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Thank You 

Missouri Fertilizer and Ag Lime Distributors  
 

 

The contributors to this report wish to express their sincere thanks for the willingness of 

the Missouri Fertilizer and Ag Lime Distributors of the state who provide funding, through 

their annual permit fees, for the research which is reported in this publication.  These 

research projects would not be possible without this funding source. 

 

  Researchers, being overtly curious people with a penchant to find out why or how 

to do it better, normally have a list of topics that they want to research.  Perhaps you have 

a topic that is particularly perplexing to you?  These people could very well be those to ask 

why?  If they donôt know, then perhaps you will have just suggested the next burning 

question that will become the object of new research.   Any questions or ideas?    If you 

do, send them too us at: 

 

Office of Research 

Attn: Dr. Marc Linit 

University of Missouri-Columbia 

Columbia, MO 65211 

 

or email them to linitm@missouri.edu 

 

or phone 573-882-7488 

 

Editor: Joseph Slater, Fertilizer Control Service 

573-882-0007 or e-mail slaterj@missouri.edu 

mailto:linitm@missouri.edu
mailto:slaterj@missouri.edu
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Liming to Reduce Ergovaline Concentration in Toxic Tall Fescue Pastures 

  

Investigators:  Craig Roberts, Robert Kallenbach, and John Lory, University of Missouri 

 

Objective and Relevance 
Most pastures in Missouri are covered with common tall fescue, a perennial grass that is infected with 

a toxic fungus.  The toxins, such as the ergot alkaloid ergovaline, causes a disorder called fescue 

toxicosis.  Fescue toxicosis costs the Missouri beef industry $160 million each year by reducing reduce 

calf gains, milk production, and pregnancy rate. 

Modern recommendations for tall fescue management involve ñalkaloid management,ò which requires 

a set of practices that can reduce production and ingestion of ergovaline.  These practices include 

livestock rotation among fields, dilution of tall fescue in the pasture by interseeding legumes, feeding of 

supplements, and ammoniation of hay.  The practices may also include liming, as good soil fertility 

encourages legume growth and therefore dilutes the toxicity in a pasture. 

It is critical to know if liming affects ergovaline production.  Research has shown that ergot alkaloids 

toxins are unstable in alkaline environments and can be reduced when hay is treated with ammonia.  Also, 

they break down when an alkaline reagent is used on the extract in the laboratory.  To date, no research 

has been published that explores the effect of lime on ergot alkaloids concentrations. 

 The main objective is to determine the effect of soil pH on ergovaline concentration in toxic tall 

fescue.  Because it is unknown where ergovaline occurs in the canopy, a sub-objective is to analyze the 

tillers in 2ò segments. 

 

Procedures 

This research is being conducted on the Tom Roberts farm near Alton, MO.  This farm was selected 

because it is primarily óKentucky-31ô tall fescue established more than 20 years ago and is representative 

of most other farms in Missouri and surrounding states.  On 14 October 2011, tillers from this field were 

tested for tall fescue endophyte using enzyme-linked immunosorbent assay (Hill, 2005); the results 

verified that the field was 95% infected with the endophyte.  The field had been soil-sampled on 29 July 

2011 and determined to have an average soil pH of 5.5. 

 

Accomplishments for Year 1 (2012) 

In December 2011, 16 plots measuring 10 x 20 feet were marked with a two-foot buffer separating the 

replicates (Fig. 1 and 2).  Treatments were randomly assigned as non-treated control or treated with 

limestone, and it was replicated 8 times.  Also in December 2011 each plot was tested and limestone 

surface applied (Table 1.)  The limestone used was from Doss and Harper, West Plains, MO with an 

effective neutralizing material (ENM) rating of 368; each plot received enough limestone to meet the 

ENM requirements from individual plot soil tests. 

 

 



 

 

 

 

 
Figure 1.  Plot layout of liming study located near Alton, MO with lime and pH data shown.  The 
plots are 10 x 20 feet with 2-foot buffer strips (not shown). 

 

 

 

Table 1.  Soil test results for experimental site in Allton, MO.  Dec 2011. 

 
Lab No. Sample I.D. Treat-

ment 

pHs N.A. 

meq/ 

100g 

O.M. 

% 

Bray 1 

P 

lb/a 

Ca 

lb/a 

Mg 

lb/a 

K 

lb/a 

CEC 

meq/ 

100g 

C122270

9 

1  0 - 1/2  Control 5.4 2.5 6.0 43 1486 371 284 8.1 

C122271

0 

1  1/2 - 1  5.2 2.5 3.4 31 1227 290 300 7.2 

C122271

1 

1  1 ï 3  5.1 3.0 2.2 17 1324 282 297 7.9 

C122271

2 

5  0 - 1/2 Control 5.4 3.0 6.2 110 1509 371 261 8.7 

C122271

3 

5  1/2 - 1  5.4 3.0 3.4 133 1288 283 274 7.8 

C122271

4 

5  1 ï 3  5.4 3.0 2.3 145 1403 281 246 8.0 

C122272

1 

11  0 - 1/2 Control 5.1 3.5 6.6 93 1335 345 274 8.6 

C122272

2 

11  1/2 - 1  5.0 3.5 3.1 109 1055 241 279 7.5 

C122272

3 

11  1 - 3  4.9 3.5 1.6 99 1129 233 260 7.6 

C122271

5 

6  0 - 1/2 Lime 5.9 1.5 5.5 134 1459 402 265 7.2 

C122271

6 

6  1/2 - 1  5.4 3.0 3.0 145 1398 316 276 8.2 

C122271

7 

6  1 ï 3  5.2 3.5 2.2 181 1523 281 317 8.9 

C122271

8 

10  0 - 1/2 Lime 6.4 0.5 6.0 120 1571 499 244 6.8 

C122271

9 

10  1/2 - 1  5.5 2.5 2.8 150 1186 355 309 7.3 

C122272

0 

10  1 - 3  4.9 4.0 1.9 181 877 204 283 7.4 

C122272 14  0 - 1/2 Lime 6.3 1.0 6.2 104 1632 530 254 7.6 



 

 

 

 
4 

C122272

5 

14  1/2 - 1  5.4 3.0 2.8 137 1231 369 294 8.0 

C122272

6 

14  1 - 3  4.8 4.0 1.8 139 1057 248 257 8.0 

 

 
Figure 2.  Plots for liming study established on the Tom Roberts farm near Alton, MO.   

 

On 18 May 2012, plots were fertilized with nitrogen at the rate of 40 lb acre and with P and K to soil 

test.  Annual grass weeds were controlled by spraying pendimethalin (Prowl H2O) at a rate of 4 pints 

acre-1 in early spring.  Broadleaf weeds were controlled with picloram and 2,4-D (Grazon P+D) at a rate 

of 2 pints acre-1.  During spray application a non-ionic surfactant was used.       

Plant tillers were harvested on 4 May for the spring sampling and on 15 October for the fall sampling.  

The spring sampling date was chosen to harvest plants after ñgreen-upò but before seedhead development.  

(Seedheads are highly concentrated with ergovaline and can temporarily skew the results.)  The fall 

sampling date was chosen to harvest plants that greened up after summer dormancy but before the killing 

frost.  Individual plant tillers were randomly selected, cut at soil level, and stored in a freezer 

immediately.   

Sample analysis is scheduled for completion in 2013 (Table 2), but some of the analysis was 

completed in December 2012.  Frozen samples were freeze-dried, ground to 1 mm, and analyzed for 

ergovaline by HPLC.  The whole tillers have been analyzed; the tillers were cut into 2-inch segments, and 

those samples are currently in the laboratory. 

Results from whole tillers show no difference in ergovaline between limed-treated plots and non-

limed controls.  This was expected for year 1; there has not been enough time to have seen a lime effect 



 

 

 

 

on soil pH in these plots, in part because of the drought of 2012.  Preliminary results also show that spring 

tillers were less toxic than fall tillers.  Thus far, the ergovaline concentrations in the spring are below 400 

ppb and concentrations in the fall exceed 800 ppb.  The complete data set for years 1 and 2 is on schedule 

for reporting in December 2013. 

 

Accomplishments for Year 2 (2013) 

In 2013, plots were clipped in the spring and fall, freeze-dried and ground, then analyzed for 

ergovaline concentration.  In addition to whole plant samples collected from the treatment and control 

plots, whole tillers were also collected; these tillers were segmented, freeze-dried, ground, and analyzed 

for ergovaline.  Significance of treatments and interactions were determined by PROC MIXED in SAS.   

 

Effect of Lime 

The effect of lime on ergovaline can be seen in Tables 2 ï 5 below.  Although there were numerical 

differences, there were no statistically significant effects of year (2012 vs. 2013), season (spring vs. fall), 

or treatment (lime vs. control) on ergovaline concentrations.   

 

Table 2.  Analysis of variance showing no significant effect of season or lime treatment on ergovaline 

concentration in toxic tall fescue. 

  

  Source  Prob > F 

Season  0.55 

Lime  0.55 

Season*Lime 0.90 

 

Table 3.  Means of ergovaline tall fescue in the fall (averaged over 2012 and 2013) and spring of 

2013.  Means with the same letter are not significantly different. 

 

Season Mean 

(ppb) 

Fall  516  A 

Spring 286  A 

 

Table 4.  Means of ergovaline in plots of tall fescue treated with lime and non-treated (control).  

Means with the same letter are not significantly different. 

 

Treatment  Mean 

(ppb) 

Lime  385  A 

Control 417  A 

 



 

 

 

 

Table 5.  Means of ergovaline in tall fescue harvested 2012 and 2013.  Means with the same letter are 

not significantly different. 

 

Year Mean 

(ppb) 

2012  445  A 

2013  358  A 

 

 

Effect of Canopy Segment 

 Ergovaline was highest (p < 0.001) in the lowest 2ò of the canopy.  The importance of this relates 

to grazing management in limed pastures.  The liming encourages legume growth.  However, the legumes 

are often grazed out, as producers graze pastures too low.   The data below, if they hold up, provide more 

incentive to avoid grazing too low.  If pastures are not grazed below a 2ò stubble height, 1) legumes 

would not be grazed out and the producer could benefit from liming, and 2) the cattle would not consume 

high concentrations of ergovaline.  

 

Table 6.  Ergovaline distribution in the vegetative tall fescue canopy in three harvest seasons.  Means 

with the same letter are not significantly different. 

 

Season   Segment  Mean 

(inches from soil surface) 

Fall 2012  0 - 2   1727 A 

2 - 4   298 B 

4 - 6   232 B 

>6   219 B 

 

Spring 2013  0 - 2   243 A 

2 - 4   148 B 

4 - 6   128 B 

>6   161 B 

 

Fall 2013  0 - 2   515 A 

2 - 4   136 B 

4 - 6   141 B 

>6   121 B 

 

Objectives for Year 3 (2014) 

Objectives for the third year are seen below (Table 7), which include plot maintenance, harvesting 

whole plants in April and October, segmenting the tillers, and chemical (ergovaline) analysis of all whole 

tillers and all tiller segments.  Lastly, the third year objectives involve writing a journal paper and 

presenting findings at extension meetings in the state. 

 



 

 

 

 

Table 7.  Timetable for research and extension activities. 

 

Year Activity 

2014 Sample plots (April, October) 

 Samples segmented and stored in freezer 

 Research presented at conference 

 Ergovaline analysis 

 Manuscript prepared for journal; findings presented via Extension 

Proposed Budget for Year 3 

 

 

 

Justification:  The salary and benefits for the research technician are based on 25% of a salary of 

$48,750 and 32% benefits.  The research technician will be involved not only in the field and laboratory 

aspects of the experiment but also in extension presentations.  Supplies are for all laboratory and field 

work, including fertilizer, sample bags, mower accessories, weigh boats, clippers, freeze drier oil, grinder 

parts, and similar supplies.  Travel includes trips to the research site.  Ergovaline analysis is based in a 

per sample charge of $53; samples from years 1 and 2 will be analyzed in year 2 (256 samples x $53 = 

$13,568). 

Item Year 3 

Research Technician (25%) $12,187 

     Benefits $3,900 

Supplies $2,600 

Travel $1,200 

Ergovaline analysis $8,320 

Publications $800 

Total 29,007 



 

 

 

 

 

Benefits of Lime Placement on Grain Yield Response and Remediation of Acid Subsoils 

 

Investigators: 

Kelly Nelson, University of Missouri, Division of Plant Sciences, Novelty  

Chris Dudenhoeffer, University of Missouri, Division of Plant Sciences, Novelty 

Peter Scharf, University of Missouri, Division of Plant Sciences, Columbia 

Peter Motavalli, University of Missouri Soil, Environ., and Atmos. Sci. Department, Columbia 

 

Objective and Relevance: 
 An extensive root system is essential for crop plants to tolerate short- and long-term periods of drought 

that often occur during the growing season in Missouri. Acid subsoils reduce root growth and grain yield. 

Stratification of pH values is common in claypan soils in Missouri. In soil survey publications, surface 

soil samples of claypan soils may have optimum pH values; however, the subsoil from 8 to 20 in. may 

decrease to pH values as low as 3.6, 4.5, and 4.5 for soils such as Putnam, Mexico, and Armstrong, 

respectively (Ferguson, 1995). In three-paired watershed research, seventy five soil samples from the Ap, 

AB, and Bt1 horizons had average pH values of 6.6 (+1.7), 6.3 (+0.6), and 4.9 (+1.2), respectively 

(Udawatta, unpublished). Drainage research plots had subsoil (8-18 in.) pH values from 4.7 to 5.2 

(Nelson, unpublished) while other research indicated average subsoil pH values from 29 claypan soils at 

the 0-6 in., 6-12 in., 12-24 in., and 24-36 in. depths were 6.2, 6.0, 5.0, and 5.1 (Scharf, unpublished). Over 

60% of the 29 fields had pH values less than 5 at the 12-24 in. depth. The lowest pH value at any site was 

4.4. Acidic subsoils (at or below the 12 in. depth) may be a greater barrier to root growth than physical 

restrictions in many soils in Missouri. 

 Research on cotton (Adcock et al., 1999) and alfalfa (Rechcigl et al., 1991) has demonstrated the 

benefit of deep lime placement. Methods that incorporated lime increased corn grain yields greater than 

conventional liming techniques using surface applications (Farina and Channon, 1988). In this research, 

corn grain yields increased 20 bu/a in a dry year while in a wet year grain yield increased 6 bu/a (Farina 

and Channon, 1988). Low soil pH, 5 to 5.5, is an agronomic and environmental concern. Macronutrient 

and microbial activity is restricted and phytotoxic levels of exchangeable Al and Mn are common at low 

soil pH values. In addition, nitrification may be limited in an acidic environment. Nitrogen applications 

from ammonium-based N fertilizers acidify soils and require agriculture lime applications to neutralize 

the impact on soil pH. N sources may require 1.8 to 5.4 lb CaCO3 to neutralize acidity depending on the N 

source. Anhydrous ammonia applications are commonly used throughout the region and may contribute 

to a decrease in subsoil pH while the surface soil pH is acceptable. A deep lime application may also 

reduce the impact of low soil pH on root growth and development. 

 Acid-subsoil amelioration has been studied with long-term impacts on soil pH levels (Toma et al., 

1999; Farina et al., 2000b). Grain and forage yields increased 29 to 50% even 16 yr. after application 

(Toma et al., 1999) with increased returns (Farina et al., 2000a). Deep placement of dry lime at 1500 

lbs/acre over two years increased soybean grain yields over 4 bu/a and increased profitability $94/acre 

compared to deep tillage only (Tupper et al. 1987). Farmers have utilized no-till and conventional tillage 

systems to attain specific production goals. Incorporation of lime may be necessary to realize an 

immediate (Toma et al. 1999) increase in grain yield. Deep placement of lime utilizing conservation-type 



 

 

 

 

knives could accomplish an immediate increase in grain yield, provide zone-tillage, increase subsoil pH, 

and maintain surface residue. Concerns regarding the practicality and economics of deep incorporation 

have been expressed; however, numerous producers continue to subsoil claypan soils. Previous MU 

research has evaluated pH management in the top 6 to 8 inches of soil; however, no research has 

evaluated deep lime applications or the impact on subsoil properties. This research initiates a long-term 

evaluation of the impact of addressing subsoil pH correction in no-till and reduced tillage cropping 

systems. The objective of this research is to evaluate yield response of corn and soybean to lime 

placement and the impact on subsoil pH. We will maintain the field that was established in 2012 and 

2013.  Corn plots will rotate into soybean while soybean will rotate into corn. A third location was 

established for 2014 and treatments were applied in the fall of 2013 which is more typical of a deep tillage 

treatment. 

 

Materials and Methods: 
 A field trial was established at the University of Missouri Greenley Research Center on a Putnam silt 

loam that has been in continuous no-till production for over 13 years with an acid subsoil in May 2012 

and the fall of 2012 (Table 1). A third research site was established in November 2013. A factorial 

arrangement of treatments included placement (no-till surface and conservation subsoiler deep 

placement), crop (corn and soybean), and lime rates (0, 1.5, and 3 tons/acre with 600 lbs effective 

neutralizing material/ton) to evaluate the response of corn or soybeans within a given year. Pelleted lime 

(Kellyôs Limestone, Newark, MO) was derived from mined calcium carbonate and magnesium carbonate. 

A 2% lignosulfonate was utilized as the binding agent for pelletizing. The conservation subsoiler (Case 

IH 2500 ecolo-til) (Figure 1, left) had custom built shank (Figure 1, right) to deliver and distribute lime to 

4 different levels in the soil profile, while delivery and metering was accomplished using a commercial 

Montag (Figure 1, left) dry fertilizer air delivery system. The selected rates of lime were based on an 

average subsoil recommendation (high rate), top 6 inches of soil recommendation (low rate), and a non-

treated control. A site with a low surface pH was utilized in the experiment (Table 1). 

 

 
 

Figure 1. Deep placement applicator with Montag dry fertilizer air delivery system (left) and custom built 

applicator shank (right). 

 



 

 

 

 

 Precipitation is reported in Table 2 while field management and crop protection chemical applications 

for corn and soybean are reported in Tables 3 and 4, respectively. This research evaluated soil pH at four 

depths (0-5, 6-10, 11-15, and 16-20 inches) similar to other research (Farina et al. 2000a, 2000b; Tupper 

et al., 1987), grain yield, and crop growth characteristics. Soil samples were collected in the fall of 2012 

and 2013. Soil samples for 2013 are currently being processed through the University of Missouri Soil 

Testing Laboratory. Soil sampling depth corresponded to the different distribution drop tubes on the 

applicator shank. 

 

 
Figure 2. Soil during application (left), after application (center), and an overhead overview after 

application (right). 

 

 The center two rows of corn were harvested for yield and converted to 15%, while the center 5 ft of the 

soybean plot was harvested and adjusted to 13% moisture prior to analysis. Grain samples were collected 

and were analyzed for protein and oil (soybean), and starch, protein, oil (corn) using near-infrared 

spectroscopy (Foss Infratec 1241 Grain Analyzer, Eden Prairie, MN) (data not presented). All data were 

subjected to ANOVA and means separated using Fisherôs protected LSD at P = 0.1. 

 

Results: 

 The custom built shank effectively distributed lime throughout the soil profile (Figure 2). The modified 

shank caused more soil disturbance than normal and tillage following application was utilized to smooth 

the soil surface (Tables 3 and 4) prior to planting. No tillage was used in the surface application only 

treatments. The site for 2013 was established and treatments were applied on Nov. 27, 2012. An extensive 

drought occurred in 2012. Precipitation during the 2012 growing was 7.3 inches below normal (Table 3). 

 Corn plants were 2 to 5 inches taller (July 5) in the deep placed treatments compared to no-till, which 

persisted until tasseling (August 2) in 2012 (Table 5). Plants were slightly taller for the surface applied 

lime at 2 ton/acre in 2013, but were shorter in the deep placed lime treatments established in 2013.  The 

site established in 2012 had plant populations that were generally greater in the no-till surface applied 

treatments compared to the deep ripped/placement treatments in 2012, and no differences were observed 



 

 

 

 

in 2013.  Deep placement had greater plant populations than surface applied lime at the site established in 

2013. There was no treatment effect on soybean height in 2012 or 2013, and there was no treatment effect 

on plant population in 2012 (Table 6).  However, soybean plant population was 30,000 to 31,000 

plants/acre greater with surface applied lime at 1.5 ton/acre compared to deep placement at both locations 

in 2013. 

 Soil test pHs in the top 5 inches of soil for the surface applied lime increased in corn and soybean as 

lime rate increased; however, there was no effect of deep placement on pHs in the top 5 inches of soil 

(Table 7).  At 6 to 10 inches deep, soil pHs increased 0.5 points for deep placed lime at 1.5 tons/acre in 

soybean.  No differences were observed 11 to 20 inches deep in the soil profile 6 months after application. 

 In an extremely dry year (2012), deep placement treatments increased corn yields 4 to 8 bu/acre 

(Figure 3a). However, no differences in yield among lime treatments were detected.  In 2013, grain yield 

was 14 bu/acre greater for the no-till, non-treated control compared to deep tillage non-treated control, 

and 9 bu/acre greater for the surface applied lime at 1.5 ton/acre compared to deep placement at 1.5 

ton/acre (Figure 3a).  Grain yields were not affected by deep placement compared to surface applied lime 

at the site established in 2013 (Figure 3b). 

 Deep placement treatments in 2012 reduced soybean yield in the non-treated control and lime at 1.5 

ton/acre (Figure 4a), while there was no effect of placement on soybean yield at the 3 ton/acre rate.  Grain 

yields were 2 to 3 bu/ac greater for the no-till, non-treated control and surface applied lime compared to 

the equivalent deep placement treatments in 2013 (Figure 4a).  Limited differences were observed among 

treatments at the site established in 2013 (Figure 4b). 

 In dry years (2012 and 2013), slight differences in corn grain yields were observed when comparing 

no-till surface lime applications compared to deep placement.  Deep tillage did not increase soybean 

yields at the site established in 2012 over the first two dry years of this research. 
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Table 1. Initial soil characteristics at different depths for the sites established in 2012 and 2013. 

Soil characteristics 0-5 inches 6-10 inches 11-15 inches 16-20 inches 

Established in 2012     

   pH 5.6 + 0.2 5.6 + 0.4 4.6 + 0.2 4.6 + 0.2 

   Neutralizable acidity (meq/100 g) 3.5 + 2 2.9 + 1 8.5 + 1.6 6.8 + 1.0 

   Organic matter (%) 2.7 + 0.3 2.3 + 0.1 2.3 + 0.3 2.2 + 0.2 

   Bray 1P (lb/acre) 15.5 + 8.7 4.5 + 1.3 3.5 + 1.9 13.0 + 4.0 

   Ca (lb/acre) 3950 + 310 4640 + 590 4690 + 630 4450 + 600 

   Mg (lb/acre) 441 + 87 615 + 169 875 +123 889 + 136 

   K (lb/acre) 159 + 11 155 + 25 202 + 30 206 + 14 

   CEC (meq/100 g) 15.4 + 2.3 17.3 + 3.2 24.2 + 3.2 22.0 + 2.3 

Established in 2013     

   pH 5.0 + 0.1 5.0 + 0.5 4.9 + 0.7 4.9 + 0.8 

   Neutralizable acidity (meq/100 g) 5.1 + 0.5 4.9 + 1.9 6.9 + 4.0 6.8 + 3.8 

   Organic matter (%) 3.0 +  0.6 1.9 + 0.4 1.8 + 0.3 1.4 + 0.4 

   Bray 1P (lb/acre) 113.5 + 41.2 17.0 + 9.6 10.3 + 3.6 27.5 + 17.3 

   Ca (lb/acre) 2535 + 273 2911 + 616 3692 + 1634 3697 + 1497 

   Mg (lb/acre) 274 + 81 370 + 171 659 + 403 757 + 375 

   K (lb/acre) 530 + 214 142 + 42 160 + 69 208 + 76 

   CEC (meq/100 g) 13.3 + 1.4 13.9 + 3.3 19.1 + 6.4 19.4 + 4.8 

 

Table 2. Monthly precipitation average (10-year) and during the 2012 and 2013 growing seasons at Novelty. 

Month 10-year average
À 

2012 2013 

  ---------------- Inches ---------------- 

Apr. 3.9 --- --- 

May 4.4   ---
ÿ
 10.3 

June 4.9 2.2 3.6 

July 3.7 0.7 1.9 

Aug. 4.8 3.0 0 

Sep. 3.4 3.6 3.1 

Total 25.1 9.5 18.9 
À
Averaged from 2000 to 2009. 
ÿ
Planted May 30, 2012 

 



 

 

 

 
Table 3. Field and management information for the corn sites established at Novelty in 2012 and 2013. 

 Established in 2012    Established in 2013 

Management information 2012  2013  2013 

Plot size (ft) 15 by 80   15 by 80   15 by 75 

Hybrid or cultivar DKC 63-25 VT3   DKC 63-25 VT3   DKC 63-87 

     Planting date 30 May   14 May   14 May 

     Row spacing (inches) 30   30   30 

     Seeding rate (seeds/acre) 30,000   30,000   30,000 

     Harvest date 12 Oct.   19 Sep.   19 Sep. 

Maintenance fertilizer None   None   None 

     Nitrogen 60 lbs N/acre (Urea) and 130 lbs 

N/acre (PCU) 

  200 lbs N/acre (AA)   120 lbs N/acre (PCU) 

Lime 29 May   None   27 Nov 

Tillage Tilloll 2x 30 May 

Cultipacked 30 May 

in deep tilled treatments 

  None   Tilloll 2x 1 May 

Weed management         

     Burndown 5 June, Verdict (5 oz/acre) + 

Roundup PowerMAX (32 

oz/acre) + NIS (0.25% v/v) + 

UAN (1 qt/acre) 

  22 May, Lexar (2.5 qt/acre) + 

Roundup PowerMAX (32 oz/acre) 

+ COC (1 qt/acre) 

  22 May, Lexar (2.5 qt/acre) + 

Roundup PowerMAX (32 oz/acre) + 

COC (1 qt/acre) 

     Postemergence 22 June, Roundup PowerMAX 

(32 oz/acre) + DAS (17 lbs/100 

gal) + COC (1 qt/acre) + Callisto 

(3 oz/acre) + Atrazine (1 qt/acre) 

  27 June, Roundup PowerMAX (32 

oz/acre) + DAS (17 lbs/100 gal) + 

COC (1 qt/acre) + Callisto (3 

oz/acre) + NIS (0.25% v/v) 

  27 June, Roundup PowerMAX (32 

oz/acre) + DAS (17 lbs/100 gal) + 

COC (1 qt/acre) + Callisto (3 

oz/acre) + NIS (0.25% v/v) 

Insect management NA   NA   NA 

Disease management NA   NA   NA 



 

 

 

 
Table 4. Field and management information for the soybean sites established at Novelty in 2012 and 2013. 

 Established in 2012    Established in 2013 

Management information 2012  2013  2013 

Plot size (ft) 15 by 80   15 by 80   15 by 75 

Hybrid or cultivar AG3730 RR2   AG3730 RR2   AG3731 RR2 

     Planting date 30 May   8 May   16 May 

     Row spacing (inches) 7.5   7.5   7.5 

     Seeding rate (seeds/acre) 200,000   200,000   200,000 

     Harvest date 4 Oct.   9 Sep.   9 Sep. 

Maintenance fertilizer None   None   None 

     Urea and PCU        

Lime 29 May   None   27 Nov 

Tillage Tilloll 2x 30 May 

Cultipacked 30 May 

in deep tilled treatments 

  None   Tilloll 2x 1 May 

Weed management         

     Burndown 5 June, Verdict (5 oz/acre) + 

Roundup PowerMAX (32 

oz/acre) + NIS (0.25% v/v) + 

UAN (1 qt/acre) 

  22 May, Prefer (2.25 qt/acre) + 

Roundup PowerMAX (32 oz/acre) 

+ COC (1 qt/acre) + UAN (1 

qt/acre) 

  22 May, Prefer (2.25 qt/acre) + 

Roundup PowerMAX (32 oz/acre) + 

COC (1 qt/acre) + UAN (1 qt/acre) 

     Postemergence 22 June, Reflex (1.25 pt/acre) + 

Roundup PowerMAX (22 

oz/acre) + DAS (17 lbs/100 gal) 

+ NIS (0.25% v/v) 

  NA   NA 

Insect management NA   NA   NA 

Disease management NA   NA   NA 
À
Abbreviations:  COC, crop oil concentrate; DAS, diammonium sulfate; NA, None applied; NIS, non-ionic surfactant; UAN, 32% urea ammonium 

nitrate.



 

 

 

 
Table 5. Corn plant population and heights as affected by no-till surface or deep placed lime (non-treated = 0 ton/acre, low = 1.5 ton/acre, and 

high 3.0 ton/acre) for sites established in 2012 and 2013. 

 2012  2013 

 Height    Height   

Lime placement July 5 August 2  Population   October 4  Population 

 ---- Inches ----  No./acre  Inches  No./acre 

Established in 2012          

   Surface non-treated 36 65  30,100   80  26,700 

   Surface 1.5 ton/acre 37 64  30,000   81  27,100 

   Surface 3 ton/acre 34 63  29,200   82  27,400 

   Deep placement non-treated 39 67  26,000   80  26,900 

   Deep placement 1.5 ton/acre 38 68  28,000   80  27,700 

   Deep placement 3 ton/acre 39 67  27,900   79  28,400 

   LSD (P = 0.1)   2   2    2,200   2  NS 

Established in 2013          

   Surface non-treated       103  27,000 

   Surface 1.5 ton/acre       100  24,000 

   Surface 3 ton/acre       101  26,000 

   Deep placement non-treated       102  28,800 

   Deep placement 1.5 ton/acre       99  28,200 

   Deep placement 3 ton/acre       97  28,800 

   LSD (P = 0.1)       4  1,700 

 



 

 

 

 
Table 6. Soybean plant population and heights as affected by no-till surface or deep placed lime (non-treated = 0 ton/acre, low = 1.5 ton/acre, and 

high 3.0 ton/acre) for sites established in 2012 and 2013. 

 2012  2013 

Lime placement  Height  Population  Height Population 

 Inches  No./acre  Inches No./acre 

Established in 2012        

   Surface non-treated  22  187,000  28 153,000 

   Surface 1.5 ton/acre  22  205,000  28 157,000 

   Surface 3 ton/acre  22  161,000  26 166,000 

   Deep placement non-treated  22  196,000  27 145,000 

   Deep placement 1.5 ton/acre  21  183,000  26 127,000 

   Deep placement 3 ton/acre  22  203,000  26 148,000 

   LSD (P = 0.1)  NS  NS  NS   21,000 

Established in 2013        

   Surface non-treated      31 170,000 

   Surface 1.5 ton/acre      31 170,000 

   Surface 3 ton/acre      31 148,000 

   Deep placement non-treated      28 152,000 

   Deep placement 1.5 ton/acre      31 139,000 

   Deep placement 3 ton/acre      31 148,000 

   LSD (P = 0.1)      NS   25,000 

 

Table 7.  Soil test pHs values at 0 to 5, 6 to 10, 11 to15, and 16 to 20 inch depths after corn and soybean harvest for the experimental site 

established in 2012.  Interactions between factors were presented when appropriate. 

 pHs  

 0-5 in.  6-10 in.    

Lime placement Corn Soybean  Corn Soybean 11-15 in. 16-20 in.  

Established in 2012         

   Surface non-treated 5.4 5.8  4.9 4.7 4.8 4.5  

   Surface 1.5 ton/acre 5.9 6.6  4.7 4.7 4.7 4.5  

   Surface 3 ton/acre 6.2 6.4  4.8 4.7 4.7 4.5  

   Deep placement non-treated 5.7 5.7  4.8 4.7 4.7 4.5  

   Deep placement 1.5 ton/acre 5.7 5.8  5.0 5.2 5.1 4.5  

   Deep placement 3 ton/acre 5.4 5.8  4.8 4.7 4.6 4.4  

   LSD (P = 0.1) ----- 0.3 -----  ----- 0.4 ----- NS NS  
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Figure 3a. Corn grain yield response to no-till surface or deep placed lime (none = 0 ton/acre, low = 1.5 

ton/acre, and high 3.0 ton/acre) established in 2012. LSD (P = 0.1) was 4 and 9 bu/acre in 2012 and 2013, 

respectively. 
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Figure 3b. Corn grain yield response to no-till surface or deep placed lime (none = 0 ton/acre, low = 1.5 

ton/acre, and high 3.0 ton/acre) established in 2013. LSD (P = 0.1) was 12 bu/acre in 2013. 



 

 

 

 

10

15

20

25

30

2012 2013

Y
ie

ld
 (

b
u

/a
c
re

) 
  

Surface (none) Surface (low)

Surface (high) Deep placement (none)

Deep placement (low) Deep placement (high)
 

Figure 4a. Soybean grain yield response to no-till surface or deep placed lime (none = 0 ton/acre, low = 

1.5 ton/acre, and high 3.0 ton/acre) established in 2012. LSD (P = 0.1) was 2 and 2 bu/acre in 2012 and 

2013, respectively. 
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Figure 4b. Soybean grain yield response to no-till surface or deep placed lime (none = 0 ton/acre, low = 

1.5 ton/acre, and high 3.0 ton/acre) established in 2012. LSD (P = 0.1) was 3 bu/acre in 2013. 



 

 

 

Timetable: 
2013   Prepare equipment, sampled soil and applied lime treatments for the final 

experiment initiated in 2014. 

2014 

April -September  Manage plots and demonstrate at local field day 

September  Harvest and resample soil 

Oct-Dec  Analyze results 

 

Budget: 

CATEGORIES Year 3 (2014) Total 

A. Salaries 

Research Specialist or M.S. Graduate 

Research Assistant (50%) 

 

$14,670 

 

$42,875  

 

B. Fringe Benefits 

Fringe for graduate student 

 

$2,548 

 

$7,424  

TOTAL SALARIES AND 

FRINGE BENEFITS  

$17,218 $50,299  

C. Travel 

Travel to field site 

To present research findings at 

National Meetings 

 

$0 

$1,200 

 

$0 

$2,400 

TOTAL TRAVEL COSTS  $1,200 $2,400 

D. Equipment $0 $0 

TOTAL EQUIPMENT use and 

maintenance COSTS 

 

$0 

 

$0 

E. Other Direct Costs 

Soil analysis 

Grain analysis 

Publication cost 

Misc. 

 

$5,500 

$2,500 

$750 

$3,500 

 

$13,750 

$6,500 

$1,500 

$10,500 

TOTAL OTHER DIRECT COSTS $12,250 $32,250 

TOTAL REQUEST  $30,668  $84,949  

 
Budget narrative:    
Salaries and fringe benefits:  Funds are requested for partial support of technical support or a M.S. 
student. 
Presentations, publications, and documentation:  This will help defray cost of publication and 
documentation of results and conclusions as well as assist travel and board for presentation of results 
Other Direct Costs:  Covers cost of analysis, sample containers, fertilizer, seed, plot preparation, planting, 
weed control harvesting, flags, soil processing, and other field supplies and operations. 
 



 

 

 

Silicon and Lime as Amendments to Reduce Arsenic in Rice Grain 
Gene Stevens, David Dunn, and Matthew Rhine 

 

Introduction  

Arsenic (As) and silicon (Si) react almost identically in the soil. In drained fields, arsenate, As [V], and silica 

ions are adsorbed on oxidized iron particles. When fields are flooded for rice, ferric iron +3 is reduced to the 

ferrous form +2 releasing As and Si into solution where they can be taken up by rice roots (Smith et al, 1998). 

For this reason, tissue Si and As content are usually higher in rice than crops such as corn and wheat.  

 Silicon promotes rice yield while arsenic is detrimental. In rice, Si promotes disease resistance and 

helps plants withstand stresses such as salinity and dry soil (Matoh et al., 1985; Nolla et al., 2012). 

Conversely, arsenic in rice tissue reduces yield by producing panicles without grain called straight heads. 

Breeders are working to identify varieties with lower As content in grain, but fungal diseases may increase due 

to lower tissue Si. Molecules of arsenite, 4.11 angstroms, and silica, 4.38, are similar in diameter and shape. 

Since arsenite is slightly smaller, blocking As from passing through root membranes to the xylem also inhibits 

Si uptake (Ma et al., 2008).  

 Two proven methods to significantly reduce As in rice grain are silica fertilization and growing rice 

without flooding (Seyfferth and Fendorf, 2012; Li et al., 2009; Spanu et al., 2012; Norton et al., 2009). Recent 

research showed that As in rice grain was reduced by applying soluble silica fertilizer. Si competes with As 

ions for root entry points (Seyfferth and Fendorf, 2012). Liming can help depending on what species of As is 

present. Raising soil pH decreases arsenate adsorption by iron but increases arsenite, As[III], adsorption 

(Mahimairaja et al., 2005). Lime and calcium silicate from steel mill slag reduced As in radishes grown in 

contaminated soil (Gutierrez et al., 2010).  

At the Delta Center Soil Lab, low yielding rice grown in 2012 with center pivot was Si deficient.  In 

2013, we began a study to evaluate available silicon fertilizer sources.  The objective of this project is to 

evaluate the effect of irrigation treatments (aerobic and continuous flooding) and soil amendments of calcium 

silicate (CaSi) fertilizers on yield and arsenic content of rice grain in Southeast Missouri.  

 

Materials and Methods 

 These experiments were conducted at three locations: a Tiptonville silt loam (Fine-silty, mixed, 

superactive, thermic Oxyaquic Argiudolls) in Portageville, MO, a Dubbs silt loam (Fine-silty, mixed, active, 

thermic Typic Hapludalfs) at Qulin, MO, and a Sharkey clay (Very-fine, smectitic, thermic Chromic 

Epiaquerts) at Hayward, MO.  RiceTec hybrid CLXL745 was planted at 28 kg ha-1 at all three locations, with 

two additional cultivars (Jupiter and CL151) planted at 100 kg ha-1 in Hayward, MO to determine if any 

cultivar differences could be found for As uptake. 

 At planting, fertilizer treatments including three rates of calcitic lime, three rates of dolomitic lime, and 

five rates of calcium silicate were applied to bare soil. Nitrogen was applied at first tiller at a rate of 170 kg ha-

1. Irrigation treatments varied by location. The Portageville location was sprinkler irrigated, while the Qulin 

location was flood irrigated at first tiller. The Hayward location had separate flood and flushed (aerobic) 

treatments. Three additional treatments of potassium silicate were applied at rice boot stage. 

Pre-harvest whole plant samples were taken and separated for analysis of arsenic (grain) and silicon 

(leaves and stem) concentrations. Silicon was analyzed using the University of Florida Si methodology (Elliott 

and Snyder, 1991), while As was measured using ICP-MS analysis. Plots were harvested at the end of the 

season for crop yield.  

 

Results 

Silicon samples of aerobic rice at Portageville, MO showed an increase in tissue Si as CaSi rate 

increased (R2 = 0.8666; Figure 1). Silicon concentrations in flooded rice were much higher than aerobic 

treatments, ranging from 62750 to 73375 mg Si Kg-1. However, silicon content of flooded rice tissue was not 

significantly different among treatments compared to the untreated check.  University of Florida recommends 



 

 

 

Si fertilization for tissue samples with less than 34,000 mg Si kg-1 (10), which explains why significant 

differences could be found on aerobic rice, which was deficient of Si, but not flooded rice. 

In Qulin, MO, arsenic concentrations of flooded brown rice were significantly reduced following 

applications of 1000 and 2000 kg Si ha-1 compared to untreated checks (P = 0.05; Table 1). Grain As was not 

reduced from applications of 500 or 1500 kg ha-1 on this soil.  

 Grain As was significantly lower in aerobic rice grown at Portageville, MO compared to flooded rice. 

However, no significant differences in grain As could be found due to silicon fertilization.    

 In Hayward, MO, As concentrations of flooded rice were significantly lower than flooded rice at 

Qulin, MO. Analysis of three cultivars showed no significant difference in grain As, although cultivar CL151 

showed numerically reduced As concentrations (Table 2). No significant difference was found due to silicon 

fertilization in either irrigation system (Table 3).   

No significant differences in grain yield could be found among treatment application rates for any 

location (Table 4). Grain yield of aerobic rice at Portageville, MO was found to be numerically higher with all 

fertilizer amendments compared to the untreated check. Yield increases ranged from 107 to 1965 kg ha-1. 

Grain yield of rice in Qulin, MO showed no significant increase from fertilizer amendments. Given that tissue 

samples on untreated flood rice were found to have sufficient Si, increases in yield were not expected. Also, 

these fertilizer amendments take time to break down in the soil, meaning that plots may not have fully utilized 

the applications. These plots will be maintained for two more years to see if any subsequent differences can be 

found.  

 When averaged across fertilizer rates, significant differences in grain yield were found at both 

Qulin and the flooded Hayward location due to the type of fertilizer applied (Table 5). In both cases, the 

highest yielding treatment came from the addition of dolomitic lime. On the aerobic site at Portageville, 

MO, the addition of CaSi improved yields by 1109 kg ha
-1
, although this increase was not statistically 

significant.  

 

Conclusions 

Although these fertilizer amendments did not significantly increase grain yield, their potential effect on 

As concentrations may prove to have merit on flooded fields. When grain As concentrations were high, as 

seen at the Qulin location, reductions in As content could be found with applications of CaSi. 

Applications of CaSi also proved to increase stalk Si content on aerobic fields. However, flooded fields 

were found to have sufficient levels of Si, so increases in uptake were found. On flooded fields, grain 

yield was highest with applications of dolomitic lime. This may prove to be a better choice than calcitic 

lime when additions need to be made during a rice production year.   
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Figure 1. Effect of silicon fertilization rate on rice tissue silicon concentrations from aerobic rice grown 

under sprinkler irrigation at Portageville, MO. 

 

Table 1. Effect of Irrigation and silicon fertilization on arsenic concentrations of brown rice (CLXL745) 

grown at Qulin and Portageville, MO in 2013.  

 Qulin, MO  Portageville, 

MO 

Si Fertilizer Flood Aerobic 

kg ha-1 ----------Grain As content, ppb-----

----- 

0 205 a 15.8 a 

500 202 ab 15.3 a 

1000 175 bc 14.0 a 

1500 208 a 14.0 a 

2000 169 c 15.8 a 

2500 190 abc 16.5 a 

 

Table 2. Effect of irrigation and cultivar on arsenic concentrations of brown rice grown at Hayward, MO 

in 2013.  

 Hayward, MO 

 Flood Aerobic 

Cultivar  -----Grain As content, ppb--

--- 

CLXL745 60.4 a 26.8 a 

Jupiter 58.5 a 26.8 a 

CL151 46.8 a 18.1 a 

 

 

Table 3. Effect of irrigation and silicon fertilization on arsenic concentrations of brown rice grown at 

Hayward, MO in 2013.  

 Hayward, MO 



 

 

 

Si 

Fertilizer  

Flood Aerobic 

kg ha
-1

 -----Grain As content, ppb--

--- 

0 53.8 a 21.5 a 

1000 55.6 a 27.3 a 

2000 56.3 a 22.8 a 

 

Table 4. Effect of silicon fertilization on rice grain yield across locations in Southeast Missouri in 2013. 

  Portageville, 

MO 

Qulin, 

MO 

Hayward, 

MO 

Hayward, 

MO 

 Rate Aerobic Flood Flood Flush (Aero) 

Amendment kg ha
-1

 -------------------------kg ha-1------------------------- 

None 0 6379 16312 10548 10127 

Cal Lime 840 6761 14765 10129 9942 

Cal Lime 1680 7051 15450 10415 9173 

Cal Lime 2520 7691 16456 10337 9385 

Dol Lime 840 6895 16158 11632 10322 

Dol Lime 1680 7139 17213 10852 9650 

Dol Lime 2520 7091 16406 10713 10603 

CaSi 500 8344 15901 10104 9910 

CaSi 1000 7037 16483 10218 9639 

Casi 1500 7424 16080 10264 8957 

CaSi 2000 7288 16476 9912 10581 

CaSi 2500 7347 17014 10247 10646 

KSi 0.20 6486 16318 11221 10441 

KSi 0.24 7518 16091 10637 9282 

KSi 0.28 6633 16016 10563 9520 

 



 

 

 

Table 5. Effect of amendment type on grain yield across locations in Southeast Missouri in 2013. 

 Portageville, 

MO 

Qulin, 

MO 

Hayward, 

MO 

Hayward, 

MO 

 Aerobic Flood Flood Flush (Aero) 

Amendment --------------------kg ha
-1

-------------------- 

None 6379 16312 ab 10548 abc 10127 

Cal Lime 7168 15557 b 10293 bc 9500 

Dol Lime 7041 16592 a 11066 a 10192 

CaSi 7488 16391 a 10149 c 9947 

KSi 6879 16142 ab 10807 ab 9747 

 



 

 

 

2014 
 

Liming to Reduce Ergovaline Concentration in Toxic Tall Fescue Pastures 
 
Investigators:  Craig Roberts, Robert Kallenbach, and John Lory, University of Missouri 
 
Objective and Relevance 

Missouri are covered with toxic common tall fescue, a perennial grass that supports the 2nd largest 
beef herd in the US.  The toxins, such as the ergot alkaloid ergovaline, causes fescue toxicosis, a 
disorder that costs the Missouri beef industry $240 million annual ($160 million 10 years ago) by 
reducing reduce calf gains, milk production, and pregnancy rate. 
Recommendations for tall fescue management involve òalkaloid management,ó which involves 

livestock rotation among fields, dilution of tall fescue in the pasture by interseeding legumes, feeding 
of supplements, and ammoniation of hay.  These practices limit the amount of toxin produced by the 
plant and ultimately consumed by the animal.  Practices such as liming and soil fertilization encourage 
legume growth and therefore dilutes the toxic pasture. 

It is important to know if liming affects toxin production.  Research has shown that ergot 
alkaloids toxins are unstable in alkaline environments and can be reduced when hay is treated with 
ammonia.  Also, they break down when an alkaline reagent is used on the extract in the laboratory.  
To date, no research has been published that explores the effect of lime on ergot alkaloids 
concentrations. 
 The main objective is to determine the effect of soil pH on ergovaline concentration in toxic 
tall fescue.  Because it is unknown where ergovaline occurs in the canopy, a sub-objective is to 
analyze the tillers in 2ó segments. 
 
Procedures 

This research has been conducted on the Tom Roberts farm near Alton, MO.  This farm was 
selected because it is primarily ôKentucky-31õ tall fescue established more than 20 years ago and is 
representative of most other farms in Missouri and surrounding states.  On 14 October 2011, tillers 
from this field were tested for tall fescue endophyte using enzyme-linked immunosorbent assay (Hill, 
2005); the results verified that the field was 95% infected with the endophyte.  The field had been 
soil-sampled on 29 July 2011 and determined to have an average soil pH of 5.5. 

 
Accomplishments (2012-14) 

In December 2011, 16 plots measuring 10 x 20 feet were marked with a two-foot buffer 
separating the replicates (Fig. 1 and 2).  Treatments were randomly assigned as non-treated control or 
treated with limestone, and it was replicated 8 times.  Also in December 2011 each plot was tested 
and limestone surface applied (Table 1.)  The limestone used was from Doss and Harper, West 
Plains, MO with an effective neutralizing material (ENM) rating of 368; each plot received enough 
limestone to meet the ENM requirements from individual plot soil tests. 

 

 



 

 

 

 
Figure 1.  Plot layout of liming study located near Alton, MO with lime and pH data shown.  The 
plots are 10 x 20 feet with 2-foot buffer strips (not shown). 

 

 

 

 
Figure 2.  Plots for liming study established on the Tom Roberts farm near Alton, MO.   

 
On 18 May 2012, plots were fertilized with nitrogen at the rate of 40 lb acre and with P and K to 

soil test.  Annual grass weeds were controlled by spraying pendimethalin (Prowl H2O) at a rate of 4 
pints acre-1 in early spring.  Broadleaf weeds were controlled with picloram and 2,4-D (Grazon 
P+D) at a rate of 2 pints acre-1.  During spray application a non-ionic surfactant was used.       

For all three years of 2012-14, plant tillers were harvested on in the spring and fall.  The spring 
sampling date was chosen to harvest plants after ògreen-upó but before seedhead development.  
(Seedheads are highly concentrated with ergovaline and can temporarily skew the results.)  The fall 
sampling date was chosen to harvest plants that greened up after summer dormancy but before the 
killing frost.  Individual plant tillers were randomly selected, cut at soil level, and stored in a freezer 



 

 

 

immediately.  Frozen samples were freeze-dried, ground to 1 mm, and analyzed for ergovaline by 
HPLC.  The whole tillers have been analyzed; the tillers were cut into 2-inch segments, and those 
samples are currently in the laboratory. 

 
Results Summary (2012-14) 
Some of the samples are still being ground and prepared for ergovaline analysis.  But the three-year 

summary as of today is below.  Limestone treatment was not significantly different from the control 
(p = 0.51).  However, fall samples contained higher concentrations (p > 0.001) of ergovaline 
compared to spring samples (Fig. 3). Again, fall 2014 samples have not been returned from the lab 
and are not included in this analysis.  Also, soil pH was altered by the addition of limestone (Fig. 4).  
However, the first 3 inches received the most benefit from the limestone.       

 
 
Figure 3.  Ergovaline concentration of whole-plant samples subjected to treatment with 
limestone. 














































































































































































































































































































































































