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CHAPTER I 

LITERATURE REVIEW 

Soybean [Glycine max (L.) Merr.] production is an important component of the 

farming industry in the United States and in Missouri.  In 2011, over 2.1 million hectares 

of soybean were harvested in Missouri, making it the most widely produced crop in the 

state (USDA, 2011).  Corn [Zea mays L.] is an important rotation partner of soybean.  

Crop rotation involves growing a sequence of plant species on the same land over an 

extended period of time (Karlen et al., 1994).  The most common rotation in the 

Midwest is corn and soybean grown in alternating years.  Karlen et al. (1994) concluded 

that 80% of corn grown in the United States was part of a two year rotation with 

soybean or in a short (two or three year) rotation with some other crop.   

Although many benefits from rotation have been elucidated, perhaps the most 

important benefit of crop rotation to farmers is increased yield (Francis and Clegg, 

1990).  Meese et al. (1991) reported a decrease in soybean yield when soybean was 

planted consecutively for two or more years.  Additionally, a study conducted by 

Edwards et al. (1988) showed that yields were greater for soybean in a two year rotation 

with corn than for soybean grown in a continuous cropping system.  This type of 

rotation also increases corn yields compared to corn grown in a continuous cropping 

system (Edwards et al., 1988).  In a study by Crookston and Kurle (1989) where soybean 

was grown in rotation with corn, the previous crop had a significant effect on the 
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increased yield of both corn and soybean.  Because of the benefits of crop rotation, as 

well as the current price of corn, most Midwestern soybean farmers will continue to 

produce soybean in rotation with corn.  It is important to understand how management 

practices used to produce its most important rotation partner affect soybean growth, 

development, and yield. 

One possible major change in corn management involves the use of corn stover 

for ethanol.  After corn is harvested, a non-grain residue is left in the field.  This residue, 

which consists of cobs, tassels, leaves, stalks, husks and silks, is known as corn stover.  

The principle constituents of corn stover are hemicellulose, cellulose and lignin (Gupta 

and Demirbas, 2010).  Johnson et al. (2007) reported that corn residues contain 418; 

399; and 211 g/kg plant material of hemicellulose, cellulose and lignin, respectively.  

Energy is stored in these constituents during photosynthesis.  Some of this energy is 

recovered by converting stover into biofuel (McKendry, 2002).  Biofuels can be used as 

an alternative to gasoline and can help reduce the United States’ dependency on foreign 

oil.   

The Energy Independence and Security Act of 2007 mandates the use of 36 

billion gallons of biofuels by 2022.  Of this amount, 21 billion gallons must be made from 

cellulose or other advanced forms (Sissine, 2007).  Although many different sources of 

cellulose exist, corn stover is an attractive alternative because it is readily available and 

easily obtainable.  Gupta and Demirbas (2010) estimated that 94.6 million dry tons of 

corn stover are available per year for biofuel production in the United States.  In order 
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to use corn stover for biofuel, it must be removed from the field and undergo a 

conversion process.  Traditionally, corn stover residue remains in the field.  Removing 

corn stover for biofuel may affect soybean performance if soybean follows corn in a 

rotation.   

Soybean Development and Yield 

Germination and Emergence 

In order to obtain maximum soybean seedling emergence, soil moisture, soil 

temperature and aeration must be at optimal levels (Howell, 1960; Hicks, 1978; Helms 

et al., 1996).  Water imbibition is the first step of germination, so the availability of 

water is a major factor affecting emergence success.  In order for a seed to germinate 

properly, it must reach a specific water content (Hadas and Russo, 1974).  That critical 

water content for soybean is approximately 50% of the dry weight of the seed (Hicks, 

1978).  Seedlings are especially susceptible to injury from drought that occurs after 

germination has begun (Howell, 1960).  Seedbed drying can affect emergence 

percentage depending on the initial soil water content.  The number of days in which a 

plant is under stress due to inadequate soil water content can also affect emergence 

(Helms et al., 1996).  Although adequate amounts of water are necessary for 

germination, excess water can interfere with oxygen supply and cause reduced 

germination (Howell, 1960).   

Temperature also plays an important part in the emergence process.  The ideal 

temperature for soybean growth is 25° to 30°C (Shibles et al., 1975).  However, the 
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minimum and maximum temperatures for soybean seed germination range from 5° to 

40°C (Whigham and Minor, 1978).  Emergence and subsequent vegetative events are 

significantly delayed by cooler (Shibles et al., 1975) or warmer than optimum 

temperatures (Helms et al., 1997).  Hypocotyl elongation in some soybean cultivars is 

reduced at lower temperatures (25°C).  Shibles et al. (1975) noted that the reduction in 

hypocotyl elongation was a consequence of differential ethylene production.  However, 

Fehr et al. (1973) determined that while less than optimum soil temperatures, ranging 

from below 20°C to between 20° and 30°C, may delay emergence, they do not have a 

significant effect on overall emergence percentage. 

The radicle is the first part of the embryo to emerge from the seed (Scott and 

Aldrich, 1983).  Under favorable conditions, the radicle will emerge from the seed within 

one or two days (Lersten and Carlson, 2004).  Once the radicle has emerged and become 

somewhat established, the hypocotyl begins to elongate and push its way to the soil 

surface (Scott and Aldrich, 1983).  The seedling will emerge from the ground within 5 to 

21 days after planting, depending on soil conditions (Pedersen, 2004). 

Stages of Development 

Soybean is an annual species, so it emerges and matures within one growing 

season.  Soybean plants proceed through an orderly set of stages throughout their life 

cycle.  Several methods of describing soybean phenology have been published, but the 

most commonly used scheme was developed by Fehr and Caviness (1977).  Stages of 

development and their descriptions are presented in Table 1-1. 
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Table 1-1. Description of vegetative and reproductive stages. † 
 

Stage no. Abbreviated stage title Description 

VE Emergence Cotyledons above the soil surface. 

 
VC 

 
Cotyledon 

Unifoliate leaves unrolled sufficiently so the leaf 
edges are not touching. 

V1 First-node Fully developed leaves at unifoliolate nodes. 

 
V2 

 
Second-node 

Fully developed trifoliolate leaf at node above the 
unifoliolate nodes. 

 
V3 

 
Third-node 

Three nodes on the main stem with fully developed 
leaves beginning with the unifoliolate nodes. 

 
 
 

V(n) 

 
 
 

nth-node 

n number of nodes on the main stem with fully 
developed leaves beginning with the unifoliolate 
nodes.  n can be any number beginning with 1 for 

V1, first-node stage. 

R1 Beginning bloom One open flower at any node on the main stem. 

 
R2 

 
Full bloom 

Open flower at one of the two uppermost nodes on 
the main stem with a fully developed leaf. 

 
 

R3 

 
 

Beginning pod 

Pod 5 mm (3/16 inch) long at one of the four 
uppermost nodes on the main stem with a fully 

developed leaf. 

 
 

R4 

 
 

Full pod 

Pod 2 cm (3/4 inch) long at one of the four 
uppermost nodes on the main stem with a fully 

developed leaf. 

 
 

R5 

 
 

Beginning seed 

Seed 3 mm (1/8 inch) long in a pod at one of the 
four uppermost nodes on the main stem with a 

fully developed leaf. 

 
 

R6 

 
 

Full seed 

Pod containing a green seed that fills the pod cavity 
at one of the four uppermost nodes on the main 

stem with a fully developed leaf. 

 
R7 

 
Beginning maturity 

One normal pod on the main stem that has reached 
its mature pod color. 

 
 
 

R8 

 
 
 

Full maturity 

Ninety-five percent of the pods that have reached 
their mature pod color.  Five to ten days of drying 

weather are required after R8 before the soybeans 
have less than 15 percent moisture. 

†Source: Fehr and Caviness, 1977. 

The primary focus of the vegetative stage is height and leaf growth.  The overall 

size of the plant and number of flower positions greatly depends on the length of the 

vegetative stage and the environmental conditions present (Scott and Aldrich, 1983).  
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Usually 0 to 6 branches per plant are typical, but all nodes have the potential to produce 

both branches and flowers (Shibles et al., 1975).  The period of vegetative growth can 

vary depending on environmental factors such as temperature and length of day 

(Carlson and Lersten, 2004).  Vegetative stages occur until the first flower blooms, after 

which reproductive stages begin.  Even after reproductive stages begin, vegetative 

growth of indeterminate varieties will continue until seed enlargement begins (Howell, 

1960). 

During the vegetative growth stage, soybean seedlings are more tolerant of 

adverse environmental conditions, including cold temperatures, wind, hail and drought 

or flooding.  The meristem is often near the top of the shoot where it is exposed to the 

elements and is susceptible to damage.  If the apical meristem is damaged in some way, 

dormant buds located at stem nodes are available to provide new growth (Scott and 

Aldrich, 1983). 

The reproductive stages are the most important phase with regard to 

determining yield.  The R1 to R5 stages are critical in determining the number of pods 

and seeds that a plant will produce, while R5 to R7 are important stages in the 

determination of seed size (Pedersen et al., 2007).  During the R2 stage of growth, rapid 

nutrient accumulation occurs throughout the whole plant.  As plant development 

progresses, nutrient accumulation shifts from the whole plant to the pods and seeds as 

they begin to develop.  Nutrient accumulation occurs for most of the pod formation and 

seed filling period (Scott and Aldrich, 1983).  As the plant ages, it is less able to recover 
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from a stressful condition.  Even as early as the R2 stage, if fifty percent leaf defoliation 

occurs, yield can be reduced by as much as 16% under non-irrigated field conditions 

(Caviness and Thomas, 1980).     

R5 is the stage for beginning seed development in soybean.  The pod and seed 

development period is the most critical phase of growth (Howell, 1960; Scott and 

Aldrich, 1983).  Several studies have shown that soybean yield is associated with the 

length and rate of the seed filling period (Dunphy et al., 1979; Gbikpi and Crookston, 

1981; Dornbos and McDonald, 1986).  From the R5 stage to the R6 stage, 63% of the 

seed dry matter is accumulated.  Significant increases in protein and oil content also 

occur during this stage.  Dornbos and McDonald (1986) concluded that by the R6 stage, 

57% of the protein and 60% of the oil that is found in the seed at maturity has been 

accumulated. 

The R7 stage marks the beginning of physiological maturity.  When the plant has 

reached physiological maturity, nutrients no longer flow from the mother plant into the 

seed (TeKrony et al., 1979).  Thus, after the plant reaches the R7 stage, the added 

accumulation of protein and oil is not significant (Dornbos and McDonald, 1986).  

Yield 

Soybean yield can be influenced by a number of variables throughout the 

growing season.  The process of yield formation is divided into three steps: (1) the 

formation of vegetative material, (2) the formation of flowering organs and some type 

of “yield-container” and (3) the production, accumulation, and translocation of “yield 
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contents” (Murata, 1969).  Therefore, soybean yield is ultimately determined by the 

number of pods per plant, number of seeds per pod and seed size.  Any factors that 

cause these components to change can also cause a shift in yield.   

Changes in yield can occur as early as the germination period, but conditions 

during the reproductive stages typically have the most influence on yield (Pedersen and 

Lauer, 2004).  Yield is determined, in large part, by the number of pods produced per 

plant (Wiebold et al., 1981).  However, more flowers are produced than will develop 

into pods, resulting in the abscission of flowers by the plant.  A number of studies have 

reported abscission percentages ranging from 20 to 81% (Shibles et al., 1975; Wiebold 

et al., 1981; Carlson and Lersten, 2004).  Abscission is directly related to flowering, 

therefore the distribution of pods and seeds are also directly related to flowering 

(Shibles et al., 1975).  The soybean plant has the ability to produce flowers over an 

extended period.  Stress during the pod development stages can be compensated for if 

the plant is still producing flowers (Gass et al., 1996). 

McAlister and Krober (1958) conducted a study on the response of soybean 

plants to leaf and pod removal.  In treatment groups where 40% or 80% of leaves were 

removed, seed yield was significantly reduced.  Yield reductions due to defoliation can 

be correlated with having fewer mature pods or to having fewer, smaller seeds (Gazzoni 

and Moscardi, 1998).  The decrease in mature pods is likely due to a lack of light 

interception by the remaining leaves, which reduces the photosynthetic activity within 

the plant.  Defoliation causes the least amount of yield loss if it occurs during the 
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vegetative stage and the most yield loss if it occurs during the R4 or R5 stages (Caviness 

and Thomas, 1980).   

Egli (1975) found that final seed numbers were influenced by flower and pod 

abortions, and by a reduced number of seeds per pod.  McAlister and Krober (1958) 

concluded that pod removal did not cause a reduction in seed yield until 80% of pods 

were removed from the plant because seed size and weight increased in order to 

compensate for the loss of pods.  

Jiang and Egli (1995) suggested that the number of seeds per unit area is a 

critical component in determining yield.  In order to obtain the maximum number of 

seeds per unit area, maximum photosynthetic activity is required during the flowering 

and pod setting stages of growth.  Maximum photosynthetic activity can only occur 

when proper leaf growth and function also occur. 

Seed Composition 

Soybean is unusual among grain crops because its seed contain two important 

components: oil and protein.  The price farmers receive for soybean depends on the 

world price of both components.  The value of any particular soybean grain lot is highly 

influenced by the relative concentration of oil and protein. 

Soybean oil is a major source of edible oil used for human consumption, while 

soybean protein is used as an important component in the production of animal feed.  

The soybean seed consists of approximately 42% protein and 23% oil content (Dornbos 

and Mullen, 1992).  In addition to oil and protein, soybean seed also contain vitamins, 
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minerals, carbohydrates and crude fiber (Bennett, 2005).  Protein, oil and sugar contents 

increase rapidly between the R4 and R7 stages, and make up approximately 70% of the 

dry weight of a soybean seed (Dornbos and McDonald, 1986).   

Although oil and protein concentrations of soybean seeds are highly regulated by 

genes, abiotic stresses can modify seed composition.  Hail simulation studies have been 

conducted to learn how defoliation effects soybean seed composition.  McAlister and 

Krober (1958) reported that 80% leaf removal at the full pod stage reduced oil and 

protein content within the seed, whereas Conley et al. (2008) reported an increase in oil 

content following 75% leaf removal at the same growth stage.   

Water stress can also affect soybean seed composition.  Dornbos and Mullen 

(1992) concluded that drought stress caused protein content to increase while oil 

content decreased.  Changes in seed composition due to drought stress were especially 

significant at the seed filling stage of development.  High day and night temperatures 

during the reproductive stages of growth can also cause changes in seed composition.  

Gibson and Mullen (1996) found that while the effects were minimal, high day and night 

temperatures increased protein content and decreased oil content within the soybean 

seed.   

Experiments have been conducted to determine if applying nitrogen fertilizer has 

any effect on soybean oil and protein content.  Bennett et al. (2003) reported that 

applying nitrogen fertilizers at various stages of growth had very little effect on the oil or 

protein concentrations in soybean seed. 
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Effects of Corn Stover 

Effects on Soil 

Approximately 50% of the biomass of most plants, including soybean, is below 

the soil surface (Tufekcioglu et al., 2003).  Because of this intimate contact, the physical 

and chemical properties of soil influence plant growth and productivity.  With current 

management, corn stover is either partially incorporated into soil through tillage or 

allowed to remain on the soil surface in a no-tillage system.  Corn stover should not be 

considered a waste product because it exerts important effects on chemical and 

physical properties of soil (Doran et al., 1984). 

Corn stover has the ability to provide the soil with many benefits.  Corn stover 

contains approximately 9.1 kg of nitrogen, 2.7 kg of phosphate and 11.4 kg of potash per 

ton of dry matter stover (Sawyer et al., 2011).  When crop residues are introduced to 

the soil surface, microbes begin to break down the residue in order to use its nutrients 

(Broder and Wagner, 1988).  The nutrients released from the stover can increase fertility 

within the soil.   

Corn stover can help reduce the impact of raindrops on the soil by intercepting 

raindrops before they strike the soil surface.  This reduced impact lessens soil 

detachment and erosion (Gilley et al., 1986).  The amount of erosion and runoff 

occurring within a field can also be affected by the formation of soil surface crusts.  

Crusting is a result of natural occurrences, particularly the impact of raindrops followed 

by drying (Lemos and Lutz, 1957). Corn stover residue can reduce crusting, which also 
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helps to reduce erosion.  This reduction in the rate of erosion is attributed to an 

increase in soil aggregate stability (Moore and Singer, 1990). 

Corn stover residue also plays a role in soil temperature and water storage.  In a 

study by Doran (1980), during May and June, soil temperatures at the 5 cm depth were 

3° to 5° C cooler where corn stover was present on the soil surface, as compared to soil 

where no surface residue was present.  Crop residues also help to reduce surface runoff 

and water evaporation rates.  Doran et al. (1984) found that greater amounts of soil 

water storage occurred where residues were retained when compared with areas where 

residues were removed.  The amount of stored soil water at planting is closely 

associated with the amount of residue left on the field the previous year (Wilhelm et al., 

1986). 

The management practices, such as amount of residue removed, used within a 

particular crop production system can greatly affect soil properties and crop yields 

within the field (Power et al., 1998).  Doran et al. (1984) concluded that crop residues 

can be safely removed at greater amounts in fields that have not been tilled, than in 

fields that have been conventionally tilled.  In a study by Gilley et al. (1986), soil erosion 

loss was nearly eliminated when a surface cover of at least 51% remained on the field.  

Doran et al. (1984) found that neither a 50% addition (150% of the original residue 

remaining) nor a 50% removal (50% of the original residue remaining) of crop residue 

had a significant effect on crop yields compared to no removal (100% of the original 

residue remaining).  Corn stover residue must be collected and removed from the field 
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in an environmentally and economically responsible manner.  Corn stover removal does 

not only affect soil properties.  Management practices associated with leaving or 

removing corn stover when it is in a rotation with soybean can have a significant impact 

on soybean growth and development. 

Effects on Soybean Growth and Development 

With increasing technological advances, crop yield goals are higher and more 

easily obtainable than ever before.  However, as yields increase, the amount of 

nutrients required for crop growth will also increase.  In order to maintain soil fertility 

and maximum yield, the amount of nutrients added to the soil should be consistent with 

the amount being removed by the crop (Havlin et al., 2005).  While soybean has the 

ability to obtain nitrogen by way of biological fixation, other nutrients are needed in 

order for the plant to properly grow and develop.  For an average soybean yield of 2189 

kg/ha, approximately 50 kg of nitrogen, 5 kg of phosphorus and 16 kg of potassium are 

removed at harvest (Varco, 1999).  Removing corn stover residue would likely require 

additional fertilizer applications within a field.   

In order for soybean plants to benefit from the nutrients within corn stover, the 

residue must first decompose and the nutrients must move downward (Coûteaux et al., 

1995).  No-till or reduced tillage practices that leave copious amounts of residue on the 

soil surface can make it difficult for nutrients to move through the soil.  If the nutrients 

are unable to move downward in the soil, stratification of nutrients near the soil surface 

will occur (Schomberg et al., 1994).  A number of variables, such as residue particle size, 
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toughness, desiccation, age of residue, and residue quality (nitrogen content, lignin 

content, chemical composition, etc.) can affect the decomposition and usefulness of 

crop residues (Kumar and Goh, 2000).  

The effect of corn stover residue on soil temperatures can also affect plant 

growth and development.  Residue on the soil surface has a tendency to lower the soil 

temperature, which can lead to delayed germination and growth (Swanson and 

Wilhelm, 1996; Kumar and Goh, 2000).  In a study conducted by Wilhelm et al. (1986), 

residue effects on overall crop yields were primarily caused by changes in soil 

temperatures and the amount of water in the soil.   

As stated earlier, corn stover residue can be very beneficial in reducing erosion 

and runoff within the field.  When erosion and runoff are controlled, nutrient rich 

organic matter is more likely to stay in place and benefit the growing crop.  Corn stover 

also acts as an interceptor of raindrops to help reduce crusting on the soil surface.  

When crusts are present on the surface of the soil, seedling emergence can be slowed 

or halted completely.  Soil crusting is especially limiting to seedling emergence when soil 

moisture content levels are low (Hanks and Thorp, 1957).   

Soybean growth and development can be affected by the amount of soil 

moisture, which is directly impacted by the presence of corn stover residue.  Studies 

have shown that when a crop residue covers the soil surface, it is more likely that 

moisture will be retained, especially in a minimal tillage environment (Steiner, 1994; 

Kumar and Goh, 2000).  Water retention is a beneficial aspect of leaving residue on the 
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soil surface.  However, increased retention of water can also create a favorable 

environment for disease and pests (Kumar and Goh, 2000), which can hinder normal 

plant development.   

Corn stover has a significant impact on soil characteristics and soybean growth 

and development.  Removing corn stover from a field and leaving the soil bare can cause 

a number of problems.  If corn residue is removed, using another form of ground cover, 

such as a cover crop, can help reduce erosion, nutrient loss and soil crusting.  

Cover Crops 

Cover crops can be defined as crops grown specifically for covering the ground to 

protect the soil, especially from erosion and nutrient loss (Reeves, 1994).  Cover crops 

are typically grown at times when the soil is otherwise fallow (Dabney et al., 2001).  

There are a number of plant species that are grown as cover crops.  The species chosen 

depends on the environmental situation, cropping system and management practices 

within a particular field. 

Cover crops have been used for many centuries, but their popularity has shifted 

over the years.  In the mid-20th century when inorganic nitrogen fertilizers became 

readily available, the use of cover crops declined.  Recently however, cover crops have 

again gained popularity due to the increased cost of fertilizer inputs as well as the 

benefits they provide in protecting the soil (Sarrantonio and Gallandt, 2003). 

Winter cover crops, which are typically seeded or broadcast applied just before 

the fall harvest (Lamarca, 1996; Fisher et al., 2011) are the most common type of cover 
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crop system in North America (Sarrantonio and Gallandt, 2003).  Winter cover crops 

such as rye (Secale cereale L.) have proved to be beneficial tools for nutrient 

management when used in conjunction with a corn-soybean crop rotation system (Ruffo 

et al., 2004; De Bruin et al., 2005; Villamil et al., 2006).  In a study by Villamil et al. (2006) 

observing how rye affects various soil properties in a number of crop rotation systems, 

the corn-rye/soybean-rye rotation was found to be the most effective in maintaining soil 

phosphorus.  De Bruin et al. (2005) promoted rye as an attractive cover crop, noting its 

ability to reduce nitrate leaching following corn production. 

Cover crops can be very useful in replacing corn stover residue that is removed 

from a field.  Cover crops can help protect the soil from erosion and runoff by covering 

the soil surface in much the same way as corn stover.  Cover crops, whether grasses or 

legumes, can also help decrease the amount of nitrogen leached from the soil by up to 

77% (Reeves, 1994).  Wagger (1989) studied the composition of cover crops and found 

approximately 279, 332 and 72 g/kg of hemicellulose, cellulose and lignin, respectively 

in rye.  Hairy vetch, a leguminous plant, has approximately 82, 203 and 95 g/kg, 

respectively of the same components. 

Cover crops can also provide the soil with a number of benefits that cannot be 

obtained from corn stover residue.  While corn stover remains on the surface of the soil, 

winter cover crops have the ability to reduce soil bulk density below the surface.  The 

growing root system of the cover crop is able to break through the soil and help mitigate 

some of the problems associated with compaction and high density soils (Mendes et al., 
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1999; Villamil et al., 2006).  Plant root systems strongly influence soil properties, which 

also helps increase the rate of water infiltration into the soil (Reeves, 1994; Mendes et 

al., 1999; Villamil et al., 2006).  Some cover crops can also aid in weed suppression by 

producing allelochemicals that are toxic to many broadleaf weeds (Putnam, 1994; 

Lamarca, 1996). 

Objectives 

The practice of using corn stover for biofuel is likely to become increasingly 

common.  Understanding how corn stover removal affects soybean growth, 

productivity, and grain composition is essential to developing appropriate management 

recommendations for both partners in a corn-soybean rotation.  The objectives of this 

study include (1) determining the effects of corn stover removal for biofuel on soybean 

emergence, development, yield and seed composition and (2) determining if cover crops 

ameliorate any of the possible negative effect to soybean from corn stover removal. 
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CHAPTER II 

EFFECT OF CORN STOVER REMOVAL ON SOYBEAN  

EMERGENCE AND DEVELOPMENT 

ABSTRACT 

Understanding how corn stover removal affects soybean [Glycine max (L.) Merr.] 

emergence and development is essential for creating appropriate management 

recommendations for both partners in a corn (Zea mays L.) -soybean rotation.  This 

study was conducted in order to observe the effects of corn stover removal and cover 

crop incorporation on subsequent soybean crops.  The objective was to determine their 

effect on soil temperature, emergence, plant development and phases of soybean 

growth.  Field experiments were conducted near Columbia, Missouri in 2010 and 2011.  

The effects of two residue removal treatments (Baled and Not Baled), three cover crop 

treatments (rye, radish, and no cover crop), and two emergence class treatments (Early 

emergence and Late emergence) were analyzed.  Corn stover removal increased the 

mean daily average soil temperature, but the absence or presence of residue on the soil 

surface did not affect emergence.  Cover crops had little effect on mean emergence or 

phases of soybean development.  Emergence class had a significant effect on the 

number of days from planting to emergence at nearly every growth stage in both 2010 

and 2011.  The results of this study suggest that time of emergence plays a very 

important role in soybean growth and development.  Additionally, from this research, it 
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is believed that corn stover can be removed and used for biofuel if residue removal does 

not exceed recommended rates and if cover crops are used, when necessary, to replace 

removed residue. 

INTRODUCTION 

The Energy Independence and Security Act of 2007 mandates the use of 21 

billion gallons of biofuel from cellulose or other advanced forms by the year 2022 

(Sissine, 2007).  Although many different sources of cellulose exist, corn stover is an 

attractive choice for cellulosic ethanol production because it is readily available and 

easily obtainable.  Gupta and Demirbas (2010) estimated that 94.6 million dry tons of 

corn stover are available per year for biofuel production in the United States.  The most 

common cropping system in the Midwest is a corn-soybean rotation (Karlen et al., 

1994).  Thus, soybean is frequently planted after corn, and removing corn stover may 

affect soybean seedling emergence and plant development. 

Crop residues, including corn stover, can affect soil microclimates if left on the 

soil surface (Mann et al., 2002; Blanco-Canqui and Lal, 2007).  Two components of the 

soil microclimate that may be affected by corn stover and are important influencers of 

soybean emergence are temperature and moisture.  Although the ideal temperature for 

soybean growth is 25°-30°C (Shibles et al., 1975), soybean planting often occurs at 

temperatures far below ideal.  Residue on the soil surface has a tendency to lower soil 

temperature, which can lead to delayed germination and growth (Swanson and 

Wilhelm, 1996; Kumar and Goh, 2000).  In a study conducted by Wilhelm et al. (1986), 
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residue effects on overall crop yields were primarily caused by changes in soil 

temperatures and the amount of water in the soil.   

There is some evidence that soil temperatures during germination and 

emergence may affect the uniformity of emergence in corn (Schneider and Gupta, 

1985).  Little information on the effect of surface residues on soybean emergence is 

available.  Soybean plants proceed through an orderly set of stages throughout their life 

cycle.  No data exists to help us understand how variability in soybean emergence 

translates to important stages of development. 

The practice of using corn stover for biofuel is likely to become increasingly 

common.  Understanding how corn stover removal affects soybean emergence and 

development is essential to developing appropriate management recommendations for 

both partners in a corn-soybean rotation.  The objectives of this study were to (1) 

determine the effects of corn stover removal on soybean emergence and development 

and (2) to determine if cover crops ameliorate any of the possible negative effects to 

soybean from corn stover removal. 

MATERIALS AND METHODS 

 This experiment was conducted in 2010 and 2011 at the Bradford Research and 

Extension Center near Columbia, Missouri.  The predominant soil type was a Mexico silt 

loam soil (montmorillonitic, mesic, aeric, Vertic Epiaqualfs).  The previous crop in both 

years was corn. 
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 The experimental design for this study was a randomized complete block with 

four replications.  Treatment combinations were arranged in a split plot design.  Whole 

plots were two residue removal treatments: Baled and Not Baled.  For the Baled 

treatment, corn stover was mowed, raked, baled and removed in the fall shortly after 

corn harvest.  The Baled treatment removed approximately 50% of the corn stover.  No 

residue was removed from the Not Baled plots.  Subplots were cover crop treatments.  

In 2010, the subplots were cereal rye (Secale cereale L.) and no cover crop.  In 2011, the 

subplots were cereal rye, forage radish (Raphanus sativus L.), and no cover crop. 

 In the fall of 2009 and 2010, cover crops were planted in the appropriate plots 

immediately following corn stover removal.  Seeding rates were 78 kg/ha for cereal rye 

and 25 kg/ha for forage radish.  Cover crops were planted without tillage with an 8-row 

Almaco no-till plot drill.  Rows were spaced 0.19 m apart.  Plot size was 6.1 m wide and 

7.6 m long.   

 Approximately six and three weeks prior to soybean planting in 2010 and 2011, 

the plot area was sprayed with a tank mix of S-metolachlor and glyphosate to kill 

existing vegetation, including cover crops, and for pre-emergence weed control.  

Soybean cultivar Asgrow brand AG4005 (group 4.0 maturity) was planted without tillage 

on 27 May in 2010 and 4 May in 2011.  Soybean plot size matched cover crop plot size.  

Row spacing was 0.76 m, and plots included eight rows of soybean.  Seeding rate was 

434,720 seeds/ha in 2010 and 398,547 seeds/ha in 2011.   
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 Following soybean planting, but prior to emergence, 0.91 m sections in rows 6 

and 7 were marked.  All data were collected from plants in these marked areas.  The 

0.91 m sections of rows in each plot were observed every day to determine if new 

seedling emergence had occurred.  Upon the discovery of a new seedling, a skewer 

color coded for the date of emergence was placed next to the seedling.  Emergence was 

defined as cotyledons completely above the soil surface.  Plots were observed each day 

until no new seedlings were observed for at least two days.  After emergence was 

complete, emergence dates for all seedlings were converted to number of days after 

planting.   

 VE (emergence) dates for the first and last emerged seedlings in each plot were 

recorded.  Length of emergence period was the number of days between these two 

dates.  Emergence dates of all seedlings within a plot were averaged to calculate the 

mean emergence.  The coefficient of variability for emergence dates was calculated as 

the ratio of the standard deviation and mean emergence. 

 Before R1 stage of development, plants were placed into one of two emergence 

classes.  The Early emergence class represented the first 40% of the plants to emerge 

within a plot, whereas the Late emergence class represented the last 40% of the plants 

to emerge.  Five plants were randomly chosen within each emergence class and were 

tagged for identification purposes. 

 All subsequent development data were collected from the 10 tagged plants in 

each plot.  Dates on which each tagged plant reached R1, R3, R5 and R7 reproductive 
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stages (Fehr and Caviness, 1977) were recorded.  Dates at which the five plants within 

an emergence class reached a given stage were averaged.  These dates were used to 

calculate the length of the vegetative (R1-VE), flowering (R3-R1), seed-filling (R7-R5), 

and reproductive (R7-R1) phases of soybean development.  Length of the life cycle was 

calculated as R7-VE. 

 On the day of planting, StowAway Tidbit Temperature Data Loggers (Onset 

Computer Corp., Bourne, MA) were buried within the fourth row of each plot to a depth 

of approximately 60 mm below the soil surface.  The sensors were programmed to take 

a measurement of the soil temperature every hour of every day during the growing 

season.  Just before harvest, the temperature sensors were removed from the plots and 

data were downloaded to Excel.  The daily maximum and minimum temperatures were 

identified.  Daily average temperatures were the average of the 24 readings from each 

day.  Mean daily maximum, minimum, and average temperatures from the planting date 

to the date of the first emerged plant in each plot were calculated. 

 Sulfentrazone + cloransulam-methyl was used for additional pre-emergence 

weed control.  Post emergence weed control was accomplished with glyphosate applied 

as necessary.  In early spring of each year, phosphorus and potassium were applied 

according to University of Missouri recommendations.  Irrigation was applied in 2011, 

but not 2010.  In 2011, a total of approximately 100 mm of water were applied with a 

lateral irrigator.  On 3 July, 2011, a relatively severe hailstorm occurred.  Soybean 
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development was at R2 stage at the time of the hailstorm.  Plants were monitored and 

recovery was such that the experiment was continued. 

 Analyses of variance were calculated using PROC GLM in SAS (SAS Institute, 

2008).  When appropriate, emergence class was added to the model, making the design 

a split split model with the two emergence classes as the split split plots.  Means were 

separated with a LSD (P=0.05) if a significant F-test was found.  Because cover crops 

differed between the two years, data were not combined over years. 

RESULTS AND DISCUSSION 

 Temperature plays an important role in the soybean emergence process.  The 

ideal temperature for soybean growth is 25° to 30°C (Shibles et al., 1975).  Emergence 

and subsequent vegetative events are significantly delayed by cooler (Shibles et al., 

1975) or warmer (Helms et al., 1997) than optimum temperatures.  To determine the 

treatment effects on soil temperature that are important to emergence, the mean daily 

minimum, maximum, and average temperatures from planting to soybean seedling 

emergence were calculated (Tables 2-1, 2-2).  Soil temperatures were much warmer in 

2010 than in 2011.  Dates of planting were 27 May in 2010 and 4 May in 2011.  The 

planting of soybean was delayed in 2010 because of wet soil conditions.  The later 

planting date allowed 2010 soil temperatures to increase before planting, compared to 

the 2011 planting. 

The amount of corn stover residue remaining on the soil surface can have an 

impact on soil temperature.  Crop residues absorb solar radiation differently than soil 
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(Sauer et al., 1997, Wilhelm et al., 2004).  When corn stover residue is present, the 

ability of solar radiation to transmit to the soil surface is reduced and soil temperatures 

remain cooler.  Mowing, raking and baling reduced the amount of corn stover present in 

the field by about 50%.  The mean daily average temperature for the Baled residue 

treatment was warmer than for the Not Baled residue treatment in both 2010 and 2011.    

Results from this study are consistent with results from previous studies in proving that 

residue on the soil surface has a tendency to lower soil temperatures (Wilhelm et al., 

1986; Swanson and Wilhelm, 1996; Kumar and Goh, 2000). 

Cover crops had no effects on mean daily average temperatures in either year.  

In 2011, rye cover crop had a warmer average minimum temperature than the none or 

radish cover crop treatments.  In a study by Dabney et al. (2001), cover crops, including 

rye, helped to decrease the amplitude of fluctuations in the diurnal temperature.  It is 

possible that the terminated rye residue was more efficient in keeping the soil warmer 

at night.   

The number of days from planting to mean emergence was approximately 2 days 

longer in 2011 than in 2010 (Tables 2-3, 2-4).  The dates of planting were 27 May in 2010 

and 4 May in 2011.  In 2011, mean daily average temperatures were cooler than in 

2010, due to an earlier planting date (Tables 2-1, 2-2).  The residue treatments had no 

effect on mean emergence in either year.  Mean daily average temperatures for the 
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Baled treatment were warmer than the Not Baled treatment in both years (Tables 2-1, 

2-2).  Apparently, the warmer temperatures did not translate into faster emergence.   

In 2011, cover crop treatments had no effect on mean emergence.  In 2010, the 

rye cover crop delayed soybean emergence by approximately 0.6 days.  Temperatures 

were not significantly different in 2010, so the rye cover crop effect on emergence is 

likely due to some other variable.  Rye residues have been shown to produce 

allelopathic chemicals that reduce the growth of soybean (Cardina, 1995).  The 

significant difference in mean emergence may have been caused by the later planting 

date in 2010 allowing the rye more time to decompose and release allelopathic 

chemicals. 

 The length of the emergence period is defined as the time between the 

emergence of the first plant and the emergence of the last plant within a plot.  There 

was no effect on the length of the emergence period from the residue or cover crop 

treatments in either year (Tables 2-3, 2-4).  Coefficient of variability (CV) was used as a 

measure of the uniformity of emergence dates, so a higher CV means less uniformity.  

Non-uniform stands can be caused by a number of variables, such as time of plant 

emergence, seeding rate and spacing, planting depth, and amount of crop residue on 

the soil surface (Andrade and Abbate, 2005).  Neither the residue nor the cover crop 

treatments had a significant effect on the emergence CV in either year (Tables 2-3, 2-4).   
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 At the end of the VE stage, plants within the 0.91 m emergence observation 

areas of each plot were placed into one of two emergence classes: Early or Late.  Dates 

for important phenological stages (VE, R1, R3, R5 and R7) were recorded for each plant 

within the two emergence classes and the dates within each class were averaged 

(Tables 2-5, 2-6).   

Residue treatments had little effect on dates for any of the growth stages, with 

the exception of the R1 stage in both 2010 and 2011.  The Baled treatment reached R1 

sooner than the Not Baled treatment in both years.  Cover crop treatments had no 

effect on dates of any of the phenological stages in 2010.  In 2011, there was a 

significant effect from cover crop for the R3 and R5 stages.  The rye cover crop 

treatment reached R3 and R5 later than the radish cover crop treatment, but the reason 

for this is unknown.   

On average, the Late emergence class emerged 5.5 and 6.7 days later than the 

Early emergence class in 2010 and 2011, respectively.  VE of the Early emergence class 

were 4.1 and 7.1 days after planting in 2010 and 2011, respectively.  The plants in the 

Late emergence class required nearly twice as much time to emerge than did the plants 

in the Early emergence class.  However, by the time the plants reached R1 stage, the 

difference between emergence classes had decreased to 1.3 and 1.2 days in 2010 and 

2011, respectively.  Although Early and Late emergence classes differed for R1, R3, R5 
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and R7 in 2010 and R1 and R3 in 2011, the differences between the two classes were 

always less than 2.9 days. 

Dates on which plants reached the measured phenological stages were used to 

calculate the length of the vegetative, flowering, seed-filling and reproductive phases of 

the soybean plants.  The life cycle is calculated by counting the number of days from 

emergence to physiological maturity.  Residue treatments had no effect on the length of 

any of the phases in either year except seed-filling in 2010 (Table 2-7, 2-8), in which 

instance seed-filling of the Not Baled treatment was 2.3 days longer than for the Baled 

treatment.   

 Cover crops had no effect on any of the phases except flowering in both 2010 

and 2011.  In 2010, the rye cover crop treatment had a flowering period that was 0.8 

days shorter than the none cover crop treatment (Table 2-7).  In 2011, the flowering 

period of the radish treatment was significantly shorter than the other two cover crop 

treatments (Table 2-8).  The emergence class treatment had an effect on the vegetative, 

flowering and life cycle phases in 2010 and 2011.  In both years, the differences in 

phases had similar trends.  The Early emergence class had longer vegetative and life 

cycle phases than the Late emergence class, but the Late emergence class had a longer 

flowering phase than the Early emergence class.  The difference in the vegetative and 

life cycle phases was likely due to the difference in number of VE days between the two 
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classes (5.5 days in 2010 and 6.7 days in 2011).  The differences between the emergence 

classes for the flowering phase cannot be easily explained. 

SUMMARY AND CONCLUSION 

 Removing corn stover residue from the soil surface increases the mean daily 

average temperature.  Despite warmer soils in the Baled treatments, the presence of 

residue on the soil surface did not affect emergence.  Thus, there is little correlation 

between warmer temperatures due to residue removal and faster emergence.   

 Cool, wet conditions caused late planting to occur in 2010, whereas warmer, 

drier conditions lead to an earlier planting date in 2011.  The warmer planting 

temperatures in 2010 helped speed up the emergence process by 1.7 days, as compared 

to 2011.  Cover crops had little effect on mean emergence.  However, allelopathic 

chemicals produced by the rye cover crop may have reduced or delayed soybean 

emergence in some instances. 

 Emergence class had a significant effect on the number of days from planting to 

emergence.  The number of days from planting to emergence was significantly longer 

for the Late emergence class in both years (5.5 days in 2010 and 6.7 days in 2011), but 

the Late emergence class was able to close the gap between the two emergence classes 

as the season progressed.  By R1, there was only a 1.3 and 1.2 day difference between 

the two classes in 2010 and 2011, respectively.  Neither residue nor cover crop had 

much effect on the phases of soybean development.  The Early emergence class 
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treatments had longer vegetative and life cycle phases, which were likely due to the 

large differences in VE between the two classes. 

 Overall, the residue and cover crop treatments had little effect on soybean 

growth and development.  Emergence class had a significant effect on the length of VE 

stage, but the Late emergence class was able to compensate by R1 stage.  This study 

demonstrates that corn stover can be removed and used for biofuel if residue removal 

rates do not exceed recommended rates, and if a cover crop is used to mitigate losses 

caused by the absence of corn stover residue.  
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Table 2-1. Effects of residue treatments and cover crops on the minimum, maximum, and 

average daily soil temperatures from planting to emergence, 2010. 

 
Residue 

Cover 
crop 

Mean daily minimum 
temperature 

Mean daily maximum 
temperature 

Mean daily average 
temperature 

     -----------------------------------°C ----------------------------------- 
Baled None   20.1† 29.0 24.3 
Baled Rye 20.0 29.0 24.2 

Not baled None 20.2 26.8 23.3 
Not baled Rye 20.0 27.0 23.3 
 
Means for main effect‡   

Baled  20.0a 29.0a 24.2a 
Not baled  20.1a 26.9b 23.3b 

     
 None 20.1a 27.9a 23.8a 
 Rye 20.0a 28.0a 23.7a 

† LSD (0.05) to compare any two numbers within a column other than main effect means are 
Mean minimum temperature = not significant, Mean maximum temperature = 1.1° C, Mean 
average temperature = 0.7° C. 

‡ Main effect means within a column followed by different letters are significantly different, F-
test (P<0.05). 
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Table 2-2. Effects of residue treatments and cover crops on the minimum, maximum, and 

average daily soil temperatures from planting to emergence, 2011. 

 
Residue 

Cover 
crop 

Mean daily minimum 
temperature 

Mean daily maximum 
temperature 

Mean daily average 
temperature 

     -----------------------------------°C ----------------------------------- 
Baled None 14.3† 25.6 19.4 
Baled Rye 15.0 24.6 19.4 
Baled Radish 14.4 24.8 19.5 

Not baled None 13.9 23.7 18.4 
Not baled Rye 14.7 24.1 18.9 
Not baled Radish 13.9 23.4 18.2 
 
Means for main effect‡   

Baled  14.6a 24.9a 19.4a 
Not baled  14.2b 23.7a 18.5b 

     
 None 14.1b 24.6a 18.9a 
 Rye 14.8a 24.3a 19.2a 
 Radish 14.2b 24.1a 18.8a 

† LSD (0.05) to compare any two numbers within a column other than main effect means are 
Mean minimum temperature = 0.4° C, Mean maximum temperature = 1.8° C, Mean average 
temperature = 0.6° C.  
 
‡ Main effect means within a column followed by different letters are significantly different, F-
test (P<0.05). 
 

 

 

 

 

 

 

 

 



 
43 

 

Table 2-3. Effects of residue treatments and cover crops on soybean mean emergence, length of 
emergence period, and coefficient of variation of emergence, 2010. 
 

 
Residue 

Cover 
crop 

 
Mean emergence 

Length of emergence 
period 

Coefficient of 
variability 

  days after planting days % 
Baled None  5.6† 5.3 9.8 
Baled Rye 6.5 5.8 9.7 

Not baled None 5.9 6.0 12.8 
Not baled Rye 6.2 5.5 11.8 

 
Means for main effect‡   

Baled  6.1a 5.5a 9.7a 
Not baled  6.0a 5.8a 12.3a 

     
 None 5.8b 5.6a 11.3a 
 Rye 6.4a 5.6a 10.7a 

† LSD (0.05) to compare any two numbers within a column other than main effect means are 
Mean emergence = 0.8 days after planting, Length of emergence period = not significant, 
Coefficient of variability = not significant. 
 
‡ Main effect means within a column followed by different letters are significantly different, F-
test (P<0.05). 
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Table 2-4. Effects of residue treatments and cover crops on soybean mean emergence, length of 
emergence period, and coefficient of variation of emergence, 2011. 
 

 
Residue 

Cover 
crop 

 
Mean emergence 

Length of emergence 
period 

Coefficient of 
variability 

  days after planting days % 
Baled None  7.7† 5.5 7.8 
Baled Rye 7.6 5.0 7.5 
Baled Radish 7.2 3.5 5.1 

Not baled None 8.1 5.3 6.5 
Not baled Rye 8.3 5.8 7.1 
Not baled Radish 8.1 5.8 6.8 

     
Means for main effect‡   

Baled  7.4a 4.8a 6.8a 
Not baled  8.2a 5.6a 6.8a 

     
 None 7.9a 5.4a 7.1a 
 Rye 8.0a 5.6a 7.3a 
 Radish 7.6a 4.6a 6.0a 

† LSD (0.05) to compare any two numbers within a column other than main effect means are 
Mean emergence = not significant, Length of emergence period = not significant, Coefficient of 
variability = not significant. 
 
‡ Main effect means within a column followed by different letters are significantly different, F-
test (P<0.05).  
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Table 2-5. Effects of residue treatments, cover crops, and emergence classes on dates of VE, R1, 
R3, R5, and R7 growth stages, 2010. 
 

 
Residue 

Cover 
crop 

Emergence 
class 

 
VE 

 
R1 

 
R3 

 
R5 

 
R7 

   ------------------- days after planting -------------------- 
Baled None Early  4.0† 32.8 62.3 73.3 114.3 
Baled None Late 9.0 33.3 65.5 75.3 116.5 
Baled Rye Early 4.3 32.8 62.3 73.8 114.5 
Baled Rye Late 9.5 33.8 65.0 75.0 115.5 

Not baled None Early 4.0 32.8 63.8 73.5 115.8 
Not baled None Late 10.3 36.0 67.0 75.3 119.8 
Not baled Rye Early 4.0 34.5 63.8 73.0 116.0 
Not baled Rye Late 9.3 35.0 65.5 75.3 118.5 

        
Means for main effects‡      

Baled   6.7§ 33.1b 63.8a 74.3a 115.2a 
Not baled   6.9 34.6a 65.0a 74.3a 117.4a 

        
 None  6.8§ 34.0a 64.6a 74.3a 116.5a 
 Rye  6.8 33.7a 64.1a 74.2a 116.1a 
        
  Early 4.1b 33.2b 63.0b 73.4b 115.1b 
  Late 9.6a 34.5a 65.8a 75.2a 117.5a 

† LSD (0.05) to compare any two numbers within a column other than main effect means are VE 
= 0.8 days after planting,  R1 = 1.4 days after planting,  R3 = 2.0 days after planting,  R5 = 1.8 
days after planting,  R7 = 2.6 days after planting. 
 
‡ Main effect means within a column followed by different letters are significantly different, F-
test (P< 0.05). 
 
§ Significant residue X cover crop interaction was found. 
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Table 2-6. Effects of residue treatments, cover crops, and emergence classes on dates of VE, R1, 
R3, R5, and R7 growth stages, 2011. 
 

 
Residue 

Cover 
crop 

Emergence 
class 

 
VE 

 
R1 

 
R3 

 
R5 

 
R7 

   -------------------- days after planting -------------------- 
Baled None Early 7.0† 47.0 72.0 88.0 135.3 
Baled None Late 13.5 48.0 74.5 92.3 138.0 
Baled Rye Early 7.0 48.0 73.5 89.0 136.0 
Baled Rye Late 13.5 48.8 74.5 90.8 140.3 
Baled Radish Early 7.0 47.5 71.0 88.5 134.8 
Baled Radish Late 12.8 48.8 71.3 89.3 138.3 

Not baled None Early 7.3 48.8 74.3 90.5 136.0 
Not baled None Late 14.0 50.8 76.3 94.0 142.8 
Not baled Rye Early 7.3 49.8 75.8 92.8 139.5 
Not baled Rye Late 14.5 51.0 77.8 95.0 142.0 
Not baled Radish Early 7.0 48.5 72.0 90.5 138.5 
Not baled Radish Late 14.3 49.5 75.5 91.0 141.0 

        
Means for main effects‡      

Baled   10.1a 48.0b 72.8a 89.6§ 137.1a 
Not baled   10.7a 49.7a 75.3a 92.3 138.6a 

        
 None  10.4a 48.6a 74.3ab 91.2ab 138.0a 
 Rye  10.6a 49.4a 75.4a 91.8a 139.4a 
 Radish  10.3a 48.6a 72.4b 89.8b 136.1a 
        
  Early 7.1b 48.3b 73.1b 89.8§ 136.7a 
  Late 13.8a 49.5a 75.0a 92.0 139.0a 

† LSD (0.05) to compare any two numbers within a column other than main effect means are VE 
= 1.3 days after planting,  R1 = 1.5 days after planting,  R3 = 4.3 days after planting,  R5 = 2.1 
days after planting,  R7 = 3.8 days after planting. 
 
‡ Main effect means within a column followed by different letters are significantly different, F-
test (P< 0.05). 
 
§ Significant residue X emergence class interaction was found. 
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Table 2-7. Effects of residue treatments, cover crops, and emergence classes on lengths of 

vegetative, flowering, seed-filling, reproductive, and life cycle periods, 2010. 

 
Residue 

Cover 
crop 

Emergence 
class 

Vegeta   
-tive† 

Flower-
ing† 

Seed-
filling† 

 
Reproductive† 

Life 
cycle† 

   ---------------------------- no. of days ---------------------------- 
Baled None Early 28.8‡ 29.5 41.0 81.5 110.3 
Baled None Late 24.3 32.3 41.3 83.3 107.5 
Baled Rye Early 28.5 29.5 40.8 81.8 110.3 
Baled Rye Late 24.3 31.3 40.5 81.8 106.0 

Not baled None Early 28.8 31.0 42.3 83.0 111.8 
Not baled None Late 25.8 31.0 44.3 83.5 109.3 
Not baled Rye Early 30.5 29.3 43.0 81.5 112.0 
Not baled Rye Late 25.8 30.5 43.3 83.5 109.3 
      
Means for main effects§      

Baled   26.4a 30.6a 40.9b 82.1a 108.5a 
Not baled   27.7a 30.4a 43.2a 82.9a 110.6a 

        
 None  26.9a 30.9a 42.2a 82.8a 109.7a 
 Rye  27.3a 30.1b 41.9a 82.1a 109.4a 
        
  Early 29.1a 29.8b 41.8a 81.9a 111.1a 
  Late 25.0b 31.3a 42.3a 83.0a 108.0b 

† Vegetative = R1 – VE; flowering = R3 – R1; seed-filling = R7 – R5; reproductive = R7 – R1; life 

cycle = R7 – VE.  

‡ LSD (0.05) to compare any two numbers within a column other than main effect means are 

Vegetative = 1.8 days, Flowering = 2.4 days, Seed-filling = 2.6 days, Reproductive = not 

significant, Life cycle = 2.4 days.                                  

§ Main effect means within a column followed by different letters are significantly different, F-

test (P< 0.05). 
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Table 2-8. Effects of residue treatments, cover crops, and emergence classes on lengths of 

vegetative, flowering, seed-filling, reproductive, and life cycle periods, 2011. 

 
Residue 

Cover 
crop 

Emergence 
class 

Vegeta
-tive† 

Flower-
ing† 

Seed- 
filling† 

 
Reproductive† 

Life 
cycle† 

   ---------------------------- no. of days ----------------------------- 
Baled None Early 40.0‡ 25.0 47.3 88.3 128.3 
Baled None Late 34.5 26.5 45.8 90.0 124.5 
Baled Rye Early 41.0 25.5 47.0 88.0 129.0 
Baled Rye Late 35.3 25.8 49.5 91.5 126.8 
Baled Radish Early 40.5 23.5 46.3 87.3 127.8 
Baled Radish Late 36.0 22.5 49.0 89.5 125.5 

Not baled None Early 41.5 25.5 45.5 87.3 128.8 
Not baled None Late 36.8 25.5 48.8 92.0 128.8 
Not baled Rye Early 42.5 26.0 47.0 89.8 132.3 
Not baled Rye Late 36.5 26.8 47.0 91.0 127.5 
Not baled Radish Early 41.5 23.5 48.0 90.0 131.5 
Not baled Radish Late 35.3 26.0 49.8 90.8 127.3 

      
Means for main effects§      

Baled   37.9a 24.8a 47.5a 89.1a 127.0a 
Not baled   39.0a 25.5a 46.3a 88.9a 127.9a 

        
 None  38.2a 25.6a 46.8a 89.4a 127.6a 
 Rye  38.8a 26.0a 47.6a 90.1a 128.9a 
 Radish  38.3a 23.9b 46.3a 87.5a 125.8a 
        
  Early 41.2a 24.8b 46.8a 88.4a 129.6a 
  Late 35.7b 25.5a 47.0a 89.5a 125.3b 

† Vegetative = R1 – VE; flowering = R3 – R1; seed-filling = R7 – R5; reproductive = R7 – R1; life 
cycle = R7 – VE.  
                                      
‡ LSD (0.05) to compare any two numbers within a column other than main effect means are 
Vegetative = 1.9 days, Flowering = 4.0 days, Seed-filling = 3.9 days, Reproductive = 3.4 days, Life 
cycle = 3.5 days.          
                          
§ Main effect means within a column followed by different letters are significantly different, F-
test (P< 0.05). 
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CHAPTER III 

EFFECT OF CORN STOVER REMOVAL ON SOYBEAN STAND DENSITY, YIELD, 

AND SEED COMPOSITION 

ABSTRACT 

Understanding how corn stover removal affects soybean [Glycine max (L.) Merr.] 

yield and seed composition is essential for creating appropriate management 

recommendations for both partners in a corn (Zea mays L.) -soybean rotation.  This 

study was conducted in order to observe the effects of corn stover removal and cover 

crop incorporation on soybean stand density, grain yield, and seed composition.  Field 

experiments were conducted near Columbia, Missouri in 2010 and 2011.  The effects of 

two residue removal treatments (Baled and Not Baled), three cover crop treatments 

(rye, radish, and no cover crop), and two emergence class treatments (Early emergence 

and Late emergence) were analyzed.  Removing residue increased stand density in both 

2010 and 2011.  There were no effects on grain yield by the residue or cover crop 

treatments in either year.  Residue removal affected seed number and seed weight per 

plant in both years.  Cover crop treatments had no effect on stand density or grain yield 

in 2010.  Grain weight per plant was significantly higher in the Early emergence class 

than in the Late emergence class.  No treatment or treatment combinations had an 

effect on the oil or protein concentration within the seeds.  The results of this study 
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suggest that corn stover can be removed and used for biofuel if residue removal does 

not exceed recommended rates and if cover crops are used to replace removed residue. 

INTRODUCTION 

 The Energy Independence and Security Act of 2007 mandates the use of 21 

billion gallons of biofuel from cellulose or other advanced forms by the year 2022 

(Sissine, 2007).  Although many different sources of cellulose exist, corn stover is an 

attractive choice for cellulosic ethanol production because it is readily available and 

easily obtainable.  Gupta and Demirbas (2010) estimated that 94.6 million dry tons of 

corn stover are available per year for biofuel production in the United States.  The most 

common cropping system in the Midwest is a corn-soybean rotation (Karlen et al., 

1994).  Thus, soybean is frequently planted after corn, and removing corn stover may 

affect soybean stand density, grain yield or grain composition. 

 Stand density is a measure of plants per unit area.  Stand density is useful in 

determining how well plants respond to management practices, such as the removal of 

corn stover or the incorporation of a cover crop.  However, soybean stand density is a 

poor estimator of soybean yield response.  Stivers and Swearingin (1980) reported that 

when soybean stand density is reduced, successfully emerged plants still have the ability 

to increase branch and flower production in order to maintain yield.   

 The process of yield formation is divided into three steps: (1) the formation of 

vegetative material, (2) the formation of flowering organs and some type of “yield-

container” and (3) the production, accumulation, and translocation of “yield contents” 
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(Murata, 1969).  Therefore, soybean yield is ultimately determined by the number of 

pods per plant, number of seeds per pod, and seed size.  The pod and seed 

development period is the most critical phase of growth (Howell, 1960; Scott and 

Aldrich, 1983).  Any factors that cause a change in pod or seed development can also 

cause a shift in yield.  The management practices for a particular crop production 

system can also greatly affect the yield response within a field (Power et al., 1998). 

 Soybean seed contain two important components: oil and protein.  Soybean oil is 

a major source of edible oil used for human consumption, while soybean protein is used 

as an important component in animal feed.  Near-Infrared Reflectance Spectroscopy 

(NIRS), a technology which is based upon the absorbance of light energy, can be used to 

measure various components of the soybean seed, including oil and protein content 

(Panford et al., 1988).  NIRS technology has proven to be a reliable method for quickly 

and accurately screening and evaluating large amounts of soybean seed (Pazdernik et 

al., 1997). 

 The practice of using corn stover for biofuel is likely to become increasingly 

common.  Therefore, research is needed to determine how corn stover removal affects 

soybean yield and grain composition.  Understanding this concept is essential for 

developing appropriate management recommendations for both partners in a corn-

soybean rotation.  The objectives of this study were to (1) determine the effects of corn 

stover removal on soybean stand density, grain yield, and seed composition and (2) to 
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determine if cover crops ameliorate any of the possible negative effects to soybean 

from corn stover removal. 

MATERIALS AND METHODS 

 This experiment was conducted in 2010 and 2011 at the Bradford Research and 

Extension Center near Columbia, Missouri.  The predominant soil type was a Mexico silt 

loam soil (montmorillonitic, mesic, aeric, Vertic Epiaqualfs).  The previous crop in both 

years was corn. 

 The experimental design for this study was a randomized complete block with 

four replications.  Treatment combinations were arranged in a split plot design.  Whole 

plots were two residue removal treatments: Baled and Not Baled.  For the Baled 

treatment, corn stover was mowed, raked, baled and removed in the fall shortly after 

corn harvest.  The Baled treatment removed approximately 50% of the corn stover.  No 

residue was removed from the Not Baled plots.  Subplots were cover crop treatments.  

In 2010, the subplots were cereal rye (Secale cereale L.) and no cover crop.  In 2011, the 

subplots were cereal rye, forage radish (Raphanus sativus L.), and no cover crop. 

 In the fall of 2009 and 2010, cover crops were planted in the appropriate plots 

immediately following corn stover removal.  Seeding rates were 78 kg/ha for cereal rye 

and 25 kg/ha for forage radish.  Cover crops were planted without tillage using an 8-row 

Almaco no-till plot drill.  Rows were spaced 0.19 m apart.  Plot size was 6.1 m wide and 

7.6 m long.   
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 Approximately six and three weeks prior to soybean planting in 2010 and 2011, 

the plot area was sprayed with a tank mix of S-metolachlor and glyphosate to kill 

existing vegetation, including cover crops, and for pre-emergence weed control.  

Soybean cultivar Asgrow brand AG4005 (group 4.0 maturity) was planted without tillage 

on 27 May in 2010 and 4 May in 2011.  Soybean plot size matched cover crop plot size.  

Row spacing was 0.76 m, so each plot included eight rows of soybean.  Seeding rate was 

434,720 seeds/ha in 2010 and 398,547 seeds/ha in 2011.   

 Following soybean planting, but prior to emergence, 0.91 m sections in rows 6 

and 7 were marked.  These 0.91 m sections of rows were used to collect data on grain 

weight per plant, number of seeds per plant, and seed size.  The 0.91 m sections of rows 

in each plot were observed every day to determine if new seedling emergence had 

occurred.  Upon the discovery of a new seedling, a skewer color coded for the date of 

emergence was placed next to the seedling.  Emergence was defined as cotyledons 

completely above the soil surface.  Plots were observed each day until no new seedlings 

were observed for at least two days.  Plants were then placed into one of two 

emergence classes.  The Early emergence class represented the first 40% of the plants to 

emerge within a plot, whereas the Late emergence class represented the last 40% of the 

plants to emerge.  Five plants were randomly chosen from both emergence classes in 

each plot and were tagged in order to identify their emergence class. 

 Sulfentrazone + cloransulam-methyl was used for additional pre-emergence 

weed control.  Post emergence weed control was accomplished with glyphosate applied 



 
54 

 

as necessary.  In early spring of each year, phosphorus and potassium were applied 

according to University of Missouri recommendations.  Irrigation was applied in 2011, 

but not 2010.  In 2011, approximately 100 mm of water were applied with a lateral 

irrigator. 

 At harvest maturity, the five tagged plants from each of the two emergence 

classes of each plot were hand harvested and threshed using a Wintersteiger Nursery 

Master Elite plot combine.  The soybean seeds were counted using an electronic seed 

counter and then weighed.  Total seed weight was divided by the number of plants 

(typically five) to determine grain weight per plant.  Total seed number was divided by 

the number of plants to determine the number of seeds per plant.  Seed size was 

calculated by dividing total seed weight by seed number. 

 Seeds from the two emergence classes were analyzed using a FOSS NIRSystems 

6500 Near-Infrared Reflectance Spectrometer (Silver Spring, MD) to determine oil and 

protein concentrations.  Two determinations were made and the results of the two 

analyses were averaged.   

 Rows 2 and 3 were used to measure stand density and grain yield.  Stand density 

was calculated by counting the total number of plants in a 6.1 m section of both rows.  

Just prior to harvest, rows 2 and 3 were end trimmed to 6.1 m.  Grain was harvested 

with a Massey Ferguson 8XP plot combine on 4 October in 2010 and 30 September in 

2011.  Grain yields were corrected to 13% moisture. 
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 Analyses of variance were calculated using PROC GLM in SAS (SAS Institute, 

2008).  When appropriate, emergence class was added to the model, making the design 

a split split model with the two emergence classes as the split split plots.  Means were 

separated using a protected LSD (P=0.05) if a significant F-test was found.  Because 

cover crops differed between the two years, data were not combined over years. 

RESULTS AND DISCUSSION 

 Stand density is a measure of plants per unit area (Zeide, 2004).  Whereas stand 

density measurements are seemingly simplistic, these numbers can reveal interactions 

among plants and can help explain how they compete for space, water and nutrients.  

The Baled treatment had a significantly higher stand density than the Not Baled 

treatment in both 2010 and 2011 (Tables 3-1, 3-2).  The differences between Baled 

treatment stand density and Not Baled treatment stand density were 15% in 2010 and 

18% in 2011.  Previous studies have also shown that residue coverage can cause a 

decrease in stand density (Wilhelm et al., 2004).  Swan et al. (1994) reported an effect of 

residue on stand density that was likely caused by differences in seed placement and 

seed depth.  The presence of additional residue in the Not Baled treatment may have 

influenced planter penetration and seed placement.  The more residue present in a 

field, the more difficult it is for seed to be properly planted (Glassner et al., 1999).   

 On average, the Baled treatment had a higher soil temperature than the Not 

Baled treatment (Table 2-1, 2-2).  Residue reflects light and acts as insulation, which 

keeps soil temperatures low.  When soil temperatures are low, soil moisture and water 
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availability remain high (Wilhelm et al, 1986; Wilhelm et al., 2004).  In addition, low soil 

temperatures also lead to a reduction in plant nutrient intake efficiency (Glassner et al., 

1999).  Excessive soil moisture and low nutrient intake can create favorable conditions 

for disease growth, thereby reducing seedling emergence and stand density (Wrather et 

al., 1996; Glassner et al., 1999).  The differences in stand density between the two 

residue treatments in this study are not likely due to soil temperature, since 

temperatures were dramatically different from one year to the next.  Residue treatment 

effects on stand density occurred in both years, even though soil temperatures differed 

greatly between the two years (Tables 2-1, 2-2). 

 Cover crop treatments did not affect stand density in 2010.  In 2011, there was 

no difference between the none and radish cover crop treatments for stand density, but 

stand density was lower for rye.  In 2011, there were no significant differences in soil 

mean daily average temperatures among the three cover crop treatments (Table 2-2).  

This indicates that the effect of cover crop on stand density was caused by a factor other 

than soil temperature.  It is possible that the allelopathic chemical toxins produced by 

rye caused a reduction in soybean emergence and stand density (Liebl et al., 1992). 

 Despite significant differences in stand density, there were no effects on grain 

yield by residue or cover crop treatments in either year (Tables 3-1, 3-2).  Soybean has 

the ability to compensate for lower stand density by increasing branching and flower 

production among successfully emerged plants (Stivers and Swearingin, 1980).  
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Increased branching occurs at higher nodes on the plant to compensate for lower stand 

densities and maintain yield potential (Moore et al., 1994).  De Bruin and Pedersen 

(2008) reported that stands as low as 70,000 equally spaced plants/ha or as high as 

388,000 plants/ha have produced optimum yields. 

 Plants in the Not Baled residue treatment produced greater seed weight per 

plant and seed number per plant than plants in the Baled treatment in 2010 and 2011 

(Tables 3-3, 3-4).  Plants in the Not Baled residue treatment also exhibited greater seed 

size in 2010, but not in 2011.  The Not Baled treatment had a lower stand density than 

the Baled treatment in both years, yet the residue treatment did not cause significant 

differences in yield (Table 3-1, 3-2).  Plants in the Not Baled treatment successfully 

compensated for lower stand density by adding additional seeds, and thus, maintained 

yield.  The cover crop treatments did not affect weight per plant, seed number per 

plant, or seed size in either year (Tables 3-3, 3-4). 

 There was an effect from emergence class treatment on yield components 

(Tables 3-3, 3-4).  Plants in the Late emergence class produced dramatically less seed 

weight per plant and fewer seeds per plant than the Early emergence class in both 2010 

and 2011.  Emergence classes did not differ for seed size in either year.  It is not clear 

why large differences for seed weight and number occurred between the two 

emergence classes.  On average, the Late emergence class emerged 5.5 and 6.7 days 

later than the Early emergence class in 2010 and 2011, respectively (Tables 2-5, 2-6).  
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So, early maturing plants may have competed with later emerging plants for light, water 

or some other necessary resource.  By the time the plants reached the R1 stage, the 

differences in development between the two emergence classes had decreased to 1.3 

and 1.2 days.  So, either the competitive advantage between plants was established 

early in growth or some unknown factor affected both time to emergence and yield 

ability.  To my knowledge, this is the first data collected from soybean plants that show 

differences based on time of emergence.   

 A number of previous studies have shown that the length of the seed-filling (R5 

to R7) period is a critical factor in the production of yield (Dunphy et al., 1979; Gbikpi 

and Crookston, 1981; Donbos and McDonald, 1986; Pedersen et al., 2007).  However, in 

this study the length of the seed-filling period for the Early emergence class did not 

differ from that of the Late emergence class in either year (Tables 2-7, 2-8).  The Late 

emergence class produced 53% and 36% less grain weight per plant in 2010 and 2011, 

respectively.  So, large differences in yield occurred between the two classes even 

though the length of the seed-filling period did not differ.  Apparently, the rate of seed 

weight accumulation was much less for plants in the Late emergence class than for 

plants in the Early emergence class.  The reason for this difference is unclear, but must 

be related to competitive ability. 

 Soybean is unusual among grain crops because its seed contain two 

economically important components: oil and protein.  Soybean oil is a major source of 
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edible oil used for human consumption, while soybean protein is an important 

component in animal feed.  The price farmers receive for soybean depends on the world 

price of both components, so effects of soybean management on seed composition 

must be understood.  There were no differences in seed oil or protein concentrations 

due to the residue, cover crop, or emergence class treatments (Tables 3-5, 3-6).  In a hail 

simulation study by Conley et al. (2008b), soybean seed oil content was only changed 

under extreme node removal treatments, and protein content was unaffected.  Conley 

et al. (2008a) reported that under extreme conditions, oil content increased while 

changes in protein content varied.  Results of my study are relatively consistent with the 

findings of previous studies. 

SUMMARY AND CONCLUSION 

 The results of this study conclude that corn stover removal increases stand 

density.  When residue remains in the field, differences in stand density may be the 

result of residue interference that affects planter efficiency and proper seed placement.  

Despite significant differences in stand density, residue removal and cover crop 

incorporation did not have an effect on grain yield.  Soybean has the ability to 

compensate for decreased stand density by increasing branch and flower production.  

Even though removing residue increases stand density, not removing residue increases 

grain weight per plant and the number of seeds per plant.   

 Time of emergence has a significant effect on grain weight per plant and number 

of seeds per plant.  Late emergence decreases both seed weight per plant and the 
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number of seeds per plant.  The reason for the large difference between early and late 

emerging plants is unknown.  Plants that emerge late are out competed for space, water 

and nutrients by those which emerge earlier.  However, by physiological maturity, early 

and late emerging plants are reaching stages of development at nearly the same rate.  

Therefore, differences in grain weight and seed number are either caused by an early 

onset competitive advantage or by an unknown factor that affects both time of 

emergence and yield ability. 

 Neither residue removal nor time of emergence had an effect on seed 

composition.  This is consistent with previous studies which have reported changes in oil 

and protein content occurring only under extreme conditions.  Stand density, yield and 

seed composition are not affected by the absence or presence of a cover crop.   

 The results of this study suggest that time of emergence plays a very important 

role in soybean grain yield and number of seeds per plant.  In addition, while cover 

crops had little effect on soybean growth and development, a number of studies have 

proved them to be beneficial for improving soil quality.  A study on the full benefits of 

cover crops to soil properties goes beyond the scope of this thesis, but should be taken 

into account when considering corn stover removal.  Based on data from this study, it is 

reasonable to remove corn stover for biofuel if residue removal does not exceed 

recommended rates. 
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Table 3-1. Effects of residue treatments and cover crops on soybean stand density and yield, 
2010. 
 

Residue Cover crop Stand density Yield 

  no. plants/ha kg/ha 

Baled None 412258† 3978 
Baled Rye 382119 3810 

Not baled None 333951 3850 
Not baled Rye 344445 3796 

 
Means for main effect‡   

Baled  397020a 3894a 
Not baled  339052b 3822a 

    
 None 372945a 3910a 
 Rye 363127a 3803a 

† LSD (0.05) to compare any two numbers within a column other than main effect means are 
Stand density = 73872 plants/ha, Yield = not significant. 
 
‡ Main effect means within a column followed by different letters are significantly different, F-
test (P<0.05). 
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Table 3-2. Effects of residue treatments and cover crops on soybean stand density and yield, 
2011. 
 

Residue Cover crop Stand density Yield 

  no. plants/ha kg/ha 

Baled None 268983† 3502 
Baled Rye 237781 3720 
Baled Radish 285122 3647 

Not baled None 229712 3884 
Not baled Rye 181295 3585 
Not baled Radish 239933 3812 

 
Means for main effect‡   

Baled  263962a 3623a 
Not baled  216980b 3760a 

    
 None 249347a 3693a 
 Rye 209538b 3652a 
 Radish 262528a 3730a 

† LSD (0.05) to compare any two numbers within a column other than main effect means are 
Stand density = 38127 plants/ha, Yield = not significant. 
 
‡ Main effect means within a column followed by different letters are significantly different, F-
test (P<0.05). 
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Table 3-3. Effects of residue treatments, cover crops, and emergence classes on grain weight per 
plant, seed number per plant, and seed size, 2010. 
 

Residue Cover crop Emergence class Grain weight Seed number Seed size 

   g/plant no./plant g/seed 
Baled None Early 12.1† 88.1 0.1378 
Baled None Late 9.0 61.1 0.1462 
Baled Rye Early 15.2 109.4 0.1388 
Baled Rye Late 7.5 53.6 0.1379 

Not baled None Early 17.2 121.8 0.1419 
Not baled None Late 6.4 41.4 0.1521 
Not baled Rye Early 20.5 140.0 0.1451 
Not baled Rye Late 7.5 48.0 0.1564 

        
Means for main effects‡      

Baled   10.9b 78.0b 0.1402b 
Not baled   12.9a 87.8a 0.1489a 

      
 None  11.2a 78.1a 0.1445a 
 Rye  12.6a 87.7a 0.1445a 
      
  Early 16.2a 114.8a 0.1409a 
  Late 7.6b 51.0b 0.1481a 

† LSD (0.05) to compare any two numbers within a column other than main effect means are 
Grain weight = 5.0 g/plant, Seed number = 31.9 seeds/plant, Seed size = 0.0162 g/seed. 
 
‡ Main effect means within a column followed by different letters are significantly different, F-
test (P< 0.05). 
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Table 3-4. Effects of residue treatments, cover crops, and emergence classes on grain weight per 
plant, seed number per plant, and seed size, 2011. 
 

Residue Cover crop Emergence class Grain  weight Seed number Seed size 

   g/plant no./plant g/seed 
Baled None Early 13.2† 89.6 0.1467 
Baled None Late 7.1 48.5 0.1448 
Baled Rye Early 13.7 99.4 0.1374 
Baled Rye Late 10.1 70.6 0.1425 
Baled Radish Early 12.9 88.6 0.1454 
Baled Radish Late 8.5 59.8 0.1423 

Not baled None Early 20.4 145.5 0.1413 
Not baled None Late 14.1 99.7 0.1411 
Not baled Rye Early 23.3 163.7 0.1422 
Not baled Rye Late 12.2 86.1 0.1426 
Not baled Radish Early 17.7 120.3 0.1469 
Not baled Radish Late 12.3 84.8 0.1475 

        
Means for main effects‡      

Baled   10.9b 76.0b 0.1432a 
Not baled   16.6a 116.6a 0.1436a 

      
 None  13.7a 95.8a 0.1435a 
 Rye  14.8a 104.9a 0.1411a 
 Radish  12.8a 88.3a 0.1455a 
      
  Early 16.8a 117.8a 0.1433a 
  Late 10.7b 74.9b 0.1434a 

† LSD (0.05) to compare any two numbers within a column other than main effect means are 
Grain weight = 4.8 g/plant, Seed number = 33.5 seeds/plant, Seed size = 0.0075 g/seed. 
 
‡ Main effect means within a column followed by different letters are significantly different, F-
test (P< 0.05). 
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Table 3-5. Effects of residue treatments, cover crops, and emergence classes on protein and oil 
concentration in soybean seed, 2010. 
 

Residue Cover crop Emergence class Protein Oil 

   % % 
Baled None Early 37.7† 19.5 
Baled None Late 37.3 20.3 
Baled Rye Early 38.5 19.6 
Baled Rye Late 38.5 19.0 

Not baled None Early 37.3 19.5 
Not baled None Late 39.0 19.0 
Not baled Rye Early 37.3 19.3 
Not baled Rye Late 37.7 19.6 

        
Means for main effects‡      

Baled   38.0a 19.6§ 
Not baled   37.8a 19.4 

     
 None  37.8a 19.6§ 
 Rye  38.0a 19.4 
     
  Early 37.7a 19.5a 
  Late 38.2a 19.5a 

† LSD (0.05) to compare any two numbers within a column other than main effect means are 
Protein = 1.4%, Oil = 0.9%. 
 
‡ Main effect means within a column followed by different letters are significantly different, F-
test (P< 0.05).                        
 
§ Significant residue X cover crop interaction was found. 
 
 
  



 
69 

 

Table 3-6. Effects of residue treatments, cover crops, and emergence classes on protein and oil 
concentration in soybean seed, 2011. 
 

Residue Cover crop Emergence class Protein Oil 

   % % 
Baled None Early 36.0† 19.9 
Baled None Late 36.6 19.9 
Baled Rye Early 35.9 19.6 
Baled Rye Late 35.5 19.7 
Baled Radish Early 35.8 20.2 
Baled Radish Late 36.0 20.1 

Not baled None Early 35.9 19.7 
Not baled None Late 35.9 20.1 
Not baled Rye Early 35.7 19.8 
Not baled Rye Late 36.1 19.8 
Not baled Radish Early 35.1 19.9 
Not baled Radish Late 35.0 20.2 

        
Means for main effects‡      

Baled   36.0a 19.9a 
Not baled   35.6a 19.9a 

     
 None  36.1a 19.9a 
 Rye  35.8a 19.7a 
 Radish  35.5a 20.1a 
     
  Early 35.8a 19.8a 
  Late 35.8a 20.0a 

† LSD (0.05) to compare any two numbers within a column other than main effect means are 
Protein = 1.2%, Oil = not significant. 
 
‡ Main effect means within a column followed by different letters are significantly different, F-
test (P< 0.05). 


