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Abstract 
 

In terms of acreage, forage is the number one crop in Virginia.  The backbone of these forages 

has long been tall fescue (Lolium arundinaceum (Schreb.) S.J. Darbyshire).  Knowledge of the 

plant species that make up a pasture and the relative amounts of each species present is important 

for interpreting potential animal performance.  It is also important to know the relative amounts 

and types of weeds present and to monitor for the presence of poisonous plants or noxious 

weeds.  An experiment was conducted in 2003 through 2005 to investigate botanical composition 

and yield of ‘Lakota’ prairie grass (Bromus catharticus Vahl.), ‘Kentucky 31’ endophyte-infected 

(KY31 E+), endophyte-free (KY31 E-), and ‘Quantum’ tall fescue (non toxic endophyte infected) 

under grazing by stocker steers.  Forage botanical composition and yield were determined by 

clipping three 0.25-m2 areas per treatment replicate.  Prior to harvesting, the canopy height 

within each quadrate was measured with a disc meter.  In 2005, productive ground cover was 

assessed using visual evaluation techniques, point quadrat method, and digital imagery 

quantified with terrestrial remote sensing.  Forages were established September 2002 and grazing 

was initiated in July of 2003.  Experimental design was a randomized complete block with four 

replications.  Averaged over the three years the yield of KY31E+ was higher (p<0.05) than all 

other treatments.  Lakota prairie grass had lower (p<0.05) yields than both KY31 E+ and 

Quantum tall fescue, however no yields did not differ between Lakota prairie grass and KY31 E-

.  Our results showed a typical forage distribution curve for all the treatments.  Early spring, 

summer, and fall productivity of Lakota prairie grass was less than all the fescues, thus did not 

extend the grazing season.  Forage persistence was greatest for KY31 E+ and Quantum and 

lowest for Lakota when averaged over all years.  Among sampling methods for ground cover, 

terrestrial remote sensing was the most accurate, compared with visual evaluation and point 

 



quadrat methods.  For estimates of all yield indirect methods of assessment had high errors; 

however the plate meter calibrated by sward density seemed the least variable of the methods 

tested. 
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CHAPTER I  

INTRODUCTION 

 

Pasture assessment involves the processes of estimating the botanical composition, 

quality, productive cover, and available forage (kg/ha). Timely and frequent pasture 

measurement/assessment is crucial due to the seasonal and yearly changes in pasture productivity 

as a result of animal and environmental factors (Wagner et al., 1950; Walker et al., 1981).  On 

farm, the most practical way of assessing pastures is based on visual estimation (Hatton et al., 

1986).  Effective, efficient sampling methods that allow managers to rapidly determine pasture 

biomass without significant labor costs are greatly needed.  Sampling methods have been 

researched in depth yet labor costs still are significant in adapting most of the techniques (Karl 

and Nicholson, 1987; Leasure, 1949).  Further, precise and efficient methods for sampling 

pastures are still needed.   

Accurate sampling methods are very important to managers who must maintain high 

quality pastures to maintain high animal performance.  Correct descriptions of botanical 

composition as well as productive ground cover of grasslands or pastures are essential to 

interpretation of species survival, competitiveness, adaptability, and diversity.  Not only is a 

description of initial conditions needed, but often it is desirable to make frequent assessments of 

botanical components to describe seasonal effects as well as effects of climate, competition 

among planted sward components, and encroachment of weed species.   

In recent years, terrestrial remote sensing has been used to assess ground cover.  Many 

have found terrestrial remote sensing to be more effective in ground cover assessment than 

traditional, point-based and ocular estimation methods.  This is mainly because the technique 

removes subjectivity from the estimate (Ademsen et al., 1999; Booth et al., 2005; Murphy and 

Lodge, 2002; Purcell, 2000).   However limited information on the use of remote sensing to 

estimate ground cover in pastures is available.  

 

The overall objective of this research was to: 

Determine forage biomass yield, distribution, and persistence of Lakota prairie grass 

(Bromus catharticus Vahl.), Kentucky 31 endophyte-infected (Lolium arundinaceum (Schreb.) 
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S.J. Darbyshire) (KY31 E+), Kentucky 31 endophyte-free (KY 31 E -), and Quantum (novel-

endophyte) tall fescue under grazed by stocker steers. 

The specific objectives were to:   

• Compare destructive vs. non-destructive techniques for evaluating pasture biomass and 

species diversity in grazed pastures 

• Determine the accuracy of percent ground cover estimates using digital imagery 

combined with image classification in grazed pastures 
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CHAPTER II 

 LITERATURE REVIEW 

 

A. Effect of grazing mechanics and behavior on sward composition. 

 The grazing animal affects pasture biomass as well as botanical composition through 

preferential selection.  Plant selection/preference is based on position, maturity, availability of 

species, and palatability of the plants as well as the time period in which the animal is allowed to 

graze.  A large part of plant selection is due to the type of grazer and their grazing behavior.  

Cattle depend mostly on their tongue to encircle the forage and draw it into the mouth 

(Heinemann, 1970).  Thus cattle (bos spp.) prefer taller swards because they cannot graze as 

close to the ground as species such as sheep (ovis spp.).  Sheep graze the sward tighter to the 

ground than cattle by using different grazing mechanics.  Sheep use their lips to draw in forage 

and then place the forage between their incisors and dental pad.  The sheep then quickly jerk 

their head forward and upward to sever the forage (Hulet et al., 1975).  Such differences in 

grazing behavior across species can lead to different effects, either positive or negative, on the 

sward.   

 Grazing behavior is also affected by sward characteristics.  Jamieson and Hodgson 

(1979) studied the effect of variation in sward characteristics, such as sward height and yield, on 

the ingestive behavior and intake of calves and lambs.  Grazing time increased as pasture 

availability decreased and had a major influence on the forage mass consumed per bite (Jamieson 

and Hodgson, 1979).  Furthermore, vegetation removal by grazing can affect aggregate stability 

by reducing rainfall interception.  Increased rainfall impacts surface soil aggregates and can 

decrease soil organic matter, another important factor in aggregate formation and stability.  This 

decrease in aboveground forage mass leads to a decrease in root mass which affects both 

physical and chemical properties of soil (Thurow, 1991). 

 Botanical composition of pastures can be affected by the different grazing behaviors 

of animals.  Herbivores can be divided into three major classes: 1) concentrate selectors, 2) 

intermediate feeders, and 3) bulk and roughage eaters (Van Soest, 1982).  Concentrate selectors 

include animals such as deer which cannot tolerate large quantities of fiber in their diet, thus they 

selectively graze on concentrates such as seeds and plant parts low in fiber.  Van Dyne et al. 

(1980) found that intermediate feeders such as moose (alces spp.), goats (capra spp.), and sheep 



 4

have quick rates of passage through their intestinal tract, digesting little of the ingested cell wall.  

These animals are thus more adapted to browsing and will eat a wide variety of plants.  Bulk and 

roughage eaters, such as cattle, are well adapted to the digestion of cell wall components.  

Generally these grazers’ diets will contain more grasses than the other groups with a decreased 

intake of shrubs.   

 

B. Effect of trampling, treading, and fertilization on forage mass and botanical composition 

 Grazing animals also affect botanical composition through trampling.  Soil aggregate 

stability and bulk density, characteristics which are largely influenced by trampling can affect 

site suitability for plants.  Trampling can also lead to gap formation, and can allow invasive 

species to enter the plant community (Bullock et al., 1995).  Not all view trampling effects as 

negative.  Savory (1979) argued that stocking cattle at double or triple, the traditional rate for 

short periods of time was beneficial for pastures and soil structure.  Such management can break 

up crusted soil and increase infiltration, thus aiding seed incorporation, and subsequent 

emergence (Savory, 1979).  However, Warren et al. (1986) found that these “positive effects by 

hoof action” were short lived due to the impact of raindrops resealing the soil surface thought to 

be opened by the trampling.  Clearly such responses must be considered within the context of 

soil type and seasonal or environmental conditions among other factors. 

 Bryant et al. (1972) tested the effects of trampling on forage yield in a humid 

environment.  The authors walked six cattle 0, 10, or 20 times over 3.6-m x 1.5-m plot of 

Kentucky bluegrass (Poa pratensis L.) grown on a loam soil.  Vegetation was clipped to 

differing heights prior to each trampling series.  A soil penetrometer was used to measure the 

force required to penetrate 10.2 cm of the soil.  Penetrometer resistance was not affected by 

height of forage yet was greatly affected by severity of trampling.  Additionally, trampling had a 

significant effect on forage yield believed to be partially due to the resistance of the soil to root 

development. 

 Kohler et al. (2004) investigated the effects of repeated mowing, manure application, 

and trampling on vegetation of summer pasture in the Jura Mountains of northwest Switzerland.  

An area was fenced off to exclude large herbivores from entering the research site; however, the 

entrance of small herbivores was not restricted.  Forty, 2-m x 2-m plots with 1-m alleyways were 

arranged in 5 x 8 grid pattern. All plots were similar in terms of floristic composition, canopy 
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structure, and biomass.  All plots were subjected to differing levels of mowing, trampling, and 

manuring to simulate grazing effects.  Plots were not mown, mown once a month or mown twice 

a month to mimic grazing pressures in differing systems.  The two trampling treatments were no 

trampling and trampling at once a month by researchers wearing wooden shoes.  In addition, 

bovine manure was applied at 0, 0.5, and 2-l/m2.  Some plots were also classified as abandoned 

for control where no mowing, trampling, or manure was applied to the plot.  Vegetation changes 

were affected most by frequency of mowing, followed by trampling, manure treatment, and 

lastly abandonment.  These findings led Kohler et al. (2004) to conclude that management 

practices should be more concerned with the amount of vegetation removed than with the 

amount of trampling or rates of manure application (Kohler et al., 2004).  While the research of 

Kohler et al. (2004) suggests dunging has less effect on botanical composition shifts than 

defoliation frequency, it is still an important factor.  Plant seeds can be dispersed with manure, 

and nutrient redistribution through dunging can create sites of high fertility, especially nitrogen 

(N).  This can benefit nitrophilous species at the expense of N-fixing forages in high-fertility 

sites, but N-fixing species may have advantage in sites of reduced fertility. 

 As with nutrient deposition, fertility management also affects pasture botanical 

composition and overall sward health.  Samuel and Hart (1998) investigated the effects of 

fertilization on ungrazed mixed grass prairie near Cheyenne, WY.  The main species of the 

prairie were blue gramma (Bouteloua gracilis (Willd. ex Kunth) Lag. ex Griffiths), western 

wheatgrass (Pascopyrum smithii (Rydb.) A. Löve), and needleaf sedge (Carex duriuscula C.A. 

Mey.).  During the 3-yr experiment, N was applied at rates of 37, 74, or 112-kg ha-1 in late 

October or March.  Plant response to N fertilization differed among the major species.  Under all 

fertilizer application rates, blue gramma composition in the sward declined while western 

wheatgrass increased in frequency of appearance (Samuel and Hart, 1998).   

 As indicated in the studies above, many factors (environmental and biological) can 

cause shifts in pasture botanical composition.  Such shifts in botanical composition can result 

from single or combined effects of stocking rate, animal preference, animal behavior, animal 

species, fertilizer and/or climate.  Managers need to monitor and understand the changes in 

floristic composition and biomass yield so that they can make the appropriate changes to 

optimize output from pastures. 
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C. Techniques used to measure biomass yield, sward density, and ground cover  

 Pasture sampling to assess botanical composition and productivity is not a new 

concept; however, it can still be difficult to determine what technique to use to evaluate the 

productivity of a given pasture.  With the numerous techniques available, one must carefully 

consider all options when selecting the most efficient and accurate assessment methods.   

 Although clipping methods are generally accepted as the most precise means of 

assessing pasture productivity, they are very costly when labor and time are considered (Karl and 

Nicholson, 1987; Leasure, 1949).  However, hand clipping methods can be used to measure 

yield, density, and diversity of a sward, while most other techniques only provide data on one or 

the other measure (Laca and Lemaire, 2000).   

 Techniques for estimating forage biomass yield include the comparative yield 

method, the cage method, and the capacitance meter.  Some of the more popular forage density 

measurements that have been developed over the years include both rising and falling plate 

meters and visual or ocular estimation.  Typically, density measures are not used alone.  Rather, 

they are calibrated against clipped samples to determine yield.  Sampling techniques for species 

diversity or botanical composition include the point transect and line transect methods, visual 

evaluation techniques such as the dry-weight-rank and DAFOR-scale, and more recently, near 

infra-red spectroscopy (NIRS).  Each of these techniques can be noted for its weaknesses and 

strengths.   

 

I. Botanical Composition 

A. Visual evaluation 

  While methods such as hand separation of clipped samples are highly accurate for the 

area sampled, they only describe the pasture as a whole when relatively large numbers of 

sampling sites are used and the resulting calculated confidence interval on the paddock mean is 

within adequate precision. The time and labor required for such sampling quickly become 

prohibitive.   

Brodie (1985) described the use of a DAFOR Scale for visually assessing botanical 

composition.  The scale (D=dominant, A=abundant, F=frequent, O=occasional, and R=rare) is 

used to evaluate the relative abundance of species. This method describes a species as dominant 

if most or all of the area is covered. A ranking of abundant would be given to species that cover 
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about one half to three-quarters of the area.  Frequent refers to species that are well scattered 

throughout the site but cover less than half the area. A species ranked as occasional occurs a few 

times and a rare species is one that is present only once or twice. Brodie (1985) suggested that 

problems with this method include under-assessment of small species, over-assessment of 

conspicuous species, the need to accurately identify species, and that the method is subjective 

and an individual will assess vegetation with a more predictable error than a group.  Attempts to 

use this procedure specifically in pasture evaluation have led to suggested modifications that 

may make this a more useful technique including the creation of the double DAFOR system 

which allows for separate classification of both forage and weed species (Abaye et al., 1997).  

 

B. Point based methods 

 Point methods come in an array of specific methods such as point quadrat, step-point 

method, wheel point, and the point transect.  All of these methods vary in their application but 

rely on the same principles of taking multiple readings of points in a defined or random pattern 

to quantify species diversity and/or ground cover.  Readings are taken at whatever the point 

touches or ‘hits’ at a given interval.  This reading can consist of leaves, basal areas, litter, or bare 

ground.  Points are then tallied and percentages of species and/or cover in that specific area are 

calculated (Laca and Lemaire, 2000).  As with other sampling methods, once enough samples are 

taken to satisfy statistical constraints the average of these measurements can be stated as an 

estimate of the entire pasture/area.   

 As stated previously, multiple forms of the point-based techniques exist.  One 

such technique is the point quadrat.  With this technique, a number of points are specifically or 

randomly located within a defined area, or quadtrat (Laca and Lemaire, 2000).  Material 

touching or intersecting these points are then read as hits, and percentage cover is estimated as 

the percentage of total hits which touch vegetation.  Various modifications of the point quadrat 

technique have been described (Grant, 1981). Although point quadrat techniques can be accurate 

and are nondestructive they are still time consuming. The need to assess the potentially rapid 

changes that can occur in pastures is not generally met by these methods.  With the step-point 

method, observers place a notch in their shoe with a small wire in the notch and measure hits at 

each pre-determined number of paces.  The wheel point method is similar and can also be used 

for species diversity and/or cover.  For this method, a spoked wheel is used and whenever the 
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spokes, or a specifically marked spoke, hits the ground the data are recorded (Laca and Lemaire, 

2000). 

 The point transect method was used as early as the 1920s in New Zealand.  In the 

U.S., little attention was paid to it until the 1930’s, when it was considered a practical method of 

sampling (Leasure, 1949).  As in all the point methods, vegetation is recorded as a “hit” when it 

is intercepted by each or any of the points, or pins.  The vegetation that is intercepted is then 

identified and recorded for later analysis of percent of hits, or average percent composition.  

Another variation of this method is called the Line Transect method.  With this method a line or 

chord is stretched as a transect across the study area.  Once this line is established, all vegetation 

within a given area around the line will be recorded.  Both of these methods can give very good 

results for measuring species diversity, but the techniques have been criticized.  Stohlgren et al. 

(1998) stated that two points closer together in a pasture are more similar then 2 points farther 

apart.  Thus, results from the transect method may be no more precise than other methods such 

as traditional clipping and separation (Stohlgren et al., 1998).  And, for all these methods, time 

requirements can be a limiting factor. 

 

C. Near Infrared Spectroscopy 

 More recently, NIRS has been used to evaluate species composition.  Near infrared 

spectroscopy was first used to predict forage nutritional characteristics (protein, neutral detergent 

fiber (NDF), acid detergent fiber (ADF), lignin, in vitro dry matter disappearance, in vivo 

digestibility, intake, and digestible energy intake) (Norris et al., 1976).  Coleman et al. (1985) 

first examined the potential use of NIRS for predicting species composition and distinguishing 

species in mixed stands.  Their results indicated that the NIRS can be used to predict species 

composition of mixed swards.  However, the presence of some species such as eastern gamagrass 

(Gamagrass - Tripsacum dactyloides (L.) L.) and Johnsongrass (Sorghum halepense (L.) Pers ) 

was difficult to predict.  It is possible to introduce errors due to impurity of the sample along 

with machine, sampling, and methodology errors. 

 Coleman et al. (1990) conducted a study using NIRS to distinguish plant species in a 

complex sward composed of Caucasian bluestem (Bothriochloa caucasica (Trin.) C.E. Hubb.); 

cheatgrass (Bromus tectorum L.); four subclover (Trifolium subterraenum L.) cultivars, 

‘Dinnup’, ‘Nangeela’, ‘Nungarin’ and ‘Trikkala’; balansae clover (T. balansae Boiss) cv. 
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‘Paradana’; rose clover (T. hirtum All.), cv. ‘Hykon’; and four annual medics (Medicago 

truncatula Gaertn.) cv ‘Ascot’ and ‘Cyprus’); M. scutellata L. Miller cv. ‘Robinson’; and M. 

tornata L. Miller cv. ‘Tornafield’. For this study all legumes were considered one group.  All 

forages were hand clipped in November, March, April, and June of 1985-1986.  A total of 31 

samples of pure legumes and 28 samples of pure Caucasian bluestem and 20 samples of 

cheatgrass were collected.  At the same time, mixed samples were also collected from 4, 3-m x 

3-m plots.  All the pure samples were then dried at 65 °C and ground to pass a 1-mm screen.  

These samples were used to find the regression equation for each species.  Once this was 

completed each mixed sample was divided into two subsets.  One subset of the mixed sample 

was hand separated and dried, and the proportion of each species was calculated.  The other 

subset of the mixed sample was dried, ground, and scanned with the NIRS to make a comparison 

of hand separation to NIRS.  While NIRS was only practical in finding major components of the 

samples, Coleman et al. (1990) concluded that NIRS can be a viable tool to predict sward 

composition. 

 

II. Forage Density/forage mass 

A. Disc and plate meters 

 For the last several years, the disc meter has been widely used by researchers as well 

as producers to estimate standing herbage mass.  Bransby et al. (1977), in an attempt to find a 

sampling method that would cut time and labor, investigated the disc meter.  The disc meter was 

made of a steel rod with a free sliding aluminum collar.  Discs of different areas were cut from 

aluminum and attached to the collar area along with weights to give the disk a specified mass.  

The weighted disk was then dropped from a specific height (75-cm) and the settling height of the 

disc was measured.  This disc meter was calibrated on a pure fescue pasture grazed by yearling 

steers.  Fifty paired samples of meter readings and dry matter yields under the disc were taken 

for the calibration.  Discs used in this experiment were 0.2, 0.4, 0.6, and 0.8-m2 and weighted at 

5-kg m-2.  Actual weights of the discs were 1, 2, 3, and 4-kg for the 0.2, 0.4, 0.6, and 0.8-m2 

discs.  Discs with areas of 0.4-m2 and above had lower relative standard deviations than those 

measurements taken with a 0.2-m2 disc.  The slopes of the regression line were similar for discs 

weighted with 2 or more kg.  Calibration data for this instrument could be taken by an individual 

in 3 to 4 hours.    
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 More recently, a less-expensive plate meter was developed by Rayburn and Rayburn 

(1998).  Their plate meter was constructed of a 46-cm2 sheet of 5.6-mm acrylic plastic.  A 3.8-

cm diameter hole was cut into the center of the sheet so that a meter stick could be inserted to 

measure the resting height of the plate when placed on the forage sward.  Twenty-four additional 

holes (3.2-mm diameters) were drilled in the plate at 7.6-cm intervals starting 7.6-cm from the 

plate’s edge.  These holes allow the plate to be used as a point quadrat for estimating percent 

ground cover.  Rayburn and Rayburn (1998) tested this plate on six cool-season grass-legume 

mixtures.  This plate was tested before eight grazing trials, four to calibrate, and four to validate 

the calibrations.  The meter was calibrated using paired samples from 10 to 30 locations per 

pasture, depending on pasture size.  Samples were taken at 3-m intervals along a 30-m transect 

that was randomly selected.  Transects were used due to the needs of a concurrent selective 

grazing study.  This plate, unlike the disc meter developed by Bransby et al. (1977), is gently 

placed on the forage until the canopy supports the plate.  The height of the plate was then 

measured from the ground using the meter stick.  Rayburn and Rayburn (1998) concluded that 

the simple plate meter is as accurate at calculating forage mass as the more sophisticated metal 

disc meters.  Rayburn and Rayburn (1998) found that their r2 values and regression standard 

deviation (RSD) values were similar to other studies conducted with disc meters.  However, like 

other disc meter studies, the RSD was relatively high.  At least 20 to 30 paired samples were 

needed to calibrate a regression line with at least 30 observations for the prediction of forage 

mass.  Both the disc meter and the rising plate meter have become very popular due to their ease 

of use and time efficiency in the field.   

 

B. Capacitance Meter 

  Fletcher and Robinson (1956) first described the use of a capacitance meter to 

estimate forage yield.  The capacitance meter works by measuring the change in electrical 

capacitance of a circuit when media, such as pasture forages, are placed between electrodes in 

the circuit (Campbell et al., 1962; Fletcher and Robinson, 1956).  Prior to this, the capacitance 

meter was used for measuring moisture in grains, cotton, soil, etc.  Fletcher and Robinson (1956) 

stated that “the slight decrease in precision per determination is more than offset by the reduction 

in sampling error” when compared to traditional clip and weigh methods.  Despite subsequent 

improvements in such instruments, problems were still associated with the instrument.  For 
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example, grass clumps increased or decreased yield estimates depending on their proximity to 

the meter (Campbell et al., 1962).   

 Johns and Watkin (1965) investigated the effect of different pastures, soil types, and 

dew on the calibration of the meter (Table 2-1).  Dry matter regressions from this experiment 

were considered adequate within individual experiments except on native pastures.  Regressions 

based on yields of fresh material were the most accurate, and relationships between pasture yield 

and capacitance reading were consistent across different days when pastures exhibited similar 

growth forms and the same soil conditions.  Soil types generally did not affect regression 

relationships.  Regression relationships were affected both by plant growth stage and by levels of 

dew on plant surfaces.  Accumulation of dew resulted in over estimates of yield. 

 Sanderson et al. (2001) compared the modern day capacitance meter (Alistair George 

Manufacturing, Wahi Beach, New Zealand), the rising plate meter (Rayburn and Rayburn, 

1998), and a pasture ruler to the traditional hand clipping method to estimate forage mass.  All 

measurements were taken on cool season grass-legume pastures in Franklin County, PA, 

Frederick County, MD, in Monongalia County, WV.  All pastures were grazed on a 3 to 5 week 

rotation by dairy cattle (Bos taurus) (PA and MD) or beef cattle (WV).  Stocking densities on the 

dairy farms ranged from 100 to 150 cows ha-1, and the stocking density on the West Virginia 

farm ranged from 50 to 100 cows ha-1 with grazing stays of 1 to 4 days per paddock.  Pastures at 

the Pennsylvania farm consisted of tall fescue, Kentucky bluegrass, and white clover.  One 

Maryland pasture was a monoculture of perennial ryegrass planted in 1998, while the second 

Maryland pasture was a mixed stand of Kentucky bluegrass, orchardgrass, white clover, and tall 

fescue and was an old permanent pasture.  The pasture in West Virginia was predominantly 

orchardgrass and white clover.  Sward heights at all locations ranged from 7 to 30-cm.   

 On the Pennsylvania farm three pastures that were sampled before grazing on six 

dates during August through October in 1998.  In 1999, five pastures were sampled 16 times 

from April to October.  In Maryland, pastures on the two farms were sampled twice in August 

1998 and on 10 dates during April through October 1999.  In West Virginia, 21 pastures were 

sampled over several dates from July through November of 1998.  At each sampling date 

measurements were taken with the capacitance meter, rising plate meter and pasture ruler.  In 

each pasture, 30 readings were attained along previously established transects.  Each pasture had  
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Table 2-1. Soil series, type and plant species used to calibrate of different forage evaluation 

techniques (John and Watkin, 1965). 

 
Series Soil Species # Samples 

Basaltic Black Earth 

perennial ryegrass (Lolium perenne L.) 

cocksfoot (Dactylis glomerata L.) 

tall fescue (Lolium arundinaceum (Schreb.) S.J. Darbyshire) 

white clover (Trifolium repens L.) 

27 

I 
perennial ryegrass (Lolium perenne L.) 

cocksfoot (Dactylis glomerata L.) 

tall fescue (Lolium arundinaceum (Schreb.) S.J. Darbyshire) 

white clover (Trifolium repens L.) 

27 

II Alfalfa (Medicago sativa L.)  

III 

Elongated dropseed  (Sporobolus elongatus R.Br.) 

Tufted hedgehog grass (Echinopogon caespitosus C.E.Hubb., 

Hook. Ic. Pl.) 

Hairy panicum (Panicum effusum R.Br.) 

Wallaby grass (Danthonia spp) 

9 

IV Algerian oats (Avena sativa L.) 32 

V 

Yellow Podsol 

Algerian oats (Avena sativa L.) 56 

tall fescue (Lolium arundinaceum (Schreb.) S.J. Darbyshire) 

white clover (Trifolium repens L.) 
12 

VI Basaltic Black Earth 
perennial ryegrass (Lolium perenne L.) 

white clover (Trifolium repens L.) 
12 
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five transects that were created in a zigzag pattern.  From each transect, six samples were taken 

with each measuring tool and three, 0.1-m2 quadrats were clipped from each transect.   

 None of the indirect pasture evaluation techniques were accurate or precise in 

estimating forage mass.  The standard error of prediction as a percentage of the mean forage 

mass on pasture ranged from 26% for the rising plate to 33% for the capacitance meter.  It is not 

clear whether these error estimates for the capacitance meter would have been lower had the 

authors developed new equations for their forages and environment rather than relying on the 

standardized equation associated with the meter.  However, even with new equations, it is 

questionable whether prediction errors would have been less the 10% level generally considered 

acceptable by researchers.  Errors with all three methods were attributed to uneven ground, 

trampling of forage, lodging of vegetation, sward heterogeneity, sward height (capacitance meter 

only) and observer bias (Dowdeswell, 1998; Murphy et al., 1995).  Sanderson et al. (2001) noted 

that for techniques to be economically viable for a farmer, error levels need to be less than 10% 

as compared to the range (26-33%) found in their experiments. 

 

III. Ground cover 

 Ground cover is often used to assess forage persistence and vigor.  Visual (ocular) 

evaluation techniques often are used to estimate percentage ground cover as well as to evaluate 

plant dominance, secession, and total cover (Hatton et al., 1986).  The technique is subjective, 

however, and can result in inconsistency among evaluators.  In addition, the range of accuracy 

may be small.  Hatton et al. (1986) tested the ability of evaluators to make visual estimations on 

total cover of the same areas.  Evaluators were relatively good at estimating coverage at or near 

60%, but as cover increased or decreased from 60%, the error in the ability of the evaluators to 

estimate cover increased.  Other methods such as the point-intersect method are available, but are 

not usually utilized due to the time and cost associated with data collection (Richardson et al., 

2001).  With the point-intersect method, a grid-work of individual ‘lines’ are set up across the 

entire plot or quadrat; plants found at the intersections of the lines are then counted.  The 

percentage of grid intersections where plants are found are considered the percent ground cover 

(Richardson et al., 2001). 

Others have found remote sensing techniques favorable for estimating ground cover 

(Murphy and Lodge, 2002; Richardson et al., 2001; Schut et al., 2003).  Schut et al. (2003) tested 
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a high spatial (0.28-1.45 mm2) and high spectral (5-13 nm) resolution sensor (held near pasture 

level) for evaluating ground cover, drought stress, and predictions of dry matter (DM) and 

nutrient contents (N, P, and K).  Ground cover could be precisely estimated on both cloudy (R2 = 

0.92-0.95) and clear (R2 = 0.87-0.90) days (Schut et al., 2003).  While such imaging 

spectroscopy systems can be used to analyze ground cover accurately, they currently are not cost 

effective. 

Digital imagery, however, is a cost effective alternative to current spectroscopy systems 

(Purcell, 2000).  Photographic imagery has been used in the past to estimate comparative yield 

with much success (Coulloudon et al., 1999; Haydock and Shaw, 1975).   This technology has 

been applied in several areas of agronomic research in recent years (Ademsen et al., 1999; 

Purcell, 2000; Richardson et al., 2001). 

In a study conducted to examine wheat senescence, Adamsen et al. (1999) reported 

digital imagery coupled with remote sensing was as accurate as a hand held radiometer or 

chlorophyll meter.  Measures of senescence are difficult due to the need of frequent sampling 

and the qualitative nature of visual observations (Ademsen et al., 1999).  Images of wheat 

planted 15 December 1996 were taken periodically from 17 April until 19 May 1997 with an 

Olympus D-300L camera (Olympus America Inc., Melville, NY).  The camera was positioned 

1.6-m above the top of the plant canopy in the same area and images were acquired between 

1100 and 1130 h MST.  The camera produced images of 1024 by 768 pixels.  All images were 

converted to a GIF (Graphics Interchange Format) and cropped to 670 by 670 pixels.  The green 

to red (G/R) values for each pixel were then determined and an average per image was 

calculated.  These G/R values were used to estimate green vegetation. Adamsen et al. (1999) 

concluded that digital cameras are a timely and accurate way of monitoring crop maturity status 

and can be a valuable management tool (Ademsen et al., 1999).  

Soybean canopy cover and light interception have also been determined using digital 

imagery (Purcell, 2000).  The author established plant populations ranging from 20 to 100 plants 

m-2 in plots of 7 rows with plants spaced 0.19-m inter-row spacing.  On 29 June and 10 

September 1999, light interception measurements were taken along with digital images of the 

plots.  Images were taken from the center of the plot using an Olympus D-500L digital camera 

mounted 1.5-m above the ground and inclined 70 degrees from the horizon.  This allowed the 

image to be free of the camera mount.  The resultant images captured an area 0.79-m wide at the 
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bottom and 1.12-m wide at the top.  Images were 640 by 480 pixels, and were stored in JPEG 

(joint photographic experts group) format.  The images were analyzed individually by using 

SigmaScan Pro (v. 4.0 SPSS, Inc., Chicago, IL).  Hue settings of 25 to 130 and saturation of 10 

to 75 were set to included green leaves in the scanned images.  In cases where the scanned image 

obviously did not include leaves, hue and saturation settings were adjusted by ±5%.  After 

scanning the image, total pixel count was determined and percentage cover was assessed.  

Purcell (2000) concluded that vegetation could be easily distinguished from soil and shadow and 

thus ground cover could be accurately measured.   

Richardson et al. (2001) investigated the use of digital imagery to estimate ground cover 

in newly established turf grass (Zoysia spp.) grown from sprigs.  The sprigs were planted at the 

University of Arkansas Research and Extension Center, Fayetteville, AR on 4 June 2000.  An 

Olympus C3030Z (Olympus Optical Co., London, UK) was mounted on a monopod designed 

specifically for the study.  The monopod was constructed from 10-cm diameter 

polyvinylchloride tubing and consisted of a vertical stand that was 1.5-m high with a horizontal 

arm 1.0-m in length.  The mounting device allowed the camera to be positioned directly above 

the plot with no obstructions from the photographer or stand.  Images were sized at 1280 by 960 

pixels and camera settings included a shutter speed of 1/400s, aperture of F4.0, and a focal length 

of 32 mm.  All photos were taken at full sunlight between 1400 and 1600 hours and images were 

analyzed using SigmaScan Pro.  Software was set at 57 to 107 for hue and 0 to 100 for 

saturation, and the number of green pixels was counted and used to determine ground cover 

(Richardson et al., 2001). High R2 (0.99) was found between actual cover and the estimates by 

digital image analysis.  The authors concluded that Digital image analysis was both a precise and 

time-efficient way of assessing ground cover in turf grass. 

Murphy and Lodge (2002) compared visual ground cover estimation with mapped ground 

cover and digital image analysis at two SGS National Experiment sites on the northwest slopes 

in New South Wales, Australia.  These sites were primarily redgrass (Bothriochloa macra 

(Steud.) S.T. Blake) and wallaby grass (Austrodanthonia spp.).  Ground cover of these sites was 

estimated in 60 quadrats by visual evaluation, mapped area, digital image analysis and image 

point quadrat.  Visual estimates were obtained using both experienced and inexperienced 

observers (Murphy and Lodge, 2002).  Mapped areas (1:2.5 scale) were created by marking 

canopy cover and bare ground using a 5-cm steel mesh grid as a drawing aid.  The grid was 
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suspended above the canopy so as to not interfere with the estimate by compressing the sward.  

These mapped areas were then cut out and measured with an electronic area meter (LI-COR 

3100) to estimate the percentage of ground covered by the canopy in each area (Murphy and 

Lodge, 2002). Digital images of each quadrat were classified manually using pixel colors in 

Paint Shop-Pro (Version 5 Corel Corporation).  Images were also analyzed with photo point 

quadrats to record the presence or absence of ground cover (Murphy and Lodge, 2002). 

Observers tended to underestimate ground cover compared with the more objective 

methods.  Digital image analysis overestimated ground cover in low cover quadrats and the 

software used in this experiment had difficulty classifying pixels.  Overall, visual estimates of 

ground cover were the quickest and covers were quantified within 10% of those from ground 

cover mapping and remote sensing methods.  Digital imagery was considered too time 

consuming and expensive, and while the point quadrat method was the fastest of alternative 

methods, it required some post-processing (Murphy and Lodge, 2002). 

 In a similar study on rangeland, Booth et al. (2005) estimated ground cover through 

image analysis, digital grid overlay, and point frame methods.  A further objective of their study 

was to explore a ground cover assessment method that is less labor intensive than the traditional 

methods.  Analysis methods were tested at four different sites with varying vegetative cover.  

Green leaf cover was measured at the Central Plains Experimental Range.  This site is located in 

Colorado in the northern portion of the shortgrass prairie and has an average annual precipitation 

of 320-mm with 70% of this precipitation occurring during the growing season.  Vegetation 

primarily consisted of blue grama grass [Bouteloua gracilis (H.B.K.) Lag.], threadleaf sedge 

[Carex filifolia (Nuttall.)], fringed sagewort [Artemisia figida (Willd) Klein], and plains prickly 

pear cactus [Opuntia polyacantha (Haw.)] (Booth et al., 2005).  Images of 25, 1-m2 plots were 

made in each of three pastures under heavy, moderate, and no grazing treatments and collected in 

May, June and September of 2002.  Data were also collected from each plot using a one hundred 

point laser frame (Booth et al., 2005).  This instrument is similar to the point quadrat, however, it 

uses laser points instead of pins.  Green cover and bare ground were classified separately.  Green 

cover was defined as the amount of productive cover vs. all bare ground, thatch, and dead 

material.  Images were then analyzed with VegMeasure (software from Oregon State University) 

for estimates of green leaf cover and compared with the green-cover laser point frame using t-

tests. 
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 In a study conducted on rangeland to examine ground cover as indicator of rangeland 

health, Booth et al. (2005) estimated ground cover using image analysis, a digital grid overlay, 

and point frame methods.  The methods were tested at four different sites with varying vegetative 

covers.   A further objective of this study was to explore ground cover assessment method that is 

less labor intensive than the traditional methods (Booth et al., 2005).  In this study green cover 

and bare ground were classified separately.  Green cover was defined as the amount of 

productive cover vs all bare ground, thatch, and dead material.   

Green cover evaluation was conducted at the central plains experimental range located in 

Colorado in the northern portion of the shortgrass prairie with average precipitation of 320-mm 

with 70% of this precipitation occurring during the growing season (April-August).  The site 

evaluated consisted of blue grama [Boutelouz gracilis (H.B.K.) Lag.], threadleaf sedge [Carex 

filifolia (Nuttall.)], fringed sageword [Artemisia figida (Willd) Klein], and plains prickly pear 

cactus [Opuntia polyacantha (Haw.)]. To estimate green cover, in May, June and September of 

2002, images were obtained from 25 1-m2 area in each off the three treatment (heavy, moderate 

and no grazed areas) blocks. For assessment of ground cover in addition to the images, 100 

points per plot were analyzed using a laser point frame.  Images were then analyzed with 

VegMeasure (software from Oregon State University) and were compared to the green-cover 

laser point frame using t-tests. 

 Additional data for green cover and bare ground were collected at Upper Beaver 

Meadows in Rocky Mountain State Park, Estes, CO.  Annual precipitation at this site is 360-mm 

with 50% of the total moisture occurring as rainfall between May and August.  Vegetation was 

dominated by antelope bitterbrush [Purshia tridentate (Pursh) D.C.], mountain big sagebrush 

[Artemisia tridentate Nutt. ssp. vaseyana (Rydb.) Beetle], ponderosa pine [Pinus ponderosa 

(P&C) Lawson], mountain muhly [Muhlenbergia montana [Muhlenbergia montana (Nutt.) A.S. 

Hitchc.], Parry’s oatgrass [Danthonia parryi Scribn.] and needle and threadgrass [Hesperostipa 

comata Trin. &Rupr.].  Images were collected in six preexisting vegetation-monitoring plots 

located within a single brush-grassland ecotype.  Images were collected in conjunction with park 

staff who analyzed two, 50-m transects (running parallel at 25 meters apart) in each plot.  Each 

transect was classified at points spaced 30-cm apart for a total of 166 points.  Images were taken 

every 5 meters along the transect (10 images/transect). In this experiment cover was estimated 

for both total areas covered by green materials (live vegetation) as well as bare ground (soil).  
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Images were then analyzed using a 100 points-per-image digital grid as well as by a calibrated 

VegMeasure analysis.  Data was then compared with field estimates using one-way ANOVA. 

  For measurement of ground cover (bare ground), images were collected at a site by the 

South Fork of the Powder River which receives an average annual rainfall of 288-mm.  Major 

vegetative species for this site consisted of Wyoming big sagebrush [Artemesia tridentate Nutt. 

ssp. wyomingensis Bettle & Young], blue bunch wheat grass [Pseudoroegneria spicata (Pursh) 

A. Love], western wheatgrass [Pascopyrum smithii (Rydb.) A. Love], Sandberg bluegrass [Poa 

secunda J. Presl], Indian ricegrass [Achnatherum hymenoides (Roemer & J.A. Schultes) 

Barkworth], greasewood [Sarcobatus vermiculatus (Hook.) Torr.] and desert saltbush [Atriplex 

garderi (Moq.) D. Dietr].    When assessing bare ground at South Fork, 15 1-m2 plots were 

photographed.  At the same location, Bureau of Land Management personnel collected cover 

data using the frequency frame (similar to the point quadrat) with pace transects.  Frequency 

frames were used to analyze green cover along two transects, with 250 points per transect.  

Images were also analyzed for ground cover by the digital grid overlay and by the calibrated 

VegMeasure analysis.  In this experiment VegMeasure bare-ground estimates were compared 

with frequency frame estimates using one-way ANOVA and Tukey’s mean separation. 

   Additional bare ground measurements were taken at a site near Muddy Creek which 

receives 256-mm of annual rainfall and is classified as a saltbrush/grass community vegetation.  

At this site all ground cover was assessed by the laser point frame technique in the field, along 

with digital grid overlay on images, and the calibrated VegMeasure techniques.  Laser point 

frame, digital grid overlay, and VegMeasure estimates were compared using one-way ANOVA. 

 Overall, the researchers concluded that image acquisition and analysis required less labor 

than conventional methods largely because image analysis required a single person.  Image 

analysis produced means in agreement with the standard methods tested (i.e., point transect, 

frequency point, and point quadrat) when compared across multiple plots.  One drawback to the 

computer-based VegMeasure analysis was that individual plot readings by conventional methods 

did not produce comparable results.  It was further noted that VegMeasure indicated less green 

cover than conventional methods.  The others concluded that image analysis was superior to 

conventional methods due to more data points for imagery vs. conventional methods, reduced 

labor, reduced human bias, more precision, and the permanent record of images that could be 

retained for future scrutiny (Booth et al., 2005). 
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CHAPTER III 

 

COMPARISON OF TECHNIQUES FOR ESTIMATING PASTURE HERBAGE MASS 

Abstract: 

 Current methods for assessing herbage mass are either time consuming and thus 

expensive, (e.g. clip and weight methods) or are time efficient, yet do not provide acceptable 

results (e.g. capacitance meter).  Methods such as the plate meter, disc meter, pasture stick, 

capacitance meter and many others have been used to assess pasture productivity.  In the fall of 

2003, an experiment was initiated near Blacksburg, VA to estimate forage biomass, plant height 

and ground cover using both nondestructive and destructive measures.  Forages included 

‘Lakota’ prairie grass (Bromus catharticus Vahl.), endophyte (Neotyphodium coenophialum) -

free and endophyte-infected ‘Kentucky 31’ tall fescue [Lolium arundinaceum (Schreb.) S.J. 

Darbyshire], and ‘Quantum’ novel endophyte tall fescue grazed by steers. Experimental design 

was a randomized complete block with four replications.  Forage botanical composition and 

mass were determined by clipping three 0.25-m2 areas per treatment replicate. Prior to 

harvesting, the forage (within each quadrate), canopy, and plate meter heights were measured by 

placing a plexiglass plate on the sward then measuring the height at which the plate was resting 

on the canopy.  Samples from the quadrates were then hand separated and the different 

components were used to calculate mass and botanical composition.  In 2005, in addition to the 

clipping and plate meter (in two different ways, ruler height and density), capacitance meter 

readings for yield assessments were used.  Typical forage distribution curves were observed for 

all pasture treatments.  Forage biomass and persistence were greatest for KY31 E+ and Quantum 

and lowest for Lakota when averaged over all years.  All the indirect sampling methods used in 

our experiment resulted in large errors making the sampling technique less desirable for 

estimating biomass when compared to direct methods such as cut and weigh.  These errors were 

mainly due to the large variations and fluctuations of sward characteristics that are commonly 

associated with height and tiller density.  Overall, the error associated with compressed or plate 

height measurements compared to simple ruler height is low enough to warrant this measuring 

technique acceptable for biomass assessments.  
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1 Capacitance is the property of an electric nonconductor that permits the storage of energy.  
This results from the separation of charge that occurs when opposite surfaces of the 
nonconductor are maintained at a difference of potential. 

Introduction: 

 Understanding the amount of forage that the pasture provides to the grazing animals at a 

given time is one of the most important pieces of knowledge for the producer, yet when labor is 

considered it can also be one of the most expensive (Karl and Nicholson, 1987; Leasure, 1949).  

Although the technique fails to account for seasonal density fluctuations, measurement of sward 

heights have long been used.  More recently, researchers have used various measurement 

techniques to address issues concerning variable sward density.  Such techniques include the 

plate meter (Rayburn and Rayburn, 1998) and capacitance meter (Fletcher and Robinson, 1956).  

The plate meter, tested by Rayburn and Rayburn (1998), included a 46-cm2 plexiglass plate with 

a central hole in which a meter stick could be placed.  This plate meter was lowered until it was 

fully supported by the sward.  At this level, the height of the plate is measured (Rayburn and 

Rayburn, 1998), thus taking into account not only the height as measured by the sward stick, but 

also the density of the sward.  Recently, more interest has been shown in how to make the plate 

meter better through new calibration methods rather then simply design (Rayburn et al., 2006).  

Rayburn et al. (2006) proposed the use of a 2nd order polynomial for plate meter calibration 

instead of a traditional linear relationship due to a more biologically correct fit to the data.  The 

use of density (yield/height) instead of yield for the calibration of disc meters has been suggested 

(Rayburn et al. 2006).  

The capacitance meter, estimates biomass yield on the basis of the capacitance1 of the air-

herbage mixture surrounding the meter (Currie et al., 1987).  This response is more a function of 

sward surface area of the sward than actual herbage mass (Vickery and Nicol, 1982).  Both the 

plate meter and capacitance meter measure sward attributes (height, density and electrical 

capacitance) that have been shown to be closely related to sward biomass.  However, even with 

the additional measurements of surface area (capacitance meter) and density (plate meter) 

compared to just plant height measurements, varying degrees of accuracy among methods still 

exists (Dowdeswell, 1998; Johns and Watkin, 1965; Murphy et al., 1995; Sanderson et al., 2001).  

Many researchers have used the capacitance meter and plate meter individually for biomass 

assessments.  However, better understanding of sward measurement can be attained through 

comparisons of the techniques on the same sward, by contrasting the strengths and weaknesses 



of each measurement technique.  For instance, it has been found that errors can be noted on the 

capacitance meter due to plant growth stage and moisture levels (Johns and Watkin, 1965).  

Unfortunately, no single pasture evaluation technique has been reported to accurately assess 

pasture productivity regardless of forage types.  

  The current experiment was designed to examine the usefulness of various pasture 

assessment techniques in assessing the productivity of Lakota prairie grass along with Kentucky 

31 endophyte-free (KY31 E-) and Kentucky 31 endophyte-infected tall fescue (KY31 E-) and 

‘Quantum’ novel endophyte fescue (Quantum) were measured and compared in this experiment.  

The specific objectives were to evaluate pasture sward height, plate meter height, and pasture 

capacitance as methods of estimating forage biomass.   

 

Methods and Materials: 

  A grazing experiment was initiated in September 2002 at the Kentland Research Farm near 

Blacksburg, VA.  Four replicates each of Lakota (a new prairie grass cultivar), KY31 (E-), KY31 

(E+), and Quantum (novel endophyte) tall fescues (n=16) were established in a randomized 

complete block design on 17.8-ha.  Seeding rates were 39-kg ha-1 for Lakota and 25-kg ha-1 for 

the fescues.  Due to stand failure, the KY31 E- treatment was reseeded on March 30, 2003.  

Foxtail millet (Setaria italica (L.) Beauv.) was grown as a break crop prior to establishment of 

the new grasses.  In early fall, the foxtail millet was harvested and plots were sprayed with 

Roundup® prior to planting on September 20-25, 2002.  All pastures were initially fertilized 

according to soil test recommendations.  Three Angus crossbred steers (average BW 279-kg) 

were assigned to each treatment replicate, with a stocking rate of 2.7 steers ha-1.  Pastures were 

managed under rotational stocking, with each pasture subdivided into six paddocks (1.1-ha per 

paddock). Animal movement from paddock to paddock was determined by available forage 

(based on residual height and/or forage biomass).  In 2003, grazing began in July and in May for 

the 2004 and 2005 grazing seasons.  Each year, animals were weighed and blocked by age and 

weight prior to assignment to field treatments.  A front and back fence of single-strand, electrified 

polywire was used to allocate 7 to 8 days of forage at a time throughout the trial on all treatments.  

Portable 227 liter troughs were used to provide water in paddocks being grazed.  Animals were 

weighed at the beginning and end of the grazing season, and full weights were taken every 28 d.  

The first year of the experiment in April, liquid N was applied once to all the treatments at a rate 
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of 33.6 kg of N ha-1. In 2004 and 2005, after the initial 56-kg ha-1 of N was applied in the form of 

liquid nitrogen to all the treatments, additional 33.6-kg ha-1 of nitrogen was applied in the form 

of 46-0-0 fertilizer to only the Lakota prairie grass systems after each of the sub-paddocks had 

been grazed by the steers for 7 to10 days.  During the 2004 and 2005 grazing seasons two or 

three of the sub-paddocks were mowed for hay during the month of June.  In 2005, due to 

excessive forage growth driven by the N application and ample moisture early in the year, 

additional (to the annual one mowing) hay was removed from two Lakota paddocks/replication 

in July and September.  

Forage botanical composition and yield were determined by clipping three 0.25-m2 areas 

per treatment replicate. Prior to harvesting, the canopy height within each quadrat was measured 

with a disc meter equipped with a Plexiglas plate. The canopy heights were measured by 

allowing the Plexiglas plate to rest on the sward then measuring the height of the plate prior to 

animal entry.  Samples from the quadrats were then hand separated into grasses, legumes, 

broadleaf weed species, and dead material and the sum of the different components was used to 

calculate yield and botanical composition.  In 2005, in addition to the clipping and disc meter 

samples, the capacitance meter and ruler heights were included for yield assessments.  Ruler 

heights were obtained using the plate meter.  For plant height (ruler height) measurement the 

plate was lowered until it touched the top of the sward then a height reading was obtained.  

Yields were calculated using total biomass collected from each quadrat.  Data were 

analyzed for all single effects and interactions using PROC MIXED (v. 9.1, SAS Institute, Inc. 

2002-2003).  SAS PROC REG was used for correlations between various forage biomass yield 

components.  Additionally, residual errors from the calculated regressions were used to test all 

possible individual effects and interactions through PROC MIXED (year, block, treatment, 

season, block x treatment, season x treatment, and year x treatment).  The random statement also 

was used to test effects of treatment x block x season. 

 

Results and Discussion: 

Weather 

 The total amount of rainfall for the 2003 growing season exceeded the 2004, 2005 and 

the 11-yr average by 351, 522 and 287 mm, respectively (Fig. 3-1). The 2005 growing season 



 26

was the driest of all the three experimental years and dryer than the 11-yr average.  Temperature 

and relative humidity among the experimental years are shown in figure 3-2 and 3-3.  

 

Forage Biomass Yield 

 Although, in most cases, there was no treatment by year interaction, data will be shown 

by year to better investigate forage biomass differences.  The 2005 data analysis indicated 

treatment by date interaction. Treatment by date interactions (p=0.05) were observed for 5/11/05, 

5/18/05, 5/26/05, 8/12/05, and 9/2/05.  All the interacting dates were found to have occurred 

during the less-than-optimum growing conditions (dry) (Fig. 3-1), thus, were omitted from the 

data to be averaged by year, however this data is shown in (Appendix B.).  Averaged over the 

three growing season, KY31 E+ out yielded KY31 E-, Quantum and Lakota prairie grass.  The 

next highest yielding forage type was Quantum while no difference in yield was observed 

between Lakota prairie grass and KY31 E-.  The difference in biomass between KY31 E+ and 

Lakota prairie grass, Quantum and KY31 E-, and Quantum and Lakota prairie grass were 718, 

225 and 391 kg/ha, respectively (Fig. 3-4).   

In 2003, which was a relatively wet year, forage biomass generally was greater than   

the 2004 and 2005 growing season (Fig.3-4). In 2003 although numerical yield difference 

between KY31 E+ and the other three forage types was evident, no significant difference in 

biomass was observed between treatments. In 2004, the biomass of KY31 E+ was higher than 

Lakota prairie grass and KY31 E-.  No significant difference in biomass was observed between 

Lakota prairie grass, Quantum and KY31 E-.  In 2005, the biomass of the four forage types did 

not differed. However, the trend was similar to the 2003 and 2004 growing seasons. That is, 

KY31 E+ had the highest mass followed by Quantum, and Lakota prairie grass and KY31 E- 

yielded the least (Fig. 3-4). For the three experimental years, the biomass of KY31 E+ was the 

highest followed by Quantum.  Similar result were shown by Bouton et al. (2002) where 

endophyte-infected tall fescue had higher dry matter yields than endophyte-free tall fescue in 

pure stands and mixed stands containing the two fescue types.  In our experiment, the biomass of 

Lakota prairie grass and KY31 E- was comparable. To demonstrate the importance of reseeding 

of prairie grass for long term maintenance on July 11, 2005, we counted the number of both 

green and mature seeds dropped within a 0.25-m2 area.  We counted 325 green as well as mature 

seeds. Among these seeds, 55% were mature seeds.  On September 5, 2005 we counted 112 new  
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 Figure 3-1. Average precipitation (mm) for Kentland farm Blacksburg VA, for experimental 

years 
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 Figure 3-2. Average temperature (C) for Kentland farm Blacksburg VA, for experimental years 
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 Figure 3-3. Average humidity (%) for Kentland farm Blacksburg VA, for experimental years 



 28

 

 

0

500

1000

1500

2000

2500

3000

3500

4000

Average 2003 2004 2005
year

m
as

s 
(k

g/
ha

)

Lakota Quantum Ky 31 E+ KY 31 E-
 

Figure 3-4. Influence of grazing on forage biomass of Lakota prairie grass, Quantum, KY31 E+  
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plants which is 63% of the mature seeds. A similar conclusion was made by Bell and Ritchie, 

1989; Jung et al., 1994; Rumball, 1974 where they stated that natural re-seeding and increased 

tiller weights and numbers of prairie grass are known to contribute to its persistence.   

 

Seasonal Distribution of Forages 

Figures 3-5 through 3-8 showed a typical forage distribution curve for cool season 

grasses.  Averaged over the three experimental years, in May, forage distributions between 

treatments varied (Fig. 3-5).  Overall, during each month in the growing season the forage 

biomass of KY31 E+ was greater than Lakota prairie grass, and KY31 E-.  The forage biomass 

and distribution of Quantum was similar to KY31 E+.  In 2003, which was an establishment 

year, forage biomass and distribution did not differ among treatments.  In 2004, however, distinct 

differences in forage mass, especially in early spring, mid summer and late fall were observed.  

Kentucky 31 E+ had high biomass in May and maintained high productivity throughout the 

growing season (Fig. 3-7).  Although at a slightly lower peak, the forage yield curve for 

Quantum was similar to KY31 E+.  In three out of the 6 months, the forage yield curve for 

Lakota prairie grass was only higher than KY31 E-. In May and October of 2004, Lakota prairie 

grass had the lowest yield of all the treatments. Although, not significant, KY31 E-, had the 

lowest forage yield in July, August and September.  In 2005, May biomass for Lakota was lower 

(p=0.05) than the rest of the treatments.  No significant differences were observed in forage mass 

among treatments at subsequent sampling dates (Fig. 3-8).  For the three experimental years, 

forage biomass distribution of KY31 E+, the most commonly grown forage in Virginia, was the 

highest in spring, with a moderate drop in production in mid summer followed by another peak 

in the fall.  Quantum followed a similar seasonal growth pattern.  The forage biomass 

distribution of KY31 E- was inconsistent throughout the experimental years.  On the other hand, 

the distribution of the biomass of Lakota prairie grass lagged behind most treatments at the three 

crucial production periods (early spring, summer and late fall).  This was a rather surprising 

outcome considering the fact that Lakota prairie grass has been marketed for its higher spring 

growth, summer persistence and considerable amount and extended fall growth.  The failure of 

Lakota to cover the three slump periods (early spring, summer and late fall) can be attributed to 

the less-than-optimum management strategies used to maintain this grass such as our low 

stocking density. 
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Figure 3-5 Seasonal biomass distribution across all years for Lakota prairie grass, Quantum, 

KY31 E+ and KY31 E- (* signifies significant difference p=0.05). 
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Figure 3-7 Seasonal biomass distribution for 2004 for Lakota prairie grass, Quantum tall fescue, 

KY31 E+ tall fescue and KY31 E- tall fescue. (* signifies significant difference p=0.05) 
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 Botanical Composition and Persistence  

 Long-term persistence and production of plant species under grazing is a function of 

grazing timing and intensity, environmental factors, as well as the individual plant morphological 

and physiological characteristics that help it withstand biotic and abiotic stressors (Table 3-1).  

Averaged over the three experimental years, the dominant fraction within each sward was the 

treatment forage.  Among the planted treatments species ability to persist, there was less 

(p=0.05) Lakota prairie grass and Quantum, when averaged over all years, while no difference 

was found between KY31 E-, KY31 E+ and Lakota prairie grass’ persistence for means across 

years.  No difference in percentage dead material was observed between treatments.  The Lakota 

prairie grass pastures had more broadleaf weeds (p=0.05) compared with KY31 E+ pastures 

while no difference in percentage broadleaf weeds was observed between Quantum, KY31 E+ 

and KY 31 E-.  Percentage grass weed was higher in Lakota pastures compared with Quantum 

and KY31 E+ pastures. 

 In 2003, the establishment year, their was no difference (p=0.05) in botanical 

composition among treatments indicating uniform stand across treatments.  Although a slight 

decline in the treatment forages was evident in 2004, no difference in percentage planted forage 

or weed species was observed (p=0.05).  Within treatment, in 2004 the percentage planted 

species remained constant and similar amount dead materials, broadleaf weeds and grass weeds 

were present (Table 3-1).  By 2005, the percentage of Lakota prairie grass declined significantly 

followed by KY31 E-.  After three years, the decline in percentage planted forage was 50, 29, 26  

and 37 percent for Lakota prairie grass, Quantum, KY31 E+ and KY 31 E-, respectively.  Less 

dead materials with more broadleaf and grass weeds were observed in Lakota pastures.  For the 

fescue varieties tested similar results in stand persistence were seen by Bouton et al. (2002) with 

highest persistence for infected varieties and lower persistence for uninfected varieties of tall 

fescue. 

By the end of the three experimental years, among the tall fescues, biomass, forage yield 

distribution and persistence of KY31 E+ was superior over all the treatments. However, the 

performance of Quantum was often similar to KY31 E+. The overall performance of KY31 E- 

was much lower than Quantum and KY31 E+ but slightly higher than Lakota prairie grass. The 

persistence and overall productivity of Lakota prairie grass declined with time. The persistence 

of Lakota prairie grass is solely dependent on the plant reseeding itself.  Lakota prairie grass is a  
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Table 3-1 Botanical composition (percent) of  Lakota prairie grass, Quantum, KY31 E+ and 
KY31 E-.  

Treatments Component 
Lakota Quantum E+ E- 

Across years 
Planted species 78.9Ba 85.3Aa 84.0ABa 80.8ABa 
Dead 6.1Ac 9.8Ab 9.2Ab 9.0Ab 
Broadleaf 3.1Ac 1.1ABc 0.5Bc 2.7ABc 
Other grasses 12.1Ab 3.8Bc 6.4Bb 7.6ABb 

2003 
Planted species 95.5Aa1 96.0Aa1 91.8Aa1 88.3Aa1 
Dead 3.0Ab2 3.8Ab2 3.2Ab2 4.3Ab2 
Broadleaf 1.3Ab2 0.0Ab2 0.0Ab1 3.8Ab1 
Other grasses 0.1Ab2 0.2Ab2 5.1Ab12 3.6Ab2 

2004 
Planted species 83.9Aa2 89.6Aa1 86.6Aa1 87.8Aa1 
Dead 8.6Ab1 7.7Ab2 7.7Ab2 6.9Ab2 
Broadleaf 2.3Ac2 0.8Ac2 0.6Ac1 1.5Ac1 
Other grasses 5.2Abc2 1.9Ac2 5.1Abc2 3.9Abc2 

2005 
Planted species 50.6Ca3 71.1AABa2 73.9Aa2 62.5Ba2 
Dead 8.5Bc1 17.5Ab1 17.1Ab1 17.1Ab1 
Broadleaf 8.9Ac1 3.4Bc1 1.1Bd1 4.0Bc1 
Other grasses 32.2Ab1 8.0Cc1 7.8Cc1 16.5Bb1 
*Capital letters signify significance across component 
**Lowercase letters signify significance across treatment 
***Numbers signify year effect 
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bunch type of grass without rhizomes or stolons. Individual prairie grass plants do not attain the 

density of those grasses that propagate by rhizomes and vigorous tillering; thus, prairie grass 

stands are typically thin and disappear three to five years after establishment.  The long-term 

persistence and productivity of this grass can be improved by allowing it to produce sufficient 

amount of seed for reseeding, allowing adequate rest periods between cuttings or grazing and 

most importantly timely application of nitrogen.  In our experiment, although Lakota prairie 

grass was allowed to reseed on a yearly basis, and the rest period and N application was 

employed, as indicated by the decline in persistence, the grazing management may have 

provided less than optimal growing conditions. 

 

Animal Performance 

Overall, the cumulative weight gains of steers on Lakota prairie grass, Quantum, KY 31 

E+ and KY 31 E- were lower in 2004 compared with 2003 or 2005 (treatment x year interaction; 

P < 0.01). Steers on Lakota prairie grass gained the most followed by KY 31 E- in 2005 (Fig 3-

9). The least gain by steers was observed on those grazing KY 31 E+ (Fig 3-9). Similar results 

were observed for average daily gain (Fig 3-10). In 2003, July-Oct steers on KY 31 E- gained the 

most while no difference in cumulative weight gains was observed between steers grazing KY 31 

E+, Lakota or Quantum (Appendix C.).  In July the average daily gains of steers grazing KY 31 

E- and Quantum were similar (1.1 and 0.81 kg, respectively) while for steers on KY 31 E+ and 

Lakota was lower than that of KY 31 E-.  In August, there was no difference in average daily 

gains among steers grazing the different forage types.  In September the average daily gains of 

steers on  KY31 E+ and KY 31 E-  (0.88 kg and 0.70 kg, respectively) were higher than those on 

Lakota and Quantum (0.58 and 0.55 kg, respectively).  In October, however, the average daily 

gain of steers on Quantum was higher than steers that grazed KY31 E+.  This difference in 

average daily gain was over 50% (1.0 and 0.49 kg for Quantum and KY31 E+, respectively).  

Average daily gains of steers on KY31 E- and Lakota were similar (Appendix D.). 

In 2004, initial gains of steers on KY 31 E- and Quantum were higher than of those on 

KY31 E+ but similar to Lakota. Cumulative weight gain of steers on Lakota increased over the 

rest of the treatments. In October the cumulative weight gain of steers on Lakota was higher than 

KY31 E-, Quantum, and KY 31 E+. The total cumulative weight gain was 89, 81, 60, and 36 kg 

for Lakota, KY 31 E-, Quantum, and KY 31 E+, respectively. Steers grazing Quantum gained 8,  
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Fig. 3-9. Cumulative  weight gain of steers grazing Lakota prairie grass, KY 31 E- tall 
fescue, KY 31 E+ tall fescue  and Quantum 542 tall fescue.
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29, and 53 kg more than steers grazing KY 31 E-, Quantum, and KY 31 E+, respectively 

(Appendix E).  In May and June, there was no difference in average daily gains among 

treatments. However, July – October, the average daily gain of steers grazing Lakota was higher 

than Quantum and KY 31 E+ but similar to KY 31 E-. Overall, the average daily gain of steers 

on Lakota was slightly higher than the fescue treatments (Appendix F.).  

In 2005, from June - October steers grazing Lakota gained more weight than the rest of 

the treatments. The slight drop in cumulative weight gain in October by steers on Lakota was a 

reflection of low available forage driven by lack of moisture in September. In September, the 

cumulative weight gain of steers was 133, 93, 81 and 59 for Lakota, KY 31 E-, Quantum, and 

KY 31 E+, respectively. The difference in cumulative weight gain between Lakota versus KY 31 

E-, Quantum and KY 31 E+ was 40, 52, and 74, respectively (Appendix G.).  Although the 

actual cumulative weight gain of steers on all treatments in 2005 was higher than 2004 the trend 

was similar. Similar to 2004, in 2005 the average weight gain of steers on Lakota was higher 

than the fescue treatments (Appendix H.). The sharp decline in average daily gain of steers on 

Lakota at the end of the grazing season is the reflection of decline in biomass yield. Generally, 2 

out of the 3 experimental years, steers’ cumulative weight gain and average daily gain was 

higher for those on Lakota than the fescue treatments. The difference in cumulative weight gain 

as well as the average daily gain between Lakota and the fescues was more pronounced in mid-

summer than early spring or fall. This difference was more pronounced for animals grazing KY 

31 E+ than Quantum or KY 31 E-. Steers on KY 31 E+ gained the least and showed the classic  

endophyte toxic effect of the grass. The effect of KY 31 E+ on animal performance was well 

documented by Boland (2005) in the study she conducted to investigate the effect of the three 

fescue types and Lakota on the grazing behavior of steers. 

 

Comparison of sampling methods 

All sampling methods were initially calibrated using one equation pooled by season, 

treatment, and year.  The residuals from this equation were then tested for year, block, treatment, 

and season effects, as well as block by treatment, season by treatment, and year by treatment 

interactions.  Large error terms were associated with all the indirect biomass assessment 

techniques.  Data obtained from plate meter and sward height measurements varied by forage 

species thus dictating a different calibration equations for each type of forage species tested.  
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Surprisingly, no seasonal effect was found for the calibrations of the plate meter.  The methods 

were calibrated separately by a pooled treatment (using Lakota and KY31 E- individually and 

combining treatment KY31 E+ and Quantum) and the capacitance meter was regressed by 

season.  Residuals were calculated and all effects and interactions were tested (Table 3-2).   

 

Plate meter calibration: 

 The plate meter was calibrated three different ways: linear regression of height versus 

mass (Fig 3-11), a 2nd order polynomial expression of height vs. mass (3-12), and a linear 

regression of height versus density (3-11).  For all the three calibrations, regressions were created 

by pooled treatment and the adjusted r2 and mean square error (MSE) was recorded (Table 3-3).  

The initial calibration, linear regression of mass versus height regression revealed low 

correlations (0.10 to 0.21) and a high MSE.  These results indicate a lower r2 value and higher 

MSE than results obtained by Sanderson et al. (2001).  Due to the high error and low correlations 

observed, we can conclude that the plate meter, when calibrated by a linear regression of mass, 

does not give accurate estimate of biomass under these conditions.  Furthermore, if the plate 

meter is to be used to estimate biomass, many more samples need to be taken to offset or reduce 

the error.  No seasonal effect was observed which was contrary to the findings of Bransby et al. 

(1977).  Second order polynomial calibrations of mass vs. height have an increase in r2 values 

(0.92-0.93) and a much lower MSE for all treatments except for Ky31 E-.  The increased error 

associated with Ky31 E- is believed to be attributed to the large seasonal fluctuations in biomass  

that were noted earlier. Sanderson et al. (2004) concluded that for techniques to be economically 

viable for a farmer, error levels need to be below 10% as compared to the range (26-33%) found 

in their experiments.  The final calibration was done using a linear regression of density (yield 

(kg/ha)/height) versus plate height.  Although this model resulted in low correlations (0.08-0.24), 

MSE for this model were lower than the previous two regressions that used linear and 2nd order 

polynomial models.  Similar to the previous models, this method also did not show an effect by 

season which is noted as one strength of this model (Rayburn et al., 2006).  The decrease in the 

MSE associated with the linear regression of density vs height makes this model a better tool for 

the assessments of biomass.  However we noted that the MSE was more variable than has been 

previously reported (Fig. 3-13) (Rayburn et al., 2006).   
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Table 3-2 Methods of regression, effects and p-values used for comparison of  
pasture evaluation techniques (significance tested at 0.05 level)
Method for regression Effect p-value 
Plate meter vs. mass (linear) Year 0.1821
 Block 0.0035
 Pooled Treatment* 0.3605
 Season 0.2402
 Year by Treatment 0.7867
 Season by Treatment 0.1285
 Block by Treatment 0.6892
Plate meter vs. mass (2nd order polynomial) Year 0.6098

 Block 0.0150
 Pooled Treatment* 0.8652
 Season 0.0486
 Year by Treatment 0.6541
 Season by Treatment 0.3046
 Block by Treatment 0.3701
Plate meter vs. density (linear) Year 0.4473

 Block 0.0581
 Pooled Treatment* 0.9011
 Season 0.0698
 Year by Treatment 0.5464
 Season by Treatment 0.3423
 Block by Treatment 0.3763
Capacitance meter vs. mass (linear)** Block 0.0789

 Treatment 0.1115
 Season <.0001
 Season by Treatment 0.3333
 Block by Treatment 0.7687
Plate meter vs. mass (linear)** Block 0.0357

 Pooled Treatment* 0.2866
 Season 0.0001
 Season by Treatment 0.1216
 Block by Treatment 0.1771
Ruler height vs. mass (linear)** Block 0.0090

 Pooled Treatment* 0.1895
 Season 0.0179
 Season by Treatment 0.1115
 Block by Treatment 0.1239
*Treatments pooled due to similar intercepts in regression (Treatments 1, 2&3, 4) 
** Data only collected during 2005 grazing season 
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Lakota
y = 64.436x + 1405.9

R2 = 0.2172

Ky 31 E-
y = 54.82x + 1788.8

R2 = 0.1607

Quantum and Ky 31 E+
y = 47.612x + 2335.5

R2 = 0.1013
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Figure 3-11 Linear regression of plate height (cm) versus mass (kg/ha) for Lakota prairie grass, 

Ky 31 E- and pooled data for Quantum and Ky31 E+.   

Lakota
y = -2.18x2 + 184x

adj. r2 = 0.92

Ky 31 E-
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Figure 3-12 Second order polynomial for plate height (cm) versus mass (kg/ha) for Lakota 

prairie grass, Ky 31 E- and pooled data for Quantum and Ky31 E+. 

 



 40

Lakota
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Figure 3-13 Linear regression of plate height (cm) versus density ([kg/ha]/cm) for Lakota prairie 
grass, Ky 31 E- and pooled data for Quantum and Ky31 E+. . 



 41

 

Table 3-3. Measurement techniques, forage species, regression equations, adjusted r2, and mean 
square error (MSE) of regressions. 
Method for regression Separation Regression Adj. r2 MSE
Plate height vs. mass 1 Lakota y=1406+64.44x 0.21 878 
 Quantum & Ky 31 E+ y=2336+47.61x 0.10 957 
 Ky 31 E- y=1789+54.82x 0.15 778 

Plate height vs. mass 2 Lakota y=184x-2.18x2 0.92 832 
 Quantum & Ky 31 E+ y=266x-4.47x2 0.92 777 
 Ky 31 E- y=223x-3.60x2 0.93 960 

Plate height vs. density 1 Lakota y=180-1.98x 0.08 45.8 
 Quantum & Ky 31 E+ y=280-5.10x 0.24 41.9 
 Ky 31 E- y=228-3.81x 0.24 61.3 

Capacitance meter vs. mass*1 Spring y=3335+0.07x 0.0005 1011 
 Summer y=2304+0.21x 0.11 900 
 Fall y=1998+0.99x 0.33 798 

Plate height vs. mass* 1 Lakota y=-3.79+143.33x 0.52 792 
 Quantum & Ky 31 E+ y=1313+106.66x 0.48 695 
 Ky 31 E- y=1549+81.10x 0.32 747 

Ruler height vs. mass* 1 Lakota y=594+64.10x 0.30 961 
 Quantum & Ky 31 E+ y=1581+52.26x 0.35 729 
 Ky 31 E- y=1849+46.76x 0.44 790 
* Data only collected during 2005 grazing season
1 Linear regression 
2 Second order polynomial 
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Capacitance Meter 

 The capacitance meter was used only during the 2005 grazing season.  Regression 

between mass and capacitance meter readings varied by season.  Overall the correlation was low 

but was even lowest during the spring season (adj. r2=0.0005) and the best fit being observed for 

the fall (adj. r2=0.33) (Table 3-3).  The large variations among seasons in biomass estimates by 

the capacitance meter noted in our experiment are in agreement with the findings of Sanderson et 

al. (2001).  Inconsistencies associated with biomass estimates using the capacitance meter have 

been attributed to sward characteristics such as clumps of grass, sward maturity, sward height, 

soil types, and dew/moisture levels (Campbell et al., 1962; Johns and Watkin, 1965; Sanderson 

et al., 2001).  The large errors associated with the use of the capacitance meter lead us to 

conclude that the technique needs much more improvement before it is widely adapted as a tool 

to estimate the biomass of varied sward characteristics under a wide range of climatic conditions.   

Ruler height 

 When pasture ruler height was calibrated by pooled treatment against mass, effects were 

found for season and block (Table 3-2).  Although seasonal effect is not unusual to observe with 

this type or other measurement techniques, the season effect observed here can be partially 

attributed to a single year data along with environmental factors.  Regressions were run and the 

correlation coefficient and MSE were calculated (Table 3-3).  When compared to the plate meter 

regression for 2005, effects for season and block were observed for both measurements.  Further 

comparison revealed that the ruler height has a lower adj. r2 value and a higher MSE than the 

plate meter.  These results confirmed that plate meter measurements, which take into account 

sward characteristics such as density, will result in less errors between observations compared to 

ruler height measurements.   

 

Conclusions and recommendations 

 Lakota prairie grass did not generate the early-spring, mid-summer, or late-fall forage 

mass that is desired to cover the periods of low production in a fescue based system.  Across 

years, Lakota prairie grass produced lower biomass (p=0.05) in the first month when compared 

with all fescue types.  Over years and seasons Lakota prairie grass was out-yielded by all but 

KY31 E-.  Both persistence and productivity of KY 31 E- were much lower than KY31 E+ or 

Quantum tall fescue with the novel endophyte.  Initially, all the treatments had uniform stands, 
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however as time progressed in years, the Lakota prairie grass stand was reduced by 50%. The 

decline in Lakota prairie grass stand compared to the fescues can be attributed to the less than 

optimum management scheme used to maintain the grass stand.   

No major differences in nutritive values among treatments were observed.  However, CP 

of Lakota prairie grass was slightly higher than the three fescues tested.  Two out of the three 

years, steers grazing Lakota prairie grass out performed (weight gain and average daily gain) the 

steers on the fescue treatments. The difference between Lakota and KY 31 E+ was most evident. 

There was no difference in animal performance between Quantum and KY 31 E-, but animals on 

both treatments gained more weight than steers on KY 31 E+. Animal performance as well as the 

behavioral study showed that steers grazing KY 31 E+ exhibited the negative effects of the 

endophytic fungus associated with KY 31 E+. The effect of the fungal endophyte on steers was 

evident regardless of added environmental stress from temperature and/or humidity.  

 Comparison of pasture evaluation techniques for biomass indicated that in order for the 

evaluating method to be effective, errors associated with each individual method need to be 

minimized.  All the sampling methods used in our experiment resulted in large errors, making 

the sampling technique less desirable for estimating biomass.  The errors are mainly due to the 

large variations and fluctuations that are commonly associated with sward characteristics such as 

height and tiller density.  Contrary to the findings of other researchers, we did not see   seasonal 

effects associated with plate meter sampling methods. However, block effect was evident for all 

the biomass assessment methods.  The block effect shows the necessity of creating  multiple 

calibration equations to address slight changes in landscape, aspect or soil types However, such 

undertaking is not only time consuming and expensive but not practical.  

 Error associated with compressed or plate height measurements compared to ruler heights 

is low enough to warrant this measuring technique acceptable for biomass assessments.  
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CHAPTER IV 

ASSESSMENT OF TERRESTRIAL REMOTE SENSING AS A VIABLE MEANS TO 
MEASURE PRODUCTIVE GROUND COVER 

 

Abstract: 

 Ground cover is often used as a measure of sward health and persistence. Current 

methods used to evaluate ground cover are often highly reliant on human evaluation which can 

be highly subjective.  The current study was conducted to evaluate the combined use of 

terrestrial remote sensing of digital imagery with image classification for accurately assessing 

productive ground cover as well as compare image classification to assessment by visual 

evaluation or the digital point quadrat.  Productive cover was defined as the percentage of all live 

material present in a given area (live material excluding all dead material and bare ground).  The 

productive ground cover techniques were tested on a grazing experiment testing four forages 

types: Lakota prairie grass (Bromus catharticus Vahl.), Kentucky 31 endophyte (Neotyphodium 

coenophialum) -free tall fescue (Lolium arundinaceum (Schreb.) S.J. Darbyshire), Kentucky 31 

endophyte-infected tall fescue and Quantum (novel-endophyte) tall fescue.  Productive cover 

measurements using remote sensing and visual evaluation were obtained throughout the 2005 

growing season on weekly basis.  High accuracy was noted (83.7%) for terrestrial remote sensing 

with image classification.  Means of the digital point quadrat method were similar to means for 

remote sensing for four out of five observers.  However, individual image assessment had low 

correlation to those assessed by image classification.  Similar results were noted when visual 

evaluation was assessed.  These results indicate that remote sensing can be used to accurately 

assess productive ground cover if the productive cover is above 10%.   

 

Introduction: 

 Ground cover is often used to assess forage persistence and vigor.  Visual (ocular) 

evaluation techniques often are used to estimate percentage ground cover as well as evaluating 

plant dominance, succession, and total cover (Hatton et al., 1986).  The technique is subjective 

and can result in inconsistency among evaluators.  Hatton et al. (1986) tested the ability of 

various evaluators to make accurate assessments of total ground cover of the same areas.  They 

concluded that evaluators were relatively good at estimating coverage at or near 60% ground 

cover, but as cover increased or decreased from 60%, the ability of evaluator’s to accurately 



assess ground cover decreased.  Other methods, such as the point methods (e.g., line intercept, 

point quadrat etc.) are available, but are not usually utilized due to the cost of time associated 

with these techniques (Richardson et al., 2001).   

More recently, terrestrial remote sensing has been viewed as a possible means of 

measuring productive cover (excluding standing dead material) and actual ground cover 

(including standing dead material and thatch).  Experiments were conducted to evaluate the use 

of traditional multispectral remote sensing to assess percent ground cover (using traditional 

multispectral platforms near ground levels) (Schut et al., 2003).  The method assessed ground 

cover at a high accuracy level, however cost associated with data collection and manipulation 

may be limiting its use.  Recently, digital imagery has been show as a cost effective alternative to 

multispectral platforms to collect data for various uses (Ademsen et al., 1999; Purcell, 2000; 

Richardson et al., 2001).  The use of digital imagery combined with image classification to 

collect data in turf grass (Richardson et al., 2001) and field crop (Richardson et al., 2001) 

research has gained credibility; however, little is known how this technology can be applied in 

pasture settings.  One of the issues that need to be addressed before using digital imagery under 

pasture conditions is the obstacle associated in obtaining high quality imagery with minimum 

amount of shadowing from the tall dense sward.  

Favorable results have been obtained (Booth et al., 2005; Murphy and Lodge, 2002) 

when digital imagery and image classification were compared with other methods to assess 

ground covers.  

The overall objectives of this study were to analyze the ability of digital imagery coupled 

with image classification, to classify productive and non-productive ground cover in pasture 

settings as well as to compare image classification results to visual evaluation in the field and 

assessment of images with the digital point quadrat. 

 

Methods and Materials: 

  A grazing experiment was initiated in September, 2002 at the Kentland Research Farm 

near Blacksburg, Virginia.  Four replicates of each ‘Lakota’ (a new prairie grass cultivar), 

Kentucky 31 endophyte-free, Kentucky 31 endophyte-infected, and Quantum 542 novel 

endophyte tall fescues (n=16) were established in a randomized complete block design on 17.8 

ha.  Seeding rates were 39 kg ha-1 for Lakota and 25 kg ha-1 for the fescues.  Foxtail millet 
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(Setaria italica (L.) Beauv.) was grown as a break crop prior to establishment of the new grasses.  

In early fall, the foxtail millet was harvested and plots were sprayed with Roundup® prior to 

planting on September 20-25, 2002 and due to failure in establishment Kentucky 31 E- was 

replanted on March 31, 2003. All pastures were initially fertilized according to soil test 

recommendations.  Three Angus steers (average BW approximately = 225-kg) were allotted to 

each treatment replicate, with the stocking rate (2.7 steers ha-1).  Pastures were managed under 

rotational stocking, with each pasture subdivided into six paddocks.  A front and back fence of 

single-strand, electrified polywire was used to allocate 7-8 days of pasture forage at a time 

throughout the trial on all treatments. As animals were rotated, a portable 227 liter waterer was used 

to provide water in every paddock. Animal movement from paddock to paddock was ultimately 

determined by available forage.  In 2003, grazing began in July and in May for the 2004 and 2005 

grazing seasons.  Each year, animals were weighed and blocked by age and weight prior to 

assignment to field treatments.  Weights of all animals were taken at the beginning and end of the 

grazing season, and full weights were taken every 28 d.   

For obtaining images, a portable camera stand was built that was approximately 1-m wide 

by 1-m long and 1-m high.  This stand was covered on all sides and the top with 6 mil clear 

plastic to create a more diffuse lighting environment.  The camera was affixed in the center of 

the top of the stand to allow a distance of 1-m to the ground (Fig. 4-1).   

During the 2005 grazing season, three 0.25-m2 quadrats per treatment replication were visually 

assessed for productive ground cover on every paddock prior to cattle grazing.  After visual 

assessment was completed images were taken using a Nikon coolpix 5700 digital camera 

(NIKON Corp. Tokyo, Japan) from the same 3, 0.25-m2 areas. For the initial 13 of 27 sampling 

dates (5/2/05-6/29/05) images were acquired without any filter applied; however for the final 14 

of the 27 sampling dates (7/6/05-9/20/05) a polarized filter was added to the camera to 

investigate the effect of glare on image quality and classification.  Once acquired, images were 

then subset to contain only the area inside the quadrat.  Once all images had been collected over 

the 2005 grazing season (May-October) 145 images or 20% of the images were randomly 

selected to be assessed by the digital point quadrat method.  For this method all images were 

overlaid by a 11 by 11 grid in Adobe Photoshop (v. CS, Adobe Systems Incorporated) to identify 

100 points to be classified in each image.  Evaluators classified each point of crossing as green 

vs. non-green (Appendix 1).  Five evaluators with no prior experience were used for this portion  
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Figure 4-1 Image of camera stand used to attain images in the field for assessment of 
productive cover.  Made of a 1m3 pvc frame (A: 3.81cm pvc pipe) and covered with 6 mil 
clear plastic (B).  A 5 mega-pixel digital camera (C) is affixed to stand with a focal 
declination of 90 degrees from the base.  The camera height was 1m above the ground. 
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of the experiment.  Each evaluator received 33 images of which 10 images were common among 

observers.  Once all images had been completed the 10 common images were used to analyze if 

differences exist among evaluator classification of productive ground cover. 

Images were also analyzed using Erdas Imagine® (v 8.7, Leica Geosystems Geospatial 

Imaging, LLC) to classify all cover into productive cover (class 1) and non-productive cover 

(class 2).  Prior to this analysis, a signature set was created from multiple images to establish a 2 

way classification of productive vs non-productive cover.  The signature set was created by 

identifying areas of interest (AOI’s) in multiple images, and using the spectral signature of each 

area as a base signature for these classes.  Once all signatures were collected they were combined 

into two signatures, productive cover and non-productive cover.  These signatures were analyzed 

for maximum seperatability through transform divergence prior to any analysis through Erdas 

Imagine’s signature editor.  Once the signature had been created and tested all images (697) were 

classified through supervised classification (with Mahalanobis distance rule) by one signature 

and recoded to an image containing two thematic layers, productive and non-productive.  

Classified images were then analyzed for percent productive cover (appendix 2).   

 After classification kappa statistics and z-scores were calculated (Congalton and Green, 

1999) to test that if the classification was better than random chance.  Validation analysis was 

also conducted using Erdas Imagine’s accuracy assessment tool.  For the accuracy assessment 48 

images were randomly selected from the entire population (697).  Images were stratified by 

ground cover groupings and filter as described in figure 4-2.  For each image 100 random points 

were created stratified between class 1 (productive cover) and class 2 (non-productive cover).  

These points were then classified as productive or non-productive by the computer user.  Once  

all points were classified results were compared with actual classification data and overall 

classification accuracy was produced (appendix 3).  All data was analyzed in SAS (v. 9.1, SAS 

institute, inc. 2002-2003) through proc glm to analyze for equal variance and fisher’s LSD for 

separation of means. 

 

Results and Discussion 

Image classification accuracy by productive cover 

The results of the accuracy assessment are shown in Table 4-1. Average accuracy of image 

classification was 83.7%.  However, due to the varying covers that are often found under grazing  
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Figure 4-2. Stratification of images for accuracy assessment (* All images were classified using 

100 random points stratified by class (50 points class 1; 50 points class 2)) 
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 conditions, images were stratified in 20 to 40 percentage increments so that all the variability in 

the field was included. This stratified data created an accuracy for all images between 0-39%, 

40-59%, 60-79%, and 80-100% productive ground cover.  There was a significant difference in 

classification accuracy for images with productive cover between 0-39 percent all images with 

productive cover between 40-100 percent (Table 4-1).  However, no difference was noted in 

ground cover assessment accuracy using remote sensing was observed when the actual ground 

cover was over 40 percent (Table 4-1).  Classification accuracy was above 80% for all the 

images above 40% productive ground cover.  When accuracies were examined further, it was 

found that low accuracies were only observed in images below 10% productive ground cover.  

For images ranging from 10-30% productive ground cover accuracy was noted at 80.8%.  Our 

results showed that for images having above 10% productive ground cover, remote sensing can 

be used to assess productive ground covers at an 80% or higher accuracy level.  In this 

experiment, where less than 0.5% of all the images were under 10% 

cover, the accuracy levels (80% plus) was more than an acceptable level for this type of  

assessment.  Similar conclusions were made by Booth et al. (2005) when comparing digital 

imagery analysis by VegMeasure (a similar technique to our remote sensing techniques) to other 

methods of analysis. 

 

Image classification accuracy by polarized filter: 

 In examining image quality, one major concern noted in our study was the effect of high 

reflectance (glare) from leaf blades, and the effect this may have on classification accuracy.  To 

address this concern, a polarized lens was added to the camera to decrease the level of glare from 

leaf blade surfaces.  Our data indicated that no significant difference was observed in 

classification accuracy between images obtained with the camera equipped with polarized lens vs 

no polarized lens (Table 4-1).  This led us to conclude that the addition of a polarized filter to the 

digital camera did not significantly affect the ability to accurately classify productive ground 

cover at any ground cover level. 

 

Image classification accuracy by class: 

 As described earlier, accuracy decreased as productive cover declined below 39%.  

Since accuracies were highly acceptable at covers above 39%, but not below this level, class 2  
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Table 4-1. Classification accuracy of sub-sample by stratified groups 
Grouping Sample size Accuracy* 

By productive cover classes 
0-39 12 images 78.1 b 
40-59 12 images 85.3 a 
60-79 12 images 85.5 a  
80-100 12 images 85.9 a  
Class 1 0-39 600 pixels 84.2bc 

Class 2 0-39 600 pixels 72.0d 

Class 1 40-59 600 pixels 83.4bc 

Class 2 40-59 600 pixels 87.1abc 

Class 1 60-79 600 pixels 82.3bc 

Class 2 60-79 600 pixels 88.7ab 

Class 1 80-100 600 pixels 80.5c 

Class 2 80-100 600 pixels 91.5a 

Filter 0-39 6 images 80.0a 

No filter 0-39 6 images 76.2a 
Filter 40-59 6 images 83.6a 
No filter 40-59 6 images 86.8a 
Filter 60-79 6 images 84.7a 
No filter 60-79 6 images 86.3a 
Filter 80-100 6 images 85.5a 
No filter 80-100 6 images 86.3a 

Overall   
0-100 48 images 83.7 
Filter 24 images 83.5 a  
No filter 24 images 83.9 a  
Class 1** 2,400 pixels 84.8 a  
Class 2*** 2,400 pixels 82.6 a  

Kappa score Z Score 
0.67±0.02 63.3 

* Statistical comparisons of means are made only between classes with no space between them. 
**1986 pixels correctly classified      
***2034 pixels correctly classified 
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(non-productive cover) was investigated to see if it was contributing to the error source at a 

higher rate compared with class 1 (productive cover).  The analysis for this test was done using 

the number of correctly classified pixels per class (Table 4-1.).  Averaged over class increments 

from 0-39 % to 80 -100%, our result of the class analysis indicated no difference between classes 

(Class 1 vs class 2) (Fig. 4-3).  However when the interaction was examined for individual cover 

class increments some differences were noted (Table 4-1); nevertheless, all classes had strong 

accuracy levels except for class 2 for productive cover between 0-39%.  Based on our data, we 

conclude that productive cover level did have an affect on class 2 below 39%. 

 

Sources of image classification error 

 Once all images had been tested for accuracy, eight images were randomly selected, and 

stratified by cover group.  For each of these images all misclassified pixels were observed and 

placed into a descriptive class based on the source of the misclassification.  These classes were 

image quality, class confusion, or user/computer misclassification.  Once all misclassified pixels 

had been assigned to a group, they were compiled by class and by the overall source of error 

(Fig. 4-4).  This comparison showed that the majority of error introduced in class one was due to 

image quality.  Poor image quality can be largely attributed to uneven lighting conditions 

causing glare and shadowing in the sward.  An attempt to correct some portion of this was made 

by using a polarized filter, however as previously stated this did not significantly affect 

classification accuracy.  In class two, the main source of error was in class confusion, which 

generally occurred in transition zones such as leaf edges or shadow edges.  A majority of this 

error can be found on the edges of leaves where the green shades of the leaves will be averaged 

with the brown shades of the thatch layer below, or on senescing leaves that still have a slight 

green coloration.  The error associated with these hues may be hard to eliminate due to the use of 

three band (red, green, blue) digital images.  These errors are shown by location on a classified 

image in figure 4-5.  Misclassification of pixels for other reasons was relatively low (Fig. 4-4) in 

both classes and is possibly due to errors in the training data for the remote sensing classification 

and also the subjective nature of visually assessing these images for classification accuracy. 
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Figure 4-3. Image classification accuracy by separated by productive cover groups.  Bars with 

different letters are different (p = 0.05)
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Figure 4-4. Areas of error within misclassified pixels separated by class (class 1: productive 

cover; class 2: non-productive cover.  This figure depicts subjective values and is not to be 

used as quantitative values. 
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Figure 4-5.  Image comparison showing areas of misclassified pixels by class.  Blue denotes 

areas of misclassified pixels associated with class 1 (productive cover) red denotes 

misclassified pixels associated with class 2 (non-productive cover)  
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Comparison of techniques: 

 Image classification, was compared with visual estimation and the digital point quadrat to 

find the most accurate method of productive ground cover estimation.  Similar to results obtained 

by other investigators (Booth et al., 2005; Hatton et al., 1986), in most cases, our result showed  

that the means of all the ground cover evaluating methods to be similar with that of  remote 

sensing (Fig 4-6).  It is also noted that some differences had existed between individual 

observers; thus indicating the subjective nature of visual assessment.  To further investigate the 

relationships between the various ground cover evaluation methods, correlations were calculated.  

The result showed no correlation (r2=0.047) between remote sensing and visual evaluation, and 

low correlations (r2=0.22) between remote sensing and digital point quadrat for the analysis of 

percent green cover.  This low correlation can be expected due to the subjective nature of visual 

evaluation and the digital point quadrat both of which are based on human observation (Hatton et 

al., 1986). Given the accuracy and statistical significance of the image classification, we can 

conclude that terrestrial remote sensing along with image classification can be effectively used to 

asses productive ground cover.  We also noted that the low correlation that we observed between 

image classification versus both visual evaluation and the digital point quadrat is likely due to 

errors implicit with these methods, not from the image classification. 

 

Conclusion and recommendation 

 Currently, there are only a few options that are used to assess productive ground cover.  

Visual evaluation assessments and point qudatats are often used as ground cover assessment 

techniques.  The assessments often are based on total ground cover that is both sensed and live 

materials Due to its subjective nature, visual evaluation often gives highly varied results.  

Although digital imagery coupled with remote sensing has been used to collect data for turf and 

field crop research, its applicability in pasture conditions has not been fully explored The current 

study showed that remote sensing coupled with digital imagery can be used to accurately classify 

productive ground cover in pasture settings. Whenever the existing ground cover was above 10% 

productive cover, the accuracy of remote sensing/digital imagery in assessing productive cover 

was very high (>80%). Although, the accuracy level was considered acceptable, we examined 

factors that might have contributed to the less than 100% accuracy level. Upon examination of 

various factors associated with image quality, we concluded that the major sources of error for 
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Fig 4-6. Comparison of means for visual evaluation (ve), image classification (ic), and 5 
separate observers using the digital point quadrat.  Bars with different letters are different (p 
= 0.05) 
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the remote sensing method were image quality (class 1) and class confusion (light brown and 

grey coloration; class 2).  Based on our results, if remote sensing coupled with digital imagery is 

to be used to classify productive cover, some considerations need to be taken to assure maximum 

image quality.  Maximum image quality can be obtained by reducing shadow and glare by the 

use of even and diffuse lighting.   
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CHAPTER V 

SUMMARY AND CONCLUSION 

 

 In terms of area, forage is the number one crop in Virginia.  The backbone of these 

forages has long been tall fescue (Lolium arundinaceum (Schreb.) S.J. Darbyshire).  Most tall 

fescue plants are infected with the endophytic fungus Neotyphodium coenophialum.  In addition 

to reduced animal performance, endophyte-infected tall fescue has the potential to cause severe 

animal disorders.  To overcome the problems associated with enophyte infected tall fescue, 

endophyte-free tall fescue has been introduced.  Although endophyte-free tall fescue offers 

advantages in animal production, plant performance is sacrificed.  In recent years, researchers in 

New Zealand and the United States (Georgia) have discovered endophytes that are not toxic to 

animals because the most harmful alkaloids, ergot alkaloids, are not produced.  These 

endophytes are commonly referred to as non-toxic or “novel.”  In fescue based systems, early 

spring, mid summer, and late fall are periods in Virginia where there is frequently low forage 

productivity.  A forage crop that could stretch the grazing season by providing additional high 

quality feed in early spring, mid summer, and late fall when the productivity of typical cool-

season forages is low would provide livestock producers with lower feed costs and increased 

animal performance.  Prairie grasses have been shown to have growth characteristics that may 

allow for this increased early spring and early fall production.  

Knowledge of the plant species that make up a pasture and the relative amounts of each 

species present is important for interpreting potential animal performance.  Most currently used 

techniques to describe the plant species composition of a pasture are laborious, time consuming, 

and may require specialized equipment.  This presents challenges to producers and researchers 

who need this information and may require it on a frequent basis. Plant density can affect the 

biomass and growth of pasture and thus accurate assessment of plant density can help estimate 

available forage and help interpret potential animal performance.  

Lakota prairie grass was evaluated along with three varieties of tall fescue (KY31 E+ 

KY31 E- and quantum- novel endophyte) to assess yield, botanical composition, persistence and 

percent productive cover.  Comparisons of techniques for indirect sampling of productive ground 

cover and biomass yield were also investigated.   
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By the end of the three years study, among the tall fescue types, biomass yield, forage 

distribution and persistence of KY31 E+ was superior over all the treatments.  However, the 

performance of Quantum often was similar to KY31 E+.  The overall yield of KY31 E- was 

much lower than Quantum and KY31 E+ but slightly higher than Lakota prairie grass.  The 

persistence and overall productivity of Lakota prairie grass declined with time.  The persistence 

of Lakota prairie grass is solely dependent on the plant reseeding itself.  Lakota prairie grass is a 

bunch type of grass without rhizomes or stolons.  Individual prairie grass plants do not attain the 

density of those grasses that propagate by rhizomes and vigorous tillering; thus, prairie grass 

stands are typically thin and disappear three to five years after establishment.  The long term 

persistence and productivity of this grass can be improved by allowing it to produce sufficient 

amount of seed for reseeding, allowing adequate rest period between cuttings or grazing and 

most importantly timely application of nitrogen.  In our experiment, although Lakota was 

allowed to reseed itself on a yearly basis and the rest period and nitrogen application was 

employed, as indicated by the decline in persistence, the management scheme used in our 

experiment provided less than optimal growing conditions. 

 Comparisons of indirect sampling methods were also investigated during this experiment.  

The indirect sampling methods included visual evaluation, digital point quadrat, and terrestiral 

remote sensing for estimating productive ground cover; and plate meter, sward height, and 

capacitance meter for estimating biomass yield.  Clipped samples were attained for the 

calibration of yield estimates. 

Terrestrial remote sensing coupled with image classification accurately assessed 

productive cover when total productive cover was above 10%.  Furthermore, most of the error 

associated with accurately assessing productive cover was related to image quality.  If the digital 

imagery and the image classification are improved without further increase in cost, terrestrial 

remote sensing can be the most accurate assessment of productive ground cover. Our experiment 

clearly showed that terrestrial remote sensing using digital imagery can be a useful tool in 

estimating ground cover and pasture productivity. 

  All the indirect biomass yield assessment techniques were associated with large error 

terms.  Data obtained from plate meter and sward height measurements varied by the forage 

species, thus, dictating a different calibration equation for each type of forage species tested.  

Surprisingly, no seasonal effect was found for the calibrations of the plate meter.  Biomass yield 
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assessments using capacitance meter showed no difference in biomass among treatments. As was 

observed by many other researchers, the capacitance meter had the largest errors compared with 

all the other techniques used in our experiment. The large error associated with the capacitance 

meter can be attributed to its inconsistencies in assessing biomass yields. The capacitance meter 

is extremely sensitive to environmental conditions such as moisture. Capacitance meter readings 

can be easily thrown off by slight change in air moisture or dew on leaf surface that is being 

measured.  Based on our experiment, we can conclude that due to a large errors and poor 

correlation associated with this method, it may not be considered accurate enough for use in  

assessments of forage biomass yield.   However, if one chooses to use indirect method to assess 

forage biomass, plate meter calibration with density (correlation between plate meter readings vs 

density ([kg/ha]/ht) is the best of all the techniques tested.  Accurate assessment of forage mass 

in pastures is a key to budgeting forage in grazing systems. The assessment technique used need 

to be practical, cost effective and accessible to the producers. 



Appendix A. Forage systems management strategies for 2003-2005. 
  Date Description Product  Rate System 

4/6/03 Fertilization Liquid N 33.6kg ha-1 All Systems 
5/3/03 Herbicide Trt Grazon 2pt (acre in)-1 Lakota and Quantum (block 4) 
5/13/04 Fertilization 46-0-0 33.6 kg ha-1 Lakota block 4 pd* 1 
5/18/04 Fertilization 46-0-0 33.6 kg ha-1 Lakota block 1, 2, & 3 pd* 1 
5/26/04 Fertilization 46-0-0 33.6 kg ha-1 Lakota block 4 pd* 2 
5/28/04 Fertilization 46-0-0 33.6 kg ha-1 Lakota block 1 & 2 pd* 2 
6/3/04 Fertilization 46-0-0 33.6 kg ha-1 Lakota block 3 pd* 2 
6/6/04 Made hay N/A Final 3 pd* All systems 
6/17/04 Fertilization 46-0-0 33.6 kg ha-1 All Lakota blocks pd* 3 
6/17/04 Fertilization 46-0-0 67.2 kg ha-1 Lakota blocks 1, 2 & 3 pd* 4, 5 & 6 (hayed); block 4 pd* 5 & 6 
6/25/04 Fertilization 46-0-0 33.6 kg ha-1 All Lakota blocks pd* 1 
7/2/04 Fertilization 46-0-0 33.6 kg ha-1 Lakota block 4 pd* 2 
7/6/04 Fertilization 46-0-0 33.6 kg ha-1 Lakota block 1 & 2 pd* 2 
7/8/04 Fertilization 46-0-0 33.6 kg ha-1 Lakota block 3 pd* 2; block 4 pd* 3 
7/16/04 Fertilization 46-0-0 33.6 kg ha-1 Lakota block 1 & 2 pd* 4; block 3 & 4 pd* 3 
7/23/04 Fertilization 46-0-0 33.6 kg ha-1 Lakota block 1 & 2 pd* 5 
7/26/04 Fertilization 46-0-0 33.6 kg ha-1 Lakota block 3 & 4 pd* 4 
8/5/04 Fertilization 46-0-0 33.6 kg ha-1 Lakota block 1 & 2 pd* 6; block 3 & 4 pd* 5 
8/16/04 Fertilization 46-0-0 33.6 kg ha-1 Lakota block 1 & 2 pd* 1; block 3 & 4 pd* 6 
8/20/04 Fertilization 46-0-0 56 kg ha-1 All Systems 
5/12/05 Fertilization 46-0-0 33.6 kg ha-1 All Lakota blocks pd* 1 
5/16/05     

   

   

Made hay N/A N/A All Lakota blocks pd* 5 & 6; Fescue pd* 4, 5, & 6 
5/18/05 Fertilization 46-0-0 33.6 kg ha-1 All Lakota blocks pd* 2 
5/24/05 Fertilization 46-0-0 67.2 kg ha-1 All Lakota blocks pd* 5+6 (hayed) 
5/27/05 Fertilization 46-0-0 33.6 kg ha-1 All Lakota blocks pd* 3 
6/15/05 Fertilization 46-0-0 33.6 kg ha-1 All Lakota blocks pd* 4 
6/29/05 Fertilization 46-0-0 33.6 kg ha-1 All Lakota blocks pd* 1 & 2 
7/8/05 Made hay N/A N/A All Lakota blocks pd* 5 & 6 
7/15/05 Fertilization 46-0-0 33.6 kg ha-1 All Lakota blocks pd* 3 
7/18/05 Fertilization 46-0-0 33.6 kg ha-1 All Lakota blocks pd* 4 
7/25/05 Herbicide Trt Grazon 2pt (acre in)-1 Block 1 all fescues, Block 2 Quantum and E+, Block 3 Quantum and E+, and 

Block 4 E+ (used in areas of horsenettle) 
7/27/05 Fertilization 46-0-0 33.6 kg ha-1 All Lakota blocks pd* 1 
8/4/05 Fertilization 46-0-0 33.6 kg ha-1 All Lakota blocks pd* 2 
8/12/05 Fertilization 46-0-0 33.6 kg ha-1 All Lakota blocks pd* 3 
8/29/05 Fertilization 46-0-0 33.6 kg ha-1 All Lakota blocks pd* 4 
9/6/05 Made hay N/A N/A All Lakota blocks pd* 5 & 6  
9/24/05 Grazing Mgt N/A N/A Lakota cattle opened to all 4 pd* due to dry weather 
10/6 & 10/7/05 Fertilization 46-0-0 56 kg ha-1 All fescue pastures fertilized 
* denotation for paddock  
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Appendix B. Data from dry seasons of 2005 along with 2005 average of data 
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Appendix C. Cumulative  weight gain of steers grazing Lakota prairie grass, KY 31 E- tall 
fescue, KY 31 E+ tall fescue  and Quantum 542 tall fescue for the 2003 grazing season.
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Appendix D. Average daily gain of steers grazing Lakota prairie grass, KY 31 E- tall fescue, KY 31 E+ 
tall fescue  and Quantum 542 tall fescue for the 2003 grazing season.

* Treatment effect (P < 0. 01)
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Appendix E. Cumulative weight gain of steers grazing Lakota prairie grass, KY 31 E- tall fescue, KY 31 
E+ tall fescue  and Quantum 542 tall fescue for the 2004 grazing season.
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Appendix F. Average daily gain of steers grazing Lakota prairie grass, KY 31 E- tall fescue, KY 31 E+ 
tall fescue and Quantum 542 tall fescue for the 2004 grazing season.

* Treatment effect (P < 0. 01)
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Appendix G. Cumulative weight gain of steers grazing Lakota prairie grass, KY 31 E- tall fescue, KY 
31 E+ tall fescue  and Quantum 542 tall fescue for the 2005 grazing season.
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Appendix  H. Average daily gain of steers grazing Lakota prairie grass, KY 31 E- tall fescue, KY 31 E+ 
tall fescue  and Quantum 542 tall fescue for the 2005 grazing season.
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Appendix I:  Classification of productive cover by digital point quadrat 
 

 

A

 
**Digital point quadrat used to assess productive ground cover at all crossing points of 
Grids (A).  Points were classified as green or not green and percentage productive cover 
was created. 
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Appendix J: Classification of productive cover by remote sensing 
 

 
**Original image (A) is classified through supervised classification with signature set 

created from points in multiple images to achieve a 2 class thematic image (B).  Pixel 
counts of class 1/(class 2+class 1) gives us the total productive cover of 71.21%.  This 
cover is approx. the average cover for this experiment.  

71 



Appendix K: Assessment of classification accuracy on image 
 

 
**All yellow markers on image coincide with a point in table (not all points shown in table).  

User defines point in reference column by assessing pixel associated with point.  Areas 
highlighted in table are misclassified points. 
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