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Cover crops may be used as a management tool in modifying soil water content, 

helping lower agriculture’s impact on water quality and lead to greater crop yields.  

During the 2012 growing season, a field study was conducted in Albany, IN to determine: 

1) the impact of cover crops on soil moisture throughout the growing season and 2) cover 

crops’ influence on corn (Zea mays) yield.  Treatments of a monoculture of annual 

ryegrass (Lolium multiflorum) (AR), a mixture of annual ryegrass (Lolium multiflorum), 

crimson clover (Trifolium incarnatum), and groundhog radish (Raphanus sativus) (MIX),  

were compared with a no cover crop control (CTRL) in a randomized complete block 

design, with blocks positioned in moderately well drained (MWD) and poorly drained 

(PD) soils.  Cover crop treatments were similar to each other in accelerating moisture 

removal before the corn growing season, resulting in soil profiles that were 47% drier in 

the MWD soil and 22% drier in the PD soil than controls.  Abnormally hot and dry 

weather conditions made water availability a limiting factor and decreased the relative 

importance of soil nitrogen while corn was growing.  In the MWD soils, corn grown after 

MIX treatments had 21% higher yields than CTRL treatments and 11% higher yields than 
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AR treatments due to increased subsoil water usage.  Corn grain yields in PD soils were 

related to surface moisture conservation, leading to 3-5% higher yields in MIX and AR 

treatments.  Implications for improved field trafficability, reduced runoff and tile drainage 

flow, and enhanced water availability to crops are discussed. 
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Chapter I. Introduction and Literature Review 

 

 

 
Introduction 

 

Concern for the long-term sustainability of Midwest agriculture calls for the 

adoption of management practices that conserve soil and water.  Winter cover crops help 

increase long-term soil fertility by reducing soil erosion (Lu et al., 2000; Hartwig, 2002; 

Lal, 2003) however; their role in managing soil moisture varies greatly by region (Unger 

and Vigil, 1998; Currie and Klocke, 2005).  Moisture content is an important soil 

property, influencing both soil productivity and off-site water quality (Unger and Vigil, 

1998; Currie and Klocke, 2005).  Excess soil moisture can pose problems for crop 

establishment and lead to increased erosion and leaching, while deficient moisture can 

harm crop yields. As freshwater becomes scarcer and demand for food and biofuels 

continues to grow, mechanisms to increase agricultural water use efficiency are needed.    

In Indiana and the rest of the Midwest region, there is a lack of information regarding 

crop rotations with winter cover crops. Better understanding of how cover crops affect 

soil moisture will help Midwest producers implement this conservation practice into 

current cropping systems.    

The use of winter cover crops during fallow seasons is not a new idea. Prior to the 

introduction of chemical fertilizers, cover crops produced a significant portion of 

available nitrogen for cash crops (Pieters, 1927; Morgan et al., 1942; Sheaffer and 
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Seguin, 2003).  Because chemical fertilizers are easier to manage and supply more 

predictable amounts of N, they are preferred over legume cover crops.  Cover crops still 

offer many agronomic and environmental benefits, including increasing soil organic 

matter, reducing weed pressure, preventing soil erosion, and improving nutrient retention 

(Odell, 1984; Hartwig, 2002; Lu, 2000; Currie and Klocke, 2005; Brainard, 2011).  

Despite these numerous improvements, winter cover crops are still rarely used in rotation 

with corn (Zea mays) and soybean (Glycine max).  In a survey of Corn Belt farmers, only 

11 percent of the respondents had used cover crops in the past five years (Singer, 2007).  

Many landowners cited cost and uncertainty in management as reasons for not using 

winter cover crops (Singer, 2007), but the previously mentioned benefits can make cover 

crops an investment worth the cost and labor involved in management.       

Midwest Corn belt climate can limit cover crop use due to the small growing 

season for cover crops following cash crop harvest.  Cover crops need to be seeded into 

standing cash crops or planted immediately following harvest in order to allow sufficient 

growth before winter.  Coordinating cover crop establishment while harvesting cash crops 

and terminating cover crops while preparing to plant poses a challenge for farmers.  

Before cash crops are planted, cover crops are terminated with tillage or herbicides in 

most cases.  The timing and type of cover crop termination depends on the role of cover 

crops in a particular cropping system.   

Cover crop management is important in determining the influence this practice 

will have on cash crop yields.  Prior research suggests that cover crops lead to decreases 

in soil nitrogen early in the growing season (Kuo and Jellum, 2002; Andraski and Bundy, 

2005; Krueger et al., 2011) and physiological development of corn and soybean seedlings 
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can also be slowed if cover crop residues are not managed properly (Kuo and Jellum, 

2002).  However, nitrogen deficiency problems can be reduced if a legume is included in 

the mixture (Kuo and Jellum, 2002; Brainard et al., 2011), while tillage or planter 

modifications may improve seedbed conditions by decreasing residue near seedlings 

(Raimbault et al., 1991).     

Despite possible drawbacks, properly managed cover crops have the potential to 

improve soil moisture conditions.  In the humid Midwest, abundant spring precipitation 

and dry late summers challenge farmers by saturating soils in April and May and 

decreasing available water in July and August (Schenkler et al., 2004; Hayhoe et al., 

2010).  Climate change models predict increases in the intensity of these extremes 

(Schenkler et al., 2004; Hayhoe et al., 2010).  That is, they predict higher intensity, higher 

total spring precipitation, and more frequent, extreme droughts. Through their influence 

on soil moisture, winter cover crops added to Midwestern cropping systems may provide 

both direct and indirect solutions to these worsening problems. 

Winter cover crops may represent a mechanism of surface moisture management 

by drying soil via evapotranspiration in the spring (Qi and Helmers, 2009; Qi et al., 2011; 

Krueger et al., 2011).  Extensive research has shown that cover crop water use can harm 

the yields of cash crops where precipitation is not reliable (Army and Hide, 1959; 

Biederbeck, 1988; Power, 1990; De Bruin et al., 2005; Krueger et al., 2011).  In more 

humid regions, this is rarely a problem, as saturated field conditions are often a hindrance 

to field work in the spring (Clark et al., 1997; Unger and Vigil, 1998; Qi et al., 2011).  

The differences shown in the literature illustrate the importance of rainfall in deciding 

how much cover crop growth to allow. In addition to using water with transpiration, 
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cover crops promote soil porosity, increasing soil aeration (Hartwig, 2002; Villamil, 

2006). 

Changes in aeration and evapotranspiration associated with cover crops can be 

important for counteracting cool wet conditions that are often associated with increased 

surface residue associated in no till conditions (Unger and Vigil, 1998; van Donk et al., 

2010).  Later in the growing season, the mulch provided by crop residue or cover crops 

can conserve valuable moisture by decreasing evaporative losses (Greb, 1983; Unger and 

Vigil, 1998; Currie and Klocke, 2005).  Having a surface mulch also conserves water by 

preventing the growth of weeds, which may compete with crops for moisture (Currie and 

Klocke, 2005; De Bruin et al., 2005; Brainard et al., 2011). 

By maintaining a dense sod and increasing porosity, cover crops can reduce soil 

compaction, which in turn allows greater rooting depth for the subsequent cash crops (Lu 

et al., 2000; Williams and Weil, 2004).  The increased rooting depth will usually cause 

yield gains by allowing crops such as corn and soybeans to reach additional subsoil 

moisture and essential nutrients (Williams and Weil, 2004).  Less compaction also affects 

soil hydrology by reducing surface ponding, increasing subsoil water content, and 

decreasing run-off (Hartwig and Ammon, 2002; Qi et al., 2011). This amelioration of 

compaction is especially important in heavily trafficked fine texture soils, which are 

relatively common to East Central Indiana. 

In addition to increasing access to soil moisture, cover crops increase soil organic 

matter, building nutrient stores and reinforcing soil structure (Odell et al., 1984; Hartwig 

and Ammon, 2002; Lu et al., 2000).  Building total soil organic matter is a long-term 

process, with increases occurring in small increments annually (Odell et al., 1984). Work 
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with cover crops and soil organic carbon has shown that it can take 6 to 12 years for 

significant increases in soil organic carbon to occur (Kuo et al., 1997; Steel et al., 2012).  

This length of time required to see changes in soil physical properties emphasizes the fact 

that cover crops are a long term management strategy. 

 The overarching goals of this research were to gain insight into the impacts cover 

crops have on soil water and crop yields and to provide Midwest farmers with 

information that can increase their operations’ sustainability and profitability.  Cover 

crops have the potential to serve this purpose by increasing yields while decreasing 

sediment and nutrient inputs to surface and ground water.  Currently, there is little 

research on how annual ryegrass and grass-legume mixtures affect soil properties, 

particularly soil moisture in clay rich soils such that those common to East Central 

Indiana.  Because climate, soils, and plant species can alter cover crop roles in a farming 

system, region specific data is useful in demonstrating how winter cover crops could 

work on Indiana farms.   

The specific objectives of this study were to: 

Quantify the effect of two cover cropping systems on 1) soil moisture dynamics, 

and 2) on corn yield in two common East Central Indiana soils. 

The hypotheses of this study were: 

 

1) Cover crop treatments will dry soil in spring, before planting corn, more than the 

control bare soil treatment. 

2) Cover crop residues will decrease surface evaporation, resulting in more available 

water during the summer. 
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3) A cover crop mixture that contains a legume, crimson clover, will increase pre-

sidedress soil nitrate concentrations relative to monoculture annual ryegrass cover crops 

and control treatments. 

4) Cover crop treatments will have higher yields than control treatments.   

 

Literature Review 

 

  Cover crops have been studied intensively for the past three decades and much of 

this attention can be attributed to the known potential benefits that cover crops have both 

for agricultural profitability and soil and water quality.  Winter cover crops may help to 

address many prominent problems associated with modern agriculture, including: soil 

erosion, organic matter depletion, decreased nutrient cycling, soil compaction, weed 

pressure, water use efficiency, and downstream water quality (Sarrontonio and Gallandt, 

2003).  Among these problems, water use efficiency is becoming more significant in 

response to concerns over increasing demands on freshwater supply and the impact 

global climate change may have on those supplies (Schenkler et al., 2004; Hayhoe et al., 

2010).   

 The premise for cover crop usage is to increase farm profitability, so it is 

necessary to address several important agronomic factors that affect yield before 

specifically discussing water use efficiency.  Nitrogen is the most expensive 

macronutrient applied in modern cropping systems, and cover crops have the potential to 

either increase or decrease its availability (Andraski and Bundy, 2005; Krueger et al., 

2011).  The role that cover crops play in scavenging unused nutrients has been well 

documented (Sarrontonio and Gallandt, 2003; Lal, 2003). Landowners are often more 

concerned with profit, a factor that is strongly influenced by the supply of plant available 
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nitrogen at the time of planting (Bergtold et al., 2010).  In Illinois, Crandall et al. (2005) 

documented deficiencies in soil nitrate when rye cover crops were grown before corn, 

which resulted in lower yields. Results are similar regardless of whether cover crops were 

incorporated into the soil or left on the surface as residue (Clark et al., 1997; Kuo and 

Jellum, 2002; Andraski and Bundy, 2005; Krueger et al., 2011).  Kessavalou and Walter 

(1999) found that the amount of nitrogen released by rye was equivalent to the amount 

released by soybean residue.  Wagger (1989a) found similar results.  These studies also 

suggest that cover crop maturity at the time of termination is very important in 

determining the duration of nitrogen immobilization and rate of nitrogen release as 

residues decompose.   

 In addition to timing, the species composition of cover crops can have a major 

impact on the availability of nitrogen for cash crops. Legumes have a tremendous 

capacity for nitrogen fixation and it has been shown that the inclusion of legumes in 

cover crop mixtures can greatly reduce nitrogen immobilization (Kuo and Jellum, 2002). 

Prior to the introduction of industrial nitrogen fixation, legume cover crops were widely 

recognized as one of the main sources of nitrogen for cash and forage crops (Pieters, 

1927).  Hairy vetch, cowpeas, and various clovers have the capacity to adequately supply 

nitrogen for corn (Sheaffer and Seguin, 2003; Brainard et al., 2011).  The unpredictability 

and additional labor involved in managing nitrogen from these sources makes chemical 

sources much more appealing to farmers.  Long term studies have shown that cover crops 

do increase the nitrogen, phosphorous, and sulfur supplying capacity of soil by increasing 

soil organic matter (Odell et al., 1984; Hartwig and Ammon, 2002; Villamil et al., 2006).  

However, on an annual basis, it is unclear how quickly legumes release nitrogen stored in 
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their roots and above ground biomass.  Research has shown that nitrogen content and 

maturity of plant residue are important factors in predicting nitrogen release from cover 

crops (Wagger, 1989a; Clark et al., 1997).  More research into the area of legume 

influence on nitrogen availability is essential for farmers that hope to use cover crop 

legume nitrogen to partially offset fertilizer applications.   

 Weeds can reduce cash crop yields by competing for nutrients, light, water, and 

space (Teasdale, 1993; Currie and Klocke, 2005).  In a field study in Ontario, O'Reilly et 

al. (2011) investigated the feasibility and profitability of the use of cover crops for weed 

suppression.  By comparing the weed suppressing tendencies of oilseed radish, oat, and 

cereal rye cover crops to herbicides, they found that cover crops made weed control less 

expensive.  The effectiveness of these cover crops in controlling weeds was attributed to 

shading and allelopathic toxins.  The weed suppressing tendencies of cover crops 

described by O’Reilly et al. (2011) were similar to the findings of other research 

(Teasdale, 1993; Brainard et al., 2011). 

 Currie and Klocke (2005) examined weed densities to determine the direct effect 

that weeds had on the water use efficiency of irrigated corn. Treatments included winter 

wheat cover crop and no cover crop controls with varying application rates of atrazine in 

each cover treatment.  The results suggest that the winter wheat cover crop increased the 

effectiveness of atrazine, leading to fewer weeds at all herbicide rates.  Similar weed 

control was found in conventional sweet corn and organic vegetable cropping systems 

(Brainard et al., 2011; O’Reilly et al., 2011).  These findings are significant for no till 

farmers who have difficulties in weed control.  It appears as if cover crops can reduce 

weed water consumption while allowing less herbicide use. 
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 Other studies have investigated the influence that surface residue has on reducing 

evaporative losses from the soil surface.  Work by van Donk et al. (2010) showed that 

cover crop residue led to substantial increases in soil water content in corn.  These results 

were reflected by Greb (1983), who showed substantial increases in soil water with the 

addition of straw mulch at four Great Plains locations.  According to Bristow (1988), 

horizontal cover crop mulch functions the same as straw mulch and crop residues. 

However, in Minnesota, Krueger et al. (2011) studied the ability of cereal rye cover crops 

to conserve surface moisture in silage corn and their results indicated cereal rye residue 

provided no protection from surface evaporation, regardless of whether it was a wet of 

dry year. These researchers suggested that the cover crops used did not produce enough 

residues to observe a mulching effect.  Variation documented between climate, soils, and 

cover crops shows that this topic needs further examination. 

 In humid regions, it is typical for heavy spring rains to saturate soils, a condition 

that will likely intensify in response to global climate change (Schenkler et al., 2004; 

Hayhoe et al., 2010).  Heavy rains on saturated soils have the potential to leach nitrate, 

increase the loss of soluble nutrients and soil in runoff, make field work difficult for 

farmers, and create unfavorable seedbed conditions (Unger and Vigil, 1998).  Cover crops 

may present a solution to these problems by accelerating soil moisture removal through 

early season transpiration.  Like the previously discussed soil moisture research, work on 

this topic has been inconclusive due to variations in cover crop transpiration and 

differences in soil and climate.  Qi et al. (2011) examined subsurface drainage under six 

treatments in an attempt to quantify the effect of cover crop evapotranspiration.  This 

study found no variation in drainage tile discharge with relation to vegetative cover, 
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which shows that cover crop evapotranspiration did not significantly dry soil.  However, 

cover crops have been shown to increase water infiltration, a factor that might counteract 

their ability to dry soil by evapotranspiration.  Qi et al. (2011) did not discuss runoff or 

infiltration.  In dry regions, cover crop evapotranspiration has been documented in 

reducing soil water for subsequent cash crops (Currie and Klock, 2005; van Donk et al., 

2010).  To fully understand the effects that cover crops have on soil water content, 

additional research on cover crop evapotranspiration is needed. 

 Water infiltration into soil is influenced by several factors such as soil structure 

and bulk density and ultimately influences available soil moisture by determining how 

much of precipitation enters soil and how much runs off (Brady and Weil, 2002).  

Previous research suggests that cover crops increase infiltration by reducing runoff and 

improving soil porosity.  A four year study in Ohio demonstrated drastically different 

infiltration rates, with residue covered fields allowing only one percent of precipitation to 

leave the field as runoff, while tilled fields lost 83 percent of precipitation to runoff 

(Shipitalo et al., 2000).  Reductions in bulk density have also been observed with the use 

of cover crops.  Williams and Weil (2004) showed that deep rooted cover crops such as 

radishes and cereal rye can alleviate compacted soil layers that could not be penetrated by 

corn or soybean roots.  Lower bulk density values for soil often improve aeration, which 

is important for root growth and biological activity and the root channels created in these 

compacted zones allows roots to reach water and nutrients deeper in the soil profile.   

 The incorporation of winter cover crops into Midwest farming has the potential to 

regulate soil water and nutrients in ways that make agriculture more sustainable. By 

suppressing weeds and improving nitrogen use efficiency in crops, it is potentially an 



11 

 

economically valuable tool for agriculture.  Additionally, as demand for freshwater 

increases, mechanisms to increase water use efficiency are going to become more 

important.  Much previous cover crop research has been done with small grains, while 

grasses and legumes have received little attention.  The importance of regional studies is 

shown by the wide variation in results from study to study, and in the humid Midwestern 

U.S., additional research is needed to better understand the implications that cover crops 

have on soil water content.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Chapter II.  Materials and Methods 

 

 
 

Experimental design 

 

This research was conducted at Ball State’s Juanita Hults Environmental Learning 

Center (JHELC).  The JHELC is located in East Central Indiana, near Albany 

(85°13'45.1" W, 40°18'40.2" N).  The plot layout consisted of a randomized complete 

block design with five replicates of each treatment established in two blocks based on 

natural drainage class (Fig. 1).  The predominant soil series in the poorly-drained (PD) 

block was Pewamo silty clay loam with a less than one percent slope (Fine, mixed, 

active, mesic Typic Argiaquolls).  Although these soils have extensive tile drainage, they 

are still subject to surface ponding during large rain events, and remain wet longer than 

soils with slopes on higher landscape positions. The moderately-well-drained block 

(MWD), with a four percent slope, was primarily in Glynwood-Mississinewa silty clay 

loam (Fine, illitic, mesic Oxyaquic Hapludalf).  The moderately-well- drained block has 

no tile drainage.  Cover crop treatments were annual ryegrass (AR), a mixture of Daikon 

oilseed radish (Raphanus sativus), Marshall annual ryegrass (Lolium multiflorum) and 

Dixie crimson clover (Trifolium incarnatum)(MIX), and no cover crop control (CTRL).  

Plots were 12 m by 12 m.  From 2008 to 2011, crops planted in the experimental area 

were corn, soybean, wheat, and soybean, respectively.  Prior to this experiment, annual 

tillage has been part of this cropping system. 



 

 

 

Figure 1. Plot and soils layout at Juanita Hults Environmental Learning Center, located in 

East Central Indiana, near Albany (85°13'45.1" W, 40°18'40.2" N). Blocks were 

established in poorly drain (PD) and moderately-well-drained (MWD) soils. Cover crop 

treatments were annual ryegrass (AR), a mixture of Daikon oilseed radish (Raphanus 

sativus), Marshall annual ryegrass (Lolium multiflorum) and Dixie crimson clover 

(Trifolium incarnatum)(MIX), and no cover crop control (CTRL). 

 

Agronomic management 

 

 Cover crop (AR) annual ryegrass plots were seeded with 14 kg ha
-1

 of Winter 

Hawk annual ryegrass and 14 kg ha
-1

 of Jackson annual ryegrass.  Cover crop mixture 

(MIX) plots were seeded with 11 kg ha
-1

 of Marshall annual ryegrass, nine kg ha
-1

 of 

inoculated Dixie crimson clover, and three kg ha
-1

 of Daikon oilseed radish.  Seeds were 

broadcast into soybeans at R7 stage (i.e., beginning maturity), on October 4 for the MWD 

block and October 6 for the PD block using a canvas bag seed spreader.  Cover crops 
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were terminated on April 25 with 0.85 kg a.e. glyphosate and 0.3 kg a.e. 2-4D amine per 

hectare using a backpack sprayer.  Corn was planted with a sixteen row John Deere 1790 

planter equipped with single ripple-disc no till coulters on April 30 in the PD block and 

May 4 in the MWD block.  Planting dates were different due to a rain event that occurred 

shortly after the PD block was planted. Starter fertilizer rates of 4.5 kg N ha
-1

, 13.5 kg 

P2O5 ha
-1

, and 4.5 kg K2O ha
-1

 were applied within the seed furrow as liquid at a rate of 

47 L per hectare. Triple-stacked Pioneer Hybrid 1018AM1 was planted at 80,600 seeds 

per hectare with 74 cm between rows.  On May 8, 168 kg K2O ha
-1

 and 140 kg P2O5 ha
-1

 

were broadcast as a granular mix of muriate of potash and triple superphosphate.  On 

May 30, post emergence weed control was conducted by applying 800 g ha
-1

 of 

acetochlor. This herbicide was labeled to provide residual weed control.  Also on May 30, 

corn was sidedressed with anhydrous ammonia at a rate of 168 kg N ha
-1

.  Corn was 

manually harvested on September 30 from 5.3 m segments in three different rows in each 

plot.  Ears were shelled using a crank operated ear sheller.  Three 100 g shelled corn 

subsamples were then weighed at field moisture and dried for 48 hours at 105 C to 

determine dry weight.  Yield is expressed as megagrams of corn kernels at 15.5 percent 

water content per hectare.       

Background soil fertility 

 Baseline soil data were collected fall 2011 by aggregating three 12 cm deep soil 

samples taken per plot.  These measurements included organic matter, phosphorous, 

potassium, and pH.  Organic matter was determined by loss on ignition using a muffle 

furnace at 360 C for 2 h (Missouri Agricultural Experiment Station 1001, 1998).  Plant 

available phosphorous was measured using the Mehlich-3 extraction (Missouri 
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Agricultural Experiment Station 1001, 1998).  Soluble potassium concentration was 

determined with NCR Exchangeable Potassium Procedure (Missouri Agricultural 

Experiment Station 1001, 1998).  Soil pH and SMP buffer pH were measured 

potentiometrically with a pH electrode (Missouri Agricultural Experiment Station 1001, 

1998). 

Soil moisture 

 Gravimetric moisture readings were taken weekly using a 1.8 cm diameter soil 

probe.  Three samples were taken per plot to a depth of 40 cm, with cores being divided 

into three 10 cm segments, 0-10 cm, 15-25 cm, and 30-40 cm.  Samples were weighed 

and dried at 105 C for 24 hours immediately after collection.  Following corn emergence, 

samples were taken 10 cm from the crop row. Soil moisture sampling began on March 

27, 2012 and concluded on September 11, 2012.  Soil storage was calculated by 

multiplying soil volumetric water content by segment lengths.  Segments lengths were 

12.5 cm for the 0-10 cm depth, 15 cm for the 15-25 cm depth, and 12.5 cm for the 30-40 

cm depth to account for soil between segments and give an overall estimate of soil water 

storage in top 40 cm of the profile.   

Soil and plant nitrogen 

   Following cover crop termination on April 26, prior to sidedressing on May 27, 

and after corn reached black layer September 11, 40 cm soil cores for nitrate were taken.  

Cores were divided into three depths: 0-10 cm, 15-25 cm, and 30-40 cm and analyzed for 

soluble nitrate (Missouri Agricultural Experiment Station 1001, 1998; Polysciences, 

Warrington, PA).  Soil nitrate samples were air dried and ground before being mixed with 

a 2M KCl extracting solution.  Prior to corn harvest, corn stalk samples were also 
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collected for nitrate analysis. To prepare corn stalk samples for nitrate analysis, the stalks 

were dried and ground to pass through a 2 mm sieve. Dried corn stalk subsamples of 0.5 g 

were then placed in a 50 mL two percent acetic acid solution and shaken for 15 minutes 

(Brouder et al., 2000).  Both soil nitrate and cornstalk nitrate solutions were filtered through 

Whatman no. 42 filter paper and nitrate concentrations were determined in 96-well 

microplates using NAS-reagent (Polysciences, Warrington, PA) and a Biotek Powerwave2 

scanning microplate spectrophotometer (Biotek Inc., Winooski, VT). 

Additional measurements 

Rainfall was measured on site, at Albany (85°13'45.1" W, 40°18'40.2" N) using a 

non-recording graduated cylinder rain gauge.  Daily temperature data were obtained from 

Davis-Purdue Agricultural Center’s National Weather Station, in Farmland IN 

(85°08'55.2" W, 40°15'17.6" N), which is 13 km away from the research property.  

Climate data was also provided using 1981-2010 average monthly rainfall and daily 

temperature data from the Davis-Purdue Agriculture Center’s National Weather Station.  

Rainfall from 1988 is from the Muncie Airport (40° 14' 30.12" -85° 23' 28.1”),18 km 

southwest of the study site, because records from Davis-Purdue Agricultural Center were 

not available during that time period.  

 Above ground cover crop dry biomass production was determined prior to 

termination by sampling three 0.09 m
2
 areas from each plot.  Plant samples were dried at 

65 C for 72 hours and then weighed. 

 Soil temperature was measured on weekly intervals from April 14 to May 21.  

Three temperature readings were taken per plot using a calibrated digital soil 
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thermometer. Readings were taken at approximately 19:00 each sampling date at a depth 

of 5 cm.  

Evapotranspiration estimation 

The soil water budget (Equation 1) was used to estimate treatment evapotranspiration by 

considering change in volumetric water content (0-40 cm) and rainfall for the period of June 

17 to August 4, 2012: 

ET = ∆SS + P            [1] 

where ET is evapotranspiration (cm), SS is average soil water storage, and P is precipitation.  

This equation considers the entire time span from June 17 to August 4.  Though variables 

such as runoff, drainage, and deep seepage were not measured, ET can still be calculated 

when these factors would be negligible.  These factors likely had little bearing on soil water 

content from late June to early August in 2012 due to insignificant amounts of runoff and 

subsurface drainage associated with droughty conditions.  Additionally, the relatively 

impermeable, compacted, fine-textured glacial till that underlies these soils typically limits 

deep seepage even during periods of normal rainfall.     

Statistical analysis 

Analysis of variance was done using SPSS 20 (SPSS Inc., Chicago IL) on pre-plant soil 

nitrate, pre-side-dress soil nitrate, post-harvest soil nitrate, corn stalk nitrate, corn grain 

yield, and soil water content during specific periods of the growing season.  Treatment was 

considered a fixed factor, and drainage block a random factor with no interaction with 

treatment.   For lognormally distributed data, normality was attained by a logarithm base 10 

transformation.  When ANOVA  F-values were significant (p < 0.05), mean separation was 
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performed using Tukey’s range test at the 5 percent probability level.  Pearson Correlation 

coefficients were used to determine significance (p < 0.05).    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Chapter III. Results 

 

 

 
Weather 

 

 Temperature conditions for late 2011 through the 2012 growing season are 

summarized in Figure 2.  From October 1 to December 1, 2011, average temperatures 

were normal and 241 growing degree day units accumulated, which was sufficient for 

cover crop establishment.  Although December 2011 to March 2012 observed average 

temperatures (0.9 C) were warmer than normal (-2.3 C), air temperatures were cool 

enough to ensure that cover crops remained dormant.  During early spring cover crop 

growth (3/1-5/1), observed average temperature (10.8 C) was warmer than the thirty year 

average (4.3 C), resulting in 499 growing degree days, a 147% increase over normal 

years (Purdue, 2013).  From May 1 to September 11, while corn was actively growing, 

the observed average air temperatures (22.5 C) were only slightly higher than 30-year 

average temperatures (21.3 C).  There was a significant period of the summer (6/17-7/20) 

where observed average air temperatures (26.5 C) were appreciably higher than 30-year 

average temperatures (23.6 C).  At Farmland Indiana, total GDD for 2012 was 3907, 

3042 of which accumulated during this study’s corn growing period (5/1-9/29). 
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Figure 2.  Air temperature observed during the 2012 growing season compared to the 

1981-2010 average.  Data from Davis-Purdue Agricultural Center National Weather 

Station service, in Farmland IN (85°08'55.2" W, 40°15'17.6" N). 

 

 Rainfall during the fall of 2011 was sufficient to allow cover crop establishment.  

In the 2012 growing season, much of the U.S. Corn Belt suffered from historically low 

rainfall totals.  Monthly rainfall amounts for 2012 can be compared to 30-year averages 

and another historic drought in 1988 to give perspective on the severity of the 2012 

drought in the study area (Fig. 3).  In 2012, precipitation during spring cover crop growth 

(3/1-5/1) was 12.7 cm, compared with the 30-year average of 16.5 cm.   Throughout May 

and June, only 9.9 cm of rainfall occurred, less than half of the 30-year average (21.9 cm) 

for those two months.  No rainfall occurred from May 8 to May 29, and from June 12 to 

July 13, only 2.3 cm of rain fell, denoting two distinct dry periods of the growing season.  

During July and August, observed rainfall (23.0 cm) was near the 30-year average (21.2 
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cm), but September rainfall (15.7 cm) was 8.2 cm more than the 30-year average.     

  

Figure 3.  Rainfall observed at Juanita Hults Environmental Learning Center, located in 

East Central Indiana, near Albany (85°13'45.1" W, 40°18'40.2" N) during the 2012 

growing season compared to the 1981-2010 average.  1981-2010 average is from Davis-

Purdue Agricultural Center National Weather Station service data, in Farmland IN 

(85°08'55.2" W, 40°15'17.6" N).  Rainfall from 1988 is from the Muncie Airport, (40° 14' 

30.12" -85° 23' 28.1”). 

 

Cumulative soil water storage 

 

 Soil water content by depth is not reported, but can be seen in Appendix II.  Soil 

volumetric water content was measured on 21 different dates from April to September in 

2012 (Appendix II).  Soil profile water storage was calculated by adding water content 

from all three depths sampled, and is shown for the MWD plots in Figure 4 and the PD 

plots Figure 5. Weather conditions during the 2012 growing season were abnormally 

warm and dry, resulting in large fluctuations in water content throughout the growing 

season.  
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Figure 4. Observed rainfall and soil water storage under various cover crop treatments in 

the moderately well drained Glynwood soil series, observed during the 2012 growing 

season at Albany, IN. 
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Figure 5. Observed rainfall and soil water storage under various cover crop treatments in 

the poorly drained Pewamo soil series, observed during the 2012 growing season at 

Albany, IN. 
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Early spring (3/27-4/26) change in soil profile water storage 

 

 Prior to termination (3/27-4/26), cover crop treatments accelerated soil moisture 

removal relative to CTRL treatments in both blocks, resulting in drier soil profiles during 

cover crop growth (Table 1). In the MWD block, both MIX (p = 0.03) and AR (p = 0.04) 

had a larger change in average soil water content than CTRL. In the PD block, both AR 

(p < 0.0001) and MIX (p = 0.01) were different than the CTRL. Average soil moisture 

removal across all treatments in the PD block was 25 percent higher than the MWD block 

(p < 0.0001). 

Table 1.  Early spring change in soil profile water storage.  Standard deviations are shown 

in parentheses.  Values in the same row followed by different letters are significantly 

different (p < 0.05) with Tukey’s range test. 

 

Early spring (3/27-

4/26) ∆ soil profile 

water storage (cm) AR MIX CTRL 

 

MWD 

 

- 6.4  (0.8) a 

 

- 6.5  (1.0) a 

 

- 4.4  (1.4) b 

 

PD 

 

- 8.2  (0.4) a 

 

- 7.4  (0.7) a 

 

- 6.1  (0.6) b 

 

Seedbed soil moisture 

 

 After cover crops were chemically desiccated, soil water storage was quickly 

replenished, reversing moisture trends shown during cover crop growth.  Surface (0-10 

cm) soil volumetric water contents     ) were averaged from May 11 to June 2 to assess 

cover crop residues’ effect on surface soil moisture (Table 2).  Average volumetric water 

content for AR was not different than CTRL (p = 0.08), while MIX was higher than 

CTRL (p = 0.026).   
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Table 2.  Seedbed volumetric water content from May 1 to June 2.  Standard deviations 

are shown in parentheses.  Values in the same row followed by different letters are 

significantly different (p < 0.05) using Tukey’s range test. 

 

Seedbed (0-10 cm) 

volumetric water 

content (cm/cm) AR MIX CTRL 

 

MWD 

 

0.275  (0.021) a 

 

0.267  (0.015) a 

 

0.260  (0.016) a 

 

PD 

 

0.271  (0.013) ab 

 

0.277  (0.017) a 

 

0.246  (0.017) b 

 

Late-summer corn evapotranspiration    

 From June 17-August 4, cover crop treatments in the MWD block did have an 

effect on corn evapotranspiration (ET), as calculated using equation 1  (Table 3).  Greater 

subsoil moisture depletion occurred in MIX relative to the CTRL (p = 0.04).  No 

significant differences in ET occurred in the PD soils, but averages followed the same 

pattern as the MWD block. 

Table 3.  Corn evapotranspiration from June 17 to August 4.  Standard deviations are 

shown in parentheses.  Values in the same row followed by different letters are 

significantly different (p < 0.05) using Tukey’s range test. 

 

Late summer 

evapotranspiration 

(cm) AR MIX CTRL 

 

MWD 

 

14.2  (1.8) ab 

 

16.2  (1.4) a 

 

13.4  (1.7) b 

 

PD 

 

15.3  (1.0) a 

 

15.6  (1.3) a 

 

14.6  (0.5) a 

 

Seedbed temperature from May 1 to May 21     

 

  After cover crops were terminated in both blocks, plots with AR and MIX tended 

to have cooler average soil temperature than CTRL in both blocks (Table 4).  May 1 to 
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May 22 soil temperatures were negatively correlated with plot biomass in the MWD 

block (R
2 
= 0.31, p = 0.034; Fig. 8) and in the PD block (R

2
 = 0.69, p < 0.0001; Fig. 9).  

From May 1 to May 21 in the MWD block, MIX plots were different than CTRL (p < 

0.01).  In the PD soils, MIX maintained significantly cooler soil temperatures than CTRL 

(p = 0.013).  Differences between CTRL and AR were not significant (p = 0.06).  

Moderately well drained soils were eight percent warmer than PD soils from May 1 to 

May 21 (p < 0.0001).   Average soil temperature during (4/14-4/28) and after (5/1-5/21) 

cover crop growth can be seen in (Fig. 6, 7). 

Table 4.  Average seedbed (0-5 cm) temperature from May 1 to May 21.  Standard 

deviations are shown in parentheses.  Values in the same row followed by different letters 

are significantly different (p < 0.05) using Tukey’s range test. 

 

Soil temperature (C) AR MIX CTRL 

 

MWD 

 

20.8  (0.3) ab 

 

20.4  (0.3) a 

 

21.2  (0.3) b 

 

PD 

 

19.2  (0.2) ab 

 

18.9  (0.3) a 

 

19.6  (0.4) b 
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Figure 6.  Soil temperature under various cover crop treatments at the 0-5 cm depth range 

expressed in degrees Celsius as departure from the control treatment soil temperature.  

Data is from the moderately well drained Glynwood-Mississinewa series, observed 

during the spring of 2012 at Albany, IN.  
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Figure 7.  Soil temperature under various cover crop treatments at the 0-5 cm depth range 

expressed in degrees Celsius as departure from the control treatment soil temperature.  

Data is from the poorly drained Pewamo series, observed during the spring of 2012 at 

Albany, IN.  
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Figure 8.  The association between plot biomass and seedbed soil temperature (5/1-5/21) 

in the MWD block.  
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Figure 9.  The association between plot biomass and growing season soil temperature 

(5/1-5/21) in the PD block.  
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Cover crop biomass 

 

 Weather conditions and rainfall were favorable for cover crop growth in 2012.    

AR (p = 0.004) and MIX (p < 0.0001) in the MWD soils were different than CTRL.  The 

PD block also showed treatment effects, with both MIX (p = 0.0001) and AR (p = 0.001) 

being different from the CTRL.  Cover crop biomass samples for the PD block were not 

normally distributed, so log 10 transformation was used to normalize the data. Mean 

cover crop biomass was similar between the PD and MWD block. 

Table 5.  Plot biomass on April 26, prior to cover crop termination.  Standard deviations 

are shown in parentheses.  Values in the same row followed by different letters are 

significantly different (p < 0.05) using Tukey’s range test.  *Indicates analysis was 

conducted on means of transformed data. 

 

Plot biomass (Mg ha
-1

 ) AR MIX CTRL 

 

MWD 

 

2.37  (0.30) a 

 

2.90  (0.80) a 

 

0.87  (0.56) b 

 

PD 

 

3.32  (0.80) a* 

 

4.65  (2.02) a* 

 

0.53  (0.58) b* 

 

Soil nitrate 

 

 No pre-plant soil nitrate (PPN) differences were found between treatments in the 

MWD block. Poorly drained block pre-plant soil nitrate values showed a negative linear 

correlation with plot biomass (R
2
 = 0.50, p = 0.003; Fig. 10).  In the PD block, PPN in 

MIX were significantly (p = 0.006) less than CTRL. Pre-plant nitrate values did not vary 

significantly between blocks. 

 The PD block had 70 percent more pre-sidedress soil nitrate than the MWD block 

(p < 0.0001).  Treatment effects did not occur in the MWD blocks. In the PD block, no 
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significant differences occurred, but the data suggests that MIX may have been lower 

than CTRL (p = 0.067) 

 Control post harvest nitrate (PHN) values were significantly different than both 

AR (p < 0.004) and MIX (p < 0.011) only in the MWD block, where PHN was greatest in 

the CTRL.    There were no treatment effects in the PD block.  Post harvest nitrate was 

not significantly different between blocks. Post harvest nitrate data was not normally 

distributed, so a log 10 transformation was used to attain normality. 

Table 6.  Soil nitrate on three separate dates during the 2012 growing season.  Standard 

deviations are shown in parentheses.  Values in the same row followed by different letters 

are significantly different (p < 0.05) using Tukey’s range test.  *Indicates analysis was 

conducted on means of transformed data. 

 

Pre-plant (4/26) soil  

nitrate (kg ha
-1

) AR MIX CTRL 

 

MWD 

 

30.0  (2.6) a 

 

29.7  (1.9) a 

 

26.9  (4.9) a 

 

PD 

 

30.7  (3.2) ab 

 

26.8  (2.4) a 

 

35.2  (4.5) b 

 

Pre-sidedress (5/28) soil 

nitrate (kg ha
-1

)    

 

MWD 

 

25.5  (10.5) a 

 

22.7  (9.7) a 

 

21.2  (6.1) a 

 

PD 

 

33.8  (8.0) a 

 

35.8  (14.9) a 

 

47.9  (9.0) a 

 

Post harvest (9/11) soil 

nitrate (kg ha
-1

)     

 

MWD 

 

22.4  (8.0) a* 

 

24.3  (4.5) a* 

 

49.5  (16.0) b* 

 

PD 

 

59.3  (25.4) a* 

 

52.8  (70.4) a* 

 

54.1  (46.1) a* 
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Figure 10. The effect of cover crop biomass on pre-plant soil nitrate in the PD block. 

Cornstalk nitrate 

 

 Though treatment differences were not detected in either block, cornstalk nitrate 

(CSN) values in the PD block were 130 percent larger than the MWD block (p = 0.018).   

Table 7.  Cornstalk nitrate values following corn grain harvest.  Standard deviations are 

shown in parentheses.  Values in the same row followed by different letters are 

significantly different (p < 0.05) using Tukey’s range test.   

 

Cornstalk nitrate (PPM) AR MIX CTRL 

 

MWD 

 

  641  (426) a 

 

  663  (329) a 

    

 486  (226) a 

 

PD 

 

1379  (877) a 

 

1275  (325) a 

 

1460  (1069) a 

 

Corn growth and yield 

 

Corn growth for the first half of the growing season was determined by observing 

the percentage of plants at silking early in the pollination period.  Because planting dates 
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were a week apart, observations were made on June 10 in the PD block and June 17 in 

the MWD block.   

 In the MWD block, early season plant growth rate was correlated with pre-

sidedress nitrate concentrations (R
2
 = 0.37, p = 0.016; Fig. 11).  Treatment differences did 

not occur in the MWD block.      

 In the PD block, soil temperature (R
2
 = 0.42, p = 0.009) and soil pre-sidedress 

nitrate (R
2
 = 0.28, p = 0.042) were related to corn maturity on June 10 (Fig. 12, 13).  

Control had a significantly higher percentage of corn plants at silk than AR (p = 0.025), 

but not significantly different than MIX (p = 0.11). Corn silking data was not normally 

distributed, so a log 10 transformation was used to normalize the values.  Corn vegetative 

development was similar between blocks when the difference in planting date was 

considered.  

Corn yield was 14 percent higher in the PD block compared to the MWD block (p 

< 0.0001).  In the MWD soils, MIX yields were 20 percent higher than CTRL (p = 0.019) 

and late summer corn ET showed positive linear correlation with corn grain yield (p = 

0.03, R
2
 = 0.31; Fig. 14).  In the PD block, differences were not significant between 

treatments. In the PD block, average plot soil moisture in the upper 10 cm from May 11 

to June 2 was correlated with plot grain yield (R
2
 = 0.42, p = 0.009; Fig. 15). 
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Table 8.  Corn percent silking and corn grain yield.  Standard deviations are shown in 

parentheses.  Values in the same row followed by different letters are significantly 

different (p < 0.05) with Tukey’s range test. *Indicates analysis was conducted on 

transformed means.  

 

Corn silking (%) AR MIX CTRL 

 

MWD (7/17) 

   

17.2  (15.3) a 

   

26.6  (17.7) a 

    

 20.0  (13.0) a 

 

PD (7/10) 

 

7.2  (8.0) a* 

 

10.0  (9.2) ab*  

 

   35.0  (24.7) b* 

 

Corn grain yield 

(Mg/ha)    

 

MWD 

 

10.33  (0.92) ab 

 

11.48  (1.07) a 

 

9.53  (0.92) b 

 

PD 

  

11.93  (0.71) a 

 

12.14  (0.98) a 

  

11.61  (0.82) a 
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Figure 11. The effect of pre-sidedress nitrate on mid season (7/17) corn maturity in the 

MWD block. 
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Figure 12. The association between early growing season soil temperature (5/1-5/21) and 

corn maturity in the PD block. 
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Figure 13. The association between pre-sidedress nitrate and mid season (7/10) corn 

maturity in the PD block. 
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Figure 14. The association between corn evapotranspiration from June 16 to August 4 and 

corn grain yield in the MWD block.  
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Figure 15.  The association between average plot surface (0-10 cm) soil moisture from 

May 11 to June 2 and plot corn grain yield in the PD block.



 

 

Chapter IV.  Discussion 

 

 
 

April soil water 
 

 Both cover crop treatments decreased soil water storage significantly during the 

March to April cover crop growth period in both drainage blocks (Fig. 4, 5).  This March 

to April growth period was abnormally dry, with April precipitation only 48 percent of 

the 1981-2010 average (Fig. 3).  Patterns of more typical rainfall would likely maintain 

higher soil moisture levels, especially in the CTRL, where evapotranspiration was not 

occurring.  Despite these dry conditions, subsurface drainage may have been partially 

responsible for the greater loss of soil water in the PD block compared to the MWD 

block.  Still, both cover crop treatments in both blocks resulted in soil profiles that were 

about 2 cm of water drier than the CTRL.   

 Early season soil water depletion in response to cover crop transpiration has been 

observed in some studies, but others have shown no differences in soil water below 30 

cm (Jones et al., 1969; Corak et al., 1991). Utomo et al. (1990) indicated differences at 

deeper depths, but Clark et al. (1995) found that hairy vetch did not reduce soil water 

content during periods of normal rainfall.  In this Maryland three year study, Clark et al. 

(1995) found that later cover crop kill dates actually increased soil water content relative 

to early kill dates by increasing surface residue, which was effective in reducing 

evaporative loss.  Clark et al. (1997) corroborated these results in a later study involving 



 

 

cereal rye, hairy vetch, and a rye-vetch mixture.  It should be noted that in both these 

studies, soil water content was only measured to a depth of 20 cm (Clark et al., 1995; 

1997).  We measured soil water content to a depth of 40 cm, and observed distinct 

differences from 15 cm to 40 cm (Fig. 16).  Large differences were apparent in the 30-40 

cm range in the PD block, but less pronounced in the MWD block at that depth.  

Comparing these two soils under the same weather conditions does give some perspective 

on how soil properties can alter the way cover crops affect soil water.  In the MWD soils, 

higher bulk density below 30 cm depth likely reduced cover crop root growth somewhat, 

resulting in smaller use of soil water at that depth.  Additionally, lower nitrogen fertility 

in the MDW block could have slowed both cover crop growth rates and transpiration, 

resulting in more subsoil water.     

 Research conducted in British Colombia found that cover crops increased soil 

moisture during March and April, even during active growth (Odhiambo and Bomke, 

2007).  The soils investigated in this study were similar to our poorly-drained soils, 

having greater than three percent organic matter and a silty clay loam texture.  Despite 

having similar treatments and similar soils, our results were different from Odhiambo and 

Bomke’s research, a difference that can most likely be attributed to weather.  Cool, wet 

conditions in British Colombia reduced growth, causing the surface biomass to act simply 

as a moisture conserving mulch.  In our experiments, warm, dry weather during the 2012 

spring favored cover crop growth and evapotranspiration, resulting in greater soil water 

use.   

 In our study, early spring rainfall was evenly distributed and in moderate 

quantities, providing little opportunity for runoff to occur.  With these types of rainfall 
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events, infiltration is likely to be even across all treatments, negating the effect that 

higher infiltration had on soil water among treatments during cover crop growth.  This 

was contrary to a study from central Iowa which determined that cereal rye cover crops 

significantly reduced spring soil water content for three consecutive years (Qi et al., 

2011).  However, the amount of water lost through subsurface drainage when cereal rye 

was actively growing was not less than bare soil (Qi et al., 2011) indicating increased 

evapotranspiration by cereal rye was balanced by increased infiltration during rain events, 

resulting in the similar drainage rates between cover cropped and bare soil. 

 In a Minnesota study by Krueger et al. (2011), cereal rye cover crops killed early 

consumed less soil moisture than cereal rye that was allowed to reach optimum maturity 

and biomass for forage use.  Additionally, Qi et al. (2011) found that a significant 

reduction in soil water content only occurred in treatments with cereal rye before 

soybeans, where cereal rye was allowed to grow three weeks longer to accommodate later 

planting dates for soybeans. Other studies have found similar patterns with cover crop kill 

dates (Munawar, 1990; Raimbault and Vyne, 1991). Our data concurs with the majority of 

research in that soil water storage depletion was observed during prolonged cover crop 

growth.   

Given the unseasonably warm weather of March and April, spring cover crop 

growth in 2012 was probably greater than normal.  In both the MWD block and PD 

blocks, AR and MIX were allowed to grow until April 26, which may be slightly later 

than is typically allowed for spring cover crop growth preceding corn.  To maximize 

nitrogen accumulation by the crimson clover in MIX, cover crops were not desiccated 

until crimson clover was at 10 percent bloom, with annual ryegrass in the late boot stage 
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of vegetative development.  If we had terminated cover crop treatments a week earlier, 

soil water still would have been depleted, but to a lesser extent (Fig. 4, 5).    

 There is some concern that excess cover crop water use can negatively affect 

water availability for the following cash crop, but it has been well established that 

moisture depletion is not a problem during years of average or above average rainfall in 

humid regions (Clark et al., 1995; Clark et al., 1997; Odhiambo and Bomke, 2007; 

Krueger et al., 2011; Qi et al., 2011).  When cover crops are terminated near cash crop 

planting in years of less than average precipitation, crop yields may be harmed by 

moisture shortage (Ewing et al., 1991; Liebl et al., 1992).  Despite 2012 being an 

abnormally dry year (Fig. 3), we did not find that crop growth was affected by cover crop 

soil water depletion.   

 In both blocks, soil profiles in annual ryegrass and cover crop mixture treatments 

were quickly recharged following herbicide application, resulting in soil water storage 

equal to control treatments before corn emergence.  Rain events on April 30 and May 1 

totaling 4.3 cm were largely responsible for replenishing soil water storage. On May 3, 

following these rain events in the MWD block, soil water storage increased by 3 cm, 2.7 

cm, and 0.8 cm for AR, MIX, and CTRL, respectively.  Larger AR and MIX recharge can 

be attributed to increased infiltration, as shown by changes in water storage following 

rain events during this period (Fig. 4, 16).  The PD block was recharged after two weeks 

(April 30 to May 11) and 8.1 cm of rain.   From April 24 to May 11, soil water storage in 

the PD block increased by 3.3 cm, 4.2 cm, and 0.7 cm for AR, MIX, and CTRL, 

respectively.  The MWD block recharged more quickly likely because the Glynwood-

Mississinewa series is a shallow soil, which has dense till within three feet of the surface 
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that allows very little deep percolation.  The poorly-drained Pewamo series is deeper, 

with the depth to a restrictive layer being greater than 150 cm, providing more pore space 

for water storage.  Of the 8.1 cm of rain that the PD block received during recharge, it is 

possible that a large portion percolated to depths greater than our deepest measurement of 

40 cm or left the field through drainage tile.  

 In demonstration plots where cover crops were allowed to grow several weeks 

past corn planting, most of this May rain was used by cover crops, leaving little available 

for the following corn.  Since rain was scarce thereafter, corn plants in these plots were 

under water stress the entire summer, resulting in considerably lower yields (data not 

shown).  Our data indicates that timely cover crop termination is the most important 

management consideration when working with cover crops in a dry year.  The 30 year 

rainfall average for April and May at our study location is 20.5 cm. In 2012 we received 

only 12.7 cm of rain, and still observed sufficient soil water storage recharge.  During a 

normal year, there would obviously be more than enough precipitation to replenish 

profiles depleted by cover crops.  Farmers should plan cover crop termination based on 

current soil moisture conditions and weather forecasts to attain maximum biomass 

production while preserving soil moisture.      

 In light of previous research, a late cover crop kill date, less than normal spring 

rainfall, and rapid cover crop biomass accumulation due to warmer temperatures were 

largely responsible for the greatly enhanced depletion of soil water under cover crop 

treatments.  Additionally, because we measured soil water content at a depth where the 

majority of cover crop roots occurred in our soils, we were able to adequately quantify 

how cover crops depleted both surface and subsoil moisture.  In order to understand early 
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spring cover crop management in East Central Indiana, similar data including years with 

above normal rainfall should be collected.    

Seedbed conditions  

 

 Cover crop plots were compared to a control which was managed under no till 

conditions with greater than 40 percent residue coverage, making this experiment a 

conservative estimate of the advantage of cover crop mulch to conserve moisture.  

Previous research suggests that larger differences in surface moisture conservation do 

occur between tilled plots and no till cover crop plots (Munawar, 1990; Drury et al., 

1999).  

 Yield response to early season soil moisture in the PD block is surprising, because 

corn most often exhibits greater change in yield potential when water stress occurs during 

pollination and grain fill (Robbins et al., 1953).  Though similar surface water contents 

occurred between AR and MIX in both blocks, CTRL plots in the MWD block 

consistently contained more moisture than control plots in the PD block (Appendix II, 

Fig. 16).  Both soils had similar surface textures and bulk density values, so soil 

properties cannot explain the difference.  Surface biomass was similar in CTRL between 

blocks, but it is likely that residue structure played a larger role than residue quantity 

(Bristow, 1998).  MWD block CTRL plots were dominated by catchweed bedstraw 

(Galium aparine) and purple deadnettle (Lamium purpureuma), while CTRL in the PD 

block were mostly field pennycress (Thlaspi arvense) and shepherds purse (Capsella 

bursa-pastoris).  Catchweed bedstaw grows horizontally, effectively covering a large 

portion of the soil’s surface, while shepherds purse and field pennycress have vertically 
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oriented growth that results in less ground cover.  By covering more of the soil with 

residue, it seems likely that weed growth in the MWD block resulted in more surface 

water relative to the PD block.  Most weeds were suppressed by cover crops in MIX and 

AR, reducing their influence on soil moisture in those treatments.   

 As cover crop residue decayed and the corn canopy developed, the cover crop 

mulch effect became less pronounced (Fig. 16).  The lack of rainfall in June and July also 

provided little soil moisture for surface mulch to conserve.  Work done by Bonds and 

Willis (1969) indicates that mulch is only effective during short-term droughts that are 

less than 14 days.  Our data supports this conclusion, but it is difficult to quantify 

moisture conservation when corn roots are actively using water in the top four inches.  In 

order to accurately determine if moisture was being conserved, water content would need 

to be monitored under conditions that were not affected by corn transpiration.    

 The inverse association between surface residue and soil temperature found in this 

research is in agreement with work done by others (Al-Darby et al., 1987; Munawar, 

1990; Drury et al., 1999).  Soil temperature differences strongly influenced the PD 

block’s early season growth, but even though soil temperatures differed in the MWD 

block and were correlated with plot biomass, there was no correlation between 

temperature and early corn growth.  Corn in the MWD block did not see a response to 

temperature because temperatures were probably higher than the critical level for this 

hybrid across treatments.      

 There is evidence that planter modifications can help partially overcome 

depressed seedbed soil temperatures.  In an Ontario, Canada study, researchers found that 

using a planter with disc furrowers to clear cereal rye residue away from the corn resulted 
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in yields that were significantly greater than corn planted with ripple coulters and similar 

to yields obtained with conventional tillage (Raimbault et al., 1991).  Janovicek et al. 

(1997) found similar results, citing a 6 percent increase in corn grain yield from using 

row cleaners to manage red clover residue.  The planter used in our research had only a 

single disc ripple coulter (Fig. 23) which left residue covering the corn row (Fig. 25).  

Prior research indicates that the use of row cleaners may have provided more favorable 

early season seedbed conditions in the PD block, possibly increasing early season corn 

growth and resulting in higher yields in cover crop treatments.   

Late summer corn evapotranspiration     

 

 Past work has shown corn yield response to deep tillage when crops faced 

moisture stress and suffered from subsurface compaction (Lal, 1996; Sidhu and Duiker, 

2006).  During 2012, abnormally dry conditions stressed plants and increased reliance on 

subsurface soil moisture.  The MWD block has less available water holding capacity due 

a shallow depth, less than three feet, to dense glacial till obstructing water percolation and 

root growth.  The average bulk density at 30 cm in this soil was 1.7 g/cm
3
, enough to 

limit root growth in moist conditions (Brady and Weil, 2002).  The PD drained block is 

classified as an endoaquoll. That is, deep, dark wet soils that are saturated for part of 

growing season from a high water table, so during a normal growing season it is less 

likely to become dry enough to inhibit root growth (Brady and Weil, 2002). Compared to 

the PD block, the MWD is likely to be more responsive to deep tillage.   

 Cover crops may provide similar results as deep tillage when proposed as a 

method for loosening compacted subsurface layers (Stirzaker and White, 1995; Williams 

and Weil, 2004; Chen and Weil, 2011).  In coastal plain soils, forage radish has proven 
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beneficial in creating root channels to increase subsoil water availability to corn and 

soybean (Williams and Weil, 2004; Chen and Weil, 2011).  Corn root recolonization of 

previous root-created macropores was also demonstrated for corn following alfalfa in 

rotation (Rasse and Smucker, 1999).  Stirzaker and White (1995) observed less B-horizon 

compaction in response to changes in structure caused by a cover crop of subterranean 

clover.  Lettuce yield doubled in response to these subsoil changes (Stirzaker and White, 

1995).  

 Cover crop mixtures included groundhog radish and crimson clover, both of 

which are tap rooted species.  Cover crops have an enhanced ability to penetrate 

compacted layers because they grow during a typically wetter part of the year.  During 

wet periods, moist soils have lower penetration resistance compared to when soils are 

usually drier during the main growing season (Saffih-Hdadi et al., 2009).  Because 

significant differences occurred between CTRL treatments and MIX, it seems like the 

presence of these tap rooted species may have been responsible for additional subsoil 

macropores.  Cover crops were established late during fall 2011, which provided little 

opportunity for groundhog radish growth before freezing, making its presence in the 

mixture negligible.  Crimson clover taproots were observed at depths exceeding 40 cm in 

nearby demonstration plots, in similar soils.     

 During the 2012 growing season, it is probable that corn roots used these 

previously formed roots channel, as shown in other studies (Chen and Weil, 2011).  

Increased use of subsoil water relative to the control supports this conclusion.  During a 

wet year where water is not a limiting factor, it is unclear whether improved subsoil root 
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channels would enhance corn yields, though years without water stress are rare on non 

irrigated farmland. 

Soil and plant nitrogen 

 

Cover crops treatments were expected to have lower soil nitrate concentrations 

during the pre-plant period due to nitrate uptake by growing plants (Hively and Cox, 

2001; Crandall et al., 2005).  Accompanying annual ryegrass with crimson clover did not 

appear to reduce soil nitrate depletion.    

 Pre-sidedress nitrate (PSDN) was not significantly different between treatments.  

However, PSDN was significantly higher in the PD block compared to the MWD block, 

probably due to the larger pool of potentially mineralizable N in the soil’s organic matter.  

When cover crops were used on fine textured soils, higher PSDN led to higher corn 

yields in Illinois (Crandall et al., 2005), Minnesota (Krueger et al., 2011), New York 

(Hively and Cox, 2001), Washington (Kuo and Jellum, 2000; 2002), and Ontario (Vyn et 

al., 2000).  The ability of cover crops to supply N to the following corn crop is highly 

dependent on cover crop kill date (Crandall et al., 2005; Clark et al,. 1995; 1997; Wagger, 

1989b).  Non-leguminous species have shown little potential in increasing PSDN (Hively 

and Cox, 2001; Kuo and Jellum, 2000; 2002; Crandall et al., 2005; Krueger et al., 2011).  

Legume species have shown mixed results, with N supplying ability dependant on 

species (Wagger, 1989a; 1989b; Hively and Cox, 2001; Parr et al., 2011).  Bi-cultures of 

grass and legumes have been shown to improve pre-sidedress nitrate values over 

monoculture grass cover crops (Kuo and Jellum, 2002).   
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 Our results showed little improvement in PSDN with the inclusion of crimson 

clover.  Wagger (1989a) showed that cover crop decomposition and N release is closely 

tied to weather conditions.  During a dry year, crimson clover killed at 50 percent 

anthesis released 16 kg N ha
-1

 two weeks after desiccation.  One year earlier, during 

wetter weather, crimson clover killed at a similar maturity released 54 kg N ha
-1

 two 

weeks after desiccation.  The lack of rainfall following cover crop termination in this 

research allowed plant material to remain upright, away from the surface of the soil 

where soil microbes could accelerate its decomposition (Appendix III, Fig. 26).  

Additionally, low soil moisture during this period slowed microbial decomposition of 

cover crop roots.  While having cover crop residue intact during this period helped 

conserve soil moisture, the N within cover crop plant tissue was not being released.  In 

the MWD block, PSDN decreased from PPN, indicating that crop uptake and N loss was 

greater than N mineralization.  In the PD block, CTRL treatments showed the largest 

increase in nitrate from PPN, indicating that limited decomposition of carbon rich cover 

crop roots may have caused some nitrate immobilization.   

 Though PSDN did not vary significantly between treatments, it did influence 

early season corn growth.  Plots with more PSDN began to silk earlier in both blocks.  

Though silk dates were not related to final yield in this study, it has been related to yield 

by others (Raimbault et al., 1991; Clark et al., 1997).  During a year with normal 

precipitation, early season growth will influence final grain yield (Wagger, 1989b).  In the 

MWD block, AR, MIX, and CTRL had similar PSDN, resulting in similar early season 

growth.  PSDN was somewhat lower in PD block AR and MIX, contributing to slower 

early season corn growth.  Using a Colorado University method for N fertilizer rate 
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calculation, N rates were lower for cover crop treatments in the MWD block due to 

slightly higher PSDN (Davis and Westfall, 2009).  The same N rate calculation in the PD 

block resulted in an increased need for fertilizer N in AR and MIX due to depressed 

PSDN.   

 Post harvest soil nitrate (PHN) values were significantly different between 

treatments in the MWD block, but not the PD block, where plot-plot variability was high.  

Post harvest soil nitrate values may be influenced by crop uptake, nitrogen inputs, and 

nitrate losses (Gehl et al., 2006).  The dry conditions that prevailed during the 2012 

growing season provided little opportunity for nitrate leaching and denitrification, so little 

N was probably lost.  Because little N was lost, it is easier to assess how much of the 

soil’s pool of N was used by plants.  Significantly less soil nitrate at harvest following 

cover crop treatments in the MWD block suggests that plants in those treatments had 

more access to N during the growing season.  Plants have less demand for N in dry 

conditions due to decreased transpiration and consequentially, less biomass accumulation 

(Gehl et al., 2006). This current research has already shown increased water use 

associated with cover crops, so it is likely that lower post harvest soil nitrate values in 

cover crop treatments is a function of increased plant uptake. In the MWD block, cover 

crop plots had higher average cornstalk nitrate tests and larger yields, which indicates 

increased soil nitrate uptake during the growing season. Post harvest nitrate values 

indicate that there was sufficient inorganic N in the soil, but the presence of cover crops 

allowed a greater use of that N.   

 Because fertilizer N rates were sufficient and water availability was a more 

important factor in determining corn yield, it is difficult to access the interaction that 
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cover crops had with N movements during the 2012 growing season.  Normally, cornstalk 

nitrate tests are a valuable metric in drawing N use efficiency conclusion, however, 

differences in water availability between treatments and large variability between plots 

makes cornstalk nitrate comparisons difficult.  Under dry conditions, what little nitrate 

that can be absorbed from the soil will accumulate in the region of the stalk where tissue 

samples are collected (Sawyer and Mallarino, 2012).  This causes plants to appear to have 

sufficient N uptake when the nitrogen is actually being stored in the base of the stalk and 

not being used in leaves for photosynthesis or stored in grain.  This interaction can cause 

plots with low soil N and low soil moisture to return higher cornstalk nitrate values than 

plots with low soil nitrogen and high soil moisture (Sawyer and Mallarino, 2012).  

Average cornstalk nitrate values indicate that MWD plots were in the marginal range 

(250-700 mg kg
-1

), while PD plots were in the optimal range (700-2000 mg kg
-1

) 

(Brouder et al., 2000).  As with the pre-sidedress nitrate values, larger cornstalk nitrate 

values in the PD block probably occurred due to a larger pool of mineralizable N present 

in the soil’s organic matter.  In order to adequately describe how cover crops can 

influence cornstalk nitrate values, water supply should be equal across all treatments.        

 Kuo and Jellum (2002) concluded that PSDN does not accurately represent field 

inorganic nitrate levels in cropping systems using cover crops.  Most N contained in 

cover crop biomass is not released until later in the growing season (Wagger, 1989a).  

Despite the slow release of N during the dry 2012 growing season, our data indicates that 

cover crops did contribute some additional nitrogen.  Cover crop N content was based on 

an aggregate of values from the literature (Kuo and Jellum, 2000; 2002; Wagger, 1989a; 

Hively and Cox, 2001; Parr et al., 2011).  It is estimated that AR and MIX in the MWD 
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block aboveground biomass contained 31 kg N ha
-1

 and 55 kg N ha
-1

, respectively.  

Poorly drained block AR and MIX above ground biomass had 44 kg N ha
-1

 and 89 kg N 

ha
-1

, respectively.  The inclusion of legumes in the MIX roughly doubled cover crop N 

content in both blocks compared to AR by increasing biomass and N concentration.   

 It is difficult to determine how much of the N in cover crops is available for cash 

crop growth.  Soil nitrate measurements indicate that cover crop N contribution was 

small.  Minimal N contribution by non-legume cover crops has been found by others 

(Kuo and Jellum, 2000; 2002; Wagger, 1989; Crandall et al., 2005).  Crimson clover has 

shown the ability to release sufficient N to increase grain yields by some (Wagger, 1989a; 

1989b).  Parr et al. (2011) found no increase in corn yields following three different 

varieties of crimson clover at three different locations across two years.  Cover crops 

were terminated with a roller in this experiment, possibly affecting N release. 

 In our experiment, N was not a limiting factor for growth.  Dry weather and 

presence of sufficient inorganic soil N made water more important for crop growth.  

Research with zero fertilizer treatments and normal fertilizer levels have shown larger 

yield response to legume cover crops in the absence of N fertilizer (Wagger, 1989b; Clark 

et al., 1997; Vyn et al., 2000).  Because the main objective of this study was to determine 

how soil water influenced crop yields, fertilizer N needed to be supplied in sufficient 

amounts.  If cover crops had contributed large amounts of N for corn growth, excess N 

would have been apparent in post harvest soil nitrate tests or cornstalk nitrate tests.  

Differences in post harvest soil nitrate in the MWD were almost certainly a function 

ofcover crops allowing more use of fertilizer nitrogen and not from increases in the N 

supply.              



 

 

Chapter V. Implications 

 

 
In much of the U.S. Corn belt, spring tillage is a useful tool for improving 

seedbed conditions by drying the soil and allowing it to warm more quickly.  By 

incorporating crop residue, tilled fields create bare soil surfaces, which are more efficient 

at capturing the sun’s energy.  Also, by temporarily decreasing surface bulk density and 

exposing subsurface soil to the atmosphere, tillage helps dry soil in the plow layer (Brady 

and Weil, 2002).  Partly because Indiana’ cropland is dominated by fine textured soils that 

stay wet longer and warm slowly in the spring, some form of tillage was used in 77 

percent of cropland planted to corn in 2011 (NRCS Tillage Transect Survey, 2011).  

Though tillage is very useful in incorporating nutrients, reducing weeds, and improving 

seedbed conditions, it is largely responsible for the accelerated erosion that is occurring 

on U.S. cropland (Brady and Weil, 2002).  By helping soils dry during the spring, cover 

crops may be an alternative to fall and spring tillage.   

 Besides reducing sheet, rill, and gully erosion with additional soil surface 

coverage, cover crops offer numerous water quality benefits. In Indiana, agriculture 

dominates the landscape, with 70 percent of land use being devoted to crop production 

(Gammon, 1990).  These proportions of land use are typical for the Midwest, causing 

agriculture to significantly influence surface and groundwater resources not only in this 

region but also those areas downstream.  Our research indicates that cover crops can
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reduce some detrimental effects that agriculture has on national water quality.  The 

sloping Glynwood-Mississinewa series are good examples of eastern Indiana soils that 

are susceptible to erosion, while the nearly universally tile drained Pewamo series are 

representative of a large portion of poorly drained Midwestern prime farmland.    

  This study showed that cover crops were able to help soils dry more rapidly in the 

spring. This has many implications and may contribute positively or negatively to 

cropping system productivity, depending on the weather or climate.  Of the 100 cm of 

precipitation that occurs annually in east central Indiana, roughly 49 cm falls outside of 

the row-crop growing season, resulting in excess soil water for much of the year.  Much 

of this excess moisture enters surface waterways either as runoff or through subsurface 

drainage systems (Helmers et al., 2005).  In the MWD block, soil moisture in cover crop 

treatments was roughly two centimeters less than the control.  After cover crop 

desiccation, this allowed nearly two centimeters of rain to enter the profile, rather than 

leave the field as runoff.  These two centimeters of infiltration saved roughly 200,000 L 

ha
-1

 of water from leaving the field as erosive runoff.  

  In the PD block, soil water content was reduced 2.1 cm and 1.3 cm relative to the 

control in annual ryegrass and cover crop mixture treatments, respectively. Runoff is of 

little concern because the Pewamo series occurs in depressional areas, but loss of solutes 

through subsurface drainage is an issue in these soils.  Research in the upper Midwest 

shows that nearly 70 percent of subsurface drainage flow and nitrate loss occurs in the 

spring when cash crops have not yet been established (Helmers et al., 2005).  By 

transpiring soil water and incorporating excess inorganic soil nitrogen into their biomass, 

cover crops can play a significant role in reducing both subsurface drainage and the 
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nitrate concentration therein.  Our data shows that by drying the soil profile more rapidly 

than the control, subsurface drainage was reduced by an estimated 210,000 L ha
-1

 and 

130,000 L ha
-1

 for annual ryegrass and cover crop mixture treatments, respectively.  

These estimates provide some perspective on how cover crops may influence water 

movement on a field-sized watershed scale.     

 If cover crops can consistently show the ability to dry soils more quickly in the 

spring, farmers in humid regions may immediately benefit from using cover crops for this 

purpose.  Saturated soils are prone to compaction, cannot be worked with tillage 

implements, and are slower to warm during springtime (Lal, 1996).  Our data indicates 

that cover cropped soils are less likely to have these problems, which are normally 

associated with reduced tillage on fine textured soils (Lal, 1996).  Research in northwest 

Ohio indicated significant yield reductions associated with compaction in no till fine 

texture soils (Lal, 1996).  Using an equation developed by Saffih-Hdadi et al. (2009) to 

determine water contents influence for soil compaction, we found that drier soils from 

cover crop evapotranspiration resulted in 3 percent less compaction in the MDW block 

and 2 percent decrease in the PD block during planting operations.  Relative to other 

favorably managed soils, these estimates in compaction reduction are conservative 

because soils in both blocks had relatively high bulk densities in the top 25 cm, making 

them more resistant to further compaction (Saffih-Hdadi et al., 2009).     

 Cover crop mulches were found to increase early growing season soil moisture, 

leading to larger average corn grain yields in the PD block.  In dry years like 2012, 

conserving moisture will favorably affect crop growth or reduce irrigation demand 

(Munawar et al., 1990; Clark et al., 1997; Currie and Klocke, 2005).  In cool, wet years, 
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excess soil moisture can slow crop development and favor seedling diseases (Robertson 

et al., 2009).  Even in an abnormally warm, dry year like 2012, cool soil temperatures in 

the PD block cover crop treatments slowed early season growth relative to both to control 

treatments.  Still, by slowing evaporation during the early part of the growing season, 

cover crop plots conserved 1.5 cm of water in the MWD block and nearly 3.5 cm of 

water relative to control treatments.  In 2012, this more efficient use of precipitation was 

partially responsible for yield increases observed in cover crop plots.   

 Although cover crop treatments did not lower bulk density values relative to 

control treatments, they did display the ability to increase corn access to subsoil moisture.  

The main purpose of deep tillage is to increase drainage and allow deeper rooting depths 

(Lal, 1996).  Increased subsoil water usage indicates greater rooting depth, and soil water 

measurements show increased infiltration.  This data indicates that farmers can achieve 

the benefits of deep tillage with the use of cover crops. By substituting cover crops for 

deep tillage operations, farmers save on equipment and fuel costs while receiving the well 

established cover crop benefits on soil productivity.   

 By combining increased subsoil water use with reductions in surface evaporation, 

the MWD block had an additional 2.3 cm of water and 3.5 cm of water available for corn 

use in AR and MIX, respectively.  In the PD block, where available water is normally 

high, AR and MIX increased water availability by 3.2 cm and 4.1 cm respectively.  These 

differences were reflected in the corn grain yield values. 

           Cover crops did not appear to make significant N contributions to corn, but cover 

crops did increase fertilizer N use efficiency by increasing N plant uptake.  The only 

cover crop that has consistently been shown to produce enough N to replace fertilizer is 
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hairy vetch.  Though many cover crops produce large amounts of N, only hairy vetch 

releases N rapidly enough to be used by corn (Wagger, 1989a; 1989b; Kuo and Jellum, 

2000; 2002; Clark et al., 1997; Parr et al., 2011).    Kuo and Jellum (2000) showed similar 

corn yields following 0 N fertilizer with hairy vetch cover crops and treatments with no 

cover at the economically optimum fertilizer N rate for five years.  Parr et al. (2011) also 

showed comparable yields between vetch treatments and fertilized plots in two locations.  

Finally, Wagger et al.  (1989b) showed similar yields between hairy vetch treatments and 

high N fertilizer rates in two years.  As discussed early, other cover crops have been much 

less effective in producing and supplying N.  For organic farmers or conventional farmers 

looking for erosion control and N production, hairy vetch is the best option.     

 Our cover crops accumulated moderate amounts of N, but little was available for 

corn. Nitrogen that is accumulated in stable residue is more likely to be incorporated into 

soil organic matter and made slowly available during future growing seasons.  It is 

unclear how rapidly cover crops release N, but research indicates that cover crops can 

increase the amount of N mineralized annually by contributing to the active pool of soil 

organic matter (POC) (Weil et al., 2003; Jokela et al., 2009).  Work done with long term 

cropping systems has shown that no till and organically managed soils have higher levels 

of POC than conventionally tilled systems (Haynes, 2005). Long-term no till soils have 

also been shown to have 54 percent more potentially mineralizable N (Doran, 1987).  By 

increasing POC levels in soil, farmers can decrease future N fertilizer need.   

 Many have proposed that the use of conservation practices has the potential to 

increase the sustainability of agriculture and decrease concerns associated with non point 

source water pollution.  As short-term cover crop benefits such as nitrogen and water use 
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efficiency become better understood, Midwestern producers will perceive less financial 

risk when considering this conservation practice. Because crop management varies 

between soil type and climate, this research is especially applicable to farmers in the 

eastern Corn Belt who farm fine textured soils.  In light of previous research, it may be 

possible to take information from this research and generalize across different soils in 

geographically associated areas.  Cover crops have the potential to address multiple 

issues that plague modern agriculture. It is hoped that this study and similar future 

research will help farmers properly manage this practice and receive the maximum 

benefits associated with its use.   

Future research 

 There is a large amount of information available concerning management and 

strategies for cover crop use.  However much of this information has been collected in 

different geographic areas with distinctly different soils.  Cover crops have the largest 

potential for use here in the Midwestern Corn Belt, so research should focus on these 

soils and climates.  Still, research should span multiple years to account for variability 

caused by weather.  Specifically, the effects of different cover crop species on soil 

compaction and N supply need further study.  As machinery continues to become larger, 

compaction problems will become more prevalent, and though much research on cover 

crops and N supply has been conducted, it is still difficult to predict how much N 

different cover crop species can produce and release for cash crops.  More data may 

allow models to be developed, providing some metric for predicting N availability.  
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Appendix I. Quality Control and Quality Assurance 

 

 

 
Soil water 

 
To ensure soil water content was not changing between sampling and analysis, 

one oven dried soil sample and one moist soil sample of known weight were carried 

during each sampling session.  Following sample collection, these samples were weighed 

to determine any change in moisture content.  If a control sample differed by 1.0 percent 

of the sample’s weight, then the samples for that week were rejected and subsequently 

recollected.   

Soil nitrate 

During soil nitrate analysis, every tenth soil sample was split into two separate 

samples and analyzed.  If the difference between these two samples was greater than 10 

percent of their measured values, the previous 10 samples were re-analyzed (Soil Science 

Society of America, 2011).  For nitrate microplate analysis, each microplate had duplicate 

rows of 8 standards between 0 and 20 mg L
-1

 NO3-N, each sample was duplicated in the 

microplate and one additional duplicate check standard (10 mg L
-1

) was placed in 

microwells several rows away from the standard rows.  If any of the standards vary by 

more than 10%, the plate was discarded and rerun.  If duplicate samples varied by more 

than 10%, they were rerun.  
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Background soil fertility   

Plant available phosphorous and potassium was extracted and analyzed for a 

standard NAPT soil (Soil Science Society of America, 2011) with every batch of 20 

samples.  If standard soil analytical results varied from published results by more than 

10%, the batch was rerun. The standard soil pH was checked every 10 samples.  If it 

varied from published pH by more than 0.5 pH units, the probe was checked for drift 

using buffer, recalibrated and the last 10 samples was reanalyzed. pH probe was checked 

for drift every 3 samples by placing probe in pH 4 buffer.  Any drift more than 0.1 pH 

units resulted in recalibration of the probe.  Loss on ignition organic matter was 

calibrated by including triplicates of standard NAPT soils in each batch.  Deviation from 

published values of more than 10% resulted in rerunning of the batch. For all fertility 

analysis, every tenth soil sample was split into two separate samples and analyzed.  If the 

difference between these split samples was greater than 15 percent of their measured 

values, the previous 10 samples were re-analyzed.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix II .  Water content by depth and soil background data    
 

 

 

 
Figure 16. Soil volumetric water content in AR, MIX, and CTRL at three different depths 

in poorly drained (PD) Pewamo soil series (right), and the moderately well drained 

(MWD) Glynwood-Mississinewa series (left), as observed during the 2012 growing 

season at Albany, IN (85°13'45.1" W, 40°18'40.2"
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  Table 9.  Soil physical and chemical data.  CEC values are NRCS data.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Glynwood/Mississinewa Pewamo 

pH (1:1 water) 6.2 5.6 

pH (SMP buffer) 6.9 6.3 

CEC (meq/100g) 18  20  

Mehlich-3 Phosphorous 23 ppm 65 ppm 

Mehlich-3 Potassium 697 ppm 637 ppm 

LOI organic matter         (0-10 cm)    

(15-25 cm) 

(30-40 cm) 

2.2% 

1.9% 

0.4% 

3.5% 

2.7% 

2.8% 

Bulk density (g/cm
3
)      (0-10 cm )   

(15-25 cm) 

(30-40 cm) 

1.43 

1.59 

1.70 

1.44 

1.53 

1.58 

Texture                            (0-10 cm )   

(15-25 cm) 

(30-40 cm) 

Silty clay loam 

Silty clay 

Clay 

Silty clay loam 

Silty clay loam 

Clay 



 

 

Appendix III. Photographs 
 

 

 

    
Figure 17.  Annual ryegrass (right) and cover crop mixture (left) growth on October 25, 

2011 in the PD block .  

 

  
Figure 18.  Annual ryegrass (right) and cover crop mixture (left) growth on March 14, 

2012 in the PD block .  
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Figure 19.  Annual ryegrass (right) and cover crop mixture (left) growth on March 24, 

2012 in the PD block .  

 

 

  
Figure 20.  Annual ryegrass (right) and cover crop mixture (left) growth on March 31, 

2012 in the PD block.  
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Figure 21.  Annual ryegrass (right) and cover crop mixture (left) growth on April 21, 

2012 in the PD block.  

 

 

  
Figure 22.  Comparison between cover crop plots (left) and control plots (right), showing 

increased infiltration and improved trafficability.  
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Figure 23.  Single ripple disc no till coulters used in the this research (left) and an 

example of row cleaners as used by Raimbault et al. (2001).   

 

 

 

  
Figure 24.  Soil surface residue in cover crop plots (left) and control plots (right) 

immediately after planting, April 30, 2012. 
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Figure 25.  Corn emergence (May10, 2012) in cover crop plots (left) and control plots 

(right) in the PD block.   

 

  
Figure 26.  Corn growth and surface residue conditions in the PD block on May 21, 2012.   

 

  
Figure 27.  Corn growth and surface residue conditions in the PD block on June 11, 2012. 
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Figure 28.  Corn growth and surface residue conditions in the PD block on July1, 2012. 

 

 
Figure 29.  Annual ryegrass treatment (foreground) and control treatment (background) 

following a large rain event in late March in the MWD block.  Note rill formation in the 

control, indicating more runoff and less infiltration than the annual ryegrass plot.    
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Figure 30.  Ten randomly selected ears from cover crop mixture (left), control (middle), 

and annual ryegrass treatments (right) in the MWD block.   

 


