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CHAPTER 3 - VARIETY SELECTION

PRINCIPLES OF VARIETY SELECTION

Selecting the best variety for your farm or fields is a first and important step toward
profitable production. The genetic make-up of a particular variety will dictate whether
the variety is suited for the region, the production system in which it is planted, and the
opportunity to reach its potential. If a variety is misaligned with the environment or
production system, grain yield and grain quality likely will not be optimized.

Considerations that should be taken into account when selecting cultivars are:

Mix AND MATCH The first important consideration in variety selection is the “mix and
match” principle. As described in the section on interpreting yield trials, varieties do not
perform the same one year to the next. Yield replication trials are needed to get a better
estimate of the variety’s true yield potential in a given region. Between and within locations
there are differences, and this variation is due to the environment and the variety by
environment interaction.

Since yield trial results are for previous years, they only are an indicator of how a variety may
perform in subsequent years. Different weather and/or occurrence of a disease can change
the performance of a variety, and the ranking of the variety relative to other varieties. The
best defense is to mix and match a number of varieties rather than using a single variety in
all the fields on the farm. This hedging approach can be best compared with spreading risk
by investing in a mutual fund rather than a single stock. By selecting two or three varieties
instead of one, you hedge against the potential that one of the varieties falters due to
negative environmental interaction.

MaTturiTY Wheat (spring and winter), barley, and oats are cool-season annuals. This
means that the plants grow optimally in temperatures between 32° and 85°F. Above 85°F,
photosynthesis -- the process that converts light energy into chemical energy -- starts

to diminish to the point that it takes more energy for the plant to maintain itself than is
produced. Attemperatures above 90°F, photosynthesis actually shuts down completely as
key enzymes become non-functional.

Because of this upper temperature limit, and the climatic conditions in Minnesota and parts
of North Dakota, it is important that a small grain crop grows and matures before the heat of
summer can cut the season short. In the southern counties, the earlier maturing varieties
have a better chance to reach their yield potential by escaping the heat. Further north, you
can relax this standard as chances for hot temperatures decrease. Seeding early will avoid
summer’s heat during sensitive vegetative and reproductive stages.
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AvAa1LABLE WATER Drought stress can be a serious constraint in some years and regions
(i.e. western North Dakota). When rotated with crops that use more moisture than the
annual rainfall provided the previous year, soil moisture levels can become depleted.
Soybeans, sunflowers, corn and sugarbeets are examples of full-season crops that generally
will use more moisture during the growing season than the annual amount they receive. In
general, earlier maturing varieties and varieties that are of standard height rather than of
semi-dwarf stature handle moisture stress better and reduce drought-related losses. The
total amount of water it takes to produce a crop is described in more detail in the Physiology
of Small Grains section later in this handbook.

AGRONOMIC CHARACTERISTICS Straw strength and tendency to shatter are two important
agronomic characteristics that determine whether a variety fits in your production system.
Larger acreage and a desire to straight cut the grain for harvest will favor selection of semi-
dwarf varieties with good straw strength and resistance to shattering because it will allow
you to harvest the crop without the worries of losing yield to either lodging or shattering.
When selecting winter wheat varieties it is important that you consider winter hardiness

in addition to other agronomic traits, such as yield and disease resistance. Only the most
winter hardy varieties should be grown in the northern regions of the state or if planted into
fields with little or no previous crop residue that might catch snow. The most winter-hardy
varieties, generally those developed in ND and Canada, have a greater chance of survival
when the winter is open (little snow) or when planted with little previous crop residue. In
southern ND, less winter hardy varieties have been grown successfully in fields where high
residue levels are maintained at seeding time.

DISEASE AND PEST RESISTANCE The most cost effective method of disease and pest control
is to grow varieties that are genetically resistant to the particular disease or pest. Diseases
that are of economic importance are mentioned in the Disease Management section of this
book. Varieties are not tested and/or selected for resistance to all potential diseases and
pests. Diseases of major economic importance are leaf and stem rust, septoria and tan spot,
Fusarium Head Blight and root rots. When selecting varieties, consider the diseases that are
predominate in your area of production and the previous crop of the field you are planning
to plant, and try to match available genetic resistance with the likelihood a disease problem
could develop.

For hard red spring and durum wheat, although all data presented should be considered
when choosing wheat varieties, the scab epidemic in the hard red spring wheat growing
areas have demonstrated the clear need to give greater attention to selecting varieties for
tolerance to this devastating disease. Scab evaluations include disease severity, based on
visual spread of the disease on the spike, and grain soundness, which reflect the variety’s
ability to maintain plump, sound kernels. These ratings should be considered together to
reduce the risk ofloss. The use of more than one variety to provide different days to heading
and different seeding dates is highly recommended to reduce risk.

Authors: Jochum Wiersma and Joel Ransom
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CHAPTER 4 - ESTABLISHING A YIELD GOAL

Setting a realistic yield goal is important for developing a profitable production plan. Yield
goals are used primarily in calculating the fertilizer requirements. The most frequent
method used to determine a yield goal is to base it on historic production data of a
particular field. Some other commonly suggested approaches to setting a realistic goal are:

5-year average of the farm

5-year average plus 5 percent
5-year average plus 10 bushels
The highest yield in past five years

ERE IO =

Consider the following factors when fine-tuning a yield goal. First, when changing to a
variety with known higher yield potential, increase your yield goal to match the greater
productivity of the new variety. Secondly, when using the average of the farm, adjust the
yield goal up or down if experience indicates that the field in question has performed better
or worse than other fields. Thirdly, adjust the yield goal upward if you made significant
improvements to a field, such as improved drainage, or if you have adopted management
practices that improved yields dramatically in the past few years (i.e. use of fungicide). In
the western half of ND yield goals may be adjusted to account for stored soil moisture plus
expected seasonal rainfall at planting time.

Should planting be delayed due to adverse conditions, the yield goal should be adjusted
down to more accurately reflect the lower potential yield of a late-planted crop. For malting
barley, be conservative when setting a yield goal because over fertilization can result in
undesirable protein levels.

Authors: Joel Ransom & Jochum Wiersma
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CHAPTERS5 - PLANTING

PLANTING DATE Small grains are cool-season annuals and are most productive when they
grow and develop during cool weather. The yield potential of a crop is largely determined
by the 6-leaf stage. Cool temperatures during this period are particularly important for

the development of high yield potential. For example, the number of spikelets per spike

is determined during the 4 to 5.5 leaf stage. Spikelet numbers are negatively correlated

with temperature: Spikelet numbers are greater when temperatures during the 4.0-5.5 leaf
stages are cool. One way to improve the chances that these early growth stages occur during
relatively cool temperatures is by planting early. Plant as soon as is practical, but on or
before the optimum date indicated in table 5.1.

Table 5.1 Average optimum seeding dates and last recommended date for small
grains in Minnesota and North Dakota.

North Dakota Optimum

15t week of April
2" week of April

3 week of April
4™ week of April
1%t week of May

Minnesota Last Planting Date:

South of U.S. Hwy 12
South of Minn. Hwy 210

South of U.S. Hwy 10
South of U.S. Hwy 2

1stweek of May
2™ week of May

34 week of May

South of Hwy 13 and 21
South of [-94
South of U.S. Hwy 2 4" week of May

South of Canadian border South of Canadian border 1% week of June

Research has shown that, on average, yields decreased 1 percent per day when planting

is delayed past the optimum planting date. Planting after the last possible date is not
recommended because the odds are greater for reduced grain yield and quality (test weight)
due to heat stress.

SEED QUALITY A good plant stand is the basis for a productive crop. Stand establishment
is a function of seed quality and the environmental conditions in which the seed
germinates. Using good quality seed is a cost effective way to ensure good emergence.

The germination test is the most commonly used measure of the viability of the seed lot.
Low germination also can be an indicator that the seed lot will have poor vigor. A cold test
should be performed on seed lots with poor germination to evaluate how the seedling may
perform under sub-optimal conditions. Research has shown seed that was frozen during
the grain filling stage or that had low falling numbers from pre-harvest sprouting may lack
vigor and establish poorly. Freeze injured seed fails to develop normal coleoptile and will
prevent the first leaf from reaching the soil surface.

PLANTING RATE To achieve maximum grain yield, it is important that the population is
optimal. Small grains have the ability to tiller and produce several stems that can produce
grain. Research has shown the main stem and the first tiller contribute the majority of the
grain yield. It is important that the seeding rate is adjusted to produce a plant population
which produces a main stem and one or two tillers. Another advantage a crop with few
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tillers has is that most stems will be in similar development stages. This narrow window
for each crop stage improves the timing for crop inputs, such as herbicides or fungicides,
especially for growth-stage sensitive inputs. Excessive seeding, however, can lead to
lodging and poor root development. Having at least one tiller is needed for optimal root
development.

The optimum population is a function of the production environment, the yield goal, and
the planting date. In addition, varieties that produce few tillers may require higher seeding

rates.

Table 5.2 Desired stand at harvest for the different small grains.

Crop Plants per acre (times 1 million) Plants per sq. ft.
Winter wheat 0.90-1.00 21-23
Spring wheat 1.30-1.40 30-32
Durum 1.30 - 1.40 30-32
Barley 1.25-1.30 28-30
Oats 1.25-1.30 28-30

If planting is delayed past the optimum seeding date for spring-planted small grains,
seeding rates should be increased by about 1 percent for each day planting is delayed up

to a maximum rate of 1.6 million seeds per acre. This increase in seeding rate will partially
compensate for the decrease in grain yield and the reduction in tillering because the crop
will go through its development faster as average temperatures increase during the growing
season. For winter wheat, seeding rates should be increased if planting is delayed to
compensate for a potential higher risk of winterkill.

Calculating the right amount of seed is an important first step toward maximizing yield.
The seeding rate is a function of the number of kernels per pound of seed, the percent
germination of the lot, the expected stand loss as a function of the quality of the seedbed,
and the desired stand. An average optimum stand for hard red spring wheat, when planted
early, is 28 to 30 plants per square foot or approximately 1.25 million plants per acre. This
number should increase by 1 to 2 plants per square foot for every week planting is delayed
past the early optimum seeding date. Expected stand loss, even under good seedbed
conditions, is 10 percent to 20 percent and will increase with a poor seedbed or improper
seed placement due to poor depth control. The general formula for calculating a seeding
rate is:

Seeding Rate (Pounds/Acre) = (Desired Stand in Plants/Acre) /(1 - Expected Stand Loss)

[(Seeds/Pound) x (Percentage Germination)]

Calculate the seeding rate for each seed lot and calibrate the drill accordingly. An example
for calculating the planting rate for wheat:

1. Desired population is 1,250,000 plants per acre at harvest

2. Historic field stand loss is 10 percent

3. Seedlot germination is 95 percent

4. Seedlothas a seed count of 15,000 seeds/pound
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Then: 15,000 x 0.95 = 14,250 viable seeds per pound.
1,250,000 seeds x 110% = 1,375,000 viable seeds needed per acre.
1,375,000 seeds divided by 14,250 seeds/pound = 96.5 pounds per acre
seeding rate, or 28 seeds per square foot.

The number of seeds per pound differs for each variety and can vary considerably between
seed lots of the same variety. If the seeds per pound of a seed lot is not known, the most
practical way to obtain this information is to count out one hundred seeds two or three
times, weigh each sample and calculate the average weight per 100 kernels. Use this
number to calculate the number of seeds per pound. The accuracy improves as more seeds
are counted. Table 5.3 summarizes the pounds of seed needed for seed lots with different
weight and for different seeding rates for a range of kernel weights and for different desired
stand densities.

Table 5.3 Pounds of seed to be planted per acre assuming 15% stand loss and
95% germination.

Desired stand (times 1 million)

1 1.2

Ibs/bu-
10,000 96.8 108.9 1211 133.2 145.3 167.4 169.5 181.6
10,500 P2 103.8 454 126.8 138.3 149.9 161.4 172.9
11,000 88.0 99.0 110.0 1211 1321 1431 154.1 165.1
11,500 842 94.7 105.3 115.8 126.3 136.8 147.4 157.9
12,000 80.7 90.8 100.9 11.0 1211 1311 141.2 161.3
12,500 775 87.2 96.8 106.5 116.2 125.9 135.6 145.3
13,000 745 83.8 931 102.4 M7 1211 130.4 139.7
13,500 Tlgl/ 80.7 89.7 98.6 107.6 116.6 125.5 134.5
14,000 69.2 77.8 86.5 951 103.8 112.4 1211 129.7
14,500 66.8 751 83.5 91.8 100.2 108.5 116.9 125.2
15,000 64.6 72.6 80.7 88.8 96.8 104.9 113.0 1211
15,500 62.5 703 781 85.9 98.7 101.5 109.3 17
16,000 60.5 68.1 54 83.2 90.8 98.4 105.9 1135
16,500 58.7 66.0 734 80.7 88.0 95.4 102.7 110.0

PLANTING DEPTH Under most conditions the optimum seeding depth for small grains is
1.5 to 2 inches. The objective of seed placement is to place the seed in a zone with ample
moisture, but shallow enough that the crop can emerge quickly. Adjusting and monitoring
of your seeding depth are pivotal in reaching the above stated objective.

Cooler soil temperature at the depth of the seed increases emergence time. Deep seeding
requires greater seedling vigor, reduces the number of seeds that emerge and may eliminate
the emergence of the coleoptile tiller. The vigor of the stand is reduced, increasing the risk
of seedling diseases and root rot to develop. Soil crusting, cold weather or other adverse
conditions make deeper seeding risky. Unless conditions are favorable, yield losses occur
due to deep seeding.
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The formula for N recommendations in malting barley is:

N,.. = (1.5X YG)-SIN- NPC

Where N, is the N recommended, YG is yield goal in bu/acre, STN is soil test nitrate to 2
feet in depth, and NPC is the N provided after certain crops (see Table 3.)

The formula for N recommendations for feed-grade barley is:

N,.. = (1.7 X YG)-STN- NPC

PHOSPHATE AND PoTasH Recommendations for phosphate (P,0,) and potash (K,0) are
based on yield goal and soil test levels. These recommendations are provided in Table 8.
Rates for broadcast are given, but these rates can be reduced by half in Minnesota or a third
in North Dakota if band applied near or with the seed because of the increased efficiency
of banded applications. Limits of fertilizer rates that can be applied with barley seed at
planting are the same as those for wheat (Table 1.4 on page 62).

CHAPTER 3 - FERTILITY
MANAGEMENT OF OATS

NITROGEN Nitrogen recommendations are formulated in two different ways depending
on geography. In eastern Minnesota, soil testing is not used to formulate an N
recommendation (Table 3.1). In western Minnesota and the entire state of North Dakota,
soil testing for nitrate is recommended to determine N application rates.

ch!ble 3.1 Nitrogen recommendations for oats in eastern Minnesota where the soil
nitrate test is not used.

Crop grown last year

Organic' Matter level 40-60

61-80

81-100 101-120 121+

Table 2.2 Phosphate and potassium recommendations for malting or feed-grade
barley in Minnesota and North Dakota.

Soil Test Phosphorus, ppm

Soil Test Potassium, ppm

Alfalfa (4+plants/ft?), low 0 0 0 0 0

Non-harvested sweet clover medium/high 0 0 0 3 .

Soybeans fow 0 20 40 60 80
medium/high 0 10 70

Edible beans, field peas, low 0 20

harvested sweet clover et 0 25 40

Any crop in Table 2, Group 1 fow 0 Y 0 25 45
medium 0 0. 0 15 35

Any crop in Table 2, Group 2 7 40 60 80 100 120
medium 30 50 70 90 110

L ] H VL L M H
Yield Bray 6-10 11-15 16-20 0-40 41-80 Sy 181~
120 160
goal Olsen 4.7 8-11 12-15
bu/a Ib P205/acre Ib K20O/acre
40 28 20 12 4 0 45 31 17 3 0
60 43 31 19 7 0 67 47 26 5 0
80 57 41 25 9 0 89 62 35 7 0
100 7 51 31 1 0 12 78 44 8 0

SUGGESTED USE OF OTHER NUTRIENTS Major emphasis in barley production should be
directed towards efficient and effective management ofN, P, and K fertilizers. Sulfur (S),
chloride (Cl) and copper (Cu) may be important in limited situations.

SuLFUR Sulfur can increase barley yields on low organic matter, sandy soils. Research has
seldom seen yield increases on heavier textured soils with medium or higher organic matter.
A broadcast application of 25 Ib S/acre in the sulfate form, or 10-15 1b S/acre as sulfate in a
band has provided adequate nutrition in deficient soils.

CHLORIDE If soil chloride levels are below 40 Ib/acre in the 0-2 foot depth, application of
chloride can increase barley yields from 3 to 7 bu/acre about half the time. Application rates
of as little as 10 1b Cl/acre in a band at seeding has been sufficient to overcome deficiencies.

CoPPER Copper may be required when barley is grown on organic soils. The recommenda-
tions for Cu on barley are the same as those for wheat (Table 1.6 on page 63).
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"low=less than 3%; medium and high = 3% or more.

PHOSPHATE AND PoTasH Recommendations for phosphate (P,0,) and potash (K,0) are
based on yield goal and soil test levels. These recommendations are provided in Table 8.
Rates for broadcast are given, but these rates can be reduced by half in Minnesota or a third
in North Dakota if band applied near or with the seed because of the increased efficiency of
banded applications. Limits of fertilizer rates that can be applied with oats at planting are
the same as those for wheat (Table 1.4 on page 62).

Table 3.2 Phosphate and potassium recommendations or oats in Minnesota

50

and North Dakota.

29

Soil Test Phosphorus, ppm

L
6-10
47

21

]
11-15
8-11

Ib P205/acre

H VL
16-20 0-40

12-15

Soil Test Potassium, ppm

41-80

L

]
81-
120

Ib K20/acre

H
121-
160

0 55 38 21 4 0
70 41 29 18 7 0 77 53 29 5 0
90 52 38 23 8 0 100 69 38 7 0
110 64 46 28 10 0 122 84 46 8 0
Section 3 - Chapter 3 67 1
Extension
WA EENEI

















































Clothing worn while applying pesticides should be washed every day:

1. Wear waterproof gloves when handling clothing with pesticides on it.

Wash gloves, boots, aprons, suits, goggles, and respirators with detergent and

water. Hang or store away from other clothing. When handling pesticides, rinse

gloves before removing from hands.

Empty pesticide granules from cuffs and pockets before washing.

Pre-rinse or pre-soak the clothing.

Wash items separate from family laundry.

Wash only a few items at a time. Use the highest water level and longest wash time

available on your machine.

7. Wash items soiled with hard-to-remove pesticides two or three times. This is
especially important when clothing is soiled withhighlytoxic pesticides.

8. Do small loads with a high water level. Run a second cycle with washers that use
less water (such as a front-loading washer).

9. Use hot water for washing (146 degrees F).

10. Use heavy-duty detergents and liquid detergents.

11. Clean the washing machine by running a complete cycle with detergent.

12. Line dry clothing. Sunlight helps break down some pesticides.

13. If undiluted emulsifiable concentrates have spilled on clothing, discard it because
washing will not remove enough of the pesticide.

»
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STORING PESTICIDES Read the label to see if any special steps should be taken before
storing the pesticide. Legal requirements for pesticide storage areas may change and

the storage of bulk pesticides have additional requirements. Contact the Minnesota
Department of Agriculture (1-800-967-2474) or the North Dakota Department of Agriculture
(1-800-242-7535) for current storage regulations.

Never keep pesticides where
children or unqualified adults can reach them

Store pesticides only in their original containers with the labels intact. The storage area
should be a locked room or cabinet where children, unauthorized persons and animals
cannot enter. The storage area should have a concrete floor which is impermeable (that is,
it will not let fluids pass through) and easy to wash. One of the best ways to reduce the need
for storage is to only buy the amount needed for immediate use.

For complete information about pesticide storage, see The Private Pesticide Applicator
Training Manual from the University of Minnesota or North Dakota State University
Extension Service.

DISPOSING OF PESTICIDE WASTES Pesticide users are responsible for properly disposing
of empty pesticide containers, excess usable pesticides, and waste material that contain
pesticides or their residues. Improper disposal of pesticide wastes can create serious
hazards for humans and the environment. It is illegal to bury or burn any type of pesticide
container.

Section 5 - Chapter 1
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The Minnesota and North Dakota Departments of Agriculture sponsor Waste Pesticide
Collection Programs and Pesticide Container Recycling Programs. For more information,
contact your local county Extension office or call the Department of Agriculture.

Be sure to triple or pressure rinse all pesticide containers at the time of use.

REPORT PESTICIDE SPILLS According to state law, you must immediately report incidents
involving pesticides, even ones that you may consider minor. This includes leaking
containers, spills, exposure, poisoning, motor vehicle accidents, tornadoes, fires, and floods.
Emergency notification must include this information:

Name of chemical.

Indication of the acute and chronic health risks of the substance.

Estimate of the quantity of the chemical released.

Location of the release.

Time and duration of the release.

Environmental medium into which the release occurred (air, water, soil, etc.).
Indication of whether the substance is extremely hazardous.

Proper precautions (for example, is evacuation necessary?)

Name and telephone number of the contact person.

CRXNA P N

To report pesticide spills call 911 and the state’s emergency management:

IN MINNESOTA

Minnesota Department of Public Safety - Division of Emergency Management
1-800-422-0798

IN NORTH DAKOTA

North Dakota Division of Emergency Management
1-800-472-2121

Here is a list of things to do if a spill occurs.

1. Act quickly. If a spill occurs, it must be taken care of immediately. Any delay could
cause serious contamination.

2. Notify the authorities. In addition to the DEM, alert state, county, or local police
using 911 if the spill occurs on a public road.

3. Protect yourself. Do not expose yourself to the chemical. Wear protective clothing
and equipment as required by the pesticide label.

4. Control the spill. Stop the leak or spill if it is possible to do so safely. If a small
container is leaking, put it into a larger container to contain the pesticide.

5. Contain the spill. Prevent the spill from spreading if it can be done safely. Keep it
in as small an area as possible. Keep it from getting into any body of water,
such as storm sewers and tile lines. Do not hose down the area.

6. Guard the site. Isolate the contaminated area to keep people away. Rope it off if
possible.
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