more
favourable proposition in longer-season areas.

Growing full season 3,000 CHU-M1 hybrids allows
for switching to hybrids that are 100-150 heat units
less without sacrificing excessive yield. If the full-season
hybrids are in the 2,800 CHU-M1 range, the odds

of dropping to a hybrid 100 heat units less without
giving up more than 10% yield are low.

Extensive research across the northern cornbelt defines
the optimal date when producers should switch
away from full-season hybrids. Some of this data is
summarized in Table 1-8, Recommended dates to switch
[from full-season hybrids across various heat unit zones.
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This collection of long-term data took into account
yields for hybrids of various maturity ratings as

well as deductions for test weight and drying. The
switch date indicates the planting date when earlier-
maturing hybrids surpass full-season hybrids in terms
of net returns (gross returns less drying and test
weight deductions).

Table 1-8. Recommended dates to switch from
full-season hybrids across various heat unit zones

Heat Unit Zone (CHU-M1) | Switch Date
>3,200+ May 30-early June
2,800-3,200 May 20-25
<2,800 May 15-20

Source: Adapted from R. Iragavarapu. Basing Hybrid Maturity
Switches on Long-Term Data. Pioneer Hi-Bred Ltd.

Growing hybrids with a range in maturity provides
some buffer against stresses at silking time and
end-of-season risks. However, making significant
adjustments to shorter season hybrids should not be
considered until May 30—June 1 for areas in southwest
(>3,200 CHU-M1); until May 20-25 for the mid-
maturity corn growing areas (2,800-3,200 CHU-M1)
and until May 15-20 in the shorter-season areas
(<2,800 CHU-M1).

A general rule has been to reduce hybrid maturity
by 100 CHU for every week that planting is delayed
beyond the cut-off date for full-season hybrids.

Test Weight Concerns

Lower test weights often result if end-of-season frosts
occur before late-planted corn has reached maturity
(black layer). Consider test weight potential when
selecting hybrids for planting in a late spring. Potential
dockage from delivering lower bushel weight corn to
an elevator or end user is shown in Table 1-9, Gruin
corn test weights and potential dockage.

Table 1-9. Grain corn test weights and
potential dockage

Current as of Spring 2016. Potential discounts may vary
considerably depending on year and location.

Grade | Test Weight Minimum Potential Discount

1 68.0 kg/hL $0.00/tonne
(55.6 Ib/bu)

2 66.0 kg/hL $0.00/tonne
(52.8 Ib/bu)

3 64.1 kg/hL $2.00/tonne
(51.4 Ib/bu)

4 62.0 kg/hL $6.00/tonne
(49.7 Ib/bu)

5 58.0 kg/hL $12.00/tonne
(46.5 Ib/bu)

Farming operations that handle and feed all of their
own corn may be unaffected by test weight concerns
and may choose to remain with full-season hybrids
longer into the planting season. Experience and
research from 1992, 2000 and 2014 indicated there
was little or no correlation between test weight and
livestock feed value. Producers who deliver all their
corn to elevators or processors may want to switch to
earlier hybrids to increase the potential for suitable
test weights at harvest. Producers in shorter-season
areas who fear significant yield losses by switching to
earlier-maturing hybrids may consider staying with
full-season hybrids but switching to hybrids that have
higher test weight scores.

Harvesting

Remaining dedicated to high-yielding, later-maturing
hybrids may present some logistical harvest issues.
Fields planted to potentially delayed hybrids should
be well-drained and have good load-bearing capacities
to facilitate late-season harvesting in less than ideal
conditions. Avoid planting later-maturing hybrids

in areas of the province that are more prone to
snow in November. The snow adheres to leaves

and husks, delaying harvest until the snow melts
from the corn plants.

13
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Planting
Seeding Date

The best yields in Ontario are usually obtained from
corn planted in late April and the first half of May,

as the crop is able to use the full growing season.

Early planting also results in earlier maturity in the
fall, reducing the risk of damage from an early fall
frost or adverse weather at harvest. The influence of
planting date on corn yield is illustrated in Table 1-10,
Expected grain yield due to various planting dates. Most
noteworthy is the rapid decline in yield for the shorter
season areas compared to longer season areas as planting
dates are delayed.

Depending on the total number of days required to
plant the farm’s entire corn acreage, it is generally
necessary to start planting corn before the optimum
date. Producers wanting to plant corn significantly
earlier than optimum dates (i.e., April 15-25) should
consider that soil temperatures need to reach 10°C
before germination and emergence will occur. The
average daily temperature is estimated by taking a
temperature measurement close to 11:30 a.m. using
a 10 cm (4 in.) soil thermometer. Early planting

of a portion of the corn crop can be considered if
average soil temperatures are at or above 10°C, the
soil conditions are favourable and the weather forecast
is predicting average to above-average temperatures.
It is generally advised to pay less attention to soil
temperature and to plant as soil moisture conditions
permit after April 26 in areas receiving greater than
3,000 CHU-M1 or May 1 in areas <3,000 CHU-M1.
In general, the loss of potential yield associated with
planting 2—-3 weeks before optimum planting date is
less than the loss associated with planting 2-3 weeks
after the optimum planting date.

Population

Plant populations referred to in this section are the
suggested final plant stands, see Table 1-11, Seed
spacing to achieve various populations. Since not all
seeds emerge, it is necessary to seed at slightly higher
rates. When planting early in the season or when the
soil is cold, a seeding rate 10% higher than the desired

final stand is suggested. When soils are warmer, an
adjustment of 5% is sufhicient.

Table 1-11. Seed spacing to achieve
various populations

Distance between in-row
corn plants
Row Row Row
width: width: width:

51 cm 76 cm 91 cm

Final population (20 in.) (30in.) (36in.)
54,300 plants/ha 36 cm 24 cm 20 cm
(22,000 plants/acre) (14.3in.) (9.5in.) | (7.91in.)
59,300 plants/ha 33cm 22 cm 18 cm
(24,000 plants/acre) (13.1in.) (8.71in.) | (7.2in.)
64,200 plants/ha 31cm 20 cm 17 cm
(26,000 plants/acre) (12.1in.) (8.141in.) | (6.7 in.)
69,200 plants/ha 29 cm 19 cm 16 cm
(28,000 plants/acre) (11.2 in.) (7.5in.) | (6.21n.)
74,100 plants/ha 27 cm 18 cm 15 cm
(30,000 plants/acre) (10.5in.) (7.0in.) | (5.8in.)
79,000 plants/ha 25 cm 17 cm 14 cm
(32,000 plants/acre) (9.8 in.) (6.61in.) | (5.4in.)
84,000 plants/ha 23 cm 16 cm 13 cm
(34,000 plants/acre) (9.21in.) (6.41in.) | (5.1in.)
88,900 plants/ha 22 cm 15 cm 12 cm
(36,000 plants/acre) (8.7 in.) (5.8in.) | (4.8in.)
93,800 plants/ha 21 cm 14 cm 12 cm
(38,000 plants/acre) (8.31in.) (5.5in.) | (4.6in.)
98,800 plants/ha 20 cm 13 cm 11 cm
(40,000 plants/acre) (7.8 in.) (5.21in.) | (4.4in.)
Row Length 7.9m 53 m 44 m
for 1/1,000 of an acre (26.1 ft) (17.4 ft)  (14.5ft)

1 ha=2.47 acre; 1 cm = 0.39 in.

Table 1-10. Expected grain yield due to various planting dates

Trials conducted by the Ontario Corn Committee at the indicated location in 2006-2010. All data is derived from corn that had a population

of 74,000 plants/ha (30,000 plants/acre). Yields are indexed relative to a planting date prior to May 10.

Prior to
Location Jun 10 Jun 05 May 30 May 25 May 20 May 15 May 10
Elora (<2,800 CHUSs) 65 75 85 92 96 99 100
Exeter (2,800-3,200 CHUSs) 84 89 93 96 98 100 100
Ridgetown (>3,200 CHUSs) 87 91 94 97 99 100 100
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In Ontario, corn is commonly grown at plant
populations of 69,200-88,900 plants/ha
(28,000-36,000 plants/acre). These populations
maximize light interception and can produce good
yields over a wide range of growing conditions without
excessive lodging. In recent years, hybrids have been
developed that tolerate higher plant densities without
excessive lodging or barrenness. When old and new
hybrids are grown side by side under very low plant
populations, their yields are almost identical. Higher
yield responses are obtained when newer hybrids are
grown at higher densities. Much of the historical
yield improvement has resulted from developing
hybrids that excel under higher densities. Some

of the most recent hybrids have economically
optimum populations of 79,000-98,800 plants/ha
(32,000—40,000 plants/acre). Refer to seed company
data to fine-tune hybrid management and planting
density decisions.

On drought-susceptible fields where water availability
is the yield-limiting factor, the yield potential

may not cover the cost of higher seeding rates. In
these situations, adjusting populations downward

can achieve some savings. Higher populations are
warranted as yield potential increases. One study
indicated that for every 0.94 t/ha (15 bu/acre) increase
in a field’s (or portion of a field’s) yield potential,
economically optimal populations increased by

1,112 plants/ha (450 plants/acre).

In Ontario, it is common to aim for higher average
final plant stands than that of the U.S. midwest. The
most productive fields should be near the upper end
of the plant population range for the hybrids being
planted. In shorter-season areas of the province, where
smaller-stature hybrids are grown, producers should
consider even higher populations to maximize light
interception and optimize yields. Yield increases
from increased plant densities have generally been
lowest in the longer-season regions of Ontario (over
3,200 CHU-M1 heat units).

Corn silage plant populations are often promoted as
needing to be higher (10%) than grain corn. Research
from Cornell University disputes this, showing no
advantage to having plant stands of more than 86,500
plants/ha (35,000 plants/acre) for any of the hybrids
tested. The research predicted that as hybrid populations
increased, silage digestibility declined. Optimum plant
populations may be very hybrid specific due to the
genetic diversity among silage hybrids.

Planting Depth

The first rule of corn planting is to plant into moisture
(25%-50% or near field capacity). However, a few
other considerations allow for some fine-tuning of
planting depth. Shallow planting of corn (less than

3 cm (1.2 in.) deep), even into moisture, may lead to
less favourable positioning of the growing point and
first nodal roots (Photo 1-3). This may lead to rootless
corn syndrome in some cases and predisposes the seed
to greater injury from herbicides. Coarse-textured soils
that dry rapidly at the surface will also be more prone
to poor root establishment with shallow plantings.

Optimum corn planting depth means always
placing the seed in moisture. Be sure to check
that even if the corn planter is set at a target
depth of 4-5 cm (1.6-2.0 in.), that no seed in the
field is less than 3.8 cm (1.5 in.) deep.

In contrast, planting deeper at 5.7-8.2 cm (2.25-3.25 in.),
especially when soils are cold early in the planting
season, can delay emergence compared to planting at
depths of 4-5 cm (1.6-2.0 in.). Delayed emergence
can lead to increased risk of insect feeding or seedling
diseases. As the planting season progresses and as soils
warm and dry, ensure that the corn seed is placed
firmly into moisture and planted at a target depth of
5 cm (2 in.). When planting is extended and soils
warm, planting at depths of 7.5 cm (3 in.) in order to
find moisture is often less risky than planting shallower
and hoping for rain.

Photo 1-3. Uneven planting depth. Uniform seeding
depth is critical to achieving uniform emergence.
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Physiologically speaking, a corn seed that is placed into
moisture at 3.8 cm (1.5 in.) deep will have excellent
performance. The challenge comes when a corn planter
is set to deliver seeds at 3.8 cm deep and due to planter
row-unit bounce or some areas of the field with a seedbed
that is rough, uneven or compacted will have some seed
planted too shallow for good emergence. Therefore, it is
often advisable to set the planter slightly deeper to avoid
having any seeds that are less than 3.8 cm (1.5 in.) deep.

Planting depth can be evaluated well into the growing
season by carefully excavating the plant, removing

the nodal roots, and identifying the mesocotyl. The
mesocotyl is generally a white, mostly hairless structure
that runs from the seed to the crown. Measuring the
length of the mesocotyl and adding 1.9 cm (0.75 in.)

results in an accurate assessment of planting depth.

Corn Development

The vegetative and reproductive growth stages in corn
are described in Table 1-12, Vegetative growth stages in
corn and Table 1-13, Reproductive growth stages in corn.

CHU-M1 Season-Ending Dates

The end of the growing season is defined as the
first occurrence of a Kkilling frost (-2°C), or the
date when the daily average temperature has
historically (30 year norms) fallen below 12°C. In
the 30 year data used for CHU calculations, the
season is terminated approximately 10% of the
time by an occurrence of -2°C killing frost.

Table 1-12. Vegetative growth stages in corn

Stage VE vi v4 V6 v8 vi2 VT
?\
A . A< , e
Leaf Collars 6 8 (varies)
Leaf Tips 10 11 15 (varies)
Leaf Over 8 10 14 (varies)
CHUs 180 330 630 780 930 1,170 1,310
Required*
Target Date? May 16 May 25 June 11 June 18 June 26 June 31 July 18
Notes - Emergence. - Start of - Ear initiation. | - End of - Side- + Crop + Tassel
- Daystoemerge | critical weed- | - Growing critical weed- dressing becomes emerges.
most often free period. point below free period. nitrogen and increasingly | - Pollen shed
ranges from - Growing ground. + Lower leaves inter-row sensitive begins
6-21 days. point below - Expansion (1-4) dry up, cultivation to yield 2-3 days
+ Uniform ground. of nodal may not be beyond reduction prior to silk
emergence - Ensure root system visible. this point by heat or emergence.
essential to herbicide will soon - Growing point | pose threat drought. + Pollen viability
high yields. selection is completely at or above of root - Size of ear reduced
+ Look for poor safe for crop replace ground; more pruning. and number by drought
germination stage. seminal root susceptible - Beginning of potential and high
caused system. to frost injury. rapid stem kernels temperatures.
by chafer, * Risk from + Initiated ears elongation. being + Scout for corn
wireworms, cutworm and and tassel - Risk from established. leaf aphids,
seedcorn flea beetle now visible slug damage corn rootworm
maggot, damage has upon plant has passed. adults and
seedcorn passed. dissection. goosenecking
beetle, slugs, caused by
black cutworm. rootworm larva.

1 Approximate CHUs required to reach various stages of corn development.
2 Estimated date to reach various stages of development based on long-term heat unit accumulations for an average 2,800 CHU
region and anticipating a May 5 planting date.
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Table 1-13. Reproductive growth stages in corn

LEGEND: NA = no data available, kernels not formed until after pollination.

R Stage R1 - Silking R2 - Blister R3 - Milk R4 - Dough R5 - Dent R6 — Maturity
Description Silks emerge Kernels are Kernels begin Milky inner fluid Majority of Hard starch layer
from husks at tip | white, filled with | to have yellow becomes thicker | kernels are evident from

of ear.

clear fluid and

colour. Inner fluid

and pasty. Outer

dented. Hard

top to bottom

distinct from is milky white. edges of kernels | white layer of of kernel. Black
surrounding cob become firmer. starch evident layer forms at
material. Some dents at top of kernel base of kernel.
appear. (milk line).
CHU Required* 1,480 1,825 2,000 2,165 2,475 2,800
Target Date? July 20 Aug. 3 Aug. 11 Aug. 18 Sept. 1 Sept. 18
Kernel Moisture NA 85% 80% 70% 55% 30%-35%
Notes + Pollination + Kernels + Rapid grain - Top of kernel + Milk line + Physiological
requires beginning filling period. begins to advances maturity.
3-7 days. dry matter + Good plant firm up. toward tip as + Kernels have

- Silks continue accumulation. health, - Killing frost crop matures. achieved
to elongate - Relocation of clear skies may cause - Whole plant maximum
until fertilized. nutrients from and active yield losses moistures dry weight.

+ Environmental the leaves and photosynthesis of 25%-40%. suitable for + Moisture loss
stresses very stem to the add to kernel - Begin to silage harvest. from kernels
detrimental ear begins. size and assess ear + 90% of grain still required
to yield. - Firing of test weight. rot incidence. yield reached for suitable

+ Begin scouting lower leaves by one-half threshing.
for ear insect may become milk line.
pests (corn evident. - Examine fields
earworm, fall for lodging,
armyworm). ear drop and

stalk rots. If

high, consider
harvesting early.

1 Approximate CHU required to reach various stages of corn development.
2 Estimated date to reach various stages of development based on long-term heat unit accumulations for an average 2,800 CHU
region, and anticipating a May 5 planting date.

Corn Leaf Stages

Counting the leaves on a corn plant sounds like an
easy task, but there are a few complications that
can cause mistakes. It is important to know which
leaf-counting method is being referred to on pesticide
labels or in other production information.

Table 1-14, Comparative growth stages shows
comparative growth stages using different methods
of counting leaves.

Table 1-14. Comparative growth stages

Leaf Leaf Leaf Standing Leaf
Tip Over Collar Height Extended
3 2 1 5-6 cm 5-11 cm
5-6 4 3 9-17 cm 16-25 cm
7-8 6 4-5 18-33 cm 29-46 cm
9-10 8 5-6 36-54 cm 54-77 cm
12 10 8 58-85 cm 86-112 cm
14-15 12 10 | 99-114 cm 121-149 cm

Source: OMAFRA Publication 75, Guide to Weed Control.

There are several methods used to count corn leaves:

* The leaf-tip method counts all leaves, including any
leaf tip that has emerged from the whorl at the top of
the plant.

* The leaf-over method only counts those leaves that
are fully emerged and are arched over with the next
leaf visible in the whorl but standing straight up.

¢ The leaf-collar method, used extensively in the U.S.,
refers to the leaf collar being visible. The leaf collar
is the light green-to-whitish band that separates the
leaf blade from the leaf sheath, which wraps around
the stem. The stages for corn are referred to as V1,
V2, V3, etc., where the V3 stage is a plant with three

collars visible.
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Uniformity of Emergence

Uniform seeding depth is a critical factor in achieving
uniform emergence. Uneven emergence affects crop
performance, because competition from larger,
early-emerging plants reduces the yield potential of
smaller, later-emerging plants. Yields can be reduced
by 5% when half the stand suffers from a 7-day delay
in emergence and by 12% when half the population
experiences a 2-week delay. Table 1-15, Corn yield
response to plant spacing and emergence variability, shows
the relative impact of emergence and in-row spacing
variability on corn yield. In summary:

* If one of six plants (17%) had an emergence delay
equal to two leaf stages (about 12 days), then overall
yield reduction was 4%—5%.

* If one of six plants had emergence delays equal to
four leaf stages (about 21 days), then overall yield
was reduced by 8%.

* The sizes of yield reductions associated with delayed
emergence were not significantly affected by the
spacing variability of the stand (doubles and misses)
within the corn row.

This study emphasized the fact that plants that are
neighbouring a plant that is delayed in emergence do
not compensate for the lower yield of the plant that is
developmentally behind.

Table 1-15. Corn yield response to plant spacing
and emergence variability

Yield expressed as a percent of the uniform spacing and
emergence treatment.

Research was conducted at Elora and Woodstock, 2000-01.

Emergence Delay

Uniformity of Spacing

It is widely believed that uniform in-row plant spacing

is necessary to achieve high corn yields. However, a
considerable number of studies challenge the notion that
increased variability of in-row plant spacing results in
large yield losses.

The relative yields shown in Table 1-15 indicate that
when plants are less than perfectly spaced, those plants
that have more space compensate for those that are given
less space. Doubles are defined as two plants spaced
about 3 cm (1.33 in.) apart situated next to a gap of
about 38 cm (15 in.). Triples are defined as three plants
spaced 3 cm from each other next to a gap of 58 cm

(23 in.). A collection of research has further shown:

* Yield losses are about 1% if the stand contains two
out of six plants (33%) that are clustered as doubles.

* 2% if three out of six plants (50%) are clustered
as triples.

* 2.5 cm (1 in.) increase in plant stand standard
deviation decreased yield by less than 0.08 t/ha
(1.3 bu/acre), assuming equal plant populations.
These results were consistent with earlier research
conducted in Ontario during the late 1970s and
in Wisconsin from 1999-2001.

* Dr. Bob Nielsen (Purdue University, Indiana)
reported that every additional 2.5 cm (1 in.) of
standard deviation over 5 cm (2 in.) decreases yields
by 160 kg/ha (2.5 bu/acre). This suggests that
significant yield losses are associated with plant
stand variability.

* Results of a survey of 127 Wisconsin commercial
corn fields with an average plant population of

73,500 plants/ha (29,750 plants/acre) suggested

2leaves | 4leaves that plant spacing standard deviation averaged
Plant Spacing Uniform = (1in6) | (1in6) 8.4 cm (3.33 in.) with 95% of fields having standard
Uniform 100% 95% 91% deviations that were less than 11.7 cm (4.66 in.).
Double (33% of plants) 99% o5% 0% * Results of 24 research trials conducted along with
Triple (50% of plants) o8% oa% 0% the Wisconsin plant variability survey concluded

that significant yield reductions begin to occur
only when corn plant standard deviations exceed

12 cm (4.75 in.).

Source: Liu, Tollenaar, Stewart, Deen, University of Guelph.
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These results from other jurisdictions support Ontario
research findings shown in Table 1-15. They suggest
minimal yield impact of uneven plant spacing.
Generally, within the range of plant spacing variability
typically found in most Ontario corn fields that are at
the target population, the reduction in yield potential
due to plant stand variability is likely small.

Poor planter maintenance or high planting speeds are
often identified as contributing to poor within-row
spacing uniformity. Research conducted in Illinois and
shown in Table 1-16, Effect of planting speed on spacing
standard deviation, population and corn yield illustrated
that with properly maintained planters, high planting
speeds and slight variations in spacing uniformity had
no impact on yield.

When evaluating corn plant stands, uniformity of
emergence and early growth is more important
than uniformity of spacing.

Table 1-16. Effect of planting speed on spacing
standard deviation, population and corn yield

(Average of 11 lllinois trials, 1994-96)

Planting | Standard
Speed | Deviation® Population Yield
5 7.3cm | 67,290 plants/ha 9.57 t/ha
km/h (2.91in.) (27,231 plants/ | (152.5 bu/acre)
acre)
8 7.6 cm | 67,640 plants/ha 9.55 t/ha
km/h (3.01in.) (27,373 plants/ | (152.2 bu/acre)
acre)
11.3 8.2 cm | 66,700 plants/ha 9.61 t/ha
km/h (3.21in.) (26,996 plants/ | (153.1 bu/acre)
acre)

Source: E. Nafziger, University of lllinois and H. Brown.

1 An absolutely perfect stand, where every plant is exactly
18 cm (7.25 in.) from its neighbour, would have a standard
deviation of zero. If plants on average varied £ 5 cm (2 in.)
from the desired 18 cm (7.25 in.), the standard deviation
would be 5 cm (2 in.).

Uniformity and timing of emergence, along with
achieving target populations, generally have a greater
impact on corn yield than uniformity of corn plant
spacing. Planter maintenance and choice of attachments
(i.e., coulters and residue row cleaners) should focus on
achieving consistent seed placement and the creation of

in-row seedbed conditions that ensure rapid uniform
emergence. It is important to ensure that the planter is
operating level and that all discs, depth-gauging wheels
and seed-firming devices are up to specifications, aligned
and operating at the correct depth or pressure.

Pre-planting management may also play a critical role
in emergence uniformity. If the field is left too uneven,
if residue is bunched, or if surface compaction has
not been uniformly alleviated, even the most carefully
prepared corn planter may not be able to consistently
place seed and create in-row seedbed conditions that
ensure rapid uniform emergence.

* Plants that emerge late, so that they are one or two
leaves behind neighbouring plants, are likely to
achieve a lower yield relative to uniformly emerged
stands and may even yield less than later-planted
but uniformly emerged corn.

* Relatively small investments in time and/or money
for planter adjustments, such as installing new opener
discs, levelling the planter, properly adjusting seed-
firming wheels and proper seed depth placement,
can significantly increase yield and returns.

Row Widths

Narrow Rows

Past research indicated that more northerly latitudes
benefited the most from narrowing corn rows from the
traditional 76-96 cm (30-38 in.) widths to 38—60 cm
(15-24 in.) compared to mid-to-southern portions of
the cornbelt. Most Ontario producers who converted
to narrow-row production systems targeted 50 cm

(20 in.) row spacing anticipating that the expected
yield boost of 3%—-8%, would cover the costs of
converting planter and corn header. However, more
recent studies conducted in Ontario by the University
of Guelph and Pioneer Hi-Bred Ltd. have shown
minimal yield advantage with 38 cm (15 in.) or 50 cm
(20 in.) rows compared to 76 cm (30 in.) rows. The
fundamental reason for moving to narrower rows is

to enhance light interception. It appears that the total
light interception once the canopy has fully developed
is no greater in narrow rows than in wide rows. Any
yield advantage experienced with narrow rows must
come from earlier canopy closure and greater light
interception in the late-June to early-July period.
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Research has yet to find hybrids particularly suited
for narrow rows. Increasing plant populations often
resulted in comparable yield increases to traditional
row widths. Yield improvements may be sporadic and
the justification of equipment costs may depend on
other factors such as use of the narrow row planter for
other crops (e.g., dry edible beans), numbers of acres
to be planted and costs of equipment conversions.
There is also the increased risk for stalk rots in narrow
row systems.

Replant Decisions

There is no simple formula to aid in replant decisions,
so each case must be dealt with individually. When
contemplating a replant decision, consider the following:

* original planting date

* target plant population

* actual population

* uniformity of plant size

* uniformity of existing plant distribution

* possible replanting date

* cost of replanting (seed, fungicides/insecticides,
fuel, etc.)

The plant population in a reduced stand can be estimated
by counting the number of plants in a length of row
that is equal to 1/1000 of an acre, see Table 1-11,
Seed spacing to achieve various populations. This
should be replicated at least five times in different areas
of the field for every 10 ha (25 acre). Determine the
average of these samples and then multiply the average
by 1,000 to calculate the number of plants per acre.
For the number of plants per ha, multiply it again

by 2.47.

It is important when taking stand counts to observe
the uniformity, plant size and distribution of the
plants in the rows. How do the stand, plant size and
distribution vary? Yields can be reduced by 2% if the
stand has several 30-90 cm (12-36 in.) gaps. If the
gaps are larger — 1.25-2 m (46 ft) — expect a
5%—6% reduction in yield when compared to a
uniform stand. Yield reductions will be greater
with more numerous and longer gaps between
plants within the row.

Table 1-17, Expected grain yield due to various

plant populations, shows the effect of reduced plant
population on final grain yield. Yields are based on
stands that are normal in terms of uniformity of
plant size and distribution. Grain yields for varying
populations are expressed as a percentage of the yield
obtained at a final plant population of 74,000 plants/
ha (30,000 plants/acre) with a planting date prior

to May 10.

The availability of early-maturing hybrids with good
yield potential and the cost of replanting are important
factors in the replant decision. Consider whether the
herbicide program allows for a switch to soybeans.
If not, is a reapplication of corn herbicides required?
What is the condition and health of the remaining
crop? Before replanting, determine whether the
conditions that caused the problem in the first place
still exist (soil conditions, disease, insects, herbicide
injury). If an insect or disease problem was the
culprit, factor in the cost of an insecticide and/or
fungicide treatment.

Table 1-17. Expected grain yield due to various
plant populations

Yields are indexed; where 30,000 plants/acre = 100

All data is derived from corn that was planted on or before May 10.
Trials were conducted by Ontario Corn Committee, 2006-2010.

Plant Elora Exeter Ridgetown
population (<2,800 (2,800- (>3,200
CHUs) 3,200 CHUs)
CHUs)

29,600 78 91 97
plants/ha
(12,000
plants/acre)

44,400 89 93 91
plants/ha
(18,000
plants/acre)
59,300 96 97 97
plants/ha
(24,000
plants/acre)
74,100 100 100 100
plants/ha
(30,000
plants/acre)
88,900 103 102 101
plants/ha
(36,000
plants/acre)
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Ontario research data conducted and compiled by
the Ontario Corn Committee was used to develop
a Replant Decision Aid for producers to use when
determining if replant is warranted based on their field
situation and costs associated with replanting. This

tool can be found at www.gocorn.net.

Fertility Management

Nitrogen (N)

Corn responds well to nitrogen, so adequate
availability of nitrogen is critical to profitable corn
production. Excess nitrogen adds unnecessary expenses
and increases the risk of nitrate movement to ground
water, poorer quality of surface water and production
of greenhouse gases through nitrous oxide emissions.
Insufficient nitrogen leads to nitrogen deficiency.

Nitrogen deficiency first appears on the lower leaves,
manifested as yellowing, beginning at the tip of the
leaf and proceeding down the midrib (Photo 1-4).
Eventually, the yellow areas of the leaf will turn brown

and die.

Photo 1-4. Nitrogen deficiency shows up on lower
leaves first. Yellowing begins at the leaf tip and
proceeds down the midrib.

In young plants, potential yield loss will occur long
before nitrogen deficiency symptoms appear, so
yellowing is not a reliable indicator of the need for
nitrogen fertilizers.

Two methods can be used to determine optimum
nitrogen rates:

1. Nitrate-nitrogen (NO,-N) soil test.

2. General recommendations based on: expected
yield, soil type, previous crop, CHU rating
for location, N fertilizer cost, corn price and
application timing.

It is common to see symptoms of nitrogen
deficiency in the lower leaves as the plants near
maturity, even when there is adequate nitrogen
for optimum yield.

Nitrate-Nitrogen (NO-N) Soil Test

Soils can vary greatly in their ability to supply
nitrogen. The amount of nitrate-nitrogen present in
the soil at planting time, or just before side-dress,
can be a useful indicator of a soil’s capacity to supply
nitrogen. Use of the soil test for nitrate-nitrogen
should result in a more efficient and profitable use of
nitrogen as well as a reduction in the risk of nitrate
movement into groundwater.

Many of the factors included in the general guidelines
will influence the soil nitrate levels, so the strategies

for the nitrate-nitrogen soil test should be viewed as
separate from the general nitrogen guidelines. Research
is ongoing to fine-tune methods to incorporate the soil
test results as an adjustment into the general guidelines.
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Time of Sampling

The nitrogen recommendations based on the soil test
for nitrate-nitrogen were developed using samples
that were taken within 5 days of planting (before or
after). However, this is often an inconvenient time
for sampling. Seasonal differences in weather can
dramatically change the soil tests at this time of year
(see Where caution is required). Alternatively, sampling
when the corn is 15-30 cm (6-12 in.) tall, before
the application of side-dress nitrogen, has increased
in popularity. This is referred to as the pre-side-dress
nitrogen test (PSNT).

By delaying sampling past the busy planting season,
the PSNT allows more time for sampling and
receiving results from the laboratory. More
importantly, considerable evidence indicates that
nitrogen recommendations based on this later
sampling time are superior to those based on a
planting time sample. This is particularly true
when there are organic sources of nitrogen, such
as manure or legumes, in the cropping system.
PSNT samples taken in June detect nitrate that
has mineralized from these organic sources and
will more accurately reflect total available nitrogen
and fertilizer nitrogen requirements.

Taking the Sample

Nitrates are more mobile than both phosphorus and
potassium, so a separate, deeper, soil sample must be
taken for the nitrate-nitrogen test. The soil should be
sampled to a depth of 30 cm (12 in.). It is important
that all cores in a field be taken to the same depth
and that the sampling depth be included with the
information sent with the sample to the lab.

To ensure that the sample is representative of the field,
use a sampling pattern similar to the guidelines for the
standard soil test, described in So#/ sampling, Chapter 9,
Soil Fertility and Nutrient Use. Since variations in soil
nitrate content can have a large impact on nitrogen
fertilizer recommendations, consider sampling more

intensively for nitrate than for phosphorus or potassium.

Take separate samples of:

* areas with differences in past management
* areas with distinctly different soil types
¢ knolls and depressions

Handling the Sample

Place soil cores in a clean plastic pail, crushed by
hand and well mixed. Take about 500 g of soil (1 1b)
from the pail and place it in a clean plastic bag or soil
sample box.

Microbial action in the sample can change the nitrate
content quickly if it is not handled properly. Chill or
freeze samples as soon as possible. For shipping, pack
samples with insulating material to keep them cool

and send them by courier to ensure quick delivery to

the lab.

Samples can also be air-dried. Spread the sample

in a thin layer on a clean plastic sheet, breaking up
any large lumps in the process. It should be dry in
1-2 days, and can be shipped to the lab without any
extra precautions. Do not dry the samples in a warm
oven, as this can affect the nitrate content.

Table 1-18. Nitrogen guidelines based on spring
nitrate-nitrogen (NO_-N)

Conversion Factors: To convert soil test results from kg/ha

to ppm for a 30 cm (12 in.) sample, divide kg/ha by 4. For
example, if the nitrate-nitrogen concentration of a sample taken
from the top 30 cm (12 in.) of soil is 32 kg/ha, the nitrate
nitrogen is 32 kg/ha + 4 = 8 ppm.

Spring Nitrate Nitrogen Actual Nitrogen
in top 30 cm (1 ft) Suggestion
1 ppm 211 kg N/ha
2 ppm 199 kg N/ha
3 ppm 186 kg N/ha
4 ppm 173 kg N/ha
5 ppm 161 kg N/ha
6 ppm 148 kg N/ha
7 ppm 135 kg N/ha
8 ppm 123 kg N/ha
9 ppm 110 kg N/ha
10 ppm 97 kg N/ha
11 ppm 85 kg N/ha
12 ppm 72 kg N/ha
13 ppm 59 kg N/ha
14 ppm 47 kg N/ha
15 ppm 34 kg N/ha
16 ppm 21 kg N/ha
17 ppm 9 kg N/ha
18 ppm 0 kg N/ha

100 kg/ha = 90 Ib/acre

1 Spring nitrate-nitrogen refers to samples taken within
5 days of planting (either before or after).
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Where Caution Is Required

Sometimes the fertilizer recommendations based on
the nitrate-nitrogen soil test need to be modified. The
nitrogen in manure or legumes applied or plowed
down just before sampling will not have converted
into nitrates and will not be detected by the soil test.
Information will be provided with the test results on
how to make appropriate adjustments.

The nitrate-nitrogen soil test has not been adequately
evaluated for:

* legumes or manure plowed down in the late summer

In these circumstances, use the nitrate-nitrogen soil
test with caution.

Table 1-18, Nitrogen guidelines based on spring
nitrate-nitrogen and Table 1-19, Nitrogen guidelines
based on pre-side-dress nitrate-nitrogen show the
suggested application rates of nitrogen for different
levels of soil nitrate-nitrogen for 30 cm (12 in.) deep
samples when the nitrogen/corn price ratio is five.

If the price ratio is increased to seven (i.e., the price
of nitrogen fertilizer has increased or the price of corn
has decreased), reduce the suggested rates by 20 kg/ha
(18 Ib/acre) from the rates in these tables. For more

or fall

* areas with distinctly different soil types
* legumes in a no-till system

* soil samples taken prior to planting before the soil

information, see Price ratio adjustment, in Appendix B.

has warmed up significantly (i.e., in mid to late April)

Table 1-19. Nitrogen guidelines based on pre-side-dress nitrate nitrogen (NO_-N)

Samples taken when the corn is 15-30 cm (6-12 in.) tall (usually within the first 2 weeks of June).

Conversion Factors: To convert soil test results from kg/ha to ppm for a 30 cm (12 in.) sample, divide kg/ha by 4. For example, if the
nitrate-nitrogen concentration of a sample taken from the top 30 cm (12 in.) of soil is 32 kg/ha, the nitrate nitrogen is 32 kg/ha + 4 = 8 ppm.

Pre-Side- Expected Yield
dress Nitrate
Nitrogen
in top 30 cm 7.5 t/ha 9.0 t/ha 10.5 t/ha 12.0 t/ha 13.5 t/ha 15.0 t/ha
(1 ft) (120 bu/acre) | (143 bu/acre) | (167 bu/acre) | (191 bu/acre) | (215 bu/acre) | (239 bu/acre)
0 ppm 197 kg N/ha 221 kg N/ha 244 kg N/ha 269 kg N/ha 293 kg N/ha 316 kg N/ha
2.5 ppm 183 kg N/ha 206 kg N/ha 230 kg N/ha 252 kg N/ha 276 kg N/ha 299 kg N/ha
5 ppm 169 kg N/ha 192 kg N/ha 214 kg N/ha 236 kg N/ha 259 kg N/ha 282 kg N/ha
7.5 ppm 155 kg N/ha 177 kg N/ha 198 kg N/ha 221 kg N/ha 242 kg N/ha 265 kg N/ha
10 ppm 141 kg N/ha 161 kg N/ha 183 kg N/ha 204 kg N/ha 225 kg N/ha 248 kg N/ha
12.5 ppm 127 kg N/ha 147 kg N/ha 167 kg N/ha 188 kg N/ha 210 kg N/ha 231 kg N/ha
15 ppm 111 kg N/ha 131 kg N/ha 151 kg N/ha 171 kg N/ha 193 kg N/ha 213 kg N/ha
17.5 ppm 93 kg N/ha 114 kg N/ha 134 kg N/ha 155 kg N/ha 175 kg N/ha 196 kg N/ha
20 ppm 64 kg N/ha 96 kg N/ha 118 kg N/ha 138 kg N/ha 158 kg N/ha 178 kg N/ha
22.5 ppm 0 67 kg N/ha 99 kg N/ha 120 kg N/ha 141 kg N/ha 161 kg N/ha
25 ppm 0 0 71 kg N/ha 101 kg N/ha 123 kg N/ha 143 kg N/ha
27.5 ppm 0 0 0 74 kg N/ha 103 kg N/ha 124 kg N/ha
30 ppm 0 0 0 0 76 kg N/ha 104 kg N/ha
32.5 ppm 0 0 0 0 0 77 kg N/ha
35 ppm 0 0 0 0 0 0
100 kg/ha = 90 Ib/acre
Laboratories
See Appendix C, Accredited soil-testing laboratories in
Omntario, for a list of laboratories that are accredited to
analyze soil samples for nitrate-nitrogen.
S
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General Nitrogen Rate Guidelines for Corn (Metric)
The figures in this worksheet are based on a review of N
response trials from 1961-2004 and make up the Nitrogen
Calculator, which is simple to use and can be found online
at www.gocorn.net. The fertilizer rates calculated here
are designed to produce the highest economic yield
when accompanied by good or above-average
management. Research shows that higher rates
will occasionally produce higher yields, but uspally
not enough to pay for the additional fertiliz

A version of the worksheet using Imperial measure,

as well as notes that explain each sectigh can be found
in Appendix B, Corn nitrogen rate worksheet (imperial)
with detailed explanation.

Replace worksheet with one from the table list.

B. Yield Adjustment
(Yield (T/ha) x 13.6) = +

C. Heat Unit Adjustment

Your CHU-M1s =
Less -2,800
Total = 041 = j—

D. Previous Crop Adjustmep/

(Choose from Table D) -

E. Price Ratio (PR) Adjustment for Nitrogen
Relative to Corn Price
(Choose from Table E) -

F. Suggested Total N
(A+B+C-D-E) =

G. Deduct Starter N _

H. Deduct Manure N Credits?® _

I.  Preplant Additional N
(F-G-H) -

OR

J. Sidedress Additional N
(If additional N is applied side-dress,
multiply value | by the appropriate value
in Table J.)

1 Manure N Credits can be found in Chapter 9, Soil Fertility
and Natrient Use.

4 J. Additional N at sidedress — timing adjustment
(southwestern and central Ontario only)

Soil Texture Adjustment
(kg/ha)

Clay, clay loam, loam, silt loam, silty clay, 0.8

silty clay loam

Sandy clay, sandy clay loam, sandy loam 0.9

Sand, loamy sand 1.0

2

Table A. Base N requirement (kg/ha)

Soil Texture Base N Requirement
Southwestern and | Eastern Ontario*
Central Ontario

Clay, heavy clay 53

Clay loam 40

Loam 32 1

Loamy sand 46 19

Sandy loam 38 19

Sand 52 19

Sandy clay, 43 19

sandy clay loam

Silt loam 20 1

Silty clay loam 36 1

Silty clay 49 1

* Eastern Ontario includes Frontenac, Renfrew and counties

to the east of them.

Table D. Previous crop adjustments

A. Base N Requirement
(choose from Table A) - /

Previous Crop Adjustment (kg/ha)
Grain Corn 0
Silage Corn 14
Cereals 12
Soybeans 30
Dry edible beans 30
Clover cover crop (plowed) 82
Clover cover crop (no-till) 67
Perennial Forages

Less than one-third legume 0

One-third-to-half legume 55

Over half legume 110

Table E. Price ratio (PR) adjustment for nitrogen relative to

corn price

c Nitrogen Price ($/kg N)

P:::: $1.00 | $1.25 $1.50 $1.75|$2.00 $225
$120/1t 22 36 50 64 78 *
$130/1t 18 31 44 57 70 82
$140/1t 14 26 38 50 62 74
$150/1t 11 22 34 45 56 67
$160/t 8 19 29 40 50 61
$170/t 6 16 26 35 45 55
$180/t 4 13 22 32 41 50
$190/t 2 11 19 28 37 46
$200/t 0 8 17 25 34 42
$210/t * 6 14 22 30 38
$220/t * 5 12 20 27 35
$230/t * 3 10 17 25 32

* Adjustments for these price ratios have not been assessed.
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Nitrogen Application

The major portion of the nitrogen should be applied in
the spring as pre-plant, pre-emergence or side-dressed
before the corn is 30 cm (12 in.) high. Fall application
is not advised due to the potential for high losses
(e.g., leaching, volatilization, runoff, nitrous oxide).

A portion of the nitrogen may be applied in a band

at planting. Ensure that safe rates of fertilizer near

the seed are not exceeded, see Chapter 9, Table 9-22,
Maximum safe rates of nutrients in fertilizer. Where it is
desirable to apply high rates of nitrogen at planting, it
should be placed in a separate band greater than 10 cm
(4 in.) from the seed row.

Anhydrous ammonia, applied with conventional
equipment, should be placed a minimum of 15 cm
(6 in.) deep in the soil. For pre-plant applications,
applicator outlets should be no more than 50 cm
(20 in.) apart. For wider spacing, a 4 day waiting
period before planting is recommended to avoid
damage to seedlings.

When appropriate equipment is used, ammonia may
be applied with a cultivator or disc, a minimum of
10 cm (4 in.) deep with the ammonia outlets spaced
no more than 50 cm (20 in.) apart.

Protecting Nitrogen from Loss
There are three key factors that contribute to losses
of N when applied as fertilizer:

1. Volatilization from surface applied urea.

2. Early season leaching or denitrification of N when
itis in the nitrate (NO,) form.

3. Late season N losses from residual N when supply
exceeds crop demand.

To reduce urea volatilization, the most common
approach is to incorporate or inject the fertilizer

so that soil particles trap the ammonia that might
volatilize. Generally, thorough field cultivation or
discing (1 pass) is enough to virtually eliminate
volatilization from surface applied granular urea. If the
urea source is UAN (28% or 32% solutions) the risk
of volatilization is less than granular urea and in most
cases a shallow tillage practice such as a vertical tillage
pass can eliminate most of the volatilization risk.

Additives (e.g., active ingredient NBPT) to urea that
block the urease enzyme can also protect urea from
volatilization losses for a significant period of time.

Risk from early season leaching or denitrification

is generally caused by wet soils; either sandy soils
that leach N or saturated conditions that cause
denitrification in heavy soils. The key strategy to
reduce these two forms of loss is to reduce the size
of the nitrate pool in the soil prior to any significant
crop uptake. This can be done by delaying application
of the N, or by using an N fertilizer product that has
a slower release profile, such as coated products that
physically delay the release of N or fertilizer additives
that slow the conversion to nitrate.

Reducing late season N losses hinges on applying
fertilizer N at rates very close to the total crop demand
so that post-harvest residual nitrate concentration in
the soil is low.

Nitrogen Strategies

Successful nitrogen application strategies hinge on
applying a rate of fertilizer N that closely matches
the net difference between the N supply (soil organic
matter, previous crop residues, manure, etc.) and

the N demand by the crop. The OMAFRA general
guidelines (see Corn nitrogen rate worksheet (imperial)
in Appendix B) for N use a significant number of
factors to predict, on average, the net N requirement

for a given field.

Some other factors that can contribute to an improved
understanding of seasonal supply and demand are:

1. total rainfall in the April 10 to June 10 period
2. CHU accumulation

3. yield potential based on plant stand and
early growth

4. crop imagery (i.e., Normalized Difference
Vegetative Index (NDVI) which attempts to
define the colour and size of the crop and
potential N status)

S E
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Producers must move away from a system where the High clearance application equipment that is now
entire N is applied in the planting window, in order to more prominent in Ontario allows for applications of
integrate seasonal inputs and general recommendations N to take place right up to tassel stage. This widens
into an enhanced nitrogen strategy. An enhanced N the window for gathering seasonal cues to determine
strategy demands that planting time N applications N rates and reduces the risk of the corn getting too tall
are reduced such that there is an opportunity to for conventional tractor drawn side-dress equipment.
make improved decisions on what rate is best for the Research in the U.S. cornbelt has redefined the
remainder of the N supply. amount of N that is taken up by the plant after VT,

as illustrated in Figure 1-2, Nitrogen uptake at various
Split applications, where some of the N is applied stages of corn development. The need for nitrogen to be
at planting and the rest is applied at side-dress (V5 taken up by the corn plant in the post-silking window
or later) will often reduce the total N required and is evident. However, producers should be reminded of
improve profitability. However, the real advantage several key issues that relate to late season applications:
to a split application strategy does not come from
simply splitting the total N rate into two unique * If nitrogen was applied earlier and has not been lost
application windows, but from splitting and making from the soil matrix from leaching or denitrification,
more informed rate decisions in the second application it will be available to feed the crop post-silking.
window. For example, research from the University * So far, there is limited research that suggests any
of Guelph and OMAFRA demonstrated that in positive yield response to “newly applied N” in the
three rather unique growing seasons a strategy of late side-dress window (V10 to tassel).
111 kg/ha (100 Ib/acre) at planting followed by * Late applications of N that are applied to the soil
56 kg/ha (50 Ib/acre) at side-dress (V6) was modestly surface or banded at very shallow depths (<5 cm)
superior to a plan of applying 168 kg/ha (150 Ib/acre) may not receive sufficient rainfall to be carried into
all at planting. Significantly better results were obtained, the soil matrix and be taken up by corn roots.
however, if following the 111 kg/ha (100 Ib/acre) rate » If applications are targeted to this late window,
at planting, the side-dressed rates could be adjusted adequate N must be applied at planting to carry the
from 0-90 kg/ha (0-80 Ib/acre) depending on the crop until the later N is applied; this might range
seasonal cues of rainfall, soil nitrates, etc. from 67-112 kg/ha (60-100 Ib/acre).

V3

63% of plant N taken up by flowering 37% of plant N taken up post-flowering

Grain 62% from 38%
N: post-flowering uptake remobilized N

Figure 1-2. Nitrogen uptake at various stages of corn development. (Courtesy DuPont Pioneer)
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Phosphate and Potash

There are two distinct approaches to managing
phosphorous (P) and potassium (K); one is referred
to as the “Sufficiency Approach” and the other is

the “Build (or Target) and Maintain Approach”.
OMAFRA P and K guidelines for corn as outlined in
this section adhere to the Sufficiency Approach, for a
more detailed explanation of the two approaches and
how they influence P and K decisions, see Chapter 9,
Soil fertility and nutrient use.

Adequate phosphorus and potassium are necessary
for optimum corn growth and yield, although the
response to these nutrients is not as evident as with
nitrogen. Phosphorus deficiency does not show any
unique symptoms; phosphorus-deficient plants will
be stunted and may have a darker green or purplish
colour. Purple leaves may also be an indication of cool
weather stress or root injury (Photo 1-5). Potassium
deficiency symptoms appear on the lower leaves of
the plant first, showing as yellowing and browning
beginning at the tip and proceeding back along the
outside margin of the leaf (Photo 1-6). Both of these
nutrients will exhibit “hidden hunger,” where yields
are reduced by a deficiency of one or both of these
nutrients, even though no deficiency symptoms

are visible.

Photo 1-5. Purple corn. Purple leaves on corn is most

often caused by cool weather stress or root injury.

Occasionally, it is an indication of phosphorus deficiency.

Phosphate and potash guidelines for corn are presented
in Table 1-20, Phosphate (P,0,) guidelines for corn and
Table 1-21, Potash (K,0) guidelines for corn.

Table 1-20. Phosphate (P,0,) guidelines for corn

Based on OMAFRA-accredited soil tests.

Profitable response to applied nutrients occurs when the
increase in crop value, from increased yield or quality, is greater

than the cost of the applied nutrient.

Where manure is applied, reduce the fertilizer application according

to the amount and quality of manure (Chapter 9, Manure section).

LEGEND: HR = high response MR = medium response
LR = low response  RR = rare response
NR = no response

Sodium Bicarbonate
Phosphorus Soil
Test (ppm) Phosphate Required
0-3 ppm 110 kg/ha (HR)
4-5 ppm 100 kg/ha (HR)
6-7 ppm 90 kg/ha (HR)
8-9 ppm 70 kg/ha (HR)
10-12 ppm 50 kg/ha (MR)
13-15 ppm 20 kg/ha (MR)
16-20 ppm 20 kg/ha (MR)
21-30 ppm 20 kg/ha (LR)
31-60 ppm 0 (RR)
61 ppm + O (NR)*

100 kg/ha = 90 Ib/acre

1 When the response rating for a nutrient is “NR,”
application of phosphorus in fertilizer or manure may
reduce crop yield or quality. For example, phosphate
applications may induce zinc deficiency on soils low in zinc
and may increase the risk of water pollution.

Photo 1-6. Potassium deficiency shows up on lower

leaves first, as yellow and browning at the leaf tip and

proceeds along the margin of the leaf.
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Table 1-21. Potash (K,0) guidelines for corn

Based on OMAFRA-accredited soil tests.

Profitable response to applied nutrients occurs when the
increase in crop value, from increased yield or quality, is greater
than the cost of the applied nutrient.

Where manure is applied, reduce the fertilizer application according
to the amount and quality of manure (Chapter 9, Manure section).

LEGEND: HR = high response MR = medium response
LR = low response  RR = rare response
NR = no response

Ammonium Acetate

Potassium Soil Test (ppm) Potash Required

0-15 ppm 170 kg/ha (HR)
16-30 ppm 160 kg/ha (HR)
31-45 ppm 140 kg/ha (HR)
46-60 ppm 110 kg/ha (HR)
61-80 ppm 80 kg/ha (MR)
81-100 ppm 50 kg/ha (MR)
101-120 ppm 30 kg/ha (MR)
121-150 ppm 0 (LR)
151-250 ppm 0 (RR)
251 ppm + 0 (NR):

100 kg/ha = 90 Ib/acre

1 When the response rating for a nutrient is “NR,”
application of potash in fertilizer or manure may reduce
crop yield or quality. For example, potash application on
soils low in magnesium may induce magnesium deficiency.

For information on the how to use these tables or

if an OMAFRA-accredited soil test is not available,
See Fertilizer Guidelines in Chapter 9, Soil Fertility and
Nutrient Use.

Where soil tests indicate that large amounts of
phosphorus and potassium are required, the major
portion may be broadcast and incorporated in the fall
or spring. Where soil tests show a moderate or small
requirement for these nutrients, apply a fertilizer
containing nitrogen (preferably in the ammonium
form) and phosphorus, or nitrogen, phosphorus

and potassium as a starter at planting. All of the
phosphorus and some of the potassium may be applied
in a band 5 cm (2 in.) to the side and 5 cm (2 in.)
below the seed (refer to Table 9-22, Maximum safe
rates of nutrients in fertilizer, in Chapter 9, Soi/ fertility
and nutrient use).

Seed-Placed Fertilizer

Field trials over several years have shown that an
application of 10-15 kg/ha (913 Ib/acre) P,O,
directly with the seed will give greater yield increases
than 20 kg/ha (18 Ib/acre) PO, in a side band
application. At phosphorus soil tests of 13—45 ppm,
this “with-seed” application is more likely to give a
profitable response than a side-band application. At
soil tests below 13 ppm, application of 10-15 kg
P,0O./ha (9-13 b P,O,/acre) with the seed may also
be profitable, but cannot replace the requirement
for additional phosphorus in the side band or
broadcast application.

Fertilizers applied with the seed that contain nitrogen
in the ammonium form must be low in salt and must
not contain either urea or diammonium phosphate.
They must also be distributed uniformly to avoid
toxicity to the germinating seed. Application of more
than 15 kg/ha (13 Ib/acre) P O, with the seed in

75 cm (30 in.) wide rows is not advised.

Maximum Safe Rates of Fertilizer

Applying too much fertilizer to corn may result in
crop injury, either from excessive salts or ammonia
(Photo 1-7). The more concentrated the fertilizer and
the closer it is to the seed, the greater the risk of crop
injury and the lower the safe rate. Maximum safe rates
are given in Table 9-22. Note that slight reductions
in crop growth and yield are possible with these
application rates under adverse weather conditions.

Photo 1-7. Fertilizer injury burns the primary root,
delaying growth until secondary roots develop.
Plant emergence will be uneven.
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Phosphorus (P): Band vs. Broadcast

Band applying phosphorus (P) is more likely to result
in profitable corn yield increases when compared to
the same amount applied broadcast. A review of
Ontario research trials indicated that applying
50-70 kg-P,O,/ha (45-62 Ib-P,O /acre) ina 5 cm x 5 cm
(2 in. x 2 in.) band, had average yield increases that
were three times higher when compared to broadcast
applied P Only banded P when applied at rates between
50 =70 kg-P,O./ha resulted in yield increases that on
average were profitable.

Table 1-22, Average grain corn yield and profit response
from broadcast and banded phosphate, shows the average
grain corn yield and profit response to broadcast and

2 x 2 band applied P.

Table 1-22. Average grain corn yield and profit
response to broadcast and banded phosphate

Average PO, application rate of 60 kg/ha
(range 50-70 kg/ha)

Return calculations are based on corn price of $177/tonne
($4.50/bu) and MAP cost of $1.43/kg P,0, (0.65/1b P,0,).

Application

Method Yield Increase Profit Increase

Broadcast 0.22 t/ha —$47/ha
(3.5 bu/acre) (— $19/acre)

Banded 0.61 t/ha $22/ha
(9.7 bu/acre) ($9/acre)

Source: OMAFRA Research Trials (2012-2014).

Potassium (K): Band vs. Broadcast

Potassium (K) included in starter fertilizers can result in
profitable corn yield increases, especially when soil test
K levels are less than 90 ppm. Table 1-23, Corn yield
response to broadcast potassium (K) applications with various
starter fertilizer options, contains results from Ontario
research trials, which evaluated corn yield response to
various starter fertilizers. When soil-test K levels were
less than 90 ppm, and no broadcast K was applied,
applying a MAP/Potash blend ina 5 cm x5 cm (2 in. x 2 in.)
starter band increased corn yields significantly. In these
same circumstances, seed placed liquid fertilizers that
also contain a small amount of K, produced higher
corn yields than where no starter fertilizer was used

or where starter fertilizers contained only P. On these
lower testing soils when K was broadcast prior to
planting (fall or spring), yields were improved significantly
by the broadcast K and the magnitude of the yield
response due to the starters was reduced.

These data generally indicate that broadcasting K on

the lower testing soils is advised. However, in situations
where land tenure is in question and broadcasting a
significant amount of K to build soil tests is risky, a
producer with the capability to band dry fertilizer P and
K blends can generate yields equivalent to other options.

On higher testing soils, the amount of yield response
to any applied K is much lower. Some K in a starter
band can improve yields, but generally speaking the
advantage to higher K rates in dry 5 cm x 5 cm

(2 in. x 2 in.) bands compared to lower in-furrow
rates is marginal.

If broadcast K is to be applied either in the fall or
spring prior to corn planting, the need for K in the
starter is significantly reduced unless soils are low
testing (HR) (i.e., less than 61 PPM). In these low K
fertility situations, broadcasting to build soil fertility
levels and banding to help meet the crops immediate
requirements are likely both profitable.

Table 1-23. Corn yield response to broadcast
potash (K) applications with various starter
fertilizer options

6-24-6 applied at 47 L/ha (5 gal/acre); P and K applied at rates
of 35-62 kg/ha (31-55 Ib/acre) of P,0, and K,0 each in a blend.

Soil test averages for sites in the <90 group averaged 71 PPM
Kand 21 PPM P

Soil test averages for sites in the >90 group averaged 122 PPM
Kand 27 PPM R

Soil Starter No Broadcast
Test K Fertilizer Broadcast K K
<90 none 7.6 t/ha 9.8 t/ha
(120 bu/acre) | (156 bu/acre)
6-24-6 8.7 t/ha 9.9t/ha
(liquid in (139 bu/acre) | (158 bu/acre)
furrow)
P and K 10.4 t/ha 10.5 t/ha
(dry in 2x2 (168 bu/acre) | (166 bu/acre)
band)
>90 none 11.0 t/ha 11.7 t/ha
(176 bu/acre) | (186 bu/acre)
6-24-6 11.7 t/ha 12.0 t/ha
(liquid in (186 bu/acre) | (192 bu/acre)
furrow)
P and K 10.9 t/ha 12.2 t/ha
(dry in 2x2 (190 bu/acre) | (195 bu/acre)
band)

Source: OMAFRA Research Trials (2012-2014).
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P and K strategies which separate the management
of each nutrient and focus on banding of P and
broadcasting of K generally result in improved
efficiencies compared to a system where both
nutrients are handled in the same application
technique and timing.

Secondary and Micronutrients

Magnesium

Magnesium is plentiful in most Ontario soils, but
deficiencies can occur on acidic, sandy soils. The
symptoms appear first as yellow striping of the lower
leaves (Photo 1-8). As the deficiency worsens, the
upper leaves may become striped while the lower
leaves turn reddish-purple.

Dolomitic lime is an excellent source of magnesium
where limestone is required to correct soil acidity and
should be used whenever the magnesium test is less
than 100 ppm. For further information, see Soi/ acidity
and liming in Chapter 9, Soil fertility and nutrient use.

Soils that do not need lime will seldom require
magnesium. Magnesium application is recommended
only if the magnesium test is under 20 ppm. On these
soils, magnesium can be supplied either by magnesium
sulphate or, if potassium is also required, by sulphate
of potash magnesia. Apply 30 kg/ha (27 Ib/acre) of

water-soluble magnesium.

Opver-application of potassium can induce magnesium
deficiency. For this reason, it is important to monitor
soil potassium levels closely and restrict potash
application rates to those suggested by the OMAFRA-

accredited soil test.

Photo 1-8. Magnesium deficiency appears first as
yellow striping of the lower leaves. These may turn
reddish-purple later as deficiency progresses.

Sulphur

Sulphur deficiency in corn has not been widely
observed in southern Ontario. However, in the
past two decades, sulphur deposition from the
atmosphere has steadily declined to the point that
most corn-growing areas of the province no longer
receive adequate sulphur as acid precipitation. Sulphur
shortages are becoming more common in corn

on light-textured soils, such that sulphur is more
frequently added to broadcast and banded fertilizer
applications. Generally, an application rate in the
range of 10-20 kg/ha (9—18 Ib/acre) of sulphate
sulphur with the fertilizer is adequate.

Zinc

Zinc deficiency occurs on corn in Ontario. Visible
symptoms on the leaves are the best indications of
deficiency, but soil tests are also useful (Photo 1-9).
Zinc deficiency usually appears as a broad white band
near the base of the younger leaves on a corn plant.
In severe deficiencies, the entire leaf in the whorl will
be white (known as “white-bud”). Response to zinc
should not be expected unless deficiency symptoms
are quite marked.

When zinc is required, it may be soil applied by
mixing with fertilizer at rates supplying 4-14 kg/ha
(3.5-12.5 Ib/acre). The higher rate should be sufficient
for up to 3 years. Not more than 4 kg/ha (3.5 Ib/acre)
should be banded at planting. Zinc may be applied

as a foliar spray at rates supplying 60 g/100 L

(0.6 1b/100 gal). A wetting agent should be added.

Spray to leaf wetness.

Photo 1-9. Zinc deficiency appears as a broad white
band near the base of the leaf on younger plants.
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Manganese

Manganese deficiency in corn is rare, although there
have been a few occurrences reported on muck soils
with high pH in southwestern Ontario. Corn is much
more tolerant of low soil manganese levels than soybeans
or cereals. Manganese deficiency in corn appears as an
olive-green discolouration of the leaves, occasionally
with faint striping. Foliar application of manganese is
the most effective way to correct a deficiency.

Correct the deficiency as soon as detected by spraying
the foliage with 2 kg/ha (1.8 Ib/acre) of actual
manganese from manganese sulphate (8 kg/ha

(7 Ib/acre)) in 200 L of water. A “spreader-sticker”

in the spray is suggested. If the deficiency is severe,

a second application may be beneficial. Prior to
applying micronutrients, take care to properly clean
out the spray tank of a sprayer that has been used to
apply herbicides.

Other Micronutrients

Other micronutrients are not likely to be deficient in
corn in Ontario. Some micronutrients, such as boron,
can be toxic if applied to corn, particularly if applied
in a band or in the starter/pop-up fertilizer.

Plant Analysis

The most appropriate growth stage for sampling corn
for plant analysis depends on which nutrient is being
tested for. For most nutrients, sampling the mid-third
of the ear leaf at silking is most appropriate. For
phosphorus and zinc, sampling the whole plant
when five to six leaves are visible is more appropriate.
See Table 1-24, Interpretation of plant analysis for
corn for normal concentrations of nutrients.

For sampling at times other than those indicated
above, take plant samples from both deficient and
healthy areas of the field for comparative purposes.
For plants with six leaves or less, sample the total
above-ground plant. From V7 to silking, sample
the youngest fully developed leaf. Take a soil sample
from the same areas and at the same time as the
plant samples.

Table 1-24. Interpretation of plant analysis for corn

LEGEND: — = no data available
Maximum

Critical Normal
Nutrient Concentration* | Concentration?
Seedling Corn (five to six leaves)
Phosphorus 0.35% 0.70%
Zinc 20.0 ppm 70.0 ppm
Silking (mid-third of leaf opposite ear)
Nitrogen (N) 2.5% 3.5%
Phosphorus (P) 0.28% 0.50%
Potassium (K) 1.2% 2.5%
Calcium (Ca) — 1.5%
Magnesium (Mg) 0.10% 0.60%
Sulphur (S) 0.14% —
Boron (B) 2.0 ppm 25.0 ppm
Copper (Cu) 2.0 ppm 20.0 ppm
Manganese (Mn) 15.0 ppm 150.0 ppm
Zinc (Zn) 20.0 ppm 70.0 ppm

1 Yield loss due to nutrient deficiency is expected with
nutrient concentrations at or below the “critical”
concentration.

2 Maximum normal concentrations are more than adequate
but do not necessarily cause toxicities.

Foliar Fertilization

The foliar application of nutrients to corn has not
proven effective in most instances. The rates of
nutrients required cannot be applied as a foliar spray
without causing damage to the leaf, unless numerous
small applications are made. Correction of some of the
micronutrient deficiencies are the exception, but even
in these cases, it is often more economical to apply the
nutrient to the soil.

Harvesting and Storage

Corn Harvest

Physiological maturity (black layering) occurs when
the grain moisture content reaches 31%-33% moisture.
After this stage, there is no dry matter added to

the corn kernel. Harvesting grain corn at moisture
contents above 28% often results in significant damage
to the grain and makes it more difhicult to market
commercially. High quality food grade markets may
require harvest moistures to be as low as 20%—22%.
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Weigh the benefits of delaying harvests (e.g., lower
drying costs and improved sample quality) against

the increased risks (e.g., higher levels of stalk lodging,
ear drop and wet weather). Scout fields and check for
stalk quality to determine the need to adjust harvesting
dates forward to prevent harvest losses. When stalk
quality is poor, the next significant wind or rainstorm
may increase harvest losses dramatically. Efficient
header performance is also important when harvesting
corn with poor stalk strength. Keep header speed in
step with ground speed to improve stalk flow down
through the stripper plates and snapping rolls. If
necessary, adjust them closer together.

Damage by the combine to grain quality can result
from any of the following:

* cylinder speed too high

* concave clearance too narrow

* too many concave filler bars

* concave and cylinder not parallel

When harvesting corn that has been frozen prior
to maturity, experience indicates that running the
cylinder speed as slow as possible is the key

to maintaining quality.

Use these guidelines to assess combine harvest losses:

¢ 22 kernels/m? (2 kernels/ft?) represents
approximately 0.06 t/ha (1 bu/acre) loss

* one average-sized ear in 1/100 acre (6.4 m? or 21 ft?)
represents 0.06 t/ha (1 bu/acre) in lost yield

If combine losses exceed 0.16 t/ha (2.5 bu/acre),
make adjustments.

Harvesting and Storing Corn Silage
See Haylage and Corn Silage in the Harvest and
Storage section of Chapter 3, Forages.

Corn Storage

Drying and Storing Corn
The three general types of grain dryers used

on the farm are:

* in-bin
* batch

« continuous flow

No single drying system is superior. Grain dryer
selection is dependent on desired features, including
drying capacity, grain quality, fuel/drying efficiency
(BT Us per volume of water removed), convenience,
manpower required to run the dryer, ability to dry a
variety of crops, maintenance required and capital cost.

All dryers move “dry” air past the grain to evaporate
moisture within the kernel and carry the water vapour
away. Heat is added to this drying air to reduce its
relative humidity, thereby increasing its ability to

pick up moisture. Wet grain can be dried at higher
temperatures, without damaging the corn, because

the corn is cooled as the moisture evaporates from

the kernels. As the grain dries, it will approach the
temperature of the drying air. The longer grain kernels
are in contact with this heated air, the drier and hotter
the kernels will get.

Corn dries as the moisture from the inside of the
kernels is evaporated from the kernel surface. Most
of the moisture inside the kernel exits through the tip
end of the kernels. The first few points of moisture
can be easily removed using relatively little energy.
Further moisture must be removed from deep within
the corn kernels. As the outside layers of the kernel
dry, the moisture must migrate out from the moist
centre. This moisture does not move to the surface as
quickly as it is being evaporated from the surface of the
kernel by the drying air. This results in higher energy
requirements to remove the last few percentage points
of moisture.

Drying Temperatures

A range of drying temperatures can be used to dry corn, but
should not exceed the maximum suggested air temperatures
in Table 1-25, Maximum suggested air temperatures for
drying corn of various end uses. The maximum recommended
drying temperature depends on several factors, including
final end use of the grain, initial moisture content of the

grain, type of grain and type of dryer.

2
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Table 1-25. Maximum suggested air temperatures
for drying corn of various end uses

Maximum
Drying

Temperature
End Use (°C)
Seed corn 45
Starch milling 70
Industrial uses, non-ruminant feed 90
Cattle feed 120

Viability is destroyed when the actual grain
temperature exceeds approximately 50°C. Reduction
in nutritional value occurs when grain temperature

reaches 90°C-100°C.

Kernel Quality

Stress cracking can be reduced by taking corn hot out
of the dryer, allowing it to steep and then aerating the
corn with a minimum of 6.5 L/sec/m?® (0.5 CFM/bu)
airflow. Both stress cracking and physical kernel
damage are influenced by the speed of moisture
removal and maximum kernel temperature, coupled
with the rate of cooling after drying.

In addition to maintaining grain quality, using

this system of dry-aeration or cool-aeration can
increase the throughput of the drying system. Many
farmers in Ontario practice “cool-aeration,” where
corn is removed hot from the drier, transferred to a
storage bin and cooled slowly. In this way, hot corn
is continuously being added to the top of the final
storage bin and slowly cooled.

Natural-Air Drying

Natural-air drying of corn is possible in most parts of
southern Ontario. This method of drying corn is well
suited for livestock operations to produce high-quality
corn that is free of stress cracks. Good management of
a natural-air drying system is critical to success.

Minimum Requirements for Natural-Air Drying

e full aeration floor in the bin

¢ level grain surface across the whole bin

e minimum airflow of 26 L/sec/m? (2 CFEM/bu),
preferably more

* corn 25% moisture content or less

¢ clean corn with no cob pieces or fines

* accurate moisture reading of the corn in the bin

* accurate outside air temperature and relative
humidity measurement

¢ an understanding of corn equilibrium moisture content

* coring the bin (auger out some grain) after filling
(The best way is to remove a couple of loads from the
bin. This establishes the flow funnel and removes the
highest concentration of fines from the centre of the
bin. Clean these loads before placing them back into
the bin. Even if the loads are put right back in the
bin without cleaning, the resistance to airflow will
be less than if the bin had not been cored.)

* an on/off switch for the fan

When to Run the Fan
Fan operation in a natural-air corn-drying bin is
slightly different than for other air-dried crops.

* Once there is sufficient corn in the bin to hold the
perforated floor down, the fan can be turned on.

* Run the fan continuously for the first 3 weeks after
the bin has been filled or until the first drying front
has come through the top of the bin.

* The first drying front emergence will be evident
when there is a noticeable drop in the moisture
content of the corn at the top of the bin.

* Before this drying front passes through, the corn at
the top of the bin will remain at harvest moisture
levels and may even increase slightly compared with
the corn drying further down.

o If the fan is shut off for an extended period of time
at the start of the drying process, there is a risk that
the drying front may stall and will not move upwards
once the fan is turned on again. This will result in
spoilage occurring above the drying front.

* Once the first drying front passes through the top of
the bin, begin to manage the fan operation, using the
equilibrium moisture chart for corn, see Table 1-26,
Equilibrium moisture content for corn exposed to air.

* Run the fan any time the outside conditions will still
allow the wettest corn in the bin to dry. At times,
this procedure may add some moisture to the corn at
the bottom of the bin. This temporary rewetting of
the bottom corn will actually dehumidify the air so it
can do more drying up higher in the bin.
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Rain or shine, the fan should not be turned off
until the first drying front has passed through the
whole bin.

The corn may not reach the desired moisture content
before freezing weather arrives. Trying to accomplish
natural-air drying in below-freezing temperatures is
very slow and inefficient.

The last few points of moisture may have to be taken
out in early spring. Some livestock producers never
finish drying the corn any further after winter, as

it processes and stores well as feed at the higher
moisture levels.

Table 1-26. Equilibrium moisture content for corn
exposed to air

Temperature Relative Humidity (% Wet Basis)

°C 50% 60% 70% 80% 90%

0 13.7 15.1 16.6 18.4 21.3
5 13.1 14.4 15.9 17.8 20.7
10 12.5 13.8 15.4 17.3 20.2
15 11.9 13.3 14.9 16.8 19.8
20 11.5 12.8 14.4 16.4 19.4
25 11.0 12.4 14.0 16.0 19.0

Humidistats are available that will activate the fan at
preset humidity levels. The operator can adjust and set

the relative humidity level at which the fan is activated.

Bins with stirrators will have fairly uniform moisture
levels throughout the whole bin as a result of the
mixing that has occurred.

Corn at moisture levels greater than 25% can also

be dried in a natural-air bin. This is accomplished

by only partially filling the natural-air bin, resulting
in an airflow of 5278 L/sec/m® (4—-6 CFEM/bu).
Producers who need corn for feed in late September
can harvest headlands and put this in the bin. The
warm temperatures in late September, combined with
higher CFM/bu airflow enable this corn to be dried in
a couple of weeks.

Equilibrium Moisture Content

Researchers have developed equilibrium moisture
content tables that predict the final moisture content
of corn when exposed to air at a certain temperature

and relative humidity, see Table 1-26, Equilibrium
moisture content for corn exposed to air. For example,
to determine the equilibrium moisture content of
corn exposed to outside air at 10°C and 70% relative
humidity, find the point at which the 10°C line and
the 70% relative humidity line intersect. This point
(15.4%) will be the equilibrium moisture content.

Other Crop Problems

Insects and Diseases

Figure 1-3, Corn scouting calendar, shows insects and
diseases that could be causing the symptoms in the
field. Individual descriptions of insects, pests and
diseases, scouting and management strategies can be
found in Chapter 15, Insects and pests of field crops, or
Chapter 16, Diseases of freld crops.

Fungicide Applications and Timing

Fungicide use in corn has increased significantly over
the last decade. Most application timings focus on the
VT (tassel emergence or early silk emergence stages).
Earlier applications (e.g., 8 to 10 leaf corn) have
generally been less profitable. Fungicide application
for disease control should be based on scouting and
presence of disease. Producers need to ensure that their
fungicide application timing and product selection are
correct for their target disease. For example, certain
fungicides and timings are suited for ear mould control
and potential mycotoxin reduction, while others are
prescribed for foliar diseases.

The price of fungicide application (product and
application cost) and price of corn are generally the
biggest factors in predicting the profitability of a
fungicide application. Other factors that need to be
considered include:

* disease pressure

* previous crop

¢ rainfall status

* hybrid susceptibility to diseases, etc.

For a more detailed discussion of fungicide use refer to

Fungicide Use in the Chapter 16.
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Diseases

May June July August September October
[ Seedling Blights (p. 362) j
[ Leaf Blights, Rust (p. 362, 365) j
[ | Eye Spot (p. 364;, Anthracnose (p.l 362) j
[ | Grey Leaf Spot (pl. 365) j
[ | Common Smlllt (p. 3606) j
[ étalk Rots (p. 368I) j

[ Ear Rots (mould) (p. 370) j

Nematodes (p. 425)

)

Insects & Pests

Grubs (p. 301),
Wireworms (p. 305)

Seedcorn Maggot
(p- 308)

[Millipedes (p. 307)]

[ Black Cutworm j
(p. 312)

[ Slugs (p. 309) j

[ Corn Flea Beetles (p. 314) j

[ True Armyworm (p. 315) j

Flea Beetles

Stink bug r .
(p. 316) N Stink bug j
European Corn Borer (p. 317) European Corn Borer
(1st generation) (2nd generation)
European Corn Borer (p. 317)
(1 generation area)
Corn Rootworm (p. 319) Corn Rootworm
(larvae) (adult)

Western Bean Cutworm (p. 322)

Corn Earworm (p. 324)

Fall Armyworm (p. 325)

Y Y Y

Corn Leaf Aphids (p. 321)

A7 N7 N

June

May

July

August September

Figure 1-3. Corn scouting calendar.
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Cold Weather

Early-Season Cold

Frost damage in May or June will generally have little
impact on the crop, provided the growing point of the
corn plant is still below the soil surface. This is the case
until the young plant reaches roughly the sixth-leaf stage
(V6). On more advanced plants and/or where damage is
more severe, split the stalks to see if the growing point has
been damaged. This procedure will require some time to make
the correct recommendation. It takes about 3-5 days
following a frost to accurately determine the degree of
damage to verify the presence of healthy growing points
(yellowish-white and firm) or to see new leaf growth.

Frozen leaf tissue bleaches to a straw colour several days
after freezing. In some cases, it also develops a “knot,”
which may restrict expansion of the undamaged tissue
lower in the whorl (Photo 1-10). Producers have
attempted to mow frost injured fields to clip these knots
and help the plant recover though research has shown
plants can recover as quickly and yield just as much if
they are left alone.

If the forecast calls for a risk of frost, consider delaying
inter-row cultivation, nitrogen side-dressing or herbicide
applications until warmer temperatures return. Soil
disturbance at the surface introduces more air into
the soil and insulates the corn plants from the heat of
the soil mass, thus increasing the risk of frost damage.
Similarly, crop residues and weeds act as a barrier for
heat transfer from the soil to the corn plant. Dry soils
are more prone to frost damage due to their lower
capacity to store heat during the day and thus less
heat to transfer and protect the corn plant overnight.

Photo 1-10. Frost injury on corn in mid-June. Smaller
plants can recover, but growth in larger plants may be
restricted by frost-injured dead tissue.

Late-Season Cold

Cold temperatures during the grain-filling period in
August and September may cause yield and quality losses.
The extent of these losses depends on the developmental
stage of the corn and the temperatures recorded.

As temperatures drop to 0°C, frost damage first occurs
to the leaves of the corn plants. This damage will
eliminate any further photosynthesis, reduce grain
filling and will often have a negative effect on stalk
strength. However, as long as air temperatures do

not fall below -2°C, stalk tissues will remain viable
and stalk constituents will be mobilized to fill the

ear as much as possible. If temperatures fall below
-2°C, both leaves and stalks may be damaged and no
further photosynthesis or remobilization can occur.
This will terminate grain filling, and kernel black layer
will develop. Table 1-27, Estimated risks to grain corn
yield and quality from late-season frost damage outlines
the potential risks to yield and quality for grain corn
experiencing different levels of frost damage.

Table 1-27. Estimated risks to grain corn yield and
quality from late-season frost damage

This table is meant as a guide. Differences among hybrids,
overall plant vigour at time of frost and subsequent
temperatures will all affect final grain yield and quality.

Estimated
Crop Growth | Frost Grain Grain Quality
Stage Damage Yield Loss | Concerns
Mid-dough complete 40% | severe
plant
Mid-dough leaves only 25% | severe
Early dent complete 25% | moderate
plant
Early dent leaves only 15% | moderate
Half milk line | complete 10% | minor
plant
Half milk line | leaves only 0%-5% | none

Generally, the early dent stage is the cut-off point
where corn can withstand frost damage to the leaves
and still produce a reasonable grain yield. This stage
is characterized by having kernels showing small
indentations in the crown of the kernel, at least in the

lower half of the cob.

o
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The other question regarding cold nights revolves
around the corn crop’s ability to continue grain filling
after experiencing several cold nights without frost
damage. Dr. Thys Tollenaar formerly of the University
of Guelph conducted research that measured 50%
reductions in photosynthesis and rate of grain filling
due to cold nights of 2°C. When these plants were
restored to higher temperature conditions, they
resumed plant activities at rates similar to those plants
that had never experienced the low temperatures. If
cornfields can escape any serious frost damage during
cold nights, grain filling should resume once normal
temperatures return.

In some situations, frost damage will preclude
harvesting the crop as grain and will force the producer
to consider harvesting it as silage. There are important
concerns involving frost damage in silage corn as well.
Following a frost, silage corn frozen before reaching
the half milk line on the kernel may be too high in
moisture to properly ensile. Ideally, in cases of frost,
delay corn harvest until the entire plant reaches the
desired moisture content for ensiling.

Heat Stress

Heat stress is different from drought stress (Photo 1-13).
Corn can usually tolerate temperatures as high as 38°C
before injury occurs, as long as drought conditions
are not present as well. Temperature and drought
sensitivity varies by hybrid. Drought-tolerant hybrids
may result in yield drag and are not good hybrids to
use in a normal growing season.

Hail

Corn plants damaged by hail may experience a reduction
in leaf surface area, bruising of the stalk and ear, and in
serious incidences, stalk breakage (Photo 1-11). Hail
damage may also provide an entry point for diseases
such as smut. Yield loss due to hail is dependent on
the stage of the crop at the time of the hail event and

the level of defoliation. Yield loss is greatest when the
corn is defoliated during tasselling. Younger plants may
experience a delay in growth and development due

to hail, but yield loss is usually minimal. Yield loss is
minimal when defoliation of plants occurs near maturity.
See Table 1-28, Estimated percentage corn grain yield loss
due to defoliation at various growth stages when making
yield loss estimates due to hail damage.

Photo 1-11. Hail damage is most harmful if
defoliation occurs during tasseling.

Flooding

Flooding stresses the plant by cutting off the supply of
oxygen to the root system. Younger corn plants die if
submerged in water for more than 5 days, especially in
warmer weather conditions. If air temperatures are high,
death may occur in only a few days, as plant processes
are sped up and the need for a supply of oxygen to the
roots is high. In cooler weather, submerged plants may
live for up to a week. After the 8-leaf stage of corn,
plants can tolerate being submerged in water for more
than 8 days but may be more susceptible to disease
(i.e., crazy top) and may experience limited root
development while under water (Photo 1-12). Yield
loss due to flooding is most substantial for plants
submerged immediately before and during tasselling
and silking. Plants in the later vegetative growth stages
(10-16 leaves) and/or during the grain filling period,
suffer little yield loss to flooding,.

Photo 1-12. Crazy top is a disease that results from
corn being flooded after 8-leaf stage.

e
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Table 1-28. Estimated percentage corn grain yield loss due to defoliation at various growth stages

Leaf Defoliation
x

Growth X N X X X X N xR X xR N xX N X N RN X xR o

=) n =) ) 1=} 0 =) ) =} n 1=} n <) ) 1=} 10 1=} n o
Stage! - - N N ™ ™ < < 0 1 o © ~ ~ 0 0 -3 o =
7 leaf 0 0 0 0 0 0 1 1 2 3 4 4 5 5 6 7 8 9 9
9 leaf 0 0 0 1 1 2 2 3 4 5 6 6 7 7 9| 10| 11| 12| 13
11 leaf 0 0 1 1 2 3 5 6 7 8 9| 10| 11| 12| 14| 16| 18| 20| 22
13 leaf 0 1 1 2 3 4 6 8| 10| 11| 13| 15| 47| 19| 22| 25| 28| 31 34
15 leaf 1 1 2 3 5 7 9| 12| 15| 17| 20| 23| 26| 30| 34| 38| 42| 46| 51
17 leaf 2 3 4 5 7 9| 13| 17| 21| 24| 28| 32| 37| 43 48 53| 59| 65| 72
18 leaf 2 3 5 7 9| 11| 15, 19| 24| 28| 33| 38| 44| 50| 56, 62| 69| 76| 84
19-21 3 4 6 8| 11| 14| 18| 22| 27| 32| 38| 43| 51| 57, 64| 71| 79| 87 96
leaf
Tassel 3 5 7 9| 13| 17| 21| 26| 31, 36| 42| 48| bB5| 62| 68| 75| 83| 91 100
Silked 3 5 7 9| 12| 16| 20| 24| 29| 34| 39| 45| b1| 58| 65| 72| 80 88, 97
Silks 2 4 6 8| 11| 15| 18| 22| 27| 31| 36| 41| 47, 54| 60| 66| 74| 81| 90
brown
Pre- 2 3 5 7| 10| 13| 16, 20| 24| 28| 32| 37| 43| 49| 54, 60, 66| 73| 81
blister
Blister 2 3 5 7| 10| 13| 16| 19| 22 26| 30| 34| 39| 45| 50| b5| 60 66| 73
Early milk 2 3 4 6 8| 11| 14| 17| 20| 24| 28| 32| 36| 41| 45 50| 55| 60| 66
Milk 1 2 3 5 7 9| 12| 15| 18| 21| 24| 28| 32| 37| 41| 45| 49| 54| 59
Late milk 1 2 3 4 6 8| 10| 12| 15| 18| 21| 24| 28| 32| 35 38| 42| 46| 50
Soft 1 1 2 2 4 6 8| 10| 12| 14| 17| 20, 23| 26| 29| 32| 35| 38| 41
dough
Early dent 0 0 1 1 2 3 5 7 9| 11| 13| 15| 18| 21| 23| 25| 27| 29| 32
Late dent 0 0 0 0 1 2 3 4 5 6 7 8 9| 10| 11 12| 13| 14| 15
Mature 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Adapted from the National Crop Insurance Services Corn Loss Instruction (Rev. 1994). Used with permission.

1 As determined by counting leaves using the leaf-over method (i.e., those with 40%-50% of leaf exposed from whorl and whose tip
points below the horizontal).
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Drought

The corn crop requires approximately 50 cm (20 in.)
of water to produce high yields. This can be supplied
over the growing season from a combination of stored
water in the soil, rainfall or irrigation.

Lack of water causes the leaves to wilt and turn a greyish
colour (Photo 1-13). Corn is most susceptible to

dry conditions during the tasselling-to-silking stage
and may experience yield loss if under stress at this
time. During the later vegetative stages of growth
(V8-V14), the plant may benefit from dry conditions,
as it forces the more rapid downward growth of the
roots. Drought conditions during silking can reduce
pollination and a lack of silk emergence, while drought
after silking may cause a reduction in grain fill.

Photo 1-13. Moisture deficiency or drought stress is
most critical during tasseling-to-silking stages.

Bird Damage

Birds can damage emerging seedlings. However, the
more serious bird damage occurs to grain in August
and September (Photo 1-14). Birds eat the kernels off
the cob causing direct yield loss. Kernel damage may
result in mould growth. Birds can also damage the

ear while searching for ear feeding insects like western
bean cutworm. Bird damage can be easily confused
with seedling damage caused by black cutworms or ear
damage caused by grasshoppers. Noisemakers, propane
cannons, exploding shotgun shells, the Phoenix Wailer
and recordings of bird distress calls may be successful
deterrents if more than one technique is used and their
pattern is changed frequently. If crop damage due

to birds or wildlife is substantial, contact your local
Ministry of Natural Resources and Forestry (MNREF)
office for control options.

Photo 1-14. Bird damage on corn ears.
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2. Soybeans

Soybeans have become the largest row crop by acreage in
the province. Over 1.0 million ha (2.47 million acres) of
soybeans are grown annually in Ontario. The year 2014
was the first time that acreage reached 1.21 million ha
(3.0 million acres). The development of early maturing
varieties, adaptability to no-till production, a wide
selection of herbicides and the relative low cost of
production have contributed to the widespread
adoption of soybeans.

Glyphosate-tolerant varieties make up about 75%

of the crop, while the remainder is non-GMO
(genetically modified organism). The demand for
specialty soybeans with identity preservation (e.g., food
grade, non-GMO, organic, etc.) has created marketing
opportunities for Ontario beyond the traditional
end-use of soybeans for oil production and livestock
feed. Ontario is recognized worldwide for its identity
preserved (IP) soybean industry. Soybeans are Ontario’s
largest agricultural export commodity.

Tillage Options

Soybeans will grow well under a wide variety of tillage
systems, particularly no-till and minimum tillage.
Approximately two-thirds of the soybean crop is grown

with reduced tillage and no-till systems. In recent years
there has been an increased use of conventional tillage
and vertical tillage, especially in northern counties. The
management specific to each tillage system used is as
important as the actual system selected.

No-Till and Minimum Tillage

Field experience and Ontario research trials have
shown similar yields between tillage systems; that
no-till soybean yields were similar to the fall
mouldboard plow in row widths of 56 cm (22.5 in.)
or less and in twin rows. See Table 21, Soybean

yield response under various tillage systems. Although
the yields were comparable between the two tillage
systems, no-till input costs were lower and profit was
higher. Where single 76 cm (30 in.) rows were used,
mouldboard plowing produced the highest yields.
When soybeans were planted in twin rows, soybean
yields improved over single 76 cm (30 in.) rows for

all tillage systems. In this study, zone tillage showed
no significant yield improvement over no-till. Other
Ontario research trials have averaged a small yield gain
— about 0.13 t/ha (2 bu/acre) for conventional tillage
over no-till. In extreme years or unique situations this
yield difference can be greater. In general, there is a
greater immediate response to tillage in fields with

Table 2-1. Soybean yield response under various tillage systems

A difference of less than 0.16 t/ha (2.4 bu/acre) is statistically insignificant.

LEGEND: — = no data available

Row Width
Single Twin
76 cm row 76 cm row 56 cm row 38 cm row 19 cm row

Tillage* (30in.) (30in.) (22.5 in.) (15 in.) (7.5in.)
No-till 2.72 t/ha 3.04 t/ha 2.93 t/ha 3.06 t/ha 3.06 t/ha

(40.4 bu/acre) | (45.3 bu/acre) | (43.6 bu/acre)| (45.5 bu/acre)| (45.5 bu/acre)
Fall mouldboard 2.94 t/ha 3.02 t/ha 2.93 t/ha 3.12 t/ha 3.21 t/ha

(43.8 bu/acre) | (44.9 bu/acre) | (43.6 bu/acre) | (46.4 bu/acre)| (47.7 bu/acre)
Fall zone-till 2.78 t/ha 2.93 t/ha - - -

(41.3 bu/acre) | (43.6 bu/acre)
Spring zone-till? 2.71 t/ha 3.02 t/ha - - -

(40.3 bu/acre) | (45.0 bu/acre)

1 Trials were conducted on clay loam, silty-clay loam, silt loam and Guelph loam soil types.

2 Spring zone-tillage conducted approximately 1 day prior to planting.

I, 42
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a poor crop rotation compared to a rotation with
fewer soybeans. However, over the long term, no-till
soybeans yield higher than tilled soybeans, especially in
crop rotations with many years of soybeans. A decrease
in soil structure, organic matter and overall soil health
associated with many soybeans in the rotation would
be a contributing factor. Soybeans often benefit from
some form of tillage in poorly drained fields, heavy
soil types or compacted soils. No-till soybeans often
yield higher than those grown in conventional tillage,
especially in dry years or on lighter soil types. No-till
systems can be a critical component for producers
trying to aggressively manage fields with a severe
history of white mould.

The keys to successful no-till production include
minimizing compaction, managing residue and
planting only when soil conditions are fit. The
adoption of no-till on heavy textured soil types

(e.g., clay, silty clay loam or silty clay) can be more
challenging than on lighter soils. This is especially true
in cooler growing areas. Heavy corn residue from the
previous crop can also be a challenge for no-till drills
to penetrate, often resulting in reduced plant stands.

Planting soybeans into no-till fields is sometimes
done later than in conventionally tilled fields due to
wetter and cooler soil conditions. Some producers
mitigate this problem with springtime vertical tillage
(shallow minimal tillage leaving much of the crop
residue on the surface). Vertical tillage with a one-pass
coulter implement has shown a small yield benefit
over straight no-till. Coulters operated at the time of
planting have also shown a marginal benefit if run

at a depth of 9 cm (3.5 in.). Coulters operated at a
depth of 3.8 cm (1.5 in.) showed no yield gain in
the research summarized in Table 2-2, Soybean yield
response to spring minimal tillage. When operating
vertical tillage implements it is important to wait

for subsurface conditions to be dry enough to avoid
compaction. Soybeans are highly sensitive to soil
compaction. Even though the top 5 cm (2 in.) of the
soil may be dry enough to conduct vertical tillage,
subsurface compaction may still occur if subsurface
conditions are too wet, resulting in lower yields.

42

Managing Crop Residue

When soybeans follow a cereal crop, pay special
attention to the management of cereal residue —
beginning at harvest — to avoid problems with
soybean establishment. The best action is to remove
the straw and spread the chaff evenly. Wheat

straw removal improves seedbed conditions, stand
establishment, growth and yield of no-till soybeans.
The results are shown in Table 2-3, Effect of tillage and
wheat residue management on soybean yields. Cereal
residue can form a mat that slows soil warming and
drying in the spring. This can delay soybean planting,
reduce soybean emergence and early growth, and lead
to increased damage from slugs.

Table 2-2. Soybean yield response to spring
minimal tillage

LEGEND: — = no data available

Treatment? Depth Average Yield
No-till drill? - 3.03 t/ha

(45.1 bu/acre)
No-till drill with 3.8cm 3.05t/ha
coulters? (1.51n.) (45.4 bu/acre)
No-till drill with 9cm 3.09 t/ha
coulters? (3.51in.) (46.0 bu/acre)
Vertical tillage operated 9cm 3.15t/ha
1-3 days prior to (3.51n.) (46.9 bu/acre)
seeding

1 Values based on 40 trials seeded with a JD 1560
no-till drill. Coulters run at seeding time in the row
(2 cm (0.75 in.) wide coulters) were added to the
JD drill on a separate tool bar. Vertical tillage implement
operated 1-3 days before seeding at a depth of
9 cm (4.5 cm (1.75 in.) wide coulters).

2 No statistical difference between no-till drill and no-till
drill with coulters.

Minimum tillage in the fall or spring improves
seedbed conditions, without the need for
secondary tillage, and creates looser, finer soil to
improve early soybean growth, while maintaining
adequate residue to reduce erosion.
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Photo 2-1. Variable emergence in no-till soybeans.

Table 2-3. Effect of tillage and wheat residue
management on soybean yields

Based on research at Centralia and Wyoming. Stubble heights
were approximately 20-30 cm (10-12 in.) except for plots
where stubble was cut and removed.

Soil types — Centralia: loam, clay loam, Wyoming: silty clay, silty
clay-loam.

Soybeans were seeded with a JD 700 conservation planter
equipped with a single 3.2 cm (1.25 in.) coulter. The no-till
planter was equipped with tine row cleaners.

Tillage (and Straw Management) Soybean Yield

Fall mouldboard/straw baled 3.29 t/ha
48.9 bu/acre

Fall chisel/straw baled 3.30 t/ha
49.1 bu/acre

Fall disk/straw baled 3.21 t/ha
47.7 bu/acre

Fall zone-till/straw baled 3.19 t/ha
47.5 bu/acre

No-till/all straw and stubble remain 2.27 t/ha
33.8 bu/acre

No-till/straw baled but stubble remains 3.00 t/ha
44.7 bu/acre

No-till/straw baled and stubble removed 3.28 t/ha
48.8 bu/acre

Higher corn yields and greener corn stalks at harvest
have increased the amount of corn residue that
soybean producers must manage. Large amounts of
corn residue will lead to similar problems as cereal
residue, including poor stands, slow growth and slug
feeding, etc. A row unit planter with 38 cm (15 in.)
spacing will perform better than a no-till drill in heavy
corn residue. Vertical tillage or some form of minimal
tillage can also be used to reduce the amount of corn
residue that a drill must penetrate. Increasing seeding
rates by 10% in narrow rows is an option for no-till to
help establish an acceptable plant stand.

It is best to avoid tillage along highly erodible knolls
and slopes. In these situations, it may be sensible to
use tillage only where the soil routinely remains cooler
or wetter in the spring.

Crop Rotation Considerations

Soybeans are very responsive to crop rotation.
Table 2—4, Soybean yield response to tillage and rotation,
summarizes the results of long-term rotation studies
conducted at Ridgetown Campus, University of
Guelph. A rotation of soybeans, winter wheat and
corn, or a rotation of soybeans and winter wheat
provided the greatest soybean yield in this study.
Growing soybeans continuously had the lowest yield,
especially using conventional tillage. A short rotation
leads to a build-up of disease and other long-term
problems, including:

* Rapidly increasing soybean cyst nematode
(SCN) populations.

¢ Incidence of white mould; where maintaining
a 3—4-year rotation with other non-host crops
will reduce the incidence of white mould.

* The severity and number of races of phytophthora
root rot, in fields with a history of this disease
the spread of Group 2-resistant weeds due to the
repeated use of Group 2 Herbicides-ALS inhibitors.
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Table 2-4. Soybean yield response to tillage and rotation

Average soybean yield response under long-term (established in 1995) no-till and conventional tillage systems across crop rotations on a
Brookston clay loam at Ridgetown, Ontario, 2009-2014.

A difference of less than 0.27 t/ha (4 bu/acre) is statistically insignifiant.

LEGEND: rc = underseeded red clover

Tillage System
Crop Rotation Conventional No-Till Across Tillage Systems
Continuous soybean 3.74 t/ha 4.06 t/ha 3.90 t/ha
(55.6 bu/acre) (60.3 bu/acre) (58.0 bu/acre)
Corn-soybean 3.87 t/ha 4.14 t/ha 4.01 t/ha
(57.6 bu/acre) (61.5 bu/acre) (59.6 bu/acre)
Winter wheat-soybean 4.35 t/ha 4.55 t/ha 4.45 t/ha
(64.7 bu/acre) (67.6 bu/acre) (66.2 bu/acre)
Winter wheat (rc)-soybean 4.49 t/ha 4.34 t/ha 4.42 t/ha
(66.8 bu/acre) (64.6 bu/acre) (65.7 bu/acre)
Winter wheat-soybean-corn 4.37 t/ha 4.42 t/ha 4.40 t/ha
(65.0 bu/acre) (65.7 bu/acre) (65.4 bu/acre)
Winter wheat (rc)-soybean-corn 4.51 t/ha 4.31t/ha 4.41 t/ha
(67.0 bu/acre) (64.1 bu/acre) (65.6 bu/acre)
Average across crop rotation 4.22 t/ha 4.30 t/ha 4.26 t/ha
(62.8 bu/acre) (64.0 bu/acre) (63.4 bu/acre)

Winter Wheat Following Soybeans
In Ontario, winter wheat often follows soybean harvest.

The dilemma is always between balancing a high-yielding

Table 2-5. Soybean physiological maturity dates
and days to maturity
Harvest would occur 3-10 days after these dates.

soybean variety, with a variety that has a relatively early Planting Maturity Groups (MG)
harvest date, allowing for timely planting of winter Year Date 16 MG |21MG | 2.6 MG
wheat. If winter wheat is to be grown following soybeans: 1990 May 28 | Sept. 20 | Sept. 25 | Sept. 30
115 days 120 days 125 days
* Select a variety that is 0.5-1.0 MG (Maturity 1991 May 11 | Sept. 8 Sept. 13 | Sept. 20
Group) less than the target MG for your area. 120 days | 125 days | 132 days
Research from Ridgetown Campus, University of 1992 May 15 | Sept.25 | Sept. 27 | Oct. 2
Guelph indicated that selecting a variety that is 133 days | 135days | 140 days
0.5 MG less than an adapted variety, advanced the 1993 May 20 | Sept.21 | Sept. 26 | Oct. 1
. 124 days | 129 days | 134 days
maturity by an average of 5 days (range: 3—7 days).
A variety that is 1.0 MG less advanced the maturity 1994 May 27 | Sept. 14— Sept. 16 | Sept. 21
i 109 days 111 days 116 days
9 days compared to an adapted variety. See
Table 25, Sovb hsiolovical v da 1995 May 23 | Sept. 16 | Sept. 18 | Sept. 21
able 25, Saybean physiological maurity dates 115 days | 117 days | 120 days
and days to maturity. S 1997 May 23 | Sept.17 | Sept.21 | Sept. 27
* Plant the soybean crop early, as late planting will 116 days | 120 days | 126 days
delay wheat planting. If soybean planting can be 1998 May 21 | Sept.14 | Sept.17 | Sept. 23
achieved by early May, choosing a shorter season 115 days | 118 days | 124 days
(lower MG) variety is less important. 1999 May 12 | Sept. 10 | Sept. 13 | Sept. 19
¢ The wheat planting date can be calculated using the 121 days | 124 days | 130 days

soybean planting date and the days to maturity of
the soybean variety.

Variety Selection

There are over 250 soybean varieties grown in Ontario
and their turnover in the marketplace is rapid. Aside
from maturity and yield, variety selection should be
based on resistance or tolerance to disease, aphids,

plant standability and SCN resistance.

v

Refer to the winter wheat planting dates in

Chapter 4, Cereals.
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Maturity Group (MG)

Soybean development is affected by genetics, temperature
and hours of sunshine. Disease, moisture stress and
other stresses can lengthen or shorten the actual days
to maturity, depending on when the stress occurs.

Relative maturity is a system where new cultivars

are compared over years to established cultivars and
maturity ratings. There are 13 maturity groups (MG)
recognized in the Americas, ranging from the earliest
MG 000, to the latest MG X. In Canada, maturity
groups range from MG 000 to MG III. With the
use of decimals, each decimal unit is approximately
equivalent to one day of maturity, that is, a cultivar
rated MG 1.5 is about 5 days later maturing than a
cultivar rated MG 1.0 in its region of adaptation.

Select a variety that corresponds to the MG for the
area using Figure 2—1, Ontario Soybean Relative
Maturity Map. These varieties are adapted to mature
in early fall, given a normal planting date.

North Bay

Selecting adapted varieties will offer the opportunity
to maximize yield by making use of the full growing
season. When growing specialty soybeans, such as the
white hilum types, selection of a shorter-season variety
(lower MG) will help ensure quality at harvest.

Hilum Colour

The hilum is the point at which the soybean seed
attaches to the pod. Varieties differ in hilum colour
and can be yellow (Y), imperfect yellow (1Y), grey
(GR), buft (BF), brown (BR), black (BL) or imperfect
black (IBL). Yellow hilum soybeans are generally

the preferred type for the export market. Hilum
discolouration may occur on the imperfect yellow (IY)
varieties. Affected beans may not be acceptable for
export markets.

S

Chenaux \

Cornwall

¢ Metro
Toronto

Figure 2—1. Ontario soybean relative maturity map.
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Choosing Superior Varieties

In addition to maturity rating, other important factors
for choosing varieties are:

* yield potential

* herbicide resistance traits

* standability

« insect and disease resistance

In selecting superior varieties, three main sources
of information exist:

* performance trial data
* on-farm strip trial data
* company information on variety characteristics

The Ontario Soybean and Canola Committee
co-ordinates annual performance trials at various
locations across the province. Results are published
each fall in the brochure Ontario Soybean Variety
Trials. This brochure is available on the internet at
www.gosoy.ca and is valuable for comparing the
yield potential of varieties. It also provides ratings
for maturity, plant height, lodging and other
characteristics, such as resistance to phytopthora
root rot at locations with heavy textured soils, or
resistance to SCN.

Seed companies will provide detailed information on
a number of growth characteristics of varieties to aid in
selection. When evaluating variety performance, take into
account that variety trials conducted under conventional
tillage have also proven to be a reliable indicator of a
variety’s performance under no-till conditions.

If the soybeans are intended for on-farm livestock feed,
choose a variety with a high protein index.

Plant lodging can be a significant yield-reducing
problem in Ontario. Varieties with good standability
ratings or lodging scores should be chosen for
production on medium-to-light-textured soils, fields
that have regular manure application, fields with high
residual nitrogen levels and fields with a history of
lodging. Lowering seeding rates will also reduce lodging.

Soybean variety selection is one of the most
important management decisions for improving
yields on any farm. A minimum of three different
varieties should be grown each year to evaluate
the performance of newer higher-yielding varieties.

Individual varieties may perform differently depending
on growing conditions. Growing more than one variety
will help reduce the risk of crop failure. Plant the majority
of the acreage to proven varieties while testing new
varieties on a smaller scale.

Identity-Preserved (IP) Varieties

Identity preservation is the segregation of a variety
from planting through to delivery to an end user. It is
not a new concept, but IP varieties have existed in a
number of markets, including seed production and the
production of food-grade soybeans. The introduction
of GMO crop varieties has resulted in consumer
demand for identity-preserved, non-GMO soybeans.
The market offers various levels of premiums and
contracts to the producer to grow IP soybeans.

The premiums offered for producing IP varieties must
be weighed against their yield potential, increased
costs, time and management. Acreage planted should
be limited to a size that can be harvested in a timely
fashion. Performance information for some specialty-
trait varieties may not be available or may only be
available from the company selling the seed and/or
agreeing to take delivery of the crop after harvest.

The agronomic qualities of an IP variety, such as yield,
disease resistance and maturity should be evaluated to
determine whether or not the premium offered upon
sale is adequate. Performance trials of many food-grade
soybeans are conducted by the Ontario Soybean and
Canola Committee (OSACC). This information is
available on the OSACC website at www.gosoy.ca.
For crop insurance purposes, Agricorp provides a yield
adjustment factor for a number of specialty types since
specific varieties may yield less.

Biotechnology

Varieties carrying special traits, such as resistance to
certain herbicides, are available in Ontario. Over 75%
of soybean varieties have GMO-resistance to herbicides
such as glyphosate. These may have value for producers
trying to address specific or difficult to control weed
issues. They can also be useful in certain tillage systems
where burndown treatments or herbicide applications
can be applied without killing the GMO resistant
soybean variety. These varieties or the pesticides used
on them may not be accepted in all soybean markets.

+c |
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Planting and Crop Development

Seed Quality

It is important to know the quality of the seed being
planted. Certified seed is a guarantee of purity and
germination standards. The quality of “farm-saved”

bin run seed or common seed is not known unless the
germination is tested at an accredited seed lab prior to
planting. See Appendix E Ontario Laboratories Offering
Custom Seed Germination Testing.

Viability and Deterioration

Germination is the major quality consideration used
in grading seedlots. It is the ability of a seedlot to
produce normal seedlings under favourable conditions
0f 95%-100% humidity and 25°C. Stress conditions
in the field following planting often reduce field
emergence compared to the lab.

A better measure of the ability of seed to emerge rapidly
and uniformly under a wide range of conditions is
the vigour rating of the seed, called the vigour test,

or more appropriately referred to as a stress test.
Certified seed standards require that seed be tested

for germination, however, in addition to germination,
some seed distributors routinely test and report

seed vigour.

Figure 2-2, The relationship between seed vigour,
viability and deterioration, illustrates the relationship
between germination and vigour. As seed deterioration
increases, germination drops slowly, whereas vigour

drops very rapidly.

With Lot A, deterioration is minimal and germination
and vigour are similar. On the other hand, Lot B has
excellent germination but low vigour.

A number of factors can contribute to loss of seed
vigour, including genetics, disease, mechanical seed
damage and deterioration in storage and weather
conditions prior to harvest. The most important factor
affecting vigour appears to be environmental. Time-of-
harvest studies conducted by the University of Guelph
suggest that vigour is lost if there is a delay between
physiological maturity and harvest. Timely harvest is
important when soybeans are being grown for seed.
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Figure 2-2. The relationship between seed vigour,
viability and deterioration.

Source: Delouche and Caldwell, 1960.

Inoculation

Biological N fixation converts gaseous nitrogen in

the air (N,) to a form of nitrogen the plant can use,
namely ammonium (NH,+). In legumes, symbiotic
nitrogen fixation occurs when rhizobia bacteria invade
the root hair and form a nodule. The process of adding
soybean rhizobia (Bradyrhizobium japonicum) to

the soil is called “inoculation.” The rhizobia receive

a protected growing environment, carbohydrates,
and minerals from the plant and in turn provide the
plant with nitrogen. A 3.4 t/ha (50 bu/acre) crop of
soybeans will remove over 200 kg/ha (180 Ib/acre)

of N. Some of this N comes from residual nitrogen

in the soil, but 40%—-75% will come from biological
N fixation. The amount that comes from the soil
depends on how much soil N is available and
environmental conditions.

Inoculants can be applied “on farm” at planting time
or as “pre-inoculants.” Pre-inoculants are formulated
to allow the bacteria to survive on the seed, making
it possible to inoculate the seed well before planting.
These products are applied as a commercial seed
treatment and are compatible with many fungicide
and insecticide seed treatments. Pre-inoculants show
similar efficacy to inoculants applied at planting time.
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The majority of products now available use a sterile
peat-based carrier or a liquid formulation. Sterile-
carrier inoculants use a powdered peat base that is
sterilized prior to the addition of the inoculant strain.
These inoculants carry much higher numbers of
rhizobia than the older, non-sterile powdered peat.
Non-sterile powdered peat often contains microbial
contaminants, which may compete with the rhizobia.

On first time soybean fields, the use of two
different inoculants is suggested to avoid a
nodulation failure.

When soybeans are grown on land for the first time,
inoculation with soybean rhizobia is essential for high
yields. Establishing a healthy number of root nodules
on first-time fields can be challenging. The use of two
different products, or at least two different lots of

the same product, will improve the chances of good
nodulation. When soil temperatures are unusually
cool, nodulation failures are common. Soybean
nodulation and N fixation are vulnerable to cool soil
temperatures. Soybeans are a subtropical species and
for optimal symbiotic activity the soil temperature
should be above 25°C. A root zone temperature of at
least 15°C~17°C is critical for soybean nodulation and
N fixation to occur normally. Nodulation may not
occur at all if soil temperature is below 10°C. Under
extremely cool conditions nodulation can be delayed
until August or there may be a complete nodulation
failure. Nodules can only form on new root hairs and
root hairs are only present on new root growth. At
times roots grow past where the inoculant was initially
placed in the soil before nodulation occurs, resulting in
an inoculation failure and a nitrogen-deficient crop. By
using two products the overall rhizobial population is
increased, reducing the chances of a nodulation failure.

Good seed coverage is required for maximum efficacy
of any inoculant. When applying “on farm,” apply
inoculants at the base of a brush auger when loading
the planter. Kits that hang on the side of a truck,

tote or gravity wagon are available from dealers.
Occasionally, some producers have experienced
bridging in the planter or build-up in augers

from over-application of liquid seed treatments or
inoculants. Simultaneous application of a low rate

of peat is one option to reduce bridging.

Some seed treatments and liquid fertilizers can
negatively impact inoculant performance. When using
an inoculant, check the label to confirm how long the
inoculant will be viable on the seed if applied with

a seed treatment or mixed with a liquid fertilizer.

Inoculants are not essential where a well-nodulated,
dark-green soybean crop has been grown in the past.
Exceptions are acid soils (pH below 6.0), sandy
soils and fields with poor drainage that have been
flooded for an extended period of time. Under these
conditions, inoculation is suggested for each soybean
crop. A producer who is not certain that previous
soybean crops were well nodulated should inoculate
to avoid the possibility of poor nodulation. In Ontario
trials, results indicate a 0.1 t/ha (1.5 bu/acre) yield
increase by inoculating soybeans planted into fields
that have previously grown well-nodulated soybeans.
Even in the absence of a soybean crop, soybean
rhizobia will survive in most soils for 7-10 years

and in some fields for over 50 years.

Studies have shown little success in attempting to
replace existing strains of rhizobia in the soil with
newer, more-effective strains. Once a strain of rhizobia
has become established in the soil, it will out-compete
any new strain that is introduced on the seed.

Manure or commercial nitrogen fertilizer applied

to soybean fields supplies a readily available source
of nitrogen, which soybeans will use prior to that
provided by the rhizobia. In these fields, nodulation
may be delayed, but yields are not generally reduced.
On first-time soybean fields where manure or
commercial N is applied, nodulation may not
occur, and unless soil nitrogen is abundant, nitrogen
deficiency may be observed late in the season.

Soybean roots normally become infected with
Bradyrhizobium japonicum shortly after emergence.
Nodulation of soybeans may be observed 2-3 weeks
after planting. Checking fields at this point will allow
time for nitrogen application, should an inoculant
failure occur. In first-time fields, nodules will be
located on the taproot. In previous soybean fields,
nodules will also be found along lateral roots.

Seven to fourteen nodules per plant at first flower
indicates adequate nodulation.

.
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Soybeans often go through a period when leaves are light
green or even pale yellow. This is the period just before
the nodules start to supply adequate nitrogen to the
leaves and is an important phase in the development of
a healthy crop. Usually by the third trifoliate stage, the
nodules have established and start providing nitrogen,
the leaves will turn a dark-green colour. With proper
nodulation, sufficient nutrients and adequate moisture,
soybeans will remain yellow for only 7-10 days.

Planting Date

Planting date is an important management tool to
maximize yield potential. Soybean planting should be
initiated based on calendar date, seedbed conditions,
and the weather forecast for 48 hours after planting.

It is critical to have a good seedbed. If significant
rainfall is forecast, wait until conditions improve
before planting. A cold rain immediately after seeding
can impact emergence. Yield response to planting date
will vary depending on the growing season and the
MG of the variety. On average the highest yields are
obtained from early plantings, generally before the
middle of May. If springtime conditions are favourable,
planting in late April or early May can result in a yield
advantage over planting in the middle of May. Later
plantings are likely to incur significant yield reductions
yield 0.34 t/ha (5 bu/acre), as shown in Table 26,
Effect of planting date on yield. When planting early,
select a variety that is adapted or longer season (0.5 MG)
for a given area for maximum yields. A three-year study,
which compared planting long-season varieties to varieties
adapted for a given area, showed a 0.28 t/ha (4 bu/acre)
advantage to planting long-season varieties when
seeding early. This is shown in Table 2-7, Yield of an
adapted variety compared to a long-season variety when
planted early.

Table 2-6. Effect of planting date on yield

Percent of
Full Yield
Planting Date Yield (%)
April 15-May 5 4.29 t/ha 100%
(63.8 bu/acre)
May 6-20 4.26 t/ha 99%
(63.3 bu/acre)
May 21-June 5 3.93t/ha 92%
(58.5 bu/acre)

The data in this table represents the average of 22 trials
across Ontario from 2010-2012.

There is concern that planting later-maturing soybean
varieties will delay winter wheat seeding after soybean
harvest. However, if a long-season variety is seeded
before the middle of May, the delay in harvest will be
minimal (1-3 days) compared to seeding an adapted
variety in late May.

Photo 2-2. Planting date differences. Plot on left
planted in May. Plot on right planted in June.

Table 2-7. Yield of an adapted variety compared to
a long-season variety when planted early

Average of 22 trials across Ontario from 2010-2012
Planting Date | Variety Yield

Mid-May Adapted for the area 4.17 t/ha
(May 6-May 20) | based on relative (62.1 bu/acre)
maturity map

Early planting Adapted for the area
(April 15-May 5) | based on relative
maturity map

4.23 t/ha
(62.9 bu/acre)

Early planting Long-season variety
(April 15-May 5) | (0.5-0.8 MG) for the
area based on relative
maturity map

4.45 t/ha
(66.2 bu/acre)

Field studies have shown that planting a short season
(low MQG) variety early can reduce yields if August
conditions are dry. The short season variety will mature
too rapidly and will not be able to take advantage of
late season rains.

Soybeans are more sensitive to soil temperature
than corn. However, if soil temperature and
moisture conditions are suitable for planting corn,
they are generally also suitable for soybeans.
Soybean seed emergence can be negatively
impacted by a cold hard rain immediately after
planting if crusting occurs.
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A hard spring frost can kill early-planted soybeans,
since the growing point of the emerged seedling is
above the soil surface. However, soybean plants can
withstand temperatures as low as -2.8°C for a short
period of time, while corn experiences tissue damage

at -2°C.
Delayed Planting

When planting is delayed, fewer days are required for
the plant to reach maturity. A one-month delay in
planting results in a 9-day delay of maturity. Delayed
planting will reduce the vegetative growth period.
This results in shorter plants with significantly fewer
nodes and pods set lower on the plant. Late planting
also reduces the number of pods per plant because of
the shorter flowering period. Planting date also has an
effect on the duration of the pod-filling period.

A 3-day delay in planting date generally results in
a 1-day delay of maturity.

Planting after July 1st, most years, has been unprofitable
in Ontario and is not covered by crop insurance. If
planting must be delayed beyond July 1st:

* On heavy textured soils, select an adapted variety.
Planting a short-day variety late in the season will
result in extremely short plants with few pods. An
early frost may cause dark hilums to “bleed” into
the soybean. Select a light hilum variety if this
is a concern.

* On medium or light textured soils choosing a variety
that is 0.5-1.0 MG less than adapted will aid in
reaching maturity before a killing frost.

* Improve vegetative growth of late plantings by selecting
taller varieties and planting in narrow rows. Using
wide rows when planting late will lead to reduced
yield potential. Increase seeding rates by at least
10%. This will increase the height of the low-set
pods as well as the number of pods per acre.

Double Cropping Soybeans

In a warm year, some producers in the southernmost
regions of Ontario will attempt to grow soybeans
immediately following the harvest of their winter cereal
or pea crop. Double cropping soybeans in Ontario can
be successful if they are seeded early enough; if there is

adequate soil moisture for germination and if the fall
season is long with a late killing frost. In southwestern
Ontario it is possible to achieve a 2 t/ha (30 bu/acre)
crop if planting on or before July 1st and if the weather
cooperates. However, the 2 t/ha (30 bu/acre) yield
potential drops approximately 67 kg/ha/day (1 bu/acre/day)
after July 1st. The chances of success drop dramatically
if seeding after July 10th. Areas with more than 3000
CHU have a greater likelihood of success. There is no
crop insurance for double cropped soybeans in Ontario.

Producers who have made double cropping work
consistently often harvest wheat early, even if some
drying is necessary. When it comes to double cropping,
every day counts. The following management tips will
increase the chances of a successful double crop:

* Do not take out a good red clover stand to double
crop. The benefits from the clover stand will outweigh
the risk involved in a double crop venture.

* Do not attempt double cropping if soybean cyst
nematode is a problem in the field. The soybean
crop will reduce the benefits of the non-host
(winter cereal) crop and increase cyst populations.

* Wheat stubble may contain many weed seeds.
Glyphosate tolerant varieties are generally more
suited to double cropping due to more weed control
options with limited soil moisture. Volunteer wheat
must be controlled.

¢ Plant immediately after a timely cereal or pea harvest.
Double cropping after July 10th is not successful.

* Plant no-till to retain moisture and reduce costs. At
harvest, leave approximately 20 cm (8 in.) of cereal
stubble to promote soybean stem elongation and
higher pod set.

* Plant 1 cm (0.5 in.) into moisture, but do not plant
deeper than 7.5 cm (3 in.). If conditions are extremely
dry, do not attempt to double crop. Many double
crop failures can be attributed to seed being planted
into dry conditions.

¢ Choose tall, small seeded varieties that are 1.0 MG
lower than suggested for normal planting dates.
Choosing very short day maturities (00 MG) is not a
good option. Short season soybeans planted very late
will not yield well because the plants will not grow
tall enough.

* Plant in narrow rows using high seeding rates.
(618,000 seeds/ha or 250,000 seeds/acre).
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Row Width and Seeding Equipment

Soybeans grow well under a wide range of row widths,
especially in the long-season regions of Ontario. The
choice of row width depends on factors such as tillage
system, equipment suitability, weed problems, soil
conditions, white mould pressure and planting date.
Most soybeans grown in Ontario are solid seeded

(19 cm or 7.5 in. spacing) or intermediate row widths
(3856 cm or 15-22 in.). There is a trend to plant in
wide rows especially in fertile soils that produce large
amounts of vegetative growth, or in fields with a regular
white mould history. Improved air movement in wider
rows will help reduce the severity of white mould.

Wide rows allow inter-row cultivation for organic
production and are less affected by soil crusting. In-season
weed control is more challenging in wide rows due to
late emerging weeds. Wide rows will yield less in cool
years or with late planting. Narrow rows allow the crop
canopy to fill in more quickly, providing maximum
light interception and weed suppression. Table 2-8,
Row spacing vs. days to full canopy (May planting) shows
relative time differences to canopy cover. Rapid canopy
development often means narrow rows need one less
in-season herbicide application.

Table 2-8. Row spacing vs. days to full canopy
(May planting)

Days to Full Canopy
Planting Planting
Row Spacing Before May 15 After May 15
18 cm 30 days 25 days
(7 in.)
38cm 45 days 40 days
(15 in.)
51 cm 55 days 50 days
(20 in.)
76 cm 70 days 65 days
(30 in.)

On heavier soil types such as clay, wider row widths
increase the number of seeds per foot of row, which
can aid in emergence (Photo 2-3). On clay soils prone
to crusting, a minimum row width of 38 ¢cm (15 in.)
has shown better emergence than solid seeded beans
19 cm (7.5 in.). Wide rows of 76 cm (30 in.) are

not advised on heavy clay soils because the canopy
takes too long to fill and yields are lower than with
intermediate row widths.

Photo 2-3. Soybean seedlings breaking crust.

Across a range of soil types and growing conditions the
yield increase from narrow rows is greatest in short-season
areas. The yield advantage decreases in southwestern
Ontario. Row widths of 38 cm (15 in.) or less are ideal in
short-season areas (less than 2,800 CHU).

Some producers have excellent yields using wide

rows of 76 cm (30 in.). Wide rows are best suited on
productive soils where beans grow tall and lush. When
planting in wide rows choose bushy varieties, seed early
and conduct some form of tillage. These practices will
help to fill the canopy as soon as possible, reducing the
yield losses associated with wide rows. Planting wide
rows late can lead to significant yield reductions.

In southwestern Ontario, there may still be some yield
advantage in reducing row widths to less than 53 cm
(21 in.), as noted in Table 2-9, Effect of row width on
yield, although this effect is less consistent than it is
further north. Row widths of 38 cm (15 in.) have
gained popularity because they allow a reduction in
seeding rates compared to 19 cm (7.5 in.) rows but
still provide excellent yield potential. For much of
Ontario an intermediate row width of 38 cm (15 in.)
is a good compromise between the higher yield
potential associated with narrow rows and the
advantages of more air movement from wide rows.
Plant fields prone to white mould in row widths of
38 cm (15 in.) or greater, even in short-season areas.

S
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Table 2-9. Effect of row width on yield
Row Width Yield? 50
45 A
18 cm 3.3 t/ha ~ 401
(7 in.) (49 bu/acre) o
(1) 35'
36 cm 3.2t/ha g 304
(14 in.) (47 bu/acre) 3 25 4
53 cm 3.0t/ha ; 20
(22 in.) (45 bu/acre) ® 151
71cm 2.7 t/ha > 10+
(28 in.) (40 bu/acre) 54
! Values are based on research on clay loam soils in a 0 0 50 100 150 200 250
2.8 maturity-group (MG) area. Greatest response would Seeding rate (thousands per acre)
be anticipated in shorter-season regions. p

Table 2-10, Seed drill vs. planter unit yields, shows Figure 2-3. Soybean yield response to seeding rates.
the yield impact of drilled, solid-seeded stands versus Based on results from 45 Ontario trials in 38 cm.
intermediate rows using a drill or planter units. The (7.5 in.) rows.

planter unit yielded 3.5% (0.12 t/ha or 1.8 bu/acre)
more than the drill in 38 cm (15 in.) rows. The planter

also yielded more than the 19 cm (7.5 in.) drill by I . . . .
. High seed ltin] ,
0.07 t/ha (1.1 bu/acre). The higher yield is often a qua 1t.ylieed T lﬁ see .ing rates caft resu ¢ 1.nhodg1ng
It of improved seed placement with a row unit cSperialy DI LELet oL types OF i years with excess
resn P P rainfall (Photo 2-4).

resulting in a more uniform plant stand.

Higher seeding rates (10%) are required for maximum
yield potential on heavy clay soils or when using poor

Seeding Rates

Soybeans will yield well over a wide range of seeding
rates. Plants will compensate considerably for differences
in stands, without impacting yield. Too high a seeding
rate adds unnecessary seed costs and will increase risk
for lodging and disease. Soybeans should be planted
based on seeds/ha (seeds/acre) not simply by the kg/ha
(Ib/acre). For most soil types, there is no significant
yield advantage to seeding rates over 494,000 seeds/ha
(200,000 seeds/acre) as is shown in Figure 2-3.
Soybean yield response to seeding rates.

Photo 2-4. High seeding rates can result in lodging.

On the left, a high seeding rate of 250,000 seeds/

acre. On the right, a population of 200,000 seeds/
acre has no lodging.

Table 2-10. Seed drill vs. planter unit yields

A difference of less than 0.27 t/ha (4 bu/acre) is statistically insignificant.

Row Spacing
Drill Drill Planter
19 cm 38 cm 38 cm
Comparison (7.51in.) (15 in.) (15 in.)
Yield 3.28 t/ha 3.24 t/ha 3.36 t/ha
(48.9 bu/acre) (48.2 bu/acre) (50.0 bu/acre)
Plant stand at 30 days after seeding 72.6% 74.6% 79.8%

2
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Seeding rate guidelines are listed in Table 2-11, Soybean
seeding rate guidelines. The wider the row width, the lower
the seeding rate required. These seeding rates are adequate
for both conventional and no-till production. Rates
can be reduced by 5% when using precision seeding
equipment, compared to a seed drill. Seeding rates may
be lowered by an additional 5% if a seed treatment is
used. An emergence rate of 75%-80% is considered
normal. Full yield potential is achieved in Ontario with
final plant stands between 309,000-370,000 plants/ha
(125,000-150,000 plants/acre), depending on row
width. Heavy clay soils may require more plants/acre,
especially in dry years or years with late planting.
Seeding rate must be adjusted upward for seed with a
lower germination or vigour rating or for soils that tend
to crust. Some producers are successful with seeding
rates as low as 320,000 seeds/ha (130,000 seeds/acre)
in intermediate row widths and even lower rates in

76 cm (30 in.) rows. The goal of seeding is to establish
a given number of plants per hectare or acre. With
careful management and good soil conditions low

seeding rates will establish the minimum necessary
plants per hectare or acre. In order to use low seeding
rates precise planting equipment, early planting, and
excellent seed quality are essential.

Special consideration should be given to fields prone to
white mould. Variety selection, wider rows, no-till and
lower plant populations are the main tools available to
minimize disease damage. Although wider rows and
lower seeding rates will give up some yield in years
when conditions do not favour white mould development,
this strategy can significantly reduce white mould severity
during wetter summers. Fields prone to white mould
should be planted with a minimum row width of

38 cm (15 in.) at 370,000 seeds/ha (150,000 seeds/acre).
In fields with a severe history of white mould, consider
using 76 cm (30 in.) rows.

Increase planting rates by 10% with late plantings
into mid-June. Varieties respond similarly to changes
in seeding rate. The formula for determining seeds
needed per foot of row is:

Table 2-11. Soybean seeding rate guidelines

Seeding rates are based on having a germination of 90% and an emergence of 85%-90% (plant stand of 76%-81% of seeding rate).

Number of seeds

Parameters

19 cm (7.5 in.) row
480,000 seeds/ha
(194,000 seeds/acre)
9 seeds/m of row
(2.8 seeds/ft of row)

38 cm (15 in.) row
437,000 seeds/ha
(177,000 seeds/acre)
17 seeds/m of row
(5.1 seeds/ft of row)

56 cm (22 in.) row
425,000 seeds/ha
(172,000 seeds/acre)
24 seeds/m of row
(7.2 seeds/ft of row)

76 cm (30 in.) row
400,000 seeds/ha
(162,000 seeds/acre)
30 seeds/m of row
(9.3 seeds/ft of row)

4,400 seeds/kg 109 kg/ha 99 kg/ha 98 kg/ha 91 kg/ha
(2,000 seeds/Ib) (97 Ib/acre) (89 Ib/acre) (86 Ib/acre) (81 Ib/acre)
4,900 seeds/kg 98 kg/ha 89 kg/ha 88 kg/ha 82 kg/ha
(2,200 seeds/Ib) (88 Ib/acre) (80 Ib/acre) (79 Ib/acre) (74 Ib/acre)
5,300 seeds/kg 91 kg/ha 82 kg/ha 82 kg/ha 76 kg/ha
(2,400 seeds/Ib) (81 Ib/acre) (74 Ib/acre) (72 Ib/acre) (68 Ib/acre)
5,700 seeds/kg 84 kg/ha 77 kg/ha 76 kg/ha 70 kg/ha
(2,600 seeds/Ib) (75 Ib/acre) (68 Ib/acre) (66 Ib/acre) (63 Ib/acre)
6,200 seeds/kg 77 kg/ha 70 kg/ha 70 kg/ha 65 kg/ha
(2,800 seeds/Ib) (69 Ib/acre) (63 Ib/acre) (62 Ib/acre) (58 Ib/acre)
6,600 seeds/kg 73 kg/ha 66 kg/ha 65 kg/ha 61 kg/ha
(3,000 seeds/Ib) (65 Ib/acre) (59 Ib/acre) (58 Ib/acre) (54 Ib/acre)
7,100 seeds/kg 68 kg/ha 62 kg/ha 61 kg/ha 57 kg/ha
(3,200 seeds/Ib) (61 Ib/acre) (55 Ib/acre) (54 Ib/acre) (51 Ib/acre)
7,500 seeds/kg 64 kg/ha 58 kg/ha 58 kg/ha 53 kg/ha

(3,400 seeds/Ib)

(57 Ib/acre)

(52 Ib/acre)

(51 Ib/acre)

(48 Ib/acre)
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Seeds needed per m (ft) of row =

Desired final plant population per m (ft) of row

Example:
Goal 156,000 ppa:

4.5 seeds/ft row final

% germination x % expected emergence

7 seeds/ft row required

Example:
Goal 385,500 plant/ha:

15 seeds/m row final

80% germination x 80% emergence

23 seeds/m row required

80% germination x 80% emergence

Seed size differences affect seeding rates. The larger
the seed, the higher the volume of seed required for
planting. For each variety, seed size and seed quality
are influenced by growing and harvest weather of the
previous year. There can be as much as 20% variation
in the seed size of a variety from one year to the next.

Seed Treatments

Soybean seed treatments have been shown to increase
plant stands and improve yields in some situations.
They can be an important tool in establishing a
uniform plant stand, especially in no-till, in clay soils
or in early planted fields. Stand and yield response are
dependent on the weather conditions following
seeding and the level of disease and insects pressure.
Table 2-12, Soybean plant stand and yield response to
seed treatments, shows average trial results. When
conditions were favourable for rapid emergence and
little disease or insect pressure was evident, no yield
benefit was found to soybean seed treatments. For more
details on specific pests and control measures, see

OMAFRA Publication 812, Field Crop Protection Guide.

Planting Depth

A seeding depth of 3.8 cm (1.5 in.) is generally adequate
for soybeans. Seeding depth for early planting into
no-till conditions can often be reduced to 2.5 cm

(1 in.) if there is sufficient soil moisture. However, due
to the high water demand for germination, plant 1 cm
(0.5 in.) into moisture, but no deeper than 6.4 cm
(2.5 in.) (Photo 2-5). A newly planted soybean seed is
completely dependent on its reserve of energy to push
through the soil. In general, larger seeds contain more
energy and can be planted slightly deeper than small
seed. Precise seed placement is difficult to achieve

with some seed drills, especially in reduced or no-till
fields. Adequate down pressure, ballast and the use of
a coulter cart can help achieve proper seeding depth.
It is important to have good seed-to-soil contact and a
closed seed slot. The key is to plant into adequate soil
moisture with a properly adjusted planter or drill. If
seeding into moisture with a drill cannot be achieved,
consider seeding with the planter, rather than waiting
for rain.

Table 2-12. Soybean plant stand and yield
response to seed treatments?

Fungicide +

Response Control Insecticide
Population® 307,000 plants/ha | 321,000 plants/ha
(124,000 plants/ (130,000 plants/
acre) acre)
Yield 3.3t/ha 3.4 t/ha

(49.4 bu/acre) (51.1 bu/acre)

1 Plant stands taken at 30 days after seeding.

Photo 2-5. Lack of germination or emergence due
to shallow planting into dry soil. Left side planted at
4 cm (1.5 in.), right side at 2 cm (0.75 in.).

--.
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Varieties differ in their ability to emerge from planting
depths greater than 5 cm (2 in.). Seed companies can
provide an “emergence score” or hypocotyl length
rating, which rates the ability of the seedling to emerge
from unusually deep planting.

Rolling

Rolling helps conserve moisture and prepare the field
for harvest. Rolling can help level the soil and push
rocks into the ground, making it possible to do a better
job combining. Some producers roll immediately
after planting, while others wait until the soybeans
have emerged. Rolling immediately after planting
provides improved seed-to-soil contact and reduces
the likelihood of plant injury, however, it also increases
the risk of soil crusting, which hinders soybean
emergence. Soybean fields that are not rolled after

the drill often emerge more quickly and uniformly.

If rainfall occurs after seeding, rolled fields are more
prone to crusting. If conditions are very dry, rolling
can improve emergence from moisture conservation.
There is no evidence that rolling increases yield by
stimulating plant growth or flowering. Any yield gains
associated with rolling are most likely a result of better
combine header performance.

Rolling soybeans after emergence does not reduce
yields if:

* Fields are rolled during the heat of the day to ensure
that soybeans are limp. Soybeans are the most turgid
(stiff) during the morning hours and rolling during
that time will result in more plant injury.

* Soybeans that are just emerging are left to grow
until at least the unifoliate stage, since seedlings
are vulnerable to being broken off at emergence.
Soybeans should not be rolled past the second
trifoliate.

Soil Crusting

Crusting of the soil surface following a driving rain

or ponding water can inhibit soybean emergence. The
crust can break the hypocotyl arch (the portion of the
plant that lifts the cotyledons above the soil surface). If
soil is prone to crusting and there is a heavy rain, plan
to break the crust before the seedlings are attempting
to break through. “Crust-busting” is often done too
late to actually increase plant stands.

Light tillage with a rotary hoe, harrows, a coulter cart,
or even the planter or seed drill can help break the
soil crust and aid bean emergence. Typically these
operations will cause at least a 10% loss of emerged
beans. A higher stand loss can occur when the hypocotyl
arch is breaking the surface. “Crust-busting” may not
be necessary in uniform thin stands (e.g., 60%) where
full yield potential already exists. See Table 2-13,
Expected yield of soybeans in optimum and reduced
stands to determine yield potential.

Table 2-13. Expected yield of soybeans in optimum and reduced stands

Row Spacing Expected
% of Final Yield
Full 18 cm row 36 cm row 53 cm row 76 cm row as % of

Stand (7 in.) (14 in.) (21 in.) (30 in.) Optimum

100% 553,300 plants/ha 402,600 plants/ha 392,700 plants/ha 405,100 plants/ha 100%
(223,900 plants/acre) (162,900 plants/acre) (158,900 plants/acre) (163,900 plants/acre)

80% 442,100 plants/ha 323,600 plants/ha 313,700 plants/ha 323,600 plants/ha 100%
(178,900 plants/acre) (131,000 plants/acre) (127,000 plants/acre) (131,000 plants/acre)

60% 331,000 plants/ha 242,100 plants/ha 237,100 plants/ha 244,500 plants/ha 100%
(134,000 plants/acre) (98,000 plants/acre) (96,000 plants/acre) (98,900 plants/acre)

40% 222,300 plants/ha 160,600 plants/ha 158,100 plants/ha 163,000 plants/ha 87%
(90,000 plants/acre) (65,000 plants/acre) (64,000 plants/acre) (66,000 plants/acre)

20% 111,200 plants/ha 81,500 plants/ha 79,000 plants/ha 81,500 plants/ha 62%
(45,000 plants/acre) (33,000 plants/acre) (32,000 plants/acre) (33,000 plants/acre)

e




Replant Decisions

Soybeans are more prone to poor stand establishment
than corn or wheat, because the seedling must pull
the cotyledon seed leaves through the ground to
emerge. Deciding whether it is worth replanting a
poor stand can be difficult. Plant stand reductions
are rarely uniform, which makes a decision to replant
more challenging. Often it is best to treat parts of a
field separately. Do not assess a poor soybean stand
too quickly, since more seedlings may still emerge.
Fields with a plant reduction of 50% do not need
replanting if plant loss is uniform and the stand is
healthy. Numerous studies and field experience have
demonstrated that keeping an existing stand is often
more profitable than replanting. Replanting gives no
guarantee of a perfect stand.

Every replant decision is based on factors surrounding
the individual field. Information needed to make a
replant decision includes:

* Assessing the population and health of existing
stand. Normal seeding rates include a margin of
safety to ensure emergence of an adequate stand.

* Evaluating the cause of the low plant population. A
number of factors can cause reduced soybean stands.
These include soil crusting, herbicide injury, frost,
hail, insects and diseases. For instance, in a wet year,
damping-off is likely to be caused by two fungal
classes — Pythium and Phytophthora. In this situation,
if the stand is to be replanted, consider the use of a
variety resistant to Phytophthora plus a seed treatment.

* Determining the uniformity of the remaining
plant stand.

» Comparing the yield potential of the existing stand
to the yield potential of the replanted stand. Yield
potential begins to decline after the optimum
planting date and declines throughout June.

* Estimating the cost of replanting and additional
weed control in thin stands.

Compensation and Plant Spacing (Gaps)

Soybean plants have an amazing ability to compensate
for thin stands. Soybean plants can fill interplant spaces
up to about 30 cm (12 in.) within or between rows
without any yield loss, provided weeds do not compete
for this space. Ontario research has found that a 33%
reduction in the stand, distributed uniformly over the
field, will not significantly affect yield.

56

Plants in very thin stands branch profusely, making
them heavy and more prone to lodging. Branched
plants tend to bear more of their pods near the
ground. Consequently, harvest losses can be higher
in these stands. In trials with thin stands, lodging
did not become a problem until populations dropped
below 60% of a full stand.

Evaluating Stand Reductions

Accurately assess the stand for the population, spacing
and health of the remaining plants. To determine plant
population, see the hula-hoop method in Appendix K,
Hula-Hoop Method for Determining Plant and

Pest Populations.

Table 2—13, Expected yield of soybeans in optimum
and reduced stands, provides an estimate of the yield
potential compared to a full stand, based on research
conducted in Ontario. It is important to note that
Table 2-13 is based on the number of healthy plants
remaining in a thin stand, spaced uniformly and kept
free of weed competition.

Do not replant a plant stand of more than
222,000 plants/ha (90,000 plants/acre), in
19 cm (7.5 in.) row spacings on most soil types.
Very heavy clay soils need a minimum of less than
250,000 plants/ha (110,000 plants/acre) before
a replant is worthwhile.

Calculating Returns from Replanting

* Estimate the yield of a full stand with the original
planting date.

* Determine the population of the existing stand. See
the hula-hoop method described in Appendix K,
Hula-Hoop Method for Determining Plant and
Pest Populations.

* Estimate the yield potential of the reduced stand.
See Table 2-13, Expected yield of soybeans in optimum
and reduced stands.

* Estimate the yield potential of the replanted full
stand. The later date will reduce the yield potential.
See Table 26, Effect of planting date on yield.

* Estimate the cost of replanting.

 Compare the value of reduced stand to replanted
stand, see Figure 2—4, Reduced stand in field.
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-~4—— 76 cm (30 in.) diameter —»

Gap Compensations
by Adjacent Plants

Figure 2-4. Reduced stand in field.

Example:

A field planted on May 12 is estimated to have a yield
potential of 3 t/ha (45 bu/acre) if there were a full
stand. On June 5, a reduced stand of solid-seeded,
18-cm row spacing (7-in. row) soybeans has an average
population of 222,220 plants/ha (90,000 plants/acre).
The yield potential of this stand is 87% (2.6 t/ha

or 39 bu/acre) of a full stand (Table 2—13, Expected
yield of soybeans in optimum and reduced stands). Yield
expectation from replanting on June 6th would be
about 2.8 t/ha (41 bu/acre) due to the later planting
date (3t/ha x 92% or 45 bu/ac x 92% — from Table
26, Effect of planting date on yield). Replanting would
not be justified in this situation due to the seed and
planting cost, and risk associated with replanting.

Patching or Thickening Thin Stands

In cases of poor stand establishment, replanting
alongside the established seedlings to patch up or
thicken the existing stand only improves yields when
the stand is very poor. The replanted seedlings are so
far behind in development that they are unable to
compete with even a thin original stand. However,
thickening a thin stand may still be the best option

to maximize yields and is usually better than removing

the original stand of thin soybeans. If patching or
thickening is contemplated, use the same variety and
do not destroy the original stand. Repair planting
can lead to timing difficulties with weed control
and harvest date but is manageable, especially with
glyphosate-tolerant varieties.

Plant Development

Table 214, Vegetative growth stages of soybeans shows
the growth stages of the soybean plant from emergence
to full maturity. Table 2—15, Reproductive growth stages
of soybeans shows the reproductive growth stages from
beginning bloom to full maturity.

The system used to describe soybean growth stages
divides plant development into two stages: vegetative
(V) — leaves and nodes — and reproductive (R)
— flowers, pods and seeds. The V stage refers to
the number of nodes on the main stem with fully
developed leaves, beginning with the unifoliate node.
A leaf is considered fully developed when the leaflets
on the next node have unrolled far enough that their
edges are not touching. For example, V1 refers to the
stage when the unifoliate node has a fully developed
leaf, meaning that the leaf above (first trifoliate) is
unrolled. This stage is commonly referred to as the
“first trifoliate” because the first trifoliate is unrolled.
The node is the place on the stem where the leaf is

or was attached. Trifoliate leaves on branches are not
counted when determining V stages.

The first two leaves of the soybean plant are unifoliates
(each is a single leaf) occurring opposite each other at
the first node, above the cotyledons. Subsequent leaves
are trifoliate (three leaflets per leaf) and are on alternate
sides along the stem. When the plant has 2-3 trifoliates,
the nodules, which are important for the fixation of
atmospheric nitrogen, become visible on the roots.

When planted at the optimal time, soybeans will
develop 5-7 trifoliates before flowering begins.
Flowering is triggered mainly by day length and
temperature changes. Very early-maturing soybeans
are nearly insensitive to day length. Instead, flowering
is controlled mainly by accumulated heat units. Later-
maturing varieties are influenced more by day length.
Therefore, late-planted, long-season soybeans take
fewer days to mature than those planted early.
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Table 2-14. Vegetative growth stages of soybeans

VE vC vi v3* V5 Vn
b
= h N Z

Stage Title emergence unifoliate first trifoliate third trifoliate fifth trifoliate nth trifoliate

Days to 15 5 5 3 3 3 days/trifoliate

Achieve leaf

Stage*

Range? 5-22 3-10 3-9 3-9 3-9 (varies)

(Days)

Description | - seedlings + hypocotyl - first trifoliate - 3 trifoliate - 5 trifoliate +n = number of
emerge from straightens emerged and leaves emerged leaves emerged nodes on the
the soil (crook - cotyledons opened and opened and opened main stem with
stage) unfold - start of critical | - end of critical - 50% leaf loss fully developed

. unifoliate leaves | Weed-free period | weed-free period | has little impact | eaves, )
unroll (leaf - nitrogen fixation | on final yield ?r?glnn_lfngl_ Vi'th
edges are not has started « early maturity c-;um oliate
touching) soybeans reach node

- : + number of

- growing point R1at ~V4 .
is above soil ;mdc—;s 1S 6}
surface unction o

maturity rating,
planting date
and climatic
conditions

1 An estimate of the number of days required to move from one stage to the next.
2 The estimate of days is influenced by the variety maturity rating, planting date, growing region, and climate conditions and can vary
within and between seasons.

* V2 and V4 are vegetative growth stages but were not included in the table.
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Table 2-15. Reproductive growth stages of soybeans

R8

Stage beginning full bloom beginning full pod beginning full seed beginning full maturity

Title bloom pod seed maturity

Days to 3 10 10 11 14 16 11 (varies)

Achieve

Stage*

Range? 1-4 8-12 8-12 9-13 12-16 14-18 8-13 (varies)

(Days)

Notes - triggered by | - open flower | - short pods | - pods2cm | -seed can - seeds in a - one major - 95% of
changing on one of visible long at top be felt pod at one pod has pods have
day length the top 2 attop 4 4 nodes of through of the top changed changed
and nodes on nodes (fully main stem the pod on 4 nodes fill to brown to brown
temperature | main stem developed | . stress one of the pod cavity colour on colour

- 1 open - 50% height | leaves) of oceurring upper pods | . pods reach | the main - harvest
flower and dry main stem | petween (top 4) full length stem moisture
visible from | weight - flowering R4-R6 can | - flowering - root growth | * seed reached in
any node accumulation | peaks result in generally slows moisture 1-2 weeks
on stem - stress does | - look for significant completed substantially begins to after R8

- flowering notusually | 2-3seeds | Yieldloss | .pjant . above- decline
begins near | reduce per pod reaches ground (~60%)
node 5 (V4) | yield maximum dry weight + physiological
and moves . nitrogen he|ght, accumulation maturity
up and fixation nodes and slows and
down the increasing leaf area - rapid leaf maximum
stem rapidly - N-fixation yellowing dry weight

- root growth rates reach | pegins reached
rates maximum - leaves
increase and begin in lower

- extreme to decline canopy
heat can * rapid begin to fall
reduce nutrient
growth, uptake and
flowering redistribution
and pod to pods
development

1 An estimate of the number of days required to move from one stage to the next.
2 The estimate of days is influenced by the variety maturity rating, planting date, growing region, and climate conditions and can vary
within and between seasons.
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Germination and Emergence

Germination begins with the seed absorbing soil
moisture until it reaches a moisture content of about
50%. The first external sign of germination is the
emergence of the radicle (primary root), which grows
downward and anchors itself in the soil. Shortly after,
the hypocotyl (the section of the stem above the radicle)
starts growing upwards, pulling the cotyledons (seed
leaves) with it. Once emerged, the hook-shaped
hypocotyl straightens out, the cotyledons fold down
and the growing point is exposed to sunlight. Emergence
normally occurs about 5-21 days after planting,
depending on soil moisture, soil temperature and

planting depth.

Commercial soybean varieties in Ontario are
indeterminate, which continue to grow taller and
produce new leaves after flowering has commenced.
Tall-determinate varieties grow to their full height
before flowering begins. The flowering process occurs
over a shorter period of time. Tall-determinate varieties
characteristically have their lowest pods higher off the
ground than indeterminate varieties.

Fertility Management

Nitrogen and Sulphur

Nitrogen fertilizers are not usually required for
soybeans, see earlier Chapter 2 section Inoculation.
Research studying nitrogen fertilizer applied at
planting has shown that excess nitrogen can delay
nodule formation and N fixation, and promote
excessive vegetative growth that increases risk

of lodging. Ontario research has not shown a
significant yield gain to applying nitrogen fertilizer
to a well-nodulated field of soybeans. There is also
no evidence that soybeans respond to sulphur
application in Ontario.

If nodulation does not occur, and the soybeans are pale
green and N-deficient, the suggested remedial measure
is to apply 50 kg/ha (45 Ib/acre) of N at first flower

— as urea or calcium ammonium nitrate — when the

foliage is dry.

Phosphate and Potash

Phosphate and potash guidelines for soybeans are
given in Tables 2—16 and 2—17, Phosphate and Potash
Guidelines for Soybeans. These guidelines are based on
OMAFRA-accredited soil tests using the sufficiency
approach, which applies the most economic rate of
nutrients for a given crop year.

Profitable response to applied nutrients occurs when
the increase in crop value, from increased yield or
quality, is greater than the cost of the applied nutrient.

Where manure is applied, reduce the fertilizer
application according to the amount and quality of
manure. See Chapter 9, Table 9-10 Tjpical amounts
of total and available nitrogen, phosphate and potash
[from various organic nutrient sources and average
concentrations.

Table 2-16. Phosphate (P,0,) guidelines
for soybeans

Based on OMAFRA-accredited soil tests.

Profitable response to applied nutrients occurs when the
increase in crop value, from increased yield or quality, is greater
than the cost of the applied nutrient.

Where manure is applied, reduce the fertilizer application according
to the amount and quality of manure (Chapter 9, Manure section).

LEGEND: HR = high response MR = medium response
LR = low response  RR = rare response
NR = no response

Sodium Bicarbonate
Phosphorus Soil Test Phosphate Required
0-3 ppm 80 kg/ha (HR)
4-5 ppm 60 kg/ha (HR)
6-7 ppm 50 kg/ha (HR)
8-9 ppm 40 kg/ha (HR)
10-12 ppm 30 kg/ha (MR)
13-15 ppm 20 kg/ha (MR)
16-30 ppm 0 (LR)
31-60 ppm 0 (RR)
61 ppm + 0 (NR)*

100 kg/ha = 90 Ib/acre

1 When the response rating for a nutrient is “NR,”
application of phosphorus in fertilizer or manure may
reduce crop yield or quality. For example, phosphate
applications may induce zinc deficiency on soils low
in zinc and may increase the risk of water pollution.
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Table 2-17. Potash (K;0) guidelines for soybeans

Based on OMAFRA-accredited soil tests.

Profitable response to applied nutrients occurs when the
increase in crop value, from increased yield or quality, is greater
than the cost of the applied nutrient.

Where manure is applied, reduce the fertilizer application according
to the amount and quality of manure (Chapter 9, Manure section).

LEGEND: HR = high response MR = medium response
LR = low response  RR = rare response
NR = no response

Ammonium Acetate
Potassium Soil Test Potash Required
0-15 ppm 120 (HR)
16-30 ppm 110 (HR)
31-45 ppm 90 (HR)
46-60 ppm 80 (HR)
61-80 ppm 60 (MR)
81-100 ppm 40 (MR)
101-120 ppm 30 (MR)
121-150 ppm 0 (LR)
151-250 ppm 0 (RR)
251 ppm + 0 (NR)*

100 kg/ha = 90 Ib/acre

1 When the response rating for a nutrient is “NR,”
application of potash in fertilizer or manure may reduce
crop yield or quality. For example, potash application on
soils low in magnesium may induce magnesium deficiency.

Potassium deficiency will appear in soybeans as
yellowing or browning of margins in older leaves,
and in severe cases will also be evident on leaves

at the top of the plant (Photo 2-6). Soybeans remove
a tremendous amount of potassium (approximately
78 kg/ha for a 3.4 t/ha yield (70 Ib/acre for a

50 bu/acre crop). Many Ontario soybean fields are
deficient in potassium each year. Either fall application
or spring application is acceptable for soybeans.
Research trials in Ontario have shown little benefit
of banding P and K'in a 5 cm (2 in.) to the side and
5 ¢m (2 in.) below the seed, compared to broadcast
application. See Table 2—18, Soybean yield response

to spring application of fertilizer in low-testing soils.

Photo 2-6. Potassium (K) deficiency appears as a
yellowing or browning of leaf margins on older leaves.

Table 2-18. Soybean yield response to spring
application of fertilizer in low-testing soils

Average of three trials from with a soil test of 11 ppm for P and
92 ppm for K. All fertilizer was applied in the spring. Broadcast

treatment was incorporated.

A difference of less than 81 kg/ha (1.2 bu/acre) is statistically

insignifcant.
LEGEND: — = no data available
Yield
Treatment Yield Advantage
Untreated 3.05 t/ha -
(45.3 bu/acre)
25P + 40K (broadcast) 3.33t/ha 0.28 t/ha
(49.5 bu/acre) (4.2 bu/acre)
25P + 40K (2x2 band) 3.35t/ha 0.30 t/ha
(49.8 bu/acre) (4.5 bu/acre)
25P (in furrow) 3.32t/ha 0.27 t/ha
(49.3 bu/acre) (4.0 bu/acre)
2-20-18 + liquid inoculant 3.27 t/ha 0.22 t/ha
(liquid in furrow) (48.6 bu/acre) (3.3 bu/acre)

There is no yield response to P and K application if soil
test values are adequate. For additional information about
soil testing, refer to Fertilizer Guidelines in Chapter 9,
Soil Fertility and Nutrient Use.

Methods of Application

N or K fertilizer should not be placed in contact with
soybean seeds, due to the sensitivity to fertilizer salts.
Unlike corn, there is no yield advantage to this practice.
The fertilizer may be broadcast and worked into the
soil either in the fall or spring. A planter with a separate
attachment for fertilizer placement may also be used to
place the fertilizer 5 cm (2 in.) to the side and 5 cm (2 in.)
below the seed. For further information, see Chapter 9,
Table 9-22, Maximum safe rates of nutrients in fertilizer.
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Plant Analysis

The guideline for tissue analysis of soybeans involves
sampling the top fully developed leaf (three leaflets
plus stem) at first flowering. See Table 2-19, Interpretation
of plant analysis for soybeans. For sampling at times
other than first flower, take samples from both deficient
and healthy areas of the field for comparative purposes.
Often taking a soil sample from the same area and

at the same time as the plant sample will help with
diagnostic interpretation.

Table 2-19. Interpretation of plant analysis
for soybeans

Values apply to the top fully developed leaf (3 leaflets plus
stem) at first flower.

LEGEND: — = no data available

Maximum
Critical Normal
Nutrient Concentration* | Concentration®
Nitrogen (N) 4.0% 6.0%
Phosphorus (P) 0.35% 0.5%
Potassium (K) 2.0% 3.0%
Calcium (Ca) - 3.0%
Magnesium (Mg) 0.10% 1.0%
Boron (B) 20.0 ppm 55.0 ppm
Copper (Cu) 4.0 ppm 30.0 ppm
Manganese (Mn) 14.0 ppm 100.0 ppm
Molybdenum (Mo) 0.5 ppm 5.0 ppm
Zinc (Zn) 12.0 ppm 80.0 ppm

Source: Yin, Xinhua and Tony J. Vyn, 2002. Soybean
Responses to Potassium Placement and Tillage Alternatives
following No-Till. Agron. J. 94:1367-1374.

1 Yield loss due to nutrient deficiency is expected with
nutrient concentrations at or below the “critical”
concentration.

2 Maximum normal concentrations are more than adequate
but do not necessarily cause toxicities.

Micronutrients

Manganese

Manganese (Mn) is the only micronutrient deficiency
diagnosed in soybeans in Ontario, although zinc
deficiency may appear where the topsoil has been

lost through erosion.

Manganese deficiency symptoms appear on upper
leaves, ranging from pale-green (slight deficiency)
to almost white (severe deficiency) with green veins
(Photo 2-7). Soil tests and plant analyses are useful in
predicting where manganese deficiencies are likely to

occur. Both are available at the OMAFRA-accredited
laboratories, listed in Appendix C, Accredited
Soil-Testing Laboratories in Ontario.

To correct a manganese deficiency, a foliar application
of Mn is suggested. If the deficiency is severe, a second
application may be beneficial.

Photo 2-7. Manganese (Mn) deficiency. Upper leaves
appear pale green to almost white with green veins.

Caution: When applying micronutrients with a
sprayer that has been used to apply herbicides, it
is essential to clean out the spray tank to avoid
crop injury.

Soil application is not an effective method of applying
manganese, regardless of the source, due to the large
amounts required. Application of manganese chelates
to the soil has resulted in yield reductions.

In general, soybeans will give a profitable response to
manganese in the parts of the field where manganese
deficiency is evident. There is no benefit to applying
manganese to soybeans without deficiency symptoms.

Harvest and Storage

Minimize Harvest Losses

Soybeans are direct combined, preferably with a
combine equipped with a floating flexible cutterbar
and automatic header height control. Soybeans can
be harvested when moisture levels are under 20%,
but they must be stored at 14% moisture or lower.
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Photo 2-8. Combine with air reel to minimize losses.

Harvest losses and mechanical damage may be high
when soybeans are harvested below 12% moisture. A
loss of just 43 beans/m?* (4/ft*) represents an overall
loss of 67 kg/ha (1 bu/acre). Losses can be minimized
if a ground speed of 4-5 km/h is maintained. The reel
speed should be adjusted to match crop conditions.

A floating cutterbar cuts off the soybean plants, close
to ground level. To improve harvest, adjust:

¢ the cleaning fan to provide maximum air without
blowing soybeans into the return elevator or out the

back end

o the chaffer to allow the fan to separate pods and stalk

pieces from the soybeans

* the sieve to allow only soybeans through

* the air speed, chaffer and sieve settings throughout
the day as the weather conditions and soybean
moistures change

Header maintenance is important. The majority of
soybean losses occur at the header. The cutter bar
must be sharp, and the knife sections must make good
contact with the guard ledger plates to allow quick
cutting action and rapid movement of the cut beans
into the header. Add belting to the bat reel, or use an
air reel to get short beans into the feed auger quickly.

If soybean plants remain standing and uncut behind

the header:

¢ check blades and guards

* consider reducing ground speed

Quality and Identity Preservation (IP)

Preharvest

If the soybean crop is destined for an identity-
preserved (IP) market, make a special effort to
maintain seed quality. Staining and mechanical
damage are the main problems at harvest that can
downgrade quality. Mechanical damage can result

in an entire load being rejected. Staining can occur
from weeds, immature beans, dirt and dust. Prior to
harvest, thoroughly clean combines, trucks, wagons
and other handling equipment and bins to prevent
contamination. Scout and rogue fields for off-types and
other volunteer crops (e.g., corn). Check fencerows
and roadsides for glass, metal, fence posts and other
trash. Harvesting of IP beans must wait until soybean
stems and weeds have dried down completely to
avoid green staining of the seed. Remove weeds such
as Eastern black nightshade and American pokeweed
from the field before harvest, or have the combine
operator avoid weed-infested areas.

Photo 2-9. Soybeans showing purple seed staining.

Harvest and Storage

When harvesting IP beans that are a different variety
from the previous field harvested, it is best to thoroughly
clean out the combine from top to bottom to remove
trapped beans. An alternative, although less-effective,
method of combine cleaning involves combining a
small area of IP beans separately and loading them
into a “slush” wagon. The sample can be used to check
moisture and combine set-up, and can be marketed as
non-IP soybeans.
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Other harvest tips include:

* Opversee custom harvesters to make sure their
equipment is ready to harvest.

* Keep a copy of the IP contract on hand to determine
the quality parameters at harvest. IP harvesting
starts later and ends sooner in the day than for
commercial beans, mainly to prevent staining. Once
contaminated, a combine is difficult to clean.

¢ It is best to harvest at moisture levels close to 14% to
avoid the need for anything other than ambient air
drying. Harvesting at or above 12% moisture, and gentle
handling, are necessary to avoid cracked seed coats.

* Adjust the combine to varying harvest conditions
throughout the day. Adjustments to reduce mechanical
damage may increase dockage (pick) but are more
than compensated for by premiums.

* Store IP soybeans in separate bins that are free of
other soybean varieties and other grains and oilseeds.

If the crop was produced under contract, all of these
requirements will be outlined in the signed agreement.
With or without a contract, failure to comply can
result in lost premiums.

Soybean Drying

Many IP varieties cannot be artificially dried,
especially with heat. Producers should contact
the buyer concerning acceptable moisture levels
and possible drying of IP soybeans.

Grain Dryers
The three basic general types of grain dryers used on

the farm are:

* in-bin
* batch

« continuous flow

No single drying system is superior to all others in
every respect. System selection is dependent on desired
features. These features include:

* drying capacity
* grain quality
* fuel/drying efficiency (kJ/kg or BTU/Ib of
water removed)
* convenience, manpower required to run the dryer
* ability to dry a variety of crops

* maintenance required and capital cost

All dryers move heated air past the grain to evaporate
moisture from the grain and carry the water vapour
away. Heat is added to this drying air to reduce its
relative humidity, thereby increasing its ability to

pick up moisture. Wet grain can be dried at higher
temperatures since it will be cooled as the moisture
evaporates from the kernels. As the grain dries, it will
approach the temperature of the drying air. The longer
the grain kernels are in contact with this heated air, the
drier and hotter the kernels will get.

Drying Soybeans With Heated and Unheated Air

Soybeans are sometimes harvested at a higher
moisture content due to wet weather or are harvested
earlier than expected to reduce combine losses. All
drying methods are adaptable to soybeans with some
restrictions on the use of heat and handling practices.

Caution is required when using heated air to dry
soybeans that are higher in moisture than desired,

for safe, long-term storage. The relative humidity of
the drying air must be kept above 40% to prevent
seed coats from splitting. Experience has shown that
with as little as 5 minutes exposure to high heat, it is
possible to cause 100% of the soybeans to crack. Most
instructions for drying commercial soybeans suggest
a maximum temperature of 55°C-60°C. In good
drying weather, this drying temperature may need to
be reduced to control seed coat cracking. Check the
number of split seeds before and after drying to gauge
the drying effect.

Seed soybeans should be dried at temperatures below
40°C. This should only be attempted after several years
of experience. Some seed companies disapprove of the
use of any heat in conditioning seed soybeans. Enquire
with the seed company as to the method of conditioning
it allows or prefers for seed beans.

With bin dryers, use caution in any system that involves
moving the soybeans in the bin with re-circulators or

stirring devices. Damage from handling can be severe,
especially as the moisture content drops to 12% or below.

Natural-Air Drying

Soybeans just slightly above storage moisture can be
dried with natural air under good drying conditions.
Natural-air drying of soybeans requires careful
management by the operator, since soybeans lose
and take on moisture easily. The fan must be run
only when the outside conditions will aid in drying

.
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progress. Do not run the fan continuously, night and
day, as re-wetting will occur at night, reversing any
progress made during the day.

Minimum Requirements for Natural-Air Drying
Soybeans

» full aeration floor in the bin

¢ level soybean surface across the whole bin

* minimum airflow of more than 6.5 L/sec/m?
(0.5 CFM/bu)

* clean beans with no pods or fines accumulations

* accurate moisture reading of the beans in the bin

* accurate outside air temperature and relative
humidity measurement

* an understanding of soybean equilibrium
moisture content

* an on/off switch for the fan

A full aeration floor is essential to move air uniformly
through the entire bin contents. With a partial
aeration floor, or air duct system, dead areas will exist
leading to potential spoilage problems. Bean pods,
trash and fines accumulations in the bin will restrict or
divert airflow. Air moving through the bean mass will
take the path of least resistance.

Determining Airflow

Sufficient airflow is needed to move drying air through
the whole bean mass. To remove moisture, the minimum
airflow required is 6.5 L/sec/m’ (0.5 CFM/bu). Anything
less will only change temperature but not the moisture
content of soybeans. Airflow rates of 26 L/sec/m?

(2 CEM/bu) or higher, only get the job done more
quickly. In order to determine the (L/sec/m* or CEM/bu)
value for a bin, determine the number of bushels in
the bin and the static pressure that the fan is operating
against. A manometer is a simple device that can be
used to measure the static pressure in the air plenum,
between the perforated floor and the concrete pad
under a grain bin. It will display the static pressure in
centimetres or inches of water column. See Figure 12-1,
Home-built manometer. Determine fan output at the
measured static pressure by using the fan performance
curve. Divide the L/sec (CEM) output of the fan by
the number of cubic metres (bushels) in the bin to give
the L/sec/m® (CFM/bu) airflow. One strategy to get
adequate airflow is to only partially fill the bin. This
way, the fan will be operating at less static pressure and
deliver higher airflow rates per bushel.

Equilibrium Moisture Content

Researchers have developed equilibrium moisture
content tables that aid in predicting the final moisture
content of soybeans when exposed to air at a certain
temperature and relative humidity. See Table 2-20,
Equilibrium moisture content for soybeans exposed to
air (% wet basis). To determine, for example, the
equilibrium moisture content of soybeans exposed

to outside air at 10°C and 70% relative humidity,
find the point at which the 10°C row and the 70%
relative humidity column intersect. This point will be
the equilibrium moisture content for soybeans. Given
enough time, the soybeans will dry down to 13.2%
moisture content.

Table 2-20. Equilibrium moisture content for
soybeans exposed to air (% wet basis)

Relative Humidity
Temperature | 50% 60% 70% 80% 90%
0°C 10.0 11.8 13.7 16.2 19.8
5°C 9.8 11.5 13.5 15.9 19.6
10°C 9.5 11.2 13.2 15.7 19.4
15°C 9.2 11.0 13.0 15.5 19.2
20°C 9.0 10.7 12.8 15.2 19.0
25°C 8.7 10.5 12.5 15.0 18.8

Measuring Relative Humidity

To air-dry soybeans, it is important to know the
accurate relative humidity of the outside air, which

can be challenging to measure. In some cases, this
reading can be obtained from a nearby weather station,
however conditions can vary from one location to
another. Household hygrometers tend to be inaccurate
and are not suggested for measuring relative humidity
when air-drying tough beans. A sling psychrometer or
a good quality hygrometer is ideal for this purpose.

When to Run the Fan

Fan operation is not limited by the time of day, but
rather by air temperature and relative humidity levels.
On some days, drying can be accomplished from

9 a.m. until midnight, while on others it may only
be from 9 a.m. to 6 p.m. Check the temperature

and relative humidity of the air numerous times
throughout the day. The outside air must be drier
than the inside air for making drying progress. If the
equilibrium moisture content on a given day is less
than the moisture content of the wettest beans, drying

S E




AcronoMY GuIDE FOR FiELD CRroPs

is possible, and the fan should be on. Humidistats are
available that will activate the fan at pre-set humidity
levels. The operator can adjust the relative humidity
level at which the fan is activated.

The beans at the top of the bin will be the last to dry.
Each day of fan operation will push a drying front up
through the bin. This drying front may not reach the
top of the bin as quickly as expected. Be sure to take
moisture samples at the same depth each time to know
how the moisture content is changing at that depth.
Bins with stirring devices — stirrators — will have fairly
uniform moisture levels throughout the whole bin.
Photo 2-10. Hail damage. Soybeans are most
vulnerable to hail damage during flowering and pod fill.

Other Crop Problems

Table 2-21. Percent yield loss of indeterminate
Insects and Diseases soybean at various levels of leaf area loss and
growth stages

LEGEND: — = no data available

Figure 2-5, Soybean scouting calendar illustrates the

type and timing of insects and diseases that can cause
dalznage and yifld loss in a soybean field. Treatment Growth Percent Leaf Area Destroved
R . . Stage |10 20 | 30 | 40 50 60 70 80 90 | 100
guidelines to control insects, pests and diseases can
be found in OMAFRA Publication 812, Field Crop VC-Vn B I A A Il A A B -
Protection Guide. R1 -] 1] 2] 3]/ 3/ 4/ 5] 6] 8] 12
R2 -/ 2| 3| 5| 6| 7| 9 12 16| 23
. R2.5 1/ 2, 3, 5| 7| 9/11|15 20| 28
Frost and Hail Damage R3 > 3 4l ol 81112 822 33
Ear’y Season R3.5 3| 4/ 5, 7/10|13 18|24 |31 45
Plants damaged below the cotyledons by early-season RZ45 i Z ; 1? 12 ;i 23 2(7) jz Z:
frost or hail will not recover (Photo 2—10). If frost or .
hail damages the growing point of the seedling, but RS 4] 7]10/13/17]23/31143 /58] 75
not the stem portion below, the plant will send out RS.5 | 4| 7110/13117/23/31143/58] 75
new shoots from the base of the leaves or cotyledons. R6 1] 6] 9]11/14/18|23 |31 41| 83
Wait 3—4 days and watch for new growth to emerge R65 | 0] 1] 1| 3] 4] 5| rj13/18| 23

from the point where leaves attach to the stem Printfed with permission from National Cr_op Insuranc_e _
(leaf axils). Research trials show that leaf loss at Services (NCIS). Not to be reproduced without permission.
early growth stages has little impact on final yield or

maturity. Table 2-21, Percent yield loss of indeterminate Stem Damage

soybean at various levels of leaf area loss and growth
stages, summarizes the expected yield loss from leaf
loss at various life stages.

Broken or cut-off stems have greater impact than leaf
loss on yield and maturity. If stem loss is under 50%
prior to flowering, yield loss will be less than 10%. When
evaluating hail damage, check for bruising on the plant
stem. Severe damage to the stem will make it more
difficult for the plant to recover. It can also make the
plant more susceptible to disease. Bruising, which does
not cause stem breakage, results in minimal yield loss.
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[ Stink Bug (p. 334) j
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[ Seedling Diseases (p. 371) j
I
[ Phytophthora Root Rot (p. 371) j
I I I I
[ Rhizoctonia Root Rot (p. 373) j
I I I
[ Septoria (Brown) Spot (p. 373) j
I I I
[ Stem Canker (p. 377) j
I I I
8 [ White Mould (p. 378) j
2] I | |
©
) Brown Stem Rot &
(7] Sudden Death (p. 377)
'5 I I I
[ Downy Mildew (p. 376) j
I I
[ Cercospora Leaf Spot (p. 382) j
I I
[ Pod and Stem Blight (p. 382) j
I I
[ Seed Diseases (p. 380) ]
I I
[ Soybean Cyst Nematode (p. 374) j
I I I
[ Asian Soybean Rust (p. 379) j
N
[Seedcorn Maggot (p. 308)
/
I
Grubs (p. 301),
Slugs (p. 309)
] I
7)) Bean Leaf Beetle (p. 329) Bean Leaf Beetle
8 (overwintering adults) (1st and 2nd generation)
I I
o3 [ Soybean Aphids (p. 327) j
3 | |
[T} [ Japanese Beetle Adults j
(1) (p. 304)
7] P |
S Two-Spotted Spider Mite
L (p- 331)

May

June July August September

Figure 2-5. Soybean scouting calendar.

October
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In terms of yield reduction, soybeans are most
vulnerable during the flowering and seed fill period.
This is particularly true if stems are broken, resulting
in a reduction in the number of pods and seed size.
Delays in maturity also occur.

Late Season Cold Temperature
and Frost Injury

Soybeans are regarded as a warm-season crop and

are therefore more susceptible to cold temperatures,
especially during flowering. It is believed that sustained
cold temperatures (less than 10°C) during flowering
affect proper formation of pollen in the flower.
Sustained cold temperatures result in poorly developed
pods called parthencarpic pods (also known as
“monkey pods”). There is some variety difference

in tolerance to cold temperatures.

Varieties that have tawny pubescence (i.e., yellowish-
brown hair) are often more tolerant of cold than those
with grey pubescence.

Soybeans are easily injured by frost until they reach
physiological maturity, which is attained at the R7
stage (when one pod has changed to brown/grey on
main stem). Frost after physiological maturity generally
does not damage soybean plants if pods remain
intact. Prior to this stage, grain and seed quality will
be affected in injured soybeans. A severe frost during
flowering or pod fill can reduce yield by up to 80%.
Freezing during pod fill will result in severely damaged
beans with a greenish, “candied” appearance. Even
moderately frosted beans with a greenish colour and
slightly wrinkled seed coat are considered damaged
and can be discounted when present in excess of limits.
The seed will eventually dry down with a wrinkled seed
coat. Frost-injured plants may reach maturity earlier but
will have seed moisture equal to non-frosted plants.
Germination will also be severely reduced. The Grain
Commission classifies frost-damaged soybeans as those
“whose cotyledons, when cut, are green or greenish-brown
in colour with a glassy, wax-like appearance.”

Yield reductions from late season frost injury are
smaller as the crop matures. Frost during the R5
stage reduces yield by 50%—-70%. Frost at the R6
stage will cause losses of 20%-30%. Once the
crop reaches the R7 stage only a 5%-10% yield
loss is expected. No yield reductions occur once
the plants have reached full maturity.

Lightning Damage

Lightning damage is confined to small circular or

oval regions with a diameter of 5-10 m (13-30 ft).
Damaged areas take on the shape of the standing

or running water that accumulated during the
thunderstorm. Plants are usually killed but can survive
on the edges of the affected area. The affected area has
a clearly defined margin, making diagnosis relatively
straightforward (Photo 2—-11). The affected area does
not grow over time. Stems are often darkened with
dead leaves remaining attached to the plant.

Photo 2-11. Lightning damage occurs in small
circular areas that have a clearly defined margin.
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Mature Green Seed

An extremely dry growing season can result in green
soybean seed at harvest, even if seed moisture is below
13% (Photo 2-12). The problem is generally the most
severe in those regions that are extremely dry during
July and August, in soils with poor water holding capacity.
Since the beans are dry, the “activity” inside the seed is
minimal. The enzyme that normally breaks down the
chlorophyll cannot function at such low moistures;
therefore the green colour will not disappear over time.
There may be some reduction of the green tinge on the
outside of the bean over time, but the green discolouration
inside the bean will remain if left in the field or in storage.
There is little that can be done to avoid having green
beans since this problem is weather-related. A good
crop rotation combined with choosing varieties best
suited for the area is the best defense.

Photo 2-12. Mature green seed occurs when

chlorophyll is not broken down during pod fill in

drought-stressed plants. The right side shows
mature green seed damage.
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3. Forages

Forages are whole plants harvested for livestock feed.
They are an important component of crop rotations
on many farms. Forages provide many crop rotation
and environmental benefits, including reduced soil
erosion, and improved soil health and organic matter.
In addition to providing a 100 Ib/acre nitrogen credit,
research has shown a 10%—-15% yield benefit to corn
following alfalfa in a rotation.

Forages are a major Ontario crop, providing feed for
Ontario’s livestock industry. Hay and haylage are grown
on 831,000 ha (2,000,000 acres), while there are
239,000 ha (600,000 acres) of seeded pasture and
415,000 ha (1,037,000 acres) of natural pasture.
Corn silage is grown on approximately 104,000 ha
(260,000 acres). The value of forage production

is estimated to be about 10% of Ontario’s
agricultural production.

Crop management is more complex with forages than
with many other crops, for several reasons:

» forages usually consist of a mixture of different species

* forage may be used as either stored feed or pasture

* forage species may include either annuals or perennials

* a wide range of harvest and storage systems are used

* perennial crops require management to ensure
over-winter survival

For information on corn silage production, see
Selecting Hybrids for Silage, Chapter 1, Corn. For
information on corn silage harvest and storage,

see Haylage and Corn Silage (this chapter).

For more detailed information on pasture, see OMAFRA
Publication 19, Pasture Production, available on the
OMAFRA website at ontario.ca/crops.

Species

Perennial Legumes

Most legumes grown for forages have taproots and
broad, compound leaves composed of a number of
leaflets that are arranged alternately on the stem. New
shoots originate from the crown of the plant, and the
growing point of each shoot is located at the top of the
shoot. As a family, legumes produce higher quantities
of protein than grasses. Table 3—1, Characteristics of
perennial forage species grown in Ontario, summarizes
the strengths and precautions for perennial forage species.

If properly inoculated, legumes have the capacity to
use atmospheric nitrogen, eliminating the need to apply
nitrogen from commercial sources. Legumes also supply
a considerable amount of nitrogen to the grass portion
of the mixture.

Table 3-1. Characteristics of perennial forage species grown in Ontario

Persistence

Species Suitability (years) Strengths Cautions
Legumes
Alfalfa stored feed 3-4 S. Ont. - excellent quality - poor persistence under grazing
1-4 N. Ont. - excellent yield - low tolerance to acidic or poorly
drained soil
- rest period helps rebuild root reserves
* may cause bloat
Birdsfoot pasture 5+ + high quality + slow to establish
trefoil stored feed (may reseed * no bloat hazard + slow spring growth and regrowth
itself) + good tolerance to acidic & variably - unpalatable to horses
drained soil
Red clover pasture 1-3 | - excellent first-year yield - competitive, especially with
stored feed + easy to establish other legumes
cover crop - high quality - difficult to dry for hay

drained soil

-+ good tolerance to acidic or variably

+ stand thins rapidly

* may cause bloat

- may cause temporary infertility in
grazing sheep

continued on next page
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continued from previous page

Table 3-1. Characteristics of perennial forage species grown in Ontario

Persistence

Species Suitability (years) Strengths Cautions
White clover | pasture 5+ « excellent quality and palatability * may cause bloat
+ good tolerance to close, + low drought tolerance
frequent grazing
Grasses
Timothy stored feed 5+ | - easy to establish + poor summer
+ good tolerance to variable drainage regrowth production
- seed is inexpensive
« later maturity enables higher
nutritional quality
Smooth pasture 5+ - sod-forming rhizomes spread and « large seed size may cause
bromegrass | stored feed fill in bare ground seeding challenges
« better quality retention with maturity + poor persistence under aggressive
cutting schedules (best suited to
two-cut systems)
Meadow pasture 5+ + early spring growth - large seed size may cause
bromegrass | stored feed - fast recovery after cutting or grazing seeding challenges
+ good winter-hardiness - sensitive to flooding
+ good palatability + spreads less by rhizomes than
smooth bromegrass
Orchardgrass | pasture 5 - very early pasture - rapidly loses quality and palatability
stored feed - excellent regrowth with maturity
+ good drought tolerance - wide variety differences in maturity
+ good tolerance to close grazing + very competitive with other species
* very responsive to nitrogen + poor tolerance to variable drainage
and icing
Reed pasture 5+ - excellent yield on both poorly - slow to establish
canarygrass | stored feed drained and dry soils - first cut rapidly loses quality and
+ good regrowth palatability with maturity
+ very responsive to nitrogen + poor tolerance to close grazing or
frequent cutting
Meadow pasture 5+ - more suitable for managed gazing + coated seed required
fescue stored feed than as stored feed - very competitive with other species
- grows in early spring and late fall + low drought tolerance
« tolerant to variably drained soil + low quality with maturity
- more palatable than tall fescue - less persistent and lower yielding than
« prevents erosion in waterways tall fescue
Tall fescue pasture 5+ | - high yield - coarse leaves lower palatability
stored feed - good summer growth in dry hay
grassed- - good feed quality for fall - use endophyte-free seed
waterways stockpile grazing
+ good tolerance to acidic soil
Perennial pasture 2-3 S. Ont. + excellent nutritional quality + poor summer drought and heat tolerance
ryegrass stored feed and palatability + poor tolerance to variably drained soils
- establishes very quickly - variable persistence
+ good tolerance to close grazing
Kentucky pasture 5+ | - good quality and palatability - low seasonal yield
bluegrass grassed + good tolerance to close grazing + poor summer production
waterways - very slow to establish
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Alfalfa

Alfalfa is the highest-yielding perennial forage crop
grown in Ontario and the most frequently grown
forage legume. It is higher yielding and produces

more protein per unit area than other forage legumes.
Alfalfa can be grown alone, but is often grown in
mixed stands with various grass species. For high yields
and persistence, alfalfa requires well-drained soil, a

pH above 6.1, adequate fertility and proper harvest
management. Well-managed alfalfa normally persists
for 3 or more years. The energy and protein levels of
alfalfa-based forage are determined by stage of growth
at the time of cutting. Alfalfa winterkill management
risk factors include fall harvest, aggressive cutting
schedules, poor fertility, poor drainage and older stands.

Birdsfoot Trefoil

Birdsfoot trefoil is a non-bloating legume best suited
for permanent pasture. It will reseed itself, making it
an excellent choice for steep or stony land not suited
to cultivation. Although individual plants live for only
a few years, stands of birdsfoot trefoil have remained
productive for many years when allowed to go to seed. It
is well adapted to soils with marginal drainage. Birdsfoot
trefoil has a lower yield potential and is more difficult to
dry than alfalfa, so it is recommended for hay production
only in areas where alfalfa will not grow well. Since
birdsfoot trefoil seedlings are slow to establish, at least
a year is required to get a satisfactory stand.

Red Clover

Red clover is a short-lived perennial. Yields are good
the year after establishment but are often quite low the
following year, especially in southern Ontario. It can
be grown in fields that are too wet or acidic for alfalfa,
and establishes well. It can make excellent quality feed.
Red clover is most often stored as haylage or baleage
since it is difficult to dry, and often results in dusty

or mouldy hay.

There are two general types of red clover grown in Ontario:
double-cut or “medium” red clover and single-cut or
“mammoth” red clover. Double-cut will lower in the
seeding year, with vigorous regrowth after cutting. Single-
cut is slower growing and matures about two weeks later
than double-cut. Single-cut does not flower in the seeding
year or after the first-cut in succeeding years.

Use of red clover as a cover crop has become an
important practice on many farms. Refer to Chapter 8,
Managing for Healthy Soils, for information on the

use of red clover as a cover crop.

White Clover

White clover is used mainly in pastures. It is a short-lived
perennial that can reseed itself. There are three general
types of white clover: ladino, white dutch and small
wild white. They are similar in appearance but differ
in size, with wild white being the smallest and ladino
the largest. White clover has stolons, which are stems
that creep on the ground, with branches that are erect
or upward slanting. Roots are shallow and fibrous and
develop from nodes of the creeping stolons. White
clover grows poorly in dry weather, but is relatively
tolerant to frequent grazing and has good palatability.
White clover can be frost seeded or no-tilled into existing
grass pastures to improve forage quality and yield.

Sweet Clover

Sweet clover is a slow-growing biennial, occasionally
grown as forage and sometimes used to alleviate
compaction. Sweet clover does not flower in the year
of establishment. In the spring of the second year, it
grows quickly to become a tall, coarse-stemmed plant.
The presence of coumarin in sweet clover makes it less
palatable to livestock. There are two types of sweet
clover: white-flowered and yellow-flowered. White
sweet clover is deeper rooted, taller and coarser, which
makes it more suitable for plowdown than for forage.
The yellow-flowered is more palatable to livestock and
more attractive to bees, which makes it more suitable
for forage. Mouldy sweet clover hay may contain
dicoumarol, which can prevent normal blood clotting
and result in the death of livestock from bleeding.

Alsike Clover

Alsike clover is a perennial although it is sometimes
treated as a biennial. It can grow on soils that are acidic
and poorly drained. Alsike produces only one cut of
hay per year and is not normally a preferred forage
legume. Alsike clover can cause photosensitivity and
liver damage in horses, so it should not be included
in horse hay or pasture mixtures.

Perennial Grasses

Grasses have many long, slender leaves that are borne
on a stem. They have very fibrous roots that help bind
the soil together, thereby reducing erosion. “Sod-forming”
grasses have rhizomes or underground stems that produce
new shoots at each node. These grasses are capable of
spreading and thickening up a stand. “Bunch-type”
grasses do not have the ability to spread by rhizomes,
but do produce tillers from crown buds at the base of
the plant.
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Grass species differ in their competitiveness with
legumes. This will influence the grass-to-legume ratio
of an established stand. Grasses such as orchardgrass
and the ryegrasses tend to be more competitive with
alfalfa than timothy or bromegrass. Grasses are lower
in protein than legumes when cut at a similar stage of
development. Grasses tend to be higher in fibre and

fibre digestibility.

Timothy

Timothy is the most widely sown forage grass in
Ontario and is commonly grown in mixtures with
alfalfa. It is slower to mature than other grass species,
making harvest management easier. Timothy seed
mixes well with alfalfa seed and flows through the
small seed box. It is a bunchgrass with limited tillering
ability, which makes it non-aggressive when sown
with other species. It is easy to establish in early
spring or late summer and is adapted to heavier soils
and variable drainage. Timothy is palatable and high
yielding in first-cut. Although some varieties have been
developed for improved regrowth, regrowth after first-
cut and mid-season production is limited, especially
in hot and dry seasons. Timothy has poor drought
tolerance. For the commercial horse hay market,
timothy is the preferred grass species.

Smooth Bromegrass

Smooth bromegrass spreads by rhizomes and the stand
can thicken over time. It is slightly earlier in maturity
than Timothy. It does not have good persistence under
aggressive cutting schedules, but is well suited to two-cut
systems. Smooth bromegrass is palatable and tends to
retain its nutritional value with increasing maturity
better than most grasses. Its large fluffy seed prevents
it from flowing through the small seed box of drills.

It does not establish well if it is either surface seeded
or seeded deeper than 5 cm (2 in.).

Meadow Bromegrass

Meadow bromegrass is similar to smooth bromegrass,
but is more useful as a pasture species because of its early
spring growth and faster recovery rate after grazing.

Orchardgrass

Most orchardgrass varieties are the earliest maturing
of the forage grasses. Orchardgrass quickly loses
palatability and digestibility after heading. Newer,
later maturing varieties have been developed that
match more closely the maturity of other species
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in a mixture. Orchardgrass will grow much more
vigorously in the warm, dry conditions of midsummer
than timothy or bromegrass, resulting in more yield
and a greater proportion of grass in the second and
third cutting of alfalfa-grass mixtures. Orchardgrass is
not as winter-hardy as most other forage grass species
and will not persist in wet soils. Its aggressive seedlings
make orchardgrass easy to establish. Orchardgrass

is a preferred species to use in intensively managed
pastures, where early maturing varieties work well.

Reed Canarygrass

Reed canarygrass is known for its ability to tolerate
poorly drained soils, but can also provide high yields
on well-drained soils. It will produce higher yields
than other grass species during dry conditions. Reed
canarygrass spreads by rhizomes. After heading; it
develops coarse stems and leaves, and quickly loses
palatability and digestibility. Regrowth is vegetative
and does not form a seed head, so second and third
cuts can be very high quality. Reed canarygrass is slow
to establish, usually contributing little yield for the
first two years, so is more suitable in longer rotations.

In the past, livestock have performed poorly on older
varieties of reed canarygrass because of alkaloids it
contained that resulted in reduce palatability, lower
intake, and poor animal performance. Currently
recommended reed canarygrass varieties are free of
tryptomine and carboline alkaloids. Some varieties
are also lower in the gramine alkaloids.

Tall Fescue

Tall fescue is a coarser, leafy, bunch-type grass that is used
in pastures, alfalfa haylage mixtures and erosion control.
It is not as commonly used in dry hay mixtures. It is
adapted to most soil types; tolerates imperfect drainage
and withstands animal traffic well. Its ability to maintain
good feed quality into late fall makes it useful in fall-
saved “stockpile grazing”. Endophytes are seed-borne
systemic fungi that are linked to poor animal health
and performance on some tall fescue pastures. Pregnant
broodmares are particularly affected. Once introduced
by infected seed, the fungus cannot be controlled in an
established stand of tall fescue. To avoid these endophytes

in livestock diets, plant endophyte-free varieties.

Creeping Red Fescue

Creeping red fescue is a dense, sod-forming grass that
establishes and spreads vigorously on most soil types,
including well-fertilized subsoils. Its solid root system
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and thick, fine top growth make creeping red fescue
an excellent grass for streambank or grass waterway
protection. It is sometimes used in long-term pastures,
but its low-growing habit makes it difficult to cut and
unsuitable for hay.

Meadow Fescue

Meadow fescue is a hardy grass used in hay and
pasture mixtures. It grows best on deep, fertile soils,
but will tolerate variable drainage and low fertility.
Meadow fescue yields well during the summer and

fall maintaining its feed quality later into the season
than most grass species. Meadow fescue has several
characteristics that distinguish it from tall fescue.
Meadow fescue is shorter, has finer leaves and a shallower
root system than tall fescue, and is not as persistent.

Perennial Ryegrass

Perennial ryegrass is a short-lived perennial that comes
in turf, pasture and hay-adapted varieties. The pasture-
adapted varieties tend to have finer leaves, smaller and
more numerous tillers, and are later maturing than the
hay varieties. Turf-type perennial ryegrasses contain
endophytes, so they should not be used for forage.
Perennial ryegrass is early and vigorous in the spring,
and grows well into the fall, but is unproductive
during the hot, dry summer months. Forage quality is
excellent. Excessive top growth of perennial ryegrass
can result in winterkill in alfalfa mixtures that are left
to over-winter. Perennial ryegrass is not well suited

to areas with prolonged ice cover and extreme cold
without adequate snow cover.

Festuloliums

Festuloliums are a cross between festucas (Meadow
Fescue or Tall Fescue) and lolium (Italian Ryegrass or
Perennial Ryegrass). By selection, this can combine the
high nutritional quality of ryegrass with the improved
winter hardiness, persistence and stress tolerance

of fescue.

Bluegrass

In Ontario, two common bluegrasses, Canada

and Kentucky, grow on approximately 400,000

ha (1 million acres) of permanent pastureland. In
southern Ontario, the shallow-rooted bluegrasses
produce lush, palatable growth during the spring but
are unproductive during the dry, hot summer. When
properly fertilized and managed, bluegrass production
can be markedly improved, especially under the

cooler climate of northern Ontario. In pastures, they
withstand close, frequent grazing and tramping, and
re-establish themselves where other species thin out.

Species Selection

Soil conditions and management practices often
determine which forage species are most suitable. If
selecting a mixture, choose the legume first, followed
by the grasses, because legumes are often more sensitive
to drainage and pH. Soil conditions, such as slope or
stoniness, may make it desirable to seed a legume that
has long-term persistence. Figure 3—1, Soil drainage
requirements of forage species, provides information on
legume tolerance to various soil conditions.

Soil drainage

. Fair to | Very
Forage species | Excellent| Good | poor | poor

Alfalfa

Birdsfoot trefoil
Red clover

White clover
Alsike clover
Sweet clover
Bromegrass
Timothy

Reed canarygrass
Orchardgrass
Perennial ryegrass
Annual ryegrass
Tall fescue
Meadow fescue
Creeping red fescue
Meadow foxtail
Kentucky bluegrass

Figure 3-1. Soil drainage requirements
of forage species.
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Pure stands of legumes, such as alfalfa, are sometimes
grown, particularly by dairy producers providing high
nutrient quality haylage for their livestock. However,
alfalfa and other legumes are more commonly grown
in mixtures with one or more grasses. The major
advantages of a pure legume stand include:

* higher protein and energy levels of the feed

¢ a slower decline in nutritional quality with
advancing maturity

¢ little variation in quality from cut to cut

Unless well managed, potential disadvantages
of pure legume stands include:

* weedier stands

* complete loss of feed supply if winterkill is severe
* slower drying in the field

* increased lodging

¢ less palatable feed under some conditions

Grasses are grown in pure stands less often because
they are lower yielding without heavy applications

of nitrogen. For more information, see Fertility
Management (later in this chapter). Even with adequate
fertility, some grass species produce very low yields
under hot, dry midsummer conditions. However, for
horse hay or if soil conditions such as poor drainage
make mixtures with legumes impractical, pure grass
stands can be very productive with proper fertility
programs and species selection.

Choosing Species Mixtures

Grass Maturity at Harvest

When selecting the grass, a major consideration
should be the maturity of the grass at harvest. When
using early heading species such as most orchardgrass
varieties and reed canarygrass, harvesting must be early,
or quality and palatability suffer. If harvesting will be
later, a later-maturing grass such as timothy is more
suitable. Since there is a range in maturity among
different varieties within many species, consider
variety maturity as well.

Desired Grass-to-Legume Ratio

Consider the ratio of grass to legume desired in the
mixture. When a lower protein level is acceptable,
such as for beef cow, dairy heifer or horse hay, use a
higher grass seeding rate for more grass. Higher grass
rates tend to reduce weed invasions, particularly by
dandelions. If conditions for legume survival are
marginal, use higher grass rates for stand insurance.
More aggressive grasses, such as orchardgrass, will give
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more grass in the mixture than less aggressive species,
even when similar seeding rates are used.

How Many Cuts Are Planned

Timothy does not crowd alfalfa and under a three-cut
system often provides very little forage in second or
third cuts. Orchardgrass provides more midsummer
grass in alfalfa mixtures than timothy. If a strong
grass component is desired in the harvested forage,
particularly in second and third cuts, then use
orchardgrass, an aggressive grass that will crowd
alfalfa as the stand gets older. Bromegrass and reed
canarygrass are intermediate in aggressiveness between
timothy and orchardgrass, and do not grow well in
three- and four-cut systems.

Early or Later Harvest

Management can affect the competitiveness of grasses
with legumes. Late harvest, when grasses are in bloom,
favours the grasses relative to the legumes. This is
particularly true with reed canarygrass. Cut at the
boot-stage, reed canarygrass does not crowd legumes.
If reed canarygrass is allowed to fully head, it rapidly
takes over the stand. Prompt harvest at the grasses’
boot stage is particularly important in orchardgrass
and bromegrass or reed canarygrass mixtures. If this
is not possible or practical, then timothy is a more
suitable grass.

Variety Selection

All forage seed sold under a variety name must be labelled
“certified seed” and have a blue tag verifying that it is
the named variety. Certified seed must meet specific
requirements for germination and weed seed content.

Forage seed may also be sold as common seed or as a
brand. Common seed and brands may be blends of
different seed lots. They must also meet requirements
for germination and weed seed content, although the
standards are less rigorous than for certified seed. No
assurance of characteristics such as disease resistance
or hardiness is possible for common seed. Therefore,
the performance of stands established using common
seed or brands is unpredictable and will often vary
from year to year. The use of certified seed, rather than
brands or common seed, is strongly advised. Only by
planting certified varieties is it possible to know in
advance whether the seed planted will provide yield,
persistence, disease resistance and maturity. Consult
technical variety data from forage seed companies.

Table 3-2, Forage mixtures for stored feed and pasture,
summarizes the characteristics of the perennial forage
species and mixtures grown in Ontario.
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Table 3-2. Forage mixtures for stored feed and pasture

LEGEND: S = suggested

— = not suggested

Mixture: Seeding Rate? Best Suited for
Stored Managed Intensively
Feed Pasture Pastured | Specific Guidelines

Alfalfa (14 kg/ha) S — — Only on well-drained fields. Easier to cure as
silage than as hay. Harvest at proper stage
for high nutrient-quality feed.

Alfalfa (13 kg/ha) S — — Increase timothy up to 4 kg/ha for higher

+ timothy (1 kg/ha) grass content and easier curing. Timothy
gives stand insurance in areas prone to
alfalfa winterkill. For higher nutrient-quality
feed, harvest timothy at boot stage.

Alfalfa (11 kg/ha) S — — Retains quality with increasing maturity

+ bromegrass (9 kg/ha) better than orchardgrass or timothy mixtures.
Bromegrass can thicken stand over time
because of its rhizomes but does not
have good persistence under aggressive
cutting schedules.

Alfalfa (11 kg/ha) S — S Better midsummer production than timothy

+ orchardgrass (2 kg/ha) mixture. Select late orchardgrass and early
alfalfa varieties. Graze or cut early to maintain
quality and palatability. Percentage grass will
be higher in all cuts than with timothy
or bromegrass mixtures.

Alfalfa (9 kg/ha) S — S Suitable for hay/pasture combinations.

+ timothy (4 kg/ha)

+ bromegrass (9 kg/ha)

+ white clover (2 kg/ha)

Birdsfoot trefoil (9 kg/ha) S S — Use later-maturing timothy varieties.

+ timothy (2 kg/ha)

Birdsfoot trefoil (9 kg/ha) S S — For long-term stands and early production.

+ bromegrass (4 kg/ha) Graze early to reduce competition from
bromegrass. Good brome growth in fall.

Birdsfoot trefoil (8 kg/ha) — — S Good early and mid-season production. Graze

+ orchardgrass (4 kg/ha) down orchardgrass to reduce competition with
birdsfoot trefoil. Later-maturing orchardgrass
varieties are preferred.

Birdsfoot trefoil (8 kg/ha) S S S Good production throughout the season.

+ tall fescue? (10 kg/ha) Good tall fescue growth and quality in the fall.

Birdsfoot trefoil (8 kg/ha) — S — Good summer and fall production. Excellent

+ creeping red fescue (6 kg/ha) quality in fall.

Red clover (11 kg/ha) S — — Short-term haylage production or plowdown
crop.

Red clover (7 kg/ha) S — — Short-term haylage production. When clover

+ timothy (6 kg/ha) disappears, plow or fertilize with nitrogen to
maintain production.

White clover (2 kg/ha) — — S For pasture use where white clover is

+ orchardgrass (9 kg/ha) adapted. High fertility, adequate moisture
and good grazing management required for
top production. In dry areas, add alfalfa.

100 kg/ha = 90 Ib/acre

1 Under excellent conditions. For early seeding on a fine, firm seedbed, these rates may be reduced except where coated seed is used.

2 Use endophyte-free seed.
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Annual Forages

There are many options for annual forage crops. They
can be part of a planned cropping program or an
emergency remedy to provide feed when perennial
forage crops are winterkilled or in short supply. Annual
forages are a valuable source of hay, pasture or silage.
The largest annual crop used to provide forage in
Ontario is corn, which is harvested as corn silage. For
more information refer to the Haylage and Corn Silage
Harvest sections of this chapter.

Winter Cereals (Rye, Triticale)

Fall rye and winter triticale can provide a “double
crop” forage option by planting after the harvest of
many crops, including corn silage. Seeded in late
summer or fall, they can provide haylage harvested
in mid to late May, or can provide fall and early
spring grazing. After the cereals are completely killed
with glyphosate or tillage, they can be followed by
late-planted crops, such as soybeans or sorghum-
sudangrass. Nutritional quality, palatability and intake
drop very quickly at the heading stage, so the harvest
window is very narrow. Target harvest at the flag-leaf
or early-boot stage for high nutrient quality. Rye will
mature about 7-10 days earlier than triticale, which
enables earlier seeding of the following crop. Apply
nitrogen in the spring at green-up to increase yield
and crude protein.

Spring Cereals (Oats, Barley, Triticale, Wheat)
Spring cereals are very adaptable for forage production
as haylage, baleage or pasture. They are difficult to
dry for hay in Ontario. Oats, barley and spring wheat
are used extensively as companion crops for perennial
forage seedings. They should be harvested as forage
to improve the establishment of the perennial forage
seeding by removing them as competition. As a double-crop
option, spring cereals are sometimes seeded in August
following winter wheat or a spring cereal for an early
October harvest as silage or baleage.

Many find that an oat forage is the most palatable of
the cereals. Early spring planting promotes maximum
yields. Nitrogen fertilizer enhances vegetative growth,
yield and crude protein, and therefore 55 kg/ha

(50 Ib/acre) of nitrogen is suggested. Oats normally
require about 60 days of growth following germination
to reach the boot-stage. Forage quality drops quickly
after heading, so harvesting at the boot- to early-heading
stage will optimize feed value. Yield will increase as
plants mature, but feed quality drops dramatically.
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At the boot-stage, cereals are typically about 16%
crude protein (CP) and 54% neutral detergent
fibre NDF with very good fibre digestibility. More
information about forage production from spring
cereals can be found at fieldcropnews.com.

Cereal-Pea Mixtures

Field peas seeded in mixtures with cereals (oats, spring
triticale) will enhance feed nutrient quality. Pea mixtures
can increase protein levels and improve forage digestibility
assuming the peas make up at least 50% (by weight) of
the seed mixture. Adding peas will increase seed costs.
Forage pea varieties are preferred. Cereal-pea mixtures
may be used as a companion crop for seeding alfalfa but
should be harvested for silage. Mixtures of triticale and
peas usually have more peas in the harvested forage than
mixtures of oats and peas. This tends to increase quality
but makes wilting slower and increases the length of
time the crop must cure before ensiling. Cut as the
cereal is heading out, as the peas will just be starting

to pod. If seeded in late April, this growth stage will
typically occur around the last week of June. Cereal-pea
mixtures can be difficult to wilt and heavy stands can
lodge. When used as a companion crop, timely cutting,
wilting and removal from the field is important for
successful alfalfa establishment.

Westerwold and Italian Ryegrasses (Annual Ryegrass)
Ryegrasses are rapidly growing bunchgrasses that are
best adapted to cool, moist conditions, and perform
poorly in hot, dry weather. They are higher in nutrient
quality than other cool-season grasses at the same
maturity. Although sometimes lumped together as
“annual ryegrass”, Westerwold ryegrass and Italian
ryegrass are quite different.

1. Westerwold ryegrass is a true annual that will
produce stems and seed heads the year of seeding,
and will be winter-killed. Westerwold seed is
cheaper and is more commonly used as a cover
crop. The Westerwold varieties grow taller,
produce stems, and as a result, are easier to
harvest for dry hay. They should be cut before
or just at the heading stage, since feed quality
decreases rapidly after heading.

2. Italian ryegrass is actually a biennial that has
a vernalization requirement (exposure to
cold temperatures similar to winter wheat)
for flowering. The year it is seeded it remains
vegetative without a seed-head, producing a lush,
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leafy growth with exceptionally high forage quality.
When over wintered, it will form a seed-head

the following year, therefore harvest timing will
be important for forage quality. It can either be
spring seeded, or seeded in August. Although there
is some risk of winterkill, August seeded Italian
ryegrass can provide a late fall harvest and some
early season forage the following spring. A single
cut can be taken in May, after which the field is
replanted to corn silage, soybeans, edible beans

or sorghum-sudangrass. An alternative is to keep
taking multiple cuts every 4 weeks until the stand
becomes unproductive. Harvested correctly, fibre
digestibility (NDFd), palatability and intake are
exceptionally high, enabling higher forage diets
be fed to high producing dairy cows.

Warm-Season Annual Grasses

Members of the sorghum, sudangrass and millet families
are semi-arid, tropical, warm-season annual grasses.
They are very sensitive to frost in both spring and

fall and easily killed. Warm-season annual grasses are
sometimes considered in emergency forage situations
where alfalfa has winterkilled or when planting has been
delayed. They offer advantages over corn silage in that
they can be produced with conventional forage seeding
and harvesting equipment. They can be used in Ontario
for silage (chopped or baleage), green chop or pasture.
Sorghums and sudangrass are not reccommended as dry
hay because they are difficult to cure. Millet is usually
harvested as haylage, but with good drying conditions
can be made into hay. Millets are preferred over
sorghums in some pasture and green chop situations
because they do not contain prussic acid. Millets

and sorghums can be easily damaged by grazing and
therefore should be strip grazed.

Millets

The name “millet” has been given to numerous grass
species with small edible seeds. Most millet types,
including Japanese, proso, foxtail, barnyard, Koda,
finger and Teff, have short (0.3-1.2 m or 1-4 ft), slim
stalks. Pear] millet has thicker stalks that are over twice
as long (1.5-3 m or 5-10 ft). The millets commonly
used for forage in Ontario are pearl millet and Japanese
millet. With proper management, millets can produce
forage with very good quality. Millets have a smaller
stem than sorghums and slightly higher total digestible
nutrients (TDN) and protein levels.

Pearl Millet

Pearl millet grows with a mass of very fine fibrous
secondary roots and tillers. It exhibits drought tolerance
and prefers a lighter sand or sandy loam. Pear] millet
can be planted when there is no risk of frost and when
soil temperatures are 12°C or warmer. While the last
week of May or early June is typically the best time to
seed, planting can be delayed undil the first of July. The
suggested seeding rate is 810 kg/ha (7-9 Ib/acre) at a
0.5-1 cm (0.25-0.5 in.) planting depth. Growth habits
are similar to sorghum-sudan hybrids.

Quality and quantity of forage produced will be
determined by the stage of maturity when harvested.
For high feed quality, first-cut is usually ready about
55-60 days after planting, when it is still vegetative.
Second-cut is ready about 30—35 days later. Leaving
at least 10 cm (4 in.) of stubble will result in faster
regrowth, however, when grazing, about 15-20 cm

(6-8 in.) of stubble should be left for faster regrowth.

The general nitrogen guideline is similar to sorghum-sudan
hybrids, split half at planting and half following first-cut
if a second-cut is to be harvested. This split application of
nitrogen will optimize yield and quality. There are limited
weed control options for pear] millet. Refer o OMAFRA
Publication 75, Guide to Weed Control.

Sorghum Family

Members of the sorghum family used for forage
include forage sorghums, sudangrass and various
hybrids. There is considerable variability in agronomic
and nutritional quality traits among species, hybrids
and varieties.

Sorghum and Sorghum-Sudangrass

Forage sorghum and sorghum-sudangrass grow tall
and have the potential for high yields. Older forage
sorghum varieties were adapted to a high-yield, lower
forage-quality, single-cut harvest. Grain sorghums, also
called milo, are not suggested for forage production
due to low yields.

Newer forage sorghums have been developed to be
grown as short season, multiple-cut, high-quality
forage. Forage sorghums have fine fibrous secondary
roots and tillers, giving them good drought tolerance.
Forage sorghums will tolerate heavier soils better than
pearl millet. Optimum growth of these plants occurs
under hot, moist conditions.
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Planting forage sorghums should occur after the

risk of frost has past and soil temperatures are above
12°C, typically the last week of May or early June.
Seeding rates range from 22-44 kg/ha (20-40 b/
acre). Generally, higher seeding rates should be used
in narrow row widths and under poorer seeding
conditions. Seed dealers can recommend the seeding
rate for the specific variety. Planting depth should

be 2—4 c¢m (0.75-1.5 in.). Fertilize with phosphorus
and potash according to soil test. Suggested nitrogen
rates for sorghums are 23 kg/t (45 Ib/ton) of expected
forage dry matter yield per acre. A split application of
nitrogen, half at seeding and half after the first-cut,

will optimize yield and quality. For weed control, see
OMAFRA Publication 75, Guide to Weed Control.

The stage of maturity is the most important factor
influencing the quality and quantity of forage
produced. Typically, forage sorghums are ready for
harvesting 60—65 days after planting (late July or early
August) and a second cut will be ready 30-35 days
later. For faster regrowth, leave at least 10 cm (4 in.)
of stubble when cutting or 15-20 cm (6-8 in.) when
grazing. A one-cut silage system will greatly improve
yields but at the expense of feed quality. Feed quality
drops dramatically after heading,.

Forage sorghum and sorghum-sudan varieties with
brown midrib (BMR) characteristics have been
developed with significantly improved nutritional
quality. BMR is a genetic mutation that reduces
the amount of lignin, improving fibre digestibility,
digestible energy and intake. However, there may
be increased potential for less vigorous growth

and lodging.

Sudangrass

Sudangrass is used for pasture. It has pencil-size stems
and is palatable even after it heads out. Grazing should
be delayed until the crop reaches 45 cm (18 in.).
Under rotational grazing, the crop will remain
productive and succulent throughout the season.
Sudangrass can tolerate slightly wetter soils than

the other sorghum species, but grows best on
medium-to well-drained soils.

Prussic Acid Poisoning

Prussic acid (hydrogen cyanide, HCN) poisoning of
livestock is a potential concern if feeding sorghums
and sudangrass. Young or immature plants, plants
that have been exposed to frost, and plants suffering
from drought stress can contain a higher level of
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prussic acid. In general, sorghums are higher risk than
sundangrass, and sorghum-sudangrass is intermediate.
Some newer hybrid forage sorghums have been bred

to have lower levels of prussic acid. Prussic acid
poisoning is not a concern with millets. Silage can
contain prussic acid, which can escape into the air
during fermentation and when silage is moved and fed.
Growth from new shoots following a frost can be high
risk when pastured. To reduce the risk of prussic acid
poisoning:

* Do not pasture or green chop stands less than
45-60 cm (18-24 in.) tall.

* Do not ensile or green chop sorghum over 76 cm
(30 in.) tall for 3-5 days after a killing frost. Silage
should be completely fermented before feeding
(6—8 weeks).

* Immediately after a frost, remove the livestock from
the pasture until it has dried out (usually 6-7 days).
If new shoots develop, harvest the field as silage
rather than pasture.

* After a drought ending rain, do not graze animals
on new growth.

Nitrate Poisoning

Abnormally high nitrate (NO,) levels in forages can
result in the fatal poisoning of livestock and, if ensiled,
the formation of silo gas that puts humans at severe
risk. Of the various forages, sorghums, corn and cereals
can accumulate the highest levels of nitrates, forage
grasses accumulate intermediate levels, and legumes
accumulate levels low enough to rarely be considered
a problem. Nitrate poisoning is most commonly a
concern when corn silage is harvested within several
days of a rain that ends a severe dry period.

High nitrate levels are a potential problem under
abnormal growing conditions, such as:

« very high soil levels of nitrogen (i.e., excessive rates
of nitrogen fertilizer or manure or combinations of
these along with legume plowdown)

* a long drought, followed by rain (in this situation,
delay harvest for 10 days after rainfall, to allow
conversion of nitrates to protein)

* any condition that kills the leaves, while roots and
stems remain active and accumulate nitrates (such as
frost, hail and sometimes drought)

Fermentation will reduce the nitrate level in the
forage. Allow at least 3—5 weeks of fermentation before
feeding. Suspect feeds can be tested for nitrate levels.
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Note that when high nitrate forage is ensiled, deadly
nitrogen dioxide gas can be produced, so precautions

should always be taken. See Silo Gas later in this Chapter.

Forage Brassicas: Forage Rape, Kale and
Stubble Turnips

Forage rape, kale and stubble turnips are excellent crops
for providing high-quality pasture from September to
December. See Chapter 8, Managing for Healthy Soils,

Table 8-5, Characteristics of cover crops grown
in Ontario or OMAFRA Publication 19,
Pasture Production.

Table 3-3, Characteristics of annual forage crops in
Ontario, summarizes the characteristics of annual
forage crops grown in Ontario.

Table 3-3. Characteristics of annual forage crops in Ontario
Seeding Expected Yield
Annual Crop Use Date Seeding Rate N Rate Dry Matter Harvest Maturity
Oats haylage April-August 80-100 kg/ha 30-50 kg/ha 2.5-4.5 t/ha | Late-boot to
baleage early-head
pasture 5.5-8.5 t/ha | Heads-emerged to
soft-dough
Barley haylage April-June 100-125 kg/ha 40-70 kg/ha 2.5-5.5 t/ha | Late-boot to
baleage early-head
5.5-9.5 t/ha | Heads-emerged to
soft-dough
Oats + peas haylage April-June Oats or triticale: 20-30 kg/ha 2.5-5.0 t/ha | Late-boot to
or baleage 80-100 kg/ha early-head
Triticale + peas peas:
50-75 kg/ha 6.0-9.0 t/ha | Heads-emerged to
soft-dough
Fall rye haylage August— 90 kg/ha 55-80 kg/ha 5.-9.0 t/ha | Flag-leaf or boot-stage
Winter triticale baleage September in spring in May
pasture 1.0-1.5 t/ha | Graze 7 weeks
after seeding or
early spring
Soybeans haylage May-June 80-100 kg/ha None 6.0-9.0 t/ha | Lower leaf turns
yellow
Sudan grass pasture June 1-15 15-20 kg/ha 30-50 kg/ha 5.0-7.0t/ha | 45 cm (18 in.) in
height
Sorgum-sudan pasture June 1-15 15-20 kg/ha 50-100 kg/ha 8.0-12.0 t/ha | Boot or early heading
hybrids haylage
baleage
Forage sorghums haylage June 1-15 10-30 kg/ha 100 kg/ha 7.0-9.0 t/ha | Boot or early heading,
baleage (multiple-cut or>1m (3.3 ft)
pasture system)
Pearl millet haylage June 1-15 9-20 kg/ha 45-90 kg/ha 4.0-12.0 t/ha | Boot or early heading
baleage
pasture
hay
Forage rape pasture July 1-15 2-6 kg/ha 45-70 kg/ha 7.0-9.0 t/ha | 10-12 weeks
after seeding
Kale pasture June-July 2-6 kg/ha 45-70 kg/ha 9.0-12.0 t/ha | 10-15 weeks
after seeding
Stubble turnips pasture July 1-15 2-6 kg/ha 80-100 kg/ha 6.0-9.0 t/ha | 10-12 weeks
after seeding

100 kg/ha = 90 Ib/acre
1 t/ha = 0.45 ton/acre

continued on next page
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continued from previous page

Table 3-3. Characteristics of annual forage crops in Ontario

Seeding Expected Yield
Annual Crop Use Date Seeding Rate N Rate Dry Matter Harvest Maturity
Italian ryegrass haylage April-May 39-45 kg/ha 56 kg/ha 6-8.5 t/ha | 8 weeks after
baleage August each cut seeding or 35-45 cm
pasture (14-18 in.) growth
Westerwold ryegrass | haylage April-May 20-30 kg/ha 56 kg/ha 8.0-12.0 t/ha | Graze or cut 6-8
baleage each cut weeks after seeding
pasture
hay

100 kg/ha = 90 Ib/acre
1 t/ha = 0.45 ton/acre

Establishment (Planting)

The goal of forage establishment is a uniform stand
free of weeds that will grow quickly and vigorously to
provide high yields. When selecting a field, consider

whether it is suitable for the mixture you wish to plant.

Limitations such as low pH, poor drainage or weed
problems such as quackgrass, should be corrected prior
to seeding. Ideally, forage seedlings should be able to
emerge without a rainfall. The most critical factors

to a successful seeding include a firm seedbed and
proper seed placement.

Seedbed Preparation
The goal of seedbed preparation is:

* to produce a fine, firm, level seedbed that allows
good control of uniform seeding depth

* to leave a well packed seedbed with good
seed-to-soil contact

¢ to eliminate residue that may harm establishment

* to produce a smooth surface for future
harvesting operations

Forage seed is very small, making good seed-to-soil
contact essential for germination, particularly in dry
conditions. A loose, lumpy seedbed dries out quickly,
and lumps make the uniform emergence of young
seedlings difficult. A firm, level, clod-free seedbed is
very important for uniform seeding depth and good
seed-to-soil contact. Avoid creating a soft, flufly seedbed
by deep tillage. Using a spike-tooth harrow before the
drill will loosen the soil rather than pack it. Soil should
be firm enough at planting for a footprint to sink no
deeper than 9 mm (0.33 in.). If necessary, pack before
seeding in addition to packing after the drill.

Seeding Rates and Depth

The amount of seed suggested in Table 3-2, Forage
mixtures for stored feed and pasture and Table 3—4,
Guidelines for seeding rates for legume and pure grass
stands is intended for average to good conditions.
Under excellent management and favourable
conditions for establishment, these rates may be
reduced by up to 25%. When coated seed is used, do
not reduce these rates, because coated seed contains
fewer seeds per unit weight. Do not expect very high
seeding rates to compensate for poor conditions
(e.g., a rough seedbed, a heavy companion crop).

Seed size can vary between varieties and between
seed lots of the same variety. Seeder calibration can
help avoid over- or under-seeding. For additional
information see Table 3—4, Guidelines for seeding
rates for legume and pure grass stands.

As a rule of thumb, seeding depth for most forages
should be 6-12 mm (0.25-0.5 in.) on clay and loam
soils, and 12-18 mm (0.5-0.75 in.) on sandy soils.
Emergence declines rapidly if forage seeds are planted
more than 20 mm (0.75 in.) deep. Legume seed on
the soil surface may establish if moisture conditions
following seeding are ideal. Success of surface seeding
is much greater with late March to early April seedings
(including frost seeding) than in late April or May.
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Table 3-4. Guidelines for seeding rates for legume
and pure grass stands

LEGEND: — = not available

Species \ Seeding Rate \ Number of Seeds

Legume Species

Alfalfa 13 kg/ha 440,000 seeds/kg
(12 Ib/acre) (200,000 seeds/Ib)

Red clover 11 kg/ha 605,000 seeds/kg
(10 Ib/acre) (274,000 seeds/Ib)

White clover — | 1,760,000 seeds/kg
(798,000 seeds/Ib)

Birdsfoot trefoil 9 kg/ha 935,000 seeds/kg
(8 Ib/acre) (424,000 seeds/Ib)

Sweet clover 8-10 kg/ha 572,000 seeds/kg

(7-9 Ib/acre) (259,000 seeds/Ib)

Alsike — | 1,540,000 seeds/kg
(699,000 seeds/Ib)

Pure Grass Species?

Timothy 8-10 kg/ha | 2,706,000 seeds/kg
(7-9 Ib/acre) | (1,227,000 seeds/Ib)

Orchardgrass 8-10 kg/ha | 1,439,000 seeds/kg
(7-9 Ib/acre) (653,000 seeds/Ib)

Bromegrass 10-14 kg/ha 300,000 seeds/kg
(9-12.5 Ib/acre) (136,000 seeds/Ib)

Meadow & tall 9-11 kg/ha 506,000 seeds/kg

fescue (8-10 Ib/acre) (230,000 seeds/Ib)

Meadow fescue? 10-12 kg/ha 506,000 seeds/kg

(9-11 Ib/acre) (230,000 seeds/Ib)

Perennial 10-15 kg/ha 500,000 seeds/kg
ryegrass (9-13.5 Ib/acre) (227,000 seeds/Ib)
Reed 10-12 kg/ha | 1,173,000 seeds/kg
canarygrass (9-13.5 Ib/acre) (532,000 seeds/Ib)
Bluegrass — | 4,790,000 seeds/kg

(2,173,000 seeds/Ib)

1 For early seeding on a fine, firm seedbed, these rates may
be reduced by 25%, except where coated seed is being used.
2 Use coated seed. Seed through the grain seed box.

Seeding Equipment Options

Grain Drill

The grain drill with a small (or fine) seed attachment

is the most common method of seeding forages. The
standard small seed box will handle legume seeds and
smaller grass seeds, such as timothy and reed canarygrass,
and low amounts of orchardgrass and festuloliums. Some
drills have an additional large (or coarse) forage seed box
with an agitator that is designed to seed larger fluffier
seed, such as bromegrass and orchardgrass, that do not
flow well through the standard box.

When seeding forage using most conventional grain
drills, there should be a few seeds visible on the soil
surface, otherwise the placement may be too deep.

Where starter phosphate fertilizer can be applied
through the drill, align the drop pipes so that seed is
dropped in a row over the fertilizer placed by the disc
opener. Drop the seed behind the disc opener to allow
some soil to cover the fertilizer band before the seed

is dropped. Starter fertilizer provides an advantage
mainly where soil phosphorus fertility levels are low
to medium.

Packing the soil after planting results in more rapid
and even germination, particularly during dry weather
and on lighter soils. Press wheels help cover the forage
seeds and firm the soil around the seed. Alternately,

a packer can be pulled behind the drill, or packing
can occur as soon as possible after seeding to prevent
excessive moisture loss. Sprocket packers are preferable
over smooth rollers to avoid potential crusting and to
push any seed on the surface into the soil. A packer is
not advised if the soil is wet, particularly on clay loam
soils, where crusting can be a problem.

Air seeders or drills using a pneumatic delivery
system and openers provide a capacity to seed large
acreages quickly.

Packer Seeders

Packer seeders, such as Brillion seeders, can be used
successfully to seed forages. They are equipped with
both small (fine) and large (coarse) seed boxes, and two
rollers. The first roller firms, levels and grooves the soil.
The seed is then dropped on this surface. The second
roller covers the seed with soil and firms it around the
seed. Packer seeders do an excellent job of controlling
seed depth and firming the seedbed. Packer seeders do
not work as well on very hard ground or on a sandy
soil. They cannot band starter fertilizer the way some
drills can. This is a disadvantage mainly where soil
phosphorus fertility levels are in the medium to

low range.
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Broadcast Seeders

Broadcast seeders main advantage is increasing the
speed and capacity of seeding. Control of seeding
depth is a potential problem and packing is necessary
to cover the seed. Sprocket packers are preferred over
smooth rollers to press surface seed into the soil.

There are two types of broadcast seeders:

1. Seeders that use spinners can give uneven
distribution, particularly under windy conditions
or with seed mixtures containing light and heavy
seeds. This seeding method usually results in
inferior stands.

2. Air-flow boom seeders overcome the problems
of wind, seed segregation and spread pattern,
while still permitting very rapid seeding. An
alternate method mixes the forage seed with
Monoammonium Phosphate (MAP) for
immediate application using an air-flow
fertilizer spreader.

No-Till Drills

No-till seeding of forages has been quite successful
where the soil conditions following the previous crop
were smooth and level. Weed control, proper seed
placement utilizing depth control and use of packing
wheels are all important. Where surface residue is
heavy, slug damage to forage seedlings is a risk. Land
susceptible to erosion will benefit from increased
surface residue. However, seeding equipment must be
able to handle the increased residue left by reduced
tillage systems, without compromising seed placement
and adequate seed-to-soil contact. When the soil is too
wet, the no-till seed furrow may not close properly,
resulting in poor seed-to-soil contact.

Consider these guidelines when planting into no-till
or high residue conditions:

* Eliminate perennial weeds, including dandelions,
quackgrass, and winter annuals before seeding.
Control broadleaf annual weeds in new seedings
with a herbicide application.

* Ensure residue from the previous crop is evenly
distributed. Manage any excessive residue from the
previous crop to improve seed placement and to
prevent slug damage. No-till spring seedings into
soybean, cereal and corn silage stubble provide the
most reliable results.

* Seeding depth should be 6-12 mm (0.25-0.5 in.) on
clay and loam soils, and 12-18 mm (0.5-0.75 in.)
on sandy soils. Check that openers are placing seed
into the soil, rather than into surface residue.

Direct Seeding or Seeding With a
Companion Crop

Companion crops are sometimes also referred to as
“nurse crops”. Forage seeding under a companion
cereal crop (oats, triticale, barley) can suppress annual
grass weeds and provide rapid protection from erosion
on rolling land. The disadvantage of a companion crop
is that it competes with the forages for moisture, light
and fertility. If any of these items are deficient, the
forage seeding will suffer before the grain crop does.

Seeding forages without a companion crop removes
this potential threat to establishment. Direct-seeded
forage stands are often thicker and more uniform,
particularly with alfalfa birdsfoot trefoil and reed
canarygrass, which do not tolerate heavy shading.
Since a cereal forage crop is not competing for soil
moisture, direct seedings are less affected by June

or July dry periods.

Early spring direct seedings can be expected to provide
1-2 cuts of forage in the seeding year, yielding 50%—65%
of an established stand. Under ideal conditions, first-cut
can be harvested 60—70 days after seeding.

Direct seedings are more common in Ontario, where:

* fields have a lower risk of soil erosion

* good drainage allows early spring seeding

* rotational weed control is good

* uniformly high nutrient quality haylage is
required such as dairy farms

Direct seedings are not successful on all farms. Weed
competition can be a greater problem with direct
seeding than with underseeding a companion crop.
A cereal companion crop can provide some early
protection to fields that have a greater risk of water
erosion during the initial establishment period,
including lighter soils types with slope. Direct seedings
on heavier clay loam soils can require more skillful
seedbed preparation and seeding, where they, are
more vulnerable to crusting and seedling emergence
problems if heavy rains follow seeding.
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Harvesting the Companion Crop as Silage
Harvesting the companion cereal crop by combining
it as grain is not a preferred practice because it reduces
the establishment of the forage crop for the life of the
stand. Harvesting the cereal crop at the boot-stage as
haylage or baleage reduces the competition, enabling
better forage establishment while still providing
weed suppression and erosion control, and providing
additional forage. The companion crop is removed
before it lodges or competes excessively for light and
moisture. If the cereal crop is cut and lays in the
swath for an extended period while wilting, it has the
potential to damage the new forage seeding.

Although some producers use a full cereal seeding

rate and apply nitrogen to maximize forage yield, the
heavier growth can increase the risk of a less successful
forage establishment. Seeding at reduced rates (50%)
and avoiding N application usually improves the
forage establishment.

Oats are typically the preferred forage cereal. Although
rust is a potential concern, forage oats tend to out-yield
barley (especially in poorer conditions and later
seedings), with less cereal regrowth and heading in the
second-cut, and without the awns. Peas are sometimes
added to the cereals to improve forage nutrient quality.
This eliminates having the option of herbicide weed
control and can increase the risk of extended wilting
that may damage the forage seeding.

Match the stage of cereal at cutting to the livestock
nutritional requirements. For high feed quality, cereals
should be harvested at the boot stage. Delaying harvest
to the fully headed stage will increase yield but reduce
forage quality. Cereals can reach the boot stage in as
litcle as 60 days, so if seeded before the first week of
May they could be harvested in late June or early July.
With reasonable soil moisture following harvest, it is
quite possible to obtain another cut of forage during
August in areas with 2,800 crop heat units or more.

More information about forage production from
spring cereals can be found at fieldcropnews.com.

Harvesting the Companion Crop as Grain
Harvesting cereal grain that has been underseeded to
forage increases the risk of a less successful forage
stand. Although it provides a grain crop and straw
while the forage crop is being established, competition
from the cereal reduces forage establishment and
subsequent yields. Lodging of the cereal crop or

delayed baling of straw are also significant risks. The
primary purpose of the seeding is to establish the
forage, while grain and straw production are of
secondary importance. Where grain is harvested
from a companion crop, the following considerations
will help to reduce the potential damage to the new
forage seeding:

* Spring wheat and spring triticale generally provide
less competition to the forage seeding than oats or
barley. Six-row barley is preferable to two-row barley.

* As a general rule, select the strongest-strawed,
shortest and earliest grain variety in any species
for the least competition.

* Reduce the spring grain seeding rate to
60-70 kg/ha (54-62 Ib/acre).

* Reduce the nitrogen fertilizer (<15 kg N/ha
or 13 Ib/acre) or manure rate to minimize the
risk of a dense grain crop and of lodging.

Seeding Time

Spring Seeding

The most reliable time to seed forages is early spring,
regardless of whether the crop is direct-seeded or
seeded with a companion crop. With a spring seeding,
moisture is usually adequate, and the plants are well
established for winter survival. Plant as early as a
favourable seedbed can be prepared to increase the
chances of adequate moisture during the critical
germination and early growth period.

Summer Seeding

Summer seeding can be a viable alternative to spring
seeding. It has the advantage of providing a full yield
the following year. A summer seeding can typically
follow winter or spring cereal harvest. Companion
crops are not recommended in summer seedings
because they compete too strongly for available soil
moisture.

Seeding Date

Seeding too early in the summer increases the risk of
hot, dry conditions, affecting germination and seedling
development. Seeding too late increases the chance

of receiving a killing frost before legume seedlings are
adequately established to accumulate enough root
reserves to survive the winter. Legumes seeded after
early September rarely survive the winter, since small
legume plants are more susceptible to heaving. Even

if these plants survive, they will be slower starting and
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lower yielding. Alfalfa requires approximately 6 weeks
of growth after germination to survive the winter, and
will generally survive if the crown develops before a
killing frost.

Summer-seed alfalfa mixtures before the
following dates:

* more than 3,100 CHUs — August 10-20
* 2,700 to 3,100 CHUs — August 1-10
¢ less than 2,700 CHUs — July 20-30

Birdsfoot trefoil has slow seedling development, so
summer seedings are usually unsuccessful. Grasses can
tolerate later seedings. September seeding of straight
grasses may be successful, with the exception of reed
canarygrass, which is slow to establish.

Seedbed Preparation

Seed-to-soil contact is particularly important in dry
summer conditions. A loose, lumpy seedbed dries out
quickly. Packing can help preserve moisture. A fine
seedbed can be more difficult to prepare in August on
clay loam soils, compared to loams, sandy loams and
silt loams. Avoid summer seeding on heavier soils that
have a history of alfalfa heaving.

Weed Control and Volunteer Grain

Winter annual weeds can be a common problem in
summer seedings, and herbicide application may be
required. Refer to OMAFRA Publication 75, Guide to
Weed Control. Be cautious not to delay growth due to
a herbicide effect.

Volunteer grain can be a serious problem in summer
seedings following cereals, especially winter wheat,
because it may be thick and competitive. Oats or
barley will winterkill in November, but winter wheat
will be present until the first cut the following year.
Tillage and glyphosate can be used to reduce the
problem of volunteer cereals, but delay seeding.

No-Till

No-till summer seeding can be successful if proper
attention is paid to residue management, seed
placement and weed control. However, using
no-till to reseed an existing alfalfa field in August
is not recommended due to alfalfa autotoxicity,
slugs and disease that may exist in the old sod.
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Alfalfa Autotoxicity
Seeding alfalfa after alfalfa is high risk because

old stands of alfalfa release a toxin that reduces
germination, root development and growth of new
alfalfa seedlings. This is called autotoxicity. Roots
are swollen, curled, discoloured and lack root hairs.
The negative effects on root growth can significantly
impact yields for the life of the stand.

Reseeding alfalfa within 2—-3 weeks of killing an old
alfalfa stand will result in reduced germination and
thin stands. A longer delay will allow full stand
establishment, but because the toxins are present for
up to 6 months, the plants can permanently suffer
damage below ground that will limit yields for the life
of the stand. For maximum yields, if the alfalfa is 2

or more years old, an intervening year of an alternate
crop is required before reseeding to alfalfa.

The toxins from established alfalfa are not present
the first year in new seedings, so seeding failures or
new plants that were winterkilled can be reseeded
without an autotoxicity effect. This would include a
summer seeding into an unsuccessful spring seeding,
or a seeding in the spring following an unsuccessful
summer seeding or previous spring seeding.

It is not recommended that interseeding be done to
thicken an established alfalfa stand, as this is rarely
successful. New seedlings often germinate, look
acceptable early and then die out over the summer.

In emergency situations, thin spots can be interseeded
with red clover instead.

Frost Seeding Pastures

Broadcast-seeding legumes (clovers and trefoil) into
established pastures in late winter or early spring can
be an effective way of increasing the legume content in
a pasture stand. Broadcast the seed when the ground

is still frozen. The freeze thaw action of early spring
will help the seeds establish good soil contact. Pastures
should be aggressively grazed the previous fall to reduce
the competition from the established perennial species
in the pasture. Alfalfa and most grass species generally
have low to very low success rates when frost seeded.

Inoculation

For normal growth, all legumes must have nitrogen-
producing nodules on their root systems. These
nodules are produced by rhizobium bacteria.
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Legume species (alfalfa, clover, birdsfoot trefoil) require
their own specific strain of rhizobia Rhizobium for
proper nodulation. If a legume is being planted for
the first time in a field, the seed must be inoculated
with the proper strain of rhizobium bacteria before
planting. Pre-inoculated seed is satisfactory, provided
that the inoculant is applied in the current season.
Since the inoculant must be alive, note the expiry
date and handling precautions on the packet to ensure
effective nitrogen fixation. When a forage legume
species has routinely been grown in a field as part of
the rotation, these bacteria are usually present in the
soil and should result in good nodulation. The cost of
the rhizobia is low in comparison to the cost of seed.
If there is any doubt about the presence of rhizobia in
the soil, the seed should be inoculated.

Fertility Management

Nitrogen

Forage stands that are less than 50% legume have a
yield response to nitrogen (N) fertilizers. For nitrogen
guidelines, see Table 3—5, General nitrogen guidelines
— perennial forages.

Grass stands containing less than one-third legumes
require nitrogen to optimize yield. Where conditions
permit, it is generally more economical to grow
mixtures containing legumes. It can be profitable to
fertilize grass stands consisting of productive forage
grass species. Improved grass stands that are well
managed will respond well to additional nitrogen.
Suggested nitrogen rates for grass stands (less than
one-third legume) are 23 kg/t (45 Ib/ton) of expected
forage dry matter yield.

The use of nitrogen also increases the protein level in
the grass. Make the first application for hay or pasture
as early as possible in the spring at green-up, followed
by a second application after the first cut and a third
application after the second cut. To avoid the danger
of nitrate toxicity, apply no more than 170 kg/ha
(150 Ib/acre) of nitrogen at any one time.

Nitrogen deficiency in forages shows up as a general
yellowing and stunting of the plants. It may appear
in the lower parts of the plants first. In legumes, a
nitrogen deficiency usually indicates poor nodulation
and/or low soil pH.

Table 3-5. General nitrogen guidelines
— perennial forages

Crops \ Suggested Nitrogen
Legume or legume-grass at seeding

without a nurse crop 0 kg/ha
with a nurse crop 15 kg/ha
unimproved pasture 50 kg/ha
grass for seed 90 kg/ha
Hay or pasture

half or more legumes 0
one-third to one-half legumes 60 kg/ha
grass (less than one-third 23 kg/t
legumes) (45 Ib/ton) of expected

dry matter yield

100 kg/ha = 90 Ib/acre

Phosphate and Potash

Phosphate (P,0,) and potash (K,O) guidelines are given
in Table 3—6, Phosphate (P,0,) guidelines for forages and
Table 3-7, Potash (K,0) guidelines for forages. These
guidelines are based on OMAFRA-accredited soil tests
using the sufficiency approach which applies the most
economic rate of nutrients for a given crop year. For
information on the use of these tables or if an OMAFRA-
accredited soil test is unavailable, see Chapter 9,
Soil Fertility and Nutrient Use, Fertilizer Guidelines.

When direct-seeding on soils that require phosphate
fertilizer, establishment may be improved by the
placement of a high phosphate fertilizer 5 cm (2 in.)
directly below the seed. Using a grain drill with fertilizer
and grass seed attachments, this placement may be
accomplished by drilling the fertilizer through the furrow
opener and dropping the forage seed on a firm soil surface
directly behind the furrow opener. Usually it is advisable
to firm the soil surface immediately after seeding.

Potash may be more effective in promoting persistence
if it is applied within the 6 weeks before the start of
the fall rest period. Potash deficiency is visible in alfalfa
with symptoms of small, light dots on the leaflets.
These dots can be on any part of the leaflet but are
usually concentrated near the margins (Photo 3-1).
Potash deficiency symptoms in grasses and clovers are
less distinctive, but result in overall slow growth and
poor yield. However, high soil-potassium levels can
result in luxury consumption of potassium by alfalfa
and subsequent nutritional problems when fed to dairy
cows prior to calving. Potassium applications on soils
testing over 150 ppm will not significantly increase
winter hardiness and are not recommended.
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Phosphate, if required, may be applied with the potash
or at other times of the year. Phosphate deficiency
symptoms are rare and non-specific in forages, but a
shortage of phosphate may manifest itself as stunting
and poor winter survival of legumes.

Photo 3-1. Potash deficiency symptoms in grasses
and clovers are less distinctive, but result in overall
slow growth and poor yield.

Table 3-6. Phosphate (P,0,) guidelines for forages
Based on OMAFRA-accredited soil tests.

Profitable response to applied nutrients occurs when the increase in crop value, from increased yield or quality, is greater than the cost of the
applied nutrient.

Where manure is applied, reduce the fertilizer application according to the amount and quality of manure (Chapter 9, Manure section).

LEGEND: HR = high response MR = medium response LR = low response RR = rare response NR = no response
At Seeding
Sodium Bicarbonate With or Without a Band Seeded
Phosphorus Soil Test Nurse Crop Without a Nurse Crop1 Established Stands Unimproved Pasture
0-3 ppm 130 kg/ha (HR) 130 kg/ha (HR 180 kg/ha (HR) 70 kg/ha (HR)
4-5 ppm 110 kg/ha (HR) 110 kg/ha (HR) 120 kg/ha (HR) 60 kg/ha (HR)
6-7 ppm 90 kg/ha (HR) 90 kg/ha (HR) 90 kg/ha (HR) 50 kg/ha (HR)
8-9 ppm 70 kg/ha (HR) 70 kg/ha (HR) 60 kg/ha (HR) 30 kg/ha (HR)
10-12 ppm 50 kg/ha (MR) 50 kg/ha (MR) 30 kg/ha (MR) 20 kg/ha (MR)
13-15 ppm 30 kg/ha (MR) 40 kg/ha (MR) 20 kg/ha (MR) 20 kg/ha (MR)
16-20 ppm 20 kg/ha (MR) 30 kg/ha (MR) 0 (LR) 0 (LR)
21-25 ppm 20 kg/ha (MR) 20 kg/ha (MR) 0 (LR) 0 (LR)
26-30 ppm 0 (LR) 20 kg/ha (LR) 0 (RR) 0 (LR)
31-40 ppm 0 (LR) 20 kg/ha (LR) 0 (RR) 0 (RR)
41-50 ppm 0 (RR) 20 kg/ha (LR) 0 (RR) 0 (RR)
51-60 ppm 0 (RR) 0 (RR) 0 (RR) 0 (RR)
61 ppm + 0 (NR)? 0 (NR)? 0 (NR)? 0 (NR)?

100 kg/ha = 90 Ib/acre

1 For use only where seed is banded directly above the drilled fertilizer.
2 When the response rating for a nutrient is “NR,” application of phosphorus in fertilizer or manure may reduce forage yield or quality
and may increase the risk of magnesium deficiency.
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Table 3-7. Potash (K,0) guidelines for forages

Based on OMAFRA-accredited soil tests.

Profitable response to applied nutrients occurs when the increase in crop value, from increased yield or quality, is greater than the cost of the

applied nutrient.

Where manure is applied, reduce the fertilizer application according to the amount and quality of manure (Chapter 9, Manure section).

LEGEND: HR = high response

MR = medium response

LR = low response

RR = rare response

NR = no response

Ammonium Acetate Potassium At Seeding Summer or Fall Applications New
Soil Test With or Without a Nurse Crop Seedings and Established Stands
0-15 ppm 90 kg/ha (HR) 480 kg/ha (HR)
16-30 ppm 80 kg/ha (HR) 400 kg/ha (HR)
31-45 ppm 70 kg/ha (HR) 320 kg/ha (HR)
46-60 ppm 50 kg/ha (HR) 270 kg/ha (HR)
61-80 ppm 40 kg/ha (HR) 200 kg/ha (HR)
81-100 ppm 30 kg/ha (MR) 130 kg/ha (HR)
101-120 ppm 20 kg/ha (MR) 70 kg/ha (MR)
121-150 ppm 20 kg/ha (MR) 20 kg/ha (MR)
151-180 ppm 0 (LR) 0 (LR)
180-250 ppm 0 (RR) 0 (RR)
251 ppm + 0 (NR)! 0 (NR)*

100 kg/ha = 90 Ib/acre

1 When the response rating for a nutrient is “NR,” application of potash in fertilizer or manure may reduce forage yield or quality
and could increase the risk of milk fever in dry dairy cows. For example, potash application on soils low in magnesium may induce

magnesium deficiency.

Sulphur

Sulphur (S) deficiency is being observed more
frequently on alfalfa in Ontario with significant
reductions in yield. The appearance of sulphur
deficiency is similar to nitrogen deficiency with general
yellowing of the plants. Sulphur availability varies from
year to year according to temperature and rainfall.
Sulphur is similar to nitrate and can be leached below
the root zone. Sulphur in manure is in elemental, or a
more slowly available form of S. Sulphur deficiencies
are more likely to occur in northwestern Ontario, on
low organic matter soils, and soils that have not had a
manure application for several years. Tissue sampling
of alfalfa is a diagnostic tool used to predict whether
there will be a response to applying S, see Table 3-8,
Interpretation of plant analysis for alfalfa. If required,
apply 5 Ib/acre of S/ton of expected dry matter yield.
Sulphur must be in the sulphate form to be utilized
by plants, so application of sulphate-S provides a more
immediate yield response. Applying elemental-S
bulk, blended with other fertilizer, is a cost-effective
long-term method of providing S.

Micronutrients

Boron

Boron (B) is important for alfalfa, but application is
not required on all soils. A deficiency shows up mainly
on high-pH, sandy soils. Boron applications are often
advised on sandy soils and, in particular, the sandy
loam and loam soils in the area east of the Niagara
Escarpment up to and including Frontenac County.
Boron deficiency is seen most frequently on droughty
soils under dry conditions.

As boron deficiency becomes more visual, the
youngest upper leaves of the plant become yellow

to red in different plants (Photo 3-2). Growth

can be severely stunted and winter hardiness reduced.

Boron deficiency can usually be corrected or prevented
by an application of 1.0-2.0 kg/ha (0.9-1.8 Ib/acre) of

boron broadcast with the other fertilizer (e.g., potash).
Boron should not be banded at seeding.
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Photo 3-2. As boron deficiency becomes more
visual, the youngest upper leaves of the plant
become yellow to red in different plants.

Table 3-8. Interpretation of plant analysis
for alfalfa

Values apply to the plant cut at normal mowing height at the
late bud stage.

LEGEND: — = no data available
Maximum
Critical Normal

Nutrient Concentration® | Concentration?
Nitrogen (N) — 5.5%
Phosphorus (P) 0.20% 0.5%
Potassium (K) 1.70% 3.5%
Calcium (Ca) — 4.0%
Magnesium (Mg) 0.20% 1.0%
Sulphur (S) 0.22% —
Boron (B) 20.0 ppm 90.0 ppm
Copper (Cu) 5.0 ppm 30.0 ppm
Manganese (Mn) 20.0 ppm 100.0 ppm
Molybdenum (Mo) 0.5 ppm 5.0 ppm
Zinc (Zn) 10.0 ppm 70.0 ppm

1 Yield loss due to nutrient deficiency is expected with
nutrient concentrations at or below the “critical”
concentration.

2 Maximum normal concentrations are more than adequate
but do not necessarily cause toxicities.

Other Micronutrients
Deficiencies of copper, zinc or manganese have not
been observed in forages in Ontario.

Plant Analysis

While analyzing forage legumes, sample each species
separately. Cut the plant at normal mowing height
at the late bud stage, see Table 3-8, Interpretation of

plant analysis for alfalfa. Plants suspected of nutrient
deficiency, however, should be sampled as soon as the
problem appears. For sampling at times other than
heading, and for species other than alfalfa, samples
should be taken from both deficient and healthy areas
of the field for comparative purposes. A soil sample
should be taken from the same area and at the same
time as the plant sample.

Manure on Forages

Liquid manure applied to forage crops provides
significant nutrients N-P-K-S and micronutrients. It
also provides a seasonal convenience for application
and can improve forage yields and quality. Manure
application to grass or older grass-alfalfa stands provide
the largest benefit. A few key considerations include:

* Apply uniformly, as soon after harvest as possible,
and before regrowth. Tire traffic over new growth
will reduce yields. If soil conditions are wet, delay
application until after the next cut.

* Ideal application rates of liquid dairy manure
(between 33—45 m?/ha or 3,000—4,000 gal/acre)
provide approximately 56-50-100 kg/ha
(50-45-90 Ib/acre) of available N-P205-K20.

* Application of liquid manures that supply more
than 85 kg/ha (75 Ib/acre) as ammonium N
should be avoided on sunny, hot days to prevent
burn to new tissue.

* Average dairy manure (8% dry matter) nitrogen

composition is about 50% ammonia and 50%

organic nitrogen. Ammonia increases as dry

matter decreases and ammonia loss can be as

high as two-thirds of the ammonia portion of

the manure nitrogen. It is highest during the

24 hours after application and in areas where

higher rates have “pooled”. Rainfall after

application reduces ammonia loss.

Unless solid manure is of a consistency that allows

uniform thin application (no large clumps), there is

the potential for smothering. Moving solid bed-pack
manure from the barn to temporary field storage in
early spring helps improve manure composition for
more uniform spreading.

Avoid applying manure to fields where forage will be

made into baleage because high levels of butyric acid

can result. This is not an issue with haylage.

Feeding dry hay from a forage stand where manure

was applied can potentially spread Johne’s disease.

Avoid manure application to stands where forage will

be fed to young cattle (<1 year of age) in the same

s



growing season. Ensiling forages may reduce the risk
of spreading Johne’s disease.

¢ Sample the manure applied to forages and send for
analysis so that nutrients applied can be credited.

Liming

Legumes generally are not tolerant of acid soil
conditions. Alfalfa yields are very limited on low

pH soils, partially due to poor nodulation. Lime fields
to a pH of at least 6.7. Alfalfa yields drop dramatically
below this level. Lime reacts slowly with acid soils, so
they should be limed and incorporated 1 year before
seeding at rates indicated by soil tests, see Chapter 9,
Soil Fertility and Nutrient Use, Soil Acidity and
Liming. Applying lime to established stands is

not effective.

Harvest and Storage

Pasture Management

A well-managed pasture will provide an abundance of
low-cost forage for livestock. The key to good pasture
production is rest and recovery time for the pasture
after each grazing. To harvest the optimum amount of
forage and achieve the best livestock performance, use
a multi-paddock rotational system. Ideally, a pasture
will contain at least 35% legume in the forage being
consumed by the livestock. Soil drainage and texture
will influence the choice of forage species. Pastures with
less than 35% legume content will benefit from the
application of nitrogen at 50-75 kg/ha (4567 Ib/acre).
Timing should coincide with good growing conditions
and the need for more pasture. Use multiple
applications if applying a higher rate.

Rotational Grazing

Spring turn-out of livestock should be timed according
to the grass growth. Promptly graze early species, such
as orchard grass, or growth will become too mature.
Rotate the grazing fairly quickly. The faster the grass

is growing, the quicker the rotation should be. With
rotational grazing, it is important to gauge moving the
livestock based on the last paddock planned for grazing
in the rotation. In the early part of the growing season,
a complete rotation may take 20 days. Late in the season,
it may take 40 or more days for adequate re-growth
and recovery before re-entry into a paddock.

Bloat Management on Pasture

Legumes can cause bloat of ruminant livestock. The
younger the plant, the greater the risk to livestock. When
grazing pasture with greater than 50% legume, there
are a number of steps that will reduce the risk of bloat:

* Ensure the livestock have been well fed before they
enter the pasture.

* Move livestock when the pasture is dry, not early in
the morning with heavy dew or when wet with rain.

* Offer dry stemmy hay to assist rumen stimulation.

* Graze legumes when they’re in bloom.

* Consider using an anti-bloat feed additive,
such as poloxalene.

¢ Offer small areas at a time (equivalent to 1 day) to
encourage the livestock to eat the stems as well as
the bloat-causing leaves.

For more information on pasture management
see OMAFRA Publication 19, Pasture Production,
available on the website at ontario.ca/crops.

Forage Quality

The type of livestock being fed determines the appropriate
quality of forage harvested for storage. Match forage
quality to the nutritional requirements of the animal.
High-producing dairy cattle require quality feed that is
high in digestible energy and protein. The benchmark
alfalfa analysis for high-producing dairy cows is 20%
crude protein (CP), 30% acid detergent fibre (ADF)
and 40% neutral detergent fibre (NDF). High fibre
digestibility (NDFd) is also required. For a beef cow,
the most appropriate hay is more mature and higher
yielding, and is therefore lower in protein and
digestibility. Many horses have much lower nutritional
requirements, so owners prefer hay that is more mature
and contains more grass than is common in dairy hay.
Horses are sensitive to respiratory and colic issues, so it
is very important that horse hay be free of rain-damage,
mould and dust. The premium hay market also requires
hay to be green in appearance and entirely free of
weeds. The remainder of this section will use the term
“high nutrient quality” to mean high in protein and
digestible energy.

Laboratory analyses of forages are essential for accurate
ration formulation. The nutrient content of forages
varies greatly depending on the type, stage of maturity
at cutting and how well it is preserved.
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OMAFRA Factsheet, Definition of Feed Manufacturing
and Livestock Nutrition Terms, provides additional
guidance with interpreting forage analysis reports.

See ontario.ca/crops for more information.

Measuring Corn Silage Digestible Energy

Corn silage is unique since it consists of two very
different components — high moisture grain and stover.
High digestible energy is important to reduce the need
for supplemental grain. Lower neutral detergent fibre
(NDF) and increased fibre digestibilicy (NDFd) are

important for increasing intake, as well as energy.

Digestible energy of corn silage is primarily determined
by the relative amounts of starch and fibre (NDF)

and their digestibility. In the past, acid detergent fibre
(ADF) was used to estimate energy, and NDF was used
to estimate intake, but these measures alone do not
consider digestibility. Newer methods more accurately
estimate corn silage digestible energy using crude
protein (CP), NDF, NDFd, starch, ash and fat. Starch
digestibility can also be estimated using moisture,
kernel processing scores and other laboratory starch
digestibility tests.

Forage Harvest Timing

The timing of harvest is the most important
consideration when trying to produce high nutrient
quality forage. Forage crops decline in feeding value
as they mature. Once alfalfa buds appear, feeding
value declines about 0.2% per day in protein and
about 0.4% per day in digestibility, see Table 3-9,
Digestibility and protein of alfalfa and bromegrass at
various stages of maturity. There are some varietal
differences in maturity in alfalfa and grasses, which
provide an opportunity to stagger them for appropriate
harvest. Short delays in cutting result in significantly
lower forage nutrient quality. Finding a window of
dry weather can complicate things even further.

The timing of cutting is determined by the nutritional
requirements of the livestock being fed. Cutting
alfalfa at the pre-bud or early-bud stage will result in
reduced yields and may weaken the stand. Extremely
low fibre levels may result in nutritional problems.
With grasses, a compromise between yield and quality
typically occurs at the “boot stage.” There are varietal
differences in maturity within the forage grass species.
Early orchardgrass varieties begin to head the earliest,
usually followed by reed canarygrass, tall fescue,
smooth bromegrass, and then timothy. Late maturing
orchardgrass varieties head 2—3 weeks later than earlier
varieties. Delayed harvesting of forages will give higher
yields and greater plant persistence, but lower feed
quality. With a large acreage of forage, it is advisable to
start cutting earlier to ensure the later-cut material will
still have adequate quality.

Subsequent second and third cuttings of alfalfa may
be at intervals of approximately 30 days (mid-bud) to
40 days (early flower) or more, depending on whether
the goal is high quality or maximum persistence and
yield, see Forage Winterkill.

Predicting Alfalfa Quality in a Standing Crop
Methods being used to determine when to begin
cutting first-cut alfalfa include:

¢ the calendar date

* stage of development (mid-bud, full-bud, etc.)

* plant height

* growing degree days (GDD), see Chapter 10,
Field Scouting, Growing Degree Days

¢ Predictive Equations for Alfalfa Quality
(PEAQ) stage of development and height

* scissors-cut

¢ laboratory analysis

Table 3-9. Digestibility and protein of alfalfa and bromegrass at various stages of maturity

% Digestibility % Crude Protein
Stage of Maturity Date Alfalfa Bromegrass Alfalfa Bromegrass
medium bud June 4 72.6 73.8 21.5 13.4
early flower June 20 65.2 67.2 17.0 10.0
(heads emerged)
full flower June 30 62.1 60.6 16.2 6.7
early seed July 6 60.9 59.7 15.6 5.8
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Many dairy producers base cutting decisions using NDF
as the primary quality variable. For high-producing
dairy cows, optimum alfalfa NDF for intake and dietary
fibre is approximately 40%. With warm weather, NDF
can increase about 0.7 units per day, and therefore
nutrient quality can drop rapidly. Harvesting too early
reduces yield, limits dietary fibre with excessive soluble
crude protein. NDF can vary from one year to the next
by up to 10% when cutting is on the same calendar
date. The relationship between morphological stage,
such as early- or late-bud stage, and NDF can also be
quite variable. The PEAQ method combines stage of
development and stem height to estimate the NDF of
the alfalfa in a standing crop. A PEAQ stick incorporates
the NDF estimates onto an easy-to-read measuring
stick, which can be used in the field as a tool in making
cutting decisions. For details on how to use the PEAQ
system, see Predicting Alfalfa Quality Using PEAQ on
the OMAFRA website at ontario.ca/crops. The most
accurate method to monitor forage quality in a
standing crop, especially mixed alfalfa-grass stands,

is the scissor-cut analysis with a rapid turnaround

time offered by some laboratories.

Forage Harvesting Methods

The greatest amount of feed value is stored when

both field and storage losses are minimized. Storing
dry hay results in high field losses but relatively small
storage losses. On the other hand, storing forages as
haylage gives lower field losses but higher fermentation
and storage losses see Figure 3-2, Estimated hay and
haylage harvest and storage losses. Haylage and baleage
have the advantage of requiring a much shorter period
of suitably dry weather without rain. Dry hay has
the advantage that it can be easily transported and
marketed, while chopped haylage must be fed close to
where it is stored. Large bale haylage, or “baleage” has
the advantage that it can be harvested and fed with
already existing hay equipment, with the addition of
the wrapper. Baleage also comes with its own storage.
The trend is towards more haylage and baleage. With
large forage acreages, it is important for a producer to
have sufficient equipment capacity to cut, rake, bale
or chop a large quantity of forage when the weather
windows of opportunity present themselves.
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Figure 3-2. Estimated hay and haylage
harvest and storage losses.

Adapted from Hoglund, 1964

Fast wilting and drying is a key to successful hay and
haylage making. This minimizes respiration losses of
sugars and reduces the risk of rain-damage. In Ontario,
good haymaking periods without rain can be very
narrow. There is a constant challenge between getting
the hay dry enough to bale before the next rain, or
baling before the hay is quite dry enough and getting
mouldy, dusty hay. Losses from conditioning and
raking (excessive leaf loss) have to be balanced against
baling at too high a moisture or potential rain-damage.

Cutting and Conditioning

Disc mowers perform more dependably than sickle
mowers in situations where forage is lodged, or in very
thick grass stands. Disc mowers also can operate at
higher speeds and capacity, are easier to repair in the
field, but are usually more expensive.

Hay conditioners crush, crimp or flail the plant stems
and speed up drying. Faster drying reduces the risk of
hay being rained on and synchronizes the drying of
leaves and stems, which can reduce leaf shatter. Grasses
generally dry faster than legumes. Conditioners should
be maintained and adjusted to ensure the optimal
amount of conditioning. Refer to the operator’s manual.

Swaths should be left as wide as feasible after cutting in
order to speed drying time and minimize respiration
losses of sugars. A wide swath decreases forage density
and windrow humidity and increases the evaporative
surface exposed to sunshine. Many mower-conditioners
can be adjusted to widen the swath, or fins can be
used. A common alternate approach is to use a tedder
after cutting to spread the swath to the full width of
the mower.
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Photo 3-3. Swaths should be left as wide as
feasible after cutting to speed drying and reduce
respiration losses of sugars.

Dry Hay

Harvest Losses

There are a number of losses associated with the
production of dry hay. Since the leaves contain about
half of the dry matter and two-thirds of the protein,
leaf loss has significant impacts on yield and quality.

Respiration

Even after cutting, forages continue to respire and
consume sugars until the moisture content drops
sufficiently. Under relatively fast drying conditions,
these losses can be kept to a minimum: 2%-8% of
total dry matter (Photo 3-3). Under extended drying
conditions (low temperature, high humidity, etc.), the
plants take longer to dry down, and dry matter losses
as high as 16% have been measured.

Weathering

Rainfall on cut hay causes respiration and other
significant losses. Nutrients such as soluble sugars

are leached from the leaves, leaf loss increases, and
microbial growth begins. Rain-damage can be more
costly than what a laboratory analysis might indicate.
Highly digestible sugars are lost, and both digestible
energy and protein can be reduced. Weathering also
decreases palatability and the amount of hay the
animals will eat. Rain damage increases the amount
of mould on hay in the swath, which can make it less
palatable and unsuitable for the horse market.

Mechanical Losses

As forages cure, the leaves and small stems become
more brittle. Any mechanical operation, such as raking
or tedding, done on material having less than 40%

moisture causes leaf losses. Leaf losses increase as
moisture content declines. If possible, rake when hay is
moist. Leaf loss can be reduced by raking lower-moisture
hay in the morning while dew is still present, slowing
the speed of rotary rakes and turning a windrow with an
invertor or merger. Tedders are more commonly used
on grassier hay crops and can result in significant
alfalfa leaf loss at lower moistures. Losses at the baler
pick-up and in the baling chamber can be reduced by
raking light windrows together at higher moisture and
by traveling at maximum ground speed.

Potential Hay Harvesting Losses

The losses from haymaking that have been reported
in research trials are summarized in Table 3-10,
Potential haymaking losses.

Table 3-10. Potential haymaking losses

Source of Loss Loss of Dry Matter

Respiration 2%-16%
Cutting and conditioning 2%—5%
Raking 5%—25%
Baling small bales 3%—8%
Baling large bales 1%-15%
Transportation 1%-10%
Potential total loss 10%-71%

Raking and Swath Manipulation

Rotary rakes are considered the best to speed drying,
leaving a uniform, fluffy swath. Originally designed

to rake grasses, they can result in higher alfalfa leaf
loss if not used properly. Rakes should be adjusted to
minimize rotational speed relative to ground speed.
Height off the ground should be properly adjusted

so that the tines do not incorporate soil into the
windrow, resulting in high ash, dusty hay. Wheel rakes
can “rope” the windrow and do not leave the swath

as fluffy, uniform, and open as a rotary rake, and can
leave bunches that are slower to dry. Large wheel rakes
have high capacity and are useful at bringing together
multiple swaths into a single windrow in lower

yielding fields, or for chopping in a haylage program.

Tedders are similar to rotary rakes in design, but widen
the swath rather than narrowing it into a windrow.
They are often used soon after cutting to widen the
swath to full width without driving on it for faster
drying. At lower moistures (<50%) they are better
suited for grasses than alfalfa, where they may cause
significant leaf loss.

.-
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Reconditioners are also sometimes used to add
conditioning and to manipulate the swath to speed
drying. With hay that is almost, but not quite ready

to bale, it can often be difficult to get the bottom of
the swath to dry. To prevent leaf loss by raking this low
moisture forage, a windrow inverter or merger can be
used to more gently turn the swath upside down for
exposure to the sun and drying.

Storage Losses

Hay that is sufficiently dry and is stored off the ground
and under cover will normally experience minimal
storage losses. Hay baled before it is sufficiently dry is at
risk of significant spoilage due to the growth of mould
and bacteria. This microbial growth and respiration
metabolizes sugars in the hay and producing heat and
more moisture. This results in poor quality, mouldy,
dusty, less digestible, and less palatable hay. Heating
also results in the risk of spontaneous combustion. The
amount of potential damage to the hay is related to:

* percentage of moisture in the hay

* density of the bale and how tightly bales are
packed in storage

* storage ventilation

* temperature and humidity of the outside air

Dry hay storage moistures guidelines for various bale
types are outlined in Table 3—11, Storage moisture
guidelines and approximate bale weights.

Managing hay in storage to ensure continued dry
down is very important. When hay is baled and
placed into storage, moisture begins to migrate from
the high humidity conditions inside the bale to the
outside, in what many refer to as “sweating” or curing.
Allow moisture to dissipate as quickly as possible by
ensuring good storage ventilation. This can be done
by placing bales on skids or pallets and providing
some spacing between rows of bales. A small amount
of plant metabolism initially continues, producing
some heat and moisture. It is not unusual to see the
moisture in newly baled hay creep up a small amount
and hay temperatures increase up to 5°C from the
ambient temperature when it was baled. Eventually
temperatures and moistures should begin to decline.
If moistures and temperatures continue to climb,
there is significant microbial growth occurring. Use a
hay moisture and temperature probe to monitor for
potential heating.

Hay Heating and Spontaneous Combustion
Spontaneous heating and combustion occur when
sufficient moisture, oxygen and organic matter are
present together to support the growth of bacteria
and moulds. The reaction can be self-sustaining and
can ignite if high enough temperatures are reached.
Spontaneous combustion of hay usually occurs within
the first 2 months of storage.

Table 3-11. Storage moisture guidelines and approximate bale weights

Approximate Bale

Bale Type Bale Size Storage Moisture Weights (as fed)*
Small square bales ~0.9mx0.38mx0.45m 15%-18% 22-35 kg
(~3 ftx 1.25 ft x 1.5 ft) (50-75 Ib)
Large round bales 1.2mx1.5m 13%-16% 180-275 kg
— soft core (4 ft x 5ft) (400-600 Ib)
Large round-bales 1.2mx1.5m 12%-15% 385-408 kg
— hard core (4 ft x 5 ft) (~850-900 Ib)
Large round-bales 1.5mx1.8m 12%-15% 690-910 kg
— hard core (5 ft x 6 ft) (~1,500-2,000 Ib)
Large square bales 0.9mMx0.9mx2.1m 12%-15% ~ 50 kg/linear m
(3ftx3ftx7ft) (~110 Ib/linear ft)
Large round baleage 1.2mx1.2m 55% 545 kg
(4 ft x 4 ft) (1,200 Ib)
Large round baleage 1.2mx1.5m 55% 690-910 kg
(4 ft x 5 ft) (1,500 Ib)

Source: Clarke and Stone, OMAFRA, 2016.

1 Bale weights will vary with moisture, density and grass-vs.-alfalfa content.
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Usually, the first indication that the hay may be hot

is the release of an odour similar to pipe tobacco and
possibly steam rising from the mow. Hay temperatures
can be monitored by using an electronic temperature/
moisture probe. The following temperature guidelines
can be used for monitoring hay mows:

* 65°C — Entering the danger zone. Take
temperatures daily.

¢ 70°C — Danger! Inspect every 4 hours to
see if the temperature is rising.

* 80°C — Fire pockets may form. Call the
fire department.

* 100°C — Ciritical! In the presence of oxygen,
ignition will take place.

See the OMAFRA Publication 837 Reducing the
Risk of Fires on Your Farm at ontario.cal/crops for
more information.

Propionate Hay Preservatives

In order to manage the risks of rain-damage or
mouldy hay resulting from hay that is baled before

it is sufficiently dry, many hay producers are using
commercially available buffered propionate (propionic
acid) products. Getting that last increment of drying
required is often difficult. Preservatives are particularly
useful with higher density bales, such as large squares,
that need to be drier at baling to avoid mould growth.

Propionate inhibits aerobic mould growth and subsequent
heating while the bales “sweat’ and “cure” down to safe
moisture levels by dissipation and evaporation. Propionate
hay preservatives should not be confused with enzyme,
bacterial inoculant or nutritive additive products,
which differ in modes of action and effectiveness. Hay
preservative products are registered by the Canadian
Food Inspection Agency (CFIA). Be sure to read the
label, and follow application rates and directions.
Propionate hay preservative products are now buffered
to a pH of approximately 6.0, making them safer to
use than the original unbuffered products. Products
may also include acetic or citric acids. Treated hay is
safe to feed to livestock. Propionate and acetate are
organic acids that are also produced by microbes in the
rumen (and the cecum and colon of horses) and then
used by the animal as part of the digestion process.

Propionate preservative is sprayed onto hay as it enters
the baler. Basic application systems include a tank, pump
and nozzles. Adequate application rates according to
moisture and bale type, and uniform coverage are

96

important. The moisture content at baling determines
the amount of preservative required, so it is important
that moisture content be measured accurately. There
can be large moisture differences within a swath. This
variation can lead to pockets of wet material that will
be inadequately treated. In manual systems, hand-held
moisture probes may not be accurate enough to fine
tune the moisture variability and amount of preservative
needed, so adjust the rate to maximum rather than
average moisture content. Automated computerized
application systems are available that include in-chamber
moisture sensors that automatically adjust application
rates. These systems are common on newer large square
balers. Proper indoor storage (off the ground on pallets
or a layer of old hay with adequate ventilation) is
critical to allow moisture to quickly dissipate out of
propionate treated bales while in storage.

Hay Storage

As land value and production costs of haymaking go
up and the price of hay increases, it is becoming
increasingly important to preserve the hay value by
using proper hay storage. Spoilage losses of hay stored
outside on the ground are staggering. If the capital cost
of a hay storage structure is amortized over 15-20 years,
the added cost of production is typically much less
than the potential losses from improper storage. Even
when hay bales are placed inside, directly on concrete
or gravel floors, they will spoil as moisture condenses
on the bottom. Bales should be stored off the ground,
by placing them on pallets, old hay, etc.

Tarping large round bales outside that are off the
ground will reduce spoilage losses compared to having
no protection at all. Ina 1.5 m (5 ft) round bale,
19% of the hay is in the outside 8 cm (3 in.) and 36%
in the outside 15 cm (6 in.). Bales placed directly on
the ground will absorb moisture and spoil significantly.
Bales should be kept off the ground by placing them
on pallets, crushed rock, etc. Situate outside storage
on a well-drained site. Bale tarps can be notoriously
difficult to keep in place in stormy weather. In addition,
after baling, insufficient ventilation under the tarp
prevents humidity from escaping and can slow and
impair curing. To prevent spoilage, large and small
square bales should be stored inside a structure.

Remove bales from fields quickly to prevent damage
from rainfall, absorbing moisture from the ground, and
to minimize traffic damage to forage regrowth from
machinery. To preserve quality, large square bales should
be moved from the field the same day they are made.
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Feeding Losses

Feeding losses of dry hay can be quite significant, with
losses greater than 50% when hay is fed to cattle on
the ground without a feeder. Cone and ring feeders
have less waste than trailer or cradle feeders. Balers
with pre-chamber cutting knives reduce feeding waste
as less hay is pulled out of the feeder and trampled. As
hay production costs increase, properly designed hay
feeders that reduce waste can easily pay for themselves.

Horse Hay

The quality parameters for horse hay are quite different
than for hay produced for cattle and sheep. Many horse
owners determine the quality of hay primarily by a
green colour that indicates the hay dried quickly and
is free of mould, dust and weeds. Hay that is not
adequately dry at baling will mould, which results

in dusty hay that can cause significant respiratory
problems in horses, as well as a risk of colic. Quality
horse hay should not have been rained upon. Most
horses do not require hay with high protein content,
and many recreational horses have low energy
requirements. A timothy-alfalfa mix is common.
Horse hay can often be harvested later in the haying
season when the plants are more mature, giving
some flexibility in haying with less chance of being
rained upon.

There is good market for horse hay in small square
bales, as many horse owners do not have the equipment
to handle large bales. There is also a quickly growing
market for horse hay in large square bales for both
domestic and export markets. Making quality horse
hay in large square bales requires skills to ensure it

is baled and stored dry enough to avoid mould and
retain a green colour, but provides the advantage in
increased capacity to produce much more volume of
hay when the weather is suitable. More information
on horse hay is available on the OMAFRA website

at ontario.ca/crops.

Baleage (Large-Bale Haylage)

Large-bale haylage, or “baleage,” produces a long-stem
haylage by baling at higher moistures and wrapping
the bales in plastic to make them anaerobic. While
extra care is required to avoid mouldy feed, it is a
flexible option for storing excellent-quality forage.
Made correctly, baleage can be a very high nutrient
quality, and palatable feed. By making baleage, a
forage producer can be more aggressive and consistent
in cutting schedules because it reduces the risk of

rain-damage within shorter harvest windows. Many
producers use baleage as their main storage system,
but it can also be a flexible second system when the
weather doesn’t permit adequate drying or when the silos
are full. Baleage makes use of existing hay equipment,
such as large round and large square balers, and bale
feeders. Heavier equipment and four-wheel-drive tractors
may be required when handling the heavier bales.

The cost and disposal of the plastic are necessary
considerations. The cost can usually be justified by the
higher energy and protein value of the stored forage,
reduced harvest losses, and the value of not requiring
additional storage. Many municipalities offer bale
wrap recycling programs. See the OMAFRA Factsheet
Recycling Farm Plastic Films at ontario.ca/crops.

With baleage, there is less or incomplete fermentation
relative to chopped haylage, and it does not have as
low of a pH (a less acid environment). To prevent
mould and spoilage, baleage relies on more of the
forage being kept anaerobic (no oxygen) and requires
covering it with adequate plastic. This results in less
stable silage than conventional haylage. Storage time
and length of time the bales are exposed to oxygen
before feed-out should be adjusted to conditions.

Successful use of baleage involves the following
management practices:

* Make firm, dense, uniform bales. Large squares are
usually denser than rounds. Balers equipped with
pre-chamber cutting knives produce bales that
are denser.

* Bale at 40%—55% moisture. Too dry is preferable
to too wet. Lower moisture baleage (25%-35%
moisture) can work, particularly with large square
bales, but are at a greater potential risk of spoilage.
It is essential that bales are covered with additional
plastic and kept “air tight”.

* Use enough plastic! Bales should be wrapped
air-tight with a least 6 mils of plastic film. To
ensure against tears, 8 mils or more is preferable,
particularly with drier baleage.

* Wrap round bales within 2 hours of baling on
hot days and within 4-12 hours at cooler
temperatures. Large square bales are more
forgiving of later wrapping.

* Avoid using hay that was rained on.

¢ Do not incorporate soil into the windrow by
raking in contact with the ground. This can
contaminate the forage with Clostridia bacteria
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that will negatively affect fermentation. Avoid
fields where manure has been applied since the
previous cut.

* Avoid mature hay with low sugar content.

* Early-cut grass is typically easier to make into
baleage than alfalfa.

* Be sure to monitor and repair all tears and holes
in the plastic.

Haylage and Corn Silage

Storing forage as hay-crop silage or “haylage,”
has advantages over storing it as hay. These
advantages include:

* lower harvest losses

* greater capacity for a faster harvest of more acres

¢ less dependence on good drying conditions, which
allows the crop to be cut at the desired maturity

Corn silage is a popular forage crop due to
yield, palatability, high-energy density and

single harvest convenience.

Silage Crop Storage Types

The most common types of silage storage are:

* vertical (tower) silos: conventional, oxygen
limiting (sealed)

* horizontal silos: bunker, piles, silage bags

¢ large bale haylage (baleage)

When to Harvest Corn Silage

Harvesting corn silage at the correct moisture is critical
for feed quality. The best livestock performance and
corn silage fermentation usually occur when whole
plant moisture is 65%—70%. This corresponds well

to horizontal and bag silos, but silage may have to be
somewhat drier in tower silos to prevent seepage, see
Maintain Correct Moisture Content.

Kernel Milk Line

The kernel “milk line” has been used in the past to
determine when to harvest corn silage, but this method
has limitations. The technique involves breaking a cob
in half and looking at the kernels. After denting (0%
milk line), a whitish line can be seen on the kernels.
This line is where the solid and liquid parts of the
kernel are separated while maturing and drying. This
line will progress from the outer edge of the kernel to
the cob. When this milk line reaches the cob (100%
milk line), a black layer is visible. The traditional

standard has been to harvest between one-half to
two-thirds milk line.

Corn plants severely stressed by dry weather without
cobs do not have kernel milk lines to use as estimates,
but are typically much higher moisture than they
appear. Similarly, it can be difficult to accurately
estimate whole-plant moisture from kernel milk lines
in frost-damaged corn. Hybrid differences also affect
the accuracy of using kernel milk line to estimate
moisture level. Corn hybrids have varying degrees of
“stay-green” characteristic. More stay-green means there
is faster grain dry-down relative to stover dry-down.
This is desired in a grain hybrid, because, as the grain
dries, the stalk stays green and healthy, and is less
likely to have broken stalks and lodge in late season.
Some hybrids are designed only for use in silage and
have less stay-green, so that the grain will have higher
moisture relative to the whole plant. In other words,
hybrids with higher stay-green ratings will have milk
lines that are more advanced relative to whole plant
moistures. Silage-only hybrids that have less stay-green
characteristic will likely be ready to harvest at a less
advanced milk line. Check with your seed company
representative for historic milk line reccommendations
for estimating moisture levels in a given hybrid.

Measuring Percent Moisture

The most accurate method of determining when
to harvest silage corn is to directly measure the
moisture content.

1. Sample at least 10 plants from the field, avoiding
the headlands. Watch for moisture variability
within fields.

2. Chop a sample using a harvester or yard chipper.
The finer the sample is chopped, the easier it will
be to dry and the more accurate the result.

3. Use a commercial forage moisture tester,
microwave or laboratory to determine the
percentage of dry matter. Moisture testers and
microwaves may not remove all the residual
moisture in the sample and may underestimate
the moisture level by about 2%-3%. The most
accurate option is to send a sample overnight
delivery to a forage laboratory for oven drying.

Shortly after denting, when the milk line is about
20%, whole plant moisture can be determined.
In a typical year, corn silage at this stage dries
approximately 0.5% per day. Therefore, if the
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sample was 70% moisture, and 65% moisture is the
target, harvest should be done about 10 days after the
corn was sampled. In dry years, the drying rate will
be more rapid; in wetter years, the drying rate will

be slower. Moistures can be checked again closer to
harvest if necessary.

Calculating approximate days to reach target
moisture: 70% current moisture — 65% target
moisture = 5% + 0.5% drying/day = 10 days

Silage Fermentation

When forage is first put into a silo, conditions are aerobic
(oxygen is present in the silage). Plant respiration and
aerobic bacteria convert carbohydrates into carbon
dioxide, water and heat, and use up the oxygen present.

This phase should be as short as possible.

The silage then becomes anaerobic (without oxygen).
The growth of anaerobic bacteria ferments sugars to
organic acids (primarily lactic and acetic acid) and
other products, including carbon dioxide, heat and
water. This biological conversion from fresh plant
material to fermented silage also results in the “shrink”
or fermentation losses of dry matter and energy. A fast,
efficient fermentation that is dominated by lactic acid
bacteria (LAB) producing primarily lactic acid, reduces
these losses to a minimum. In 2—4 weeks, the silage
reaches a stable pH of 3.8-4.5, and all bacterial and
enzymatic activity stops. Once this stable pH has been
reached, further breakdown of nutrients and spoilage
is prevented, and the silage will keep for extended
periods of time, provided air (specifically oxygen)

is excluded.

Silage Storage Losses

Respiration Losses

When plants are harvested and ensiled, the plant cell
respiration continues, resulting in a breakdown of
sugars and other carbohydrates. Faster wilting and
silo filling minimizes these losses.

Fermentation Losses

Good silage management is aimed at minimizing
this potentially significant loss in dry matter and
energy, commonly known as “shrink”. This reduces
both yield and nutrient quality. A poor or extended
fermentation results from the following factors and
will increase losses:

* slow filling

* poor packing

* poor covering

* improper harvest moisture, or

e lack of a suitable LAB inoculant

Seepage Losses

When excessively wet material is put into a silo,
moisture can “squeeze” from the silage. The seepage
carries sugars and other nutrients out of the silo. In
addition, seepage can lead to excessive corrosion of
the silo walls and result in the possible collapse of the
silo. Silo seepage can also lead to fish kills if it enters
a watercourse, see the OMAFRA Factsheet, How to
Handle Seepage From Farm Silos at ontario.ca/crops.

Heating

Heating causes plant sugars and proteins to combine
and form indigestible compounds. This results in

a “toasting” or browning of the silage and reduced
protein digestibility. In extreme cases, because the
silage is too dry or a continuous supply of air is getting
into the silage, spontaneous combustion can lead to a
silo fire. Such fires can happen at any time of the year
and are almost impossible to extinguish.

Surface Spoilage

Covering and sealing horizontal silos quickly is
essential to avoid spoilage and dry matter loss from
both oxygen exposure (the growth of yeast, moulds
and aerobic bacteria) and rainfall that washes organic
acids and soluble nutrients from the silage. Dry matter
losses can be 30% or more with an uncovered silo.

Feed-Out Losses

When a silo is opened to remove feed, there can

be significant further losses of dry matter and feed
nutrient value, as well as spoiled feed. These losses are
caused by moulds and yeast that become active in the
silage when it is again exposed to oxygen. Secondary
losses can occur at the silo surface and in the bunk
while being fed. Minimizing the time exposed to
oxygen by proper face management and feed-out
rates is important.

Recommended Silage Management Practices
Maintain Correct Moisture Content

* conventional upright silos: 60%—65%

* horizontal silos: 60%—-70%

* oxygen-limiting silos: 50%—-60%

* bag silos: 60%-70%

* wrapped large bale haylage: 40%-55%
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Quickly Fill and Pack Horizontal Silos

Silage that is too dry will result in poor packing and
air exclusion, poor fermentation and the production
of heat. Silage harvested at moisture percentages
greater than 70% can result in seepage and an
undesirable clostridia fermentation that results in
butyric acid formation, high dry matter losses and
poor feed quality, palatability and intake potential.

Use Proper Length-of-Cut

Fine chopping helps to exclude air by allowing tighter
packing density, but must be balanced with proper
physically effective fibre (peNDF) for proper rumen
function requirements. The actual particle length will
be different from the theoretical length-of-cut (TLC)
and can be checked with a particle length separator.

With haylage, a 10 mm (0.4 in.) TLC is generally
suggested. Low moisture silage may require a shorter
TLC to ensure adequate packing. The length of cut
is often more critical with horizontal silos, although
it is still important with upright and sealed silos.
Harvester blades must be sharp and correctly set.
Chopping too fine does not improve packing,
requires more horsepower and low peNDF can
result in nutritional problems.

Corn silage “kernel processors” use rollers attached
to the chopper to break cobs, crack kernels and shred
stalks. The TLC suggested with processors is 19 mm
(0.75 in.) rather than 10 mm (0.4 in.) without a
processor. Processors are especially beneficial in
increasing starch digestibility in relatively dry,
hard-kernel, textured corn.

Packing is typically the weakest link in bunker silo
management. Dense packing reduces dry matter
losses, yeast and mould growth, heating problems
and storage costs. Packing density goals are at least
272 kg/m? (17 Ib/ft’) dry matter for corn silage and
at least 240 kg/m? (15 Ib/ft’) for haylage.

Filling silos as rapidly as possible reduces silage
exposure to air and rainfall. Bunker silos should be
filled from back to front so that a “progressive wedge
shape” (1:4 slope) is created, rather than filling from
bottom to top. Pack in thin layers of no more than

15 c¢m (6 in.) in order to get good air exclusion and
high silage density. Sufficient tractor weight and packing
time are critical. This may mean using a larger tractor,
or adding more packing tractors to increase packing
time per tonne. Be sure to take precautions to prevent
tractor rollovers.
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Seal Silos Well

Covering and sealing with UV-protected silage grade
6 mil-8 mil white plastic is essential in horizontal
silos. The plastic should be held firmly in place to
keep air from moving under the plastic into the silage.
Avoid situations where plastic flaps and acts like a
bellows to increase air circulation over the surface
rather than excluding it. Old tires (split) placed closely
together (touching) work very well. An alternative is a
commercially available system of nylon bags filled with
sand or gravel. Sealing the plastic edges can be done
with soil, aglime or sandbags. Don’t put sandbags on
the wall, because with “shrink” there will be an air gap
under the plastic.

Photo 3-4. Covering and sealing silage from air and
water helps reduce silage spoilage.

It is important to prevent rainfall runoff from flowing
between the silage and bunker walls. Silage at the
bottom corners of the pile and against the wall is often
too wet, resulting in butyric acid that results in poor
palatability, high spoilage losses and subclinical ketosis
in dairy cows. Shape the pile and place plastic so that
rainfall runs off and away from the silage, rather than
down the walls.

Allow Complete Fermentation

Silage fermentation requires a minimum of 3 weeks
or more. To ensure silage stability and maximize feed
bunk life, do not feed out of the silo until this process
is complete.

Feed Out Quickly to Minimize Spoilage

The re-exposure of the silage to air at feed-out can
result in the growth of moulds, yeast and aerobic
bacteria. Slower feed-out rates increase the likelihood
of aerobic spoilage. During hot, humid weather,
larger feed-out rates are required to stay ahead of the
spoilage. Size silos accordingly. Empty tower silos at a
rate of at least 5 cm (2 in.) per day in winter and
7-10 cm (2.75—4 in.) per day in summer. Horizontal
silos should be fed out at a minimum rate of 10—15 cm



(4-6 in.) per day, depending on the season. Feed-out
rates may have to be twice that in hot summer weather
to avoid significant spoilage. Feeding mouldy silage is
not recommended because it reduces intake and can
cause nutritional problems.

Manage Silage Face to Minimize Spoilage

The silage face should remain tight and smooth to
limit the penetration of air. Block cutters or shear
buckets are excellent options. Avoid fracturing the silo
face by running at it with a front-end loader and using
a lifting action. Minimize fracturing by scraping down
the face with the front-end loader and allowing the
silage to fall to the floor. Uncover and loosen only as
much silage as is required.

Silage Inoculants

Silage inoculants are used to manipulate and enhance
fermentation in haylage (alfalfa, grass, cereals), corn
silage and high moisture corn. These inoculants contain
“homofermentative” lactic acid producing bacteria
(LAB) and other bacteria, such as Lactobacillus buchneri.
The goals are faster, more efficient fermentation with
reduced fermentation losses, improved forage quality
and palatability, longer bunk life, and improvements
in animal performance.

Species and specific strains of bacteria in commercial
inoculants have been selected to grow rapidly and
efficiently, increasing the fermentation rate with a
more rapid decline in pH. Reduced fermentation losses
are the result of a more efficient fermentation to lactic
acid, with less acetic acid and ethanol, and less carbon
dioxide produced that is lost to the environment.
Assuming that if fermentation dry matter losses are
reduced by a modest 3%, an inoculant could easily
pay for itself by reduced shrink alone, before potential
improvement in animal performance and bunk life are
even considered.

LAB inoculants are typically more successful in alfalfa
and grass silage, than in corn silage. Corn silage has
a higher sugar content and lower buffering capacity,
allowing an easier fermentation. While most corn
plants at harvest time are covered in naturally
occurring LAB, corn silage harvested after a killing
frost should benefit from using an inoculant.

Corn silage inoculants containing both LAB and
Lactobacillus buchneri are “heterofermentative.” These
produce lactic acid earlier in the fermentation to reduce
fermentation losses, and then acetic acid later in the

fermentation to improve aerobic stability by staying
fresher longer at feedout. The acetic acid reduces the
growth of yeasts and makes the silage more resistant to
spoilage and heating at feed out. In situations where
spoilage at feedout is an issue, the use of Lactobacillus
buchneri inoculant on corn silage may result in less
mould and mycotoxins, improved palatability and
intake, and reduced total dry matter losses.

Enzyme additives are sometimes included in some
inoculant products, including cellulases, hemicellulases
and amylases to help break down cellulose, hemicellulose
and starch. Research results are mixed and inclusion
rates need to be sufficient for desired results. Some newer
inoculants contain bacteria that have been selected to
produce their own enzymes to improve fibre digestibility
and subsequent digestible energy and intake.

Forage additives, including silage inoculants, must be
registered with the Canadian Food Inspection Agency
(CFIA) to be sold in Canada. Ask company representatives
to provide independent research that substantiates the
claims for the product, and for product quality control
assurances. It is important that the product is labelled
for the crop being ensiled, and that directions for
storage and use are followed. The application of a
silage inoculant will not overcome the effects of poor
silage management or poor weather conditions.

Common Silage Problems, Causes & Diagnosis
Common Silage Problems

* Rancid, Fishy Odour

A rancid, fishy odour is butyric acid resulting from
clostridia contamination from soil. Clostridia silage
can result from cutting or raking too close to the
ground, soil from packing tractor tires, “splash” from
rain, or manure applied too late after the previous
cutting. Butyric acid also commonly results from
silage that is too wet (>70% moisture). As well as its
foul odour, this silage sometimes has a slimy, sticky
texture that clump into “butryic balls”. Fermentation
losses are high, so ADF levels are high and protein is
degraded. Palatability, intake, and digestible energy
are low, and livestock performance is poor.

Mouldy With A Musty Odour

Mouldy silage results in high dry matter losses, as
well as poor palatability and livestock performance.
This spoilage is the result of aerobic (oxygen)
conditions from poor packing, slow filling, low
moistures, poor sealing, slow feedout, or poor face
management. If the silage is still hot, microbial
activity and spoilage is still underway.
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* Vinegar Odour
A vinegar odour indicates acetic acid. Too much
acetic acid relative to lactic acid means the
fermentation was less than optimally efficient, and
possibly could have benefited from a commercial
lactic acid bacteria (LAB) inoculant.
¢ Sweet Odour
A sweet smell is likely high concentrations of ethanol
produced by spoilage yeasts, mixed with acetic acid.
Fermentation losses were likely high and this silage
will be prone to heating and spoiling in the bunk.
Desirable lactic acid has little smell.
* Ammonia Odour
An ammonia odour indicates excessive protein
breakdown to ammonia and amines, which could
be due to a clostridia fermentation or high pH.
Caramelized Odour
The caramelized odour indicates heat damaged
haylage which is dark in colour with a tobacco-like
odour. In severe cases it can smell burnt. It is the
result of forage that is too dry. Protein becomes
bound and is less digestible. ADF-N (unavailable
nitrogen) can be measured in a laboratory.

Fermentation Analysis

A newer technology used in silage problem-solving is
fermentation analysis. It objectively quantifies what
people subjectively see and smell. This can be especially
useful when poor livestock performance cannot be
explained by nutrient analysis. Typical fermentation
end product concentrations are listed in Table 3-12,
Typical levels of silage fermentation end-products

(dry matter basis).

Fermentation end-product concentration varies in

different types of silage and includes:

1. High pH
A high pH indicates a poor or restricted
fermentation that will be less stable and result

in poor bunk life and more spoilage at feeding.
Legume haylage has a higher buffering capacity
than grass haylage and corn silage, and usually

has a higher pH.

Low Lactic Acid

Lactic acid should be greater than 65%-70% of
the total silage acids, with a lactic/acetic acid ratio
of at least 3:1. Lactic acid is the most effective in
lowering pH.

High Acetic Acid

Acetic acid levels greater than 3%—4% can result
from poor fermentations, especially if lactic acid
levels are significantly low. Buchneri inoculants
are sometimes added to corn silage and high
moisture corn to produce acetic acid late in the
fermentation to improve bunk life. This should
not be mistaken for poor fermentation.

High Ethanol

High ethanol indicates yeast that reduces dry
matter recovery and makes the silage more
prone to mould and feedout spoilage.

High Ammonia-N

This indicates excessive protein breakdown and
possibly excess ruminally degraded protein. Levels
greater than 12%-15% can be a problem.

Butyric Acid

Butyric acid in forages reduces quality. If butyric
acid is accompanied by high percent moisture and/
or high ash content, then this will determine what
management issues need to be corrected. In the
silo, butyric acid results in high losses of dry matter
and digestible energy. In the ruminant it results in
poor intakes and metabolic problems. If possible,
silage high in butyric acid should be discarded.
Dr. Gary Oetzel, University of Wisconsin, suggests

Table 3-12. Typical levels of silage fermentation end-products (dry matter basis)

Legume Haylage Legume Haylage

Fermentation End Products Corn Silage >65% moisture <55% moisture Grass Haylage

pH 3.7-4.2 4.3-4.5 4.7-5.0 4.3-4.7
lactic acid % 4-7 7-8 2-4 6-10
acetic acid % 1-3 2-3 0.5-2.0 1-3
propionic acid % <0.1 <0.5 <0.1 <0.1
butyric acid % 0 <0.5 0 0.5-1.0
ethanol % 1-3 0.5-1.0 0.5 0.5-1.0
ammonia-N (% of CP) 5-7 10-15 <12 8-12

Source: Dr Limin Kung, University of Delaware.
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the following butyric acid daily limits to prevent
off-feed and ketosis in dairy cows:

¢ fresh cows — <50 grams
* carly lactation — <150 grams
» all other lactating cows — <250 grams

Silo Gas

Producers exposed to silo gas (nitrogen dioxide or NO,)
are at risk of severe respiratory distress, permanent
damage to lungs, and even sudden death. It is difficult to
predict when silo gas will be produced, so always take
precautions following harvest. Weather conditions and
agronomic practices affect the amount of nitrates in
plant material, which sets the stage for the production
of NO, in the silo. For example, a dry period during
the growing season followed by abundant rainfall
will encourage a corn crop to take up high levels of
dissolved nitrates. If the corn is harvested before the
nitrates can be converted to proteins, nitrogen dioxide
is produced.

Silo gas is produced almost immediately after filling

a silo. The greatest risk is the first 12-60 hours after
filling the silo, and then risk declines for approximately
4-6 weeks until silage fermentation is complete. Silo
gas has a bleach-like odour and may be visible as a
reddish-brown haze. However, it is not always visible.
Nitrogen dioxide is heavier than air; therefore, it tends
to be located just above the silage surface. It may flow
down tower silo chutes and into feed rooms. Tower
silos are at greater risk because the silo gas is contained
at the silage surface level, and operators often enter the
silo after filling to level silage and set up the unloader.

When inhaled, nitrogen dioxide mixes with body
moisture to form nitric acid, which causes severe
burning of the lungs and the rest of the respiratory
system. Pulmonary edema often occurs resulting in
victims collapsing. Other people can also be overcome
when they attempt a rescue. Producers exposed to silo
gas should get immediate medical attention.

When entering a silo:

* Do not enter a silo during the risk period without
wearing an appropriate self-contained breathing
apparatus.

* Before entering the silo, ventilate it by running
the forage blower for 30 minutes and leave it
running while inside.

* Also ventilate the silo room and chute.
* Post appropriate warning signs.
* Keep people and animals away.

For more information on preventing injury
or death from silo gas, refer to:

Silo Safety — Workplace Safety and Prevention Services
at Www.wsps.ca.

See the OMAFRA Factsheet, Hazardous Gases on
Agricultural Operations at ontario.ca/crops.

Other Crop Problems

Insects and Disease

Severe infestations of disease and insects that result
in reduced stand vigour, reduced root reserves and
slow regrowth will increase the risk of winterkill.
Potato leathopper control can be important in
reducing winterkill, particularly in the seeding
year. See Chapter 15, Insects and Pests of Field
Crops, Potato Leafhopper.

Figure 3-3, Forage scouting calendar, shows insects and
diseases that could be causing the symptoms in the
field. Individual descriptions of insects and diseases,
scouting and management strategies can be found

in Chapter 15, Insects and Pests of Field Crops, and
Chapter 16, Diseases of Field Crops.


http://www.wsps.ca
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Figure 3-3. Forage scouting calendar.
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Treatments to control insects, pests and diseases
can be found in OMAFRA Publication 812,
Field Crop Protection Guide.

Forage Winterkill

Winterkill of forage stands can cause serious problems
on livestock farms and can be a limiting factor in
alfalfa production. It can result in lower-quality

feed, shortages of feed, disruption of the rotation

and additional costs for reseeding lost stands. With
forage production, it can sometimes be difficult to
optimize the competing demands of quality, yield

and persistence. Determine how much forage
persistence is needed and manage the risks accordingly.

Factors that contribute to the risk of forage
winterkill include:

* smothering due to flooding or ice sheet formation

* heaving caused by freezing and thawing and
inadequate drainage

* crown injury due to low temperature

* low fertility

* old stands

* cutting management

* diseases and insects

Some forage species are hardier than others. Much of
the concern over winterkill centres around alfalfa. The
legumes birdsfoot trefoil, red clover, wild white clover
and alsike will tolerate more adverse winter conditions
than alfalfa or ladino clover. The grasses timothy, reed
canarygrass, bluegrass and bromegrass rarely winterkill;
thus, their use in mixtures gives stands insurance.
Orchardgrass and perennial ryegrass are more likely

to be killed by icing or low temperatures.

Hardening is the process of cold tolerance development
initiated by shorter autumn days and cooler temperatures.
During the hardening process, plants store carbohydrates
in crowns and taproots. The starch is converted to
sugars, which gives the plants some protection from
freezing. Plants also lose some cellular water to reduce
freezing damage. Long fall periods with cool, dry,
sunny conditions favour winter hardening.

Factors That Affect Winter Survival

Critical Fall Harvest Period for Alfalfa

While cutting alfalfa in the fall is often practiced in
Ontario, it can increase risk to stand health, depending
on the location, stand age, harvest frequency and other
factors. The decision whether to cut alfalfa in the fall
should weigh these factors and the immediate need

for forage against the increased risk of winterkill and
reduced yields the following year.

Harvesting before the critical fall harvest period for
alfalfa, also known as the “fall rest period,” allows
the plants to regrow and build sufficient root energy
reserves for over-wintering. Adequate root reserves
are necessary for winter survival and persistence, as
well as for vigorous spring growth and good first-cut
yields. The critical fall harvest period for alfalfa is
the 6-week period preceding the average historical
date of killing frost. However, it is difficult to predict
when that killing frost will actually occur. The actual
date seldom occurs on the average date, so these are
guidelines only. When cut early in the period, the
alfalfa will use the existing root reserves for regrowth,
“emptying the tank”. Later in the period, the alfalfa
uses photosynthesis to produce carbohydrates

and stores them as root reserves, “refilling the tank”.
Cutting in the middle of the critical period (third

or fourth week) is a higher risk than cutting at the
beginning or end of the period. See Figure 3—4,
Start of the critical fall harvest period for alfalfa, to
determine the critical fall harvest period in different
regions of Ontario. See the OMAFRA Factsheet,
Risk of Alfalfa Winterkill, at ontario.ca/crops.
Birdsfoot trefoil, similar to alfalfa, has a critical

fall harvest period, beginning about 10 days
earlier than alfalfa.
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Figure 3—-4. Start of the critical fall harvest period for alfalfa.

Management Risk Factors

Some areas of the province, such as the Ottawa Valley
and New Liskeard have a higher historical risk of
alfalfa winterkill. Flat, heavier soils that “pond” in the
winter when frozen soils prevent infiltration to tiles
are at greater risk of winterkill. Wet saturated soils in
the fall reduce winter hardening and contribute to
winterkill. Aggressive cutting schedules with cutting
intervals of less than 30 days between cuts increases
the risk of winterkill, while intervals over 40 days
(allowing flowering), reduce the risk. Disappointing
first cut yields from the location from which fourth cut
was taken the preceding fall are sometimes observed.

In addition, fields with the following qualities are also
at increased risk of winterkill and are poor candidates
for fall harvesting (unless rotation to another crop

is planned):

* older stands (3 years or greater)

* low potassium soil tests (<100 ppm)
* low pH (<6.5)

* poor soil drainage

* insect pressure (potato leathopper)

* disease (root and crown rots)
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Late Fall Cuttings at the End of the Critical Fall
Harvest Period

If fall harvesting an alfalfa forage, the risk of winterkill
can be reduced, but not eliminated, by cutting towards
the end of alfalfa growth, close to a killing frost. Few
root reserves will be depleted by regrowth, but lack

of stubble to hold snow to insulate the alfalfa crowns
against cold weather damage and heaving may be a
problem. Leaving at least 15 cm (6 in.) of stubble will
help. Stubble will also protrude through winter ice
sheeting, allowing air to move below the ice. Limit late
cuttings to fields that are otherwise lower risk — well
drained, good fertility, healthy crowns and roots, etc.
A killing frost occurs when temperatures reach -4°C
for several hours. After a killing frost, alfalfa feed value
will quickly decline, as leaf loss occurs and rain leaches
nutrients. Heavy stands of grasses or red clover can
sometimes smother or die from disease over the winter
because the top growth forms a dense mat. In contrast,
alfalfa loses most of its leaves as soon as there is a hard
frost, and the remaining stems remain upright and
seldom pose a risk of smothering.

Weather Risk Factors

Adequate snow cover of at least 15 cm (6 in.) insulates
the alfalfa crown and root at moderate temperatures.

A lack of snow cover can expose alfalfa crowns to
temperatures less than —15°C. This results in freezing
damage to plant cells and eventual plant death. The
insulation effect from snow also reduces soil temperature
fluctuations and risk from heaving. Fluctuating winter
temperatures with lows below freezing and extended
highs greater than 5°C, without snow cover, can cause
plants to break dormancy and become more susceptible
to freezing.

Fast melting of snow followed by cold temperatures
can result in ice sheeting, which smothers the plants
by restricting oxygen. Ice sheeting also causes freezing
damage to alfalfa crowns, due to the poor insulating

ability of ice.

Frost Heaving of Alfalfa

Repeated freezing and thawing cause the taproot to

be pushed out of the soil (Photo 3-5). Plants may
initially green-up and appear undamaged, but taproots
heaving more than 2.5 cm (1 in.) are typically broken
and unable to pick up enough nutrients or moisture,

and stands eventually die or become severely stunted.
Slightly heaved plants can survive, but their longevity
and productivity will be reduced. Alfalfa stands with

significant frost heaving should be rotated to another
crop and replaced with a new seeding in the rotation.

Photo 3-5. Alfalfa heaving is caused by freeze/thaw
cycles of early spring, lifting up the crown.

Assessing an Alfalfa Stand for Winter Survival
Future yield potential can be estimated by counting
the number of plants or stems for a given area, but
the health of crowns and roots is extremely important.
Stem counts are more accurate than plant counts, but
in early spring it may only be possible to count the
number of crowns. Be prepared to replace an older
stand if it has less than 43 plants/m?* (4 plants/ft?).
See Table 3—13, Desirable alfalfa stand plant count and
Photos 3—6 and 3-7.

Dig several plants to determine the health of the crown
and root. Healthy crowns are large and symmetrical
and have many shoots. Cut a root open lengthwise.
Healthy roots will have a white or creamy colour
inside, and are firm and resistant to pealing when
scratched with a thumbnail. Dying plants will have

a discoloured crown and root and a spongy texture.
Check for bud or new shoot vigour.

When alfalfa is about 15 cm (6 in.) in height, stems/m?
(stems/ft?) can be used as the density measure. Stem
density of 590 stems/m? (55 stems/ft?) has good yield
potential, see Figure 35, Alfalfa yield potential at
various stem count densities. There may be some yield

loss with stem counts between 431-539 stems/m?
(40-50 stems/ft?).
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Photo 3-6. Stand assessed with less than 5 plants
per square foot due to winterkill.

Photo 3-7. Forage stand with winterkill has enough
plants to remain in production.

Table 3-13. Desirable alfalfa stand plant count

Age of stand Plant Count
New seeding 215 plants/m?
(20+ plants/ft?)
Year 1 129-215 plants/m?
(12-20 plants/ft?)
Year 2 86-129 plants/m?
(8-12 plants/ft?)
Year 3 or older 54 plants/m?
(5 plants/ft?)

Consider replacing the stand if there are less
than 430 stems/m? (40 stems/ft?) and the crown
and root health is poor.

120

100 ‘/./l—.—k
80

60 /././

40 -/-/-/./r

20

0
Stems/m?| 105|160 | 215|270 |325|375| 430|485 |535|590| 645 | 700

Stems/ft?| 10 | 15 | 20 | 25 | 30 | 35| 40 | 45 | 50 | 55 | 60 | 65

% of maximum yield

Figure 3-5. Alfalfa yield potential at
various stem count densities.

Source: Undersander and Cosgrove, University of
Wisconsin, 1992

Options Following Alfalfa Winterkill

If alfalfa winterkill is identified early, the best option
is usually to replace the winterkilled stand by seeding
a new forage stand in a new field in the crop rotation.
Growing corn in the winterkilled alfalfa field allows
the utilization of a 110 kg/ha (100 Ib/acre) nitrogen
credit, in addition to the 10%—15% yield benefit that
corn receives following alfalfa in the rotation. Cereals
and cereal-pea mixtures can be grown as a forage
silage crop, either as a companion crop to a forage
underseeding, or on their own. If planted early in the
spring with adequate rainfall, these cool-season crops
grow rapidly to help replace the loss of winterkilled
first-cut alfalfa. If an alfalfa stand is uniformly thin

or weakened, but the grass content is good, the
application of nitrogen (N) can significantly increase
grass yields as well as the forage protein level. Where
winterkilled areas are large and patchy, some producers
prefer to attempt to repair these areas by no-tilling in
red clover and/or Italian ryegrass. When the winterkill
is not identified until later in the spring, warm-season
annual forage crops, including sorghums, sorghum-sudans,
BMR sorghums, and pearl millet, can yield very well
and provide forage earlier in the season than corn
silage, but are lower yielding than corn silage.
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Cereal crops are an integral part of the cropping
system in Ontario, and are grown on approximately
25% of the arable acreage (approximately 607,000 ha
or 1.5 million acres). Cereals offer many benefits to
producers, from excellent profit potential to greatly
improved soil structure and manure management
options, as well as spreading out the workload. Cereals
respond very well to management and with attention
to detail, many producers find cereals to be one of
their most profitable crops.

Tillage
Tillage Options

Cereal crops do not respond significantly to tillage.
Research comparing the yield response of winter wheat
to various tillage options demonstrated an economic
advantage to reduced tillage with no significant yield
difference among mouldboard plowing, minimum tillage
and no-till systems, as shown in Table 4-1, Winter wheat
yield response to tillage systems. While yields are not
affected greatly by tillage systems, good seed-to-soil
contact and soil moisture for germination are essential.

The selection of a tillage system will impact other
components in the system. The tillage method chosen
must fit with factors such as fertility, insect and disease
pressure and weed control for producing high-yielding,
profitable crops. Risks associated with more intensive
tillage in winter crops include greater potential for
frost-heaving and increased risk of snow mould.
Erosion is a concern with tillage in all crops.

There are several options for seeding cereals
that include:

* no-till seeding

* conventional tillage

* frost seeding

* aerial seeding of winter cereals
* broadcast seeding

No-Till Seeding

Most winter wheat is grown using a no-till system.
Yields in a no-till system are often equal to yields
obtained in a conventional tillage system. No-till
drills can follow the combine in the same field, which
advances seeding date, therefore increasing yields.
Winter cereals seeded in a no-till system are better
able to resist frost heaving, as the plant anchors itself
in firmer soil.

The success of a no-till system requires consideration
of fertilizer management, drill capability and weed
control. No-till cereals show more response to
seed-placed starter fertilizer, especially phosphorus,
compared to conventional tilled crops, refer to Corn

Row Syndrome.

Seed-to-soil contact is critical for moisture uptake.
No-till drills must be able to cut through residue

and penetrate into hard soil to accurately place seed.
Adding seed-firming wheels or plastic “hockey stick”
seed firmers will help press the seed into the bottom
of the seed trench, which will help increase seed-to-
soil contact and improve seed depth uniformity. Weed

Table 4-1. Winter wheat yield response to tillage systems

Tillage Systems

Comparative Yield*

Economic Advantage to

Comparisons Reduced Tillage

Minimum vs. mouldboard 5.2 vs. 5.1t/ha 12 $37.80/ha
(77.5 vs. 75.4 bu/acre) ($15.31/acre)
No-till vs. mouldboard 4.8 vs. 5.0t/ha 36 $46.60/ha
(71.7 vs. 74.9 bu/acre) ($18.85/acre)
No-till vs. minimum 4.4 vs. 4.3 1t/ha 22 $18.65/ha

(65.0 vs. 64.6 bu/acre)

($7.55/acre)

Source: Tillage Ontario Database

1 Average vyields vary because comparisons come from a range of sites.
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control is critical in no-till systems. A burndown
before planting ensures control of dandelions and
other winter annual weeds and should be a standard
practice. See OMAFRA Publication 75, Guide to Weed
Control, for burndown guidelines. To reduce disease
incidence, use a fungicide seed treatment. For further
information on seed treatments, see the OMAFRA
Publication 812, Field Crop Protection Guide.

The addition or use of tillage coulters may show some
benefit in a no-till system. Slight loosening of dry, hard
soils allows for better, more rapid root development
and growth. In a wet fall season, light tillage may
speed soil drying and allow for planting into better
conditions. These limited tillage methods should be
used when dictated by soil conditions.

Conventional Tillage

Cereals have been grown for generations using the
plow, disc and cultivator for seedbed preparation.
Many spring cereals are still grown using conventional
tillage. While this system works well, erosion concerns,
fuel and labour costs, and limited yield response to
tillage continue to shift acres into reduced tillage.

The guidelines regarding seed-to-soil contact,
planting into moisture and seeding depth accuracy
are consistent with the no-till section. The tillage
operations used in the conventional system replace
the herbicide burndown.

Frost Seeding of Spring Cereals

Seeding spring cereals into frost can advance seeding
dates and increase yields.

“Frost seeding” refers to no-till seeding cereals into a
light frost in early spring. After the snow has melted
and the frost is out of the ground, there are often

several cold nights with below-zero temperatures.
Seeding into this light frost avoids compaction or
rutting, as the frost will support the tractor. It is not
essential to close the seed trench when frost seeding,
as the soil will naturally fall in and cover the seed as
the frost comes out of the ground. Simply set no-till
equipment to make a shallow seed trench, 2.5 cm

(1 in.) and firm the seed into the bottom of the
trench. Do not leave seed on top of the ground since
stand establishment will be very poor. The window of
opportunity for this method of seeding is short. Best
results are generally achieved when cereals are seeded
as the frost is just beginning to firm the soil, about
-3°C to -4°C, often near midnight. It is critical to stop
as soon as frost begins to soften in the morning
sun, as thawed soil will stick and plug equipment

in as little as 15 m (50 ft) of travel.

Do not attempt frost seeding when air
temperatures drop below -8°C. The ground
will be frozen hard enough to damage the no-
till equipment, and seed will be left on the soil
surface with poor results

While this narrow window of opportunity may not
occur every year, the increase in yield from early
planting using this technique can be as much as 25%.
Table 4-2, Frost seeding vs. seeding into dry soil for
spring cereals, shows the yield and quality advantage of
frost seeding. Frost seeding of winter cereals in the late
fall or early winter has also been successful. However,
in these situations it is critical that seed placement is at
least 2.5 cm (1 in.) deep, and that yield expectations
are realistic.

Table 4-2. Frost seeding vs. seeding into dry soil of spring cereals

Treatment* Yield Test Weight
Frost Dry Soil Frost Dry Soil

Oats 5.3 t/ha 4.6 t/ha 46.5 kg/hL 44.6 kg/hL
(140.3 bu/acre) (120.6 bu/acre) (37.3 Ib/bu) (35.8 Ib/bu)
Spring wheat following soybeans 4.6 t/ha 3.9t/ha 75.9 kg/hL 73.7 kg/hL
(67.7 bu/acre) (57.5 bu/acre) (60.9 Ib/bu) (59.1 Ib/bu)
Spring wheat following corn 4.1t/ha 2.6 t/ha 74.6 kg/hL 64.8 kg/hL
(60.5 bu/acre) (39.4 bu/acre) (57.9 Ib/bu) (52.0 Ib/bu)

Source: Johnson, OMAFRA, Thorndale 2006-2007.

1 Each treatment represents an average of three different populations: 0.8, 1.2 and 1.6 million seeds/acre for oats, and 1.2, 1.6
and 2.0 million seeds/acre for spring wheat (seeds/acre x 2.47 = seeds/ha).
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Aerial Seeding Winter Wheat

Aerial seeding is most successful when seed is flown

on before 10% of the soybean leaves have dropped.
Soybean leaves will cover seed and help retain moisture
for wheat germination.

Results from aerial seeding have been variable. The
seed is extremely vulnerable to slug damage. Slugs feed
on the germ of the kernel, which can severely thin or
destroy the stand, particularly on headlands. The seed
will appear to still be on the surface, as if waiting to
germinate, but on closer examination, the damage

to the kernel becomes evident (Photo 4-1). Reseeding
of headlands after soybean harvest can help overcome
this problem.

Photo 4-1. Slug eating germ out of seed.
Photo courtesy of T. Meulensteen C & M Seeds.

The shallow root system that develops from aerial-seeded
wheat is more prone to heaving injury and wind damage,
refer to Depth of Seeding (later in this chapter). In the
spring, wheat plants will be attached to the soil by only
one hair root. If this hair root breaks as plants twist
with the wind, the plant dies.

With these inherent risks, yields from aerial-seeded
wheat are often 10% lower than from drilled wheat,
(limited on-farm trial data). Therefore, aerial seeding
is not a standard practice. Where aerial seeding is
attempted, increase the seeding rate to 5.0 million
seeds/ha (2 million seeds/acre) to compensate for
stand loss.

Broadcast Seeding

Broadcast seeding can greatly speed-up the planting
process. It is important to get good seed-to-soil contact
and a uniform seeding rate across the width of the
spread pattern and between passes of the spreader.

Using airflow units is an effective way to achieve a
uniform spread pattern. Till fields at a shallow depth,
7.5 cm (3 in.), twice, at right angles, to help prevent
streaking in the seeding pattern, and then pack the
crop to improve seed-to-soil contact.

Broadcast seeding produces an inconsistent seeding
depth. Variable maturity and a 5%-10% reduction in
yield are often the result. Increasing seeding rates by
10% will help compensate for the potential variability
of broadcast seeding.

Variety Selection

The principles of selecting a winning variety do not
vary greatly from crop to crop. Quality factors for
specific end-use products and the impact on price
and yield are confounding factors with wheat variety
selection. Ontario grows more types of wheat than
any other region in northeastern North America.
Milling and horse oats markets also have specific
quality parameters, as does barley for food or
malting purposes.

Standard Variety Selection Criteria:

* Select varieties based on local growing conditions
and planned end-use. Compare varieties for potential
yield, standability, disease tolerance and other
agronomic factors. Understanding the limitations
of a field or farm will help with variety selection.

¢ Use all information sources available. Cereal crops
have an excellent performance testing system. This
information is available on the Ontario Cereal Crop
Committee website at www.gocereals.ca.

* Use long-term data over many locations when
comparing variety performance. Varieties that excel
under one set of environmental conditions may
suffer considerably under another year’s conditions.
For example, an oat variety that excels in a year
without rust pressure may be the worst performer
the year rust infects the crop early. Using long-term,
multi-site data will lead to the selection of the
best, yield-stable varieties. Try the “Head to Head”
function on the GoCereals website at www.gocereals.ca
to view comparisons of specific varieties and traits
over time.

* Select two or three of the best available varieties.

It is always good management to spread the risk.
Selecting different varieties reduces disease potential
and can spread the harvest workload.


http://www.gocereals.ca
http://www.gocereals.ca

AcroNomY GUIDE FOR FIELD CRoPS

Harvest Sprout Tolerance

Seed dormancy, or sprouting resistance, varies greatly
between varieties. Several genes are responsible for the
dormancy factor in wheat. One of the strongest of these
genes is linked to the genetic coding for red wheat or
the red colouration of the bran. In general, red wheat
varieties will not sprout as readily as white wheat
varieties, and often hard red wheat varieties will sprout
less readily than soft red varieties. White wheat varieties
lack sprout tolerance, therefore producers are advised
not to grow more white wheat than what can be
combined in 2-3 days. Harvest white wheat varieties
first, as soon as possible, and dry if necessary. This will
ensure crop quality and maximize profitability.

Sprouting tolerance should not be confused with
germination of the crop once planted. Seed dormancy
is dependent on time, light and temperature. By the
time the seed is planted in the fall, enough time has
passed, and the dark, cool conditions of the soil will
overcome any dormancy. The speed of emergence
after planting is entirely related to the seed vigour

of the variety and seed lot, and not at all to colour

or market class.

Winter Hardiness and Cold Tolerance

Winter wheat can tolerate extremely cold temperatures
(-23°C) in its most hardy state. Winter barley cannot
withstand as severe conditions (-10°C). While the
threat of cold temperature injury often exists, Ontario
conditions rarely cause plant death, except where icing
occurs. Snow offers excellent insulation from cold
temperatures, while ice conducts cold directly to the
plant. More detailed information on cold tolerance
and winter hardiness is available in the University

of Saskatchewan Winter Wheat Production Manual,
Chapter 12, Winter Survival at https://www.usask.ca/

agriculture/plantsci/winter cereals/.

Factors Unique to Cereal Crops

Straw

The need and value of straw can be significant. Straw
quality is often a factor. Moisture absorbency is an
important criteria for most livestock bedding. Dry
loose straw has an approximate density of 40 kg/m?
(2.5 Ib/ft?), while baled straw has an approximate
density of 80 kg/m? (5 Ib/ft’) and water absorption of
293-335 L/m?). The horse industry is only interested
in “dust-free” straw. Straw has been one of the driving
forces for producers to continue growing barley rather

than spring wheat, even though the economics of grain
production often favours spring wheat.

Spring barley produces the least straw volume, but
the best straw quality. Oat straw quantity and quality
are good. Wheat straw is less absorbent than oats or
barley straw, refer to Table 4-3, Straw quantity vs.
straw quality. There are huge differences in straw
yield between varieties within each crop as well.
Straw yield data can be found on the “traits” page,
Area 'V, of Ontario Cereal Crop Performance

Trials at www.gocereals.ca.

Table 4-3. Straw quantity vs. straw quality

Quantity Quality
Rank | (most to least) (best to worst)*

1 winter wheat spring barley
2 winter barley mixed grain
3 spring oats spring oats
4 spring wheat winter barley
5 mixed grain spring wheat

6 spring barley winter wheat

1 Straw quality based on livestock bedding preferences.

Producers who need and value the straw can also
increase its quality by using fungicides to control crop
diseases. This is especially important for providing
dust-free straw to the horse industry. Consider winter
barley for higher yields of straw in an area where
winter survival is not a problem.

Straw Value

The value of straw is often a hotly debated question.
Straw has value from both the nutrients removed
and the organic matter addition it will return to the
soil. Table 4—4, Straw nutrients, shows the range of
nutrients that straw may contain. Straw nutrient
concentration can vary greatly, Straw from hard
wheat varieties will generally contain less nitrogen —
approximately 1.25 kg/t (3.03 Ib/ton) — than soft
wheat straw. Potash concentration varies tremendously
in straw, as potash is readily leached from straw by
rainfall after maturity (up to a 500% difference).
The only accurate way to determine nutrient value
is through an analysis.

There is added debate about whether the nitrogen
or sulphur component (approximately 2.1 kg/t or
5 Ib/ton) should be included in the value of straw.
The carbon:nitrogen ratio of straw is quite high
(approximately 80:1), which requires additional
nitrogen (short-term) for breakdown by soil organisms.


https://www.usask.ca/agriculture/plantsci/winter_cereals/
https://www.usask.ca/agriculture/plantsci/winter_cereals/
http://www.gocereals.ca
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Thus, many producers do not add nitrogen into the
value of straw calculation. The same scenario holds
true for sulphur. Using average nutrient concentrations,
straw value can be calculated, with or without N and S,
using the formulas shown in Table 44, Straw nutrients.

Table 4-4. Straw nutrients

Straw value $/tonne (P and K only) = $/tonne MAP x 0.003 +
$/tonne potash x 0.014

Straw value $/tonne (N, P K, S) = $/tonne urea x 0.015 +
$/tonne sulphur x 0.006 + value of P K (equation above)

To change value to cents/pound, divide answer by 22.05.

Nutrient Mean Minimum Maximum

Nitrogen 7.0 kg/t 4.2 kg/t 10.7 kg/t
(N) (14.0 Ib/ton) | (8.4 Ib/ton) | (21.3 Ib/ton)
Phosphorus 1.6 kg/t 0.9 kg/t 3.0 kg/t
(P,0,) (3.2 Ib/ton) | (1.8 Ib/ton) | (6.0 Ib/ton)
Potassium 8.4 kg/t 4.0 kg/t 21.2 kg/t
(K,0) (16.8 Ib/ton) | (8.0 Ib/ton) | (42.5 Ib/ton)

Source: OMAFRA 2003/2004 and Falk, 2004/2005.

The value of the organic matter that straw returns to
the soil is much more difficult to calculate. There is

no doubt that the organic matter value is extremely
significant. Estimates range from at least equal value to
the nutrient removal, to estimates that removal of four
high-yield straw crops could reduce soil organic matter
by 0.1%. Depending on soil texture and conditions,
this 0.1% organic matter could be capable of holding
up to 4.4 cm (1.75 in.) of available water for crop
growth. In theory, in dry seasons, this amount of water
might result in an additional 0.24 t/ha (3.5 bu/acre)
of soybeans, or 0.88 t/ha (14 bu/acre) of corn yield.
While these are simply mathematical estimates of the
organic matter impact, they drive home the value of
straw organic matter contributions.

Considerations for Selling Straw

There is always great debate over whether or not
straw should be sold, based on its value for soil
organic matter. Long term rotation research at the
Elora Research Station has clearly demonstrated
that the value of cereals in the rotation, even with
straw removed, far outweighs any negative impact
of straw removal. Even with straw removed and no
cover crop (red clover), yields of subsequent corn
and soybean crops increased dramatically (corn 12%,
soybeans 14%), and soil health parameters, such

as organic matter and water stable aggregates, are
improved considerably. If selling the straw improves
the profitability of cereal production to the point that

producers keep cereals in the rotation more frequently,
then the producer should sell the straw. However, there
is about 1 cent/pound of fertilizer nutrients in the
straw; therefore, the first 1 cent/pound is not profit.
That 1 cent/pound should be used to purchase potash
and phosphorus to replace the nutrients removed in
the straw.

Market Class

Within wheat, the number of market classes continues
to increase, refer to Table 4-5, Characteristics of various
cereal market classes. Since the mid-1980s, when only
spring feed wheat and soft white winter wheat were
grown in Ontario, the number of market classes has
expanded dramatically. The increase in wheat classes

is likely to continue, with varieties for other specific
market uses in development. Many of these market
classes have yield and price premium implications

that must be considered when selecting varieties. For
example: hard red wheat varieties generally have 10%
lower yields than soft red wheat. Price premiums must
be sufficient to overcome the yield penalty to make
growing hard red wheat viable.

Each farm will have different outcomes based on
specific farm characteristics. It is much easier to
achieve high protein and earn premiums on farms
with more inherent soil nitrogen (i.e., livestock farms
with manure and/or forages). On cash crop farms,

it often takes significantly more nitrogen to achieve
optimum protein levels in these non-pastry wheat
varieties, see Red Winter Wheats. All these factors must
be considered when selecting varieties.

Cereal Species

Barley

All barley has the genetic potential to develop six rows
of grain in the head (six-rowed barley). Two-rowed
barley only develops two of these rows. In general,
two-rowed varieties are larger seeded, shorter and more
resistant to leaf rust and mildew. Two-rowed varieties
generally have lower yields than six-rowed types.
Six-rowed varieties usually have better resistance to
scald and are more tolerant of heat and moisture
stress, making them more tolerant of late planting.
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Table 4-5. Characteristics of various cereal market classes

Market Class

Uses and Traits

Notes

Soft white winter wheat

+ pastry wheat

+ susceptible to sprouting

+ low protein - do not over-apply nitrogen
+ high yield

Soft red winter wheat + pastry wheat - do not over-apply nitrogen
- low protein
+ high yield

Non-pastry red winter wheat
(hard red winter wheat)

- bread blend wheat, crackers, pizza dough
- high protein desirable
- lower yielding than soft wheat

* requires more nitrogen
+ quality more variable
« price premiums may apply

Non-pastry white winter wheat
(hard white winter wheat)

- whole grain flour products
- Asian noodles

- susceptible to sprouting
* requires more nitrogen

* beer making « limited variety availability
Winter durum wheat + pasta - high fusarium susceptibility

- low yield - limited variety availability
Specialty winter wheat varieties - variable + must be maintained and identified

by variety

Spring milling wheat varieties

- bread blend wheat
+ high protein
- low yield

+ highly responsive to early planting
« high price

Spring hard white

- whole grain bread products

+ highly responsive to early planting

+ high protein « high price
+ low yield - limited variety availability
Spring durum - pasta + highly responsive to early planting
+ low yield « high price
- high fusarium susceptibility
- limited variety availability
Spring feed wheat varieties + high protein « responds best to early planting

+ moderate yield

+ must not be co-mingled with milling
wheat

Winter barley

- high yield
- poor winter hardiness
+ poor standability

- plant early
- difficult to remove awns during threshing

Six-row barley

- typically feed barley

- excellent straw quality

+ more heat tolerant

- more tolerant of late planting

- less desirable grain sample
- do not over-apply nitrogen

Two-row spring barley

- milling and malting types available
- excellent straw quality

+ do not over-apply nitrogen

Oats + milling and horse oats require high quality | - responds well to early planting
- good straw - tolerates poor drainage
Winter Barley prone to barley yellow dwarf virus (BYDV) and snow

Both spring and winter types of barley are grown

in Ontario. Winter barley requires a period of cold
temperatures to “vernalize” the plant and initiate
flowering and grain development. Winter barley
planted in the spring will not produce grain. Spring
barley does not require vernalization.

Winter barley is much higher yielding than spring
barley but is considerably less winter hardy than winter
wheat. It survives only in areas with milder winter
conditions or excellent snow cover. Winter barley must
be planted earlier than winter wheat, making it more

mould. Winter barley matures earlier than winter
wheat, and some years may be suitable for double
cropping. In areas that are adapted to winter barley
production, yields of up to 8.1 t/ha (150 bu/acre)
have been achieved.

Hulless Barley

Covered or hulled barley consists of approximately
10% hull and 90% kernel. With hulless types, much
of the hull is removed at harvest. Hulless barley has a
higher test weight and lower fibre content than covered
barley. The seeds must be handled carefully, as the
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embryo (germ) is susceptible to damage. The amount
of hull removed from the grain is somewhat dependent
on weather conditions at harvest. Hulless barley will
yield less than regular varieties, because the weight of
the hulls is left in the field, but the concentration

of energy and protein will be greater.

Oats

Oats is a traditional feed crop in Ontario, particularly
for horses. Oats has better balanced protein and higher
fibre content than barley. Leaf rust-resistant varieties
are preferred. Buckthorn acts as the alternate host for
leaf rust in oats. Remove buckthorn from field margins
whenever possible.

Genetic resistance to crown rust was overcome by a
new rust “race” in 2006. Until varieties with resistance
to this new variant are available, oats must be sprayed
with a fungicide just prior to heading, or yields and
quality can be severely impacted (75% yield loss, 50%
test weight loss). The exception to this rule is northern
Ontario, which does not yet have a rust problem.

Milling Oats

Milling oats is used for human consumption and
therefore must meet special quality requirements,
including plump kernels, high test weight and
groats (grain) that are free of discolouration and
foreign material (insects, weeds or other crop seeds).
Requirements for milling oats can be found at
www.grainscanada.gc.ca then click on “Grain
Quality,” to find the Official Grain Grading Guide,

under “Guides and Manuals.”

Hulless Oats

Hulless oats may be of interest to pig and poultry
producers because the grain (groat) has approximately
the same metabolizable energy as corn. Hulless oats
has good quality protein and high protein content
(14%-20%). Diets can be formulated with hulless
oats as a major energy source and only small amounts
of soybean meal, canola meal or the amino acid lysine
need to be added to obtain performance comparable
to a standard corn-soybean meal diet.

Hulless oats becomes groats when they are threshed.
The thin hulls are left in the field as chaff, resulting in
a kernel weight loss of 25%-30% compared to regular
varieties where the hull is retained. Current varieties
have a coating of fine hair on the groat that prevents
the oats from flowing freely. These hairs cause itching,

making the oats unpleasant to handle. New varieties
have greatly improved on these issues.

Take special care at planting, harvesting, handling and
storage of hulless oats. Since the hull does not protect
the seed, the germ is easily damaged. Take care during
the planting process. Embryo damage can occur
during harvest and handling. The high oil content at
the surface of the seed makes the seed more attractive
to storage insects. Moistures should be below 10% to
ensure the grain does not lose quality in storage.

Mixed Grains

Mixed grains occupy a significant acreage in the
province. Most mixed grains are a combination of
oats and barley, but mixtures may include spring wheat
or field peas. Mixed grains are only grown for feed.

No specific guidelines regarding the best mixtures can
be made. Generally, the highest yielding varieties of
oats and barley in pure stands also perform best in
mixtures, but maturity ratings of the components of
a mixture must be matched. The addition of wheat or
peas to the mix will increase the energy or protein of
the grain, but yields will be reduced.

Leaf and head diseases are usually much less severe
with mixed grains than where oats or barley is grown
alone. Mixtures of oats and barley are more tolerant
of variable drainage conditions, with the barley
component becoming predominant in drier areas
of the field and the oats component producing more
in poorly drained areas.

Winter Wheat

Winter wheat is grown on the largest acreage of any of
the cereal crops and is grown across the province. Like
winter barley and winter rye, winter wheat requires
vernalization, a period of cold temperature (below 5°C),
that induces the crop to shift from a vegetative to

a reproductive state. While wheat vernalizes most
effectively at the five-leaf stage, the vernalization
process can be completed once germination begins.
Therefore winter wheat can be planted at any time

in the fall, right until freeze-up, and still head out
normally the following year. Winter wheat planted in
the spring will not enter the reproductive stage, as it
has not been vernalized. In some cases, winter wheat
has been spring planted to give the appearance of a
lawn that almost never needs cutting.


http://www.grainscanada.gc.ca
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Spring Wheat

Feed Wheat

Feed wheat is a more concentrated source of protein
and energy for livestock than barley or oats. In non-
ruminant diets, take care to limit the amount of feed
wheat in the ration to avoid digestive problems. The
general guideline is to include no more than 25%

of the total ration as wheat. Be sure to consult a
nutritionist for further information.

Some feed wheat varieties can produce yields that
are competitive with oats and barley as feed grain. At
times, these varieties may achieve quality that allows
them to be included in the milling wheat market.
Check the website www.gocereals.ca to determine if

a variety is milling or feed quality. When feed wheat
varieties make milling quality, consider it a bonus and
not something to depend upon.

Milling Wheat

To ensure market acceptance, take care to grow a
quality product. This includes factors such as selecting
the proper variety, early planting and good weed
control. Spring wheat varieties generally have a very
open canopy, making weed control more critical,
especially for annual grass control. This open canopy
makes them ideal as a nurse crop for underseeded
alfalfa or hay crops.

Rye

Both spring and winter types of rye are available in
Ontario, but winter rye is more commonly grown.
Typically, winter rye is grown on the light sandy soils
of tobacco and vegetable farms to control wind erosion
and build up organic matter. Spring rye is occasionally
grown as an annual forage crop. Unlike the other
cereal crops, rye is quite susceptible to ergot, which

is detrimental to its use as either feed or food.

Winter rye is the most winter hardy of all the winter
cereals. It is early maturing — well ahead of either
winter wheat or winter barley. Rye is hard to thresh,
and despite the early maturity is often not harvested
until after wheat and barley crops. This allows the
straw to degrade and facilitates the threshing of the
grain from the head.

Some livestock producers looking for extra forage plant
winter rye after corn silage harvest. This rye will begin
to head about mid-May the following spring, when it

is cut for baleage or haylage. Soybeans or dry edible
beans are then planted with almost no yield loss due to
delayed planting. Concerns from this practice include
potential allelopathic effects (the toxic effects of rye
residue breakdown during new crop growth) from
the rye residue and the possibility of volunteer rye

in wheat crops in succeeding years.

Triticale and Spelt

Both triticale (a cross between wheat and rye) and
spelt are grown in Ontario on a limited basis. Both
winter and spring triticale are available. Winter triticale
is used as a forage as with rye (above), while spring
triticale is only grown as emergency forage when hay
crops winterkill, mostly in combination with peas,
see Warm-Season Annual Grasses in Chapter 3, Forages.
Spelt, an earlier version of modern day wheat, is
mostly grown for the organic market. There is almost
no genetic difference between spelt and wheat, only
the genetic coding for the “chaff” to either adhere to
the grain or be easily removed. In wheat, the chaff
comes away easily, while in spelt it does not.

Biotechnology and Cereal Crops

Most crop plants are diploids, meaning that they have
one pair of each chromosome. Both barley and oats
are diploids. Durum wheat is a tetraploid: having

two pairs of chromosomes (aabb genome). All other
wheats grown in Ontario are hexaploid, with three
pairs of chromosomes (aabbdd genome). This makes
gene transfer in wheat somewhat more difficult. The
profit margin in cereals for seed production and
breeding is much less than in many other crops.
Additionally, the acceptance of genetically modified
wheat plants by consumers has been very low,
resulting in less investment in biotechnology in wheat.
Thus, cereal crops have been at a standstill in the
development of varieties having special traits using
gene transfer technology.

This situation appears ready to change. How the
industry and consumer will respond to these changes
has yet to be determined. Producers should be aware
of these developments and the criteria for identity
preservation and separation that may go along with
any new developments.


http://www.gocereals.ca
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Planting and Crop Development

Depth of Seeding

Seeding depth can have a significant impact on plant
development, refer to Figure 4-1, Days to emergence at
various seeding depths, but soil conditions at the time
of planting must always dictate seeding depth. Do not
plant shallow into dry soil in anticipation of rain for
germination. Plant into moisture to ensure quick and
uniform emergence, even if it requires planting deeper.
However, when soil conditions are too wet, consider
shallow planting or making an additional tillage pass
in an attempt to dry the soil.

Cereals are lagging far behind corn and soybeans in the
development and adoption of technology to accurately
control seeding depth. With current drills, seed depth
can vary from 1.25-7.5 cm (0.5-3 in.) in the same
row, depending on soil conditions.

Producers can attempt to minimize this variation
in depth by using seed firmers, which hold the seed
at the bottom of the trench. Level fields and slower

planting speeds will help reduce variability. Seeding
depth accuracy in cereals will not match corn as long
as depth gauge wheels (press wheels) trail double disc
openers, or single coulters without parallel linkage are
standard equipment.

Cereals are the most responsive crops to early, timely
seeding, see Planting Dates. When cereals are seeded
too deep, delayed emergence of 1 week or more may
occur, see Figure 4-1. Delayed emergence is equivalent
to an equal delay in seeding date, resulting in an equal
reduction in yield. It is evident that the accuracy of
seeding equipment requires improvement.

At typical fall temperatures of 15°C days and 5°C
nights (15°C + 5°C = 20/2 = 10 GDD/day), 8
days would be required for germination and an
additional 5 days for each inch of planting depth
to reach emergence. Cooler temperatures will
slow this process.
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Figure 4-1. Days to emergence at various seeding depths.
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Optimum Seeding Depth

Cereals should be planted uniformly at a depth of 2.5 cm
(1 in.). This encourages early emergence and rapid
development of an extensive secondary root system.
Moisture availability is an overriding factor, and seed must
be placed into moisture. A 2.5 cm (1 in.) planting depth is
of little value if moisture is not available at this depth.

While seed depth of 2.5 cm (1 in.) is optimum, most
drills are not capable of that level of accuracy. The yield
penalty from too shallow is almost always greater than
the yield penalty from a deeper planting depth. When
drill accuracy is factored in, the target seeding depth
should range from 3—4 cm (1.25-1.5 in.). Producers
that do an accurate job of seeding winter wheat will
experience better winter survival and higher yields.

Cereal Development

The development of the cereal seedling can be determined
by following growing degree day (GDD) accumulations.
GDD calculations are discussed in greater detail in
Growing Degree Days, Chapter 10, Scouting. For cereal
crops, use GDD base 0 calculations.

Generally, cereals require 80 GDDs for the seed to
germinate and 50 additional GDDs for emergence,
for each inch of planting depth.

Figure 4-2, Cereal growth stages, shows detailed cereal
crop development according to the Zadoks Scale. (Feekes
is another cereal development scale, often used in the
U.S., but not shown here.) These stages are critical in
many management decisions that producers make.
Nitrogen and herbicide applications must be completed
during the tillering stage; while disease control is most
critical in the stem extension and heading stage. Knowing
the growth stage of the crop is essential to accurately
schedule management inputs and control measures.
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Figure 4-2. Cereal growth stages.
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For more detailed information and identification
of cereal growth stages, refer to the Cereal Staging
Guide at www.bayercropscience.ca (under Resources

and Guides).

Planting Dates

Cereal crops are more responsive to planting date
than corn. Ontario research shows a 0.07 t/ha/day
(1.1 bu/acre/day) decrease in yield for each day that
cereal planting is delayed beyond the optimum date.

Provincial winter wheat yields from 1981 to 2014 are
illustrated in Figure 4-3, Provincial winter wheat yield
for 1981-2014. The record yield in 2006 was primarily
due to early planting the previous fall, while low yields
in 1993 were the result of late seeding in the fall of
1992. The low yield of 1996 was caused by a severe
fusarium (FHB) infection.

Early Planting

Winter cereals can be seeded too early. Seeding more
than 10 days before the optimum date introduces risk
from Hessian fly, snow mould, and barley yellow dwarf
virus (BYDV) infection. While Hessian fly is often
cited as a concern, there has not been an infestation
of significance in Ontario since at least 1985, thus it
should not limit early seeding. BYDV is spread by
aphids, which feed on wheat seedlings. Seed-applied
insecticides can minimize the risk of spread of BYDV
but will not eliminate the risk. Check varietal response
to BYDV in the performance trials at www.gocereals.ca.

Aphids are very susceptible to low temperatures.
Aphid numbers and related concerns drop off as cool
fall temperatures arrive. For more information on
Hessian fly, cereal aphids or BYDV, see Chapter 15,
Insects and Pests of Field Crops and Chapter 16,
Diseases of Field Crops.

While seeding of winter cereals can be too early,

the risk of not planting in a timely fashion carries

far greater yield risk for producers on heavy, poorly
drained clay soils. In these situations, plant if the soil
conditions are fit. When seeding more than 10 days
prior to the optimum date, decrease the seeding rate
by 25%. Using lower seeding rates in this situation
reduces the risk of snow mould and lodging. Yields
often increase with lower seeding rates at these early
planting dates.

As winter barley must be seeded early, select a variety
with tolerance to BYDV, or utilize seed-applied
insecticides that control aphids. See Publication 812,
Field Crop Protection Guide.

Spring Cereals

It is virtually impossible to seed spring cereals too
early, unless soil conditions are excessively wet. This
tremendous response to early seeding is convincing
some producers to consider frost seeding. Cool, moist
spring conditions promote tillering and production
of large heads. The flowering dates of the crop are also
advanced, avoiding the hot, dry conditions that often
exist in late June and July.
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Figure 4-3. Provincial winter wheat yield for 1981-2014.
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The target date for planting spring cereals is April 10
for southwestern Ontario, April 15 for central and
eastern Ontario and May 10 for northern Ontario.
In areas of greater than 3,100 CHUs, spring cereals
are generally not recommended and should definitely
not be grown if planting is delayed beyond April 20.
Check with Agricorp for latest seeding dates to be
eligible for production insurance.

Winter Cereals

The seeding date for winter wheat is often determined
by the date soybeans are harvested. This can delay
optimal planting dates for winter wheat, resulting in
reduced yields. Wheat grown after soybeans is easily

facilitated by following the simple guidelines
outlined in, Winter Wheat Following Soybeans,
Chapter 2, Soybeans.

Figure 4-4, Optimum date to seed winter wheat across
Ontario, shows the ideal seeding dates for winter
wheat. The isolines on the map are based on average
weather conditions from 1960 to 1990; actual results
will vary from year to year. Seed winter barley 7-10
days prior to the optimum dates for winter wheat to
improve winter survival. Winter barley has less winter
hardiness than winter wheat.
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Table 4-6. Determining yield potential for various plant stand counts

Yield
Plant Spacing Yield Potential Oct. 5 planting date Oct. 15 planting date
66 plants/m of row 100% 5.34 t/ha 4.84 t/ha
(20* plants/ft of row) (80 bu/acre) (72 bu/acre)
33 plants/m of row 95% 5.11 t/ha 4.57 t/ha
(10 plants/ft of row) (76 bu/acre) (68 bu/acre)
232 plants/m of row 90% 4.84 t/ha 4.37 t/ha
(7 plants/ft of row) (72 bu/acre) (65 bu/acre)
20 plants/m of row 85% 4.57 t/ha 4.10 t/ha
(6 plants/ft of row) (68 bu/acre) (61 bu/acre)
16 plants/m of row 80% 4.30 t/ha 3.90 t/ha
(5 plants/ft of row) (64 bu/acre) (58 bu/acre)

Source: Smid, Ridgetown College, University of Guelph, 1986-90.

1 Full stand.

2 23 plants/m (7 plants/ft) of row, healthy and evenly distributed, will still achieve 90% of yield potential and does not require
replanting. A field with an average of 23 plants/m (7 plants/ft) of row without relatively uniform distribution, or with plants severely
damaged by heaving and other injury factors, will not yield satisfactorily. Consider replanting in this case.

Replanting

Winter cereals are one of the few crops that provide

a second opportunity to assess the crop in spring and
replant to another crop if winter survival was not
acceptable. Assess the wheat crop during April and
early May. Leave the replant decision as late as possible
to accurately determine plant stand and plant health.

Damaged plants will often recover under good
weather conditions, while plants that are expected

to recover may die if hot dry conditions exist. Table
4-6, Determining yield potential for various plant stand
counts, indicates yield potential for various plant stand
counts. The planting date will have an impact on the
replant decision.

Seeding Rates

Historically, the seeding rates of cereal crops were
recommended in bu/acre, with 2 bu/acre (135 kg/ha)
a standard that covered most cereal crops.

Blanket statements of this nature are no longer
acceptable. Seed size affects seeding rate. Set optimum
seeding rates for each cereal crop. Table 4—7, Guidelines
Jor cereal crop plant populations gives the ideal seeding
rates for each crop. Table 4-8, Calculating seeding rate
by row width to achieve target plant density indicates
the seeds per metre of row and kilograms of seed

per hectare required to achieve various desired plant
populations. Table 4-9. Calculating seeding rate by
amount of seed to achieve target plant density indicates
the amount of seed required to achieve the desired
plant population.

The seeding rate can be determined using
this formula:
Seeding rate (kg/ha) =

seeds/ha x 100
seeds/kg % germination

Seeding rate (Ib/acre) =

seeds/acre X 100
seeds/kg % germination

Sample Seeding Rate Calculation

Seeds/kg (seeds/Ib) should be stated on the seed tag or
bag. For instance, if 3.7 million seeds/ha (1.5 million
seeds/acre) is desired, with a germination rate of 95%
and 26,500 seeds/kg (12,000 seeds/Ib), the seeding
rate would be 147 kg/ha (132 Ib/acre).

Metric = 3,700,000 y 100 = 147 kg/ha
26,500 95
Imperial = 1,500,000 100 = 132 Ib/acre

12,000 95
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Table 4-7. Guidelines for cereal crop plant populations

Target Plant Population
Crop Number of Plants Seeds Required (x 1,000)
Barley 250-350 plants/m? 2,500-3,500 seeds/ha
(23-33 plants/ft?) (1,000-1,400 seeds/acre)
Oats 200-300 plants/m? 2,000-3,000 seeds/ha
(19-28 plants/ft?) (800-1,200 seeds/acre)
Mixed grain 200-350 plants/m? 2,000-3,500 seeds/ha
(19-33 plants/ft?) (800-1,400 seeds/acre)
Spring wheat 300-400 plants/m? 3,000-4,000 seeds/ha
(28-37 plants/ft?) (1,200-1,600 seeds/acre)
Winter wheat 350-450 plants/m? 3,500-4,500 seeds/ha
(33-42 plants/ft?) (1,400-1,800 seeds/acre)

Table 4-8. Calculating seeding rate by row width to achieve target plant density

Use planned row width to determine required number of seeds/metre of row (seeds/foot of row).

Desired Plant Population (x 1,000)
2,000/ha 2,500/ha 3,000/ha 3,500/ha 4,000/ha 4,500/ha 5,000/ha 5,500/ha
Row Width (809/acre) | (1,012/acre) | (1,213/acre) | (1,416/acre)  (1,619/acre) | (1,861/acre) | (2,024/acre) | (2,226/acre)

25 cm 49 62 75 89 102 112 125 138
(10 in.) (15) (19) (23) (27) (32) (34) (38) (42)
20 cm 39 49 62 69 82 92 100 110
(8in.) (12) (15) (19) (21) (25) (28) (32) (35)
19 cm 38 46 56 66 75 85 94 104
(7.51in.) (12) (14) (A7) (20) (23) (26) (29) (32)
18 cm 36 43 52 62 69 79 88 97
(7 in.) (11) (13) (16) (19) (21) (24) (27) (30)
15 cm 30 39 46 52 59 69 75 83
(6in.) (9) (12) (14) (16) (18) (21) (24) (26)
10 cm 20 25 30 36 41 45 50 55
(4in.) (6) (8) (9) (11) (12) (14) (15) (17)

Table 4-9. Calculating seeding rate by amount of seed to achieve target plant density

Use the number of seeds per kg or per Ib (often found on the seed tag) to determine the required seeding rate in kg/ha (Ib/acre).

Desired Plant Population (x 1,000)
Amount of 2,000/ha 2,500/ha 3,000/ha 3,500/ha 4,000/ha 4,500/ha 5,000/ha 5,500/ha
Seed (809/acre) | (1,012/acre)  (1,213/acre)  (1,416/acre) | (1,619/acre) | (1,861/acre) (2,024/acre) | (2,226/acre)
17,600/kg 114 142 170 199 227 256 284 313
(8,000/1b) (101) (127) (152) (178) (202) (233) (253) (278)
19,800/kg 101 126 151 177 202 227 252 278
(9,000/1b) (90) (112) (135) (158) (157) (207) (225) (247)
22,100/kg 90 112 134 157 179 202 226 249
(10,000/1b) (81) (101) (121) (142) (162) (186) (202) (223)
24,300/kg 82 102 122 142 162 184 206 226
(11,000/1b) (73) (91) (109) (127) (145) (164) (185) (204)
26,500/kg 75 93 112 131 149 168 189 208
(12,000/1b) (67) (83) (100) (117) (133) (150) (170) (187)
28,700/kg 69 86 103 121 138 155 174 192
(13,000/1b) (62) (77 (92) (108) (123) (138) (157) (172)
30,900/ kg 64 80 96 112 128 144 162 178
(14,000/1b) (55) (71) (86) (100) (114) (128) (146) (160)
33,200/kg 59 75 90 104 120 134 151 166
(15,000/1b) (53) (67) (80) (93) (107) (120) (136) (149)
35,400/kg 56 71 84 99 112 127 141 155
(16,000/1b) (50) (63) (75) (88) (100) (113) (127) (140)
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Use the higher rates in Table 4-7, Table 4-8 and Table 4-9:

* where emergence and early seedling establishment
are likely to be poor (for example, due to poor
seedbed and aerial or broadcast seedings)

» for late planting where tillering will be reduced

* on very heavy clay soils

Row Widths

Considerable research has been conducted on cereal
row widths for maximum yield. A summary of some
winter wheat row width research from across Ontario
and the northern U.S. and from Ontario on-farm
results concludes that there is no evidence to support
narrowing row widths below the standard 18-19 cm
(7-7.5 in.) spacing for winter crops.

There appears to be a yield penalty with wider rows.
The most recent Ontario row-width research shows an
8% decrease in yield when moving to 38 cm (15 in.)
rows from 19 cm (7.5 in.). In some cases, this yield
loss may be offset by reduced equipment costs and
result in more profit if less equipment investment is
required. 25 cm (10 in.) row corn/soybean planters
have more accurate seed placement than 19 cm

(7.5 in.) drills. With the importance of seeding depth,

this improved accuracy may partially overcome the row
width impact, as indicated by Essex, Middlesex and
Ohio data, where accurate planting equipment was
used for the 25 cm (10 in.) row widths.

For spring cereal crops, trials in northern Ontario have
shown yield increases of more than 5% when row
width was reduced from 18—10 cm (from 7—4 in.)
spacing. Moving to 10 cm (4 in.) rows in this
production area may prove beneficial. However, it

is difficult to achieve these narrow row widths in

a no-till system.

Crop Rotation for Winter Wheat

Crop rotation is an integral part of any production
system. The greatest benefit to a good crop rotation
is increased yields. A well-planned crop rotation

will help with insect and disease control and aid in
maintaining or improving soil structure and organic
matter levels. In addition to increasing yields, using
a variety of crops can reduce weed pressures, spread
the workload, protect against soil erosion and reduce
risk. Table 4-10, Management considerations for wheat
Jfollowing various crops in rotation, shows some of the
risks associated with, and management options for,
wheat following other crops.

Table 4-10. Management considerations for wheat following various crops in rotation

Following: Comments

+ best rotation
+ best option for early planting

Processing peas

+ lodging may be an issue

- residual nitrogen results in lower N requirement for wheat

Edible beans - excellent rotation

- timely planting often possible

+ higher yielding than wheat after soybeans

Soybean - excellent rotation

+ when soybean harvest is delayed, wheat planted later will have lower yield potential
- on sandy soils, European chafer populations can reduce plant stands

Canola - excellent rotation
« timely planting possible

+ response to starter P may be greater (canola is hon-mycorrhizal)

Corn + highest risk of fusarium
(silage or grain) « timely planting is possible (silage)

fungicide to prevent fusarium

- for wheat after corn, plant a variety that is MR for fusarium (see www.gocereals.ca) and plan to apply a

Alfalfa « timely planting is possible
(pure stands) - insect damage is a concern

+ nitrogen credit is not fully utilized because of timing of N release relative to crop requirements. Up to half the
N is released after crop uptake is complete.

Grass hay - poor rotation

and other root diseases

« primary risk is take-all, a root disease that infects the crop in the fall with a potential yield loss of over 50%,

- later planting combined with seed-placed potash fertilizer provides some take-all suppression

continued on next page
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continued from previous page

Table 4-10. Management considerations for wheat following various crops in rotation

Following: Comments

Oats + reasonable rotation.
+ timely planting possible

- few diseases cross over between wheat and oats

Barley - fair rotation
+ timely planting possible

« root diseases cross over between barley and wheat.
- later planting combined with seed-placed potash fertilizer provides some take-all suppression

Wheat - worst choice since not a rotation

- expect a minimum 10% yield loss

- leaf disease and root disease pressure will be at its maximum
- take-all, eyespot and cephalosporium stripe are at high risk with little or no management options

Additional Management
Opportunities

Growth Regulators

Lodging of cereal crops can be a major harvest issue,
and causes significant yield loss when it occurs early
in the growth of the crop. Huge varietal differences
exist in resistance to lodging (visit www.gocereals.ca).
Nitrogen rates, use of manure, seeding rates, seeding
dates, and disease infections all play a major role in

lodging susceptibility.

Plant Growth Regulators (PGRs) can be used to
shorten the crop and improve resistance to lodging.
PGR’s stiffen the stem, and often improve lodging
resistance without shortening the plant at all. Typical
height differential is 5-7 cm (2-3 in.). Some PGRs
have impacts beyond plant height: for example,
chlormequat chloride can reduce apical dominance,
increase tillering, or allow tiller’s to catch up in
development. It also affects stomatal closure; often
increasing yield slightly even when lodging is not an
issue Refer to Table 4—11, Response to plant growth
regulators. However, under severe moisture stress,
yields may be reduced for this same reason.

Cereal crops vary greatly in their response to PGRs, and
potential concerns for phytotoxicity (crop injury from
PGR application). Weather extremes interact with most
PGRs, occasionally causing severe injury. When possible,
avoid low (<5°C) temperatures, high (>25°C) temperatures,
or wide temperature fluctuations (>20°C), the day before,
the day of, and the day after application. Typically,
winter wheat is far more tolerant than spring cereals,
and spring wheat can be the most sensitive. Varietal
differences also exist within species. Read and follow
label directions carefully when using PGRs.

Table 4-11. Response to plant growth regulators

LEGEND: — = no data available

Treatment Yield Gain

Check 6.89 t/ha -
(102.5 bu/acre)

1.2 L/ha (0.5 L/acre) 7.04t/ha | 2.2%

Cycocel (104.7 bu/acre)

2.5 L/ha (1.0 L/acre) 7.06 t/ha 2.5%
Cycocel (105.0 bu/acre)

1.8 L/ha (0.72 L/acre) 7.10 t/ha 3.0%
Manipulator (105.6 bu/acre)

Source: R Johnson, S. McClure. 9 locations 2011-2014.

Fungicides

Fungicides have become an integral part of the
integrated pest management (IPM) for cereal
production in Ontario over the past decade. This is
due to several factors including: higher grain prices,
better genetics, better fungicides, and breakdown

of genetic disease resistance. Fungicide application
for disease control should be based on scouting and
presence of disease whenever possible. However, in the
case of rust on oats or fusarium in wheat, fungicides
must be applied as a preventative part of an IPM
strategy if it is known that the likelihood of disease

is high. Further information on disease identification
and control can be found in Chapter 16, Diseases of
Field Crops, and in OMAFRA Publication 812, Field
Crop Protection Guide. Thresholds for disease control
vary, depending on which disease is present, the stage
of growth, crop condition and weather patterns. In
general, it is important to scout the top two leaves of
the cereal crop, at any stage of growth. If disease is
moving onto one or both of these leaves, determine
if the control threshold has been reached and if
control is warranted.


http://www.gocereals.ca

4. CEREALS

Fungicide timing has moved to a new naming
convention:

e carly timings (Growth stage (GS) 30-31,

weed control timing) are referred to as T'1
* flag leaf timings (GS 37-39) are referred to as T2,
* fusarium timing (GS 58-61) are referred to as T3

In general terms, the later fungicides are applied to

cereal crops, the higher the yield response, up until T3.

Protecting the upper leaves of the cereal crop during
grain fill has the greatest impact on yield. However,
the yield difference between application at T2 and
T3 is small. Earlier fungicide applications have less
yield impact, as is shown in Table 4-12, Fungicide
timing response. Economic yield response under
Ontario growing conditions is marginal with two
fungicide applications and rare with three fungicide
applications. Where producers chose to apply more
than one fungicide, use of different or multiple
modes of action is essential to delay the development
of disease resistance.

Table 4-12. Fungicide timing response

Application Timing Delta Yield
T1 0.11 t/ha
(1.6 bu/acre)
T2 0.46 t/ha
(6.9 bu/acre)
T3 0.54 t/ha
(8.0 bu/acre)
T1+T2 0.54 t/ha
(8.0 bu/acre)
T1+T3 0.60 t/ha
(8.9 bu/acre)
T2+ 713 0.73 t/ha
(10.8 bu/acre)
T1+T2+T3 0.87 t/ha
(12.9 bu/acre)

Source: Brinkman University of Guelph. 2009-2011
SMART data.

Fusarium Head Blight

Ontario conditions pose a high risk of fusarium

head blight (FHB) in cereal crops virtually every
year. In wheat production, fusarium outbreaks result
in fusarium damaged kernels and toxins (especially
deoxynivalenol (DON) in the grain) which can make
it unfit for human consumption, and in severe cases,
unfit for livestock feed. Due to the humid climate

in Ontario, and the constant threat of fusarium,

use of a fusarium fungicide is an accepted and almost
essential practice. Malt barley, or cereal grains grown as
hog feed, have similar concerns.

Spraying Basics: Fusarium Control
in Wheat

Application of fusarium control fungicides requires
specialized nozzles or nozzle combinations to
achieve optimum results. Maximizing wheat head
coverage requires both proper timing and the best
nozzle configurations.

Maximize Spray Coverage of Wheat Heads

The key to applying fungicides to prevent fusarium
head blight (FHB) is to spray all sides of all wheat
heads with product. Heads that are missed or only
partially sprayed are not protected adequately. Many
spray nozzles and nozzle combinations to maximize
spray coverage on all sides of the wheat heads have
been evaluated.

Results showed that the closer the nozzles sprayed to
horizontal, in a forward and back manner, the better
the spray coverage. Nozzles that spray close to vertical
had significantly less spray coverage on the heads.
Figure 4-5, Suggested nozzle orientation of a forward-
and-back double nozzle assembly, shows a boom-end
view of the recommended nozzle orientation of a
forward-and-back double nozzle assembly. Turbo
Flood]Jet® nozzles alternating forward and back every
51 c¢cm (20 in.) along the boom also have this
15°-below-horizontal spray inclination. These two
nozzle set-ups provide the best spray coverage for

FHB control.

Best coverage .. Best coverage

/ 15°
Poor
coverage
\; / \ §
il m *‘q b
“ ‘ AN

Figure 4-5. Suggested nozzle orientation of a
forward-and-back double nozzle assembly.




AcroNomY GUIDE FOR FIELD CRoPS

Nozzles with a shallow attack angle, such as forward-
and-back double nozzles and alternating turbo
floodjets, have significantly better spray coverage

of wheat heads than nozzles spraying straight down.

Water Volumes

Follow label directions. More water should improve
spray coverage, especially in windier conditions.
For ground application keep water volumes in the
170-190 L/ha (18-20 U.S. gal/acre) (GPA) range.
Do not exceed 20 GPA application rates.

Spraying Speed
Spray coverage levels are very near equal from
10-20 km/h. Travel speed does not change the

ranking or coverage level of the different nozzles.

Nozzle-to-Target Distance

Forward-and-back double nozzle assemblies and
alternating Turbo FloodJets should be operated at 25-30 cm
(10-12in.) above the wheat canopy. Operate other nozzles
a sufficient height above the canopy — about 50 cm
(20 in.) — to allow full pattern development. Operating
nozzles higher than this minimum nozzle-to-target
distance will result in a significant reduction in spray
coverage. Operating the boom at double the minimum
nozzle-to-target distance from the wheat heads could
reduce head coverage by as much as 50%.

Application Timing for Fungicides for FHB Control
Day 0 occurs when 75% of the heads on the main
stems are fully emerged. Target spray applications for
Day 1 to Day 4, with optimum timing being Day 2.

Rain Fastness

Current FHB fungicides (Prosaro®, Caramba® and
Proline®) are all rainfast in 1 hour. Apply fungicide
once wheat heads are fairly dry. Moisture droplets on
the heads may cause spray to run off, thereby reducing
coverage levels. Updated information can be found in

OMAFRA Publication 812, Field Crop Protection Guide.

Sprayer Cleanout Before Spraying Wheat

It is essential to clean out sprayers totally, including
boom end caps. Wheat at heading is very sensitive to
any tank contamination, with yield loss approaching
100% in severe cases. If sprayer cleanout is not adequate,
producers would be better not to spray for FHB.

Fusarium Forecasting

Weather INnovations Incorporated (WIN) offers the
DONcast forecast modelling system. Visit the WIN
website at www.weatherinnovations.com and follow
the prompts.

Fungicides and Crop Maturity

Fungicides help keep plants healthy, which reduces
infection by disease. Healthier plants result in higher
yields but delay harvest by 2—-3 days. Delayed harvest
gives the impression that fungicides delay maturity when
in fact, fungicides delay premature death brought on by
disease. This delay extends the grain fill period, allows the
crop to fully mature, and results in increased yield.

Fungicide/Nitrogen Interactions

Recent research has shown a synergy between nitrogen
and fungicides (Hooker et al, 2014, Johnson and
McClure, field data, 2008—2014) in winter wheat.
When high nitrogen rates are applied in conjunction
with fungicides, yield increases are more than just the
additive result of fungicide plus nitrogen as shown

in Figure 4-6, Nitrogen response with and without
fungicides. The fungicide keeps the plant healthy,
allowing the crop to utilize the higher nitrogen
application. This synergistic response is clearly evident
in winter wheat, where genetic yield potential and
earlier maturity (reduced heat stress) allow better
utilization of applied nitrogen. Work is currently
underway to determine the extent of this synergy in
spring cereals. Initial results in other cereals are not as
encouraging.
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Figure 4-6. Nitrogen response with
and without fungicides.

Source: P Johnson and S. McClure, OMAFRA 2013-2014
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Fertility Management

Nitrogen

Cereals are members of the grass family and are very
responsive to nitrogen. Over-application of nitrogen
causes lodging in cereal crops, resulting in reduced
yield, quality and harvestability (Photo 4-2). The
optimum rate of nitrogen for a particular field will
depend on the crop being grown, past applications of
manure or fertilizer to the field, soil type crop rotation
and weather. Use general guidelines as a starting point
but combine them with observations of crop growth
and lodging tendency.

Photo 4-2. Lodging due to overlaps and/or
excessive rates of nitrogen fertilizer.

Table 4-13. Nitrogen requirements for cereal crops

As N rates increase, density of the plant canopy increases,
which increases the risk of foliar diseases. Yield responses

to increased N rates are not expected unless accompanied by
adequate control of leaf and head diseases with fungicides.
With the use of a T2 or T3 fungicide and where lodging has not
been a concern, spring N application rate may be increased by

30 kg N/ha (27 Ib N/acre).

Crop N Required*
Barley (areas receiving 2,800 CHUs 70-90 kg/ha
or less)? (63-81 Ib/acre)
Barley (areas receiving more than 45-60 kg/ha
2,800 CHUs) (40-54 Ib/acre)
Cereals seeded as a nurse crop for 15 kg/ha
forages (14 Ib/acre)
Mixed grain, spring triticale (S. Ontario) 45-60 kg/ha
(40-54 Ib/acre)
Mixed grain, spring triticale (N. Ontario) 70-90 kg/ha
(63-81 Ib/acre)
Oats, spring rye (S. Ontario) 35-50 kg/ha
(32-45 Ib/acre)
Oats, spring rye (N. Ontario) 55-75 kg/ha
(50-68 Ib/acre)
Spring wheat 70-100 kg/ha
(63-91 Ib/acre)
Winter barley, winter rye® 90 kg/ha
(81 Ib/acre)
Winter triticale 80 kg/ha

(72 Ib/acre)

Winter wheat

See Table 4-16.

100 kg/ha = 90 Ib/acre

The interaction of fungicides with nitrogen on winter
wheat will also impact nitrogen application guidelines.
See Figure 4—6, Nitrogen response with and without
fungicides. Value of the crop, price of nitrogen and cost
of fungicides will all play a role in determining the
maximum economic rate of nitrogen.

General Guidelines

General nitrogen fertilizer guidelines for cereal crops
are given in Table 4-13, Nitrogen requirements for
cereal crops, Table 4-14, Nitrogen requirements

Jor pastry wheat and Table 4—17, Nitrogen guidelines
for spring barley based on nitrate-nitrogen soil tests.

1 Where manure is applied or the preceding crop is a legume
sod, reduce the N rates as shown in Table 9-9. Adjustment
of nitrogen requirement, where crops containing legumes
are plowed down, and Table 9-10. Typical amounts of total
and available nitrogen, phosphate and potash from various

organic nutrient sources.

2 See Nitrate-Nitrogen Soil Test for Spring Barley.

3 When not in rotation with tobacco.
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Table 4-14. Nitrogen requirements for pastry wheat (most profitable N application)
For soft red or soft white pastry wheat. A maximum of 10 kg N/ha may be applied at seeding and the remainder top-dressed in early spring.

Expected Yield
Nitrogen:Wheat 4 t/ha 5t/ha 6 t/ha 7 t/ha 8 t/ha
Price Ratio* (60 bu/acre) (75 bu/acre) (90 bu/acre) (105 bu/acre) (120 bu/acre)
5 75 kg N/ha 95 kg N/ha 110 kg N/ha 125 kg N/ha 140 kg N/ha
6 70 kg N/ha 85 kg N/ha 105 kg N/ha 120 kg N/ha 135 kg N/ha
7 65 kg N/ha 80 kg N/ha 100 kg N/ha 115 kg N/ha 130 kg N/ha
8 60 kg N/ha 75 kg N/ha 95 kg N/ha 110 kg N/ha 125 kg N/ha

100 kg/ha = 90 Ib/acre
1 The price ratio is the cost of the nitrogen (N) in the fertilizer ($/kg N), divided by the selling price of the wheat ($/kg of wheat).

Price Ratio Example:

Price of UAN is $350/T.

Price/kg N is $350 + 280 = $1.25/kg.
Wheat value at $250/T is $0.25/kg.
Price ratio is $1.25 + $0.25 = 5.

It takes 5 kg of wheat to pay for 1 kg N.

Hard Winter Wheats (Red and White)

The current recommended hard winter wheat varieties
in Ontario are not equivalent to Canadian Western
Red Spring Wheat (CWRS) but are mid-strength or
blend varieties with bread-baking and other unique
qualities. High protein content is required in these
varieties to meet quality specifications. To achieve these
protein levels, a higher rate of nitrogen fertilizer is
often required. The optimum rate of nitrogen is in the
range of 35-70 kg/ha (3060 Ib/acre) greater than for
pastry (soft) wheat. Split nitrogen applications increase
protein, but often these increases are small enough
that the split application is not economical. Ontario
research data indicates that split N applications
increase yield by 0.5%, on average.

As N rates increase, density of the plant canopy
increases which increases the risk of foliar diseases.
Yield responses to increased N rates are not expected
unless accompanied by adequate control of leaf and
head diseases with fungicides. With the use of a T2
or T3 fungicide and where lodging has not been a
concern, spring N application rate may be increased

by 30 kg N/ha (27 Ib N/acre).

Nitrogen for grain protein production is required later
in the development of the plant than the nitrogen for
yield. This makes hard wheat varieties ideally suited

to use the nitrogen from slow-release nitrogen sources
or organic sources (legume plowdown or livestock
manure). Desired protein levels are often easier

to achieve on livestock farms due to these factors.
Similar to split nitrogen applications, research on
Environmentally Stable Nitrogen (ESN) (poly coated

urea, 44-0-0) has shown a 0.5% increase in protein
when included at 50%-65% of the nitrogen applied as
shown in Table 4—15, Managing for increased protein.
There was no increase or decrease in yield with ESN

in these studies.

Table 4-15. Managing for increased protein

Management Input Protein Increase
35 kg/ha additional N 0.5%
70 kg/ha additional N 1.0%
Split N (GS 30 + 32) 0.5%
Post Anthesis N (GS 30 + 69) 0.75%
Split N (GS 30 + 32 + 69) 1.0%
Agrotain Plus 0.2%
ESN 50% 0.5%
ESN 100% 0.75%

Source: R Johnson, S. McClure, 2008-2014 averages from
research trials.

Nitrate-Nitrogen Soil Test for Spring Barley
Application of fall nitrogen is discouraged under
Ontario growing conditions. It brings no value to the
producer, and may be an environmental concern from
nitrate reaching groundwater. While this practice is
viable in other winter cereal growing regions, those
regions have warmer winters that allow for some
continued growth over the winter months. Due

to snow cover and cold winter conditions, winter
cereals become totally dormant in Ontario. Fall
nitrogen is not taken up because there is no growth.
Nitrogen is subject to leaching or denitrification

over the wet conditions of late fall, winter, and early

spring. Research shown in Table 4—16, Fall applied
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nitrogen, suggests that over 50% of the fall applied
nitrogen is lost overwinter. With no benefit and
potential environmental impact, fall nitrogen (other
than the small amount that comes along with starter
phosphorus) is strongly discouraged.

Table 4-16. Fall-applied nitrogen

The nitrate-nitrogen soil test can be used to predict
nitrogen requirements for spring barley in areas other
than eastern Ontario that receive less than 3,000 CHUs,
see Figure 1-1, Crop heat units (CHU-M1) available

for corn production.

Consider a guideline based on a spring nitrate-nitrogen

- — - - = test to be a useful indicator for formulating a nitrogen
Nitrogen timing Yield Yield Impact .
management program for spring barley, see Table 4-17,
100 kg/ha 5.53 t/ha 0 ] . ) o
(90 Ib/acre) spring | (82.2 bu/acre) Mﬂogen g@zdelme; Jor spring barley based on nitrate
nitrogen soil tests.
34 kg/ha 5.69 t/ha -0.26 t/ha
30 Ib/acre) fall + 84.6 bu/acre -3.8 bu/acre . .
( 10/0 kg/)ha ( /acre) | /acre) Time and Depth of Sampling
(90 Ib/acre) spring Collect samples as close to planting time as practical
135 kg/ha 5.94 t/ha 0 (within 5 days of planting), allowing for sample
(120 Ib/acre) spring | (88.4 bu/acre) shipping, analysis and receipt of results. Contact the
34 kg/ha 5.96 t/ha -0.16 t/ha accredited lab to determine sample turnaround times.
(30 Ib/acre) fall + (88.7 bu/acre) (=2.4 bu/acre)
135 kg/ha . .
(120 Ib/acre) spring It is important that all cores in a field be taken to a
168 kg/ha 6.13 t/ha 0 30 cm (12 in.) depth. To ensure that the sample is
(150 lo/acre) spring | (91.1 bu/acre) representative of the field, take the same number

Source: R Johnson, S. McClure 2011-2013 (18 locations).

1 Yield compared to equal nitrogen all applied in spring.

Since soils can vary greatly in their ability to supply
nitrogen, the general guidelines found in Table 4-13,
Nitrogen requirements for cereal crops, may not be the
most profitable for some fields. The amount of nitrate-
nitrogen present in the soil near planting time can be
a useful indicator of a soil’s ability to supply nitrogen.

of cores and use a sampling pattern similar to that
recommended for the standard soil test described in
Soil Sampling. Also refer to Appendix C, Accredited
Soil-Testing Laboratories in Ontario.

Where Caution is Required

There are situations where the fertilizer reccommendations
based on nitrate-nitrogen soil tests should be adjusted.
The nitrogen in manure or legumes applied or plowed
down just before sampling will not have converted

into nitrate and will not be detected by the soil test.
Information will be provided with the soil test results
on how to make appropriate adjustments.

Table 4-17. Nitrogen guidelines (most profitable rate) for spring barley based on nitrate-nitrogen soil tests

For areas outside of eastern Ontario that receive less than 3,000 CHUs.

Spring Soil Price Ratio?
Nitrate-Nitrogen

0-30 cm* 8 7 6 5

10 kg/ha 138 kg/ha 147 kg/ha 156 kg/ha 165 kg/ha
20 kg/ha 107 kg/ha 114 kg/ha 122 kg/ha 129 kg/ha
30 kg/ha 76 kg/ha 81 kg/ha 87 kg/ha 93 kg/ha
40 kg/ha 44 kg/ha 49 kg/ha 53 kg/ha 57 kg/ha
50 kg/ha 13 kg/ha 16 kg/ha 18 kg/ha 21 kg/ha
60 kg/ha 0 0 0 0

100 kg/ha = 90 Ib/acre

1 To convert to nitrate-nitrogen soil test (30-cm depth) from kg/ha to ppm, divide by 4.
2 The price ratio is the cost of the nitrogen (N) in the fertilizer ($/kg N), divided by the selling price of the barley ($/kg of barley).
Price Ratio Example: see Table 4-13.
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Exercise caution if the recommendation is for large
quantities of nitrogen and there is a history of barley
lodging at lower rates of nitrogen. The nitrate-nitrogen
soil test has not been adequately evaluated for:

* legumes or manure plowed down in the late
summer or fall

* barley following legumes in a no-till system
employing chemical burndown of the legumes

Uniformity of Nitrogen Fertilizer Application

To maximize yield, nitrogen must be applied
uniformly across the field. Uniform application is more
critical than the form of nitrogen fertilizer applied.
Table 4-18, Yield loss associated with inaccurate nitrogen
application patterns, indicates the potential yield loss
associated with inaccurate spread patterns. A 1.48 t/ha
(22 bu/acre) yield difference was found between the
fully fertilized and under-fertilized strips in the field.

Table 4-18. Yield loss associated with inaccurate
nitrogen application patterns

Based on two locations in Middlesex County, 1998, three
replications at each location.

Application pattern Yield Loss

Low N 3.72t/ha
(55.3 bu/acre)

Full N 5.20 t/ha
(77.3 bu/acre)

Source: R Johnson, OMAFRA.

Urea-Ammonium Nitrate Solution (UAN) (28-0-0 or
32-0-0) applied with streamer nozzles gives excellent,
uniform nitrogen application and has shown small
yield advantages 0.17 t/ha (2.5 bu/acre) as shown
in Table 4—19, UAN as a herbicide carrier. Urea or
ammonium nitrate or calcium ammonium nitrate
can be applied using airflow technology, improving
uniformity, although uniformity is not guaranteed.
During humid days, urea can build up in the airflow
tubes, restricting flow and affecting distribution. Be
sure to maintain clear hoses to achieve a uniform
spread pattern.

Spinner spreaders often have the greatest inconsistency
in spread pattern. If spinners are employed, consider
double spreading the field at half the rate (6 m (20 ft)
centres instead of 12 m (40 ft) centres, to overcome
this inconsistency). European style spinner spreaders,
which are able to adjust the fertilizer drop onto the
spinner, are much more accurate in spread pattern.
However, until the fertilizer industry in Ontario

advances as it has in Europe, with granule size and
density for each load, this improved technology will be
of limited value.

Pendulum spreaders have performed very well in
accuracy tests with dry fertilizer. However, with small
hoppers and narrow spread patterns, this type of
spreader is not very common in Ontario.

UAN applied through streamer nozzles causes little
or no leaf burn. Applying 28% nitrogen (UAN) as an
overall broadcast treatment (using flood jet or tee-jet
nozzles) to emerged cereal crops is NOT ADVISED.
Table 4-19 shows the potential yield loss associated
with this practice. The addition of 28% to a herbicide
application, especially contact herbicides, will greatly
increase leaf injury and yield loss (Photo 4-3).

Table 4-19. UAN as a herbicide carrier

Application Visual
combination Injury Yield
200 L/ha water 0% 6.4 t/ha
(18 gal/acret water) (95 bu/acre)
150 L/ha water 3% 6.4 t/ha

+ 50 L/ha UAN
(13.4 gal/acre water
+ 4.5 gal/acre UAN)

(95 bu/acre)

100 L/ha water 5% 6.1 t/ha
+ 100 L/ha UAN (91 bu/acre)
(9 gal/acre water
+ 9 gal/acre UAN)

50 L/ha water 7% 6.1 t/ha

+ 150 L/ha UAN (91 bu/acre)
(4.5 gal/acre water

+ 13.4 gal/acre UAN)

200 L/ha UAN 9% 6.0 t/ha
(18 gal/acre UAN) (89 bu/acre)

11 gallon (Imperial) = 1.2 U.S gal
Source: Sikkema, University of Guelph (RCAT), 2008-2013.

Photo 4-3. UAN 28% leaf burn. Applications of 28%
nitrogen fertilizer can burn leaves and reduce yields.
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A range of streamer nozzles exist for UAN application.

Tests have shown that boom height can have a major
impact on some nozzles. For example, three-stream
nozzles work well at the correct 50 cm (20 in.) nozzle
to target distance. However, if booms with three-stream
nozzles vary in height due to rolling topography or
rough field conditions, at 75 cm (30 in.) height their
pattern is much less ideal. Chafer streamer bars give
excellent uniformity, regardless of boom height: but
nozzles can turn on the boom, and folding the boom
with these large nozzle bodies can be problematic.

Timing of Nitrogen Application

Most nitrogen fertilizers for spring cereals are applied
before planting and worked into the soil. This allows
optimum crop utilization of the fertilizer, while

minimizing the risk of losses through run-off or
volatilization. It is acceptable to top-dress emerged
spring cereals, particularly if a starter fertilizer has been

applied at planting.

Phosphate and Potash

Phosphate and potash recommendations for cereals are
in Table 4-20, Phosphate (P2 Os) guidelines for cereals
and Table 4-21, Potash (K,O) guidelines for cereals.

These fertilizer guidelines are based on OMAFRA-
accredited soil tests. For information on the use of
these tables, or if an OMAFRA-accredited soil test
is unavailable, see Fertilizer Guidelines in Chapter 9,
Soil Fertility and Nutrient Use.

Table 4-20. Phosphate (P,0,) guidelines for cereals

Based on OMAFRA-accredited soil tests.

Profitable response to applied nutrients occurs when the increase in crop value, from increased yield or quality, is greater than the cost of the

applied nutrient.

Where manure is applied, reduce the fertilizer application according to the amount and quality of manure (Chapter 9, Manure section).

LEGEND: HR = high response MR = medium response

LR = low response RR = rare response NR = no response

Winter Wheat, Winter
Sodium Bicarbonate Spring Barley, Spring Oats, Spring Triticale, Rye, Winter Barley, Winter or Spring
Phosphorus Wheat, Mixed Grain Spring Rye Winter Triticale Grains Seeded Down
Soil Test Phosphate Required*
0-3 ppm 110 kg/ha (HR) 70 kg/ha (HR) 70 kg/ha (HR) 130 kg/ha (HR)
4-5 ppm 100 kg/ha (HR) 60 kg/ha (HR) 60 kg/ha (HR) 110 kg/ha (HR)
6-7 ppm 90 kg/ha (HR) 50 kg/ha (HR) 50 kg/ha (HR) 90 kg/ha (HR)
8-9 ppm 70 kg/ha (HR) 30 kg/ha (HR) 30 kg/ha (HR) 70 kg/ha (HR)
10-12 ppm 50 kg/ha (MR) 20 kg/ha (MR) 20 kg/ha (MR) 50 kg/ha (MR)
13-15 ppm 20 kg/ha (MR) 20 kg/ha (MR) 20 kg/ha (MR) 30 kg/ha (MR)
16-20 ppm 20 kg/ha (MR) 0 (LR) 20 kg/ha (MR) 20 kg/ha (MR)
21-25 ppm 0 (LR) 0 (LR) 20 kg/ha (MR) 20 kg/ha (MR)
26-30 ppm 0 (LR) 0 (LR) 20 kg/ha (MR) 20 kg/ha (LR)*
31-40 ppm 0 (RR) 0 (RR) 0 (LR) 0 (LR)
41-50 ppm 0 (RR) 0 (RR) 0 (RR) 0 (RR)
51-60 ppm 0 (RR) 0 (RR) 0 (RR) 0 (RR)
61 ppm + 0 (NR)? 0 (NR) 0 (NR)? 0 (NR)?

100 kg/ha = 90 Ib/acre

1 For winter cereals seeded down only.

2 When the response rating for a nutrient is “NR,” application of phosphorus in fertilizer or manure may reduce crop yield or quality.
For example, phosphate applications may induce zinc deficiency on soils low in zinc and may increase the risk of water pollution.
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Table 4-21. Potash (K,0) guidelines for cereals

Based on OMAFRA-accredited soil tests.

Profitable response to applied nutrients occurs when the increase in crop value, from increased yield or quality, is greater than the cost of the

applied nutrient.

Where manure is applied, reduce the fertilizer application according to the amount and quality of manure (Chapter 9, Manure section).

LEGEND: HR = high response MR = medium response

= low response

RR = rare response NR = no response

Winter Wheat, Winter
Spring Barley, Spring Oats, Spring Triticale, Rye, Winter Barley, Winter or Spring
Ammonium Acetate Wheat, Mixed Grain Spring Rye Winter Triticale Grains Seeded Down
Potassium Soil Test Potash Required*
0-15 ppm 90 kg/ha (HR) 70 kg/ha (HR) 50 kg/ha (HR) 90 kg/ha (HR)
16-30 ppm 80 kg/ha (HR) 50 kg/ha (HR 40 kg/ha (HR) 80 kg/ha (HR)
31-45 ppm 70 kg/ha (HR) 40 kg/ha (HR 30 kg/ha (HR) 70 kg/ha (HR)
46-60 ppm 50 kg/ha (HR) 30 kg/ha (HR) 20 kg/ha (HR) 50 kg/ha (HR)
61-80 ppm 40 kg/ha (HR) 20 kg/ha (MR) 20 kg/ha (MR) 40 kg/ha (HR)
81-100 ppm 30 kg/ha (MR) 20 kg/ha (MR) 20 kg/ha (MR) 30 kg/ha (MR)
101-120 ppm 20 kg/ha (MR) 0 (LR) 20 kg/ha (LR) 20 kg/ha (MR)
121-150 ppm 20 kg/ha (MR) 0 (RR) 0 (RR) 20 kg/ha (MR)
151-180 ppm 0 (LR) 0 (RR) 0 (RR) 0 (LR)
181-210 ppm 0 (RR) 0 (RR) 0 (RR) 0 (RR)
211-250 ppm 0 (RR) 0 (RR) 0 (RR) 0 (RR)
251 ppm + 0 (NR)! 0 (NR)* 0 (NR)* 0 (NR)!

100 kg/ha = 90 Ib/acre

1 When the response rating for a nutrient is “NR,” application of potash in fertilizer or manure may reduce crop yield or quality. For
example, potash application on soils low in magnesium may induce magnesium deficiency.

Corn Row Syndrome

No-till crops grown without starter fertilizer often
develop “corn row syndrome” symptoms. Wheat plants
growing over old corn rows will be significantly taller
and more vigorous than plants growing between the
rows. This is primarily due to higher phosphorus
availability from the corn starter fertilizer band, even
though the corn crop was grown 2 or 3 years prior to
the wheat crop. Fields receiving 58 kg/ha (52 Ib/acre)
of supplemental P,O, (100 Ib/acre MAP) overcame the
variability in wheat growth. The addition of low rates
of P with a liquid starter reduced the corn row effect
but did not eliminate it. Table 4-22, Corn row syndrome
and Photo 4—4 show the visual and yield impact of
corn row syndrome. Winter wheat is one of the most
responsive crops to phosphorus fertilization. This is
shown in Table 4-23, Yield response to starter fertilizer,
which summarizes 4 years of comparisons on fields

with a large range of fertility levels. Even on soils with
high fertility there is a response to seed placed starter
fertilizer. Note that seed placed starter fertilizer is
4-5 times more efficient than broadcast. Additionally,
fall broadcast phosphorus that is not incorporated

is subject to movement off target and can be an
environmental concern. If the drill is not equipped
for seed placed phosphorus seed can be blended

with fertilizer (MAP, 11-52-0) and the blend seeded
through a single box. Seed and fertilizer do not
separate, and this has been a successful practice on
many farms. Set seed cups one notch more open than
the wheat setting, and target a seed drill setting of 10%
less than the total of the seed and fertilizer weight/acre
as a starting point. Further drill calibration will be
required from there. If broadcast phosphorus is
chosen as the method of phosphorus application,

be sure that the fertilizer is incorporated to prevent
off-target concerns.
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Photo 4-4. Corn row syndrome of winter wheat
is caused by fertilizer or pesticide carryover
in the rows of previous crops.

Table 4-22. Corn row syndrome

Tissue Phosphorus
Phosphorus Levels
Location Soil Test Height (DM Basis) Yield
In row 19 107 cm 0.16% P 5.13 t/ha
(42 in.) (76.3 bu/acre)
Between row 9 89 cm 0.12% P 4.51 t/ha
(35in.) (67.1 bu/acre)

Source: R Johnson, OMAFRA (2013).

Table 4-23. Yield response to starter fertilizer

Yield Increase over Check
Soil Test P Soil Test P Soil Test P
6-13 ppm 13-21 ppm 21-56 ppm
Fertilizer P Applied (10 sites) (9 sites) (9 sites)
Liquid 6-24-6

95 L/ha 30 kg P,0./ha 12.0% 6.2% 3.3%

(10 US gal/acre) (in furrow) (27 Ib P,0_/acre)
40 L/ha 14.5 kg P,0,/ha 9.7% 2.7% 1.8%

(5 US gal/acre) (in furrow) (13 Ib P,0_/acre)
21 L/ha 3 kg P,0./ha 6.3% 2.9% 0.9%

(2.5 US gal/acre) (in furrow) (7 Ib P,0./acre)

Dry 7-34-20

170 kg/ha 58 kg P,0,/ha 17.3% 6.2% 4.8%

(150 Ib/acre) (in furrow) (52 Ib P,0./acre)
56 kg/ha 19 kg P,0./ha 10.9% 4.7% 3.5%

(50 Ib/acre) (in furrow) (17 Ib P,0_/acre)
225 kg/ha 76 kg P,0,/ha 12.0% 3.5% 4.6%

(200 Ib/acre) (broadcast) (68 Ib P,0_/acre)
Average Check Yield 5.31t/ha 5.95 t/ha 6.0 t/ha
(79.0 bu/acre) (88.5 bu/acre) (89.0 bu/acre)
Minimum Difference? 0.2 t/ha 0.2 t/ha 0.2 t/ha
(3.2 bu/acre) (3.2 bu/acre) (3.1 bu/acre)

Source: Johnson, McClure, Janovicek 2010-2013.

1 Plant available P based on accredited Ontario soil test.

2 Minimum yield difference required to be confident that differences are not due to random chance.
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Methods of Application

Where phosphate fertilizer is required for cereal crops,
it is best drilled with the seed. Seed-placed fertilizers
may include some or all of the required nitrogen and
potash, depending on rates of application. For further
information, see Table 9-22, Maximum safe rates of
nutrients in Chapter 9, Soil Fertility and Nutrient Use.

Sulphur

With the reduction of sulphur from atmospheric
deposition, sulphur is becoming a more critical and
necessary component of a good fertility package.
Considerable research over the period from 2010-2015
has found significant sulphur response (0.67-0.94 t/ha
or 10-14 bu/acre) on some fields, some years. Other
fields, for example, fields with regular manure
application, have shown very little response. Figure
4-7, Sulphur response in wheat, shows average yield
increase of responsive fields. In these trials, 13 out

of 22 sites (59%) were responsive, with an average
response of 0.26 t/ha (3.8 bu/acre). Across all trials
the average response was 0.13 t/ha (2 bu/acre).

At this time, there is no predictive tool (soil test, tissue
test) to determine responsive fields. Additionally, there
is a significant year-to-year interaction. Early warm
springs kick start soil biological activity and have little
response to sulphur additions while cool, wet springs
have much greater response. The best strategy for
producers is to conduct their own sulphur trials, to
determine responsive fields. Responsive fields have a much
greater chance of response year after year. When response
is unknown, producers could chose to apply sulphur
based on the year (early and dry vs wet and late), or
apply sulphur as an “insurance” policy, just in case.

If sulphur applications are considered, Figure 4—7
suggests that optimum application rates are 10-15 kg/ha
(9-13 lb/acre) of spring applied sulphate or
thiosulphate fertilizer. Some regions suggest sulphur
applications on a 10 units nitrogen: 1 unit sulphur
basis, as this is the relative proportion in the plant of
both nutrients. However, this ignores the sulphur still
available from atmospheric deposition. Research, to
date, has shown the N:S ratio to be of little value In
Ontario. Producers should apply sufficient N and S,
and not follow any particular ratio of each.

Fall sulphur is another option to consider. However,
fall sulphate sulphur will leach over winter, so fall

applications must be in the elemental sulphur form.
Elemental sulphur must be transformed to sulphate

to be taken up by plants, therefore during cool springs
this process may not happen quickly enough to supply
the wheat crop’s early season’s demand. Response

to fall applied sulphur in research trials has been
inconsistent. Spring sulphate is preferred, as availability
is known. If fall elemental sulphur applications are
chosen, 22-56 kg/ha (20-50 Ib/acre of actual S should
be applied.
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Figure 4-7. Sulphur response in wheat.

Source: P Johnson, S. McClure 2012-2014. Summary
of 13 responsive sites.

Plant Analysis

For cereals, sample the top two leaves at heading.
Sample plants suspected of nutrient deficiency as soon
as the problem appears. For plants less than 20 cm
(8 in.) tall, sample the entire plant. For sampling

at times other than heading, take samples from

both deficient and healthy areas of the field for

comparison purposes.

Photo 4-5. Sulphur deficiency in wheat.
Courtesy of Marieke Patton Bayer.
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Take a soil sample from the same area and at the same
time as a plant sample.

Plant tissue analysis results should fall between the
critical (low) and normal maximum concentrations.
To interpret plant tissue results, refer to Table 4-24,
Interpretation of plant analysis for cereal crops and
Appendix I, Diagnostic Services.

Table 4-24. Interpretation of plant analysis
for cereal crops
Values apply to the top two leaves sampled at heading.

LEGEND: — = no data available
Maximum
Critical Normal

Nutrient Concentration* | Concentration?
Nitrogen (N) 2.0% 2.7%
Phosphorus (P) 0.1% 0.5%
Potassium (K) 1.0% 3.0%
Calcium (Ca) — 1.0%
Magnesium (Mg) 0.15% 1.0%
Boron (B) 3 ppm 25 ppm
Copper (Cu) 3 ppm 50 ppm
Manganese (Mn) 15 ppm 200 ppm
Zinc (Zn) 10 ppm 70 ppm

1 Yield loss due to nutrient deficiency is expected
with nutrient concentrations at or below the critical
concentration.

2 Maximum normal concentrations are more than adequate
but do not necessarily cause toxicities.

Micronutrients

Manganese

Manganese deficiency frequently occurs when wheat,
oats or barley are grown in an organic (muck) soil. It
can occasionally occur in mineral soils high in organic
matter, or with high soil pH, and in very sandy soils
with low organic matter. On oats, manganese deficiency
appears as irregular, oval, grey spots on the leaves
(Photo 4-6). On barley and wheat, it appears more
commonly as a light yellow colour on the leaves with
the veins in the leaf remaining slightly darker green
(Photo 4-7). Both soil tests and plant tissue analyses
are useful in predicting where manganese deficiencies
are likely to occur. Both analyses are available at
OMAFRA-accredited soil testing laboratories.

Photo 4-6. Manganese deficiency on oats
looks like irregular, oval gray spots.

Photo 4-7. Manganese deficiency on winter
wheat (pale-yellow interveinal stripes on
the leaves) occurs most frequently on high pH,
sandy soils or on organic soils.

Correct the deficiency as soon as it is detected by a
foliar spray of 2 kg/ha (1.8 lb/acre) manganese,
which can be provided from 8 kg/ha (7 Ib/acre)
manganese sulphate in 200 L (53 gal) of water. Use

a “spreader-sticker” in the spray. If the deficiency is
severe, a second spray may be beneficial. Winter cereals
growing in areas of severe manganese deficiency may
require an application in the fall to ensure winter
survival. Be cautious of manganese products that are a
“shotgun blast” of all nutrients. These products rarely
supply more than one-tenth of a kg/ha at maximum
application rates, and are much more expensive per
unit of Mn. These low rate applications may briefly
correct the deficiency; however repeated applications
are often required for acceptable results.




Soil application is not recommended, regardless of
source, due to the large amounts of manganese that
would be required. In most cases, plant deficiencies
are caused by a low availability of manganese from
the soil rather than a lack of manganese. Adding
more manganese to the soil will not often correct this.
However, when small areas of the field are continually
deficient, while the balance of the field is fine, soil
applications can be attempted in the problem zones
to avoid foliar applications on the entire field year
after year. Apply from 22 kg/ha (20 Ib/acre) Mn from
manganese sulphate (MnSO,) to the deficient zone.
Repeated applications may be necessary.

Copper

Copper deficiency may occur in organic (muck) soils
and could be suspected on rare occasions in very sandy
soils. Response to copper has never been established
on sandy soils. The most common deficiency symptom
is dieback from the tip of the leaf, often accompanied
by twisting of the upper leaves. For information on
correcting copper deficiencies, see Micronutrient
Fertilizers, Chapter 9, Soil Fertility and Nutrient Use.
Many claims have been associated with copper
applications, especially in regards to disease control.
Ontario studies have not been able to substantiate any
disease control benefit from copper applications.

Boron

Boron deficiency has not been diagnosed in cereals.
Boron applications can be toxic, causing a bleaching of
leaf tissue in seedlings. Many tissue samples come back
indicating boron deficiency: however, when boron

is applied in these situations, no response occurs.
Ciritical values for boron in wheat leaf tissue needs

to be reassessed.

Zinc

Zinc deficiency in cereals does not appear to be a
problem. Trials on cereals using Micro-Essentials
Sulphur Zinc (MESZ) 10-40-0-10-2 have found
no benefit from the zinc in this product.

Do not apply mixtures of herbicides and foliar
fertilizers to crop foliage unless recommended
by reliable agronomists. Always consult the

herbicide label.
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Harvest and Storage
Optimizing Combine Adjustments

Operator manuals contain the best starting point

for setting up a small grain harvester. Occasionally,
conditions arise that require further adjustments.
Harvest of Fusarium-damaged grain, lodged crops or
crops infected with dwarf or common bunt requires
special attention. The easiest and best way to improve
the grain sample in these situations is with proper
combine adjustment. Often the difference between

a marketable crop and sample grade wheat is in the
combine set-up. Don't be afraid to experiment.

Storage of the crop allows the opportunity to upgrade
the grain before delivery to an elevator or mill. This is
particularly important for wheat infested with any of
the bunt diseases. Many producers have experimented
with re-cleaning the grain through screen cleaners,
seed cleaners and fanning mills to upgrade the crop

to a better sample. Elevator operators can also do this,
for a fee. This can have tremendous economic benefit,
where grain can be moved from salvage grade to milling
grade. Upgrading the grain makes it much easier for
the elevator to handle the crop and find a purchaser
for the grain.

Fusarium-Damaged Grain

Combines use air blast to separate grain from the chaft
in a normal harvest operation. Many of the Fusarium-
infected kernels are small, shrunken and lighter than
sound kernels. It is often possible to blow a large
proportion of these Fusarium-damaged kernels out the
back of the combine by increasing the air blast above
normal ranges. In 1996, many producers operated
combines at the maximum windblast to increase grade.
Research conducted by Dr. A Schaafsma (University
of Guelph, Ridgetown Campus) in 1996 found a
tenfold decrease in Fusarium-damaged kernels in the
grain when fan speeds were operated at maximum
blast (up to 300 rpm above book settings). Operating
cleaning fans at these levels causes an additional loss

of good kernels, up to 0.13 t/ha (2 bu/acre) Refer

to Table 4-25, Effect of different fan-speeds on wheat
yield. This small yield reduction is insignificant if

the crop can be made marketable, rather than being
downgraded to feed, sample or salvage.
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Table 4-25. Effect of different fan-speeds on wheat yield

Case International 1644, Harus Wheat, Essex County, July 17,1996. Travel speed 6.8 km/h (4.2 mph). Rotor speed 880 rpm.

Fan Speed
Front
Sieve Setting: 6 mm (0.25 in.) Closed
1,160 1,190 1,220 1,250 1,280 1,320 1,330 1,330
Comparison rpm rpm rpm rpm rpm rpm rpm rpm
Good kernels 172/m? 125/m? 340/m? 263/m? 379/m? 446/ m? 470/m? 461/m?
on ground (16/1t?) (11.6/1t?) (31.6/ft?) (24.4/1t2) (35.2/ft?) (41.4/ft2) (43.6/1t?) (42.8/1t?)
Loss 0.06 t/ha 0.04 t/ha 0.11 t/ha 0.08 t/ha 0.12 t/ha 0.14 t/ha 0.15 t/ha 0.14 t/ha
(0.8 bu/ (0.6 bu/ (1.6 bu/ (1.2 bu/ (1.8 bu/ (2.1 bu/ (2.2 bu/ (2.1 bu/
acre) acre) acre) acre) acre) acre) acre) acre)
Loss at 4.03 t 1.38% 0.97% 2.63% 2.03% 2.93% 3.45% 3.63% 3.56%
(60 bu) yield

Source: Dr. Art Schaafsma, University of Guelph, Ridgetown College, 1996.

Harvest Fusarium-damaged grain as quickly as possible.
Fusarium levels can increase dramatically when harvest
is delayed. Fusarium can continue to grow whenever
grain moisture exceeds 19%, which occurs frequently
in wheat any time there is precipitation. However,
moistures above 16% reduce the ability to blow out
lighter Fusarium-damaged kernels. Early harvest,
and harvesting at lower moisture, often work against
each other. Slowing the forward ground speed of the
combine may further reduce Fusarium levels. This
allows increased separation of the grain mass, giving
the increased windblast time to separate the good
kernels from the infected kernels. Consider adjusting
the cleaning sieves (chaffer) to a more wide-open
setting. This directs the air blast vertically, slowing
rearward movement of the grain mass and aiding
cleaning and separation. Use caution to keep heads
and straw particles out of the grain sample if the
chaffer is opened.

Unfortunately, there will be times that the grain quality
cannot be raised to milling standards. If this occurs,
consider storing as much of the damaged grain as
possible. Often, as harvest finishes, the pressure eases
on those involved in handling the crop. Marketers
and millers are able to assess the markets that do exist
and determine the best way to condition wheat to fit
that market.

Wheat going into storage must be dry (14% moisture or
below). Damp wheat allows the Fusarium to continue
to grow and produce toxins, further downgrading the
crop. Check stored grain frequently to ensure that the
grain stays in condition.

Lodged Grain Crops

Setting up a combine for lodged wheat takes extra
time and care while in the field. Although flexible
cutter bars on floating soybean heads are standard on
modern combines, there are several effective options
for harvesting lodged grain crops.

* Grain Lifters: lift the crop above the cutter bar and
is an inexpensive way to maximize yields.

* Knife Adjustment: On floating cutter bars, leave
the knife tilted down and run the header in the float
position similar to harvesting a soybean crop. Take
care not to feed rocks into the combine if choosing
this option.

* Reel Adjustment: Most reels are permanently on the
best setting for soybean harvest. Newer combines
have hydraulic adjustments from the cab, but this
setting is not appropriate for a lodged cereal crop. Set
the reel forward and adjust the tine angle to be more
aggressive, allowing the reel to physically lift the crop
up off the ground and above the knife. Check the
operator’s manual for suggested settings and fine-tune
from there.

* Harvesting Direction: The last option, some years,
is to harvest the grain in one direction so the lodged
grain is tilted towards the header rather than away.

Bunt-Infected Wheat

To avoid being forced into harvesting a bunt-infected
crop, use resistant varieties of properly treated seed.
However, when bunt does infect the crop, harvest
and storage must focus on minimizing bunt balls

in the sample and reducing the “fishy” odour
following harvest.
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Do not harvest bunt-infected crops at high moisture.
Spores from broken bunt balls adhere more easily to
damp grain. Harvest dry grain using slow cylinder
speeds and open concave clearance to minimize the
number of bunt balls broken during the harvest
process. Operate cleaning fans at high speed to
blow as many of the bunt balls and bunt spores
out the back of the combine as possible.

Storage of bunt-infected wheat is an effective way to
upgrade the grain. Aeration is the key. Store bunt-infected
grain in storage facilities with lots of aeration capability.
Aerate the grain until the odour has disappeared. Take
care when removing the grain from storage, as the
handling process can break remaining intact bunt balls
and re-contaminate the grain. Belt conveyors are
preferable to augers when moving bunt-infected grain.
Use of aspiration during the handling process will
often lift out remaining bunt balls and keep the grain
in condition.

Never contaminate or attempt to blend bunt-infected
wheat with clean wheat. It takes very little bunt

to downgrade the grain. Blending will simply
contaminate the good grain, not improve the damaged
grain. For more information, refer to Dwarf Bunt and
Common Bunt in Chapter 16, Diseases of field crops.

Drying and Storing Wheat

Winter wheat is sometimes harvested at higher
moisture contents because of impending wet weather
or to reduce harvest losses. Wheat is considered dry at
14.5% moisture by the Canadian Grain Commission
(CGC), however the Ontario industry moved to 14%
to align more closely to other world standards. Drying
charges could be implemented to wheat at greater than
14% moisture.

Winter wheat must be dried to 13%—14% moisture
content for safe, long-term storage.

Drying Systems

Three different systems can be used to dry wheat:

* natural-air drying bin

* low-temperature dryers (less than 40°C)

* high-temperature or high-speed dryers
(temperatures greater than 40°C)

Natural-Air and Low-Temperature Drying

Natural air drying of wheat will only occur when

the relative humidity of the outside air is below

the equilibrium moisture content of the grain. The
effectiveness of natural air drying systems is greatly
reduced during rainy periods and at night when
temperatures are cool and relative humidity levels are
normally high. When air temperatures fall below 10°C,
forced ambient air will not pick up as much moisture,
and supplemental heat may be required. Extended
periods of humid weather may also require additional
heat to affect drying. Raising the temperature of the
incoming air by 5°C will dry the air but should not
over-dry the grain at the bottom of the bin. Refer

to Table 4-26, Suggested airflow for natural-air and
low-temperature wheat drying, for airflow rate guidelines
for natural-air and low-temperature wheat drying.

Table 4-26. Suggested airflow for natural-air
and low-temperature wheat drying

LEGEND: CFM = cubic feet per minute

Moisture Content
(wet basis) Minimum Airflow
16% 6.5 L/sec/m? 0.5 CFM/bu
17% 9.75 L/sec/m? 0.75 CFM/bu
18% 13 L/sec/m? 1.0 CFM/bu

Adapted from Wilcke, William F., Hellevang, Kenneth J.
Wheat and Barley Drying. FS-5949-GO, 1992. University of
Minnesota, Extension Service.

Minimum requirements for natural-air drying:

e full aeration floor in the bin

¢ level grain surface across the entire bin

* minimum airflow of 6.5 L/sec/m? (0.5 CFM/bu),
preferably 9.7 L/sec/m?® (0.75 CFM/bu) or more

¢ clean wheat with no weed seeds or fines

* accurate moisture determination of the wheat in the bin

* accurate outside air temperature and relative
humidity measurement

* an understanding of wheat equilibrium moisture content

« on/off switch for the fan

A full aeration floor is essential to move air uniformly
through the entire bin contents. With a partial
aeration floor or air duct system, dead areas will exist,
leading to potential spoilage problems. Weed seeds,
green trash and fines accumulations in the bin will
restrict or divert airflow. Air moving through the
wheat mass will take the path of least resistance.
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High-Temperature Drying

With high-temperature drying, large volumes of
heated air, 40°C or higher, are used to accomplish
drying in a few hours or days. Corn dryers could be
used but it may be necessary to reduce the drying
temperature to avoid loss of starch quality and
germination. It is important not to exceed the
recommended maximum air temperatures for drying
milling wheat which are dependent on the type of
dryer used and the end use of the wheat, refer to
Table 4-27, Guidelines for maximum air temperatures

for drying milling and seed wheat.

For safe drying, the temperature of grain kernels
should never exceed 60°C. Check the contract
to determine if heated air drying is allowed to
condition seed wheat.

Table 4-27. Guidelines for maximum air
temperatures for drying milling and seed wheat

Dryer Type or Wheat End Use

Max. Temperature

Non-recirculating batch dryers 60°C
Recirculating batch dryers 60°C-70°C
Cross-flow continuous dryers 60°C
Parallel-flow dryers 70°C
Seed wheat? 40°C

1 Wilcke, William F., Hellevang, Kenneth J. Wheat and
Barley Drying. FS-5949-GO, 1992. University of
Minnesota, Extension.

Copyright: Farm Drying of Wheat. Canadian Grain Commission.
Sept 1992.

The baking quality of wheat is reduced if the
temperature of the grain reaches 60°C for any
significant length of time. When heated air dryers
are used, it is a worthwhile precaution to have
samples evaluated to ensure the dried grain meets
market standards.

Tough wheat can be dried with natural air under good
drying conditions. Natural-air drying of wheat requires
careful management by the operator since wheat loses
and takes on moisture easily. Only run the fan when
outside conditions will result in drying progress.

Do not run the fan continuously, night and day, as
the wheat will re-wet at night. The progress made
during the day will be undone during the night.
Use of automatic humidity sensors, or the BINcast
model (www.weatherinnovations.com), will ensure
that fans run only when drying will occur.

Determining Airflow

Sufficient airflow is needed to move drying air through
the entire wheat mass. To remove moisture, the
minimum airflow required is 6.5 L/sec/m? (0.5 CEM/bu);
anything less will only change the temperature but
not the moisture content of the wheat. Higher airflow
rates of 9.75 L/sec/m? (0.75 CEM/bu) or greater help
speed up the drying process. These higher airflow rates
may be difficult to achieve, requiring much higher fan
horsepower. The small kernel size of wheat causes the
spaces between the kernels to be small. Moving large
amounts of air through deep beds of wheat will take a
large fan with high static pressure capability. If this
bin and fan combination is capable of supplying

26 L/sec/m?® (2 CFM/bu) when filled with corn, only
fill it one-half to one-third that depth with wheat.
With axial flow fans, filling the bin with wheat to
one-third the depth of corn is a good starting point.

To determine the L/sec/m? (CFM/bu) value for a

bin, determine the number of bushels in the bin and
the static pressure that the fan is operating against.

A simple manometer connected to the air plenum
below the perforated floor will show the static pressure
(inches of water displaced in the column). Refer to
Chapter 12, Figure 12-1, Home-built manometer for a
diagram of a homemade manometer. Determine the
fan output at the measured static pressure using the
fan performance curve.

To calculate L/sec/m3(CFM/bu airflow, divide
the L/sec/m3 (CFM/bu) output of the fan at
the measured static pressure by the number of
bushels in the bin (1 CFM/bu = 13 L/sec/m3).

If adequate airflow cannot be achieved, one strategy
is to partially fill the bin. In this way, the fan will be
operating at less static pressure and will deliver higher
airflow rates per bushel.
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Equilibrium Moisture Content

Researchers have developed equilibrium moisture
content tables, that allow the prediction of the final
moisture content of winter wheat when exposed to air
with a certain temperature and relative humidity, refer
to Table 4-28, Equilibrium moisture content for soft
winter wheat exposed to air.

Table 4-28. Equilibrium moisture content for soft
winter wheat exposed to air

Relative Humidity
Temperature = 50% 60% 70% 80% 90%
0°C 12.5 13.5 14.6 16.1 18.2
5°C 12.1 13.1 14.2 15.7 17.9
10°C 11.7 12.7 13.9 15.3 17.5
15°C 11.4 12.4 13.5 15.0 17.2
20°C 111 12.1 13.2 14.7 17.0
25°C 10.8 11.8 13.0 14.4 16.7

For example, you can find the equilibrium moisture
content of wheat exposed to outside air at 25°C and
80% relative humidity. In Table 4-28 find the point
at which the 25°C row and the 80% relative humidity
column intersect. This point will be the equilibrium
moisture content for wheat at the outside air conditions
stated. Given enough time, the wheat will dry down to
14.4% moisture content.

When to Run the Fan

Air temperature and relative humidity levels should
determine fan operation, not the time of day. On some
days, drying can be accomplished from 9 a.m. until
midnight, while on others it may only be from 9 a.m.
to 6 p.m. Check the temperature and relative humidity
of the air frequently throughout the day. As the wheat
loses moisture, drier outside air is needed to continue
to make drying progress. If the equilibrium moisture
content on a given day is less than the moisture content
of the wettest wheat, drying is possible and the fan
should be on. Install a humidistat that will activate the
fan at preset humidity levels. The operator can adjust
the relative humidity level at which the fan is activated.

The wheat at the top of the bin will be the last to dry.
Each day of fan operation will push a drying front up
through the bin. This drying front may not reach the
top of the bin that same day. Be sure to take moisture
samples at the same depth each time to know how
the moisture content is changing at that depth. Bins
with stirrators will have fairly uniform moisture levels
throughout the entire bin as a result of the mixing that
has been done.

Other Crop Problems

Insects and Diseases

Figure 4-8, Cereal crops scouting calendar, shows insects
and diseases that could be causing symptoms in the
field. Individual descriptions of insects and diseases,
scouting and management strategies can be found

in Chapter 15, Insects and Pests of Field Crops and
Chapter 16, Diseases of Field Crops.

Treatment guidelines to control insects, pests and
diseases can be found in OMAFRA Publication 812,
Field Crop Protection Guide.

Winterkill

Winter cereals can be destroyed during the winter
and early spring period by frost heaving, ice, low
temperatures and snow mould. Varieties differ in their
ability to withstand these different winter stresses. This
explains the regional adaptation of some varieties that
may not perform well across the province.

Select varieties to address the winterkill concerns for
specific areas. Varieties grown in the Ottawa Valley
need ice tolerance; those grown in the Lake Huron
snow belt need snow-mould tolerance, while those
grown in the heavy clays of Essex, Lambton and the
Niagara peninsula need resistance to frost heaving.

Refer to the replanting section and Table 4-6,
Determining yield potential for various plant stand
counts for information on assessing the winter
wheat crop stand and making a replant decision.
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Figure 4-8. Cereal crops scouting calendar.
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Frost Heaving

The freeze/thaw cycles of early spring are one of the
main reasons for winterkill in Ontario. The risk is
highest in heavy-textured soil and/or soils with limited
sub-surface drainage. As frost goes into the ground,

it works under the crown and “lifts” the plant up
(Photo 4-8). If these freeze/thaw cycles are repeated,
the plant is ejected or “jacked” out of the soil. Roots
are broken and left exposed above the soil, causing
death of the plant due to desiccation. This process

is referred to as frost heaving.

Photo 4-8. Frost heaving of winter wheat
is caused by freeze/thaw cycles of early
spring, lifting up the crown.

Deep-seeded wheat is not more resistant to frost-heaving
injury. The primary root system does not anchor the
plant in the soil. The secondary root system anchors
the wheat plant in the soil, protecting against frost-heaving
injury. The secondary root system of the wheat plant
cannot develop deeper in the soil than the depth of
the seed, see Figure 4-1, Days to emergence at various
seeding depths. When wheat is seeded deep, the plant
develops the crown and secondary root system at about
2-2.5 cm (0.75-1 in.) deep, as the crown develops in
response to light. Regardless of planting depth, the
secondary roots will not develop below 2.5 cm (1 in.).
To maximize resistance to frost heaving, wheat plants
need an extensive secondary root system developed as
deep as possible.

In frost heaving prone soils, increased seeding rate can
also reduce damage. At higher seeding rates, and with
some root growth, roots “interlock” and plants are
more resistant to frost heaving action.

Ice

When there is a rapid snow melt or winter rain is
followed by below-freezing temperatures, ice can form
as a thick sheet across ponded areas. Even when the
water is able to drain away below the ice sheet, the ice
itself may prevent oxygen from getting to the plants
and the wheat will suffocate and die below the ice.

Surface and subsurface drainage can help reduce

the ponding, which leads to this problem. Should

an ice sheet form (for example, during January and
February), dormant wheat will only survive for
approximately 2 weeks. Break the ice surface to allow
gas exchange and to keep the wheat alive: be careful,
as there may be deep water under the ice. In some
situations, compaction from combine tires results in
sufficient depressions and reduced drainage resulting in
icing that will occur in the combine wheel tracks only.
Low pressure tires or tracks on combines can reduce
compaction sufficiently to prevent this problem.

Cold Injury

Wheat will survive extremely cold temperatures before
plant death occurs. Plants that have “hardened off”
(gone dormant) can survive temperatures down to
-24°C. Snow cover acts to insulate the crop from
extremely cold temperatures, and even 7.5 ¢cm (3 in.)
of snow is sufficient to protect the crop from colder
temperatures. Leaf tissue on plants that have not
hardened off will withstand -9°C, making late spring
frosts of little consequence. There was only 1 year in
the last century (1900-1999) when cold temperatures
destroyed the wheat crop in Ontario.

While the wheat crop survives cold temperatures well,
cold injury can reduce vigour and final yield. In severe
winterkill situations, marginal areas suffering cold
injury may not rebound as expected. However, this
phenomenon is impossible to predict.
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Dry edible beans (Phaseolus vulgaris) belong to a class
of legumes (Fabaceae family). Production of dry edible
beans occurs primarily in western Ontario, and the
crop is typically grown under contract. Over 80% of
production is exported. The main types of beans grown
in Ontario include white (navy), kidney, cranberry,
black, otebo, and adzuki (or azuki) beans. Adzuki
beans (Vigna angularis) are only distantly related and
are unique in their growth habit, production and
susceptibility to diseases and insects. Dry edible beans
require special cultural management practices for
optimum quality and profitability.

Tillage Options

Dry edible beans grow best in soils with excellent
soil structure and good drainage. The seedbed
requirements are similar to those for soybeans,
including a firm seedbed to enhance a uniform
planting depth and good seed-to-soil contact to
promote rapid and uniform emergence. The best,
highest-yielding stands come from beans that emerge
within a week of planting and remain stress free for
the first 3 weeks. This is accomplished with:

* uniform soil moisture

* good soil-to-seed contact

* secondary tillage limited to the minimum required
for seedbed preparation

» surface conditions that minimize risk for soil crusting

The choice of tillage system must consider the harvest
method. White and black beans are direct harvested
and can be successfully grown using conventional,
strip, reduced or no-till systems. Large seeded bean
types, including kidney and cranberry, are typically
harvested by pulling and windrowing prior to
combining. Some producers have had success with
direct harvest when done at the ideal bean moisture
content. Conventional tillage is the traditional and
most common method of preparing seedbeds for
larger-seeded bean types that are pulled at harvest,
but an increasing number of producers are successfully
employing other tillage systems. Large-seeded coloured
beans are more prone to damage by crusting because
of their large cotyledons.

In no-till systems, dry edible beans respond to some
form of tillage in the seed zone at planting. This is
largely because of their inherently small and poorly
developed root system. Tillage coulters on the planting
unit will provide the necessary seed-zone tillage to
optimize emergence, stand establishment, early growth
and plant height. Beans are shorter when grown in a
no-till system and are therefore better suited to narrow
row production.

Packing following planting is usually necessary where
direct harvesting is planned and for dry edible beans
planted no-till into corn stubble. Packing will level
the field for clipping beans close to ground and
reduce stones, cornstalks and contamination from
dirt when combining.

Site Selection and Crop Rotation

The most important factors in field selection include:

* disease history

* previous crop

* weed control and potential herbicide carry-over
* soil structure, slope and drainage

Soil Type and Structure

Fields planted to dry edible beans are susceptible to
soil erosion due to late planting, slow growth and the
relatively poor root systems of the crop. The crop canopy
and crop residue only protect the soil for a relatively
short period of the season. For beans in wide rows, the
crop canopy may only fully cover the soil in August.

Dry edible beans are one of the most responsive
crops to good soil structure and grow best on loamy,
uncompacted soils. Heavy soils that are poorly drained,
prone to crusting or hard to till risk uneven emergence
and poor stands. Soil that remains saturated for 24 hours
will cause severe seedling damage. Beans have relatively
inefficient and poorly developed root systems that
are susceptible to stress. Uneven emergence results in
uneven ripening, delayed harvest and immature beans
that increase the “pick” and result in lower grade and
price when marketed.
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Avoid growing dry edible beans in fields where
compaction is a concern. Soil compaction is a serious
dry bean production issue that restricts root growth,
promotes root disease and increases risk of herbicide
injury. Yield reductions from compaction and poor soil
structure can be as high as 30%-50%. Compaction
takes time to overcome and cannot be alleviated with
tillage alone.

Disease History

A rotation where beans are grown only once in 3 years
(or longer) is essential to avoid the build-up of
diseases. The most common diseases encouraged

by short rotations are root rots and white mould
(Sclerotinia). Soybean, canola, potato and sunflower
are poor rotation choices with beans since they are all
susceptible to white mould. Root rots are challenging
to control through rotation, because they have a wide
crop-host range. The organisms that cause root rots are
often invasive, infecting plants that are under stress.
Soil compaction, poor drainage, frequent cropping to
beans, and other factors cause plant stress that favours
root rot. Dry edible beans are also hosts for soybean
cyst nematode (SCN). Adzuki beans are particularly
susceptible to SCN. For additional information
about SCN and other dry edible bean diseases, see
Chapter 16, Diseases of Field Crops.

Bean dealers and buyers may stipulate the crop
protection products that are permitted to be
used, based on the maximum residue limit (MRL)
approval of importing countries. Producers need
to check their production contract or guidelines
and speak with their dealer for a list of approved
products.

Weed Control

Options for controlling annual broadleaf and perennial
weeds with herbicides are limited in dry edible beans,
so weeds must be controlled in the previous crop.
Weeds present at harvest may also create quality
problems (i.e., seed staining) and reduce harvest
efficiency. Nightshade and perennial pokeweed cause
severe staining of beans at harvest. Corn is often
favoured as a previous crop due to the number of
options for controlling problem weeds. Cultivation
between the rows can be used to control weeds. Refer
to Chapter 7 of Publication 75, Guide to Weed Control,

for more information on cultural and chemical control

options in dry edible beans. Note that not all dry
edible bean classes are tested in herbicide-tolerance
evaluations, and the classes may vary in their tolerance
to certain herbicides.

Dry edible beans are very sensitive to certain
herbicides that may be in the soil. To reduce carry-
over injury from previous crops, select herbicides
carefully the year prior to bean production. Refer
to Table 4—4, Herbicide Crop Rotations, and pH
Restrictions—Field Crops in OMAFRA Publication 75,
Guide to Weed Control.

Considering all the factors, the ultimate rotation crops
for dry edible beans include corn, forages and cereals.
A previous crop of corn or cereals provides a good
opportunity to control weeds, and an effective break
in edible bean diseases. The earlier harvest date of
dry edible beans allows for timely planting of winter
wheat. A cereal crop in which weed control was good
would be preferred over a corn field where compaction
following a wet harvest might be an issue. Forages
promote the best soil structure, but soil insects and
weed pressure can be an issue. For more information
on appropriate crop rotations for dry edible beans
and precautions under different tillage systems,

see Table Intro—1. Management considerations for
various crop rotations, found in the Introduction.

Variety Selection

Before deciding on a market class, carefully consider
the unique production requirements and risks for
each class. There are differing seed sizes and plant
architectures that may dictate the required equipment
and harvest method, and for some classes there are
distinct challenges in meeting quality standards. Most
dry edible beans in Ontario are grown under contract;
consider the various marketing opportunities and
contract options.

In choosing a dry edible bean variety, consider:

* growth habit (e.g., upright or vining)

* days to maturity

* yield potential

* suitability for intended harvest method

* disease resistance/tolerance (e.g., anthracnose,
bean common mosaic virus (BCMYV), common

bacterial blight (CBB))
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Annual variety performance information is

published by the Ontario Pulse Crop Committee
at www.gobeans.ca.

Choosing varieties of an appropriate maturity is of
primary importance. The variety information from
seed dealers and the Ontario Pulse Crop Committee
indicates the number of days to maturity for each
variety. Select varieties that will mature within the first
3 weeks of September, when the weather is generally
more favourable for harvest and the opportunity for
timely winter wheat planting exists. Harvesting in

dry weather will help maintain high bean quality.

Varieties are rated for resistance to two important
diseases: bean common mosaic virus (BCMV)
and anthracnose. Currently all bean types are
susceptible to white mould, however adzuki
beans have higher tolerance.

Kidney beans are more susceptible to root rot than
other types and for this reason grow best on loam soils.
Black and adzuki beans have a stronger root system
than other bean types and can be grown on a wider
range of soil types; however, adzuki beans take longer
to emerge than other beans because of their hard seed
coat and are therefore more susceptible to emergence
problems on crusting soils. White bean varieties are
rated for their suitability for direct harvest. When dry
edible beans are grown in narrow rows, select varieties
with an upright plant type since direct harvest is the
only option.

Planting

Seed Quality

Using high-quality, pedigreed seed from inspected
fields is important to promote early season vigour and
reduce the risk of seed-borne disease. Bacterial blights,
anthracnose and BCMYV are seed-borne diseases that
cause serious issues in some years.

Most coloured bean seed (except black bean seed)

is imported from arid growing regions in the U.S.
where there is a low incidence of bacterial blight
and anthracnose. Some seed, particularly white and
black bean seed, may originate from pedigreed seed
production in Ontario. Test all seed for germination.
See Appendix E Ontario Laboratories Offering Custom
Seed Germination Testing.

Ensure that seed is free from mechanical injury and
weather damage, and be sure to handle seed gently.
Bean seeds are fragile and sensitive to rough handling,
which can damage the growing point within the seed
and result in slow or reduced emergence, distorted
growth and missing cotyledons. Seed harvested at
less than 16% moisture is more prone to mechanical
damage. To reduce damage, minimize the distance
seed falls, ideally less than 0.5 m (2 ft), and use brush
augers and conveyors rather than regular augers.
Poor-quality seed, including mechanically damaged
seed, can result in reduced germination and vigour,
uneven emergence, stunting or even “bald-headed”
plants (plants without true leaves).

Planting Date

The ideal germination temperature for dry edible
beans is 15°C or above. Optimum plant growth occurs
between 18°C-23°C. The minimum temperature for
growth is 10°C and maximum temperature is 32°C.
Table 5-1, Planting date guidelines, displays the ideal
planting dates according to geographic region. The
highest yields are obtained by planting within these
dates. Refer to Chapter 1, Corn Figure 1-1, Crop
heat units (CHU-M1) available for corn production, to
determine the heat unit rating for your area. Check
with the seed distributor for variety-specific planting
recommendations.

Table 5-1. Planting date guidelines
Legend: CHU = crop heat units
CHU Geographic Area
Less than 3,000 CHUs
3,000-3,200 CHUs
More than 3,100 CHUs

Planting Date Guidelines
May 26-June 6

May 30-June 10

June 7-June 20

Dry edible beans are less vigorous than soybeans

and must be planted when soil conditions are warm
and moist, ensuring quick, uniform emergence.
Low temperatures at planting increase the risk of
slow emergence, and damage from herbicide injury,
soil crusting and root rot. When determining the
planting date, temperatures at flowering must also be
considered. Planting within the appropriate dates will
avoid hot, dry weather during flowering and ensure
a timely harvest. Temperatures greater than 32°C

can cause “flower blasting” (dropping of buds and
flowers). Regardless of planned planting date, it is
most important that the soil is fit for planting before
proceeding. Under late planting conditions, carefully
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consider when dry edible beans will mature before
continuing to plant. Dry edible beans are less able than
soybeans to adapt to a shorter growing season from
late planting.

Seeding Rates

Dry edible bean seed size varies greatly. Check to
ensure the planter is calibrated properly to plant the
correct number of seeds per metre of row. Adjust
seeding rates for seed quality and expected germination
rate, field conditions and field history. In conditions
where reduced emergence is a risk, increase seeding
rates by up to 10%. High-risk conditions include
seeding into heavy soil, late or very early planting,

deeper plantings or expected seedling loss from
wireworm or seed corn maggot injury, and planting
into soils susceptible to soil crusting.

Table 5-2, Seeding rates for white and black beans displays
the seeding rates for white and black beans according to
row width. General seeding rate guidelines for coloured
beans are shown in Table 5-3, Coloured bean seeding rate.
The average desired plant stand for adzuki beans is

210,000 — 222,500 plants/ha (85,000-90,000 plants/acre),
and for otebo is 173,000 plants/ha (70,000 plants/acre).
Consult the seed supplier for more specific information
on seeding rates for the various classes. Seeding rates may

also depend on the type of equipment used for planting.

Table 5-2. Seeding rates for white and black beans

Seeding rates are based on 90% germination and 90% emergence. Adjust seeding rates for germination percent and expected

percent emergence.

Parameters

Number of Seeds

36-cm (14.5-in.) row
10-13 seeds/m of row
(3-4 seeds/ft of row)
Seeding rate:
369,000 viable seeds/ha
(150,000 seeds/acre)

53-cm (21-in.) row
11.5-15 seeds/m of row
(3.5-4.5 seeds/ft of row)
Seeding rate:
272,000 viable seeds/ha
(110,000 seeds/acre)

76-cm (30-in.) row
15-16 seeds/m of row
(4.5-5.0 seeds/ft of row)
Seeding rate:
222,000 viable seeds/ha
(90,000 seeds/acre)

4,500-5,000 seeds/kg 72-83 kg/ha 54-62 kg/ha 42-48 kg/ha
(2,000-2,300 seeds/Ib)
5,000-5,500 seeds/kg 66-72 kg/ha 50-54 kg/ha 38-42 kg/ha
(2,300-2,500 seeds/Ib)
5,500-6,000 seeds/kg 61-66 kg/ha 46-50 kg/ha 36-38 kg/ha
(2,500-2,700 seeds/Ib)
6,000-6,500 seeds/kg 55-61 kg/ha 42-46 kg/ha 32-36 kg/ha

(2,700-3,000 seeds/Ib)

100 kg/ha = 90 Ib/acre

Table 5-3. Coloured bean seeding rate

Suggested seeding rates vary significantly between market classes. Check with seed distributor for recommended rates. Seed sizes can vary
between lots; check the seed tag for seeds/kg (seeds/Ib).

Row Width Seeding rate Final Plant Stand*
53 cm 9.5-11.5 seeds/m of row 173,000-205,000 plants/ha
(21 in.) (3.5-4.0 seeds/ft of row) (70,000-80,000 plants/acre)
76 cm 11.5-15.1 seeds/m of row 148,000-198,000 plants/ha
(30in.) (4.3—6.0 seeds/ft of row) (60,000-80,000 plants/acre)

1 Based on 90% germination and 90% emergence.
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Seeding rate can be calculated using seeds/kg
found on seed tag with the following formula:

Seeding rate (kg/ha or Ib/acre)
= desired final plant population + seedling
survival rate + seeds/kg (seeds/Ib)

Example: Cranberry beans

148,000 plants/ha desired population
85% seedling survival

1760 seeds/kg

Seeding rate
= 148,000 + 0.85 + 1760
=99 kg/ha

Seeding Depth
The seeding depth for dry edible beans is critical for

uniform emergence. Frequently, poor stands are the
result of not planting into moisture. Planting depth
should be at least 1.2 cm (0.5 in.) into soil moisture.
Uneven emergence results in uneven maturity. A
seeding depth of 4—6 cm (1.5-2.5 in.) is normal,

but deeper plantings of up to 9 cm (3.5 in.) may be
necessary to seed into moisture. Beans planted deeper
are more susceptible to poor emergence and crusting.
Some older drills cannot provide accurate depth
control. In these situations, a planter may be a better
option. Seed drills should have gentle seed distribution
devices, depth bands — or depth gauge wheels — and
press wheels to ensure uniform seed placement and
coverage. High quality, accurate and calibrated seeding
equipment is critical to dry edible bean production
success. Rolling or packing a field prior to planting
helps firm the seedbed and conserve moisture, and can
help control planting depth when seeding with a drill.
Packing after planting helps level out ridges, pushes
down small stones and conserves moisture, but it also
makes the soil more susceptible to crusting.

Row Width

Row widths of 70—75 cm (28-30 in.) are standard for
both white and coloured beans when the crop will be
pulled and windrowed. In fields with a high risk of
white mould, wide row widths are preferred to allow
more air circulation in the canopy. Narrow row widths
of 36-56 cm (14-22 in.) are most suitable if the bean
crop will be direct harvested. Ontario row width trials
with no-till white beans produced yields 14% higher
in narrow row widths, i.e., less than 56 cm (22 in.),

compared to wide rows. White and black bean row
width trials, done in Michigan (2011-12), compared
15 in. and 20 in. row widths to 30 in. rows. Yields were
improved between 4.5%-14% with narrower row width,
and with no increase in plant height. In narrow rows,
it is important to select white bean varieties with an
upright plant type and good tolerance to white mould.

Emergence may be better in wide rows seeded with a
conventional corn planter than narrow rows seeded
with a grain drill or air seeder. Consider that:

* Dirills and air seeders can damage fragile seed.
* Planters are designed to provide more uniform
and accurate seed depth placement and better

seed coverage.

* Wide rows have more seeds per linear measure
to push up through surface crust. For example,
16 seeds/m (5 seeds/ft) of row in wide rows,
compared to 10 seeds/m (3 seeds/ft) of 36 cm
(14 in.) rows.

* Planting seeds into tire tracks can result in
emergence problems.

In narrow rows, emergence can be a problem for beans
planted into tractor tire tracks. Some producers adapt
equipment to harrow or cultivate between the tractor
tires and the planter. The advent of rod pullers has
enabled beans planted in 50-56 ¢cm (20-22 in.) rows
to be pulled and windrowed.

Inoculation

The species of rhizobia for dry edible beans is
Rhizobium leguminosarum biovar phaseoli. Dry edible
beans are less efficient at fixing nitrogen through
rhizobia than soybeans or other legumes. Inoculation
trials and routine use of an inoculant have not shown
an economic advantage in Ontario, even though other
regions do suggest inoculant use for virgin dry edible

bean fields.

Dealing with Soil Crusting

Pounding rains from thunderstorms can result in
severe crusting on heavy soil types, or soils with poor
aggregate stability, and can inhibit bean emergence,
particularly if hot, dry conditions bake the soil surface.
Soil loosening and aeration may be required. There

is no advantage to waiting once a crust has been
identified. Waiting may increase the lack of uniformity
of the stand. It may be better to have a lower, more
uniform stand, than an uneven stand with a higher
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population. Rotary hoes, culti-packers, coulter-carts,
no-till drills, planters and harrows have all been used
successfully (and unsuccessfully) in breaking crusted soils.

Typically the rotary hoe can reduce bean stands by
5%-—10%, but the extra beans that emerge more than
compensate for this reduction. Rotary hoeing during
the “hook” stage of bean emergence will result in
significant plant losses. Rotary hoeing during mid-day,
when bean plants are more flaccid, or limp, will reduce
plant damage. Target speed is 10-20 km/h. Adjust
the equipment over a short distance and check that
the percentage of bean plants buried or uprooted is
less than 10%. It is normal for the crop to look a little
“tough” following rotary hoeing. Weed control will
also be enhanced when uprooted weeds dry out in
mid-day heat.

Stand Assessment and Replant Decisions

The decision to replant can be one of the most difficult
decisions for a producer to make. Stresses on the crop
are additive and typically have a greater impact on
dry edible beans than soybeans. An adequate stand of
dry edible beans is a minimum of two-thirds to three-
quarters of a full stand. Dry edible beans have a limited
ability to branch and compensate for stand losses.

Beans which germinate, but are slow to emerge, will
often develop a thickened hypocotyl (stem), leaf out
underground, or develop seedling blight. When injury
has been identified, flag a few areas in a field to monitor
and reassess. Check the root system for new growth
and for discolouration caused by root disease; the
roots should be bright white. Compare the growth in
injured areas to growth in unaffected areas. Consider
that additional weed control and/or desiccants may be
needed where plant stands are uneven.

Before replanting, consider the cause of the poor
stand, the remaining population of healthy plants,
plant uniformity, weed control needs and the date of
replanting. Cranberry beans generally perform better
under late planning scenarios than white beans or
other coloured beans.

Minimum number of healthy plants in the row
should be:

6.5-8 plants/m of row in 38-56 cm rows
(or 2-2.5 plants/ft of row in 15-22 in. rows)

10-13 plants/m of row in 76 cm rows
(or 3-4 plants/ft of row in 30 in. rows)

5-6.5 plants/m of row in 18 cm rows
(or 1.5-2 plants/ft of row in 7 in. rows)

These numbers are based on good growing
conditions, the good health of the remaining
plants, a uniform stand and uncompacted soil.

Plant Development

Bean varieties are characterized by their growth habit.
Indeterminate plants continuously grow and exhibit
long vines. Most of the commonly grown bean types
have a semi-determinate growth habit, meaning they
continue to grow after flowering begins and develop
short to long vines. Determinate types tend to flower
and ripen over a short period. Determinate types (also
called “bush”) can be more susceptible to moisture and
heat stress than indeterminate or “vining” types, which
flower and fill seed over a longer period.

In addition to determinate and indeterminate plant
types, the growth of beans is also identified as:

Type I — determinate bush growth habit, for
example, most cranberry beans and very early white
bean varieties.

Type II — upright short vine, narrow plant with
3—5 branches for example, most white, black,
kidney, otebo varieties.

Type III — plants with weak main stem that produces
a vine that is prostrate along the soil surface.

The vegetative and reproductive stages of dry edible
bean growth are indicated in Table 5-4, Vegetative and
reproductive growth stages of dry edible beans. Vegetative
stages are described by the number of trifoliates on the
main stem. Trifoliates are counted when the edges of
unfolding leaves no longer touch. Dry edible beans are
normally self-pollinated.
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Table 5-4. Vegetative and reproductive growth stages of dry edible beans

Stage Days from
Abbreviated | Stage Title Description Planting*

VE hypocotyl emergence seedlings emerge from the soil (crook stage) 7-8

VC cotyledon & (unrolled unifoliate) hypocotyl straightens, cotyledons (seed leaves) unfold, and 8-9
unifoliate visible

Vi first trifoliate first fully developed trifoliate leaf at third node 10

V2 second trifoliate second trifoliate (leaf edges no longer touching) 19

V3 third trifoliate third trifoliate unfolds. Secondary branching begins in leaf axil. 29

V4 fourth trifoliate fourth trifoliate 33

V5 fifth trifoliate bush — Type | plants (determinate types) begin to display blossom 50
and become stage R1

V8 eighth trifoliate vine — Type Il plants (indeterminate types) begin to display blossom 40
and become R2

Vn trifoliate n nth trifoliate develops at node N-2 40 +n
new node every 3-5 days

R1 first flower one open flower per plant 50

30% flower open and dying blossoms are present, but no evidence of pods 53

30% of total blossoms that will appear are open

R2 50% flower appearance of first pods (pin beans) 53

R3 early pod set one pod has reached maximum length 56

R4 mid-pod 50% of pods have reached maximum length (seed not discernible) 60

R5 early seed fill one pod per plant with fully developed seeds 64

R6 mid seed fill 50% of pods with fully developed seeds 66

R8 maturing 50% of leaves yellowing, point of maximum production 90

RO physiological maturity 80% of pods have changed colour from green to mature colour, only 105
40% of leaves still green

1 Approximate days from planting will vary with season and cultivar.

Fertility Management

Nitrogen

Although dry edible beans are legumes, they obtain less
than half their nitrogen requirement through nitrogen
fixation. Studies have not shown a benefit to inoculation
with rhizobia. Ontario nitrogen research has demonstrated
yield increases in some years, but has not shown an
economic response to pre-plant incorporated or banded
nitrogen. Nitrogen applied pre-flower does not increase
yield. Other jurisdictions (Manitoba, Michigan, Wyoming,
North Dakota) have shown an economic yield response
to pre-plant nitrogen and suggest between 18-36 kg
N/ha (40-80 Ib N/acre). Where phosphate fertilizers
are banded, a small amount of nitrogen (10 kg/ha or

9 Ib/acre) may improve the availability of the phosphate.

It is important to consider cropping history, soil
organic matter levels, and manure application history
in making a decision on applying additional nitrogen

fertilizer. Nitrogen may not be required where beans
follow a crop that received a high amount of nitrogen,
where manure is applied or where the previous crop
was a legume.

Nitrogen stimulates plant and root growth. This
can be helpful when bean growth is slow due to
environmental stresses or root rot. Where edible bean
yields have traditionally been low due to bronzing
or root rots, apply up to 100 kg/ha (90 Ib/acre) of
nitrogen before planting. Under these conditions,
nitrogen will increase yield but will not cure bronzing
or root rots. Applying nitrogen can increase plant
height, which is helpful in narrow-row bean harvest
or for beans grown on heavy clay soils. Nitrogen can
increase the risk and severity of white mould because
of increased vegetation, but does not significantly
delay maturity.
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Phosphate and Potash

Phosphate and potash recommendations for dry edible
beans are presented in Table 5-5, Phosphate guidelines
for dry edible beans and Table 5-6, Potash guidelines
for dry edible beans. For information on the use of

this table, or if an OMAFRA-accredited soil test is
unavailable, see Fertilizer Guidelines in Chapter 9,

Soil fertility and nutrient use.

Where manure is applied, reduce the fertilizer
application according to the amount and quality
of manure according to Table 9-10, Tjpical amounts
of available nitrogen, phosphate and potash from

various types 0f organic nutrient sources.

Where soil fertility levels are adequate, dry edible
beans show minimal response to starter phosphorous.
Where potassium fertility is low, deficiency symptoms
appear in white beans as yellowing of the lower leaves
and necrosis on leaf margins, as seen in Photo 5-1.
Dry edible bean seedlings are very sensitive to ammonia
toxicity and salt damage from starter fertilizer. No
fertilizer should be placed in direct contact with the

Table 5-5. Phosphate (P,0,) guidelines
for dry edible beans

Based on OMAFRA-accredited Soil Tests.

Profitable response to applied nutrients occurs when the
increase in crop value, from increased yield or quality, is
greater than the cost of the applied nutrient.

Where manure is applied, reduce the fertilizer application
according to the amount and quality of manure (Chapter 9,
Manure section).

Legend: HR = high response MR = medium response
LR = low response  RR = rare response
NR = no response

Sodium Bicarbonate

Phosphorus Soil Test Phosphate Required

0-3 ppm 80 kg/ha (HR)
4-5 ppm 60 kg/ha (HR)
6-7 ppm 50 kg/ha (HR)
8-9 ppm 40 kg/ha (HR)
10-12 ppm 30 kg/ha (MR)
13-15 ppm 20 kg/ha (MR)
16-30 ppm 0 (LR)
31-60 ppm 0 (RR)
61 ppm + 0 (NR)*

100 kg/ha = 90 Ib/acre

1 When the response rating for a nutrient is “NR,”
application of phosphorus in fertilizer or manure may
reduce crop yield or quality. For example, phosphorus
applications may induce zinc deficiency on soils low in
zinc and may increase the risk of water pollution.

seed. Band starter fertilizer 5 cm (2 in.) to the side

and 5 cm (2 in.) below the seed. Banding is a more
efficient method of applying phosphorus or zinc when
they are required. Fertilizer may be broadcast and plowed
down, worked in before planting or applied through a

planter that has a separate attachment for fertilizer.

Photo 5-1. Potash deficiency in white beans as seen by
yellowing of lower leaves and necrosis of leaf margins.

Table 5-6. Potash (K,0) guidelines
for dry edible beans

Based on OMAFRA-accredited Soil Tests.

Profitable response to applied nutrients occurs when the
increase in crop value, from increased yield or quality, is
greater than the cost of the applied nutrient.

Where manure is applied, reduce the fertilizer application according
to the amount and quality of manure (Chapter 9, Manure section).

Legend: HR = high response MR = medium response
LR = low response  RR = rare response
NR = no response

Ammonium Acetate
Potassium Soil Test Potash Required
0-15 ppm 120 kg/ha (HR)
16-30 ppm 110 kg/ha (HR)
31-45 ppm 90 kg/ha (HR)
46-60 ppm 80 kg/ha (HR)
61-80 ppm 60 kg/ha (MR)
81-100 ppm 40 kg/ha (MR)
101-120 ppm 30 kg/ha (MR)
121-150 ppm 0 (LR)
151-250 ppm 0 (RR)
251 ppm + 0 (NR)!

100 kg/ha = 90 Ib/acre

1 When the response rating for a nutrient is “NR,”
application of potash in fertilizer or manure may reduce
crop yield or quality. For example, potash application on
soils low in magnesium may induce magnesium deficiency.
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Plant Analysis

For dry edible beans, sampling the top fully developed
leaf (three leaflets plus stem) at first flowering is
preferred for plant nutrient analyses. Refer to
Table 5-7, Interpretation of plant analysis for dry
edible beans. Sample plants suspected of nutrient
deficiency as soon as the problem appears. If sampling
occurs at times outside of the recommended timing,
collect samples from both healthy and injured areas
so comparisons can be made. Take a soil sample from

the same area and at the same time as the plant sample.

Values in Table 5-7 apply to the top fully developed
leaf (three leaflets plus stem) at first flowering.

Micronutrients

Manganese

Manganese deficiency in dry edible beans has been
diagnosed occasionally in Ontario. This problem is
more likely to occur on muck soils or very sandy soils.
Plants with manganese deficiency have pale green-to-
white upper leaves. The veins of affected leaves will
remain green. The pattern can appear similar to iron
deficiency, but manganese deficiency occurs more

Table 5-7. Interpretation of plant analysis
for dry edible beans

Legend: — = no data available
Maximum
Critical Normal

Nutrient Concentration? Concentration?
Nitrogen (N) 4.00% 5.5%
Phosphorus (P) 0.15% 0.5%
Potassium (K) 1.20% 2.5%
Calcium (Ca) - 5.0%
Magnesium (Mg) 0.10% 1.0%
Boron (B) 10.0 ppm 55.0 ppm
Copper (Cu) 4.0 ppm 30.0 ppm
Manganese (Mn) 14.0 ppm 100.0 ppm
Zinc (Zn) 14.0 ppm 50.0 ppm

1 Yield loss due to nutrient deficiency is expected with
nutrient concentrations at or below the “critical”
concentration.

2 Maximum normal concentrations are more than adequate
but do not necessarily cause toxicities.

generally over the entire plant whereas iron deficiency
appears on new growth. Correct the deficiency as soon
as it is detected by spraying the foliage with 2 kg/ha
(1.8 Ib/acre) of actual manganese from manganese
sulphate (8 kg/ha (7.1 Ib/acre) of manganese sulphate)
in 200 L (44 gal) of water. Use of a “spreader-sticker”
is recommended. Use a spray grade manganese product
to prevent nozzle plugging.

In good growing conditions, the affected leaves should
green up in 4-5 days. Chelated manganese products
are equally effective if applying the same amount of
manganese, but the cost is significantly higher than
manganese sulphate. Low rates of chelated manganese
are not effective in correcting a deficiency.

In general, beans will give a profitable response

to manganese in the parts of the field where
manganese deficiency is obvious. There is no
benefit to applying manganese to beans that are
not showing deficiency symptoms.

Zinc

Low zinc conditions may occur on low organic matter,
compacted, sandy, very high pH and/or eroded soils.
Deficiency symptoms may also appear when early
growing season conditions are cool and wet.

Zinc is not very mobile in plants so deficiency
generally appears on new growth. Leaves will appear
pale green between veins with yellowing of the leaf
tips and outer margin. In the early stages of deficiency,
leaves can be crumpled or dwarfed. Later in the season
the leaf tissue may look like sunscald with bronzing

or browning of leaves, and deficiency can cause
terminal pods to drop during flowering leading

to a delay in maturity.

Dry edible beans do not often respond to zinc fertilizer
until zinc levels in the soil are low (zinc index below
15). For zinc soil and foliar application options, refer
to Chapter 9, Soil Fertility and Nutrient Use.

Boron

Beans are very sensitive to boron and should not be
grown in a field where boron was applied to rutabagas,
sugar beets or forages in the previous year.
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Harvest and Storage

Dry edible beans are sensitive to damage at harvest.
Beans are sold based on eye appeal so seed coat quality
and colour are important. Producing beans that are
clean, bright and whole is the ultimate goal and timely
harvest is paramount to maintaining quality. Know the
quality standards for the crop’s market class. The ideal
moisture range for harvest is 16%—-20%. Harvesting
outside this range will reduce quality. Low moisture
content at harvest will increase the amount of split
seeds and cracked seed coats.

Weather conditions in the fall can cause some bean
types to deteriorate in quality much more quickly than
others. Some differences in classes are as follows:

* Kidney, Dutch brown and black beans tend to withstand

more adverse weather at maturity than the white

navy, cranberry, otebo and white kidney types.

Cranberry beans are susceptible to darkening of

seed coat following maturity, lowering their value,

so prompt harvest is important.

Larger seeded coloured beans tend to absorb more

moisture after a rain, requiring more time to dry down.

* Adzuki beans are strongly upright, quite resistant to
weathering and their hard seed coat resists absorption
of moisture after maturity.

Each bean type has unique quality standards that
buyers look for. It is important to know these prior
to harvest. White beans must be clean and free of
dirt tag (smearing) and staining. Seed size and colour
are important in cranberry and adzuki beans, while a
low level of cracked seed coats in kidney beans is an
important quality factor.

Dockage and Pick

Dockage is anything foreign that is removed from the
beans through a screening process. Some items can
only be partly removed through screening, such as
weed seed, corn, soybeans or other crop types. Severe
bean staining from weeds or green material can cause a
load to be refused, and quality will be reduced if there
is dirt on the beans. Other items that can cause a load
to be rejected include metal and glass. It is critical that
bean deliveries are free of soybeans, corn or other bean
classes. Soybeans or corn in a sample can result in the

rejection of a load because it will be assumed they are
genetically modified, which is not tolerated by some
importing countries. Allergens such as wheat and
soybean can also be a concern, and processing may not
be able to remove all contaminants. Before harvesting,
clean the combine of any residual seed from previously
harvested crops.

Pick refers to the percentage by weight of defective
beans, including cracked seed coats and discoloured and
misshapen beans that remain after dockage is removed.
The dollar charge for pick is double; equal to the weight
loss from picked beans plus the cost of removal.

There are two common methods of harvesting dry
edible beans: pulling followed by windrowing and
direct-combining.

Pulling, Windrowing, Combining

Larger-seeded beans and beans planted in wide rows
are usually pulled and placed in windrows at harvest.
Pulling refers to cutting the plants 3-5 cm (1.2-2.0 in.)
below the soil surface and merging several of the
planted rows into a single swath or windrow. Beans
are pulled when 90% of pods have matured and
turned “buckskin brown.” To prevent pod drop and
shattering losses, pull beans early in the morning
when the plants are tough and damp with dew. Beans
are harvested later the same day with an edible bean
or conventional combine equipped with a windrow
pick-up attachment. Since prolonged exposure of the
mature crop to moisture will result in reduced quality,
harvest the crop as soon as possible after pulling.
This specialized harvesting is required to meet quality
standards set by the market for larger-seeded bean
types. Under good conditions, seed losses of 3%—5%
are normal during harvest (e.g., 1% loss pulling and
windrowing, 1% at combine pick-up, and 1%-2%
cleaning and threshing).

Direct Combining

Bean types most suited to direct harvest include white
beans with upright plant type, adzuki beans, black
beans and pinto beans. Some larger-seeded types can
be successfully direct harvested when grown in narrow
row widths and harvested at appropriate seed moisture
to reduce seed damage.



Combine enhancements help reduce harvest losses
and minimize dirt, splits and damage to the beans.
The cleaning and threshing characteristics of the crop
will change throughout the day as moisture content
changes, meaning that adjustments to the combine

should be conducted throughout the day.
Combine set-up considerations are:

* Keep knives sharp to minimize shatter losses.

* Run cylinders only fast enough to thresh the crop.
Run as much plant material as possible through the
cylinder to minimize seed damage. Cylinder speeds
on many combines do not go below 250 rpm, which
can be too fast for easily threshed beans. Cylinder
slow-down kits, which include a smaller diameter
drive pulley and a belt, are available.

* Run unloading augers slow and full to minimize
seed damage. The short vertical auger on the
combine (turret auger), which takes seed from
the bottom of the tank to the main unloading
auger, is a point of high potential seed damage.
Some bean producers have changed unloading
augers to conveyer belt systems.

* Set combine ground speed to about two-thirds
the speed used for harvesting soybeans.

* Use vine crop lifters which raise low hanging pods
before the plant is cut. This can be one of the greatest
benefits when harvesting varieties without a strong
upright plant type. Direct harvesting at an angle
to the row distributes the flow of bean plants across
the knife.

* Adjust the flexible floating cutter bar to clip the bean
plants as close to the ground as possible. This will
help minimize the cutting of low-hanging pods and
associated seed loss. The knife must cut cleanly and
quickly to avoid shaking the plants, splitting pods
and shattering beans. Most losses that occur are
shatter loss. Ontario studies have shown that a
flexible floating cutter bar can reduce losses by 25%
compared to a conventional floating header. In
addition, a “quick-cut” sickle bar can reduce loss
by up to 40% compared to a standard sickle bar.

* Use an air reel to significantly improve intake
of plants into the combine and reduce losses at the
knife. The air blast keeps weeds and bean plants off
the knife, offering better cutter bar visibility without
shoving stones into the header. The biggest benefit
of the air reel is demonstrated under difficult harvest
conditions, when the crop is lodged or the volume
of crop is reduced. Under good conditions, harvest
losses may be as low as 3%, regardless of whether an
air reel is used. As pods dry late in the day, header

losses can reach more than 20% with a standard
pick-up reel, while losses with an air reel are only 10%.
* Follow a modified harvest pattern to improve yield
and quality. Travelling against the direction of
lodging allows the harvest of leaning branches and
low-hanging pods and can reduce stubble losses.
In an unevenly maturing field, delay harvest in the
affected areas until they are mature.

Quality Preservation at Harvest

Occasionally, the crop may be ready to harvest but the
field, or part of the field, may still be green or weedy.
Harvesting when green stems or green weeds are
present may result in stained beans. Similarly, weeds
with purple berries, such as Eastern black nightshade
and American pokeweed, can cause severe staining.
Also, secondary growth of beans can occur as plants
begin to mature, particularly when rainfall follows an
extended dry period. Where direct harvest is intended,
apply a desiccant to dry the remaining green tissue.
Harvest aid products are available to burn down
weeds and desiccate the crop. For more information
see OMAFRA Publication 75, Guide to Weed Control.
There may be different application timings for
different products, so refer to and follow all product
labels. There may also be restrictions on use of certain
products for dry edible beans exported to specific
markets. Check with the bean dealer on restrictions.

If on-farm storage is necessary, store individual
varieties of dry edible beans in separate bins that are
free from other grains and oilseeds. Keep harvested
beans free of stones, glass and other seed-size
contaminants. Failure to maintain the purity of

the crop can result in lost value.

Other Crop Problems

Insects and Diseases

Figure 5-1, Dry edible bean scouting calendar shows
insects, pests and diseases that could be causing injury
symptoms in the field. Individual descriptions of
insects, pests and diseases, as well as scouting and
management strategies can be found in Chapter 15,
Insects and Pests of Field Crops and Chapter 16, Diseases
of Field Crops. Recommended treatments to control
insects, pests and diseases can be found in OMAFRA
Publication 812, Field Crop Protection Guide.
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Frost and Hail Damage

Both frost and hail can be devastating to a bean crop.
The extent of early-season frost damage will depend
upon where the plants were damaged. If the plant is
damaged below the cotyledons, it will not recover.

If the growing point is damaged, but the lower stem
remains intact, the plant will send out new shoots
from the base of the leaves or cotyledons. Wait a few
days before replanting to see if these shoots appear.

Dry edible beans have a much more limited ability
to recover from hail than soybeans. Determinate
plant varieties are less likely to recover than Type 11
indeterminate types. When evaluating hail damage,
check for bruising on the plant stem. Stems damaged
during the vegetative stage may not be able to support
the weight of pods. In addition, wounds from hail
damage serve as entry point for bacterial blight
pathogens to infect plants. When the pods are
damaged by hail, the seeds or entire pods will
often rot.

If frost occurs close to maturity, pods that are yellow to
brown in colour are often sufficiently mature to escape
damage. Green beans will shrivel, retain their off-green
colour and result in increased “pick.” Delaying harvest

until the beans dry down sufficiently will help prevent

staining and improve separation.

Bald Heads

Bald heads refer to seedlings that emerge with damaged
or no growing point. Cotyledons (seed leaves) may

or may not be present as seen in Photo 5-2. Plants
may develop auxiliary buds at the base of cotyledons
but they fail to develop. Without a growing point,
plants eventually die. The most common cause of bald
heads is mechanical damage to seed or harsh handling.
Damage is characterized by cracks in the seed coat.
This injury should not be confused with symptoms

of seed corn maggots, which will leave the seedlings
ragged in appearance. Poor quality seed can also cause
seedlings to have broken or cracked cotyledons. Seed
with moisture content below 16% is more prone to
mechanical damage. Use only high-quality certified
seed for planting. Treat seed with a fungicide at planting
to protect against seedling disease and handle gently
to minimize mechanical damage.

Photo 5-2. Baldheaded beans lack seed leaves.

Soil Compaction and Soil Structure

Dry edible beans are one of the crops most sensitive
to compaction, tillage hard pans or poor soil structure.
Often plants become stunted, as seen in Photo 5-3,
because diminished root growth cannot sustain
top growth. Restricted or stressed root systems
often develop root rot disease. Options to alleviate
compaction or improve soil structure during the
growing season are limited to inter-row cultivation.
This can loosen and aerate the soil, and throw loose
dirt around the base of the plant to encourage new
roots to develop. Foliar fertilization is effective for
correcting micronutrient deficiencies, but plants
cannot absorb sufficient nitrogen, phosphorous or
potassium through foliar application.

Photo 5-3. Soil compaction in white beans
results in shallow root systems as seen in
the plant on the bottom.
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Figure 5-1. Dry edible bean scouting calendar.
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Sunscald and Bronzing

Sunscald is caused by intense concentration of the sun’s
heat on plant tissue (Photo 5—4). Sunscald can occur
on le