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Survey of the Effects of Soil Fertility and pH on Weed Incidence and 

Severity in Missouri Pastures 
 

2016 Missouri Fertilizer and Lime Council 

Grant Proposal 

 

Investigators:  Kevin Bradley     

   Associate Professor and State Extension Weed Scientist    

   Division of Plant Sciences, University of Missouri  

 

Objectives: 

Currently, grazing lands occupy about 588 million acres, or 39% of the total land area of 

the United States.  In Missouri alone, tall fescue pastures occupy about 13 million acres, and the 

state currently ranks 6th in the nation in beef cattle production.   In Missouri and in many other 

areas across the U.S., tall fescue is the predominant forage species utilized in pastures and hay 

fields.  Tall fescue pastures and hay fields can be very productive but this productivity can be 

significantly reduced if proper management practices are not followed.   

Weeds are considered to be one of the most significant pests of pastures and hay fields 

and decrease the value of livestock and forage production by approximately 2 billion dollars 

annually in the United States.  Weeds in a pasture setting will take nutrients away from the 

desired forage, often decreasing forage yields and nutritive value, and producing areas in the 

pasture that will not be grazed (Bovey 1987; Grekul and Bork, 2004; Gylling and Arnold, 1983; 

Watson 1976).  Not only do weeds compete for water and mineral nutrients, they also form a 

canopy interfering with light interception (Toler et al. 1996). When pastures have improper soil 

pH and/or low nutrient levels, weed competition is greater, as these conditions favor the 

emergence, propagation, and growth of weeds while hindering the growth of the desirable forage 

(DiTomaso 2000; Green and Martin 1998). 

In-field weed surveys are one way of educating producers about the current distribution 

of weed species within a given geography and also allow weed scientists to obtain a better 

understanding of the reasons for the presence of a specific weed infestation as well as to predict 

the likelihood of future infestations based on the variables measured.  In this research, we intend 

to conduct a survey of grass pastures and hay fields in the predominant forage and beef 

production areas of Missouri.  At each sampling location, a composite soil sample will be 

collected and the type and density of each weed species will be recorded.   This data will enable 

us to: 1) determine the influence of soil pH and fertility levels on weed species presence and 

severity in Missouri pastures and hay fields, and 2) enable us to predict sites that are most at risk 

for weed infestations in the future based on the soil analysis of a given location.  

 

1.) To determine the relationships between soil pH and fertility levels on weed species 

incidence and abundance in Missouri tall fescue pastures. 

 

Procedures: 

A random survey of grass pastures and hay fields was conducted in 2015 and will be 

repeated during the 2016 growing season.  Surveyors will select fields in a completely random 

manner but a concerted effort will be made to concentrate survey sites within the central, South 
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central, southwest, West central, and North central regions of Missouri, as these regions are high 

forage and cattle production regions and account for 75% of the total cattle production in the 

state as determined by the Missouri Agricultural Statistics Service.  All surveys will be initiated 

in the spring (mid- to late-April) and will continue through to fall (late-Sep).  The GPS 

coordinates of each individual sampling site will be recorded so that the exact location of each 

sampling site can be re-visited every 14 days throughout the season.  This will enable us to 

monitor the seasonal changes in weed flora that occur in Missouri pastures and hay fields.  At 

each site, a survey will be conducted by sampling each field in a W-shaped pattern with an 

equivalent number of samples taken per ‘leg’, amounting to approximately 5 samples taken per 

acre.  This sampling scheme was determined to be an accurate method of predicting the density 

of weeds on a field-wide scale by Clay et al. (1999).  At the site of each sampling location, 

surveyors will record the number and type of weed species present within each 5-m2 sampling 

area of the selected field.  During the spring survey timing, individual soil samples will also be 

taken from each 5-m2 sampling area.  Each soil sample will be sent to a soil testing Laboratory 

for an analysis of soil pH, organic matter content, cation exchange capacity (CEC), and 

phosphorous (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), and zinc (Zn) levels.  

In addition to weed species type and density, factors such as forage and legume species 

abundance, grazing presence or absence, overall forage height, mowing and/or haying presence 

or absence, field topography, and field size will also be recorded at each survey site.   

Once the survey data is collected and soil samples analyzed from each survey site, we 

intend to conduct a statistical analysis that will enable us to correlate the weed infestation level 

present across all surveyed sites with each of the soil variables measured.  Although overall weed 

infestation levels are important, in most grass pastures and hay fields throughout Missouri, one 

weed species usually dominates the weed flora in that location.  Therefore, as a result of this 

analysis we also expect to be able to determine the relationship(s) that exists between specific 

weed species and these various soil physical and chemical characteristics.  This should help to 

explain the reasons why some of our most common weed species like common ragweed, 

cocklebur, goldenrod, ironweeds, thistles, and others are more likely to occur in certain pastures 

and hay fields compared to others.  Finally, we expect to be able to use these analyses and the 

relationships identified therein as a “predictor” of grass pastures or hay fields that are most at 

risk for future weed infestations based on the soil pH and fertility levels of a given location.  

 

Current Status/Importance of Research Area: 

Although it is common for many forage specialists, weed scientists, agricultural retailers 

and others to state that weed infestations will be more severe in locations with low soil pH or 

poor fertility levels, in reality there are very few published research results that support this 

statement.  And, a survey of this nature where soil characteristics such as pH, organic matter 

content, and P, K, Ca, Mg, S and Zn levels can be directly correlated to the presence or absence 

of specific weed species and/or an overall weed infestation level simply has not been conducted 

in previous research.  By being able to demonstrate to producers, agricultural retailers, and others 

throughout the industry which soil characteristics are the most important and most strongly 

correlated with a given weed species or weed infestation level, clientele throughout the industry 

will be better equipped to make recommendations and decisions pertaining to the fertility and 

liming of Missouri pastures and hay fields.   
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The hypothesis of this research is that higher weed infestation levels will be directly 

correlated with poor soil fertility and/or soil pH in Missouri pastures and hay fields.  Initial 

results from the 2015 survey indicate that our hypothesis is correct (Appendix 1).  For example, 

based on the results from the 2015 survey, soil pH has had the biggest impact on total weed 

density; the date in Appendix 1 indicate that a 1-unit increase in soil pH will result in 3,075 

fewer weeds acre.  Similarly, a 0.1-unit increase in P and K will result in a reduction of 283 and 

81 total weeds per acre, respectively.  There were also specific relationships discovered between 

nutrient levels and certain weed species (Appendix 1). 

Conservatively, the number of tall fescue pastures and hay field acres in Missouri that are 

under some type of grazing or haying management is estimated to be about 13 million (C. 

Roberts and R. Kallenbach, personal communication).  Therefore, the results of this research 

may provide producers with an additional “new” reason to keep pastures and hay fields at proper 

pH and fertility levels, and could lead to a significant increase in the fertilizer and lime 

applications made in these areas.   

 

Literature Cited: 

 

Bovey, R. W. 1987. Weed Control Problems, Approaches, and Opportunities in Rangeland. 

Weed Science 3: 57-91. 

Clay, S. A., G. J. Lems, D. E. Clay, F. Forcella, M. M. Ellsbury, C. G. Carlson. 1999. Sampling 

weed spatial variability on a fieldwide scale. Weed Sci. 47:674-681. 

DiTomaso, J. M. 2000. Invasive Weeds in Rangelands: Species, Impacts and Management. 

Weed Sci. 48: 255-265. 

Green, J. D., and J. R. Martin. 1998. Weed Management in Grass Pastures, Hayfields, and 

Fencerows. University of Kentucky Extension Publication. 

Grekul, C.W. and E.W. Bork. 2004. Herbage yield losses in perennial pasture due to Canada 

thistle (Cirsium arvense). Weed Technol. 18:784-794. 

Gylling, S.R. and W.E. Arnold. 1983. Effect of leafy spurge control on pasture productivity. Proc 

NCWCC. 38:100-103. 

Toler, J.E., J.B. Guice, and E.C. Murdock. 1996. Interference between johnsongrass (Sorghum 

halepense), smooth pigweed (Amaranthus hybridus), and soybean (Glycine max). Weed Sci. 

44:331-338. 

Watson-V.H. 1976. Weed control and nutritional benefits of Banvel and Weedmaster in warm 

season grass pastures. Proceedings 29th Ann. Mtg. South. Weed Sci. Society. 142. 

 

Timetable for Proposed Research: 

The first surveying will begin in spring of 2015 and surveying and soil sampling will 

continue through the winter of 2016. 

 

Strategy for Application/Transfer of Knowledge:  

Results from this research will be presented at local field days, grower meetings, and 

grazing schools throughout Missouri, and also at regional and national scientific meetings.  This 

research is part of a graduate student project and will also be published in scientific journal 

articles and used to update Missouri weed control recommendations and Extension publications.   
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Proposed Budget: 

     

Category 2016 

  

Salary  

     50% of Graduate Research Assistant 10,000 

  

Travel (fuel, hotel, etc.)   6,000 

 

Soil Analyses (240 samples @ $15/sample) 

   

  4,080 

Total    $20,080 

 
Budget Narrative: 

Funds are requested in the amount of $10,000 per year to support half the stipend of a graduate 

research assistant who will complete the second year of this project as part of an M.S. research 

program.  Considerable expense will be required each year to travel to all of the many different 

survey areas every 2 weeks, so funds in the amount of $6,000 per year are requested for this 

purpose.  Finally, funds in the amount of $4,080 are requested in order to conduct the analysis of 

all soil samples. 
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Appendix 1. 
 

 

Figure 1. Relationships between soil parameters and the density of selected weed species (results based on 

a 2015 survey of 26 pastures in Missouri). 

 Soil Parameter 

All 

Weeds 

Common 

Ragweed 

Horse-

nettle 

Ironweed 

Species 

Vervain 

Species 

Yellow 

Foxtail 

Nutsedge 

Species 

 ------ Change in Weed Density per Acre for each unit Increase in the Soil Parameter------- 

Calcium (Ca) -4 ----- ----- ----- ----- 1 1 

Magnesium (Mg) ----- ----- -2 -4 1 ----- ----- 

Phosphorus (P) -283 -47 ----- -71 6 ----- -22 

Potassium (K) -81 -14 ----- -12 2 ----- -6 

Sulfur (S) 304 119 ----- ----- 59 -119 95 

        
Copper (Cu) ----- ----- ----- ----- ----- -729 ----- 

Manganese (Mn) 223 206 ----- -77 ----- -38 -53 

Zinc (Zn) ----- -304 ----- -142 ----- 53 -71 

        
pH -3075 -2994 -425 ----- 304 ----- ----- 

Organic Matter ----- -1072 ------ ----- 156 263 ----- 

CEC -728 ----- -67 ----- ----- 71 ----- 

*Dashed lines indicate a parameter for which there is a non-significant correlation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


