
 

 
 

 

 
 

 
 

  
 

 

 

 
 

 

 

  
 

 

 

 

 
 

 

 
 

EFFECTS OF COVER CROP REMOVAL
 

ON A COTTON‐PEANUT ROTATION
 

R. L. Raper,  E. B. Schwab, F. J. Arriaga,  K. S. Balkcom, A. J. Price, T. S. Kornecki 

ABSTRACT. The southeastern U.S. has a tremendous potential to grow a biomass crop during winter months when cash crops 
are not normally produced. These cover crops have proven to be extremely valuable to reduce soil erosion and improve soil 
quality. However, an opportunity to potentially harvest a portion of the cover crop for bioenergy purposes exists and needs 
to be considered to maximize the production potential of southeastern soils. An experiment was performed to determine if 
harvesting these cover crops could adversely affect soil properties or subsequent cash and cover crop yields. The experiment 
also included the effects of conducting an in‐row subsoiling operation at different times of the year. Results from cone index 
measurements indicated that soil strength was significantly increased when the cover crop was harvested and not left on the 
soil surface to decompose. Not surprisingly, cotton and peanut cash crop yields declined by an average of 9% when the cover 
crop was harvested. Succeeding cover crop yields were also reduced by 17% due to the harvesting of previous cover crops. 
Conducting an in‐row subsoiling operation in the fall of the year prior to planting the cover crop increased cover crop biomass 
by more than 18% over spring in‐row subsoiling but had little impact on cash crop yields. Recommendations from this study 
should include a caution to producers who may want to consider their cover crops as a potential bioenergy crop. Reductions 
in both cash and cover crop production can result if cover crops are harvested instead of left on the surface to enhance soil 
quality. Additionally, scheduling a necessary in‐row subsoiling operation in the fall of the year instead of waiting until the 
spring will improve cover crop yields. 

Keywords. Bioenergy. Biomass, Cone index, Harvest, In‐row subsoiling, Soil compaction. 

Energy sustainability for the U.S. will only be pos
sible through utilization of many of our natural re
sources. This point was illustrated by Perlack et al. 
(2005), who considered the amounts of U.S. do

mestically produced biomass fuels and products that could be 
used to reduce the need for oil and gas imports. According to 
the Biomass R&D Technical Advisory Committee, a panel 
established by Congress to provide guidance on future direc
tions of federally funded biomass R&D, a 30% replacement 
of U.S. petroleum consumption by biofuels should be achiev
able. To meet this requirement would require approximately 
1 billion dry tons of biomass feedstock per year. Perlack et al. 
(2005) indicated that agricultural lands can produce almost 
1 billion tons from annual crop residues, perennial crops, 
grains, animal manures, process residues, and other miscella
neous feedstocks without considering additional amounts 
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from forestlands. In addition, Perlack et al. (2005) did not 
consider the potential contribution of as much as 30 Mg ha‐1 

from annual crops like sorghum (Sorghum bicolor L.) 
(Rooney et al., 2007), which is a highly productive, drought‐
tolerant species. 

Other potentially important resources are winter cover 
crops, which could be partially or completely harvested in the 
spring of the year. Yield potentials of large biomass winter 
cover crops can be as much as 7 to 8 Mg ha‐1 (Balkcom and 
Reeves, 2005; Dabney et al., 2001). These yields are certain
ly reduced from switchgrass (Panicum virgatum L.) (Cassida 
et al., 2005), which has yield potentials of almost 20 Mg ha‐1, 
but could be combined with sorghum to eclipse biomass 
yields from many perennial production systems. One of the 
largest advantages of cover crops for bioenergy use is that 
storage costs would be reduced due to spring harvest. All oth
er agricultural crops are typically harvested in the fall of the 
year and need to be used immediately or stored over winter 
months until they are used. A winter cover crop that was har
vested in spring would be immediately available for use and 
could likely be used during summer months until fall harvest
ing could again occur. 

One of the largest concerns regarding harvesting of crop 
residues is the potential for increased soil erosion or de
creased soil quality owing to the reduced amount of residue 
left on the soil surface (Johnson et al., 2006). These concerns 
are just as valid when considering winter cover crops. Much 
research should be conducted to determine the optimum 
amounts that could be harvested without depleting soil car
bon or soil quality. Additionally important are the docu
mented benefits, such as increased drought resistance and 
increased weed suppression, afforded to cash crops that im‐
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mediately follow winter cover crops (Reeves, 1994). If the 
cover crops are then removed, would cash crop yields suffer 
as a result of their harvest? 

Many producers may not properly manage their winter 
cover crops for maximum biomass production, instead think
ing that the large amount of biomass may hinder spring plant
ing of the cash crop. However, as equipment for residue 
management  has improved, researchers have begun looking 
at alternate methods of increasing winter cover crop biomass. 
Fertilization is one management tool that some researchers 
have advocated as a resource to increase winter cover crop 
yield (Balkcom and Reeves, 2005; Dabney et al., 2001). 

In much of the southeastern U.S., in‐row subsoiling is a 
necessary management practice that often results in cash crop 
yield improvements of as much as 25% (Mullins et al., 1997; 
Raper et al., 1998; Raper and Bergtold, 2007; Touchton et al., 
1989). Soil compaction caused by heavy field equipment and 
naturally occurring hardpan layers restrict root growth, par
ticularly during periods of short‐term drought, which is prev
alent during the growing season. Loosening the soil profile 
with an in‐row subsoiler provides for expansion of the rooting 
system into areas from which additional moisture can be ob
tained. However, the impact of this tillage operation on cover 
crop production is often overlooked as it is typically con
ducted in the spring in conjunction with planting of the cash 
crop. 

Therefore the objectives of this study were: 
•	 To determine the impact of harvesting cover crop bio

mass on cash crop yields. 
•	 To determine the impact of harvesting cover crop bio

mass on succeeding winter cover crop yields. 
•	 To determine if in‐row subsoiling conducted at differ

ent times of the year might optimally benefit both cash 
and winter cover crop production. 

METHODS AND MATERIALS 
The experiment was begun in the fall of 2006 by 

conducting in‐row subsoiling and planting a rye cover crop 
at the Wiregrass Research and Extension Center (WGS) (31° 
21′ N, 85° 19′ W) located in Headland, Henry County, Ala
bama, in is the southeastern part of the state. Soil on the 0.4 
ha site was a Dothan soil series on a 0% to 1% slope. The plots 
had been converted to conservation tillage in 2003. The soil 
is classified as Dothan sandy loam (fine loamy, kaolinitic, 
thermic Plinthic Kandiudult), which is deep and well drained. 
The soils are typically low in organic matter and natural fer
tility (USDA‐NRCS, 2009). The climate for this area is hu
mid subtropical, with a mean annual air temperature of 18°C 
and 1400 mm annual precipitation. 

Rye (Secale cereale L.) was used as a winter cover crop for 
each year from 2006‐2009 and was planted with a 3.6 m no‐
till grain drill (Great Plains Mfg., Inc., Salina, Kans.) 
equipped with wavy coulters to assist with no‐till establish
ment on 19 cm centers. The rye cover crop was sprayed with 
2.3 L ha‐1 of glyphosate and mechanically terminated using 
a spiral blade roller‐crimper (Raper et al., 2004) two weeks 
prior to spring planting. Rolling is often practiced on high‐
biomass cover crops as a method of flattening the crop and 
enhancing the ability of the planter to effectively seed a cash 
crop. Typically, growers are advised to wait at least two 

weeks between cover crop termination and planting of the 
cash crop to allow the cover crop to completely die and pre
vent competition for the same available soil moisture. Cash 
crops consisted of a peanut (Arachis hypogaea L.) and cotton 
(Gossypium hirsutum L.) rotation with peanuts planted in 
2007, cotton planted in 2008, and peanuts planted again in 
2009. A John Deere (JD) 1700 four‐row vacuum planter 
(Deere and Co., Moline, Ill.) equipped with no‐till coulters 
and row cleaners was used for planting. Each plot had four 
8 m rows spaced at 0.92 m. To harvest peanuts, the two center 
rows of each plot were inverted with a two‐row digger
shaker‐inverter (Kelley Mfg. Co., Tifton, Ga.). After three or 
four days of drying in the field, peanuts were harvested me
chanically with a peanut combine (Hustler, Gregory Mfg. 
Co., Suffolk, Va.) equipped with a bagging attachment. A 
light disking operation was conducted after harvest to smooth 
the soil prior to cover crop establishment. Yield was deter
mined by weighing freshly harvested peanuts from each plot 
in the field and adjusting for moisture content (typically 
10%). Cotton harvesting was done by picking the two center 
rows of each plot with a JD 9910 two‐row spindle harvester 
with a bagging attachment. The contents of the bags were 
then weighed, and seed cotton yield was calculated. Rye was 
sampled using two 0.25 m2 frames per plot. The aboveground 
biomass was then oven‐dried at 55°C to remove moisture and 
weighed to determine dry matter. 

The split‐plot experiment consisted of main plots where 
the cover crops were either harvested or left on the plots. A 
plot forage harvester (Carter Mfg. Co., Brookston, Ind.) was 
used to completely harvest the rye cover crops in the spring 
of the year prior to spring tillage and/or planting. This experi
ment was conducted at the same location as a previous exper
iment (Simoes et al., 2009). The plots from which the cover 
crop was harvested were placed on previous plots that had a 
cover crop maintained for four years. The plots where the 
cover crop was maintained were placed on previous plots that 
had no cover crops for four years. This was done to ensure 
that an unfair advantage was not given to the plots with an ex
isting cover crop. 

Subplots were various timing of in‐row subsoiling, which 
was conducted at a 38 cm depth using a Paratill (Bigham 
Brothers, Inc., Lubbock, Tex.) mounted on a JD 8300 tractor 
equipped with a Trimble AgGPS Autopilot (Sunnyvale, Cal.) 
system, which has reported automatic steering accuracy of 
±2.54 cm (1 in.). The timings were: (1) none, (2) in the fall 
after cash crop harvest and prior to cover crop planting, (3) in 
the spring after cover crop harvesting and prior to cash crop 
planting, or (4) both fall and spring. The Paratill was used in 
a “zone‐loosening” arrangement with all four of the shanks 
pointing toward the center of the implement (Bigham Broth
ers, 2009). Each point was positioned approximately 5 cm 
away from the row so that the maximum disruption would oc
cur approximately over the center of the row. No secondary 
tillage was performed after the in‐row subsoiling operation. 

Soil strength measurements were obtained with the 
tractor‐mounted soil strength measurement system (SSMS), 
which included multiple probes for measurement of cone in
dex (Raper et al., 1999). This machine acquired three sets of 
soil strength measurements across the row in each plot, from 
which cone index values were calculated. Cone index data 
were taken at every 0.003 m depth down to an approximate 
maximum depth of 0.5 m, giving 170 data points per dataset. 
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These data were reduced by averaging the data in 0.05 m in
crements. Soil moisture was taken at the time of sampling 
with a hand probe in 0 to 15 cm and 15 to 30 cm increments. 

Data were subjected to ANOVA (MIXED procedure) us
ing SAS (Littell et al., 1996), where they were analyzed by 
year due to the crop rotation. Multiple means comparisons 
were conducted with Fisher's protected LSD and least square 
means at significance level of p < 0.1. 

RESULTS AND DISCUSSION 
IMPACT ON COVER CROP YIELD 

During the first year of the experiment (2007), no differ
ences were expected nor found in the rye biomass yield of 
plots that were assigned to be harvested or maintained 
(table 1; p = 0.18). This was particularly important because 
it indicated that the treatments from the previous experiment 
were not affecting cover crop production. However, differ
ences in tillage treatments were found on rye biomass yield 
(table 2; p < 0.01), with Paratill in both fall and spring having 
the largest yields (6138 kg ha‐1) but being statistically similar 
to Paratill in fall (5935 kg ha‐1). Reduced values of rye dry 
matter were found for spring Paratill (4527 kg ha‐1), which 
was also greater than those measured for no‐till (3002 kg 
ha‐1). 

In 2008, no significant differences were found in cover 
crop yields due to harvesting or maintaining the cover crop 
(table 1; p = 0.14), even though maintaining the cover crop 
produced larger yields than on plots where the cover crop was 
harvested (6529 vs. 5387 kg ha‐1, respectively). Rye biomass 
yields from the various tillage treatments were significantly 
affected similarly to those from 2007 (table 2; p < 0.01), with 
fall Paratill (7080 kg ha‐1) having yields similar to those from 
both fall and spring Paratill (6848 kg ha‐1). Additionally, 
spring Paratill (conducted in spring 2007) had slightly 
reduced rye biomass yields but was still statistically similar 
(5962 kg ha‐1). Reduced values of rye dry matter were found 
for no‐till (3944 kg ha‐1). 

In 2009, rye biomass yields were affected by both the 
harvesting treatment (table 1; p = 0.03) and tillage treatment 
(table 2; p < 0.01). Plots where the cover crop was maintained 
had significantly greater yields (4683 k ha‐1) compared to 
plots where the cover crop was removed (3747 kg ha‐1). Fall 
Paratill had the largest amount of rye biomass yield (5279 kg 

Table 1. Effect of harvesting or maintaining cover crop biomass on
 
the following year's rye cover crop biomass. Lowercase letters
 

indicate statistical significance (LSD0.1), while absence
 
of letters indicates lack of significance.
 

Rye Biomass Yield (kg ha‐1) 

Treatment 2007 2008 2009 Average 

Harvested cover crop 4758 5387 3747 b 4631 
Maintained cover crop 5044 6529 4683 a 5419 

Table 2. Effect of tillage treatment on rye cover crop biomass. 
Lowercase letters indicate statistical significance (LSD0.1), 

while absence of letters indicates lack of significance. 
Rye Biomass Yield (kg ha‐1) 

Treatment 2007 2008 2009 Average 

No till 3002 c 3944 b 3010 b 3318 
Fall Paratill 5935 a 7080 a 5279 a 6098 

Spring Paratill 4527 b 5962 a 3561 b 4683 
Fall and spring Paratill 6138 a 6848 a 5009 a 5998 

ha‐1), which was statistically similar to fall and spring Paratill 
(5009 kg ha‐1) but larger than spring Paratill (3561 kg ha‐1) 
and no‐till (3010 kg ha‐1). 

A trend emerged from the data that indicated that rye 
biomass yields were affected by what happened to the 
previous spring's cover crop. Over the three‐year period, 
average rye biomass cover crop yields were 5419 kg ha‐1 for 
maintaining the cover crop, which was 17% greater than 
4631 kg ha‐1 for harvesting the cover crop. Additionally 
important is that the negative returns from harvesting the 
cover crop biomass seemed to escalate, with a 7% reduction 
found in 2007, an 18% reduction found in 2008, and a 25% 
reduction found in 2009. Producers who want to maximize 
their cover crop yields must recognize that there is a penalty 
to pay when large amounts of organic matter are removed 
from the soil surface. 

Similarly, a trend was found over the three‐year period 
that indicated that fall Paratill produced the greatest rye 
biomass yield (6098 kg ha‐1), which was only slightly greater 
than that of Paratill in both spring and fall (5998 kg ha‐1). 
However, requiring two in‐row subsoiling operations (both 
fall and spring) would increase production costs with little 
improvements in crop yield. Therefore, producers who want 
to maximize their cover crop production should consider fall 
Paratill. Spring Paratill yielded 4683 kg ha‐1, which was 
greater than no‐till (3318 kg ha‐1). Both tillage treatments 
showed signs of soil reconsolidation that adversely affected 
rye biomass yield. 

Estimating the average value of the rye cover crop 
biomass to be $50.60 (U.S. dollars) dry Mg‐1 ($46 dry ton‐1) 
and to be similar to the production cost of switchgrass 
(Downing and Graham, 1996) gives us the ability to 
determine the economic benefit of performing the Paratill 
operation, which is estimated to cost $29.79 ha‐1 (Raper and 
Bergtold, 2007). Performing fall Paratill would cost $29.79 
while resulting in increased value of $140.67 ha‐1, for a net 
benefit of $110.88 ha‐1 to the producer. Spring Paratill would 
only provide a net benefit of $39.28 ha‐1, while both fall and 
spring Paratill would provide a net benefit of $76.03 ha‐1. 

IMPACT ON CASH CROP YIELD 

The 2007 peanut yield data showed a significant main 
effect of harvesting the cover crop (table 3; p = 0.03). 
Harvesting the cover crop from these plots resulted in a 
significantly reduced peanut yield of 2805 kg ha‐1 as 
compared to the plots where the cover crop residue was 
maintained (3134 kg ha‐1). No differences were found in 
tillage treatments, although fall Paratill had the largest 
peanut yields (3216 kg ha‐1; table 4). 

In 2008, the cotton yield data showed no differences in the 
cover crop harvesting treatments, with only slightly higher 
yields resulting from maintaining the cover crop (2787 kg 
ha‐1; table 3) as compared to removing it (2567 kg ha‐1). The 
tillage treatments were significant (table 4; p < 0.01), with the 

Table 3. Effect of harvesting or maintaining cover crop biomass on the 
cash crop yield. Lowercase letters indicate statistical significance 
(LSD0.1), while absence of letters indicates lack of significance. 

Yield (kg ha‐1) 

Peanut Seed Cotton Peanut 
Treatment (2007) (2008) (2009) 

Harvested cover crop 2805 b 2567 2760 
Maintained cover crop 3135 a 2787 2447 
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