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Abstract
Switchgrass (Panicum virgatum L.), a valuable forage and bioenergy crop, is

established more easily than other native perennial warm-season grasses, but its

establishment is still slower than that of annual crops. Vigorous switchgrass estab-

lishment is crucial for achieving its full potential yield and for effectively competing

with weeds for water and nutrient availability. To satisfy this demand, ‘Indepen-

dence’ (Reg. no. CV-295, PI 704577) switchgrass was developed at the University of

Illinois at Urbana-Champaign. Independence was selected for establishment vigor,

winter survivorship, and high biomass yield for two cycles from ‘Kanlow’. It is char-

acterized by rapid establishment, robust seedling growth, and the capacity to achieve

peak production by the second year. Independence is well adapted to USDA hardi-

ness zones 5b–7b. In field experiments conducted from 2016 to 2017, averaged over

seven locations and all years, Independence annually yielded 13 Mg ha−1 of biomass,

outperforming ‘Cave-in-Rock’ by 31%, ‘Liberty’ by 15%, ‘Shawnee’ by 42%, ‘Sum-

mer’ by 81%, and ‘Sunburst’ by 129%. In wet marginal sites in Illinois from 2020 to

2023, Independence exhibited an average biomass yield of 12 Mg ha−1, outperform-

ing Shawnee by 31%, Liberty by 27%, and Kanlow by 19%, indicating its potential

use on less productive land for annual crops. Independence was publicly released by

the University of Illinois at Urbana-Champaign in October 2021.

1 INTRODUCTION

Switchgrass (Panicum virgatum L.) is a perennial warm-

season grass that is native to the eastern two-thirds of North

America. Switchgrass has been recognized as a valuable for-

age species for more than 70 years (Vogel, 2004) and has

been established for conservation planting in the Great Plains

and the Midwest since the 1940s (Casler, 2012; Parrish et al.,

2012). Switchgrass shows a high biomass yield potential

across a wide geographic range and is also suitable for cul-

tivating on marginal, erodible, and dry soils (Moser & Vogel,

1995; Paine et al., 1996; Sanderson et al., 1996). In 1992,

Abbreviations: PLS, pure live seed.
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with increased demand for renewable energy sources, switch-

grass was selected as a bioenergy model species by the U.S.

Department of Energy (McLaughlin & Kszos, 2005; Sander-

son et al., 2006). Recently, the U.S. Department of Energy

emphasized again the importance of switchgrass as one of

the major herbaceous feedstocks for sustainable aviation fuel

(U.S. Department of Energy, 2022)

In the 1930s, switchgrass breeding was initiated by the

USDA-ARS in Lincoln, NE, to enhance forage quality for

livestock production (Vogel & Hendrickson, 2019). As a

bioenergy crop, switchgrass improvement has focused on

increasing biomass yields and tolerance to extreme envi-

ronmental conditions (Calser, 2012; Casler et al., 2018).

Switchgrass is highly sensitive to photoperiod, and the
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adaptation of most switchgrass cultivars or ecotypes is con-

stricted to a relatively narrow region as defined in the U.S.

hardiness zone (Casler, 2012; Vogel et al., 2005). Northernly

adapted switchgrass populations (i.e., upland ecotypes) show

a lack of heat tolerance and flower too early to be productive

in southern locations, whereas populations with high yield

potential from southern regions (i.e., lowland ecotypes) might

have insufficient cold tolerance to survive in northern loca-

tions. Therefore, it was essential to develop a switchgrass

cultivars program for winter survivorship of lowland eco-

types while maintaining or improving biomass yield potential

with excellent establishment vigor (Casler, 2012). Conse-

quently, Casler (2012) suggested that switchgrass breeding

programs, based on eight regional breeding pools in the east-

ern United States, should be focused on selecting the best

switchgrass cultivars according to temperature, photoperiod,

and moisture. As a part of this breeding effort, ‘Independence’

(Reg. no. CV-295, PI 704577) switchgrass was selected for

establishment vigor, winter survivorship, and high biomass

yield. Independence was derived from the cultivar ‘Kanlow’

(PI 421521) and has been tested across the north-central

region of the United States. Independence is an improved cul-

tivar for increased winter survivorship and biomass yield with

establishment vigor from Kanlow switchgrass.

2 METHODS

2.1 Breeding history

‘Kanlow’ and ‘Cave-In-Rock’ (PI 469228) were planted with

a seeding rate of 330 pure live seeds (PLS) m−2 using a drill

in 2009 on a commercial farm located north of Lexington, IL.

The individual plot size was 2.4 ha with three replications.

The plant density of Kanlow decreased from 27.1 plants m−2

to 15.2 plants m−2 from fall 2009 to spring 2010; Cave-In-

Rock plant density slightly increased from 25.0 to 27.2 plants

m−2 during that time period. At the end of 2010, biomass

yields for Kanlow and Cave-In-Rock were 9.6 and 7.0 Mg

ha−1, respectively. The entire Kanlow field was evaluated,

and 24 individual plants were selected based on plant vigor

and height, which was 30 cm taller than other plants in early

May 2011. Selected plants were dug up, split into four clonal

replicates, and transplanted to the Energy Farm, University of

Illinois in Urbana, IL. The design of the polycross block was

a randomized complete block with four replicates with a 1-m

planting space. Ripe seed was harvested from each plant in

October 2011. The seed was threshed, cleaned, and bulked in

equal quantities to generate a single bulk population of seed,

named ILSW-KG1B (short for Illinois Switchgrass Kanlow

Generation 1 Bulk).

The seed ILSW-KG1B was planted into dedicated drilled

46-m2 sward plots with a seeding rate of 330 PLS m−2 in

Core Ideas
∙ Recurrent selection for plant height and establish-

ment vigor increased biomass yield during the

establishment phase.

∙ Independence outperformed the parent cultivar

Kanlow and produced higher biomass from the

year after planting.

∙ Independence switchgrass is adapted to USDA

hardiness zones 5–6.

spring 2012 at each of two locations: Urbana and Dixon

Springs, IL. At the end of summer 2012, a total of 60 plants

(30 plants in each location) were flagged for selection based

on plant vigor and height. In May 2013, to establish the

second-cycle seed production, 56 plants of the 60 selected

(26 plants from Urbana and 30 plants from Dixon Springs)

were dug up and transplanted in the University of Illinois

Energy Farm in Urbana, IL. The replication and design of the

second-cycle polycross block were identical to that described

for the first cycle. The second-cycle selection intensity was

56/30,360 = 0.0018. The ripe seed was harvested from each

plant in October 2013. The seed was threshed, cleaned, and

bulked in equal quantities to generate a single bulk population

of seed, named ILSW-KG2B.

In 2014, the seed of ILSW-KG2B was shipped to Wis-

consin and included in the CenUSA uniform regional testing

program (Casler et al., 2018). ILSW-KG2B exhibited supe-

rior performance during the three years of field evaluation,

and the ripe seeds from the second-cycle polycross block were

harvested again in October 2016. The seeds were threshed,

cleaned, and bulked in equal quantities to generate a single

bulk population of seeds. To increase seed volume, the bulk

seed was sowed in a 0.9-ha field with a seeding rate of 330

PLS m−2 and 38-cm row spacing using a drill in spring 2017.

The seed, Syn1, was harvested from the whole field using a

combine in October 2018 and named Independence.

2.2 Field evaluation

In 2014, field evaluation (CenUSA) was conducted at nine

locations with 20 switchgrass cultivars and breeding lines

(Table 1) (Casler et al., 2018), and the experimental design

was a randomized complete block design with four replica-

tions. The field evaluation consisted of the following cultivars

for comparing ILSW-KG2B with Cave-in-Rock, ‘Liberty’ (PI

669371), ‘Shawnee’ (PI 591824), ‘Summer’, and ‘Sunburst’

(PI 598136). An additional 14 experimental breeding lines

were included in the experimental trial (data not included).
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T A B L E 1 Geographic coordinates and soil characteristics of the 10 locations used in Independence switchgrass selection and evaluation.

Location Latitude Longitude HZ Soil type
CenUSA trial

Grand Rapids, MN N 47˚ 18′ W 93˚ 53′ 3b Itasca-Goodland sandy loam (coarse-loamy, mixed, superactive, frigid Haplic

Glossudalf)

Chatham, MI N 46˚ 32′ W 86˚ 92′ 4b Eben very cobbly sandy loam (sandy-skeletal, mixed, frigid Pachic Hapludoll)

Ames, IA N 42˚ 01′ W 93˚ 74′ 5a Webster silty clay loam (fine-loamy, mixed, superactive, mesic Typic

Endoaquoll)

Mead, NE N 41˚ 17′ W 96˚ 42′ 5b Filbert silt loam (fine, smectitic, mesic Vertic Argialboll)

Urbana, IL N 40˚ 07′ W 88˚ 21′ 5b Drummer silty clay loam (fine-silty, mixed, superactive, mesic Typic

Endoaquoll)

West Lafayette, IN N 40˚ 30′ W 86˚ 89′ 5b Toronto silt loam (fine-silty, mixed, superactive, mesic Udollic Epiaqualf);

Millbrook silt loam (fine-silty, mixed, superactive, mesic Udollic

Endoaqualf)

Columbia, MO N 38˚ 09′ W 92˚ 18′ 6a Mexico silt loam (fine, smectitic, mesic Vertic Epiaqualf)

South Charleston, OH N 39˚ 86′ W 83˚ 67′ 6a Mexico silt loam (fine, smectitic, mesic Vertic Epiaqualf)

State College, PA N 40˚ 72′ W 77˚ 94′ 6b Hagerstown silt loam (fine, mixed, semiactive, mesic Typic Hapludalf)

DOE-ASEC trial
Urbana, IL (Fruit farm) N 40˚ 08′ W 88˚ 21′ 5b Drummer silty clay loam (fine-silty, mixed, superactive, mesic Typic

Endoaquoll)

Urbana, IL (Energy farm) N 40˚ 06′ W 88˚ 20′ 5b Drummer silty clay loam (fine-silty, mixed, superactive, mesic Typic

Endoaquoll)

Brighton, IL N 39˚ 01′ W 90˚ 16′ 6b Caseyville silt loam (fine-silty, mixed, superactive, mesic Aeric Endoaqualfs)

Note: CenUSA trial data were adopted from Casler et al. (2018).

Abbreviations: DOE-ASEC, US Department of Energy, Bioenergy Technologies Office; HZ, hardiness zone.

The experimental plot size varied among locations, depending

on local equipment and preferences. All plots were estab-

lished using a drill planter with ∼18-cm row spacing (five or

seven rows with 0.9- or 1.2-m width) at a seeding rate of 600

PLS m−2. Pre-emergence herbicide was applied by combining

0.56 kg quinclorac ha−1 (3,7-dichloroquinoline-8-carboxylic

acid) with 1.1 kg atrazine ha−1 (1-chloro-3-ethylamino-5-

isopropyl-amino-2,4,6-triazine), and no fertilizer was applied

for the experimental period.

The heading date was determined when approximately half

of the panicles in a plot emerged from a boot stage. Biomass

was harvested using a sickle bar mower or a plot combine after

7–20 days after killing frost in 2015 and 2016, and 200–500 g

of biomass samples were dried for a minimum of 5 days at

60–65˚C to estimate moisture content.

Independence was planted for field evaluation (US Depart-

ment of Energy, Bioenergy Technologies Office, DOE-

ASEC) in June 2019 at three locations in Illinois: Energy

Farm in Urbana, Fruit Farm in Urbana, and Commercial

Field in Brighton. The Energy Farm in Urbana and Com-

mercial Field in Brighton were considered as marginal land

with a land capability class 4 to 5w, indicating severe

limitations for cultivating row crops (USDA-NRCS, 2022).

Specifically, these two sites were classified as wet marginal

land because of severe spring flooding, restricted perme-

ability, and N leaching (USDA-NRCS, 2023), while Fruit

Farm in Urbana was identified as prime cropland. For this

field evaluation, the following cultivars were included to

compare with Independence: Kanlow, ILSW-KG2B, Liberty,

and Shawnee. The experimental design was a randomized

complete block design with four replications. Biomass was

harvested from individual plots using a plot combine after a

killing frost from 2020 to 2023. The dry weight of biomass

samples was calculated based on the moisture content esti-

mated from 500-g subsamples dried for at least 5 days at 60–

65˚C.

Data analysis was separated into two experiments: the

CenUSA field experiment for 2015–2016 and the DOE-ASEC

field evaluation for 2020–2023. All data were analyzed by

linear mixed models with populations and cycles as fixed

effects and locations and years as random effects (Littell et al.,

1996). For the 2015–2016 experiments, a separate analysis

was conducted for each location, and a combined analysis

across locations was also conducted. For South Charleston,

OH, only 1 year of data from the second harvest in 2016 was

included for data analysis. Two locations, Grand Rapids, MN,

and Chatham, MI, which belong to USDA hardiness zones

3 to 4, respectively, were not included in the data analysis

because Independence either failed to establish or failed to

survive the first winter. The combined analysis included a het-

erogeneous errors model due to heterogeneous errors across

locations (Littell et al., 1996). All interactions were treated as
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T A B L E 2 Mean biomass yields for six switchgrass cultivars evaluated at seven locations in 2015–2016, averaged all years for each location.

Cultivar Ames, IA Mead, NE Urbana, IL
West Lafayette,
IN Columbia, MO

South Charleston,
OH State College, PA Meana

Mg ha−1

Cave-in-Rock 9.8 11.3 13.0 11.2 7.6 22.8 9.6 12.2

Liberty 12.2 11.4 17.9 15.1 9.6 18.6 12.6 13.9

Shawnee 9.4 13.5 11.3 12.7 5.7 16.9 9.6 11.3

Summer 7.6 10.6 12.0 8.4 5.4 11.5 6.3 8.8

Sunburst 6.7 9.1 8.0 7.4 4.6 6.8 6.3 7.0

ILSW-KG2B 16.9 11.9 19.6 17.6 10.9 22.1 12.9 16.0

LSD0.05 3.9 3.4 4.2 4.0 3.1 5.2 1.4 1.5

aMean over all seven locations.

random effects. Years were treated as a repeated measure in

all analyses using the compound symmetry covariance with or

without heterogeneous errors, depending on which model was

the better fit based on Akaike’s information criterion (Littell

et al., 1996). LSD values with p = 0.01 or 0.05 were used for

all statistical comparisons.

3 CHARACTERISTICS

Independence has retained the basic morphological character-

istics of Kanlow switchgrass. Independence is described by a

relatively low tiller density; large stem diameter; 11–12 aver-

age phytomers; long internode elongation (∼30 cm) and long

inflorescences (∼60 cm); and thick, wide, and bluish-green

leaves. The spring green-up was 4–7 days faster than Kanlow,

but flowering time was similar to Kanlow. Even though its

winter survivorship was improved, we observed some winter

mortality during the winter of 2022–2023 in the USDA hardi-

ness zone 5a in Ames, IA. However, Independence and their

parental population did not experience any winter mortality

in the USDA hardiness zone 5b or higher areas from 2011

through 2023.

ILSW-KG2B produced annually 13 Mg ha−1 averaged

across all locations and years, and the biomass yield of ILSW-

KG2B was significantly greater than four check cultivars

averaged across all locations: 31 ± 5% higher than Cave-In-

Rock, 81 ± 8% higher than Summer, and 129 ± 12% higher

than Sunburst (P = 0.05; Table 2). During the growing sea-

sons of 2015–2016, ILSW-KG2B showed greater biomass

yield compared with most check cultivars at the USDA har-

diness zones 5 and 6 sites but not at zones 3 and 4 sites

(Grand Rapids, MN, and Chatham, MI), where Independence

failed to survive the first year. The heading date of ILSW-

KG2B was mid-July to late July, showing an average of 214

days. Averaged across all locations, the heading date of ILSW-

KG2B was significantly different (P = 0.05; Table 3), and

ILSW-KG2B had a later heading date (8–17 days) compared

with upland check cultivars (Table 3).

The performance of Independence and ILSW-KG2B was

superior compared with an upland cultivar, Shawnee, and

a lowland cultivar, Kanlow, in three locations in Illinois

during 2020–2023 (Table 4). There was no difference in

biomass yield between Independence and ILSW-KG2B,

which demonstrates yield stability between the first two

generations of seed production. Specifically, concerning the

productivity of purpose-grown energy crops for marginally

productive croplands, Independence produced 21 ± 11% and

11 ± 7% higher biomass at the Energy-Farm in Urbana and

44 ± 10% and 27 ± 8% at the Brighton site than Shawnee

and Kanlow, respectively (P = 0.05; Table 4). Averaged over

4 years, the biomass yields from these two marginal sites

were considerably lower than the yield from the prime land,

the Fruit-Farm in Urbana. As Independence was improved

for establishment vigor, Independence produced 20%–30%

higher biomass than Kanlow in the first harvest year (2020),

a year after the planting in both locations (Figure 1).

4 DISCUSSION AND CONCLUSIONS

One of the principles for improving the productivity of switch-

grass is extending its vegetative stages by delaying flowering

time (Casler et al., 2018) and enhancing the winter survivor-

ship of lowland switchgrass to expand the range of growing

conditions. Even though switchgrass is relatively easier to

establish than other native grasses, its establishment is still

much slower than annual crops. Establishment vigor and

fast spring green-up can provide many agronomic benefits,

including better weed control and higher biomass yield during

the early stage of establishment. Independence, an improved

cultivar from Kanlow, demonstrated increased biomass yield

compared with Kanlow in USDA hardiness zones 5b and

6b. Especially, it is characterized by rapid establishment and

 19403496, 2024, 3, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/plr2.20384 by M

U
H

A
M

M
A

D
 U

M
E

R
 A

R
SH

A
D

 - U
niversity O

f Illinois A
t , W

iley O
nline L

ibrary on [25/03/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



510 LEE ET AL.

T A B L E 3 Mean heading date for six switchgrass cultivars characterized at seven locations in 2015–2016, averaged all years for each location.

Cultivar Ames, IA Mead, NE Urbana, IL
West Lafayette,
IN Columbia, MO

South Charleston,
OH State College, PA Meana

Julian days

Cave-in-Rock 198 201 196 199 196 200 207 200

Liberty 208 211 199 210 203 213 213 208

Shawnee 203 207 193 202 198 204 208 202

Summer 201 197 188 194 194 198 206 197

Sunburst 195 196 193 190 189 203 196 195

ILSW-KG2B 214 217 197 222 212 217 223 215

LSD0.05 3.9 4.1 11.6 3.2 4.4 2.3 2.8 2.0

aMean over all seven locations.

T A B L E 4 Mean biomass yields for six switchgrass cultivars evaluated at three locations in Illinois in 2020–2023, averaged all years for each

location.

Cultivar Type Fruit Farm Energy Farm Brighton Meana

Mg ha−1

Shawnee Upland 13.3 9.5 8.5 10.4

Liberty Hybrid 15.2 9.3 9.3 11.3

Kanlow Lowland 16.1 10.3 9.6 12.0

ILSW-KG2B Lowland 18.4 11.2 11.6 13.7

Independence Lowland 18.4 11.4 12.2 14.0

LSD0.05 3.2 2.0 2.5 1.6

aMean over all three locations.

F I G U R E 1 Mean annual biomass yields of Kanlow and Independence at two marginal sites, Energy-Farm, Urbana (A) and Brighton (B) in

Illinois, during 2020–2023.

vigorous plant growth depending on planting year stand den-

sity. With plant vigor, Independence showed higher biomass

yield and reached maximum yields in the first year after

establishment.

In conclusion, Independence, derived from Kanlow, which

originated from the area in USDA hardiness zone 7, has

been successfully adapted to USDA hardiness zones 5b to

6b, showing genetic enhancements in winter survivorship and

increased biomass yield in the midwestern United States.

Moreover, Independence consistently produced over 11 Mg

ha−1 biomass annually in marginally productive croplands

over 4 years. This adaptability allows Independence to make
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efficient use of wet marginal land, an area typically less

productive for annual food crops, for purpose-grown energy

crop production and could contribute to the reduction of

nutrient loss from wet marginal lands.

5 AVAILABILITY

Independence was released commercially by the Univer-

sity of Illinois at Urbana-Champaign in October 2021.

The seed (Syn1) of Independence has been deposited with

the USDA National Plant Germplasm System, Germplasm

Resources Information Network (GRIN). A small quantity

of Syn1 seed is available based on a request to the author

(leedk@illinois.edu). Syn2 seed has been produced since

2022 by the University of Illinois and Ernst Conservation

Seeds. Large quantities of Syn3 seed could be purchased from

Ernst Seeds.
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