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Part III: Native warm-season grasses
for bioenergy and forage production
Establishment and management of NWSGs for bioenergy and
forage
Learning objectives:
• Participants will be able to explain the best ways to prepare, plant and manage NWSGs for
establishment
• Participants will be able to identify the uses of NWSGs for bioenergy production
• Participants will be able to identify assistance programs that provide funding for establishing
NWSGs
Materials:
• PowerPoint® slides “Establishment and management of NWSGs for bioenergy and forage”
• Lesson guide: Use the notes in this lesson guide to present information for each presentation
slide.
• Factsheet:
“Calibrating seed drill seeding rates for native warm-season grasses”
http://www.tnstate.edu/extension/documents/Calibration.pdf
•

•

•

Factsheet:

“Improving switchgrass yields for bioenergy production”
http://www.tnstate.edu/extension/documents/Switchgrass.pdf
Copies of the above publications can also be found in the Appendix.
Questions found at the end of this lesson guide can be used to test participants’ knowledge at the
end of the presentation. This can be combined with clickers to improve audience engagement
and create discussion.
An evaluation of the presentation can be found in this lesson guide following the lesson
questions.

Topics:
Planning, Weed management, Planting
Forage and bioenergy use
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Slide 1
In this section we will focus on the establishment and
management of NWSGs for bioenergy and forage production.

Slide 1

Slide 2
With respect to establishment and management we will go
over 4 main topics. With planning, we will focus specifically
on the importance of site selection. Weed management will
relate to advanced weed control since there aren’t very many
herbicides labelled for NWSGs. Planting will include the
proper timing and other conditions important for successfully
establishing these grasses. Lastly, we will talk about the best
times to cut or graze the grasses as well as height
recommendations.
Slide 2

Slide 3
Site selection can be very important in ensuring successful
establishment. An area with a large weed seed bank may be
detrimental to getting these grasses through the first critical
year. New ground or land that has been cleared of timber will
have little weed pressure and is the most ideal site location.
Tillage, lime, P, and K may be needed.
Under cropland, non-grass crops like cotton and soybean are
good at controlling weeds. These areas have also most likely
Slide 3
been well managed with herbicides to reduce competition.
Small grains as part of a double cropping system help to reduce spring and early summer weed pressure.
Something like winter wheat can be grown and the switchgrass can be planted into the killed off wheat.
Hayland/pasture systems can have a lot of weeds which may require a season or two to control. However,
a research plot at the Tennessee State University Ag Research Center in Ashland City, TN was successfully
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established into a weedy hayland area without any stand failures. We will show a picture of this in a couple
of slides when we talk about weed management.
Bermudagrass fields are poor candidates as bermudagrass is very difficult to control.
Slide 4
Since the switchgrass seeds are small they require a clean,
smooth, firm seedbed prior to shallow planting. Few
herbicides are labeled for use on NWSG. Advanced control of
weeds is important. It is a good idea to spray glyphosate the
August before spring planting and then in the spring
immediately (10-14 days) prior to planting. After the first
season, the herbicide, Pastora, can be used to control
johnsongrass in switchgrass fields in Tennessee.
Slide 4

Slide 5
This slide shows switchgrass establishment at TSU that was
previously mentioned. The image on the left shows how things
look during the first year of establishment, there are a lot of
weeds and it is difficult to tell where the switchgrass is. In the
second year, at the same time of year, you can see the huge
difference that has taken place. Now that the roots are
established, the aboveground biomass can really start to take
off. In the first year, the only major management that was
performed during the growing season was to try to keep the
Slide 5
weeds cut down regularly so that they did not overtop the
switchgrass. In the early spring between the first and second years you can go out and see the switchgrass
coming up much easier since most of the other weeds are still dormant. If you have one switchgrass plant
for every 1-2 square feet it is considered a success. The plants will expand outward to fill in much of the
space.
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Slide 6
NWSGs can be planted no-till using a no-till seed drill. Notill planting can provide a firmer seedbed, increased
moisture, reduced erosion and less compaction (by
reducing the number times that heavy machinery is on the
field). This allows for the residue in the field to be pushed
down ahead of the coulter with the seed being placed in the
opening that is created. Another option to increase the
chance for good seed/soil contact is to burn off residue just
prior to planting. This can also help reduce weed
competition by killing weed seeds present in the soil.

Slide 6

The seeding rate depends on plant species or planting procedure (see NWSG handout). Eastern gamagrass
requires the highest rates due to high dormancy, and usually requires some type of stratification (cold, wet
period to break dormancy). It also needs to be planted with something like a corn planter due to spacing
requirements. Eastern gamagrass can be planted once the soil temperature reach about 60 degrees or early
to mid-April. Other species should be planted after soil temperatures reach 65 degrees or around the last
week of April/first week of May.
Planting depth should be less than ¼” except for Eastern gamagrass which has a larger seed and should be
planted at ¾” to 1.25” depth.
Only required P and K and lime (pH >5) should be added during establishment. Nitrogen applications in
the first year will only help the weeds.
Slide 7
This is a comparison of the different seed sizes for NWSGs.
Note the very small switchgrass seeds, relatively small
bluestem and indiangrass seeds and large eastern gamagrass
seeds. You can see the large seed coat on the eastern gamagrass
seeds which is the reason that stratification is usually needed
for good germination.

Slide 7
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Slide 8
In the first year of planting, do not let the seedlings be
overtopped by weeds.
In the second season, a single early cutting (before mid-June)
or 40-60 days of grazing is possible.

Slide 8

Slide 9
In the second season 40-60 days of grazing is possible. Allow
some to remain for continued growth.
Do not graze until it is 15” (usually late April/early May).
Maintain stand height above 15” and cease grazing once stand
heights have dropped below 12”. Stock at about 1600-2000
lbs/acre during first 30 days for switchgrass and eastern
gamagrass and 1200-1400 lbs/acre for big bluestem or
indiangrass dominated pastures. Through late June through
early August, grass production will slow so stocking rates
Slide 9
should be lowered to 1400-1600 lbs/acre for switchgrass or
Eastern gamagrass and 900-1200 lbs/acre for big bluestem/indiangrass. Sept. 1 is usually a good target date
to stop grazing.
Slide 10
Eastern gamagrass will be ready to cut in late May. Switchgrass
in late May/early June. Bluestems and indiangrass in mid/late
June. The grasses are usually ready for a second cutting about
6-8 weeks after the first cut (dependent on
rainfall/temperatures). The second cutting should occur
before the end of August to allow the plant to rest prior to
winter dormancy. Usually only 2 cuts are advisable and cut to
about 8” height (to prevent loss of leaf area).
Slide 10
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Slide 11
The reason we don’t want to cut these grasses too low is because
at these lower heights there is a huge reduction in leafiness. As
you can see it is reduced in half when you go from 12” to 8”
height. The reduction in leafiness will prevent quick regrowth
and reduce stand vigor. Leaves are the areas for photosynthesis
and the more that are removed, the longer it will take to
recover.

Slide 11

Slide 12
Also, the timing of the cut is just as important as the cut height.
As the grass grows, those stems that were once at 8” on June 1
may be at 12” at June 10. If the cut is too short, the apical
meristem, or growing point on the plant, can be removed.

Slide 12

Slide 13
Now we will talk a little about bioenergy and how some of these
NWSGs that we are growing can be used in different bioenergy
processes. There is a lot of interest in expanding renewable fuel
production so that we are not as dependent on one source of
fuel, we are less reliant on the importing of foreign oil and to
try to reduce environmental issues caused by fossil fuels. The
U.S. government has created a mandate whereby about 36
billion gallons of our transportation fuels each year will be
coming from renewable sources. About 15 billion gallons will
come from corn ethanol but the remainder will come from
renewable fuels from other methods, like cellulosic ethanol or biodiesel.

146

Slide 13

Biomass Energy Training Curriculum
•••

Slide 14
There are generally two ways that NWSGs can be used as a fuel
source, the biochemical pathway or the thermochemical
pathway.

Slide 14

Slide 15
The biochemical pathway is used to produce cellulosic ethanol.
This ethanol is the same as corn ethanol, it just originates from
a different source and the process to make it is slightly
different. Since the sugars in these grasses are less available
than in corn, an extra step is needed to release these sugars.
This involves a pre-treatment step where the material is reacted
with dilute acid or enzymes. Afterwards, the rest of the steps
are the same as for corn ethanol where the sugars are fermented
and the resulting ethanol is distilled. The pilot plant out in East
Slide 15
TN (Vonore, TN) has been working to commercialize this
process. Some of the research that they did was important in opening up the commercial facility in Iowa
that uses corn stover to produce cellulosic ethanol.
Slide 16
There are a few different options for the thermochemical
process. Combustion of coal or natural gas is used in power
plants to produce electricity. This is also an option for NWSGs
to be co-fired with coal to produce electricity or to be used as
a heat source in pellet stoves.
With gasification, less oxygen is allowed in the system and this
produces syngases like hydrogen.
With pyrolysis, no oxygen is allowed in the system and this can
produce oils that can be refined to a biodiesel fuel.
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Slide 17
There has been research looking at the potential of NWSGs
being a dual use crop where the first harvest can be used for
forage and the second harvest for biofuels. You can see there is
not much difference in overall yield for switchgrass when it is
used in a one-cut or two-cut system.

Slide 17

Slide 18
There are a couple of program available that can help with the
establishment costs of native warm-season grasses. The EQIP
program through the NRCS will pay a portion of the average
cost associated with the developed conservation plans that may
include native warm-season grasses. The CRP program under
EQIP will allow a farmer to cut the NWSGs for hay or graze
them.
The Farm Wildlife Habitat Program through the TWRA is
Slide 18
interested in eradicating fescue and planting native grasses.
They can reimburse 75% of the establishment costs up to $2000 per contract per year. The contract must
be maintained for 5 years.
Slide 19
Project areas must relate to a commercial or research facility
that is using the material for bioenergy production. Currently
there are no project areas on Tennessee.
The establishment payments provide 50% reimbursement up
to $500/acre for woody and nonwoody perennial species, for
SDA (socially disadvantaged) farmers and ranchers, 50%
reimbursement up to $750/ acre for woody and nonwoody
perennial crops
Slide 19

The annual rental payments are for up to 5 years for herbaceous annual and perennial crop production, up
to 15 years for woody biomass and the payment itself is generally based on the land rental rate. No
information available on the amounts provided.
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The harvest payments provide matching payments of up to $20/dry ton what the facility pays for a 2 year
payment duration
The annual payment will be reduced when a matching payment has been earned.

Test their Knowledge - Questions for the audience
Q: What are the two best land sites for growing NWSGs?
A: Newly-cleared land and cropland used to grow non-grass species.
Weed management for NWSGs should begin the August before spring planting .
Successful stand establishment at the beginning of the second year is typically
demonstrated by having at least one plant per 1-2 square feet .
Q: Why should there be no N application in the first year of planting NWSGs?
A: The NWSGs do not need much N in the first year as they focus more on root
development. The N will go enhance weed production.
It is possible to graze cattle on NWSGs

for 40-60 days in the second season .

The leafiness of NWSGs becomes reduced as cutting/grazing height is reduced
and cutting/grazing date is delayed (for the same relative height) .
T or F The ethanol produced from NWSGs is the same as the ethanol produced
from corn.
Q: What are the state or federal programs available for assistance in growing
NWSGs?
A: Environmental Quality Incentives Program, Farm Wildlife Habitat Program,
Biomass Crop Assistance Program
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Evaluation
Please give us your feedback regarding this activity. Your feedback will help us improve the activities you attend in the future.
Name of Activity: NWSG – Establishment and management for bioenergy and forage
A.

Date of Activity:

Instruction

Strongly
Disagree

Disagree

Somewhat
Disagree

Somewhat
Agree

Agree

Strongly
Agree

1.

The specialist was well prepared.

1

2

3

4

5

6

2.

The specialist presented the subject matter clearly.

1

2

3

4

5

6

B.

General Learning and Change

Strongly
Disagree

Disagree

Somewhat
Disagree

Somewhat
Agree

Agree

Strongly
Agree

1.

I have a deeper understanding of the subject matter as a result of this session.

1

2

3

4

5

6

2.

I have situations in which I can use what I have learned in this session.

1

2

3

4

5

6

3.

I will change my practices based on what I learned from this session.

1

2

3

4

5

6

C. Specific Learning
How much did you / do you know about these subjects?

1.

Tips for establishing native warm-season grasses

2.

Using native warm-season grasses for bioenergy

3.

Using native warm-season grasses for forage
D. Specific Practices
To what degree did you / will you do the following?

1.

Grow native warm-season grasses for bioenergy

2.

Grow native warm-season grasses for forage

3.

Apply for assistance to grow native warm-season grasses
E.

1.

Before this program I knew…
Very
little

Little

Some

Much

Very
Much

Very
little

Little

Some

Much

Very
Much

1
1
1

2
2
2

3
3
3

4
4
4

5
5
5

1
1
1

2
2
2

3
3
3

4
4
4

5
5
5

Very
little

1
1
1

Satisfaction with Activity

Before this program I did…
Little Some Much Very
Much

2
2
2

3
3
3

4
4
4

5
5
5

In the future I will realistically do….
Very Little Some Much Very
little
Much

1
1
1

2
2
2

3
3
3

4
4
4

5
5
5

Strongly
Disagree

Disagree

Somewhat
Disagree

Somewhat
Agree

Agree

Strongly
Agree

1

2

3

4

5

6

I would recommend this program to others.

F.

Now I know….

What was the most important thing you learned at this activity?

Thank you for completing this survey!

College of Agriculture, Human
and Natural Sciences
Cooperative Extension

ANR-B2

Native Warm-Season Grasses

Calibrating seed drill seeding rates for native warm-season grasses
Jason P. de Koff, Assistant Professor, Tennessee State University
Christopher Robbins, Extension Associate- Farm Operations, Tennessee State University
Contact: 615-963-4929, jdekoff@tnstate.edu,
@TSUBioenergy
Whether you are planting native warm-season grasses on your seed drill or converting a box on your seed drill to
(NWSG) for forage, wildlife or bioenergy, calibrating handle native seeds.
a seed drill prior to planting is beneficial so that the
(For information on planting switchgrass using a
correct amount of seed per acre is applied.
seed drill and other seed drill tips, see: http://forages.
tennessee.edu/Page%204-%20 Planting/SP701-C.pdf)
Pure Live Seed (PLS)
To begin, it is important to determine the amount of
seed you need to apply per acre to get the correct amount
of Pure Live Seed (PLS) planted. As most of these
seeds do not have a 100% germination rate and contain
some inert material, a calculation must be performed
to determine the PLS for your seed. Some seed bag
tags already contain this information. If not, simply
multiply the %germination by the %purity and divide
by 100 to get the PLS percentage. To determine the rate
you must apply for a specific PLS rate, you divide the
recommended PLS seeding rate by the PLS percentage
of your seed and multiply by 100. An example of this
calculation is shown below for Indiangrass ‘Cheyenne’:

Eastern gamagrass seeds cannot be planted using a no-till,
grass based seed drill due to row spacing differences. In
this case it is recommended to use a traditional seed box
type (i.e. corn planter) instead. The native grass box for
other NWSGs should have double agitators (Fig. 1) that
will help force the fluffy, light NWSG seed through the
openings and into the drop hoses for planting.

Indiangrass ‘Cheyenne’
Germination

91%

Pure Seed
Recommended PLS
Seeding Rate

73%
8 lbs/ acre

(91 x 73) = 66.4% PLS
100
8 lbs. PLS per acre x 100 = 12 lbs seed per acre
66.4 % PLS

Fig. 1. Double row of agitators inside native seed box.

Using a seed drill without these agitators will result in a
shortage of seed dropped for planting. Other alterations
to the seed drill include the use of larger seed cups and
hoses and a special seed boot. After ensuring that hoses
and seed boxes are clear of any debris, calibration of the
seeding rates can be performed.

Seeding Rate Calibration
Step 1: Place seed in native grass box and open the sliding gate
to a setting that you deem appropriate to start with (Fig. 2). Your
In most cases, NWSG like big bluestem, little bluestem and seed drill owner’s manual should give you an idea of the setting.
indiangrass need to be planted using the native grass box
1

Seed Box

Seeding Rate

12 lbs/ acre

Row Spacing

0.6 ft

Number of Rows 12

Fig. 2. Pointer and scale to determine relative size of
seed opening

Length Pulled

100 ft

Area Pulled

100 x (0.6 x 12) = 720 ft 2

12 lbs/ acre x 720 x 16 = 3.2 ounces **
43560

Step 2: Remove hoses from beneath native grass box
and attach pre-weighed bags under seed cups using the
hose clamps (Fig. 3).

** Total seed weight collected in bags

Seed
Not all seed is the same. Even seed that is of the same
species and variety may be different depending on the
way they were cleaned. This will differ based on the
seed supplier you order seed from. Figure 4 shows
two types of seed that are the same species and variety
(Little Bluestem ‘Aldous’) but from different suppliers.

Fig. 3. Example of bag attachment to seed drill for seeding
rate calibration.

Step 3: Pull seed drill 100 ft.
Step 4: Weigh the seed in the bags and subtract bag weights.
Step 5: Calculations
The amount of seed you should have in the bags is
determined by multiplying the pounds of seed per acre
you want to apply (determined above) by 16 and by
the area drilled (in square feet). To determine the area
drilled multiply the distance you pulled the seed drill
(100) by the planting width of the drill. This value is then
divided by 43560 to give you the weight (in ounces) that
you should collect in the bags to get the rate you want
to apply (see calculation below). Adjust the sliding gate
accordingly based on the weights you get. It is important
to note that in some cases the scale on the sliding gate is
not the most accurate (i.e. doubling the setting will not
necessarily double the seeding rate) so it may take a little
adjusting before getting the correct output rate.

Fig. 4. Little Bluestem ‘Aldous’ seed from different seed
companies. The seed on the left may have greater fluffiness
which could make it more difficult to flow through the seed
drill at a regular rate.

The seed on the left was not cleaned as much as the seed on
the right and may be more difficult to calibrate in the seed
drill due to its fluffiness. The fluffiness can cause the seeds
to clump and come out of the seed drill this way. This may
also lead to a different seeding rate than other cleaned seed.
For information on where to purchase NWSG seed, contact
your local soil conservation district.

TSU-13-0017(A)-15-17095 Tennessee State University is an AA/EEO employer and does not discriminate on the basis of race, color, national origin, sex, disability or age in
its programs and activities. The following person has been designated to handle inquiries regarding the non-discrimination policies: Dr. Forrestine White Williams, interim
director of Equity, Diversity and Compliance, 3500 John A. Merritt Boulevard, Nashville, TN 37209, (615) 963-7435.
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Improving Switchgrass Yields
for Bioenergy Production
Jason P. de Koff, Assistant Professor, Agronomy, Tennessee State University
Donald D. Tyler, Professor, Biosystems Engineering and Environmental Science
University of Tennessee

What Is Switchgrass?

Planting, managing and harvesting switchgrass
uses conventional farming equipment. Seed
drills with attachments (boxes) for small seeds
are recommended for planting and disc mower
conditioners are recommended for harvesting
switchgrass.

Switchgrass (Fig. 1) is a warm-season prairie grass
that is native to North America and grew in the Great
Plains for centuries. It is a perennial grass, meaning
that, once planted, it will regrow each year and
can maintain this ability for at least 15 years. It is a
nutrient- and water-efficient grass that produces a
massive root system up to 10 feet deep with plant
heights of 3.5 to greater than 6.5 feet tall.

Switchgrass and Bioenergy
Bioenergy involves the use of plant biomass (plant
material) to produce energy. Biomass currently
makes up 3 percent of U.S. energy production and
is the second largest renewable energy source after
hydropower. Bioenergy is playing an important role
in meeting the renewable fuel standards that have
been mandated by the U.S. government, requiring
that total transportation fuel usage must be made
up of at least 38 billion gallons of biofuels by 2022
(currently less than 2 billion gallons of biofuels are
used). (Fig. 2) Switchgrass, as with many bioenergy
crops, can be converted to ethanol for fuel use or
it can be burned to create electricity in traditional

Switchgrass has numerous benefits. It has been
identified for its use in riparian buffer strips to
prevent excess nutrients from entering natural water
systems, for its ability to remove harmful substances
from the soil and to provide wildlife habitat. The
perennial nature of switchgrass reduces erosion
rates as much as 95 percent relative to annual tilled
row crops like corn and soybean. It is used in many
areas, including Tennessee, as a forage crop, due
to its capacity to grow during the summer when
temperatures are high and moisture is limited.
Switchgrass generally produces up to 90 percent
of total yields during this period (between June and
August).

Fig. 1. Switchgrass production at Tennessee State University
Research and Education Center.

Fig. 2. Current U.S. renewable fuels standards for total
transportation fuel usage.

2

coal-fired power plants. There is currently a pilot
plant in operation in Vonore, TN for converting
switchgrass to ethanol.
In 1991, switchgrass was selected as a model
bioenergy crop by the Biofuels Feedstock
Development Program, largely due to its consistently
high productivity, large range of adaptability and
low water and nutrient requirements. These lower
requirements allow switchgrass to be grown on
marginal lands, such as those in the Conservation
Reserve Program (CRP) without taking away land
that is currently being used to grow food or fiber
products. Numerous scientific studies have been
performed to identify certain factors that improve
switchgrass yields, which can be as high as 15 tons/
acre. These factors include cultivar type, fertilizer
inputs, location, stand age and harvest frequency.

Fig. 3. Average yield of upland vs. lowland switchgrass cultivars in
eastern and western Tennessee under a single-cut harvest system
(adapted from Fike et al., 2006)

Cultivar Types
Switchgrass cultivars differ based on where they
are naturally found. There are four main cultivar
types: southern lowland, southern upland, northern
lowland and northern upland. The southern varieties
originated in more southern latitudes than the
northern and generally produce biomass for a longer
period of time. The northern varieties are generally
more cold-tolerant. Lowland varieties are more
adapted to floodplains with wetter soil conditions
than the upland, which are more adapted to
moderate moisture environments. Lowland varieties
also grow more slowly, while upland varieties are
shorter plants with thinner stems that accumulate
all of their biomass earlier in the season. Lowland
cultivars have also been shown to outperform
upland cultivars in biomass yields in flooded
conditions and perform the same as upland cultivars
under drought conditions. Most research has
identified lowland varieties to be the best cultivars
to grow in areas like Tennessee due to their higher
yields. One study in Tennessee identified numerically
higher yields for lowland cultivars (called Alamo and
Kanlow) in Jackson and Knoxville for a single-cut
harvest system (Fig. 3).

the root system until they are used to produce new
shoot growth in the spring.

Fertilizer Inputs

The optimum level of fertilizer application can
depend on the type of soil. A lowland switchgrass,
Alamo, grown on a well-drained soil in Tennessee
reached maximum yields of 8 tons/acre at rates of
60 lbs N/acre, while the same switchgrass grown on
a poorly drained floodplain in Tennessee required

As with most plants, nitrogen (N) is the most
important input for increasing biomass yields in
switchgrass. Phosphorus (P) and potassium (K)
applications generally result in little or no addition
in plant matter accumulation. Though switchgrass
is highly nutrient-efficient, higher yields have been
achieved with greater levels of nitrogen (N) fertilizer.
These levels are usually between 60 and 90 lbs/acre
and are one-third to one-half the levels required by
traditional row crops like corn. Upland switchgrass
cultivars generally produce lower yields than
lowland cultivars at the same N rate. In Tennessee,
a switchgrass stand containing lowland cultivars
(Alamo or Kanlow) that yielded 9 tons/acre/yr would
require an estimated annual N fertilizer application
of 55 lbs N/acre. Annual applications of 60 lbs N/
acre are recommended for established switchgrass
stands in Tennessee. Fertilizer recommendations for
switchgrass grown for biofuels are available based
on soil sample analyses at the UT Soil, Plant and
Pest Center in Nashville, TN.

Perennial grasses like switchgrass are nutrientefficient, because they recycle nutrients from
standing plant material back to the roots before a
killing frost occurs. Therefore, when the plant goes
dormant during the winter, the nutrients are kept in
3

180 lbs N/acre to achieve the greatest yields
(4 tons/acre). This additional nitrogen requirement
was due in part to the need for enhanced tillering
from the nitrogen and to overcome potential losses
due to less nitrogen under the wet conditions. It is
important to identify optimal N application rates,
because N applied at rates higher than required may
cause detrimental effects to switchgrass through
lodging, reduced root development and decreased
yields due to stand thinning with possible weed
development.

On the small scale, landscape differences within an
agricultural field can also affect switchgrass yields.
A study in Minnesota observed greater yields of
switchgrass when grown on the summit of a hill or
on west-facing slopes.

Stand Age
When switchgrass is first planted, it can take a
couple of years to become established and reach
its full yield potential. This is because switchgrass
initially devotes more time to establishing its
significant root system. Fertilizers are generally
not applied during the first year of establishment
because they will enhance weed development more
than switchgrass growth. During the establishment
period, yields are usually lower than maximum
expected yields. In a recent study in Milan, TN,
Alamo switchgrass planted on different soil types
exhibited the same general trend, with greater yields
observed during the second and third season after
planting in a single-cut harvest system. During the
first year, yields ranged from 0.7 to 1.3 tons/acre,
but increased by the second season to between 3
and 5 tons/acre, and to 5-10 tons/acre by the third
season (Fig. 5).

Location
Switchgrass yields can differ depending on where
the plants are located on either a large-scale or
small-scale basis. On a large scale, changes in
longitude do not make a difference in switchgrass
yields, but variations in latitude affect temperatures
and photoperiod (day length), which can influence
switchgrass growth (Fig. 4). For lowland cultivars,
like Alamo, yields may increase with higher latitude
(movement northward) and photoperiod from 30 to
34 degrees latitude, and may decrease as latitude
and photoperiod increase from 36 to 46 degrees
latitude. Tennessee is located between 35 and 37
degrees latitude, and therefore should produce the
highest yields for these lowland cultivars.

Fig. 4. USDA Hardiness Zone Map depicting the increase in average
annual low temperatures with decreasing latitude.

Zone 		
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Average Annual Low

2		

-40°F through -50°F

3		

-30°F through -40°F

4		

-20°F through -30°F

5		

-10°F through -20°F

6		

0°F through -10°F

7		

10°F through 0°F

8		

20°F through 10°F

9		

30°F through 20°F

10		

40°F through 30°F

to relocate to the roots, which usually occurs in the
later stages of maturity. If harvests are taken before
this occurs, then the nutrients cannot be recycled.
Lower yields may be observed in future years if
adequate fertilization is not applied. It is also usually
recommended that switchgrass be harvested after
a killing frost or later (Fig. 6). This allows for the
greatest biomass quality for bioenergy production
and prevents yield reductions in the following years.
Using a one-cut system can also enhance wildlife
by providing important habitat for grassland birds
during the breeding season.

Summary
In addition to erosion control and forage utilization,
switchgrass could also be a vital bioenergy crop in
Tennessee, due to its ability to produce high yields
in this area of the U.S. and its ability to grow in
marginal soils not devoted to row crops. Several
factors, including cultivar and soil type, fertilizer
inputs and harvest frequency, must be taken into
consideration when trying to maximize switchgrass
production in Tennessee.

Fig. 5. Changes in Alamo switchgrass yield during establishment
period on typical crop and marginal soils in Milan, TN under a
single-cut harvest system (adapted from Mooney et al., 2009).

Harvest Frequency
Under most forage systems, multiple harvests are
taken each season. When switchgrass is grown
solely for bioenergy, however, yields are more
important than nutritive contents. In general,
multiple harvests of switchgrass can reduce future
yields. For example, multiple annual harvests,
even with applications of 60-120 lbs N/acre, have
been found to reduce yields in the southern U.S.
In Jackson, TN, a twice-cut annual harvest with N
applications of 90 lbs N/acre was generally able to
produce greater yields of the lowland switchgrass
cultivars Alamo and Kanlow than under a one-cut
system fertilized with 45 lbs N/acre. Under the same
conditions in Knoxville, TN, however, the twice-cut
harvest produced lower yields than the single-cut
system. Possible reductions in yields observed in
multiple harvest systems may be due to the loss
of nutrients that are removed with the spring or
summer harvests. This is because the nutrients
within the aboveground plant tissue are not allowed

Further Information
To learn more about switchgrass production for
bioenergy, see the following resources:
Bates, G., and J. Walton. Adjusting and calibrating
a drill for planting switchgrass for biofuels. UT
Extension #SP701-C, https://utextension.tennessee.
edu/publications/Documents/SP701-C.pdf
Garland, C.D. Growing and harvesting switchgrass
for ethanol production in Tennessee. UT Extension
#SP701-A, https://utextension.tennessee.edu/
publications/Documents/SP701-A.pdf
Harper, C.A., and P.D. Keyser. Potential impacts
on wildlife of switchgrass grown for biofuels. UT
Extension #SP704-A, https://utextension.tennessee.
edu/publications/Documents/SP704-A.pdf
Visit the TSU and UT Extension publication websites
to find out more information on a number of
important topics:
http://www.tnstate.edu/agriculture/publications.aspx
https://utextension.tennessee.edu/publications/
Pages/default.aspx\

Fig. 6. December harvest of switchgrass at Tennessee State
University Research and Education Center.
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