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Table 4.6. Operational costs, income and profits for different soil amendments for corn. Numbers 

are based on the management operations and green manure seed costs in the third cycle. Costs for 

management operations are taken from University of Nebraska extension publications, corn seed, 

and sales price for organic corn are taken from extension publications of Iowa State University 

(see below). Green manure seed costs are the prices for green manures seeds in the third cycle 

(table 2.1). 

 

Management 

operation 

Red 

clover 

White 

clover 
Alfalfa 

Sweet 

clover 

Soybean 

GM 

Cattle 

manure 
Control 

 $ ha-1 

Green manure seed 

22 or 13.5 kg ha-1 
188 356 233 109 165 0 0 

Spreading 

Seed or manure 

broadcast 
13 13 13 13 16 84 0 

Disking 

$28 ha-1 
56 56 56 56 112 112 112 

Field cultivate  

$22 ha-1 
22 22 22 22 22 22 22 

Corn seed  

75,000 seeds ha-1 
191 191 191 191 191 191 191 

Plant 

$33 ha-1 
33 33 33 33 33 33 33 

Row cultivate  

$21 ha-1 
42 42 42 42 42 42 42 

Combining 

$91 ha-1 
91 91 91 91 91 91 91 

Total operational 

cost 
636 804 681 557 672 575 491 

 Mg ha-1 

Corn yields 7.05 6.76 7.64 7.15 6.10 8.14 5.56 

 $ ha-1 

Income from corn 

sales, $512 Mg-1 
3610 3461 3912 3661 3123 4168 2847 

Profits  

Income – Operational 

costs 

3031 2715 3288 3161 2453 3594 2357 

 

Source of operational costs, corn seed costs and corn sale prices: 

Klein, R.N., R.K. Wilson, and J.Johnson. 2014. Crop budgets. Nebraska – 2015. EC872. 

http://www.ianrpubs.unl.edu/epublic/live/ec872/build/ec872.pdf 

Organic crop production enterprise budgets. ISU Extension. 

https://www.extension.iastate.edu/agdm/crops/html/a1-18.html 

Wilson, R.K. 2014. 2014 Nebraska farm custom rates - part 1. EC823. 

http://www.ianrpubs.unl.edu/live/ec823/build/ec823.pdf 
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Figure 4.3. Variation in corn height and color after soil amendments. Field 3 (above) and 

field 56 (below) in 2013. The previous year’s treatments are indicated with letters: M = 

manure, R = red clover, W = white clover, S = soybean green manure, C = control. Note 

the dark green color of both manure and control treatments. The black line indicates the 

length of a block (91.4 m) and letters indicate the treatments assigned to each of the three 

plots per block. Plots were 9.1 m wide and 30.4 m long and contained 12 rows of corn. 

Blocks were 3 m apart from each other. No fertilizer or tillage operations were carried out 

between the blocks and these gaps appear yellow as well. Manure was spread around the 

experimental area, thus the dark green color along the windbreaks and in the far back of 

field 56. 
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Figure 4.4. Differences in corn cob development in the first cycle (drought year). Cobs in 

control treatment (above) and after red clover (below). Scale on the ride and left side is in 

cm.  
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Figure 4.5. Weed infestation at corn harvest in manured plot (left) and clover plot (right) 

(first cycle). All plots had received the same weed control operations.  
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Figure 4.6. Corn grain yields after different soil amendments (soy GM = soybean green 

manure). Yields are presented for each cycle. Means that are not different at α = 0.1 

(Fisher’s LSD) are indicated with the same letter. 
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Fig. 4.7. Corn grain yields after green manures in the first cycle. Mulching clovers had a significant effect on clover DM yields, but 

not on corn yields. 
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CHAPTER 5 

WEED SUPPRESSION OF LEGUMINOUS GREEN MANURES IN AN 

ORGANIC SOYBEAN-WINTER WHEAT-CORN ROTATION 

Leguminous green manure crops that occupy the otherwise fallow period 

after winter wheat harvest in organic rotations with a small grain can increase soil 

nitrogen, soil organic matter, and subsequent crop yields (Snapp et al., 2005; 

Schipanski and Drinkwater, 2011). Replacing the fallow period with a green 

manure also eliminates tillage for weed control during fallow periods. Tillage is 

widely used for weed control in organically managed farms but is labor- and fuel 

intensive and can increase the risk of erosion (Carr et al., 2012). Even where the 

risk of erosion is small, the impacts of tillage on soil quality are stark: loss of soil 

organic matter, soil structure and aggregation, as well as the disruption of 

beneficial soil microorganisms such as fungi and earthworms (Triplett and Dick, 

2008). However, to be able to replace tillage, the green manure species must be 

able to compete with weeds in order to carry out its purpose of biological N 

fixation and dry matter production. Further, if weeds are able to establish and 

proliferate during a green manure period, such as by depositing seeds or rhizomes, 

they can intensify weed problems for subsequent crops. Thus, it is important to 

assess green manures for their weed control potential.  

Plants compete by consuming resources such as water and nutrients more 

efficiently, reducing light availability (shading), and releasing allelopathic 

compounds (Liebman and Dyck, 1993). Many of the characteristics of an ideal 
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green manure, such as high DM productivity or quick growth, also make them 

efficient at competing with weeds (Brust et al., 2014).  

 Legume species such as red clover (Trifolium pratense L.), white clover 

(Trifolium repens L.) and soybean (Glycine max [L.] Merr.) can be excellent 

green manures, because of their high DM production, N fixation, and positive 

effects on subsequent corn yields (Cherr et al., 2006; Amossé et al., 2014; Yang et 

al., 2014). In soybean-winter wheat (Triticum aestivum L.)-corn (Zea mays L.) 

rotations in the Midwest, clover green manures are often established by 

undersowing into winter wheat in the spring, to take advantage of the higher soil 

moisture. Clovers are winter-hardy in the Western Corn Belt and can grow until 

their termination the following spring.  

Undersown and overwintered red clover suppressed weeds by 99% 

compared with a control in trials in South Dakota (Anderson, 2015). White 

clover, a long-lived perennial, has demonstrated weed control when used as a 

perennial living mulch in orchards and vineyards (Hartwig and Ammon, 2002), 

but might be less effective when grown for shorter periods of time. In living 

mulch vegetable systems in the Netherlands, white clover reduced weeds less than 

red clover, but also impacted the crop less than red clover (Den Hollander et al., 

2007). The suppressive ability of clover depends on several factors, including 

weed species. Red and white clover were not able to suppress brown mustard 

(Brassica juncea [L.] Czern.) in two-year study on a high-fertility site in Canada, 

because they were much smaller. Berseem clover (Trifolium alexandrinum L.) 

and Alsike clover (Trifolium hybridum L.) suppressed weeds better, probably 
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because they grew taller (Ross et al., 2001). The same study tested the effect of 

mowing on clover and weed biomass production, and found that on the high-

fertility site, red and white clovers regrew faster than the brown mustard after 

mowing, reducing mustard biomass by about 75% (red clover) and 25% (white 

clover). Mowing is recommended to prevent weed seed set in green manures, but 

can delay clover development (Drangmeister, 2003).  

A cover crop planted after winter wheat harvest in the Western Corn Belt 

needs to be able to tolerate high temperatures and low soil moisture. Soybean is 

well adapted to this area, and might fare better than cover crops more typically 

used. It winterkills, eliminating the need for mechanical termination. Because of 

its shorter growing season (appr. July through October) it uses less soil water than 

undersown green manures, alleviating grower concerns over cover crop soil water 

use. In previous trials on this site, a soybean cover crop resulted in higher corn 

yields than berseem clover, Austrian winter peas (Pisum sativum L.), cow peas 

(Vigna unguiculata [L.] Walp.) or hairy vetch (Vicia villosa Roth) (Brandle, 

unpublished data). However, the effects of a soybean cover crop on weed growth 

were not investigated. 

Our objectives were to compare the weed suppression potential of red 

clover, white clover and soybean grown as green manures in the wheat phase of 

an organic soybean-winter wheat-corn rotation. Red and white clover were 

undersown into the winter wheat, whereas soybean was planted after winter wheat 

harvest. In addition, the effect of mowing on the undersown green manures was 

investigated. The hypotheses were i) undersown green manure will suppress 
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weeds more than soybean green manure, as they have a longer growing season; ii) 

among undersown species, red clover will suppress weeds more than white 

clover; iii) mowing clover green manures will improve weed suppression.  

 

MATERIALS AND METHODS 

For a detailed description of the site, soils, rotation, experimental design 

and management operations, see Chapter 1 and 2.  

Red clover was frost-seeded (broadcast onto frozen soil) into winter wheat 

in March at a rate of 22 kg ha-1 and white clover was frost-seeded at a rate of 13 

kg ha-1. After winter wheat harvest, soybean was planted at a rate of 100 kg ha-1 as 

a cover crop in some of the plots that had no undersown green manure. In the 

third cycle, two additional, more drought tolerant undersown green manures were 

tested: alfalfa (Medicago sativa L.) and sweet clover (Melilotus officinalis L.). 

Chapter 2 illustrates clover growth and DM production. Half the clover plots were 

mulched (mowed with the plant residue left in place) 40 days after wheat harvest 

at a height of 0.1 m. To prevent weeds from going to seed, the other clover plots 

were mowed at a height of 0.3 m which cut the heads of tall weeds but did not 

defoliate the clover. Alfalfa, sweet clover and soybean green manure plots were 

not mowed. 

Above-ground weed biomass in the red and white clover plots was 

sampled at the same time clover biomass was sampled (Chapter 2), at wheat 

harvest, 35 days post-harvest, at clover fall termination, and spring termination 
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(table 1.2). Only results from the sampling at fall and spring termination are 

presented here. Above-ground weed biomass in the soybean cover crop was 

sampled once, at fall termination. Weed biomass was not sampled in the other 

treatments, as these were kept weed-free by disking. Thus, there is no green-

manure free weedy control for comparison purposes. While it is instructive to 

have a control treatment to determine how much weed DM would have been 

produced without any weed control; in practical terms, producers will not (and 

should not) allow weeds to grow during a fallow period. In this farming system, 

the alternative to using green manures as weed control is clean cultivation of the 

fields.   

 Weed dry matter production was determined by placing a 0.1 m2 quadrat 

in three randomly selected areas in each plot. All vegetation within the quadrat 

was cut to ground level, sorted into clover and weeds, dried at 65˚C to constant 

weight and then weighed. The most frequent weed species were noted, but weed 

DM was not determined for individual species, nor were all weed species 

identified. 

Weed dry matter was analyzed with ANOVA implemented using the 

GLIMMIX procedure in SAS 9.4 (SAS Institute, Cary, NC). Species, mulching, 

and termination time and their interactions were fixed effects and block was the 

random effect. Values for alfalfa, sweet clover and soybean green manure were 

not included in the ANOVA. Least-square means were compared with the 

relatively conservative Tukey or Tukey-Kramer (for unequal sample sizes) tests 

using a significance level of α = 0.05. 


