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Abstract Corn (Zea mays L.) stover was identified as a
renewable non-food agricultural feedstock for production of
liquid fuels, biopower, and other bioproducts, but it is also
needed for erosion control, carbon sequestration, and

nutrient cycling. To help balance these multiple demands,
our objectives were to (1) determine height distribution of
corn stover biomass, (2) quantify the percentage of stover
that is corn cob, and (3) develop a general relationship
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between plant harvest height and stover remaining in the
field for a broad range of growing conditions, soil types,
and hybrids in different regions. Plant height, dry grain,
stover, and cob yield data were collected at eight US
locations. Overall, stover yield increased about 0.85 Mg ha-
1 and cob yield increased about 0.10 Mg ha-1 for each
1.0 Mg ha-1 increase in dry grain yield. At grain harvest, the
stover-to-grain ratio ranged from 0.64 to 0.96 and cob-to-
grain ratio ranged from 0.11 to 0.19. A strong nearly 1:1
linear (r2=0.93) relationship between the relative cutting
height and relative biomass remaining in the field was
observed across all sites. These data were requested by the
US Department of Agriculture-Natural Resource Conserva-
tion Service to help improve version 2 of the Revised
Universal Soil Loss Equation (RUSLE2) and Wind Erosion
Prediction System and better estimate corn stover harvest
rates based on cutting height or selective organ harvest (e.g.,
grain and cob only). This information will improve the
capacity of RUSLE2 and similar models to predict the
erosion risk associated with harvesting corn residues.

Keywords Cobs . Crop residues . Corn stover .

Harvest index RUSLE2 . Soil erosion . Soil organic matter

Abbreviations
(GLM) General linear model
(HI) Harvest index
(RUSLE2) Revised Universal Soil Loss Equation version 2
(SOM) Soil organic matter
(USDA-
ARS)

US Department of Agriculture-Agriculture
Research Service

(USDA- USDepartment of Agriculture-Natural Resource

NRCS) Conservation Service
(WEPS) Wind Erosion Prediction System

Introduction

Corn stover is anticipated to be a second-generation (non-
food) agricultural feedstock for bioenergy, which will help
reduce reliance on imported fossil fuel, increase revenue for
farmers and rural communities, and reduce greenhouse gas
emissions. Non-grain biomass (e.g., straw and stover)
commonly called residue is viewed by some as an
inexpensive, “unused” feedstock for enzymatic ethanol
and other biofuel production or biopower through thermo-
chemical processes (e.g., gasification or pyrolysis). Current
projections to meet the 2022 target of ∼76 billion liters per
year of second-generation ethanol and other renewable
fuels will require upwards of 218 million Mg of dry
feedstock, which is equivalent to about 50% of the
agricultural residue produced from the eight states leading
in US crop production [4]. Furthermore, the amount of
agricultural residue that can be harvested in a sustainable
manner is still being determined since a portion of the
residue needs to remain in the field to control erosion,
maintain soil organic matter (SOM), and cycle nutrients
[10, 32].

Typically in the USA, unless corn stover is harvested for
animal feed or bedding it remains in the field. Crop residue
retained in the field replenishes SOM, recycles nutrients (e.g.,
N, P, K, etc.) and when kept on the soil surface can reduce
runoff and minimize soil erosion [15, 16, 19, 31]. While the
amount of biomass needed to sustain SOM can exceed the
amount needed to control water and soil erosion [32], it is
still critical to understand the relationship between residue
harvest and soil erosion.

Mechanical harvesting-systems are being developed and
tested that collect corn grain and stover, or grain and cobs
in one-pass [12, 26]. The amount of stover that remains in
the field will vary depending upon the cutting height [12]
and/or if the cobs are collected during harvest [11]. Shinner
and Binversie [24] reported that 56% of the stover dry mass
was in stalk, 15% in cob, 8% in husk, and 21% in leaves.
This is similar to data presented by Pordesimo et al. [22].
Both studies segregated biomass by organ, however, during
a one-pass harvest operation, the harvested stover would be
comprised of multiple organs, and the relative proportions
of stalk, cobs, husks, and leaves will vary with cutting
height. As the cutting height is lowered, the amount of
stover remaining on the soil surface to prevent erosion and
to maintain SOM decreases. In addition to the mass of
stover, diameter of the remaining stalks likely will change
depending on the cutting height. Stalk diameter in
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conjunction with orientation (i.e., flat or standing) will
determine soil coverage and the amount of protection. After
a low-cut, one-pass harvest, fields with vertical corn stubble
(∼10 cm) without tillage can still be vulnerable to water
erosion [12].

It is likely that one-pass harvest operations would
occur at grain harvest. However, harvest index (HI) was
defined as the ratio of grain yield to total aboveground
biomass at physiological maturity [8]. Sampling at both
physiological maturity and grain harvest allows compar-
ison of HI. If apparent HI decreases between the
physiological maturity and grain harvest, it indicates a
decrease in the harvestable stover. Loss of harvestable
stover could be caused by leaf drop or loss of tassels and
stalk above the ear. Ensiling corn stover is also being
considered as a strategy to improve harvest timeliness and
reduce harvest losses [25], but does not necessarily
provide an economic advantage compared with dry
storage methods (e.g., bales) [2] and can limit market
flexibility because the grain and stover remain combined
when harvested for silage. However, ensiling could
accommodate earlier harvest of stover at higher water
content. Currently, the RUSLE2 and Wind Erosion
Prediction System (WEPS) models are being modified
by US Department of Agriculture-Natural Resource
Conservation Service (USDA-NRCS) to accommodate
fractional harvest of stover at the time of grain harvest.
However, modification of these models is limited by the
lack of data describing the distribution of corn stover mass
or stem diameter with plant height [13]. To expand the
RUSLE2 domain and improve its handling of stover
removal practices, data are needed from a broad range of
locations with different hybrids, soil fertility, soil types,
and climate to describe dry stover mass distribution with
plant height. The objectives of the study were to (1)

determine the height distribution of corn stover mass; (2)
determine the percentage of stover mass that is corn cob;
and (3) develop a general relationship between plant
harvest height and the mass of stover remaining in the
field.

Materials and Methods

Experimental Sites

In 2007, a multi-location experiment was conducted with
collaboration among eight ARS laboratories located at
Ames, IA; Auburn, AL; Fort Collins, CO; Florence, SC;
Lincoln, NE; Mandan, ND; Morris, MN; and St. Paul,
MN (Fig. 1). All laboratories are participating in a USDA-
ARS multi-location Renewable Energy Assessment Proj-
ect (REAP) to ensure that soil resources continue to meet
production demands for food, feed, and fiber, as well as
feedstock for fuel production (http://www.ars.usda.gov/
research/programs/programs.htm?np_code=202&
docid=15193). Each location had at least one site and
sampling date, although some had multiple sites, manage-
ment practices, and/or sampling dates (Table 1). Collec-
tively, these locations represent a wide range of climates,
soil types, hybrids, planting dates, population densities,
and cultural practices associated with corn production
throughout the USA. The Mandan site represents the most
northern location (Fig. 1) and collected plants for two
hybrids with different maturity dates, which were the
shortest of among the locations (Table 1). Ames is located
solidly in the US Corn Belt. Morris, St. Paul, and Lincoln
locations are either within the Corn Belt or on the
periphery, depending on how narrowly the region is
defined. Auburn and Florence sites represent the south-

Fig. 1 USDA-Agricultural Re-
search Service locations con-
tributing to this experiment:
Ames, IA; Auburn, AL; Fort
Collins, CO; Florence, SC; Lin-
coln, NE; Mandan, ND; Morris,
MN; and St. Paul, MN. All
locations are part of an USDA-
Agricultural Research Service
cross-location project–REAP to
ensure the soil resource indefi-
nitely meets the needs of food,
feed, fiber, and fuel

Bioenerg. Res. (2011) 4:11–21 13

http://www.ars.usda.gov/research/programs/programs.htm?np_code=202&docid=15193
http://www.ars.usda.gov/research/programs/programs.htm?np_code=202&docid=15193
http://www.ars.usda.gov/research/programs/programs.htm?np_code=202&docid=15193


T
ab

le
1

A
nc
ill
ar
y
an
d
de
sc
ri
pt
iv
e
da
ta

fo
r
th
e
ei
gh

t
lo
ca
tio

ns
ac
ro
ss

th
e
U
S
A

in
cl
ud

ed
in

th
e
st
ud

y

L
oc
at
io
n

F
ie
ld

or
tr
ea
tm

en
t

S
oi
l
an
d
se
ri
es

R
ot
at
io
n

T
ill
ag
e

H
yb
ri
d,

re
la
tiv

e
m
at
ur
ity

P
la
nt

de
ns
ity

S
am

pl
in
g
da
te
,
20
07

P
la
nt

ha
-1

P
hy
si
ol
og
ic
al

m
at
ur
ity

G
ra
in

ha
rv
es
t

A
m
es
,
IA

B
oy
d
fa
rm

C
la
ri
on

lo
am

M
a –
S
y
si
nc
e
20
02

C
hi
se
l/d

is
k

P
io
ne
er

34
A
20
,
10
9

da
y

74
,0
00

6
S
ep
.

N
S

B
ru
ne
r

C
an
ni
st
eo

si
lty

cl
ay

lo
am

cM
si
nc
e
20
04

C
hi
se
l/d

is
k

A
gr
ig
ol
d
63
95
,
10
9

da
y

74
,0
00

13
S
ep
.

N
S

B
io
ch
ar

ap
pl
ie
d
no

bi
oc
ha
r

C
ol
an
d
cl
ay

lo
am

M
–S

y
C
hi
se
l-
pl
ow

P
io
ne
er

34
A
20
,
10
9

da
y

74
,0
00

N
S

5
O
ct
.

A
ub
ur
n,

A
L

O
ld

C
ot
to
n
R
ot
at
io
n
si
te

P
ac
ol
et

fi
ne

sa
nd
y
lo
am

M
–C

,
w
in
te
r
le
gu
m
es
,
ir
ri
ga
te
d

S
pr
in
g
pa
ra
pl
ow

D
ek
al
b
69
-7
2
R
R
,
11
9

da
y

93
,8
60

N
S

19
S
ep
.

Te
nn
es
se
e
V
al
le
y
R
es
ea
rc
h
S
ta
tio

n
D
ec
at
ur

si
lt
lo
am

M
–C

,
w
in
te
r
ce
re
al

ry
e
co
ve
r

D
is
k

P
io
ne
er

31
D
61

Y
G
C
B
,
12
0

da
y

92
,8
60

N
S

20
S
ep
.

F
lo
re
nc
e,

S
C

C
on
ve
nt
io
na
l

N
or
fo
lk

sa
nd
y
lo
am

M
–S

y
P
ar
ap
lo
w
/
di
sk

D
K

69
-7
2
(R
R
2)

A
F
2,

11
9

da
y

54
,3
20

N
S

10
S
ep
.

C
on
se
rv
at
io
n

P
ar
ap
lo
w

F
or
t
C
ol
lin

s,
C
O

C
on
ve
nt
io
na
l

F
or
t
C
ol
lin

s
cl
ay

lo
am

Ir
ri
ga
te
d,

cM
P
lo
w

P
io
ne
er

39
B
77
B
tL
L
,
88

da
y

92
,2
20

11
S
ep
.

23
O
ct
.

N
o
til
la
ge

N
o
til
la
ge

L
in
co
ln
,
N
E

D
is
k

A
ks
ar
be
n
si
lty

cl
ay

lo
am

Ir
ri
ga
te
d,

cM
D
is
k

D
eK

al
b
61
-6
9,

11
0

da
y

79
,0
00

12
S
ep
.

11
O
ct
.

N
o
til
la
ge

N
o
til
la
ge

M
an
da
n,

N
D

85
da
y

T
em

vi
k-
W
ilt
on

si
lt
lo
am

S
f

N
o
til
la
ge

L
eg
en
d
L
R
93
85
R
R
,
85

da
y

62
,7
00

26
S
ep

29
O
ct
.

79
da
y

L
eg
en
d
L
R
97
79
R
R
,
77

da
y

24
S
ep
.

29
O
ct
.

M
or
ri
s,
M
N

S
w
an

L
ak
e
R
es
ea
rc
h
F
ar
m

B
ar
ne
s
cl
ay

lo
am

M
–S

y
C
hi
se
l-
pl
ow

C
ro
pl
an
d
29
6T

S
M
F
-B
7,

92
da
y

77
,7
80

11
S
ep
.

28
S
ep
.

S
t.
P
au
l,
M
N

R
os
em

ou
nt

W
au
ke
ga
n
si
lt
lo
am

M
–S

y
C
hi
se
l-
pl
ow

D
ek
al
b
D
K
C
50
-2
0,

10
0

da
y

74
,0
00

9
S
ep
.

1
O
ct
.

T
he

fi
el
d
or

tr
ea
tm

en
t
re
fe
rs

to
pa
re
nt

ex
pe
ri
m
en
t
fr
om

w
hi
ch

pl
an
ts
w
er
e
co
lle
ct
ed

a
A
bb
re
vi
at
io
ns
:
C
co
tto

n,
cM

co
nt
in
uo
us

m
ai
ze
,
M

m
ai
ze
,
N
S
no

t
sa
m
pl
ed
,
Sf

su
nf
lo
w
er
,
Sy

so
yb

ea
n

14 Bioenerg. Res. (2011) 4:11–21



ernmost locations, using the longest maturity hybrids. Fort
Collins site was the western-most location of the study.
Florence, Fort Collins, and Lincoln sites collected plants
from contrasting tillage management systems. At grain
harvest, the Ames site collected plants from a study
evaluating effects of amending soil with a by-product from
thermochemical energy production. The Lincoln site, Fort
Collins site, and one field at the Auburn site were
irrigated, while all other sites were rainfed.

Sample Method

Plants were sampled destructively from a 1.0 m2 area at
physiological maturity and/or at grain harvest. The number
of plants included in the 1.0 m2 ranged from five to ten
depending on planting population (Table 1). The corn
plants were cut as close to the soil surface as possible. Ears
were removed from the husk and dried separately. The
height to the base of the grain-containing ear (ear height),
height to the node at which the ear shank was attached to
the stalk (shank height), and plant height were recorded to
the nearest centimeter for each plant. Corn stalks were
marked at 10-cm intervals starting at ground-level and
continuing upward with the top segment being one 10-cm
interval above the base of the primary grain-containing ear.
All plant material above the top interval was pooled into a
single above-ear sample. All plant parts (cob, above-ear,
and 10-cm increment samples) were oven-dried at 60°C to
a constant weight. Grain was removed from cob prior to
determining dry cob weight.

Barren plants were excluded from the stover-to-grain
ratios or HI due to the small sample size. Including barren
plants skewed the stover-to-grain ratio to extremely high
(>4) values. The Mandan and Lincoln locations were the
only sites that reported barren plants within the sampled
area.

Statistical Analysis

The study used a multi-location approach to ascertain
general relationships among plant yield parameters. This
was not designed nor intended to be used for examining
differences associated with location, soil resource,
management practices, and/or hybrid selection. Descrip-
tive statistics (mean and standard error) were calculated
using Proc mean within SAS 9.1 software (SAS Institute
Inc., Cary, NC) to provide information on the range and
variation of the data used in the regression analyses.
Linear regression functions within the SigmaPlot soft-
ware for Windows version 10.0 (Systat Software, Inc.,
Chicago, IL) were used to assess linearity. Using data
only from locations (Table 1) that sampled the same fields
at both physiological maturity and grain harvest, a general

linear model using SAS software, version 9.1, [23] was
used to determine if there were statistically significant
differences due to sample date. Variability due to location
and location-specific factors (e.g., management practice,
hybrid, etc.) was included in the error term.

Results

Height

Plant height varied among locations (Fig. 2) reflecting the
impact of hybrids, relative maturity ratings, and manage-
ment and climatic conditions. At physiological maturity,
plant height ranged from 185 cm at the Mandan site to a
maximum of 276 cm at the Ames site. In general, there was
a loss in total plant height between physiological maturity
and grain harvest due to breakage and loss of tassel.
Breakage at the top of plants increased the observed
variability at most location by grain harvest. Because of
breakage, the average maximum plant height at grain
harvest was about 240 cm.

Ear and shank height varied among locations (Fig. 2).
At grain harvest, minimum ear height was 75 cm at the
Mandan site and the maximum ear height was 110 cm at
the Fort Collins site. Average shank height was at or
below the ear except at the Auburn site, where the ear
dropped at maturity so that it hung below the ear shank.
This is a typical characteristic of hybrids grown in
southern US where rainfall and humidity can be high
following physiological maturity. In general, the primary
ear and shank were located in the lower half of the corn
stalk. Ear and shank heights provide valuable information
for estimating stover that may be harvested with one-pass
combine systems as cutting height would be set below the
ear for harvesting grain.

The above-ear stover fraction including cobs represents
about 50% of the total dry stover biomass corresponding to
3 (Mandan) to 6 dry Mg ha-1 (Ames; Fig. 3). On average,
cobs represented about 18% of the total stover biomass at
grain harvest (Fig. 3; Table 2).

The mass of 10-cm segments was relatively constant
below 60 cm when averaged across all locations (Fig. 4).
The mass increased for the segments above 65 cm as ear
shank and husk were included in these upper segments
(Figs. 2 and 4).

Stalk diameter decreased linearly as a function of the
plant height at least to 100 cm (Fig. 4). The number of
observations above 65 cm decreased because the ear height
varied among locations (Fig. 2), and diameter measure-
ments were only taken to one increment above the ear. The
reduction in observations is reflected in the increased
standard error.

Bioenerg. Res. (2011) 4:11–21 15



Grain, Stover, and Cob Yield

Dry grain yield and stover yields were estimated from
plants harvested in the small (1.0 m2) plots (Table 2). At
physiological maturity, stover yield ranged from 8 Mg ha-1

at the Mandan, Morris, and St. Paul sites to 11 Mg ha-1 at
the Ames site (Table 2). When comparing stover yields
using data-collected sites, yields decreased as much as 39%
(Fort Collins) between physiological maturity and grain
harvest. This is consistent with reduced plant height due to
breakage (Fig. 2) and possibly loss of leaf material. The

stover yield at physiological maturity more closely reflects
total stover produced, while stover yield at grain harvest
represents the pool that may be harvested in a one-pass
harvest operation.

At grain harvest, the Mandan site had the lowest dry
grain yield (6.5 Mg ha-1) (Table 2), which is typical for
short-season hybrids in central North Dakota. The North
Dakota state corn grain yield in 2007 was 6.2 dry Mg ha-1

[30]. At both Morris and St. Paul sites, the dry grain yields
(∼8 Mg ha-1) were lower than typical due to inadequate
rainfall during the 2007 growing season. The Minnesota
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state average corn grain yield was 0.80 and 1.6 dry Mg ha-1

lower in 2007 compared with that in 2006 and 2005 yields,
respectively [30]. Yields at other locations were at or above
their respective state averages.

The reduction in harvested stover material between
physiological maturity and grain harvest resulted in a
significant increase in HI from 0.50 to 0.57 calculated from
stover and grain yields at Fort Collins, Lincoln, Mandan,
Morris, and St. Paul sites (Table 2). The HI at physiological
maturity ranged from 0.44 at the Mandan site to 0.56 at the
Lincoln site, but, at grain harvest, the observed HI were
0.55 and 0.61 for Mandan and Lincoln sites, respectively.
Similar changes in HI were observed at Morris, St. Paul,
and Fort Collins sites between physiological maturity and
grain harvest.

Harvest Weight and Cutting Height

The amount of corn stover harvested or returned to the field
varies proportionally with the cutting height (Fig. 5). For
example, a cutting height of 25 cm would leave 3.4 Mg ha-1

in the field at the Ames site but only about 1 Mg ha-1 at the
Auburn site. Plant heights (Table 2) and plant biomass (Fig. 3)
varied substantially among the various sites. Therefore,
relative plant height (Eq. 1) and relative biomass (Eq. 2)
were calculated to normalize the data for direct comparison.

Cutting height=total plant heightð Þ»100
¼ Relative cutting height %ð Þ ð1Þ

Stover remaining in field=total stover massð Þ»100
¼ Relative biomass %ð Þ ð2Þ

The relationship between relative height and biomass
was consistent among sites (Fig. 6). Relative stover
biomass returned to the field as a function of relative
cutting height showed a strong (r2=0.93) nearly (1:1) linear
relationship (Fig. 6). Using this relationship, a relative
cutting height of 40% would return about 43% of the
biomass, which would harvest the material above the ear
including the cob (Table 2).

Discussion

Grain yield data are readily available for corn and can be
estimated in-field with yield monitors. The amount of
stover and cob are proportional to grain yield [11, 20, 22]
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Table 2 Dry mass of cob, stover (including cob) and dry grain from corn sampled at physiological maturity and at grain harvest from locations,
across the U.S. Values are location means and standard error (SE)

Location Cob Stover Grain Cob Stover Grain
Physiological maturity, Mg ha-1 (SE) Grain harvest, Mg ha-1 (SE)

Ames, IA 2.78 (0.60) 11.47 (0.18) 11.54 (0.68) 2.00 (0.04) 12.90 (0.36) 13.81 (0.31)

Auburn, AL NA NA NA NA NA 9.06 (0.83)

Florence, SC NA NA NA 1.80 (0.79) 9.38 (0.92) 8.48 (0.76)

Fort Collins, CO 1.81 (0.07) 9.92 (0.55) 11.27 (0.77) 1.54 (0.07) 6.85 (0.47) 10.62 (0.54)

Lincoln, NE 1.26 (0.07) 8.67 (0.42) 11.04 (0.48) 1.41 (0.09) 7.65 (0.55) 11.74 (0.78)

Mandan, ND 1.28 (0.07) 8.06 (0.40) 6.41 (0.45) 1.05 (0.08) 5.55 (0.38) 6.55 (0.50)

Morris, MN 1.19 (0.06) 7.51 (0.33) 7.97 (0.40) 1.28 (0.07) 6.94 (0.34) 8.70 (0.53)

St. Paul, MN 0.83 (0.08) 8.20 (0.49) 8.19 (0.97) 0.92 (0.04) 6.79 (0.40) 8.75 (0.37)

Mean of all observations 1.38 (0.05) 8.64 (0.27) 9.16 (0.66) 1.33 (0.04) 7.30 (0.25) 9.60 (0.31)

n 111 111 111 121 121 125

Note: At Ames locations, different fields were sampled at physiological maturity than at grain harvest

NA not available
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(Fig. 6). Thus, estimates of cob and or stover can be
made based on cob-to-grain and stover-to-grain ratios or
harvest index values [14, 22]. Stover-to-grain ratio is
related inversely to harvest index. Harvest index is the
ratio of dry grain to total dry aboveground biomass. For
example, a stover-to-grain ratio of 1.0 is the same as a
harvest index of 0.5. At physiological maturity, overall
average HI was 0.50. A stover-to-grain ratio of 1.0 or a
harvest index of 0.5 has been used to estimate feedstock

availability [4]. However, results at grain harvest are
consistent with the suggestion that a higher HI at grain
harvest maybe more appropriate for estimating harvestable
stover [14, 22]. At these locations, stover yield increased
0.85 Mg ha-1 for every 1 Mg ha-1 increase in dry grain
yield (Fig. 7, Table 2). Cob dry biomass increased
0.1 Mg ha-1 for every Mg ha-1 increase in dry grain
yield; similar data was reported by Halvorson and Johnson
[11].
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For regions with a high yield potential (Table 2), a
one-pass harvest operation just below the shank (Fig. 2)
may return sufficient residue to control erosion and
maintain SOM. For example, the dry stover yield in
2007 at the Ames location was about 13 Mg ha-1 (Table 2);
assuming that 5.5 Mg ha-1 year-1 stover [16, 32] needs to
be returned to the field to control wind and water erosion
and to sustain SOM for continuous corn, the cutting height
would need to be about 85 cm (35% of plant height)
(Fig. 6). At the Ames site, the average shank height was
100 cm, therefore cutting just below the shank should
leave adequate residue in the field in this example. In
contrast, the amount of residue returned to the field if
stover were harvested may not be sufficient to maintain
SOM or protect against erosion at some locations. For
example, the dry stover yield in 2007 at the Morris
location was about 7 Mg ha-1 (Table 2); still assuming that
5.5 Mg ha-1 yr-1 stover [16, 32] needs to be returned to the
field, the cutting height would need to be about 150 cm
(67% of plant height; Figs. 2 and 6). This cutting height
would be above the ear as the average ear height was
93 cm (Fig. 2), suggesting that one-pass sustainable stover
harvest at current yields may not be feasible in this
example. Cob yield at the Morris site in 2007 was
1.3 Mg ha-1 (Table 2); thus, if only cobs were harvested,
then about 5.7 Mg ha-1 stover could be retained. At the
low-yielding sites, it may be economically and environ-
mentally more viable to harvest grain and cobs, and return
everything else to the field. One-pass systems for harvest-
ing grain and cobs are being developed and tested in
collaborations among machinery manufacturers and bio-
energy industry. It is probable that the economically and
environmentally feasible amount of stover that can be
harvested will be regionally and even field-specific.

Corn stover or corn cobs are potential bioenergy
feedstocks for both large-scale cellulosic ethanol synthe-
ses and/or for local or regional thermochemical biopower
substituting for natural gas or coal. The scale of
utilization will in part depend on the amount of
feedstock available locally. In regions with lower corn
yields, it may be feasible to support local or regional
thermochemical biopower but not large-scale ethanol
production because most of the stover would need to
be returned to the land for maintaining SOM making a
large-scale plant economically and environmentally un-
feasible [32]. However, it may be possible to increase
stover harvest by applying manure, compost, biochar, or
other amendments and by growing cover crops or living
mulch [9, 15, 18]. Cover crops and living mulch can
reduce the risk of erosion and can help maintain SOM
[15]. Application of soil amendments can help maintain
SOM and fertility. For example, applying biochar obtained
from pyrolyzed pecan shells to a Norfolk sandy loam soil

at rate equivalent to 20 Mg ha-1 substantially increased
soil pH and the concentration of total C, Ca, Cu, K, and P
[21]. The by-product of cellulosic ethanol production,
which is high in lignin, increased the amount of humic
acid proportional to the rate of by-production applied [17].
Therefore, it may be possible to maintain or replenish the
soil carbon pool by applying other C-rich agricultural
byproducts, while correspondingly removing stover for
biofuel production.

USDA-NRCS is using the data from this study to
parameterize the mass of stalk, leaf, and cob removed
and remaining in these pools at different cutter bar
heights and using different grain and residue harvesting
methods within RUSLE2 and WEPS. In addition, these
data are useful for verifying and/or updating vegetative
databases such as the stover-to-grain ratio of corn.
Embedded processes within the RUSLE2 and WEPS
operations databases reflect conversion of live biomass to
standing and flat residue pools during grain harvest [29].
Other processes can result in the removal of material from
these pools either by grain harvest or subsequent
operations. As new harvest machinery is designed and
marketed to simultaneously harvest grain and residue, the
amount of residue harvested will change with the cutting
height (Figs. 2, 5, and 6).

Currently, RUSLE2 and WEPS models are being used
in several national and regional studies to model the
water and wind erosion rates on fields where crop
residues may be harvested as cellulosic bioenergy feed-
stocks. In addition, local USDA-NRCS conservationists
are being asked by producers to run the models and
facilitate decisions regarding which fields could support
residue harvesting and how much may be harvested
without degrading the soil resource. Updating the
database input parameters in these models is useful as
yields and stover production will vary across the USA.
Furthermore, these results will help producers to evaluate
economic returns from harvesting corn stover and avoid
degradation of their soil resource.

The mechanisms by which retaining plant biomass
protects the soil from erosion are well-documented [1, 3,
5, 6, 27, 28]. Standing residue tends to be more effective
at reducing wind erosion relative to flattened residue, as
would residue that is perpendicular rather than parallel to
the prevailing wind [28]. Relative soil losses from a
residue-covered soil compared with an exposed soil
decrease exponentially with increasing land cover [3, 7,
19]. This study also showed that stalk diameter decreases
gradually with height (Fig. 4). Thus, if the stubble
remained upright, protection against water erosion would
be expected to be similar or decrease slightly for cutting
heights between 10 and 50 cm. The ability to resist wind
erosion would increase as the cutting height increased.
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The erosion control benefits would differ if the remaining
stubble were chopped or tilled. Following a 50-cm harvest
height with a chopping operation reduces the standing
stubble height to 10–20 cm; the chopped material would
cover more soil than standing stubble. However, chopped
material can be transported by wind and via overland flow
if rainfall rates greatly exceed the soil's infiltration
capacity.

Corn stover or corn cob yields are directly propor-
tional to dry corn grain yield. The HI at physiological
maturity can estimate total stover produced, but due to
stover loss during dry down results in an increase in HI
by grain harvest. Therefore, HI determined at grain
harvest may provide a better estimate of what might be
available during a one-pass harvest operation. The
amount of stover remaining on the land to protect the
soil and provide ecosystem services varies with cutting
height and organ harvested. The amount of stover that
can be sustainably harvested will vary by region, in some
locales especially with lower grain yields harvesting only
cobs may be the most feasible option. This information,
though still limited, will improve the capacity of
RUSLE2, WEPS, and other models to predict erosion
risks associated with harvesting corn stover. It will also
help ensure the sustainability and feasibility of the
fledging biofuels industry in the USA and elsewhere.
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