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ABSTRACT 
 
 

 This study was conducted to develop strategies to improve cattle production on 

purple threeawn (Aristida purpurea) infested grasslands using different defoliation 

practices at specific phenological stages. Specific objectives included: 1) to determine the 

prescribed fire and clipping effect on purple threeawn survival and change in basal area 

during three phenological stages. 2) to evaluate the effect of burning and clipping on 

forage quality of purple threeawn at three phenological stages, and 3) to generate a 

specific equation to predict purple threeawn biomass production during three 

phenological stages. 

This study was carried out at the Texas Tech University, Native Rangeland 

located in Lubbock, Texas, during 2010 and 2011. In the 2010 growing season, during 

vegetative, reproductive and post-reproductive phenological stages, four hundred fifty 

purple threeawn plants were selected randomly regardless plant size, to be treated with 

one of the three defoliations types. During each phenological stage one hundred-fifty 

plants were treated; fifty plants were clipped simulating 90% utilization and fifty plants 

more were left untreated to be used as control plants. Phenological stages were: 

vegetative (June), reproductive (July) and post-reproductive (October). Two, four, and six 

months after defoliations, I collected forage samples from both treated and control plants 

to determine forage quality. Forage quality in this study was composed of two variables: 

crude protein content (CP) and in vitro dry matter digestibility (IVDMD). Basal crown 

area of defoliated and control plants was measured just after applied treatments. At the 

end of the 2010 growing season, we measured basal crown area again in our plants.  
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Percent change in basal crown area was calculated. In addition, mortality was 

evaluated in defoliated and control plants at the beginning of the next growing season 

after defoliations. Finally, during each phenological stage 65 plants were randomly 

selected to measure variables related to biomass production, clipped and weighed to 

develop models to predict biomass. Experimental treatments to analyze forage quality 

(CP and IVDMD) were composed of three factors; 1) phenological stage (S); vegetative 

(V), reproductive (R), and post-reproductive (PR); 2) defoliation types (D); burning (B), 

clipping (CL), and control (CT); and 3) sampling time after defoliation (T) ; 2, 4, and 6 

months after defoliations. Additionally, treatments for mortality and change in basal area 

analyses were composed of two factors: 1) phenological stage (PS); vegetative (V), 

reproductive (R), and post-reproductive (PR); and defoliation types (D); burning (B), 

clipping (CL), and control (CT). We used multiple linear regression to predict biomass 

production at each phenological stage. Analysis of variance, test of normality and 

heterogeneous variances were performed on forage quality, basal area change and 

mortality data. Significant differences between treatments were concluded using Fisher’s 

LSD test at P<0.05 level.   

Threeawn plant mortality and basal area change were significantly affected by 

phenological stage. This suggests that threeawn mortality in response to severe 

defoliations depends on the plant’s phenology. Burning during the reproductive stage was 

the treatment combination that promoted the highest plants mortality as well as negative 

basal area change. Threeawn plants exhibited fire resistant during the vegetative and the 

post-reproductive stage at least in a in a short term study. 
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Forage quality of unmanaged threeawn plants is low for cattle production during 

most of the growing season. During the vegetative stage forage quality can be classified 

as median levels; once it changes to reproductive, it is classified as poor. As a result, 

there is a necessity to increase threeawn forage quality using management tools such as 

clipping and fire. 

CP content and IVDMD were significantly affected by an interaction between 

defoliation type and sampling time at each phenological stage. Clipping and burning 

treatments proved efficient for increasing threeawn forage quality during each 

phenological stage, particularty 2 and 4 months after defoliations. Clipping and burning 

treatments stimulated regrowth which in most cases possessed similar forage quality. 

However, burning plants tend to promote higher forage quality levels. 

Our forage quality data suggest that fire applied during the post-reproductive 

stage, and deferment during the winter with grazing started at the beginning of the next 

growing season is the best choice to generate the highest forage quality for cattle in 

threeawn grasslands, although this advantage is lost in a short period of time, usually no 

more than 4 months. We generated efficient models to predict threeawn biomass at each 

phenological stage. These models might be used to calculate fine fuel densities to applied 

prescribed fires. 
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CHAPTER I 

INTRODUCTION 

Grasslands are important ecosystems because they provide an important forage 

source for beef cattle production worldwide. Rangelands and pastures comprise about 

42% of the total land area of the United States, and about three-quarters of all domestic 

livestock depends upon grazing lands for survival (DiTomaso 2000). Beef production on 

grasslands is limited by several factors including weather conditions, soil types, forage 

species and invasion of undesirable species which have competitive advantages; this 

coupled to lack of grasslands management promotes the decrease of more palatable grass 

species and the abundance of less desirable plants, resulting in large financial losses for 

the livestock industry. According to DiTomaso (2000), weeds in rangelands cause an 

estimate loss of $2 billion annually in the United States.    

 One of those non-desirable grasses for cattle production is purple threeawn 

(Aristida purpurea) this is a warm season, native perennial bunchgrass (Carlson 1990; 

Cronquist 1977). This species is a pioneer in secondary succession in the east-central and 

southeastern Great Plains (Owensby and Launchbaugh 1977). It can be classed as a mid-

grass. Leaves primarily grow in basal tufts, but there are a few culm leaves. Purple 

threeawn’s inflorescence is a panicle.  Florets have sharp-pointed lemmas with stiff, hairy 

calluses and three-parted awns. 

 On undisturbed plant communities protected from livestock grazing, purple 

threeawn is a minor component (Larson 1942) but in several rangelands of the western 



Texas Tech University, Leobardo Richarte-Delgado, May 2012 
 

2 
 

Unites States purple threeawn has created grazing problems, especially in places lacking 

in management (Evans and Tisdale 1972). Purple threeawn is a perennial grass with low 

palatability to livestock (Evans and Tisdale 1972) coupled with poor crude protein 

content (Dittberner and Michael 1983). It also tends to increase under overgrazing 

conditions and may persist after livestock grazing has stopped (Evans and Richard 1967). 

In most areas purple threeawn’s forage value is only poor to fair (Dittberner and 

Michael 1983; Mueggler et al. 1980). One of the most detrimental features of purple 

threeawn is the presence of long awns which irritate and cause abscesses in the mouths 

and nostrils of grazing animals; as a result livestock generally prefer not to graze it when 

other forage sources are available. However, in areas where purple threeawn is abundant, 

livestock may make moderate use of it in spring before awns develop and in fall and 

winter after seed shatter (Vallentine 1961).  

Although the spike-like awns make purple threeawn poor forage, Evans and 

Richard (1967), pointed out that purple threeawn palatability can be improved with fire. 

On the other hand, purple threeawn is rated to fair in energy content and poor on protein 

value in unmanaged areas (Dittberner and Michael 1983).  

Therefore, it is necessary to look for new strategies to decrease the presence of 

this undesirable grass or at least reduce their negative impact on rangeland productivity. 

One possible way to reach this goal could be increasing threeawn forage characteristics 

using management techniques.  There are some studies where researchers treated to 

control invasive grass species through the use of fire and chemicals, but there is little 

information about the increase of forage quality and mortality through the use of natural 
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disturbance such as prescribed burning and clipping (grazing) across phenological stages. 

In this case, our study is looking for three main objectives, A) reduce abundance of this 

grass species using clipping and prescribed burning during different phenological stages, 

B) improve forage quality of purple threeawn using this treatment mentioned above, and 

C) develop models to predict threeawn biomass production at each phenological stage. 
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CHAPTER II 

LITERATURE REVIEW 

Purple Threeawn Generalities 

Purple threeawn is a widely-distributed species, it can be found from Iowa and 

Minnesota west to British Columbia and south to California, Texas, and Northern Mexico 

(Evans and Richard 1967; Hickman 1993; Hitchcock 1951). 

 Purple threeawn is a warm-season, native perennial bunchgrass 

(Cronquist 1990). It is a mid-grass, with 6- to 12-inch (15-30.5 cm) culms. Leaves 

primarily grow in basal tufts, but it has a few culm leaves. The inflorescence of this 

species is a panicle.  Florets have sharp-pointed lemmas with stiff, hairy calluses and 

three-parted awns.  Awns are 1 to 5 inches (2.5-13 cm) long (Vallentine 1961).  Roots are 

moderately deep (Weaver 1968). 

 Purple threeawn is highly competitive during droughts lasting only a few years, 

however it tends to decrease during periods of extended drought (Fowler 1984).    

Regeneration Process 

 Purple threeawn regenerates by seed and by tillering (Fowler 1984). Sometimes 

in years with adequate summer and fall rainfall, plants in the Southwest United States 

may produce two seed crops: one in spring and one in fall (Kemp 1983).  Second seed 

crops are rare, however, because late-season rains are seldom abundant enough to support 

a second seed crop (Kemp 1983). Purple threeawn presents a combination of divergent 

awns and a sharp-pointed callus that promotes rapid penetration of seed into soil (Evans 

1972).  This grass species apparently maintains a persistent seedbank (Kinucan 1992).  
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 Seeds usually germinate in spring, but may germinate in fall in warm climates.  

There is no light requirement (Evans 1967), but high temperatures are required for 

germination.  In northern locales, temperatures high enough to stimulate purple threeawn 

germination generally occur only in spring on flat areas and low-elevation, south- and 

west-facing slopes (Evans 1972). 

Soil Requirements 

 Purple threeawn is most common on coarse-grained, xeric soils (Evans 1972). 

In the Intermountain region, it often dominates grassland communities on gravelly or 

sandy soils (Evans 1972). However, it is also common on disturbed sites such as 

roadsides and railway rights-of-way (Humphrey et al. 1952). 

Successional Status 

 Purple threeawn is seral on most sites but is a component of stable plant 

communities on some sites.  It is one of the first grasses to establish on abandoned fields 

and other disturbed sites (Herzman et al. 1959).   

Seasonal Development 

 Purple threeawn generally grows in spring and early summer (Herzman et al. 

1959).  In southern Idaho, it begins growth in late March and flowers in mid-June. 

Seeds reached milk-dough stage in mid-August and dehisced in September. 
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Clipping and grasses 
 

Many studies have used clipping on grasses to imitate and quantify the response 

of grasses to grazing (Albertson et al 1953, Branson 1956, Ehrenreich 1959, and 

Arredondo and Johnson 1998,). Clipping, generally consists of removal of photosynthetic 

tissue from plants at different height and frequencies (Albertson et al. 1953). 

Clipping and yield production 

Plant species differ in their ability to tolerate defoliation (Dahl and Hyder 1977). 

The responds of grasses to clipping depends on several factors. Some studies have found 

that with an increase in frequency and amount of tissue removed by clipping there is a 

decrease in grass production on mid-grasses (Canfield 1939; Weaver and Hougen 1939; 

Stoddart 1946; Whitman and Helgeson 1946; Baker, Arthaud, Conard and Newell 1947; 

Blaisdell and P e c h a n e c 1949; Kennedy 1950; and Albertson, et al. 1953). However, 

the response of short-grasses varies. Barnes (1942) found that clipping short grasses tend 

to increase production. According to Branson (1956), generally grasses with elevated 

vegetative apical meristems tend to be less resistant to grazing.  

Other studies have shown that clipping height generally had a smaller influence 

on forage yield than clipping date (Dovel 1996). Dovel (1996) found that forage yields of 

grass-sedge and sedge associations decreased linearly as clipping height increased. He 

found that raising the clipping height from 5 to 15 cm reduced total forage yields by 63% 

and 52% for sedge and grass-sedge associations respectively. In a study, looking at the 

effect of clipping height on Kentucky bluegrass (Poa pratensis L.)-white clover  
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(Trifolium repens) pasture, Robinson et al. (1952) observed an increment on forage yield 

as clipping height decreased. 

Vegetation removal at short intervals caused a decrease in grass plant density over 

removal at longer intervals (Aldous 1930). On the other hand, moderately grazing 

pastures seems to have a positive effect on yield production. Tomarek (1948) in a study 

on western Kansas where grazing intensity had been different during the previous 15 

years found grater yield production on moderately graze pastures than on the ungrazed or 

heavily grazed pastures.  

On a study performed during 5 years in Kansas looking at different clipping 

intensities on blue grama and buffalo grass Albertson et al. (1953) found than during the 

first year, yield was greater on closely clipped areas than it was on lightly clipped or 

unclipped. But after the second year the closely clipped plants began to show detrimental 

effects. 

Timing of clipping  

Timing of defoliation has a greater influence over plant response and recovery 

than timing of defoliation. Stoddart (1946) found than when bluebunch wheatgrass 

(Agropyron spicatum (Pursh) Scribn) was clipped during active reproduction it suffered 

higher percentage of death and decrease in forage production than when clipped earlier or 

not until the end of the season. 

Clipping effects on forage quality  

A desirable effect of clipping on grasses is the increase in forage quality. 

According to Dovel (1996), crude protein concentration of the bluegrasses clover and 
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grass-sedge associations increased with decreasing clipping height. Robinson (1952) et 

al. pointed that the only beneficial effect of heavy clipping intensities on grasses is 

maintaining a cover of green succulent plants with high crude protein levels during most 

of the growing season. 

Clipping effect on roots  
 

The effects of heavy grazing sometimes are exhibited by plants roots before they 

are apparent on aboveground tissues. Roots and shoot growth is inversely proportional to 

the intensity of clipping (Branson 1956). 

According to Graber (1931), the quality of the roots growth and total weight of 

tops varied inversely with frequency of defoliation.   

Heavy clipped intensities seem to have a beneficial effect on root production in 

comparison to moderately and no clipped plants, but after some years heavily clipped 

intensities tend to reduce root production in comparison to areas unclipped or moderately 

clipped (Albertson et al. 1953). Moderately clipping intensities seem to have a better 

impact on root production over time even better than unclipped treatments. 

Fire and grasslands 

The vast North America grassland lies between the Rocky Mountains and the 

eastern forest and extends from south-central Texas to the aspen-parkland in central 

Alberta and Saskatchewan. Grasslands may be divided from west to east into the 

shortgrass, mixed, and tallgrass prairies and grasslands forest combinations 

(Launchbaugh 1972). The historic presence of fire in grassland ecosystems is certain. 

Although, there is not a reliable historic record of fire frequencies in most of these areas 
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because there is no trees to carry fire scars from which to estimate fire frequency. A 

natural fire frequency of 5 to 10 years seems reasonable (Wright and Bailey 1982). Fire 

was important for maintaining grasslands actually Stewart and Sauer (1944) proposed 

that treeless grasslands are a product of repeated fires set by aborigines. 

 Plant responses to fire are sometimes unpredictable and depend on several factors 

such as  pre-burn vegetative composition, soil moisture and fertility, fire intensity, 

precipitation and grazing following burning (Wright 1985), vegetation types, climate and 

topography (Killgore et al. 2009).  However, fire has been a useful tool to maintain 

grasslands in healthy conditions.  Several benefits can be achieved simultaneously by 

apply prescribed burning on grasslands, such as an increase herbage yields, increase in 

utilization, increase in availability and quality of forage, improvement of wildlife habitat, 

control of undesirable shrubs, improved grazing distribution, and increased plant 

diversity (Wright 1974).  

Fire increasing productivity on grasslands 

Grasslands after apply of fire tend to increase in productivity this is due to 

combination of factors such as improved microclimate due to removal of accumulated 

litter, enhanced nutrient availability due to nutrient release and increased microbial 

activity and changes in plant nutrient use efficiency and carbon allocation. Overall, 

burning in mesic grasslands apparently increase productivity by increasing limiting 

resources such as light, temperature and nutrients (Bennett et al. 2003). 

Fire through the reduction of some plant species (shrubs) can increase the 

availability of soil water, soil nutrients, and radiant energy flux to the surviving plants. 
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These changes may account for increases in nutrient content by facilitating earlier 

growth, increased rate of growth, and delayed senescence. Enhanced growth generally 

improves forage quality by increasing readily digestible cell soluble relative to cell wall 

content (Cook et al. 1994). Also soils of burned areas sometimes present warmer 

temperatures than soils from unburned areas because of increased sunlight reaching the 

soil surface. This could stimulate the growth of cool season grasses during the winter 

(Hobbs and Spowart 1984). 

Fire and threeawns species 
 

The responses of threeawn species to fire have been reported by several studies 

(Hilmon and Hughes 1965, Graves and McMurphy 1969, Trlica and Shuster 1969, 

Wright 1974, Steuter and Wrigth 1983, Martin 1983, Owens 2002, Parmenter 2008, 

Killgore et al 2009, and Sorensen 2010) most of them indicate that threeawns is readily 

harmed by fire. On a study carried out in New Mexico to determine summer prescribed 

fire effects on the native plant community Parmenter (2008) found that fire had a 

negative effect on purple threeawn. Similarly Graves and McMurphy (1969) in 

Oklahoma on a sites infested with prairie threeawn (Aristida oligantha) after two years of 

study under below annual precipitation, found that  prescribed burning applied in 

consecutive years in all burning plots decreased prairie threeawn from 45% to 15%. 

Trlica (1969) in the Texas High Plains under similar precipitation conditions found that 

fire reduced the diameter of red threeawn (Aristida longiseta Stead.) on plots burned two 

years in succession while in non-burned control plant diameter maintained or increased in 

size. However, fire increased the seedstalk of red threeawn after fire. Wright et al. (1976) 
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found that purple threeawn cover usually decreased after fire on the southern Great 

Plains. They also pointed out that threeawn species are readily harmed by fire because 

their rootcrowns are close to or above the soil surface. Finally Owensby (1977), in a 

study in Kansas reported that fire applied in early December reduced the number of 

prairie threeawn while fire after early December did not control it. In the same work this 

author pointed out that when mulch is consumed prairie threeawn seedlings are reduced 

the next growing season.  Conversely, other studies have found that purple threeawn is 

not severely harmed by fire. Evans (1967) reported that only few plants were killed by 

spring prescribed fire in southern Idaho. Sorensen (2010) reported just 13% mortality in 

purple threeawn after apply prescribed burning during spring summer and fall seasons. 

Carbohydrates reserves in grasses 

Plants possess two kinds of carbohydrates: nonstructural such as reduced sugars 

(glucose and fructose), nonreduced (nonreducing) sugars (sucrose), fructosands and 

starches. Those are the major constituents. Structural carbohydrates consist of 

hemicellulose (pentosands and hexosans) and cellulose. These types of carbohydrates are 

not considered to provide significant reserves (McCarty 1938; Sullivan and Sprague 

1943; Weinmann 1948). 

Smith (1969) suggested the term total nonstructural carbohydrates (TNC) for 

reserve energy constituents such as carbohydrates and nitrogen compounds elaborated, 

stored and utilized by plants for maintenance and for development of future top and root 

growth. TNC are important in initiating regrowth when photosynthetic tissues are 
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nonexistent or are inadequate  to supply both respiration and growth demands (Heilmeier 

et al. 1986). 

TNC components vary among and within grass species and under various climatic 

conditions during the growth season. Predominant carbohydrate reserves stored by 

temperate-origin grasses are sucrose and fructosans, while those of subtropical or tropical 

origin grasses are sucrose and starch (Cugnac, 1931; Weinmann and Reinhold, 1946; 

Smith, 1968; and Ojima and Isawa, 1968). Major storage areas of carbohydrates on plants 

are usually the lower regions of the stems (stem bases, stolons, crowns, and rhizomes). 

Accumulation of carbohydrate reserves in plant tissue depends upon the balance between 

photosynthesis and respiration (Blaser et al. 1966). Soluble carbohydrate reserves are 

often considered the primary source of carbon for regrowth following defoliation (Cook 

1966, White 1973; Trlica 1977; Trlica and Jameson 1982). 

Water effect on TNC 

Effect of water stress on carbohydrate reserves is not well understood. Some 

studies reported increases in carbohydrate reserves in several grass species under drought 

conditions (Julander, 1945, Brown and Blaser, 1965; Blaser et al. 1966). Meanwhile, 

other authors have reported decreased carbohydrates reserves during drought conditions 

(Bukey and Weaver, 1939; Brown 1943). However, Smith (1969) concluded that 

variation on carbohydrate reserves during growing season depends upon interaction 

between plant and-environment, and the balance between photosynthesis and respiration. 

Water stress either can increase or decrease reserves depending on the degree of stress 

and stage of plant growth. 
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Effect of defoliation on TNC 

 Effects of herbage removal on plant growth have been classified into three 

simplified categories. 1) Reduced amounts of carbohydrate reserves, 2) reduced root 

growth, and 3) reduced leaf area (Alcock, 1964). Many field studies show that 

carbohydrate reserves decrease in both stem bases and roots of grasses after defoliation 

(Graber et al. 1927; Troughton 1957) until sufficient leaf area is produced that 

carbohydrates produced in photosynthesis equaled those used in respiration and growth.  

Davidson and Milthorpe (1966) found after measuring both respiration and 

photosynthetic rates that regrowth following clipping depended upon carbohydrate 

reserves for only the first 2 to 4 days; during this period, stored carbohydrates were used 

for regrowth and respiration. While Smith (1969) indicated the level of carbohydrate 

reserves in lower region of the stems affects the regrowth rate for 2 to 7 days following 

defoliation.  Afterwards, regrowth depends on other factors unrelated to carbohydrates 

reserves such as photosynthetic rates and nutrient uptake. Severity of defoliation on 

carbohydrate reserves of plants varies according to timing of defoliation. Trlica (1971) 

found that plants defoliated late in the spring and at or near to a mature phenological 

stage made little regrowth and stored little TNC. Cook (1971) also pointed out that 

defoliation is more detrimental for plants in late spring or mid-summer than in the fall, 

winter or early spring for several desert plants. 

Floyd et al. (1961) in a study to determine the influence of different intensities 

and season of clipping on TNC of roots and rhizomes and crowns of big bluestem 

(Andropogon gerardi Vitmani.), western wheatgrass (Agropyron smithii Rydb.), and a 
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mixture of blue grama (Bouteloua gracilis (H.B.K.) Lag. ex Steud.) and buffalo grass 

(Buchloe dactyloides (Nutt.) Engelm.), found that sugar and starch content of the 

underground parts in unclipped quadrants varied with the growth of grasses. When 

growth was rapid in the spring, the amount of readily available carbohydrates was low 

but as the warm-season grasses were approaching maturity and dormancy in the fall a 

peak in stored food occurred. Also they indicated that continued removal of a large part 

of the photosynthetic tissue of the heavily-clipped grasses could eventually result in their 

complete destruction. Buwai and Trlica (1977) pointed that factors which reduce the 

capacity of plants to manufacture food will cause depletion of stored total nonstructural 

carbohydrates (TNC) and may lead to change in range condition.  

Forage quality in grasses 

Forage production is defined as the integrated end-product of conversion of solar 

energy into plant biomass; this is the foundation of the range animal production system 

(Huston and Pinchal 2008). Grasslands present several types of forage with different 

characteristics therefore different value for livestock and wildlife nutrition. Forage 

includes browse and herbage which can be consumed by or harvested and fed to animals 

(SRM 1989). Forage quality is one of the most important characteristics into take in 

consideration to understand the potential production of grasslands. Forage quality can be 

defined as the extent to which forage has the potential to produce a desired animal 

response (Ball et al. 2001).  
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Forage quality is determined by several factors, those factors include: plant 

composition, leaf to stem ratio, palatability, digestibility, nutrient content, and animal 

performance (Ball 2001; Plikerton and Cross 1992; Newman et al. 2006) 

Plant composition  

 All plants are composed of cells. These cells in turn, can be divided into two main 

components: cell walls to support and protection and cell contents (Plikerton and Cross 

1992). Cell walls are fibrous and are the primary constituents of forage. Fiber has three 

major components: cellulose, hemicellulose and lignin (Bowman and Sanson 1996). 

Cellulose and hemicellulose are digestible to some extent for ruminants as rumen 

provides an adequate environment for bacteria and other microorganism that can break 

down the fiber. Lignin is undigestible, thus cannot be used for ruminant energy (Newman 

et al. 2006). With maturity the fiber content increases as a percent of the total plant. In 

general, forage with high fiber content has poor forage quality and vice versa (Plikerton 

and Cross 1992). However, cell contents comprise a several soluble compounds, most of 

which are almost completely digestible, and digestibility does not change as the plant 

grows (Plikerton and Cross 1992). 

Leaf stem ratio  

 Grass and legumes have two main plant parts, leaves and stems. Stems are 

structural components of plants and typically contain more fiber than leaves to provide 

structural support (low forage quality). Leaves in turn, are specialized structures for 

capture and utilization of sunlight energy and their fiber content is lower than stems (high 

forage quality) (Huston and Pinchal 2008).Those two components have different forage 
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quality mainly due to their fiber concentration; therefore the leaf/stem ratio of a forage is 

a good indicator of forage quality. As values of this ratio increase the quality of the 

forage generally increases as well (Plikerton and Cross 1992).  

Palatability  

Palatability is related to all forage characteristics that make a plant desirable to 

cattle for grazing such as, odors, sweet flavors, high digestibility, and high nutrient 

content (Launchbaugh 1996). 

Digestibility  

Digestibility is the extent to which forage is absorbed as it passes through 

animal’s digestive tract; this forage property varies greatly, ranging from 80 to 90% in 

immature leaf to less than 50% of mature stemmy plants (Ball et al. 2001). 

Digestibility is a functional component of plant tissue that reflects the nutritive value to 

the animal and significantly influences intake levels of ruminants (Stuth et al. 2003). 

The most common method of expressing a feed stuff energy value is percent total 

digestible nutrients (TDN) 

Nutrient content  

Once digested, forage provides adequate amount of nutrients to livestock. Living 

forage usually contains 70 to 90% water. To standardize analyses forage yield and 

nutrient content are usually expressed on a dry matter basis. Forage dry matter can be 

divided into two main categories: (1) cell contents (the non structural parts of the plant 

tissue such as protein, sugar, and starch); and (2) structural components of the cell wall 

(cellulose, hemicellulose and lignin) (Ball et al. 2001). 
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Two main nutrients that determine forage quality are protein content and 

digestibility which can be defined as energy content (Plikerton and Cross 1992). Protein 

and energy are the most important nutrients for ruminants as they support microbes that 

degrade forage (Newman et al. 2006). Proteins are large molecular compounds comprised 

of approximately 20 amino acids, the number and the sequences of these amino acids 

produce a particular protein (muscle, hair, hoof, enzyme etc.). Ruminant protein demand 

is considerable because feed is required for two different sinks. The first one is ruminant 

bacteria population which is met at 6 to 8% crude protein in the diet. The second one is 

animal requirements ranging from 7 to 20% of crude protein content in the diet (Huston 

and Pinchal 2008). Proteins make up 60-80% of the total plant nitrogen (N). The rest is 

made of soluble protein and small portions of fiber-bound N. Protein concentration varies 

considerably depending on species and plant maturity, for example values ranging from 

12-25% are normal for legumes, 8-23% for cool season grasses and 5-18% for warm 

season grasses (Newman et al. 2006). Crude protein is measured indirectly by 

determining the amount of N in the forage and multiplying that value for 6.25, under the 

assumption that N constitutes about 16% of the tissue protein in the forage (Newman et 

al. 2006). The amount of protein in forage is one of the better indicators of forage quality 

because there is a relationship between forage quality and cattle performance, i.e., as 

protein increases in forage livestock perform better (they gain weight, increase milk 

production, etc.) (Plikerton and Cross 1992).  

Energy is the other main factor used to determine forage quality. Ruminant 

animals get energy primarily from plant carbohydrates, lipids and proteins (Huston and 
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Pinchal 2008). Total digestible nutrients (TDN) is a parameter which is used to determine 

the energy value of forages. TDN can be defined as the sum of the digestible portion of 

the crude fiber, crude protein, crude fat, nitrogen free extract and ash (Newman et al. 

2006). The main sources of energy for ruminants are the products of carbohydrates 

fermentation by ruminant bacteria. Forage has two basic types of carbohydrates: 1) those 

associated with cell contents which are highly digestible by rumen bacteria, and 2) those 

more resistant to degradation, usually associated to cell wall constituents, which are just 

partially degradable for rumen microorganism (Newman et al. 2006).  Van Soest (1967) 

proposed a useful system for evaluating the nutritional characteristics of forage. This 

system divides cell components into -two parts according to their digestibility; cell 

contents (NDS) which are totally digestible and cell walls (NDF) which are partially and 

variably digestible. This knowledge was the basis to development an in vitro digestion of 

dry matter (IVDDM) technique-a two- stage micro digestion technique that provides an 

approximation of the digestibility of forages (Van Soest et al. 1966). 

Total digestible nutrients (TDN) varies not just with maturity, but also with forage 

type. For example, alfalfa (50-70%), cool season grasses/covers (55-68%) and warm 

season grasses (45-65%) (Newman et al. 2006). While energy content, depends upon 

forage digestibility (Huston and Pinchal 2008).  

  According to Huston and Pinchal (2008), maximum available energy in 

grasslands (Kcal/m2), reaches its maximum level when stems are elongated in mid 

anthesis. 
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Animal performance  

According to Ball et al. (2001) animal performance is the ultimate test of forage 

quality. Forage quality encompasses nutritive value.  

Factors affecting forage quality  

Forage quality is never static. This changes so rapidly that sometimes it is 

possible to measure significant declines in relatively close periods of time (Arzani et al. 

2004). There are two main factors affecting forage quality; maturity and weather 

conditions (Newman et al. 2006; Huston and Pinchal 2008; Adesogan 2009). The most 

important factor is maturity or growth stage. When plants are very immature the overall 

forage quality is high. As the plant matures quality begins to decline (although slowly at 

first). Once plants enter to reproductive growth stage (begins to develop a seedhead), 

forage quality declines rapidly. As plants approach full maturity (hard seed) quality tends 

to decline less rapidly but at this time stage quality is already poor (Plikerton and Cross 

1992). In general, forage quality and nutritive value decrease with physiological maturity 

due to increases in the proportion of cellulose, hemicellulose and lignin, and decreases in 

crude protein and non-structural carbohydrates (NSC) (Nelson and Moser 1994; Newman 

et al. 2006) and digestibility of structural carbohydrates (Gordon et al. 1983; Nelson 

1988; Shaver et al 1988; Newman et al. 2006). On the other hand, weather conditions or 

abiotic factors also have a direct impact on forage quality, as those factors modify the 

rates of live material accumulation and senescence occurs. Air temperature and soil 

moisture are the most important (Huston and Pinchal 2008). Forage growing at high 

temperatures possesses low digestibility and low protein content because lignification and 
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formation of structural carbohydrates (NDF) occurs rapidly at high temperatures. While 

more mesic temperatures help to maintain forage quality due to a reduction in growth and 

respiration rates, keeping a higher proportion of digestible dry matter and protein content 

of forage (Huston and Pinchal 2008). Soil moisture influences forage quality as well, if 

moisture is limited until permissible levels during active growing stage, growth is slow in 

plants delaying maturity and maintain forage quality. However, if water is restricted for a 

long time, forage quality decreases due to nutrient translocation and senescence (Huston 

and Pinchal 2008). High temperature and limiting of soil moisture are recurrent factors in 

arid and semiarid environments. As a result, these areas are usually dominated by forage 

types that are relatively high in quality during early vegetative growth but present a rapid 

decrease as forage accumulates and mature (Huston and Pinchal 2008).     

Purple threeawn forage quality  

Purple threeawn forage quality has been classified as poor mainly due to three 

characteristics: 1) poor to fair in energy content, 2) poor protein content, and 3) low 

palatability.  Protein values of purple threeawn normally range from 3.2 to 10.4 percent 

across the year (Nelson and Herbel 1970) when cattle require at least 7 to 8% to support 

adequate rumen microbial function (Van Soest 1994). Finally, low palatability for 

livestock due to its seed that produces long awns, which irritate and sometimes cause 

abscesses in mouths and nostrils of grazing animals, promoting cattle avoidance of this 

forge when other sources are available (Howard et al. 1997). From the point of view of 

cattle and wildlife production these characteristics made purple threeawn a non-desirable 

species on grasslands. 
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CHAPTER III 

EFFECT OF BURNING AND CLIPPING ON PURPLE THREEAWN (Aristida 

purpurea) MORTALITY AND CHANGE IN BASAL AREA DURING THREE 

PHENOLOGICAL STAGES 

Abstract 

Purple threeawn is a grass species which is considered as undesirable to cattle 

production due to its low palatability and poor forage quality. This grass has been causing 

problems mainly in western grasslands in US affecting negatively cattle production. 

There have been several attempts to control it using chemicals and fire but there is no 

information about the seasonal effect of fire and clipping on threeawn survival and 

change in basal area. The objective of this study was: to evaluate the effect of fire and 

clipping on purple threeawn (Aristida purpurea) survival and change in basal area, during 

vegetative, reproductive and post-reproductive phenological stages in the Southern Great 

Plains. This research was conducted in the Texas Tech University, Native Rangeland, 

Lubbock, TX. Hundred and twenty plants were randomly selected regardless plant size at 

each phenological stage. Forty plants were clipped simulating 90% grazing utilization, 

forty more were burned individually using portable propane burned. This was calibrated 

using a combination of pressure (PSI) and time (sec) to simulate the temperatures 

presents during a wildfire in a shortgrass prairie. Finally, forty more plants were used as a 

control. Plants were identified individually with color flags and numbered tags to 

evaluate mortality and basal area. Right after applied defoliations we measured basal 



Texas Tech University, Leobardo Richarte-Delgado, May 2012 
 

22 
 

width and basal length in defoliated and control plants using a caliper; these 

measurements were converted into areas (initial area). At the end of the growing season 

the same measurements were took to calculate final basal area. Change in basal area was 

estimated by difference, using the initial and final measurements. Plant mortality was 

evaluated in defoliated and control plants at the beginning of the following growing 

season. Statistical analyses to detect possibly differences among treatments were 

performed using GLMMIX and CATMOD for plant mortality and GLM to change in 

basal area procedures in SAS. Plant mortality was affected by a significant interaction 

(P<0.05) between phenological stage and defoliation type. On vegetative stage clipping 

was the treatment that has the highest effect on plant survival (22.5%) this was significant 

(P<0.05) different from control (5%). Reproductive stage was the stage were plants 

suffered the highest damaged, especially those under the burning treatment. Burned plant 

mortality was significant (P<0.05) higher than control mortality. During post-

reproductive stage, threeawn plants showed the lowest treatments effect. Plants under 

burning treatments results just in a 10% of mortality. This was significant (P<0.05) 

different from control plants. 

Basal area change was affected by a significant interaction (P<0.05) between 

phenological stage and defoliations types on vegetative stage, clipping was the only one 

that reduced threeawn basal area by 18.43%.  In contrast, burned plants remained equal 

but control plants increased (10.13%). On reproductive stage burning was the only 

treatment that decreased threeawn basal area to -30%, while clipping and control pants 

had a positive increase. Finally, in post-reproductive stage, burning again was the only 
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defoliation type which affected negatively basal cover averaging a slight decrease by -

10.66%, in the other hand, clipped and control pants averaged really close increments of 

between 6% and 6.5%.  

Based on our mortality and change in basal area results, burning during 

reproductive stage seems to be the best recommended treatment to decrease purple 

threeawn infestations in grasslands of the Southern Great Plains, considering its negative 

impact in survival and change in basal area.   

Introduction 

North American grasslands have evolved with the presence of fire and grazing. 

Fire according with some authors was the principal ecological process influencing the 

evolution of numerous plant species in Great Plains grasslands and the primary 

disturbance factor for sustaining the structure, diversity and productivity of these 

ecosystems (Wright and Bailey 1982; Anderson 1990; Debano et al. 1998).  As a result, 

grass species have developed certain mechanism to overcome their negative effects as 

growing points beneath soil surface (Anderson 1982). On the other hand, there is a really 

close relationship between grass species and grazing; actually some authors have been 

considered a symbiotic relationship between grasses and grazers (Owen 1981). 

Purple threeawn (Aristida prupeurea) is a warm season, native perennial bunch 

grass (Carlson 1990; Cronquist 1977). This species is widely distributed in North 

America, it can be found from Iowa and Minnesota to British Columbia and California, 

Texas, and Northern Mexico (Evans and Richard 1967; Hickman 1993; Hitchcock 1951). 

Purple threeawn is cataloged as undesirable due to its low palatability and forage quality 
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for cattle. Threeawn presents low palatability due to its seed that produces a long awns 

which irritates and cause abscesses in mouths and nostrils of grazing animals (Evans and 

Tisdale 1972) and poor crude protein content (3 to 10%) (Nelson and Herbel 1970; 

Houston 1981). This characteristics make cattle avoid consume it, which at the same time 

tend to increase under overgrazing conditions. These situations have caused a decrease in 

cattle production on North America Rangelands infested with threeawn. 

The effect on fire on purple threeawn survival to fire is not well defined; most of 

the literature has demonstrated that is a species easily damaged by fire (Graves and 

McMurphy 1969, Trlica 1969; Wright et al. 1976; Parmenter 2008), however, other 

studies reported low mortalities (< 20%) (Evans 1967; and Sorensen 2010).  

Fire suppression programs implemented since 1950s have affected negatively 

grasslands changing native plant communities by the reduction of desirable grasses and 

increasing of invasive species such as shrubs, and undesirable grasses (Ostlie et al. 1997; 

Engle and Bidwell 2000). Consequently, there is an opportunity to improve grasslands 

ecosystems using fire. However, before reintroducing fire as a large-scale management 

tool is necessary determine the appropriate season and restorations objectives particular 

to each ecosystem (Ford and Johnson 2006). Plant response to fire depends on several 

factors, such as precipitation, plants species, fire intensity etc. The most important are 

timing at fire applications and precipitation before and after burning (Wright 1974a; 

White and Currie 1983; Rasmussen et al. 1986; Ford 1999; Brockway et al. 2002, and 

Luna 2009). Several studies concluded that fire during growing season is more 
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detrimental for plants production and survival than during dormant season (Briske and 

Richards 1995; Brockway et al. 2002; Ford and Johnson 2006).  

One of the most sensible measurements to determine the effect of disturbance 

such as clipping and burning in plants is through measurements of basal cover. Some 

studies have shown that change in basal cover provides a good estimation of grass species 

response to disturbance factors (Britton1983; Jacobs and Schloder 2003; Luna 2009). 

Basal cover is considered one of the most reliable variables for estimating the trend in 

grasses because its change is slower in response to perturbation in comparison to change 

in biomass or aerial basal cover (Bonham 1989; Brady et al 1995).  

There have been some attempts to control purple threeawn using chemicals and 

fire (Engle et al. 1990) but there is not available information about controlling this 

noxious species using clipping or burning on different phenological stages.  

The objectives of this study were: 1) to determine which defoliation factor is more 

detrimental for purple threewan survival; clipping or burning and 2) To determine in 

which phenological stage purple threeawn is more sensible to clipping and burning 

defoliations.  

Materials and Methods 

Study site 

This study was conducted in 2010 and 2011 at the Texas Tech Native Rangeland. 

This rangeland is approximately 65 hectares located in the northwest section of Lubbock, 

TX (33°36'14.78"N, 101°53'50.44"W) at 992-m elevation.  
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Prevalent soils are Acuff-Urban land complex, 0 to 2 percent slopes and Midessa 

fine sandy loam, 1 to 3 percent slopes (NRCS 2010) (Blackstock et a. 1979). The Acuff-

Urban land complex, 0 to 2 percent slopes occupies the greatest area followed by the 

Midessa fine sandy loam, 1 to 3 percent slopes. These soils are deep, friable, well 

drained, moderately alkaline, and are moderately to high fertility for native range plants 

production. Slopes are gently their range from 0 to 5 percent (Blackstock et al. 1979). 

This area has a dry steppe climate with mild winters. Main annual precipitation is 

481 millimeters, with 73% occurring during the warm season, April through October 

(Southern Regional Climate Center, 2011). Warm season rainfall occurs often as a result 

of thunderstorms. May, June and July are the main growth months for perennial warm 

season grasses (Blackstock et al. 1979).  Average normal temperature on summer is 24.69 

oC while in winter is 6.12 oC (Southern Regional Climate center, 2011). 

Area vegetation consists of mid and shortgrass species. Grass species common to 

this site are sideoats grama (Bouteloua curtipendula) and blue grama (Bouteloua 

gracilis), buffalograss (Buchloe dactyloides), hairy grama (Bouteloua hirsuta), sand 

dropseed (Sporobolus cryptandrus) Arizona cottontop (Digitaria californica (Benth.) 

Henr.). The more commonly found forbs are dotted gayfeather (Liatris punctata), scarlet 

globemallow (Sphaeralcea coccinea), Engelmann’s daisy (Engelmannia peristenia), 

baby white aster (Chaetopappa ericoides), halfshrub sundrop (Calyophus serrulatus), 

trailing ratany (Krameria lanceolata) and annual forbs. The primary woody species found 

are mesquite (Prosopis glandulosa Torr. var. glandulosa) and plains pricklypear 

(Opuntia polycantha); however, trees are seldom found on this site (Bradbury 2007). 
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The total dry weight production of this site average 2080 lb/ac during favorable 

years, 1650 lb/ac during normal years, and 1220 lb/ac during unfavorable years 

(Bradbury 2007). The area has a history of nine years without any grazing or burning 

events. 

Basal change and plant mortality Measurements 

This study was carried out in areas that presented the most purple threeawn plant 

density in Texas Tech University, Native Rangeland (figure 3:1). To evaluate the effect 

of fire and clipping on purple threeawn change in basal area and plant mortality, purple 

threeawn plants were exposed to combination of three defoliation treatments and three 

phenological stages. Defoliation treatments were: burning (B), clipping (CL) and control 

(CT); we considered these factors because represent a common disturbance for grazing 

plants, meanwhile phenological stages were: vegetative stage (V), which is characterized 

by leaf growing (Barnhart 1999), Reproductive stage (R) is characterized by seedhead 

developing, pollination occurs and seed develops (Barnhart, 1999), and post-reproductive 

(PR) which is characterized by ending reproductive activities.  

Burning  

Burning treatment was applied on June, July and October for vegetative, 

reproductive and post-reproductive phenological stages, respectively during 2010 

growing season. Burning treatment was individually applied to each purple threeawn 

plant regardless of size. Fire environment was created using a portable propane burner 

designed by Britton and Wright (1979). We calibrated the burner with a combination of 

10 PSI and 15 seconds as the adequate to simulate temperature present on short grass 
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prairie fires (140 °C) (Stinson and Wright 1968).  Relative humidity, air temperature, and 

wind speed were recorded every hour during the time of burning disturbance application 

(Table 3.1) in addition, crown temperature was measured at fire application time using 

dataloggers (Hobos®) which sensor was located right in the middle of the grass crown at 

the level of the mineral soil (Table 3.2).  

Clipping  

Treatments were applied in vegetative phenological (June), reproductive 

phenological (July) and post-reproductive stages (October) during 2010 growing season. 

Clipping treatment was individually applied to each purple threeawn plant regardless of 

size. Clipping consisted of removing 90% of total forage volume. According to Crafts 

and Glendening (1942), 50% is the optimal range of utilization for short grass ranges. We 

used 90% to compare clipping effect versus burning effect where percentage of 

utilization is close to 100%. We accomplished this by clipping plants to 1.5-in stubble 

height on each phenological stage.  

Control  

Plants under this defoliation level were untreated. These plants were used to 

obtain samples for posterior analysis in the laboratory to determine forage quality, as well 

as, to compare mortality and change in basal area to those affected with clipping and 

burning treatments. 

Mortality  

Plants were marked with a painted nail after treatments application and identified 

individually with numbered tags and flags for plant mortality evaluations. One growing 
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season after treatments application, each individual plant was evaluated for mortality. 

Plants with no live tiller at the beginning of 2011 growing season were assumed to be 

dead.  

Change in basal area 

Basal measurements were taken at each phenological stage right after applied 

defoliation treatments. Measurements were also taken on control plants (Appendix A). 

We measured basal width and basal length using a caliper measured to the nearest 0.1 cm 

from mineral soil. These measurements were used to calculate the basal area under the 

assumption that a purple threeawn crown presents an ellipse form. We used this formula 

to calculate its basal area:  

A= (Awidth/2)*(Blength/2)* π 

Where: 

A= crown basal area  

Awidth = diameter A 

Blenght = diameter B 

 π = Mathematical constant (3.1416)  

This basal area was considered as an initial area, later on, at the end of the 

growing season (January 2011) we took similar measurements on every plant treated and 

calculated a new basal area (final area). We subtracted final area from initial area and 

calculated percentage of basal change after applied treatments.   
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Statistical analyses  

We used the same design to evaluate mortality and change in basal area response 

to our defoliation treatments. Each phenological stage 120 purple threeawn plants were 

randomly selected marked with a numbered color flag, aluminum tag numbered and color 

nail for their posterior treatment assignation. 

This study was set up as a 3x3 factorial completely randomized design (CRD) 

with 40 replications. 360 purple threeawn plants were completely randomized selected 

regardless of plant size on areas with similar soils and vegetation type during 2010 

growing season. Factors of our study were: defoliation (D) at three levels: 1) burning (B), 

2) clipping (CL), and 3) control (CT), and phenological stage (S) at three levels: 1) 

vegetative (V), 2) reproductive (R), and 3) post-reproductive (PR).  As a result, we had 9 

treatments. Each treatment was a combination of factors (defoliation x phenological 

stage). The experimental unit was each individual purple threeawn plant. Treatments 

were assigned to each plant in a completely randomized design.  

Treatments were as follows: 

• B x V 

• B x R  

• B x PR  

• CL x V 

• CL x R 

• CL x PR 

• CT x V 
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• CT x R 

• CT x PR      

Statistical analyses to detect possibly differences among treatments were performed using 

GLMMIX and CATMOD for plant mortality and GLM to change in basal area 

procedures in SAS. 

Results and discussion 

Precipitation  

Precipitation in 2010 was 628.9 millimeters (West Texas Mesonet 2011) which 

represents 30% above normal parameters for Lubbock Texas (NOAA 2011). 

Precipitation started on January and was recurrent across the year until December. By the 

end of spring accumulated precipitation was 325.8 millimeters (Figure 3.3) which 

represents 93% above normal precipitation for this period.  After the  application of our 

treatments in vegetative stage (early June), precipitation was 158 millimeters just on July, 

as the same way, after the application of our treatments on reproductive stage (mid July) 

the area received  considerable rain in posteriors months. Plants treated on post-

reproductive stage (early October) received less precipitation (West Texas Mesonet 

2011). The high amount of precipitation presented on 2010 during the growing season 

(Table 3.3) could affect our mortality results.  

Basal crown temperatures 

We found significant differences (P<0.05) in basal crown temperatures at the 

moment of applied burning treatments at each phenological stage. Temperatures detected 

during vegetative and reproductive stages were similar (P>0.05). However, significant 
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differences (P<0.05) were detected between vegetative and post-reproductive 

temperatures, as well as between reproductive and post-reproductive temperatures (Table 

3.3). Differences in temperature were inversely related to percentage of water content on 

purple threeawn plants at the time of burning application. Higher temperatures (443.29 

°C) were achieved on post-reproductive phenological stage when plants just had 10% fuel 

moisture and the lowest during the vegetative stage (241.73 °C) when plants averaged 

58.35% fuel moisture (Table 3.2). In contrast, Stinson and Wright (1968) applying 

prescribed fire in the Texas high plains where vegetation were composed by grasses, 

found that the highest temperatures were present in plots with the highest fuel moisture. 

A big difference between our study and theirs was fuel moisture variations. Fuel moisture 

in Stinson and Wright study’s was small raging from 12 to 21.8% while in our study it 

ranged from 10.28% to 58.55% .Variation in 10% moisture could not generate 

meaningful temperature differences. Average temperatures recorded in our study were 

higher than those reported by Wright (1968) (426.67 °C) in similar vegetation types, but 

similar to those reported by McKell et al (1962) (593 °C) working with medusahead 

grass (Elymus caputmedusae L.) in California. Main differences between our 

temperatures can be attributed to different weather conditions during fire applications in 

our respective studies. 

Mortality 

Purple threeawn plant survival was significantly affected by an interaction 

(P<0.05) between phenological stage and defoliation type (Table 3.4). Purple threeawn 

plants were significantly affected (P<0.05) by defoliation treatments at vegetative stage 
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averaging 90%, 77.5% and 95% survival for control, clipping and burning treatments, 

respectively. Clipping and burning treatments were significantly (P<0.05) different 

compared to the control. However, clipping showed the most detrimental effect to plant 

survival at this phenological stage averaging 77.5% (Table 3.4). High mortality of 

threeawn in this phenological stage was probably because clipping was done at the 

beginning of the growing season and many of the clipped plants were covered by 

surrounding range plants which limited sunlight. Therefore, energy availability necessary 

to perform vital process caused death to some plants (Casal et al. 1986). On the other 

hand, burned plants created a clear gap around surrounding plants. This gap may have 

inhibited the shading effect on burned plants, which were not sunlight limited. During the 

vegetative stage we also observed the greatest number of untreated plant mortality in our 

study. The presence of control plant mortality (10%) means that those plants were dying 

naturally.  Sorensen (2010) reported the same response on a study done in the same plant 

community working with purple threeawn. Burning on the vegetative stage reduced plant 

survival by 5%, these results contrast to Britton et al. (1990). They found that burning in 

May was especially detrimental to five bunchgrasses in Oregon. This effect may be 

explained thinking that grasses studied by Britton and colleagues were C3 species which 

area generally damaged by early fires. C3 species begin growing activities earlier in the 

year in comparison to threeawn plants which possess a C4 photosynthetic pathway. 

On the reproductive stage we found significant (P<0.05) differences in plant 

survival among defoliation treatments averaging 100%, 92% and 75% for control, 

clipping and burning treatments respectively. Clipping and burning were different to 
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control (P<0.05) but the effect of burning and clipping had the same impact (P>0.05) in 

plant survival at this phenological stage. Although, at the moment of fire application we 

got the highest moisture content on purple threeawn plants (Table 3.2) and also there was 

significant soil moisture content, because the previous days of the burning it rained (West 

Texas Mesonet 2011). Crown temperatures reached the lowest levels during fire 

application, burning in this season proved to be the most effective treatment to limited 

purple threeawn survival averaging 75% (Table 3.4), also Whelan (1995) stated that 

hydrated and metabolically active tissue tolerate less heat than dehydrated plant tissue.  

Our results are similar to those found by Britton et al. (1983) who suggested that a factor 

contributing to the negative response of high soil content to plant survival during fire 

application is thermal conductivity. They mentioned that as soil water content increase 

the thermal conductivity increases. Therefore, when soil moisture is high at the time of 

burning, the heat pulse can reach the grass meristematic tissue and can remain lethal 

temperature longer. However, our results and Britton et al. (1983) observations contrast 

to White and Currie (1983) results, which pointed out that water excess on soil during fire 

application limit fire penetration reducing tissue damage of grasses, maybe the factor 

who dictates the effect of fire on plants in a wet soil is not the presence of water but could 

be the amount of water, as Britton et al. (1983) just reported wet soil meanwhile White 

and Currie (1983) reported a soil profile saturated at time of fire application, in our study 

soil conditions and results were similar to Britton et al. (1983), characterized by no 

excess of water on soil profile that promoted plant mortality. Purple threeawn mortality 

was greater on burning plants during reproductive stage (July) than in any other stage-
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defoliation combination in our study, this results are similar to  Britton et al. (1990) 

which reported 70% mortality for five grass species burning in June in Oregon. 

On the other hand, we observed that burned plants exhibited a higher mortality 

but also in general terms were severer damaged than clipped plants. Burned plants started 

new regrowth after weeks, this regrowth was composed by few tillers in most cases; in 

contrast, clipped plants responded quickly producing vigorous regrowth just two days 

after defoliations. This might be explained from the morphological point of view. Purple 

threeawn plants in reproductive phenological stage had already elevated their apical 

meristems at time of defoliations; as a result new tiller recruitment came from axiliary 

buds or intercalary meristems (Briske 1991). In the case of burned plants as fire removed 

almost all above biomass, this could eliminated the intercalary meristems left just the 

axillary buds as the only source of growing for those plants. According to Briske (1991) 

this type of meristms requires weeks to produce new regrowth. On the other hand, 

clipped plants conserved 1.5 in biomass above soil surface this could be enough to 

conserve some intercalary meristems which respond just in a few hours after defoliations. 

This could explain the difference in the regrowth time between clipped and burned plants 

during reproductive stage.  

Survival of purple threeawn plants was affected by defoliation treatments on post-

reproductive phenological stage, averaging 100%, 100% and 90% for control, clipping 

and burning treatments, respectively. No difference were detected during this growing 

stage, among control and clipping treatments (P>0.05). However, significant differences 

were detected between burning versus control and burning versus clipping (P<0.05).  
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Clipping had any negative effect on plant survival on post-reproductive stage; 

moreover, we can see that purple threeawn was less affected by any disturbance treatment 

during this stage, just burning decrease somewhat its survival reducing by 10 percent. 

This might be explained because at this phenological stage most of the plants were almost 

ready to start dormancy and presented high levels of dehydrate tissue which according to 

Whelan (1995) has more tolerance to heat. In post-reproductive stage, plants presented 

the fewest fuel moisture at the moment of fire application, therefore the highest 

temperature were recorded at this time (Table 3.2). However, mortality due to burning 

treatments was relative low just 10% as we mentioned before (Table 3.4). These results 

support the theory that plants on dormant season have the ability of support greater 

temperatures without suffer considerable damage in comparison to active growing 

seasons. In the same way Britton et al. (1990) reported just 10% mortality on grass 

species in Oregon when fire was applied on November. Also during this phenological 

stage we expected the worse damage to purple threeawn because is the period when 

grasses store energy and present a second regrowth generating the tiller for next growing 

season (Sosebee et al. 2004), however, we did not observe a big negative impact of fire 

who consumed almost everything biomass above soil level, in plant survival at the 

beginning of the 2011 growing season. 
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Change in basal area 

Our change in basal area results were generated applying treatments on very 

specific phenological stages on purple threeawn plants, however, similar bibliography 

just make a distinction between spring and summer, or dormant and summer fires 

focusing on timing of treatment application rather than current plant phenology. 

Although, range plants present most of the time the same phenological stage across the 

years, during a given year season, sometimes there might be some changes due to 

weather conditions such as early precipitation events, dry years, presence of snow which 

can accelerate or delay the morphological development on plants. So our results are 

discussing with others similar studies which report the timing of disturbance application, 

but not the phenological stage of plants treated in most of the cases. 

We found a 2-way interaction (P<0.05) between defoliation type and 

phenological stage on response of basal change area. We detected a significant (P<0.05) 

difference between treatments means of plants treated on vegetative stage. Basal area of 

plants treated on vegetative stage averaged 1.47%, -19.39% and 10.68% for burning, 

clipping and control respectively. On vegetative stage, burning did not differ significantly 

(P>0.05) from untreated plants, but the effect of clipping was significant (P<0.05) from 

control and therefore from burning. During vegetative stage, clipping was the only 

defoliation type that reduced purple threeawn basal area (Table 3.5). These results are 

similar to Britton et al. (1990) who reported that clipping on early season was more 

damaging to needlegrass (Stipa thurberiana). On the other hand, burning just reduced 
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slightly the growing rates (1.47%) in comparison to control plants (10.68%), but we did 

not find a significant difference between them.  The positive response of threeawn plants 

to burning treatment might be explained because defoliated plants received a 

considerable amount of precipitations before and after applied treatments (Figure 3.3), 

our results are agree to Cable (1967) who reported no decrease in basal area cover of 

perennial grasses in the Sonoran desert when fire was applied in June after one year 

evaluations, on a season of normal precipitation. On the other hand, bigger growth rates 

on control plants compared to clipping and burning treatments might be explained due a 

larger period of time under favorable weather conditions for growing of control plants, 

meanwhile burning and clipping plants had to start over after defoliation.  

On reproductive stage we also found significant differences (P<0.05) in basal 

area changes across our treatments. Basal area change on reproductive stage averaged              

-30.63%, 4.12% and 25.83% for burning, clipping and control plants respectively. Here 

we can see that control plants still growing averaging rates even bigger than those present 

on vegetative stage (Table 3.5), bigger growing rates on reproductive stage for control 

plants in comparison to vegetative stage were explained by the absence of mortality on 

control plants in reproductive stage, in contrast, we recorded some dead plants on 

vegetative stage. Burned and clipped plants were different to control, as well as against 

each other. On reproductive stage, plants responded negatively to fire showing a 

reduction on basal area of 30.63%, this results are similar with Brockway et al. (2002), 

they found that fire applied during growing season on short grass prairie in New Mexico 

reduced significant the cover of grasses, in the same way Briske and Richards (1995) 
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stated that fire during growing season reduces regrowth in plants because large portions 

of photosythetically active tissue is removed. However, this results contrast to Trlica and 

Shuster (1969), they evaluating the response of Texas High Plains plants community to 

spring, summer, and fall fires found that summer fires caused less damage to red 

threeawn (Aristida longisera, Stead.) than fall and spring fires.  Using the area method to 

calculate change in basal cover, our burning results seem not that critical but it is 

important point out, that although those plants received considerable precipitation during 

the rest of 2010 growing season after fire application never respond positively, they never 

produced tillers until the beginning of the 2011 growing season, seemed as a dead plants, 

when those plants finally star growing  on may 2011, just produced a few tillers in the far 

away portions of the crown. So could be that fire impacted much more negatively our 

plants during this season but using our method to calculated basal area we were no able to 

detect statistically this big differences. This delay in tiller production may be explained 

by the carbohydrates reserves levels in basal crowns which could be already depleted on 

the production of reproductive structures, thereby, impeding their regrowth during the 

same growing season (Sosebee et al. 2004), Broadway et al. (2002) observed similar 

response on buffalograss communities after a growing season fire. This negative impact 

on burned plants could be overstated by a severe damage in meristematic tissue, as fire 

removed almost the total tissue in the aboveground portion of the plants eliminated most 

of the growing points such as apical meristems and intercalary meristems left just axilary 

buds which requires a long period of time usually weeks to generate new tillers after 
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defoliations (Briske 1991). On the other hand, clipped plants resprouted between 2 and 3 

days after defoliation and did well the rest of the growing 2010 growing season. 

Plant response to post-reproductive disturbance averaged -11.22, 5.86 and 6.78% 

change in basal area for burning, clipping and control plants. We found a significant 

(P<0.05) differences among defoliation treatments as on the others phenological stages.  

On post-reproductive stage, we found a significant (P<0.05) difference among burned 

and untreated plants, but as the same time we did not detect differences among clipping 

and control treatments (Table 3.5).  Burned plants showed a slightly decrease in basal 

area, meanwhile clipping and control still growing but to small rates. The small growing 

rates presented in this phenological stage might be explained by the short period of time 

since disturbance (fall 2010) to final basal measurements (January 2011). In the same 

way, Ford and Johnson (2006) evaluating the effect of growing season fires in New 

Mexico reported that burning during dormant season had a little effect on grass cover. In 

contrast, Trlica and Shuster (1969) reported that fire on the Texas High Plains conducted 

during fall caused more damage to red threeawn (Aristida longisera, Stead.) than summer 

fires,  the possible cause of differences is that their study was carried out under annual 

precipitation conditions while in our study we got abundant rain.  

 
General conclusions  

Overall we can see that fire or clipping had really small influences on purple 

threeawn reducing basal cover. In all phenological stages, untreated plants averaged 

higher and positive changes in basal area (14.43%) while burned and clipped plants 

recorded a slightly basal cover reduction -13.46 and -3.13%, respectively across 
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phenological stages. Clipping treatment reduced basal area significantly on the 

reproductive stage, this was influenced by a mortality recorded in this phenological stage 

of plants treated with clipped possible attributed to shading. This founding is agree to 

Jacobs and Schloder (2003), who found no negative changes in basal cover of several 

species in Ethiopia on plants treated with simulated intense defoliation using clipping. On 

the other hand, burning treatment proved been the best treatment limiting the increase in 

basal area of purple threeawn, averaging reductions of -30.63% and -11.22% for the 

reproductive and the post-reproductive phenological stages. Although, this small 

reductions could seem as a marginal reductions, we have to consider that our study was 

carried out on a year of abundant precipitation and most of the literature is agree that 

under this conditions negative effect of fire on grasses is practically inexistent tending to 

maintain or in certain cases improve productivity (Cable 1967; White and Currie 1983; 

Drewa et al. 2006; Luna 2009; Sorensen 2010). Our results, also contrast with previous 

studies on Aristida that suggest that is easily harmed by fire (Christensen 1964; Trlica 

and Shuster 1969; Wright 1974; Steuter and Wright 1983; Parmenter 2008), the big 

difference between these studies and ours is precipitation. While we got above normal 

precipitation levels all those studies reported precipitation below normal levels. Finally, 

our results support the idea that fire applied on years of abundant precipitation is no 

detrimental for C4 species on the Southern Grated Plains. 
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Conclusions 

Mortality  

 Purple threeawn survival to burning and clipping treatments across phenological 

stages was strongly affected by high levels of precipitation presented regularly during 

2010 growing season. 

 The presence of a strong interaction between phenological stage and defoliation 

treatments suggests that the survival of threeawn plants depends on their phenology. The 

most detrimental phenological stage to our defoliation treatments was reproductive, 

where plants averaged 83.5% survival; in contrast, post-reproductive stage was the most 

resistant stage to mortality averaging 5%. 

The best combination of defoliation type by phenological stage to limit purple 

threeawn survival was burning on the reproductive stage with 75% survival. 

Purple threeawn plants proved to be resistant to clipping treatments even simulating a 

high utilization (90%) across phenological stages; however, on vegetative stage this grass 

exhibited a slight weakness although we attributed those results to external factors as 

shading for surrounding plants. 

 The use of fire to control purple threeawn on Southern Great Plains should be 

taken with reserves in a year of above precipitation because the outcome should be no the 

expected in terms of plant mortality.  

 Fire on the reproductive stage proved be the best treatment to control threeawn on 

Southern Great Plains, however we have to be very careful because fire at this 
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phenological stage is also detrimental for other desirable species as blue grama (Luna 

2009). 

Change basal area  

On a year of above normal precipitation and after one growing season burning 

and clipping treatments just limited slightly purple threeawn basal growth. 

The presence of a significant interaction between phenological stage and 

defoliation treatments suggest that de effect of our defoliation treatments on purple 

threeawn basal cover depends on plant phenology.  

Burning treatment proved to be the most detrimental to purple threeawn 

development across all phenological stages averaged a basal cover reduction of -13.46%. 

While, threeawn showed be resistant to heavy grazing simulation (90% utilization) 

recorded just light basal cover reduction (-3.13%) compared to the increasing rates of 

untreated plants which averaged 14.43%. The positive response of threeawn to our 

seasonal disturbance treatments might be explained by the above precipitation occurred 

during 2010 growing season.  

The most vulnerable phenological stage in terms of reduction of basal cover on 

threeawn plants was reproductive where our plants averaged reductions of -13.25%. In 

contrast, post-reproductive stage proved to be the stage at which those plants can support 

severe disturbance without a hard negative impact on basal cover, averaging just a 

slightly decrease of -2.68%. 

Prescribed burning during the reproductive stage was the best treatment 

combination to limit purple threeawn growth on infested grasslands on the Southern 
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Great Plains. This treatment combination also provided the highest mortality rates in 

comparison to the others treatments evaluated in this study.  

In general our results disagree to Grant (2010) who concluded that there is no 

necessary applied fire during summer to control this noxious plant pointed out that 

traditional prescribed burning during dormant season are enough to keep a balance on 

those ecosystems. 
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Tables 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 3.1. Average weather conditions at burning application to purple threeawn plants 
(average of 60 min. measurements) at the Texas Tech University, Native 
Rangeland, Lubbock, TX.  

 

Growing. Stage 
Relative 

Humidity (%) 
Air Temperature 

(°C) 
Wind 

(Km/hr) 
Veg (June) 64.85 25.55 19.3-27.3 
Rep (July) 57.22 25.27 0-5.1 

Post-R (October) 43.00 16.66 1.6-8.3 
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Table 3.2. Average temperatures at basal crown during burning application, measured    

with thermocouples (Hobo®) and percentage purple threeawn moisture at the 
Texas Tech University, Native Rangeland, Lubbock TX. 

 

Growing Stage Temperature 
(°C) 

Dry matter content 
(%) 

Fuel moisture 
(%) 

Vegetative  241.73 41.65 58.35 
Reproductive  212.79 55.29 44.71 

Post-Reproductive 443.28 89.72 10.28 
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Table 3.3. Means and standard errors for basal crown temperatures at the moment of 

application of burning during 3 phenological stages on purple threeawn plants 
at the Texas Tech University, Native Rangeland, Lubbock, TX. Temperatures 
were measured with Hobo® dataloggers.  

 
Growing Stage N Average Temp (°C) Se (mean) 

Vegetative 41 241.73a 29.27 

Reproductive 50 212.79a 25.64 

Post-repro 50 443.28b 35.57 
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Table 3.4. Percentage of plant survival and standard error of the mean of threeawn plants 

defoliated during 2010 growing season at the Texas Tech University, Native 
Rangeland, Lubbock, TX.  

 

Treatment 
Growing Stage 

Vegetative Reproductive Post-repro 

Control 90b1 (0.75) 100a  (1.521 exp-4) 100a (9.22E-5) 

Clipping 77.5c (1.044) 92b  (0.07096) 100a (9.22E-5) 

Burning 95a  (0.5449) 75b   (1.083) 90b (0.7793) 
 
1 Percentages within a column followed by the same lower case letter are not significantly 
different (P > 0.05 LSD) 
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Table 3.5. Basal area change and standard error of the mean of purple threeawn plants 

defoliated during 2010 growing season at the Texas Tech University, Native 
Rangeland, Lubbock, TX. 

 
Defoliation 

type  
Phenological Stage 

Mean 
Vegetative  Reproductive  Post-repro 

Burning 1.476 A1 b2   
(4.693) 

-30.630 C a                  
(7.510) 

-11.225 A b                   
(5.149) 

-13.46               
(3.604) 

Clipping -19.393 B a       
(7.962) 

4.123 B b     
(5.382) 

5.868 A b           
(1.562) 

-3.13                          
(3.394) 

Control 10.673 A a         
(8.249) 

25.839 A a   
(2.233) 

6.781 A a            
(1.522) 

14.43                          
(2.978) 

Mean -2.42                         
(4.260) 

-0.22                        
(3.863) 

0.47                         
(2.004) 

  
1 Defoliation type means within a Ph. stage followed by the same upper case letter are not 
significantly different (P > 0.05 LSD). 
2 Phenological stage means within a level of defoliation followed by the same lower case 
letter are not significantly different (P > 0.05 LSD). 
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Figures 

 

 

Figure 3.1. Study plots inside the Texas Tech University, Native Rangeland, Lubbock, 

TX.  
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Figure 3.2. Cumulative precipitation during 2010 growing season at the Texas Tech 
University, Native Grasland, Lubbock, TX. 
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Figure 3.3. Average basal area changes of purple threeawn (Aristida purpurea) plants. 
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Figure 3.4. Average survival of purple threeawn (Aristida purpurea) plants. 
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Figure 3.5. Temperature (°C) at basal crown of purple threeawn plants at the moment of fire 

application  
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CHAPTER IV 

FIRE AND CLIPPING EFFECT ON PURPLE THREEAWN (Aristida purpurea) 

FORAGE QUALITY DURING THREE PHENOLOGICAL STAGES 

Abstract 

Purple threeawn (Aristida purperea) is a warm season, native species which is 

widely distributed in North America. Purple threeawn is cataloged as undesirable due to 

its low palatability and forage quality for cattle. These characteristics make cattle avoid 

consume it. Clipping and fire are useful tools to increase forage quality in grasslands. 

However, there is a lack of information regarding to their seasonal effect on purple 

threeawn forage characteristics. The objective of this study was: to evaluate the effect of 

fire and clipping on purple threeawn forage quality (CP, and IVDMD), during vegetative, 

reproductive, and post-reproductive phenological stages in the Southern Great Plains, and 

2) to developed a regression equation to predict purple threeawn biomass production 

during three phenological stages in the Southern Great Plains. This research was 

conducted in the Texas Tech University, Native Rangeland, Lubbock, TX. Forty five 

threeawn plants were randomly selected regardless plant size at each phenological stage. 

Fifteen plants were clipped simulating 90% grazing utilization, fifteen more were burned 

using individually, using portable propane burned. This was calibrated using a 

combination of pressure (PSI) and time (sec) to simulate the temperatures presents during 

a wildfire in a shortgrass prairie. Finally, fifteen more plants were used as a control 

plants. Two, four and six months after defoliations, forage was collected from defoliated 
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and control plants to determine forage quality, forage quality was composed by two 

variables: crude protein content (CP) and in vitro dry matter digestibility (IVDMD). 

Treatments were combination of factors (phenological stage x defoliation type x 

sampling time). Plants were identified individually with color flags and numbered tags to 

posteriors forage collections. Finally, each phenological stage 65 plants were randomly 

selected to measure variables related to biomass production, clipped and weighted to 

develop models to predict biomass at each phenological stage. Statistical analyses to 

detect possible difference in forage quality among treatments means was performed with 

the GLM procedure in SAS. CP and IVDMD in control plants presented a similar 

behavior most of the time. Forage quality of control plants change with advance in 

growing season. The highest forage quality values were found during vegetative stage 

and the lowest during post-reproductive and dormancy. Forage quality of control plants 

barely meet cattle requirements during vegetative stage, once plants change to 

reproductive, forage quality started going down to never meet cattle requirements again. 

CP content and IVDMD on defoliated plants were significantly affected (P<0.05) by and 

interaction between defoliation type and sampling time, at each phenological stage.  

Burned and clipped plants averaged higher CP and IVDMD values than control plants 

during vegetative and reproductive stage at least during the first two sampling 

collections, these data suggest that the effect of burning and clipping improving forage 

quality last a short time. Burned plants most of the time, averaged slightly higher values 

for CP and digestibility but these were not significant different (P>0.05). On post-

reproductive stage we just were able to do comparison during the last collection because 
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plants did not produce forage the first four months due to dormancy period. Defoliated 

plants by this time presented the highest CP and IVDMD values during the study those 

were significant different (P<0.05) to control plants. Our data proved that purple 

threeawn poses a poor forage quality during most of the growing season, but as the same 

way, we found that applying management tools as prescribed burning, it is possible 

extend and sometimes increase their forage value. Finally, our multilinear regression 

models were efficient to predict biomass of threeawn plants at each phenological stage. 

These models can be used to estimate fuel density before applied prescribed burning.    
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Introduction 

Purple threeawn (Aristida prupeurea) this is warm season, native perennial bunch 

grass (Carlson 1990; Cronquist 1977). This species is a widely distributed in North 

America, it can be found from Iowa and Minnesota west to British Columbia and south to 

California, Texas, and Northern Mexico (Evans and Richard 1967; Hickman 1993; 

Hitchcock 1951). Purple threeawn is cataloged as undesirable due to its low palatability 

and forage quality for cattle. Threeawn presents low palatability due to its seed that 

produces a long awns which irritates and cause abscesses in mouths and nostrils of 

grazing animals (Evans and Tisdale 1972) and poor crude protein content (3 to 10%) 

(Nelson and Herbel 1970; Houston 1981). These characteristics make cattle avoid 

consume this species which at the same time tend to increase under overgrazing 

conditions, this situation have caused a decrease in cattle production on North America 

Rangelands. 

Forage quality is one of the most important characteristics in grasslands 

productivity due to his impact in livestock performance. Forage quality in grasses is 

determined mainly by two variables; digestibility and crude protein levels (Nelson and 

Moser 1994; Newman et al. 2006). Cattle normally increase forage utilization in 

grasslands with high forage quality which traduce in higher livestock production, in 

contrast, generally decrease the utilization of pastures with low nutrients levels (Kilcher 

1981). One of the big problems facing in range animal nutrition is the fact that forage 

quality of most of the range plants varies tremendously between seasons (Holechek et al. 
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2004), making necessary the use of supplementation to meet animal requirements during 

certain seasons of the year.  

There are several factors affecting grass forage quality such as species, leaf-to-

stem ratio, and stage of growth or plant maturity, soil, climate, among others (Harrocks 

and Valentine 1999; Arzani et al. 2001).  

Plant maturity is the most important factor affecting forage quality (Nelson and 

Moser 1994; Newman et al. 2006). During early developmental stage forage presents 

high forage quality which is characterized by high levels of crude protein content and 

digestibility mainly, but as plant matures specially after reproduction, lignifications of 

forage tent to increase, producing a reduction in plant digestibility and crude protein 

content (Kamstra 1973). Digestibility in warm season grasses at early stages could reach 

55% and drop to 25% in mature stage, while in the same span crude protein levels range 

from 10% to 2.5% (Kamstra 1973), when livestock requires at least 7% to 8% crude 

protein to support adequate ruminal microbial function (Van Soest 1994). 

Fire and grazing are two of the most useful tools used to manage grassland 

ecosystems through controlling undesirable plants, stimulation of forage production and 

forage quality, etc. The use of fire to increase production and forage quality in grasslands 

is well documented (Cook et al. 1994; Wright 1974; Bennett et al. 2003). As the same 

way clipping have been used to increase protein concentrations in grasses (Robinson 

1952; Dovel 1996) and improve digestibility (Trlica 1999). Fire and grazing then acted as 

defoliation factors which remove old material from grasslands plants promoting new 
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regrowth. This new regrowth has high protein content and digestibility (Trlica 1999; 

Holechek et al. 2004). 

As phenological stage is a critical factor limiting forage quality in purple 

threeawn then there is a possibility to improve and extend forage quality of this species 

across the growing season, through the use of those disturbances factors at different 

phenological stages.  There is scare information about seasonal fire and clipping effect on 

grass forage quality, in addition, there no information about the response of purple 

threeawn forage’s quality to seasonal fire and clipping treatments.  

The objectives of this study were: 1) to determine which treatment clipping or 

burning is the most effective to increase purple threeawn forage quality through the 

evaluation of crude protein and energy content at three different phenological stages. 2)  

To determine which phenological stage applied burning or clipping have the longest 

effect in forage quality stimulation across the growing season in purple threeawn, (to 

determine in which phenological stage the application of burning and clipping have the 

longest effect in forage quality stimulation across the growing season in purple threeawn 

and 3) to generate multilinear models to predict biomass production in purple threeawn.   
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Materials and Methods 

Study site  
 

This study was conducted in 2010 and 2011 at the Texas Tech Native Rangeland. 

This rangeland is approximately 65 hectares located in the northwest section of Lubbock, 

TX (33°36'14.78"N, 101°53'50.44"W) at 992-m elevation.  

Prevalent soils are Acuff-Urban land complex, 0 to 2 percent slopes and Midessa 

fine sandy loam, 1 to 3 percent slopes (NRCS 2010) (Blackstock et a. 1979). The Acuff-

Urban land complex, 0 to 2 percent slopes occupies the greatest area followed by the 

Midessa fine sandy loam, 1 to 3 percent slopes. These soils are deep, friable, well 

drained, moderately alkaline, and are moderately to high fertility for native range plants 

production. Slopes are gently their range from 0 to 5 percent (Blackstock et al. 1979). 

This area has a dry steppe climate with mild winters. Main annual precipitation is 481 

millimeters, with 73% occurring during the warm season, April through October 

(Southern Regional Climate center, 2011). Warm season rainfall occurs often as a result 

of thunderstorms. May, June and July are the main growth months for perennial warm 

season grasses (Blackstock et al. 1979).  Average normal temperature on summer is 24.69 

oC while in winter is 6.12 oC (Southern Regional Climate center, 2011). 

 
Vegetation present in the area consists of mid and shortgrass species. Grass 

species common to this site are sideoats grama (Bouteloua curtipendula) and blue grama 

(Bouteloua gracilis), buffalograss (Buchloe dactyloides), hairy grama (Bouteloua 

hirsuta), sand dropseed (Sporobolus cryptandrus) Arizona cottontop (Digitaria 



Texas Tech University, Leobardo Richarte-Delgado, May 2012 
 

67 
 

californica (Benth.) Henr.). The more commonly found forbs are dotted gayfeather 

(Liatris punctata), scarlet globemallow (Sphaeralcea coccinea), Engelmann’s daisy 

(Engelmannia peristenia), baby white aster (Chaetopappa ericoides), halfshrub sundrop 

(Calyophus serrulatus), trailing ratany (Krameria lanceolata) and annual forbs. The 

primary woody species found are mesquite (Prosopis glandulosa Torr. var. glandulosa) 

and plains pricklypear (Opuntia polycantha); however, trees are seldom found on this site 

(Bradbury 2007). 

The total dry weight production of this site average 2080 lb/ac during favorable 

years, 1650 lb/ac during normal years, and 1220 lb/ac during unfavorable years 

(Bradbury 2007). The area has a history of eight years without any grazing. 

Methods 

This experiment was carried out on areas that present the most purple threeawn 

plant density on the Texas Tech Native Rangeland. Each phenological stage forty five 

purple threeawn plants were randomized selected regardless plant size, marked with a 

color flag numbered, aluminum tag numbered and color nail for their posterior treatments 

assignation. Fifty plants were burned, fifty more were clipped and finally fifty more were 

used as control at each phenological stage. 

Forage quality  

 This study was set up as a 3x3x3 factorial completely randomized design (CRD) with 

five replications. 135 purple threeawn were completely randomized selected on areas 

with similar soils and vegetation type. Factors of our study were: defoliation (D) at three 

levels: 1) burning (B), 2) clipping (CL), and 3) control (CT). Phenological stage (S) at 
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three levels: 1) vegetative (V), 2) reproductive (R), and 3) post-reproductive (PR), and 

sampling time (T) at three levels: 1) two months (2M), 2) four months (4M), and 3) sixth 

months (6M) after defoliation, as a result, we had 27 treatments. Each treatment was a 

combination of factors (defoliation x phenological stage x sampling time). Treatments 

were assigned to each plant in a completely randomized design. Treatments are as 

follows:  

 

• B x V x 2M  

• B x V x 4M  

• B x V x 6M  

• B x R x 2M  

• B x R x 4M  

• B x R x 6M 

• B x PR x 2M  

• B x PR x 4M  

• B x PR x 6M 

• CL x V x 2M  

• CL x V x 4M  

• CL x V x 6M  

• CL x R x 2M 

• CL x R x 4M 

• CL x R x 6M  
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• CL x PR x 2M  

• CL x PR x 4M  

• CL x PR x 6M  

• CT x V x 2M  

• CT x V x 4M  

• CT x V x 6M  

• CT x R x 2M 

• CT x Rx 4M  

• CT x R x 6M  

• CT x PR x 2M 

• CT x PR x 4M  

• CT x PR x 6M  

Phenological stage 

Phenological stages in this study were established according to the importance of 

them on purple threeawn phenology and possible susceptibility to disturbance factors. 

Phenological stages were: 1) Vegetative stage (V) which is characterized by leaf growing 

(Barnhart 1999), during June; 2) Reproductive stage (R) is characterized by seedhead 

developing, pollination occurs, and seed develops (Barnhart, 1999), during July, and 3) 

Post-reproductive stage (PR) which is characterized by the ending of reproductive 

activities, during October.  
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Defoliation types  

Defoliation types were applied individually to purple threeawn plants at each 

phenological stage. Defoliation types considering in this study were burning (B), clipping 

(CL), and control (CT). Those defoliation types represent common disturbance factors for 

grazing plants and have a great impact on their forage quality and survival. 

Burning  

Burning defoliation was applied to each individual plant on vegetative 

phenological stage (June), reproductive phenological stage (July) and post-reproductive 

stage (October) during 2010 growing season. Fire environment was created using a 

portable propane burner designed by Britton and Wright (1979). We calibrated the burner 

using a combination of 10 PSI and 15 seconds as the adequate to simulate temperature 

present on short grass prairie fires (Stinson and Wright 1968). Relative humidity, air 

temperature, and wind speed were recorded every hour during the time of burning 

disturbance application (Table 3.1).  

Clipping  

Clipping defoliation was applied in vegetative phenological stage (June), 

reproductive phenological stage (July) and post-reproductive stage (October) during 2010 

growing season. Clipping consisted on remove 90% of total forage volume. According to 

Crafts and Glendening (1942), 50% is the optimal range of utilization for short grass 

ranges. We used 90% to compare clipping versus burning effect where percentage of 

utilization is close to 100%. We achieved it by clipping plants to 1.5-in stubble height on 

each phenological stage.  
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Control  

Plants under this defoliation level were untreated. These plants were used to 

obtain samples for posterior analysis in the laboratory to determine forage quality and 

make comparison versus burning-time and clipping-time treatment combinations. 

Plants were marked with painted nail after treatments application and identified 

individually with numbered tags and flags for posterior sampling collection. 

Sampling Time  

Every two months after applied defoliation, until sixth month, we collected forage 

samples from five alive plants selected at random. Samples were put inside paper bags 

and stored in the drying room until constant weight. Later on, samples were grounded 

using a Thomas-Wiley Laboratory MillTM to pass a 0.5 mm screen and stored in zipper 

seal plastic bags until forage quality determination were performed. 

Forage quality determinations  

Forage quality for this study was composed by two variables crude protein (CP) 

content and in vitro dry matter digestibility (IVDMD). Every sample was analyzed per 

duplicated. Only duplicated results within 10% of each other were considered.  CP 

content was determined at laboratory using the procedure for nitrogen (N) determination 

through the LECO CHN-2000 Series Elemental Analyzer. Samples were then converted 

to crude protein (CP = N*6.25), according to procedures described by AOAC (1990). 

While, IVDMD was estimated employing the ANKOM Daysi II incubator (ANKOM 

Technol. Corp., Fairport, NY) described by the Ankom technique (2005) which used the 

following equation: 
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% IVDMD = 100 – ((W3 - (W1 x C1)) x 100 / W2) 

Where: 

W1 = Bag tare weight 

W2 = Sample weight  

W3 = Final bag weight after in vitro and sequential NDF determination  

C1 = Blank bag correction (final oven-dried weight/original blank bag weight) 

Rumen cannulated steers were used to get rumen fluid that is required to perform 

this analysis. Those have been using for experimental purposes at the Texas Tech 

University Facilities at New Deal, Texas. Those steers were fed with a high fiber diet two 

weeks prior to start our analysis and kept the same diet during all our collection period. 

Rumen fluid collection was done mostly during morning (7:30-8:30) each incubating day. 

Experimental Design and Analyses 

 Each individual purple threeawn plant treated was considered as an experimental 

unit. The experimental design used to analyses crude protein content and digestibility 

data was a complete randomized design (CRD) with three factors and three levels 

(3x3x3). The factors of our study were: defoliation (D), at three levels: 1) burning (B), 2) 

clipping (CL), and 3) control (CT). Phenological stage (S), at three levels: 1) vegetative 

(V), 2) reproductive (R), and 3) post-reproductive (PR), and sampling time (T), at three 

levels: 1) two months (2M), 2) four months (4M) and 3) sixth months (6M). We had 27 

treatments. Each treatment was a combination of factors (disturbance x phenological 

stage x sampling time) and 5 replications per treatment. Number total of samples were 

135; therefore we have 108 degrees of freedom on the error term to look for significant 
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differences among treatments means. Each treatment was assigned randomly to each 

experimental unit. Normality of experimental error was assessed with the Shapiro-Wilk 

test, whereas that Levene’s test was used to test homogeneous variances. Simple main 

effects were ignored when the interaction was significant. Mean separation using the 

Fisher’s Least Difference test (LSD) was performed to test significant differences among 

treatments means of main and/or simple main effects. Significant differences were 

declared at P<0.05. When a factor interaction was detected, means separation was 

analyzed holding one factor constant. Statistical analyses were conducted using the GLM 

procedure in SAS system. 

Biomass production  

 Each phenological stage 65 plants were selected randomly regardless plant size. 

Then we took the following measurements to build a regression equation to determine 

biomass production, in areas infested by threeawn. Those measurements were diameter at 

7.5 cm plant height, diameter at 50% of the plant length, basal width and basal length and 

plant length. These variables are recommended by Sorensen (2010), as the better to 

predict biomass production on purple threeawn. We transformed the first three variables 

into areas (Area at 7.5 cm plant height, area at 50% plant length and basal area), then we 

perform an analysis to determine prediction equation to estimate biomass production at 

each phenological stage. 

During vegetative stage basal areas ranged from 1.78 cm2 to 182.33 cm2 (mean = 

31.86). In reproductive stage basal areas ranged from 4.31 cm2 to 93.49 cm2 (mean = 

33.22 cm2).   In post-reproductive stage basal areas ranged from 3.20 cm2 to 86.66 cm2 
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(mean = 25.81 cm2). Length measurements were taken with a ruler measured to the 

nearest 0.1 cm from the mineral soil.  We compressed each plant until form a firm bundle 

and then we took the following measurements: diameter at 7.5 cm, diameter at 50% of 

plant length, and plant height. Finally, we took basal width and basal length 

measurements using a caliber measured to the nearest 0.1 cm from mineral soil. After 

measurements, plants at each phenological stage were clipped at 1.5 inches above 

ground; biomass was stored in a paper bag, weighted and set inside drying room until 

constant weight. 

Humidity percentage content was determined using the following equation: 

% Water = (FW-DW/FW)*100 

Where: 

% Water: water content at moment of measurements taken 

FW: Fresh weight at the moment of take measurements 

DW: Dry weight, sample weigh got at the end of drying process (Constant 

weight). 

Statistical analysis  

Diameter measurements were converted to areas. Areas variables and plant length 

values then were used in multiple regressions modeling to predict biomass available for 

cattle assuming 90% of utilization at each phenological stage. Dependent variable was 

(Y= dry weight or biomass production). The explanatory variables were plant length 

[Xpl], basal area [Xba], area at 7.5 cm plant height [X7.5], and area at 50% plant height 
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[X50]. Experimental errors were assumed to present homogeneous variances, to be 

independent and normally distributed.        

 

Results and Discussion 

Forage quality  

Forage quality of purple threeawn plants was significant affected by an interaction 

between our three factors: phenological stage, defoliation type and sampling time. We 

focused our discussion looking at the effects of both main effects: defoliation type and 

sampling time, at each phenological stage on forage quality. 

Crude protein content  

CP content in purple threeawn was affected by a significant interaction between 

defoliation type and sampling time, at each phenological stage. 

Vegetative stage  

Two months after applied defoliation treatments, CP content averaging 7.37%, 

7.11% and 5.80% for burning, clipping and control respectively (Table 4.4). At this 

collection time, we found a significant effect of defoliations type on purple threeawn CP 

concentrations. We found a significant difference in CP concentrations between our 

defoliated treatments (burning and clipping) and control plants. In the other hand, we did 

not find differences between burning and clipping means. We can see that clipping and 

burning presented similar CP values, which increased slightly since defoliation date 

(6.75%), in the same way, control plants showed a decrease (0.95%) in CP content since 
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the day of treatment application until our first sampling time, just two months later 

(Figure 4.4). 

During our second sampling collection, four months after disturbances, we found 

significant differences in CP concentrations among our defoliation treatments. At this 

time, CP concentrations averaging 6.01%, 6.32% and 4.77% for burning, clipping and 

control, respectively (Table 4.1). We found significant differences in CP content between 

control and our two defoliation treatments. However, we did not find significant 

differences between burned and clipped means, although, clipped plants scored slightly 

superior CP levels than burned plants, this difference was not significant. Finally, during 

the last sampling collection, six months after disturbances, we found significant 

differences in CP among the means of our defoliation treatments. Threeawn plants 

averaged 3.81%, 6.02% and 6.59% CP content for burning, clipping and control 

treatments, respectively (Table 4.4). We found significant differences between burning 

and clipping means, in addition, between burning and control ones. However, we failed 

to detect differences between clipping and control means.  

When we look at the effect of sampling time in CP content inside each defoliation 

type, we also found significant differences.   

CP content of burned plants was 7.37%, 6.01% and 3.81% at 2M, 4M and 6M 

posterior treatments applications, respectively (Table 4.4). There were significant 

differences in CP content of burned plants across our sampling times. We did not find 

any difference in CP during our first two sampling times. However, CP content decreased 
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significantly from our second sampling collection to the last one, threeawn plants 

experienced CP reduction of 2.2%.  

CP content of clipped plants averaged 7.11%, 6.32% and 6.02% at 2M, 4M, and 

6M after clipping application, respectively (Table 4.4). Sampling time had no effect on 

clipped plants defoliated during vegetative stage. CP content of clipped plants showed a 

slightly reduction in CP concentrations across our three sampling collections but this was 

not significant (Figure 4.1). 

Finally, control plants averaging 5.80%, 4.77% and 6.59% of CP for 2M, 4M and 

6M after defoliations, respectively (Table 4.4). Sampling time had a significant effect in 

control plants. CP content of control plants decreased significantly from the first 

sampling time to the second one, then increased significantly from the second to the last 

one.  

When defoliated treatments were applied to threeawn plants during vegetative 

stage, plants presented the high stem-leaf ratio, we can see that control plants at this time 

presented the highest CP content also, this is agree with some studies which referred that 

vegetative stage is the phenological stage  when C4 plants presented the highest forage 

quality (Trlica 1999; Redfearn 2011), as plants change to reproductive in June, we 

observed a constant decrease in CP content in control plants, this is also tested before in 

warm season grasses (Dabo et al. 1988;White and Dewald 1996). Control plants also 

expressed a significant increase in CP content from October to December, this increase 

might be explained by the fall regrowth, which happen between post-flower and pre-

dormancy and is characterized by the production of new tillers which not grow too much 
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and will be the tiller in which grass will be based their growth next year (Sosebee et al. 

2004). This behavior is similar to one described by Kamstra (1973), he working with blue 

grama (Bouteloua gracilis) found that the highest crude protein content was found in 

June with 10% decreasing by July to 7% he also found a increase in CP at the end of 

September as we did in threeawn after October. Burning and clipping treatments during 

the vegetative stage did not produce severe damage to threeawn plants, supporting the 

idea that during early growth stages, grasses can resist severe defoliations (Sosebee et al. 

2004). Moreover, we observed a beneficial effect of burning and clipping, in comparison, 

to control plants. Those either burned or clipped plants especially during the first four 

months after defoliations, produced new regrowth which averaged similar CP values 

between them but it was significant higher than control plants. This can be explained 

because plants were forced to start over again and produce new forage which is higher in 

forage quality (Mcfarland 1999). On the other hand, control plants followed the natural 

aging pattern characterized by a decrease in leaves production and an increase in 

protector and firmness tissues, which consist of structural carbohydrates mainly (Arzani 

et al. 2001), resulting in low CP concentration until the presence of fall by mid October. 

Six months after defoliations, control and clipped plants scored the highest CP levels, 

while burned plants scored the lowest values for this sampling time (Figure 4.1). The 

lower crude protein content presented in burned plants six months after defoliations 

(3.81%) might be explained because fire applied during vegetative stage stimulated seed-

stalk production. We observed a significant greater amount of seed-stalk in burned plants 

that in clipped plants. These flowers structures are characterized by a greater amount of 



Texas Tech University, Leobardo Richarte-Delgado, May 2012 
 

79 
 

structural carbohydrates as lignin and cellulose which are lower in forage quality than 

vegetative tillers (Trlica 1999).  The increase in seed-talk production in threeawn species 

after fire was reported by Trlica and Schuster (1969) as well. They evaluating the effect 

of prescribed burning in the Texas High Plains during fall and spring reported an increase 

in seed-talk production of red threeawn (Aristida longiseta Stead) the next growing 

season after fire. Ehrenreich and Aikman (1963) proposed that the increase in floral stalks 

after burning was probably due to the increased growth rate of plants during the spring, 

which allow plants to produce more carbohydrates. This greater supply of carbohydrates 

possibly induces the production of more flowering stalks. This statement might explain 

the greater production of flowering stalks in our study, as burned plants responded 

favorably to fire during vegetative stage even generating new tillers one week after 

burning, but still unknown why clipped did not stimulated the seeds stalk production in 

the same way if those plans responded as quicker as burned ones. The explanation to this 

difference in floral production between burned and clipping plants could be found in 

additional elements that are present during and after fire applications which are not 

present during the clipping process. Those elements could be the increase in soil 

temperature and smoke. Briske (1991) mentioned that fire stimulating flowering has been 

attribute to increase soil temperature and release of ethylene a component of wood 

smoke.   

CP concentrations in control plants decreased constantly since June until October, 

following a normal patter due to aging (Villanueva-Avalos 2008). In contrast, clipping 

and burning treatments increased CP values two months after defoliations application 
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date (mid August) in relation to control plants (Figure 4.1), proving the beneficial effect 

of those techniques improving threeawn forage quality.  

Reproductive stage  

Two months after applied defoliations, we found a significant defoliation type 

effect on CP concentration in threeawn plants. By this time treated plants averaged 

6.53%, 6.31% and 5.54% CP for burned, clipped and control, respectively (Table 4.5).  

Burned plants averaged significant higher CP than control plants, also were equal to 

clipped plants. At this sampling collection, defoliated plants (burned and clipped) 

presented a light increase in CP respect to the levels presented two months before (Figure 

4.5); in contrast, control plants registered a slight decrease in CP.

Four months after defoliations we still have significant differences in CP 

concentrations across our defoliation types. At this time threeawn resprout averaged 

6.36%, 4.61% and 4.76% CP, for burned, clipped and control plants, respectively (Table 

4.5). There was no difference between clipped and control plants, but we found one 

between those two and burned plants. At this time of the year (mid November), control 

and clipped plants were already in dormancy, therefore, presented really low CP content, 

this is agree with  Holechek et al. (2004), they mentioned that forage quality of range 

plants reach the lowest values during dormancy. However, burned plants still averaging 

values really close to those presented two months before, providing forage with an 

acceptable CP at least for cattle maintenance, which according to Van Soest (1994) cattle 

requires a minimum of 6-8%. (Figure 4.5) 
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During our last sampling collection, six months post treatments applications, 

threeawn plants presented 4.98%, 4.85% and 5.09% CP content in burned clipped and 

control plants, respectively (Table 4.5). At this sampling time, we can see that even our 

defoliated plants presented CP concentration really close to those in control plants; as a 

result, we did not find significant differences across defoliations types.  This could be 

explained because plants were sampled in January just in the middle of the winter, by this 

time all plants, defoliated and not defoliated were in dormancy, because weather 

conditions were not adequate for plants growth, then a low CP concentration was 

expected (Holechek et al. 2004).  

In the other hand, CP concentration inside each one of our defoliation treatments 

was significantly affected by sampling time.   

We found significant differences in CP content concentrations of plants burned 

across our three sampling collections. CP concentrations averaged 6.53%, 6.36% and 

4.98% for 2M, 4M and 6M after burned, respectively (Table 4.5). There was no a 

significant difference during our two first sampling collections, but there was a 

significant reduction in CP from November to January (Figure 4.5). Burned plants kept 

acceptable CP values for cattle during the first four months after treatment applications. 

Sampling time had a significant effect on CP concentrations of clipped plants. 

Clipped plants averaged 6.31%, 4.61% and 4.85% for 2M, 4M and 6M after defoliations, 

respectively (Table 4.5). We found significant differences in CP content across these 

sampling times. There was a significant decrease in CP content from our first sampling 

time to the second, while CP remained constant from the second collection to the last one 
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6 months after defoliations (Figure 4.5). Finally, CP concentrations in control plants 

remained constant over our three sampling times averaging 5.54%, 4.76% and 5.09% for 

2M, 4M and 6M after defoliations, respectively (Table 4.5). We did not find any 

significant difference in CP of control plants across our three sampling collections.  

Grasses during reproductive stage focus most of their energy to generate 

reproductive structures and seeds (Sosebee et al. 2004). As a result, plants have a strong 

carbohydrates sink at the same time energy production decrease because the leaf-stem 

ratio decrease as well. All those morphological and physiological changes produce a 

normal decrease in CP in grasses once they turn to reproductive stage (Sosebee et al. 

2004), we can appreciate it on the CP content of our control plants at the moment of 

applied defoliations treatments by this time those plants averaged 5.6% when just one 

month ago averaged close to 7%. Even when, according to our mortality and change in 

basal area results and others references (Sosebee et al. 2004), point that during 

reproductive stage threeawn and in general grasses are more sensible to strong 

defoliations events as fire. Threeawn plants were able to produce forage but it was scare, 

especially in the case of burned plants. However, we were able to perform our 

collections. As we pointed before just for the phenological stage in which plants were 

(reproductive); control plants averaged low CP concentrations; these concentrations kept 

constant during the six months, which last this sampling period. In the other hand, 

burning and clipping treatments reversed that tendency increasing CP content at least for 

two months after defoliations in the case of clipping, and four months for burned plants 

(by November) in comparison to CP concentrations presented at defoliations time (July). 
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By mid November when control plants were in dormancy burned plants still 

averaging values enough to meet cattle maintenance (6-8%). Although, burned and 

clipped plants averaged similar CP values during most of our three sampling collections, 

we found a significant higher CP concentration on burned plants during the second 

sampling collection, in comparison to those presented in clipped plants. This difference, 

might explained by a delay in resprout in burned plants in comparison to clipped plants. 

In chapter III when we evaluate the effect of seasonal burning and clipping on threeawn 

survival, we found that fire applied on reproductive stage was more detrimental for 

threeawn survival that clipping, as a result, those plants could expend more time and 

energy to generate new tillers than clipped plants, couple with good weather conditions 

during this period of time (June to November) which not limited plant growth, burned 

plants could produce new forage but this forage was younger than that produced by 

clipped plants which resprouted two days after defoliations, as a result, we found that 

significant difference in CP concentration. By the end of our sampling collections, all 

treatments averaged practically the same CP concentration; this was expected because 

this collection was carried out in January, in the middle of the winter when all plants, 

regardless defoliation treatment, were in dormancy.    

Post-reproductive stage 

In post-reproductive stage as we applied defoliation treatments when plants were 

really close to dormancy we did not get forage production until the beginning of the next 

growing season in 2011. Our plants did not produce forage the first two collections 

carried out in December and February; as a result, we were able to get forage until the 
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third collection, in April 2011. Here is important pointed out, that clipped and burned 

plants started green up in spring 2011, some days in advance than control plants, this 

could be explained by greater amount and quality of the light received because of the 

elimination of canopy cover in comparison to control plants (Briske 1991). By the time of 

the last sampling collection, those plants had just initiated vegetative stage; as a result, we 

got the highest CP concentration at this time, in the whole study (Table 4.9). CP content 

of threeawn plants averaged 13.16%, 11.40% and 4.36% for burning, clipping and 

control defoliations, respectively (Table 4.9). In April, we found significant differences in 

CP concentrations across our defoliations treatments. Each defoliation type differed from 

the other. We found a grater difference in CP concentrations of almost 10% between 

control and our defoliated plants (burned and clipped). These burning and clipping CP 

concentration can be classified as forage of relatively good quality for a grass species 

(>10%). The highest amount of CP in this study was found in burned and clipped plants. 

This could be explained as a result of two factors that have a great influence in forage 

quality: 1) threeawn plants were in early vegetative stage, which is characterized by high 

forage quality (Harrocks and Valentine  1999; Arzani et al. 2001) and burning as a factor 

that according  Hilmon and Hughes (1965) increase CP content of Aristida species . The 

CP levels presented in this study by threeawn plants, during April 2011 are agree with 

those reported by Hilmon and Hughes (1965) who found that pineland threeawn (Arsitida 

strcita) presented CP values of 13% in the new growth three days after a fire in February 

in Florida. 

 



Texas Tech University, Leobardo Richarte-Delgado, May 2012 
 

85 
 

In vitro dry matter digestibility (IVDMD) 

Vegetative stage 

Two months after applied defoliation treatments, threeawn plants averaged 

45.29%, 43.89% and 27.68% for burning, clipping and control, respectively (Table 

4.9.1). We found significant differences in digestibility across our three defoliation 

treatments. IVDMD of threeawn plants was significant different between our two 

defoliated treatments (burning and clipping) and control plants. However, we did not find 

significant differences between burned and clipped plants. During our second collection 

IVDMD of threeawn averaged 35.74%, 36.99% and 27.50% for burning, clipping and 

control, respectively (Table 4.9.1). We detected a significant defoliation type effect on 

CP concentrations. There were significant differences among treatments means. This 

differences were the same as those that we described in our first collection; we did not 

find difference between our two defoliation treatments, but at the same way, we found 

significant differences between those and control plants. Finally, during our last sampling 

collection, six months after defoliations, IVDMD of threeawn was 34.24%, 33.97% and 

29.44% for burning, clipping and control defoliation treatments, respectively (Table 

4.9.1). There were significant differences across our defoliation treatments. The patter 

was exactly the same as that described at first and second collections.  

On the other hand, we also found a significant effect of sampling time in IVDMD 

of each one of our defoliations treatments.  

IVDMD of burned threeawn plants was 45.29%, 35.74% and 34.24% for 2M, 4M 

and 6M after defoliations, respectively (Table 4.9.1). We found a significant effect of 
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sampling time on IVDMD of burned plants. IVDMD of burned threeawn plants remained 

constant, since the date of defoliation application to the date of our first forage collection, 

two months later. We found a significant decrease in digestibility from the first collection 

to the second collection. Finally, we did not find any significant differences between the 

second and the third collection (Table 4.9.1). 

 IVDMD of clipped threeawn plants was 43.89%, 36.98% and 33.97% at 2M, 4M 

and 6M after defoliations respectively (Table 4.9.1). We found significant differences in 

digestibility across sampling times. Threeawn plants averaged 46.97% IVDMD at time of 

clipping application in mid June, two months later, at the time of our first sampling 

collection new threeawn regrowth still averaging similar digestibility values. We found a 

significant decrease in digestibility from the first collection to the second collection. 

Finally, we did not find significant differences between the second collection and the 

third one.  

 IVDMD of control plants averaged 27.68%, 27.50% and 29.44% at 2M, 4M and 

6M after started our study, respectively (Table 4.9.1). We did not find any significant 

differences in IVDMD of threeawn control plants. Although we observed, a little increase 

across out three sampling collections (Table 4.9.1). 

We found similar patterns in CP and IVDMD behavior on threeawn plants 

response to defoliations on reproductive stage. As in CP concentrations, IVDMD of 

control plants decreased right after plant turn into reproductive stage. Villanueva-Avalos 

(2008) reported the same pattern between CP and digestibility working with WWB-Dahl 

[Bothriochloa bladhii (RETZ) S.T. BLAKE]. This decrease in digestibility is explained 
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by an increase in lignifications as plants mature (Kamstra 1973). Control plants 

digestibility, kept constant from August until October averaging low values (27-29%). 

After October we found a small increase in digestibility as we did in CP concentrations; 

as we mentioned before we attributed this increase in forage quality to the presence of 

fall regrowth. On the other hand, fire and clipping had the same effect in IVDMD of 

burned plants during all our sampling collections (Figure 4.4). Burned and clipped plants 

always averaged significant higher values in IVDMD than control ones. As we 

mentioned in CP, clipping and burning defoliations forced threeawn plants to start over, 

generating new forage which was younger and presented fewer structural carbohydrates 

and greater digestibility (Mcfarland 1999). Burning and clipping plants never presented 

values higher than those presented for control plants at the moment of fire applications 

(June), this is logical because control plants were in vegetative stage, at that time grasses 

have the best forage quality  (Trilica 1999; Redfearn 2011). However, during our first 

sampling collection, by August, defoliation treatments kept digestibility values really 

close to those presented in control plants during vegetative stage. IVDMD of defoliated 

plants showed a constant decrease from the first sampling collection, in August, until the 

last one in December, even so, averaged values higher than control plants by this time. It 

is possible that clipping and fire just delayed the presence of reproductive stage in 

threeawn plants for two months, after this period of time plants followed their usual 

development morphology, getting older and decreasing digestibility. These results are 

agreed with Hilmon and Hughes (1965); they found that fire increase forage quality of 

pineland threeawn just during 2-3 month period. 
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Reproductive stage 

IVDMD of threeawn plants at each sampling time was affected significantly by 

defoliation type effect. IVDMD of threeawn plants two months after defoliations 

averaging 39.59%, 41.43% and 28.17% for burning, clipping and control, respectively 

(Table 4.9.2). We found significant differences in IVDMD of threeawn plants across our 

three defoliation treatments. IVDMD of threeawn plants differed between our two 

defoliation treatments (burning and clipping) and control plants. However, we did not 

find significant difference in treatments means of burned and clipped plants. During our 

second collection, IVDMD of threeawn plants averaged 42.22%, 33.00% and 25.18% for 

burning clipping and control plants, respectively (Table 4.9.2). At this sampling 

collection, all our treatments means differed significantly each other. Burned and clipped 

plants were higher and significant different than control plants. In addition, we found a 

significant difference between burning and clipping means, being burning which 

promoted the highest digestibility values. Finally, during our last sampling collection, 

IVDMD of threeawn plants was 34.63%, 33.37% and 26.81% for burning, clipping and 

control treatments, respectively (Table 4.9.2). We found significant differences among 

treatments means. There was a significant difference between our defoliations treatments 

(burning and clipping) and our control plants, but we did not find differences between 

burning and clipping means. 

IVDMD of threeawn plants treated on reproductive stage had a similar pattern as 

that presented in CP. Digestibility of control threeawn plants in reproductive stage was 

low, averaging 37.88%, with advance in phenological stage those plants even decreased 
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more those values, by September threeawn plants almost reached the lowest values in this 

study, after September and until December digestibility of threeawn remains constant. 

These low values could be explained by a decrease in leaves production, as well as, 

decrease in leaf to stem ratio (Mitchell, 1995) and an increase in protector and firmness 

(Arzani et al. 2001) required to hold floral structures. In the other hand, fire and clipping 

increased digestibility values in comparison to control plants for two and four months 

post treatments, respectively (Figure 4.9.2). Burned plants averaged even better 

digestibility values in November when plants usually start dormancy, than control plants 

in reproductive stage by early July.  

During the second sampling collection in November we found significant higher 

digestibility values in burned than in clipped plant probably because as we mentioned 

during CP discussion, fire promoted a delay in regrowth in threeawn plants which 

resulted in younger material in burned plants with better digestibility than clipped plants. 

During our last sampling collection in January defoliated plants still reflect the beneficial 

effects of our defoliations treatments on forage digestibility, as defoliated plants averaged 

significant higher values than control plants. 

The beneficial effect of burning and fire on increasing digestibility was attributed 

to the elimination of old material and stimulation of new regrowth which is higher in 

digestibility than the oldest one (McFarland 1999).  

Post-reproductive stage 

As we mentioned before, in post-reproductive stage, we applied defoliation 

treatments when plants were really close to dormancy (mid October), as a result, we did 
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not get forge production in burned and clipped plants during our first two sampling 

collections. We got forage until the last sampling collection six months after defoliations, 

by mid April at the beginning of 2011 growing season. IVDMD of threeawn plants by 

this time averaged 55.51%, 43.74% and 36.26% for burning, clipping and control, 

respectively (Table 4.9.3). We found significant differences in digestibility levels at this 

sampling time. All treatments were significant different each other, our two defoliation 

treatments averaged higher and significant values than control plants, in the same way, 

burned plants presented higher and significant IVDMD values than clipping plants. We 

found the highest digestibility values for threeawn plants in the last sampling collection 

as we did on CP content. These values could be classified as acceptable to cattle 

production. The greater difference in IVDMD found between our two defoliated 

treatments and control plants during this sampling time was attributed to the same factors 

already explained above in our CP content discussion related to this phenological stage 

and sampling time. 

We were not able to perform any comparison between IVDMD levels burned or 

clipped plants because they did not produce forage during the first to sampling 

collections. However, we were able to do it in control plants. IVDMD of control plants 

averaged 26.10%, 30.18% and 36.26% at 2M, 4M and 6M after defoliations respectively 

(Table 4.9.3). There was a significant difference in digestibility of control plants across 

our sampling times.  IVDMD of threeawn plants was characterized by a constant increase 

in digestibility across our three sampling collections, from December to April. We 
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attributed this increase to the transition between dormancy and vegetative stage, 

especially from February to April when plants increased 6.08% (Figure 4.6).   

Quantification of forage quality in control purple threeawn plants 

 CP content and IVDMD were related in purple threeawn plants across the 

growing seasons (Figure 4.7 and 4.8). Those two variables presented almost the same 

behavior, by the end of February begin to increase as a result of broke dormancy and start 

generating the first tillers and leaves to reach their highest level during vegetative stage 

(mid June), decreasing right after, when plants start producing the first flower stalks 

which marks the transition to reproductive stage (early July), this decrease continues until 

mid August, then forage quality keeps constant until the end of October, when both 

variables experienced a light increase until mid November, in the case of digestibility, 

while CP in this study presented a prolonged increase until January, we associated the 

increase in digestibility with fall regrowth, although we were no sure about protein 

because that period is much longer (Figure 4.7). In vitro digestibility keeps constant until 

February, after February the whole process starts again. In the case of CP, from mid 

January to mid February experienced a sharply decrease of 2%, reaching the lowest 

values by mid February, starting the whole process after this date.  

 The main factor affecting forage quality in threeawn is phenological 

developmental, this is agree to (Arzani et al. 2004; Villanueva-Avalos 2008). Threeawn 

plants presented the highest forage quality during vegetative stage which decreased 

considerably when plants turn to reproductive during by mid July. The lowest forage 

quality was presented on post-reproductive stage during October, just when plants were 
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getting dormant keeping constant during the whole dormant season until the beginning of 

the next growing season by mid February.  

 Although CP content and IVDMD presented a similar behavior across the year, 

we can appreciate that protein had a more irregular pattern.  

 In general terms, purple threeawn is a low quality forage which during 2010 

growing season never presented an adequate DOM:CP ratio which is the relation to 

determine an adequate equilibrium between CP content and digestibility to support a n 

adequate cattle performance. This relation was higher than 6 during all our phenological 

stages, when values between: 4-6 are considering optimum. The only way to correct that 

ratio is supplementing protein. It makes necessary the use of tools as fire to improve its 

forage characteristics and promoted their utilization and forage quality for cattle.  

Biomass production 

Multiple linear regressions  

 Variables that were not significant (P>0.05) were removed from the model.  

 In vegetative phenological stage, we found a high correlation  (adj. r2 = 0.85) between 

dry weight and plant length [Xpl], basal area [Xba], area at 7.5 cm plant height [X7.5], and 

area at 50% plant height [X50] (Table 4.12). We generated the following prediction 

equation: 

ŷ = -12.15 + 0.33 Xpl + 1.94 X7.5 + 2.06X50    (adj. r2 = 0.85) 

In reproductive phenological stage, we found a high correlation (adj. r2 = 0.83) 

between dry weight and plant length [Xpl], basal area [Xba], area at 7.5 cm plant height 
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[X7.5], and area at 50% plant height [X50] (Table 4.13). We generated the following 

prediction equation: 

ŷ = -7.42 + 0.19 Xpl + 0.24Xba + 2.56 X7.5   (adj. r2 = 0.83) 

Finally, in post-reproductive phenological stage, we found a high correlation (adj. 

r2 = 0.80)  between dry weight and plant length [Xpl], basal area [Xba], area at 7.5 cm 

plant height [X7.5], and area at 50% plant height [X50] (Table 4.14). We generated the 

following prediction equation: 

ŷ = -9.11 + 0.35 Xpl + 1.68 X7.5 + 1.41 X50  (adj. r2 = 0.80). 

The multi linear regression models developed in this study proved been efficient 

to predict threeawn biomass at each phenological stage during the 2010 growing season. 

In this study we found a high correlation between our explanatory variables and forage 

production at each phenological stage (Table 4.10, 4.11 and 4.12). Area at 7.5 cm was the 

variable which had the best correlation indices in all phenological stages (Table 4.12, 

4.13 and 4.14). These founding were greed with Sorensen (2010), who found even a 

higher correlations between this variable and dry weight production of purple threeawn 

measured during June. These discrepancies between our studies might be explained by 

small differences in biomass measurement, while Sorensen (2010) clipped plants above 1 

cm to collect biomass, we instead simulated a cattle 90% utilization by clipping plants 1.5 

inches above soil surface. 

 The regression planes were test to see if they were parallel, there were not 

(P<0.05) as a result, it is necessary generate a specific model to predict biomass at each 

phenological stage. 
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These founding are important because provided to range managers a handy tool to 

calculate biomass production during three different phenological stages. This information 

can be used to estimate stoking rates, as well as, to estimate fuel densities before applied 

prescribed burning without use destructive techniques as clipping. 

Conclusions 

The findings of this study suggested a significant effect of defoliation type, 

phenological stage and sampling time on forage quality characteristics of purple 

threeawn, in a year of above normal precipitation. Forage quality, in unmanaged 

threeawn grasslands changed as the growing season advance. CP content and IVDMD 

decreased as plant matures. The highest forage quality in control plants was found in 

vegetative stage and the lower during post-reproductive. Forage quality in unmanaged 

grasslands just cover cattle requirements to maintenance during a short period of time, 

during vegetative stage, once change to reproductive their forage quality is poor. The low 

forage quality presented during most of the growing season suggests the necessity of use 

management techniques such as prescribed fire and clipping to increase and extend 

purple threeawn forage quality. 

In the other hand, CP content and IVDMD of defoliated treated plants were 

affected by an interaction between defoliation type and sampling time, at each 

phenological stage. Burning and clipping proved been useful tools to increase and extend 

threeawn forage quality in the vegetative and the reproductive stages compared to control 

plants. Both treatments had basically the same effect in improving threeawn forage 
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quality. Small differences between burned and clipped plants on forage quality in this 

study were attributed to delay in regrowth and stimulation of seed stalks in burned plants. 

Grazing posterior six months when prescribed fire is applied during the post-

reproductive stage, proved be the best strategy to get the best forage quality for cattle 

production in grasslands infested with threeawn. Grazing should be carry out right after 

the beginning of the growing season, because the effect of fire improving forage quality 

in threeawn according with our results and posterior studies last a short period of time, 

between 2 and 4 months, depending of application date and weather conditions.  

Our results showed that DOM:CP ratio of control threeawn in any phenological 

stage is adequate for meet cattle requirements, as a result, protein supplementations is 

required during the whole year to get adequate animal performance in purple threeawn 

infested grasslands. 

Management and recommendations 

 There is no doubt that grassland infested with purple threeawn requires 

management to increase production as they present low quality forage even during the 

vegetative stage. In this study prescribed burning proved been a good alternative to do it.  

The season of burning depends of our objectives; if we are looking for promoted plant 

mortality the best option is apply fire once plants have turn to reproductive stage. 

However, if we are looking for improve forage quality to increase cattle performance, 

prescribed fire during the post-reproductive stage (October-November) and planning 

grazing at the beginning of the next growing season (May) is the best option. However, 
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the effect of fire improving forage quality of threeawn last a short period of time: 2 to 4 

months. 
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Tables 
 
 
 
 
 
 
 
 
 
 
 
Table 4.1. Crude protein means (%± SE) of purple threeawn (Aristida purpurea) plants 

treated with burning defoliation as affected by sampling time and phenological 
stage at the Texas Tech University, Native Rangeland, Lubbock, TX. 

Stage  
Sampling time  

2M   4M   6M   Average   

Veg 7.37 
(0.1345)  

6.01 
(0.7583)  

3.81      
(0.7011)  

5.73 
(0.4593) A2 

Rep 6.53 
(0.2338)   6.36 

(0.2864)   4.68       
(0.5749)   6.06 

(0.2778) A  

Average 6.95  
(0.2338) a1 6.14 a 

(0.4672) a 4.25 b      
(0.2879) b   

  
 
1 Sampling time means followed by the same lower case letter are not significantly different 
(P>0.05 LSD). 
2 Phenological stage means followed by the same upper case letter are not significantly different 
(P>0.05 LSD). 
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Table 4.2. Crude protein means (%± SE) of purple threeawn (Aristida purpurea) plants 

treated with clipping defoliation as affected by sampling time and phenological 
stage at the Texas Tech University, Native Rangeland, Lubbock, TX. 

Stage  
Sampling time  

2M   4M   6M   Average   

Veg 7.11 
(0.2869)  

6.312 
(0.3037)  

6.32      
(0.4089)  

6.48 
(0.2184) A2 

Rep 4.61 
(0.1854)   6.020 

(0.4070)   4.85       
(0.4051)   5.26  

(0.2734) B 

Average 6.71  
(0.2091) a1 5.46 b 

(0.3713) b 5.43 b      
(0.3336) b   

  
 
1 Sampling time means followed by the same lower case letter are not significantly different 
(P>0.05 LSD). 
2 phenological stage means followed by the same upper case letter are not significantly different 
(P>0.05 LSD). 
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Table 4.3. Crude protein means (%± SE) of purple threeawn (Aristida purpurea) plants 

used as non-control defoliation as affected by sampling time and phenological 
stage at the Texas Tech University, Native Rangeland, Lubbock, TX. 

  

Stage  
Sampling time  

2M   4M   6M   Average 

Veg 5.80 
(0.5398) A1a2 4.77 

(0.2896) Ab 6.59      
(0.1704) Aa 5.72 

(0.2789) 

Rep 5.54 
(0.2393) Ba 4.76 

(0.0939) Aa 5.09       
(0.2115) Ba 5.13 

(0.1336) 

Average 5.67 
(0.2817)   4.77 

(0.1435)   5.84      
(0.2797)     

 
1 Phenological stage means within a sampling time followed by the same upper case letter are not 
significantly different (P>0.05 LSD). 
2 Sampling time means within a vegetative stage followed by the same lower case letter are not 
significantly different (P>0.05 LSD). 
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Table 4.4. Crude protein means (%± SE) of purple threeawn (Aristida purpurea) plants 

treated in the vegetative stage as affected by defoliation type and sampling time 
at the Texas Tech University, Native Rangeland, Lubbock, TX. 

Defoliation 
Sampling time  

2M   4M   6M   Average 

Burning  7.37 
(0.1345) A1a2 6.01 

(0.7583) ABa 3.81      
(0.710) Bb  5.73 

(0.4593) 

Clipping 7.11 
(0.2869) ABa 6.32 

(0.3037) Aa 6.02       
(0.4089) Aa  6.48 

(0.2184) 

Control 5.80 
(0.5398) Bab 4.77 

(0.2896) Bb 6.59       
(0.1704) Aa  5.72 

(0.2790) 

Average 6.76 
(0.2667)   5.70 

(0.3213)   5.47       
(0.3488)     

 
1 Defoliations means within sampling time followed by the same upper case letter are not 
significant different (P>0.05, LSD). 
2 Sampling time means within defoliation type followed by the same lower case letter are not 
significant different (P>0.05, LSD). 
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Table 4.5. Crude protein means (%± SE) of purple threeawn (Aristida purpurea) plants 

treated in the reproductive stage as affected by defoliation type and sampling time 
at the Texas Tech University, Native Rangeland, Lubbock, TX 

Defoliation 
Sampling time  

2M   4M   6M   Average 

Burning  6.53 
(0.2338) A1a2 6.36 

(0.2864) Ba 4.98      
(0.5749) Ab  6.06 

(0.2778) 

Clipping 6.31 
(0.1854) ABa 4.61 

(0.4074) Ab 4.85       
(0.4051) Ab  5.26 

(0.2734) 

Control 5.54 
(0.2393) Ba 4.76 

(0.0939) Aa 5.09       
(0.2115) Aa  5.13 

(0.1336) 

Average 6.13 
(0.1641)   5.07 

(0.2595)   4.97       
(0.2011)     

 
1 Defoliations means within sampling time followed by the same upper case letter are not 
significant different (P>0.05, LSD). 
2 Sampling time means within defoliation type followed by the same lower case letter are not 
significant different (P>0.05, LSD). 
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Table 4.6. Crude protein means (%± SE) of purple threeawn (Aristida purpurea) plants 

sampled 2 months after defoliations as affected by defoliations type and 
phenological stage at the Texas Tech University, Native Rangeland, Lubbock, 
TX. 

Stage  
Defoliation 

Bur   Clip   Cont   Average   

Veg 7.37 
(0.1063)  

7.11 
(0.2869)  

5.80      
(0.5398)  

6.76 
(0.2753) A2 

Rep 6.53 
(0.2338)   6.312 

(0.4854)   5.54       
(0.2393)   6.13 

(0.1641) B 

Average 6.95 
(0.1889) a1 6.72 

(0.2091) a 5.67      
(0.2817) b   

  
 
1 Defoliations means followed by the same lower case letter are not significantly different 
(P>0.05 LSD). 
2 phenological stage means followed by the same upper case letter are not significantly different 
(P>0.05 LSD). 
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Table 4.7. Crude protein means (%± SE) of purple threeawn (Aristida purpurea) plants 

sampled 4 months after defoliations as affected by defoliations type and 
phenological stage at the Texas Tech University, Native Rangeland, Lubbock, 
TX. 

Stage  
Defoliation 

Bur   Clip   Cont   Average   

Veg 6.01 
(0.7583)  

6.32 
(0.2401)  

4.77      
(0.2896)  

5.70 
(0.3213) A2 

Rep 6.36 
(0.2864)   4.61 

(0.4074)   4.76       
(0.0939)   5.07 

(0.2595) A 

Average 6.14 
(0.4672) a1 5.46 

(0.3713) ab 4.77      
(0.1435) b   

  
 
1 Defoliations means followed by the same lower case letter are not significantly different 
(P>0.05 LSD). 
2 Phenological stage means followed by the same upper case letter are not significantly different 
(P>0.05 LSD). 
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Table 4.8. Crude protein means (%± SE) of purple threeawn (Aristida purpurea) plants 

sampled 6 months after defoliations as affected by defoliations type and 
phenological stage. At the Texas Tech, Native Rangeland, Lubbock, TX. 

 

Defoliation 
Phenological stage 

Veg   Rep   Post-r   Average 

Burning  3.81 
(0.0710) B1a2 4.98 

(0.5749) Aa 13.16      
(0.0376) Ab 6.68 

(1.2725) 

Clipping 6.02 
(0.4089) Aa 4.85 

(0.4052) Aa 11.40       
(0.5895) Bb 7.42 

(0.8036) 

Control 6.59 
(0.1704) Aa 5.09 

(0.2112) Ab 4.36       
(0.2018) Cc 5.35 

(0.2686) 

Average 5.47 
(0.3488)   4.97 

(0.2011)   9.10       
(1.12)     

 
1 Defoliation means within a phenological stage followed by the same upper case letter are not 
significant different (P>0.05 LSD). 
2 Phenological stage means within defoliation type followed by the same lower case latter are not 
significant different (P>0.05 LSD). 
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Table 4.9. In vitro dry matter digestibility means (% ± SE) of purple threeawn plants 

(Aristida purpurea) treated in the vegetative stage as affected by defoliation type 
and sampling time at the Texas Tech University, Native Rangeland, Lubbock, 
TX. 

Vegetative  

Defoliation 
Sampling time  

2M   4M   6M   Average 

Burning  45.29 
(0.93) A1a2 35.747 

(0.18) Ba 34.24 
(1.34) Ba 38.42 

(1.47) 

Clipping 43.89 
(1.30) Aa 36.98 

(1.83) Ba 33.97 
(1.35) Ba 38.28 

(1.41) 

Control 27.68 
(1.44) Ab 27.50 

(0.84) Ab 29.44 
(0.84) Ab 28.21 

(0.62) 

Average 38.95 
(0.87)   33.41 

(1.39)   32.55 
(0.87)     

 
1 Sampling times means within a defoliations type followed by the same upper case letter are not 
significant different (P<0.05, LSD). 
2 Defoliation means within s sampling time followed by the same lower case letter are not 
significant different (P<0.05, LSD). 
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Table 4.10. In vitro dry matter digestibility means (% ± SE) of purple threeawn plants 

(Aristida purpurea) treated in the reproductive stage as affected by defoliations 
type and sampling time at the Texas Tech University, Native Rangeland, 
Lubbock, TX. 

Reproductive 

Defoliation 
Sampling time  

2M   4M   6M   Average 

Burning  39.59 
(2.52) A1a2 42.22 

(0.19) Aa 34.63 
(2.18) Ba 38.81 

(1.49) 

Clipping 41.43 
(1.99) Aa 33.00 

(2.23) Bb 31.37  
(2.69) Ba 35.31  

(1.65) 

Control 28.17 
(1.25) Ab 25.18 

(0.34) Ac 26.81 
(0.99) Ab 26.72 

(0.58) 

Average 36.39 
(1.89)   33.47 

(2.04)   31.60 
(1.49)     

 
1 Sampling times means within a defoliations type followed by the same upper case letter are not 
significant different (P<0.05, LSD). 
2 Defoliation means within s sampling time followed by the same lower case letter are not 
significant different (P<0.05, LSD). 
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Table 4.11. In vitro dry matter digestibility means (%± SE) of purple threeawn (Aristida 

purpurea) plants sampled 6 months after defoliations as affected by defoliations 
type and phenological stage at the Texas Tech, Native Rangeland, Lubbock, TX. 

 

Defoliation 
Phenological stage 

Veg   Rep   Post-r   Average 

Burning  34.24  
(1.34) B1a2 34.63 

(2.18) Aa 55.50     
(1.04) Ab 41.45 

(3.08) 

Clipping 33.97 
(1.35) Aa 33.37 

(2.69) Aa 43.74       
(0.85) Bb 37.02 

(1.59) 

Control 29.44 
(0.84) Aa 26.82 

(0.99) Ab 36.26       
(1.62) Cc 30.84 

(1.24) 

Average 32.54 
(0.87)   31.60 

(1.49)   45.16       
(2.21)     

 
1 Defoliation means within a phenological stage followed by the same upper case letter are not 
significant different (P>0.05 LSD). 
2 Phenological stage means within defoliation type followed by the same lower case latter are not 
significant different (P>0.05 LSD). 
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Table 4.12. Purple threeawn multiple regression intercept, coefficients and adjusted R2 
for plants measured in the vegetative phenological stage 2010 at the Texas 
Tech University, Native Rangeland, Lubbock, TX. The explanatory variables 
are plant length, area at 7.5 cm plant height, and area at 50% plant height.  

  Coefficients 
N Intercept Xpl X7.5 X50 Adj. R2 

65 -12.1552 0.33421 1.9439 2.0605 0.8569 
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Table 4.13. Purple threeawn multiple regression intercept, coefficients and adjusted R2 
for plants measured in the reproductive phenological stage 2010 at the Texas 
Tech University, Native Rangeland, Lubbock, TX. The explanatory variables 
are plant length, basal area, and area at 7.5 cm plant height. 

    Coefficients 
N Intercept Xpl Xba X7.5 Adj. R2 

65 -7.4224 0.19253 0.26431 2.56122 0.8333 
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Table 4.14. Purple threeawn multiple regression intercept, coefficients and adjusted R2 

for plants measured in the post-reproductive phenological stage 2010 at the 
Texas Tech University, Native Rangeland, Lubbock, TX. The explanatory 
variables are plant length, area at 7.5 cm plant height, and area at 50% plant 
height.  

  Coefficients 
N Intercept Xpl X7.5 X50 Adj. R2 

65 -9.1155 0.35996 1.68027 1.41880 0.8091 
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Table 4.15. Correlation coefficients for purple threeawn plants measured in the vegetative 

stage at the Texas Tech University, Native Rangeland, Lubbock, TX. Area 7.5 
represents the area at 7.5 cm plant height [X7.5] and area 50% pl represents the area 
at 50% of the plant length [X50]. 

Pearson Correlation Coefficients, N= 65 
Prob> |r| under H0: Rho=0 

 
Dry Weight  Plant Length Basal area Area 7.5 Area 50% pl 

Dry Weight  1.00 0.22 0.52 0.91 0.67 

  
<0.7 <.0001 <.0001 <.0001 

Plant Length 0.22 1.00 0.08 0.15 -0.17 

 
<0.07 

 
0.5 0.2 0.16 

Basal area 0.52 0.08 1.00 0.56 0.31 

 
<.0001 0.5 

 
<.0001 0.011 

Area 7.5 0.91 0.15 0.56 1.00 0.66 

 
<.0001 0.2 <.0001 

 
<.0001 

Area 50% pl 0.67 -0.17 0.31 0.66 1.00 
  <0.0001 0.16 0.01 <0.0001   
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Table 4.16. Correlation coefficients for purple threeawn plants measured in the in the 
reproductive stage at the Texas Tech University, Native Rangeland, Lubbock, 
TX. Area 7.5 represents the area at 7.5 cm plant height [X7.5] and area 50% pl 
represents the area at 50% of the plant length [X50]. 

Pearson Correlation Coefficients, N= 65 
Prob> |r| under H0: Rho=0 

 
Dry Weight  Plant Length Basal area Area 7.5 Area 50% pl 

Dry Weight  1.00 0.16 0.64 0.87 0.74 

  
0.2 <.0001 <.0001 <.0001 

Plant Length 0.16 1.00 0.0012 0.02 -0.21 

 
0.2 

 
0.99 0.84 0.09 

Basal area 0.64 0.0012 1.00 0.51 0.55 

 
<.0001 0.99 

 
<.0001 <.0001 

Area 7.5 0.87 0.02 0.51 1.00 0.80 

 
<.0001 0.84 <.0001 

 
<.0001 

Area 50% pl 0.74 -0.21 0.55 0.80 1.00 
  <.0001 0.09 <.0001 <.0001   
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Table 4.17. Correlation coefficients for purple threeawn plants measured in the post-
reproductive stage at the Texas Tech University, Native Rangeland, Lubbock, 
TX. Area 7.5 represents the area at 7.5 cm plant height [X7.5] and area 50% pl 
represents the area at 50% of the plant length [X50]. 

Pearson Correlation Coefficients, N= 65 
Prob> |r| under H0: Rho=0 

 
Dry Weight  Plant Length Basal area Area 7.5 Area 50% pl 

Dry Weight  1.00 0.51 0.76 0.88 0.73 

  
<.0001 <.0001 <.0001 <.0001 

Plant Length 0.51 1.00 0.51 0.43 0.17 

 
<.0001 

 
<.0001 0.0003 0.17 

Basal area 0.76 0.51 1.00 0.81 0.58 

 
<.0001 <.0001 

 
<.0001 <.0001 

Area 7.5 0.88 0.43 0.81 1.00 0.78 

 
<.0001 0.0003 <.0001 

 
<.0001 

Area 50% pl 0.73 0.17 0.58 0.78 1.00 
  <.0001 0.17 <.0001 <.0001   
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Figures 
 
 
 
 
  

 

 
 
 

Figure 4.1. Crude protein concentrations in purple threeawn (Aristida purpurea) treated 
during the vegetative stage with three defoliations types, during three sampling 
times. 1Cp concentration means within each sampling time followed by the 
same letter are not significant different (P<0.05, LSD). 
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Figure 4.2. Crude protein concentrations in purple threeawn (Aristida purpurea) treated 
during the reproductive stage with three defoliations types, during three 
sampling times. 1Cp concentration means within each sampling time followed 
by the same letter are not significant different (P<0.05, LSD). 

 
 
 
 
 
 

 
 
 
 
 
 

0 

1 

2 

3 

4 

5 

6 

7 

Trt Appl         
(Jul 17) 

2M              
(Sep) 

4M                
(Nov) 

6M                   
(Jan) 

Burning  

Clipping 

Control 

C
P 

C
on

te
nt

 (%
) 

Sampling time 

C
P 

C
on

te
nt

 (%
) 

a1 

a 

b 

a 

b 

b 
a 
a 

a 



Texas Tech University, Leobardo Richarte-Delgado, May 2012 
 

120 
 

 
 
 
 
 

 
 
 
 

Figure 4.3. Crude protein concentrations in purple threeawn (Aristida purpurea) treated 
during the post-reproductive stage with three defoliations types, during three 
sampling times. 1Cp concentration means within each sampling time followed 
by the same letter are not significant different (P<0.05, LSD). 
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Figure 4.4. In vitro dry matter digestibility in purple threeawn (Aristida purpurea) treated 

during the vegetative stage with three defoliations types, during three sampling 
times. . 1In vitro dry matter digestibility means within each sampling time 
followed by the same letter are not significant different (P<0.05, LSD). 
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Figure 4.5. In vitro dry matter digestibility in purple threeawn (Aristida purpurea) treated 
during the reproductive stage with three defoliations types, during three 
sampling times. 1In vitro dry matter digestibility means within each sampling 
time followed by the same letter are not significant different (P<0.05, LSD). 
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Figure 4.6. In vitro dry matter digestibility in purple threeawn (Aristida purpurea) treated 

during the post-reproductive stage with three defoliations types, during three 
sampling times. 1In vitro dry matter digestibility means within each sampling 
time followed by the same letter are not significant different (P<0.05, LSD). 

 

 
 

 
 
 
 
 
 
 
 
 
 

0 

10 

20 

30 

40 

50 

60 

Trt Appl         
(Oct 12) 

2M                 
(Dec) 

4M                
(Feb) 

6M                   
(Apr) 

Burning  

Clipping 

Control 

IV
D

M
D

 (%
) 

Sampling time 

a1 

b 

c 



Texas Tech University, Leobardo Richarte-Delgado, May 2012 
 

124 
 

 
 
 
 
 

 

 
 

Figure 4.7. Crude protein content in control purple threeawn (Aristida purpurea) plants 
during 2010 and 2011 growing season. 
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Figure 4.8. In vitro dry matter digestibility in control purple threeawn (Aristida purpurea) 
plants during 2010 and 2011 growing season. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

Summary 

  In the Southern Great Plains (SGP) grasslands have decreased their cattle 

production potential due to the increase of several invader plants, which are favored for 

factors such as over stocking rate, periodic drought and fire suppression. One of those 

undesirable plants is the low quality forage producer and unpalatable purple threeawn 

(Aristida purpurea).  This study was conducted during 2010 and 2011 growing seasons, 

at the Texas Tech University Native Rangeland in Lubbock TX. Vegetation is 

characterized by that present in shortgrass prairie, where some areas present evident 

purple threeawn infestations. The main objective of this study was to develop 

management strategies to improve forage production in purple threeawn infested 

grasslands. Specific objectives included: 1) to determine prescribed fire and clipping 

effects on purple threeawn survival and change in basal area at three phenological stages, 

2) to evaluate the effect of burning and clipping on forage quality of purple threeawn at 

three phenological stages, and 3) to generated a specific equation to predict purple 

threeawn biomass production at each phenological stage. 

In 2010 growing season, during vegetative, reproductive and post-reproductive 

phenological stages hundred and fifty purple threeawn plants were selected randomly 

regardless plant size, to be treated with three defoliations types. Each phenological stage 

fifty plants were burned individually, fifty plants were clipped and fifty more were used 
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as a control. Phenological stages were: vegetative (June), reproductive (July) and post-

reproductive (October). Two, four, and six months after defoliations, we collected forage 

samples from our treated and control plants to determine their forage quality. Treatments 

were a combination of factors (phenological stage x defoliation type x sampling time). 

Forage quality in this study was composed by two variables: crude protein content (CP) 

and in vitro dry matter digestibility (IVDMD). Basal crown area of defoliated and control 

plants were measured just after applied treatments, at the end of 2010 growing season we 

measured basal crown area again in our plants. Percentage change in basal crown area 

was calculated by difference. In addition, mortality was evaluated in defoliated and 

control plants at the beginning of the next growing season after defoliations. Finally, each 

phenological stage 65 plants were randomly selected to take measure variables related to 

biomass production, clipped and weighted to develop models to predict biomass at each 

phenological stage.   

 Purple threeawn mortality and change in basal area were possibly affected by 

above normal precipitation presented during 2010 growing season; this above normal 

precipitation might have favored low mortality rates during this study, as other 

researchers have reported. 

 Mortality of purple threeawn plants was significantly affected by phenological 

stage and defoliated type (P<0.05), this suggest that threeawn mortality in respond to 

severe defoliations, depends on plant phenogy. In vegetative and post-reproductive stages 

plants survival was lightly affected. In contrast, during reproductive stage threeawn 

plants scored the highest mortality rates. In the other hand, burning treatments, proved 
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been the best option to stimulate mortality in threeawn plants across phenological stages. 

Basal area changes results were agreed to mortality findings. Basal crown change was 

affected by an interaction between phenological stage and defoliation type (P<0.05). 

Plants burned during reproductive stage exhibited the largest reduction, while, 

clipped plants scored a slight reduction just during vegetative stage. Control plants 

presented increases at each phenological stage.  

CP content and IVDMD of threeawn plants were significantly (P<0.05) affected 

by an interaction between defoliation type and sampling time, at each phenological stage. 

We focused our discussion holding each phenological stage and looking either defoliation 

effects across sampling times or sampling time effects across defoliations types.  

The highest crude protein concentrations in control plants were found in the 

vegetative stage, as plants advance in maturity CP concentration tended to decrease. 

Vegetative stage was the period with the highest CP content and post-reproductive the 

lowest. Clipped and burned plants scored really similar CP concentrations across our 

three sampling times, at each phenological stage, this concentrations most of the time was 

significantly (P<0.05) higher than control plants. However, burned plants tend to 

promoted new regrowth with higher CP values than clipping plant at each phenological 

during each sampling time. 

IVDMD of threeawn plants in this study presented a similar behavior as CP. 

Control plants presented the highest in vitro digestibility values during vegetative stage 

and stared decreasing right after turning to reproductive by July, decreasing constantly 

until August. Clipped and burned plants, as in CP content, presented really close values 
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during each sampling time at each phenological stage, always higher than those on 

control plants. Burned plans always generated regrowth with higher digestibility than 

clipped ones. The models generated to predict biomass, were efficient to predict biomass 

production during each phenological stage. 

Conclusions 

According to the results of this study purple threeawn is a grass species resistant 

to fire and heavy grazing, after one year of evaluation, under above normal precipitation. 

Our results, also suggested that prescribed fire could be used to promote mortality, but 

this will be effective just during reproductive stage. Trying to damage threeawn with fire 

during vegetative or post-reproductive stage is very difficult at least in short-term 

evaluations like in this study.   

The results of this study suggested that prescribed burning could be used in 

grasslands infested with threeawn to reach two different objectives. 1) Promote plant 

mortality and 2) increase and extend forage quality during the growing season. 

Depending of the specific objectives land managers should choose the adequate timing to 

apply prescribed burning. If the goal is decrease survival, prescribed burning applied 

during the reproductive stage might be the best option, in contrast, if the objectives are 

increase forage quality and utilization to cattle production the best choice is apply fire at 

the end of the growing season, deferment it during 6 months and start grazing at the 

beginning of the next growing season by April or May.  

 Unmanaged purple threeawn infested grasslands has a low forage quality to cattle 

production. This areas posses a median forage quality potential, just during a short period 
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of time during vegetative stage, once change to reproductive forage quality starts to 

decrease and low values keep constant for the rest of the growing season. 

The effect of fire and clipping improving purple threeawn forage quality generally last a 

short period of time, no more than 4 months after treatments applications when 

environmental conditions are adequate for grass production. This time is in general the 

period which last the vegetative stage in this grass species.  
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Table A.3.1. Basal area changes in purple threeawn (Aristida purpurea) plants. 
         Treatment: Burning during vegetative stage. 
  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
1 26.47 34.36 29.82 
2 51.41 55.33 7.63 
3 27.91 25.82 -7.49 
4 16.83 26.40 56.91 
5 55.30 60.61 9.60 
6 16.84 18.29 8.59 
7 77.20 84.40 9.32 
8 23.35 24.18 3.54 
9 28.05 38.01 35.48 
10 25.74 32.44 25.99 
11 30.84 32.77 6.26 
12 55.30 40.75 -26.31 
13 27.25 0.00 -100.00 
14 68.41 71.36 4.31 
15 52.22 54.18 3.76 
16 45.83 54.14 18.14 
17 12.24 14.78 20.77 
18 50.13 48.65 -2.94 
19 16.81 15.12 -10.03 
20 54.98 61.71 12.25 
21 48.88 56.44 15.47 
22 56.16 0.00 -100.00 
23 34.37 33.59 -2.25 
24 22.33 26.13 17.00 
25 47.91 52.42 9.40 
26 69.21 78.67 13.66 
27 99.73 86.31 -13.45 
28 182.33 138.67 -23.94 
29 42.91 50.21 17.02 
30 18.79 17.74 -5.58 
31 84.03 84.15 0.14 
32 58.16 56.44 -2.95 
33 24.28 20.21 -16.77 
34 19.95 21.66 8.59 
35 57.98 61.46 6.01 
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Table A.3.1. Continued 
  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
36 26.20 31.66 20.85 
37 22.51 21.92 -2.61 
38 36.26 39.85 9.92 
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Table A.3.2. Basal area changes in purple threeawn (Aristida purpurea) plants. 
                       Treatment: Clipping during vegetative stage. 

  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
1 25.97 23.69 -8.78 
2 32.83 25.92 -21.06 
3 5.94 9.65 62.46 
4 19.95 17.21 -13.74 
5 7.85 0.00 -100.00 
6 34.59 0.00 -100.00 
7 29.52 24.80 -16.00 
8 21.24 19.01 -10.48 
9 2.10 2.70 28.38 
10 13.80 14.06 1.87 
11 8.34 9.46 13.45 
12 18.49 17.13 -7.33 
13 15.65 21.45 37.09 
14 27.97 29.64 5.96 
15 24.65 21.21 -13.94 
16 10.12 0.00 -100.00 
17 30.45 0.00 -100.00 
18 20.92 22.52 7.66 
19 22.00 0.00 -100.00 
20 34.82 38.23 9.81 
21 18.38 21.20 15.33 
22 24.79 27.87 12.44 
23 36.78 33.72 -8.32 
24 56.79 56.37 -0.74 
25 23.67 24.02 1.47 
26 57.48 0.00 -100.00 
27 17.73 21.65 22.07 
28 23.15 22.95 -0.85 
29 35.18 42.36 20.42 
30 28.81 32.30 12.12 
31 7.61 3.98 -47.73 
32 15.98 21.84 36.73 
33 8.39 9.30 10.78 
34 7.52 8.95 18.93 
35 17.54 16.67 -4.98 
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             Table A.3.2. Continued 
  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
36 16.58 0.00 -100.00 
37 18.30 0.00 -100.00 
38 32.60 0.00 -100.00 
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             Table A.3.3. Basal area changes in purple threeawn (Aristida purpurea) plants. 
             Treatment: Control during vegetative stage. 

  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
1 32.63 38.53 18.09 
2 20.92 20.56 -1.73 
3 20.32 0.00 -100.00 
4 22.38 0.00 -100.00 
5 22.71 25.75 13.40 
6 33.94 0.00 -100.00 
7 5.35 7.42 38.67 
8 11.62 10.55 -9.22 
9 19.47 25.04 28.58 
10 23.19 0.00 -100.00 
11 25.79 28.29 9.70 
12 20.60 27.98 35.78 
13 6.42 14.38 123.92 
14 10.85 14.99 38.09 
15 33.41 37.42 11.98 
16 26.56 20.12 -24.25 
17 25.76 35.61 38.25 
18 35.43 45.03 27.08 
19 30.13 50.82 68.65 
20 82.49 86.96 5.42 
21 19.12 22.94 19.97 
22 43.65 47.36 8.50 
23 43.63 47.88 9.74 
24 10.70 11.54 7.85 
25 20.63 12.24 -40.68 
26 19.60 22.84 16.50 
27 44.80 58.87 31.41 
28 35.78 50.99 42.50 
29 1.78 4.32 142.06 
30 37.39 31.59 -15.51 
31 20.13 22.32 10.88 
32 29.49 35.22 19.43 
33 24.32 33.48 37.67 
34 30.36 29.98 -1.25 
35 16.60 17.93 8.04 
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             Table A.3.3. Continued 
  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
36 34.37 36.36 5.79 
37 29.69 38.25 28.84 
38 18.46 27.95 51.43 
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Table A.3.4. Basal area changes in purple threeawn (Aristida purpurea) plants. 
            Treatment: Burning during reproductive stage. 

  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
1 18.96 36.71 93.68 
2 51.15 54.13 5.84 
3 35.62 32.77 -7.99 
4 61.22 53.36 -12.85 
5 17.00 16.93 -0.42 
6 29.62 29.84 0.77 
7 41.28 40.88 -0.98 
8 15.21 0.00 -100.00 
9 48.49 0.00 -100.00 
10 38.13 0.00 -100.00 
11 16.26 0.00 -100.00 
12 36.43 31.60 -13.27 
13 59.24 54.12 -8.64 
14 20.54 0.00 -100.00 
15 28.83 29.97 3.97 
16 93.49 86.75 -7.21 
17 52.96 43.98 -16.95 
18 58.92 51.49 -12.61 
19 39.76 40.09 0.83 
20 32.02 30.09 -6.02 
21 70.79 68.71 -2.93 
22 55.52 52.60 -5.25 
23 23.94 0.00 -100.00 
24 49.18 0.00 -100.00 
25 7.81 4.57 -41.46 
26 40.28 38.79 -3.70 
27 35.69 0.00 -100.00 
28 9.89 0.00 -100.00 
29 41.57 35.52 -14.54 
30 35.06 0.00 -100.00 
31 27.11 22.55 -16.83 
32 33.12 34.77 4.98 
33 38.48 27.17 -29.40 
34 11.56 10.80 -6.59 
35 22.76 18.45 -18.91 
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Table A.3.4. Continued 
  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
36 16.21 10.02 -38.16 
37 24.46 22.14 -9.48 
38 52.62 52.70 0.15 
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Table A.3.5. Basal area changes in purple threeawn (Aristida purpurea) plants. 
      Treatment: Clipping during reproductive stage. 

  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
1 67.15 77.47 15.37 
2 38.08 41.05 7.79 
3 38.61 43.84 13.55 
4 23.82 25.31 6.26 
5 22.85 24.58 7.58 
6 28.09 32.84 16.90 
7 24.05 26.76 11.28 
8 16.61 22.74 36.89 
9 14.88 18.59 24.92 
10 36.73 34.29 -6.64 
11 37.32 44.77 19.97 
12 8.08 8.01 -0.79 
13 31.77 33.70 6.07 
14 9.84 11.50 16.87 
15 72.98 77.72 6.49 
16 17.05 22.02 29.13 
17 33.13 33.12 -0.03 
18 29.76 36.88 23.95 
19 37.39 39.84 6.54 
20 29.88 0.00 -100.00 
21 17.75 19.36 9.08 
22 40.65 0.00 -100.00 
23 21.49 23.04 7.26 
24 57.04 0.00 -100.00 
25 36.19 36.25 0.17 
26 20.42 23.71 16.14 
27 14.83 22.08 48.87 
28 14.00 20.27 44.74 
29 34.07 39.30 15.37 
30 18.59 20.11 8.22 
31 87.06 91.92 5.59 
32 70.84 79.40 12.09 
33 25.39 30.18 18.84 
34 44.48 44.83 0.78 
35 65.63 64.00 -2.48 
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Table A.3.5. Continued 
  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
36 13.06 15.35 17.56 
37 16.43 16.16 -1.66 
38 5.46 6.23 14.04 
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Table A.3.6. Basal area changes in purple threeawn (Aristida purpurea) plants. 
          Treatment: Control during reproductive stage. 

  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
1 52.52 60.20 14.62 
2 33.56 46.91 39.79 
3 25.64 32.66 27.37 
4 24.51 33.35 36.05 
5 39.98 47.17 17.97 
6 47.59 59.78 25.60 
7 36.49 40.95 12.23 
8 59.38 62.44 5.15 
9 12.93 18.58 43.75 
10 27.84 30.70 10.26 
11 22.10 33.92 53.51 
12 11.00 12.23 11.19 
13 37.97 45.49 19.82 
14 18.24 22.93 25.71 
15 57.83 62.96 8.87 
16 23.89 29.76 24.57 
17 20.85 26.17 25.48 
18 6.29 10.08 60.26 
19 61.53 78.78 28.05 
20 24.83 29.55 19.04 
21 35.52 48.83 37.46 
22 30.94 33.83 9.35 
23 30.59 38.29 25.16 
24 33.62 36.67 9.08 
25 26.68 30.81 15.50 
26 14.91 16.70 12.01 
27 10.20 12.53 22.87 
28 18.61 19.89 6.85 
29 23.11 30.26 30.96 
30 28.78 37.34 29.76 
31 14.44 19.77 36.91 
32 10.75 14.97 39.30 
33 12.23 17.76 45.24 
34 15.17 20.22 33.28 
35 35.53 42.12 18.56 
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Table A.3.6. Continued 
  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
36 17.32 27.42 58.25 
37 8.88 11.52 29.68 
38 46.57 52.33 12.38 
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Table A.3.7. Basal area changes in purple threeawn (Aristida purpurea) plants. 
      Treatment: Burning during post-reproductive stage. 

  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
1 18.22 18.92 3.80 
2 24.72 22.38 -9.46 
3 18.06 17.94 -0.69 
4 24.68 21.50 -12.89 
5 21.38 21.18 -0.95 
6 17.98 18.86 4.88 
7 18.29 17.85 -2.41 
8 17.09 16.68 -2.40 
9 6.50 6.48 -0.43 
10 28.98 29.27 1.01 
11 18.61 18.88 1.43 
12 21.14 22.08 4.44 
13 5.72 0.00 -100.00 
14 27.71 22.20 -19.90 
15 38.36 39.04 1.78 
16 41.66 41.77 0.28 
17 11.15 12.67 13.66 
18 10.20 11.81 15.80 
19 30.22 29.92 -1.01 
20 17.30 14.74 -14.76 
21 22.43 0.00 -100.00 
22 28.18 0.00 -100.00 
23 7.97 0.00 -100.00 
24 47.35 40.95 -13.52 
25 21.20 19.12 -9.82 
26 31.71 31.35 -1.12 
27 86.66 89.63 3.43 
28 50.71 52.93 4.37 
29 24.23 23.32 -3.75 
30 31.94 32.11 0.54 
31 37.43 39.59 5.77 
32 12.46 12.42 -0.34 
33 28.40 30.57 7.64 
34 30.09 32.74 8.80 
35 19.21 18.82 -2.05 
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Table A.3.7. Continued 
  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
36 33.64 32.52 -3.34 
37 27.66 24.49 -11.45 
38 49.73 52.77 6.11 
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Table A.3.8. Basal area changes in purple threeawn (Aristida purpurea) plants. 
            Treatment: Clipping during post-reproductive stage. 

  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
1 33.13 35.67 7.67 
2 15.50 16.17 4.34 
3 21.18 22.44 5.98 
4 3.20 3.47 8.55 
5 62.13 62.95 1.32 
6 11.11 11.34 2.06 
7 25.42 24.65 -3.02 
8 24.93 27.37 9.79 
9 36.08 36.11 0.09 
10 16.68 17.55 5.23 
11 27.53 27.04 -1.77 
12 9.01 9.94 10.31 
13 11.69 13.74 17.54 
14 12.60 14.44 14.60 
15 26.41 22.07 -16.43 
16 18.22 18.66 2.41 
17 9.83 10.22 3.99 
18 7.42 10.09 36.06 
19 29.39 31.43 6.95 
20 21.04 20.11 -4.43 
21 50.54 45.42 -10.13 
22 42.09 39.53 -6.06 
23 39.75 41.23 3.73 
24 44.55 53.16 19.33 
25 21.69 23.61 8.85 
26 39.09 43.90 12.32 
27 46.36 47.77 3.04 
28 27.78 29.89 7.59 
29 30.55 32.07 5.00 
30 18.43 21.83 18.46 
31 34.46 41.15 19.41 
32 17.52 19.59 11.77 
33 24.86 24.16 -2.81 
34 18.57 20.92 12.66 
35 33.60 35.14 4.57 
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             Table A.3.8. Continued 
  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
36 22.33 20.13 -9.83 
37 13.74 14.07 2.45 
38 24.68 27.50 11.42 

 
 
 
 
 
 
 
 
 

      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Texas Tech University, Leobardo Richarte-Delgado, May 2012 
 

161 
 

Table A.3.9. Basal area changes in purple threeawn (Aristida purpurea) plants. 
      Treatment: Control during post-reproductive stage. 

  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
1 46.29 48.50 4.77 
2 10.50 11.29 7.52 
3 32.06 33.77 5.34 
4 8.27 8.95 8.23 
5 31.18 34.40 10.34 
6 9.06 10.46 15.45 
7 21.10 24.37 15.51 
8 23.95 25.15 5.02 
9 24.54 25.86 5.38 
10 36.75 38.79 5.54 
11 33.35 34.13 2.33 
12 47.49 48.50 2.13 
13 54.29 58.87 8.42 
14 13.49 14.64 8.52 
15 39.73 40.12 0.97 
16 35.48 34.83 -1.84 
17 21.14 23.96 13.33 
18 47.72 48.69 2.02 
19 61.82 64.61 4.51 
20 31.72 34.43 8.56 
21 22.85 26.89 17.66 
22 7.54 8.14 7.88 
23 18.34 19.99 9.02 
24 15.13 15.49 2.40 
25 11.02 13.27 20.41 
26 9.75 10.70 9.81 
27 30.68 21.59 -29.61 
28 13.63 14.15 3.79 
29 21.28 22.27 4.61 
30 21.35 22.83 6.92 
31 3.23 3.02 -6.63 
32 20.03 23.75 18.56 
33 4.09 5.07 24.04 
34 16.38 17.63 7.64 
35 20.14 24.21 20.21 
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Table A.3.9. Continued 
  Basal area 

Replication Initial (cm2) Final area (cm2) % Change 
36 19.95 17.63 -11.62 
37 32.89 36.98 12.43 
38 12.19 13.18 8.13 
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Table B.4.1. Purple threeawn measurements taken to develop a regression equation used 
to estimate biomass production during vegetative phenological stage. Data were 
taken in June 2010 in Lubbock, Texas. Measurements are: basal width (BW), 
basal length (BL), diameter at 7.5 cm plant length (7.5D), plant height (PL), 
diameter at 50% plant height (50D), and dry weight (DRW). Units of measure   
are indicated in parenthesis. 

Rep BW (cm) BL (cm) 7.5D (cm) 50D (cm) PL  (cm) DWR (gr) 
1 5.18 6.38 2.25 0.68 68.50 20.66 
2 5.31 7.88 3.56 1.12 68.00 34.62 
3 4.78 5.68 3.50 1.22 71.00 40.93 
4 2.59 2.92 1.49 0.66 66.00 10.94 
5 7.22 7.01 3.71 1.51 70.00 41.17 
6 5.51 5.62 3.53 1.11 70.00 28.98 
7 4.77 5.33 3.20 0.83 74.00 24.21 
8 3.81 2.62 2.13 0.82 62.00 10.52 
9 6.89 6.39 5.35 2.10 72.00 62.26 
10 5.92 6.35 4.71 2.43 67.00 77.04 
11 4.72 5.73 4.71 1.70 71.00 44.28 
12 1.61 1.66 0.67 0.60 63.00 9.68 
13 3.62 3.81 3.26 0.81 80.00 30.08 
14 3.79 2.67 3.41 1.53 71.00 27.15 
15 4.94 5.87 5.00 2.16 70.00 51.45 
16 7.64 4.65 4.06 3.23 64.00 38.92 
17 4.03 4.36 3.40 1.53 65.00 28.90 
18 3.56 2.98 2.35 0.79 65.00 16.89 
19 4.51 6.26 3.13 1.72 64.00 37.68 
20 4.78 4.92 3.42 1.47 54.00 18.11 
21 3.95 5.05 2.07 0.92 65.00 25.79 
22 5.84 6.10 4.07 1.18 65.00 38.99 
23 5.03 6.24 3.30 1.62 70.00 32.27 
24 3.94 3.27 2.06 1.03 58.00 12.22 
25 5.66 5.21 6.27 2.07 70.00 86.36 
26 4.23 4.77 5.13 2.21 76.00 59.21 
27 7.25 5.35 4.54 1.69 66.00 47.05 
28 8.51 3.13 2.76 1.27 70.00 37.83 
29 5.22 5.37 4.03 1.58 68.00 37.15 
30 5.70 7.78 5.55 1.91 70.00 98.61 
31 5.04 4.64 4.97 2.13 65.00 48.05 
32 5.52 5.72 2.06 0.93 69.00 25.24 
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Table B.4.1. Continued  
Rep BW (cm) BL (cm) 7.5D (cm) 50D (cm) PL  (cm) DWR (gr) 
33 6.56 7.14 3.95 1.47 68.00 42.91 
34 7.13 10.14 2.74 1.22 71.00 30.00 
35 6.04 4.99 5.04 1.45 74.00 40.89 
36 10.84 6.75 5.34 1.03 82.00 52.86 
37 5.52 4.98 3.77 1.08 77.00 36.05 
38 5.14 4.40 5.41 1.46 65.00 58.01 
39 5.53 5.33 4.03 1.62 70.00 43.17 
40 7.01 6.39 5.44 2.22 73.00 81.99 
41 5.07 7.23 4.59 1.65 75.00 51.34 
42 7.33 7.61 5.42 0.96 98.00 59.53 
43 2.92 3.32 1.35 0.89 74.00 16.73 
44 5.45 3.73 2.80 0.91 68.00 20.69 
45 3.85 2.77 2.48 0.88 63.00 21.50 
46 3.05 3.14 1.04 1.17 63.00 12.63 
47 4.76 4.70 3.10 1.43 55.00 20.75 
48 5.47 3.86 1.87 0.67 90.00 21.33 
49 4.20 5.55 3.65 1.14 80.00 40.75 
50 5.71 7.27 5.00 1.34 90.00 51.47 
51 6.45 6.44 1.87 0.91 63.00 12.95 
52 5.45 4.75 3.20 1.20 69.00 27.62 
53 4.91 5.81 3.65 1.49 64.00 37.70 
54 3.20 2.13 1.04 0.80 70.00 14.21 
55 3.40 4.35 1.55 0.76 62.00 9.61 
56 4.36 5.69 3.05 1.36 60.00 17.59 
57 5.50 5.97 4.18 2.17 59.00 43.55 
58 6.47 6.98 5.60 2.60 57.00 65.60 
59 5.67 6.77 6.38 3.81 66.00 91.36 
60 8.67 12.12 5.50 2.08 62.00 60.25 
61 7.02 3.47 2.77 1.01 64.00 28.44 
62 7.57 7.34 6.83 2.41 64.00 86.38 
63 6.61 8.63 5.05 2.12 49.00 42.47 
64 9.07 5.02 5.22 1.69 66.00 38.57 
65 7.21 5.24 1.81 0.88 52.00 13.00 
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Table B.4.2. Purple threeawn measurements taken to develop a regression equation used 
to estimate biomass production during reproductive phenological stage. Data were 
taken in July 2010 in Lubbock, Texas. Measurements are: basal width (BW), 
basal length (BL), diameter at 7.5 cm plant length (7.5D), plant height (PL), 
diameter at 50% plant height (50D), and dry weight (DRW). Units of measure   
are indicated in parenthesis. 

Rep BW (cm) BL (cm) 7.5D (cm) 50D (cm) PL  (cm) DWR (gr) 
1 4.84 5.14 3.12 1.08 60.00 31.72 
2 8.64 9.90 3.75 1.71 62.00 39.54 
3 13.33 8.39 3.71 1.79 58.00 48.39 
4 7.51 6.46 2.89 1.36 59.00 20.88 
5 7.04 6.98 2.88 1.56 58.00 30.09 
6 4.55 3.30 0.95 0.52 46.00 10.00 
7 5.16 5.88 2.44 0.78 49.00 16.11 
8 6.22 5.71 3.53 1.53 51.00 32.90 
9 2.94 3.48 1.74 0.59 57.00 10.47 
10 6.31 5.80 2.25 0.67 50.00 14.63 
11 4.59 5.68 1.61 0.88 53.00 12.61 
12 5.00 5.82 3.53 1.32 54.00 22.05 
13 6.23 5.74 1.55 0.67 56.00 17.68 
14 5.13 5.97 3.49 1.58 62.00 33.18 
15 4.79 4.41 1.91 0.51 65.00 13.14 
16 4.80 3.95 2.02 0.71 72.00 19.97 
17 7.97 5.87 2.49 0.94 63.00 36.77 
18 7.58 6.27 3.29 0.85 77.00 38.14 
19 2.82 3.65 0.85 0.38 66.00 9.90 
20 6.35 6.37 2.46 0.93 70.00 22.80 
21 3.62 3.47 1.63 0.49 62.00 11.44 
22 10.97 8.47 4.83 1.22 81.00 76.75 
23 4.05 5.36 1.75 0.47 85.00 17.08 
24 6.76 6.24 1.89 0.61 84.00 26.82 
25 5.36 7.08 1.65 0.65 84.00 15.76 
26 5.97 7.97 2.46 0.80 94.00 32.57 
27 6.15 6.19 2.36 0.96 90.00 28.70 
28 5.51 4.10 2.20 0.57 91.00 22.12 
29 7.25 7.14 3.39 1.07 92.00 38.85 
30 5.19 5.27 1.70 0.77 85.00 16.10 
31 9.06 8.02 3.61 1.04 95.00 57.19 
32 6.97 6.61 2.55 1.04 100.05 32.09 
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 Table B.4.2. Continued  
Rep BW (cm) BL (cm) 7.5D (cm) 50D (cm) PL  (cm) DWR (gr) 
33 5.91 4.40 2.74 0.78 100.10 39.30 
34 5.33 8.91 1.25 0.60 60.00 18.13 
35 6.04 7.05 2.25 0.63 62.00 22.57 
36 4.19 4.50 1.72 0.53 49.50 12.99 
37 4.10 4.34 1.48 0.55 44.00 9.77 
38 7.15 8.64 1.81 0.67 62.00 24.57 
39 7.81 7.95 2.81 0.83 64.00 21.67 
40 7.16 6.06 2.88 1.30 57.00 35.90 
41 5.08 4.66 2.06 1.14 51.00 21.69 
42 9.46 11.72 1.66 1.61 42.00 24.33 
43 8.48 10.64 4.49 2.37 62.00 91.57 
44 5.67 5.70 3.02 1.40 56.00 26.16 
45 7.14 7.93 3.02 1.32 60.00 44.04 
46 8.39 9.96 4.71 1.90 61.00 87.92 
47 7.43 10.86 1.80 0.52 61.00 19.97 
48 4.67 3.56 1.67 0.60 63.00 18.67 
49 4.21 4.96 1.01 0.33 63.00 9.64 
50 2.60 2.68 0.82 0.35 82.00 7.32 
51 8.02 8.34 6.38 2.33 65.50 85.43 
52 5.06 8.45 3.88 1.61 62.00 40.52 
53 5.20 6.28 3.06 1.70 58.00 32.03 
54 6.66 4.69 3.11 1.42 57.00 24.49 
55 6.00 8.48 4.60 1.96 61.00 55.36 
56 7.10 7.74 3.23 1.34 55.00 30.40 
57 5.66 10.70 4.81 1.22 61.00 63.48 
58 5.32 4.37 2.26 1.08 47.00 31.78 
59 5.90 5.16 2.18 0.65 61.00 20.41 
60 4.43 5.99 1.81 0.50 64.00 17.46 
61 8.71 9.00 2.17 0.51 69.00 27.84 
62 6.20 7.30 3.85 1.49 66.00 33.00 
63 6.50 6.07 3.42 0.97 72.00 56.30 
64 5.58 6.98 2.83 0.92 74.00 43.36 
65 5.76 5.11 2.36 0.80 71.00 25.30 
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Table B.4.3. Purple threeawn measurements taken to develop a regression equation used 
to estimate biomass production during post-reproductive phenological stage. Data 
were taken in October 2010 in Lubbock, Texas. Measurements are: basal width 
(BW), basal length (BL), diameter at 7.5 cm plant length (7.5D), plant height 
(PL), diameter at 50% plant height (50D), and dry weight (DRW). Units of 
measure are indicated in parenthesis. 

Rep BW (cm) BL (cm) 7.5D (cm) 50D (cm) PL  (cm) DWR (gr) 
1 6.61 6.38 3.89 1.83 55.00 28.99 
2 4.69 4.21 1.69 1.14 51.00 10.15 
3 5.67 4.76 2.77 1.46 57.00 27.51 
4 2.20 1.85 0.68 0.51 40.00 5.03 
5 8.08 9.79 3.19 2.05 55.00 40.25 
6 4.16 3.40 2.23 1.48 36.00 16.62 
7 7.03 3.91 3.71 2.41 45.00 30.03 
8 4.93 6.56 4.13 2.87 60.00 33.77 
9 7.65 4.15 3.34 2.24 41.00 31.99 
10 6.80 6.75 4.88 2.83 40.00 46.87 
11 4.59 4.63 2.65 1.41 45.00 19.52 
12 6.71 5.23 2.44 1.43 51.00 22.07 
13 3.40 3.37 1.77 0.97 36.00 14.21 
14 3.66 4.07 2.45 1.95 37.00 18.55 
15 3.39 4.73 2.34 1.48 46.00 20.16 
16 6.36 5.29 3.65 1.71 60.00 41.26 
17 5.04 4.60 2.55 1.46 35.00 13.75 
18 5.19 5.16 3.87 2.43 34.00 28.73 
19 5.97 3.97 3.09 2.00 37.00 19.19 
20 7.25 8.10 4.19 2.70 40.00 33.17 
21 3.85 3.25 1.79 1.30 39.00 14.20 
22 5.00 3.82 2.54 0.99 47.00 20.81 
23 3.29 2.87 2.05 0.86 36.00 12.49 
24 5.60 5.36 3.52 2.38 40.00 30.37 
25 7.05 4.51 3.07 1.75 62.00 37.27 
26 6.09 6.15 3.36 1.39 41.00 23.09 
27 6.84 3.92 3.45 1.80 42.00 26.22 
28 8.53 7.55 5.04 2.54 72.00 48.69 
29 7.25 7.39 4.85 2.57 62.00 46.38 
30 6.71 7.23 4.33 2.34 59.00 42.07 
31 6.07 8.34 3.79 1.56 56.00 29.26 
32 6.87 8.25 4.39 2.51 58.00 53.32 
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Table B.4.3. Continued 
Rep BW (cm) BL (cm) 7.5D (cm) 50D (cm) PL  (cm) DWR (gr) 
33 5.88 4.70 2.46 1.18 45.00 16.00 
34 9.41 5.29 3.69 1.94 56.00 39.36 
35 8.76 6.74 4.69 2.71 45.00 35.14 
36 5.90 6.00 3.65 1.66 56.00 35.18 
37 6.58 5.91 3.62 2.35 54.00 16.32 
38 4.89 4.80 2.19 1.23 50.00 21.53 
39 7.23 6.07 2.98 1.71 57.00 31.84 
40 5.74 3.89 3.11 1.82 60.00 31.10 
41 5.08 6.23 2.43 1.04 54.00 16.86 
42 4.45 5.11 2.59 0.86 54.00 19.96 
43 5.41 4.37 2.60 1.02 50.00 17.62 
44 6.52 6.56 4.61 2.02 55.00 35.47 
45 5.92 4.80 2.39 1.38 48.00 13.28 
46 3.97 4.41 1.94 0.60 48.00 10.73 
47 5.23 6.02 2.95 0.81 53.00 18.25 
48 4.55 4.40 2.59 1.02 50.00 14.26 
49 6.82 6.48 2.67 1.67 48.00 18.27 
50 5.77 4.33 2.19 0.76 58.00 16.32 
51 6.91 8.52 5.14 3.42 56.00 67.56 
52 6.77 6.03 3.61 2.12 57.00 27.88 
53 7.42 5.35 4.61 3.32 57.00 39.94 
54 3.52 3.28 1.57 3.40 34.00 15.41 
55 5.08 5.29 3.41 2.07 57.00 27.75 
56 6.03 5.06 3.11 2.17 61.00 32.84 
57 5.04 6.20 2.56 1.49 54.00 8.96 
58 7.73 8.95 4.52 2.64 59.00 48.77 
59 6.11 7.39 3.74 2.02 55.00 33.83 
60 6.88 8.83 4.85 2.60 62.00 53.02 
61 9.53 8.26 6.41 3.72 62.00 101.21 
62 6.41 6.30 3.60 2.17 63.00 34.35 
63 5.68 5.12 3.58 2.19 60.00 37.71 
64 7.68 5.08 3.72 1.68 64.00 24.42 
65 4.24 3.66 1.85 1.33 61.00 41.90 
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Table B.4.4. Variables used to develop a regression equation to estimate purple threeawn 
biomass production during vegetative phenological stage. Data were taken in June 
2010 in Lubbock, Texas. Variables are: plant height (PL), basal area (BA), area at 
7.5 cm plant height (7.5A), area at 50% plant height (50A) and dry weight 
(DRW). Units of measure are indicated in parenthesis. 
Rep PL  (cm) BA (cm2) 7.5A (cm2) 50A (cm2) DWR (gr) 

1 68.50 25.97 3.98 0.36 20.66 
2 68.00 32.83 9.97 0.99 34.62 
3 71.00 21.33 9.62 1.17 40.93 
4 66.00 5.94 1.74 0.34 10.94 
5 70.00 39.76 10.79 1.78 41.17 
6 70.00 24.30 9.78 0.96 28.98 
7 74.00 19.95 8.05 0.54 24.21 
8 62.00 7.85 3.55 0.53 10.52 
9 72.00 34.59 22.46 3.46 62.26 
10 67.00 29.52 17.42 4.63 77.04 
11 71.00 21.24 17.39 2.26 44.28 
12 63.00 2.10 0.35 0.28 9.68 
13 80.00 10.83 8.36 0.52 30.08 
14 71.00 7.94 9.15 1.85 27.15 
15 70.00 22.80 19.60 3.65 51.45 
16 64.00 27.86 12.91 8.17 38.92 
17 65.00 13.80 9.10 1.85 28.90 
18 65.00 8.34 4.33 0.49 16.89 
19 64.00 22.16 7.71 2.33 37.68 
20 54.00 18.49 9.16 1.69 18.11 
21 65.00 15.65 3.36 0.67 25.79 
22 65.00 27.97 13.02 1.09 38.99 
23 70.00 24.65 8.54 2.06 32.27 
24 58.00 10.12 3.33 0.83 12.22 
25 70.00 23.16 30.87 3.37 86.36 
26 76.00 15.85 20.66 3.83 59.21 
27 66.00 30.45 16.17 2.24 47.05 
28 70.00 20.92 5.97 1.27 37.83 
29 68.00 22.00 12.76 1.95 37.15 
30 70.00 34.82 24.22 2.86 98.61 
31 65.00 18.38 19.39 3.56 48.05 
32 69.00 24.79 3.32 0.68 25.24 
33 68.00 36.78 12.24 1.70 42.91 
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   Table B.4.4. Continued 
Rep PL  (cm) BA (cm2) 7.5A (cm2) 50A (cm2) DWR (gr) 

34 71.00 56.79 5.88 1.18 30.00 
35 74.00 23.67 19.97 1.66 40.89 
36 82.00 57.48 22.42 0.84 52.86 
37 77.00 21.62 11.17 0.91 36.05 
38 65.00 17.73 22.95 1.67 58.01 
39 70.00 23.15 12.75 2.06 43.17 
40 73.00 35.18 23.25 3.88 81.99 
41 75.00 28.81 16.57 2.13 51.34 
42 98.00 43.80 23.06 0.72 59.53 
43 74.00 7.61 1.43 0.62 16.73 
44 68.00 15.98 6.15 0.65 20.69 
45 63.00 8.39 4.83 0.61 21.50 
46 63.00 7.52 0.86 1.07 12.63 
47 55.00 17.54 7.56 1.60 20.75 
48 90.00 16.58 2.76 0.35 21.33 
49 80.00 18.30 10.46 1.01 40.75 
50 90.00 32.60 19.66 1.41 51.47 
51 63.00 32.63 2.75 0.65 12.95 
52 69.00 20.32 8.04 1.13 27.62 
53 64.00 22.38 10.45 1.74 37.70 
54 70.00 5.35 0.85 0.50 14.21 
55 62.00 11.62 1.88 0.45 9.61 
56 60.00 19.47 7.29 1.45 17.59 
57 59.00 25.76 13.73 3.70 43.55 
58 57.00 35.43 24.60 5.30 65.60 
59 66.00 30.13 31.95 11.38 91.36 
60 62.00 82.49 23.73 3.39 60.25 
61 64.00 19.12 6.00 0.80 28.44 
62 64.00 43.65 36.60 4.54 86.38 
63 49.00 44.80 20.05 3.54 42.47 
64 66.00 35.78 21.37 2.24 38.57 
65 52.00 29.69 2.56 0.60 13.00 
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   Table B.4.5. Variables used to develop a regression equation to estimate purple 
threeawn biomass production during reproductive phenological stage. Data were 
taken in June 2010 in Lubbock, Texas. Variables are: plant height (PL), basal area 
(BA), area at 7.5 cm plant height (7.5A), area at 50% plant height (50A) and dry 
weight (DRW). Units of measure are indicated in parenthesis. 
Obs. PL  (cm) BA (cm2) 7.5A (cm2) 50A (cm2) DWR (gr) 

1 60.00 19.53 7.65 0.91 31.72 
2 62.00 67.15 11.06 2.29 39.54 
3 58.00 87.89 10.78 2.52 48.39 
4 59.00 38.08 6.57 1.45 20.88 
5 58.00 38.61 6.53 1.91 30.09 
6 46.00 11.77 0.71 0.21 10.00 
7 49.00 23.82 4.69 0.48 16.11 
8 51.00 27.86 9.80 1.84 32.90 
9 57.00 8.02 2.39 0.28 10.47 
10 50.00 28.75 3.99 0.35 14.63 
11 53.00 20.45 2.03 0.60 12.61 
12 54.00 22.85 9.80 1.37 22.05 
13 56.00 28.09 1.88 0.35 17.68 
14 62.00 24.05 9.59 1.96 33.18 
15 65.00 16.61 2.85 0.21 13.14 
16 72.00 14.88 3.20 0.40 19.97 
17 63.00 36.73 4.88 0.69 36.77 
18 77.00 37.32 8.52 0.56 38.14 
19 66.00 8.08 0.57 0.11 9.90 
20 70.00 31.77 4.75 0.67 22.80 
21 62.00 9.84 2.08 0.19 11.44 
22 81.00 72.98 18.31 1.17 76.75 
23 85.00 17.05 2.41 0.17 17.08 
24 84.00 33.13 2.80 0.29 26.82 
25 84.00 29.76 2.13 0.33 15.76 
26 94.00 37.39 4.75 0.50 32.57 
27 90.00 29.88 4.39 0.73 28.70 
28 91.00 17.75 3.79 0.26 22.12 
29 92.00 40.65 9.00 0.90 38.85 
30 85.00 21.49 2.26 0.46 16.10 
31 95.00 57.04 10.26 0.84 57.19 
32 100.05 36.19 5.12 0.85 32.09 
33 100.10 20.42 5.87 0.47 39.30 
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     Table B.4.5. Continued 
Obs. PL  (cm) BA (cm2) 7.5A (cm2) 50A (cm2) DWR (gr) 
34 60.00 37.29 1.23 0.29 18.13 
35 62.00 33.45 3.98 0.31 22.57 
36 49.50 14.83 2.32 0.22 12.99 
37 44.00 14.00 1.72 0.24 9.77 
38 62.00 48.50 2.56 0.35 24.57 
39 64.00 48.78 6.18 0.54 21.67 
40 57.00 34.07 6.53 1.33 35.90 
41 51.00 18.59 3.33 1.01 21.69 
42 42.00 87.06 2.15 2.04 24.33 
43 62.00 70.84 15.83 4.43 91.57 
44 56.00 25.39 7.18 1.53 26.16 
45 60.00 44.48 7.17 1.36 44.04 
46 61.00 65.63 17.43 2.83 87.92 
47 61.00 63.37 2.55 0.21 19.97 
48 63.00 13.06 2.19 0.28 18.67 
49 63.00 16.43 0.81 0.08 9.64 
50 82.00 5.46 0.52 0.10 7.32 
51 65.50 52.52 31.99 4.25 85.43 
52 62.00 33.56 11.79 2.02 40.52 
53 58.00 25.64 7.34 2.26 32.03 
54 57.00 24.51 7.60 1.58 24.49 
55 61.00 39.98 16.63 3.03 55.36 
56 55.00 43.16 8.18 1.40 30.40 
57 61.00 47.59 18.15 1.17 63.48 
58 47.00 18.24 4.00 0.91 31.78 
59 61.00 23.89 3.73 0.33 20.41 
60 64.00 20.85 2.56 0.20 17.46 
61 69.00 61.53 3.69 0.21 27.84 
62 66.00 35.52 11.62 1.73 33.00 
63 72.00 30.94 9.20 0.75 56.30 
64 74.00 30.59 6.31 0.66 43.36 
65 71.00 23.11 4.37 0.50 25.30 
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  Table B.4.6. Variables used to develop a regression equation to estimate purple 
threeawn biomass production during post-reproductive phenological stage. These 
data were taken in June 2010 in Lubbock, Texas. Variables are: plant height (PL), 
basal area (BA), area at 7.5 cm plant height (7.5A), area at 50% plant height 
(50A) and dry weight (DRW). Units of measure are indicated in parenthesis. 
Obs. PL  (cm) BA (cm2) 7.5A (cm2) 50A (cm2) DWR (gr) 

1 55.00 33.13 11.90 2.63 28.99 
2 51.00 15.50 2.23 1.03 10.15 
3 57.00 21.18 6.04 1.66 27.51 
4 40.00 3.20 0.36 0.21 5.03 
5 55.00 62.13 7.99 3.31 40.25 
6 36.00 11.11 3.90 1.71 16.62 
7 45.00 21.57 10.80 4.57 30.03 
8 60.00 25.42 13.38 6.46 33.77 
9 41.00 24.93 8.75 3.92 31.99 
10 40.00 36.08 18.73 6.31 46.87 
11 45.00 16.68 5.53 1.55 19.52 
12 51.00 27.53 4.66 1.60 22.07 
13 36.00 9.01 2.47 0.73 14.21 
14 37.00 11.69 4.71 3.00 18.55 
15 46.00 12.60 4.29 1.73 20.16 
16 60.00 26.41 10.48 2.31 41.26 
17 35.00 18.22 5.12 1.66 13.75 
18 34.00 21.03 11.74 4.64 28.73 
19 37.00 18.60 7.50 3.14 19.19 
20 40.00 46.10 13.80 5.71 33.17 
21 39.00 9.83 2.52 1.32 14.20 
22 47.00 15.02 5.08 0.77 20.81 
23 36.00 7.42 3.29 0.58 12.49 
24 40.00 23.57 9.70 4.45 30.37 
25 62.00 24.97 7.40 2.40 37.27 
26 41.00 29.39 8.88 1.52 23.09 
27 42.00 21.04 9.33 2.55 26.22 
28 72.00 50.54 19.94 5.06 48.69 
29 62.00 42.09 18.44 5.18 46.38 
30 59.00 38.14 14.71 4.29 42.07 
31 56.00 39.75 11.30 1.92 29.26 
32 58.00 44.55 15.15 4.96 53.32 
33 45.00 21.69 4.76 1.09 16.00 
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     Table B.4.6. Continued 
Obs. PL  (cm) BA (cm2) 7.5A (cm2) 50A (cm2) DWR (gr) 
34 56.00 39.09 10.69 2.95 39.36 
35 45.00 46.36 17.25 5.76 35.14 
36 56.00 27.78 10.47 2.15 35.18 
37 54.00 30.55 10.26 4.33 16.32 
38 50.00 18.43 3.77 1.18 21.53 
39 57.00 34.46 6.98 2.30 31.84 
40 60.00 17.52 7.60 2.61 31.10 
41 54.00 24.86 4.65 0.85 16.86 
42 54.00 17.87 5.25 0.58 19.96 
43 50.00 18.57 5.31 0.81 17.62 
44 55.00 33.60 16.71 3.20 35.47 
45 48.00 22.33 4.49 1.49 13.28 
46 48.00 13.74 2.96 0.28 10.73 
47 53.00 24.68 6.85 0.52 18.25 
48 50.00 15.73 5.27 0.82 14.26 
49 48.00 34.72 5.59 2.20 18.27 
50 58.00 19.62 3.78 0.45 16.32 
51 56.00 46.29 20.77 9.20 67.56 
52 57.00 32.06 10.25 3.54 27.88 
53 57.00 31.18 16.66 8.67 39.94 
54 34.00 9.06 1.93 9.08 15.41 
55 57.00 21.10 9.13 3.38 27.75 
56 61.00 23.95 7.62 3.71 32.84 
57 54.00 24.54 5.14 1.74 8.96 
58 59.00 54.29 16.02 5.47 48.77 
59 55.00 35.48 10.97 3.21 33.83 
60 62.00 47.72 18.47 5.31 53.02 
61 62.00 61.82 32.28 10.84 101.21 
62 63.00 31.72 10.16 3.71 34.35 
63 60.00 22.85 10.05 3.76 37.71 
64 64.00 30.68 10.86 2.20 24.42 
65 61.00 12.19 2.67 1.40 41.90 
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