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ABSTRACT 

Inigation is the single most expensive input on improved summer pasture. 

Ranchers in the Texas High Plains extensively use water pumped from the Ogallala 

Aquifer for this purpose. Old Worid bluestem grasses (OWB) are an example of 

improved grasses that possess good potential for beef and hay production. Our objective 

was to investigate different alternatives for beef production using an improved forage. A 

combination of continuous and 3-pasture grazing system, and 2 rates of irrigation (0 and 

75 mm ha') were used as treatments and applied to three repetitions of a WW-B.Dahl 

pastiu-es. Steer performance (average daily gain and beef production per ha) and grass 

response (standing crop) were measured during two consecutive summers. Yearling 

steers with an initial weight of 200 kg were individually weighed every 28 days from 

early Jime to early September of 1999 and 2000. Clippings were done to determine 

standing crop of pastures. About 75 mm of water were applied throughout each grazing 

season using a central pivot irrigation system. Pastures were fertilized before the 

beginning of the grazing season. A put-and-take method used in 1999 was changed to a 

set-stocking rate in 2000. 

No interactions were found between the three factors studied (irrigation, grazing 

system, and grazing period) on animal performance on both years. In 1999, steers on 

irrigated pastures gained more weight than those on non-irrigated plots regardless of 

grazing system and period. ADG did not differ between grazing systems. However, ADG 

of the first-1999 grazing period varied from the last two. The last 2 periods did not 

differ. During 2000, ADG was not affected by irrigation, grazing system, or grazing 

period. Beef production per ha was different between rates of irrigation and between 

grazing periods regardless of the system observed in 1999. The first grazing period of 

in-igated pastures of 1999 produced the highest gains per ha and per period regardless of 

grazing system. More beef per ha was produced on the continuously grazed pastures 

compared to the rotational grazed pastures during the second year of the trial. Beef 

production per ha was unchanged through the three grazing periods of 2000. Overall in 

both years, continuous imgated pastures yielded the best gains per animal, and also per 



unit of area. The non-irrigated rotational grazing system was the treatment with the 

lowest performance. No interactions were detected in standing crop in 1999. Irrigated 

pastures always had higher standing crop than non-irrigated. In regard to the grazing 

systems, continuous vs. rotational grazed pastures did not differ in standing crop. When 

the 3 grazing periods of 1999 were compared, the first and the third were different. The 

second period was similar to the first and third period on standing crop in 1999. In 2000, 

standing crop during the grazing periods remained constant. When compared within 

irrigation rate, the continuous system produced the most and proved to be better than the 

rotational. When compared within the continuous grazing system, irrigated pastures were 

better than non-irrigated. Comparisons within rotational systems showed no significant 

difference between rates of irrigation. 
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CHAPTER 1 

INTRODUCTION 

The agricultural industry in Texas generates $3.25 billion annually from livestock 

and the supporting feed grains and forages crop production. Much of the intensive crop 

production depends on irrigation from the Ogallala aquifer. Production systems that 

integrate livestock grazing are needed to maintain continued success of the Southem 

Great Plains agriculture industry. 

Grazing of yearling steers constitutes a very important segment of the beef 

production industry in West Texas. Most cattle graze irrigated pastures of introduced 

and/or improved species of forages. Winter crops like wheat, rye grass, or oats have been 

commonly used during this critical season of the year to supply good quality and quantity 

grazing. Winter use of irrigation is more efficient due to lower temperatures and lower 

e\'aporation rates compared to the summer season. Some introduced species of summer-

growing grasses also offer a very good potential for high yield crops of good quality 

forage. Some of these introduced species can make a three-fold production yield over the 

West Texas native species like blue gramma or side-oats gramma when no irrigation is 

applied. With irrigation forage production from well-managed pastures of introduced 

species such as weeping lovegrass or Old World bluestems (OWB) had produced, in 

some cases, up to seven times more forage than pastures with native species. At stocking 

rates of 1 to 3 acres per steer, beef production in excess of 200 poimds per acre is 

possible. This compares with 30 to 50 pounds of beef per acre from native rangelands 

(Rollins and Sims, 1985). However, cost of irrigation and evaporation rate during the 

summer are higher than during the winter, and irrigation efficiency is also lower during 

summer season. For this reason, in West Texas, high amounts of water need to be applied 

during the summer season in order to achieve higher forage and/or beef crops. 

One of the most important factors that influences the profitability of a stocker 

enterprise is the amount of inputs necessary to run the operation. Some of the most 

important inputs are labor (hours-man), and infrastructure (number of pastures, inigation 



system, and machinery available, etc.). More intensive management of the operation does 

not necessarily imply more profitability. To date, scientific literature reviewed by me 

does not agree on which grazing system is the best option, but suggests that the grazing 

s>stem used should fit the operation needs and the available resources. All grazing 

SNStems have advantages and disadvantages. 

Old World bluestem (OWB) grasses were introduced from East Europe and Asia 

about 60 years ago. OWB grasses have been extensively used in West Texas over the past 

20 years. From the OWB varieties, WW-B.Dahl has shown the best forage and beef 

production. 

Due to declining water resources in the Ogallala Aquifer, agricultural producers in 

West Texas must make more efficient use of existing water supplies for their irrigation 

programs. Coleman and Forbes (1998) mentioned that although Old World bluestems are 

popular in the Southem Great Plains, there is a lack of sufficient information about the 

relationships between forage characteristics and animal productivity, especially 

comparing both irrigated and dry system. 

The general objective of this study is to determine production potential of WW-

B.Dahl imder irrigation and no irrigation. The specific objectives are to: 

1. Evaluate steer performance grazing WW-B.Dahl dominated pastures under two 

grazing systems and two rates of irrigation 

2. Estimate standing crop of WW-B,Dahl dominated pastures under the 4 treatments 

mentioned above. 



CHAPTER II 

LITERATURE REVIEW 

Description of Old World Bluestems 

Old World bluestems are not closely related to native big and little bluestem 

grasses found throughout Oklahoma (Rollins and Sims, 1985). Seven hundred fifty Old 

World bluestems from Asia and Europe were tested on the Southem Plains over the past 

60 years. Six varieties have proven outstanding in one or more characteristics and are 

available as named cultivars (Berg et al., 1996). These grasses are highly apomictic in 

their reproductive behavior (Harlan et al., 1964). Some characteristics of the Old World 

bluestems are good grasses used for grazing and erosion control. It has broad natural 

geographic distribution with wide variation in type of plants (Taliaferro et al., 1984). Old 

World bluestems can contribute significantly to beef production and soil conservation in 

the Southem Great Plains (Sims and Dewald, 1982). Old World bluestems are adapted to 

loamy and clay loam soils (Berg et al., 1996). They usually do well on loamy sands; 

however, establishment can be difficult. Extremely sandy soils, wet areas, or saline soils 

are not suited to Old World bluestems (Berg et al., 1996). 

Plains Old World bluestem is a mixture of 30 different varieties each maturing at 

slightly different times, creating a longer green grazing season (Hodges and Bidwell, 

1993). WW-857 (WW-B.Dahl) remains very green and tends to grow into fall later than 

the other bluestems at Ardmore, OK (Dalrymple et al., 1984). WW-857 was markedly 

lower in seedling vigor compared to all other varieties, and it developed production much 

later during the stimmer (Dalrymple et al., 1984). When WW-857 was released by the 

USDA in 1994, its name was changed to WW-B.Dahl, because Dr. Bill Dahl, a Texas 

Tech University professor, was one of the researchers more involved with the study of 

this grass. 

According to Sims and Dewald (1982), factors such as palatability, nutritional 

quality, and forage production are integral to the beef production potential of plant 

materials. The most recent variety release of Old World bluestem is WW-B. Dahl 



[Bothriochloa bladhii (Retz) S.T. Blake] (released in 1994), which previously was WW-

857. This variety was selected because it is more productive, has broader leaves and 

higher leafistem ratio, and is later maturing than other strains (McCoUum, 2000). 

Therefore, the WW-B. Dahl grass represents a good option for beef production. 

Palatability of WW-B.Dahl was similar to that of WW-Iron Master, Plains, WW-Spar, 

and Caucasian Blue stems based on free choice by stockers steers in animal acceptance 

trials at Woodward, OK, during 1979, 1980, and 1981 (USDA, 1994). 

WW-B.Dahl Old World bluestem is a warm season, tufted, perennial bunchgrass 

with an upright growth habit. It has dark green foliage with basal and cauline leaves, 5-10 

mm wide and 25-50 cm long at maturity. Foliage height will average about 0.7-0.9 m 

with seed stalks reaching lengths of 1.25-1.75 m. The central axis of the panicule is 

longer than the longer racime. It has sparse glandular hairs on the upper leaf surface, 

which emit a strong aromatic odor when foliage is cmshed (USDA, 1994). The WW-

B.Dahl has a severe odor problem to the point of being somewhat repulsive at some times 

(Dalrymple et al., 1984). 

In a study by Oklahoma Agricultural Experiment Station and US Agricultural 

Research Service scientists at Perkins, Woodward OK, and Fayetteville, AK, Caucasian 

produced more forage than King Ranch bluestem (Harlan et al., 1958, 1961, 1963). 

However, when Caucasian, Planes, B, L, LL, and T were compared, Faix et al. (1980) 

reported no significant differences in yields of the 6 Old World bluestems evaluated in 

the southem Illinois. 

Forage yields from Old World bluestems will range from 1 to 5 tons per acre on 

dryland sites depending on the cultivar, fertilization program, soil type, and growing 

conditions (Rollins and Sims, 1985). However, at peak standing crop, WW-B.Dahl 

produced about 6000 pounds per acre, while a stratified clipping across Plains, WW-Spar, 

WW-Iron Master, WW-517, and WW-507 yielded only about 3000 pounds per acre 

(Britton et al., 1992). 

The USDA-Agricultural Research Service Station at Woodward, OK, has 

compared rangelands to various seeding of both native species and introduced species. 



The stocking rate for yearlings on rangeland, plantings of native species and plants of 

OWB were 7 acres/steer, 5 to 6 acres/steer and 2 acres/steer respectively (McCoUum et 

al., 1999). This clearly shows that an OWB pasture can support from 2 to 3 times the 

stocking rate of a native rangeland. 

Beef Production from Old World Bluestems 

There is no doubt that stocking rate has a tremendous effect on gain or production 

per animal as well as production per area (Riewe, 1965). When stocking rate is expressed 

as number of animals per ha, it can be shown that within the area of study, there is a 

negative linear relationship between stocking rate and gain per animal (Riewe, 1965). 

Coleman and Forbes (1998) suggested that Old World bluestem pastures should 

be managed for 5 or 6 Mg herbage ha'', or about 40 cm, in height, to optimize gain per 

steer. Old World bluestem forages are capable of supporting excellent gains early in the 

summer grazing season, but that capability declines in late simimer (Coleman and Forbes, 

1998). However, studies at Woodward, OK, indicate that steer gains from Old World 

bluestems were higher in late summer than from either native or weeping lovegrass 

(Hodges and Bidwell, 1993). Average daily gains of steers grazing WW-B.Dahl was 

greater than that from Plains, WW-Spar and Caucasian bluestems in 1985 and 1987 at the 

Southem Plains Experimental Range, Ft. Supply, OK (USDA, 1994). Stockers gains on 

Old World bluestems range from 1 to 2 pounds/day during summer and from 0.1 to 0.5 

pounds per day during winter (Rollins and Sims, 1985). Under average precipitation 

conditions, steer gains of 150 to 200 Ibs/ac are expected (Berg et al., 1996). Heavy 

grazing over June and early July can realize steer gains of 2 to 2.6 pounds per day an 150 

to 300 pounds per acre (Sims et al., 1992). At stocking rates of 1 to 3 acres per steer, beef 

production in excess of 200 povinds per acre is possible. This compares with 30 to 50 

pounds of beef per acre from native range (Rollins and Sims, 1985). Forage systems 

incorporate forages that complement each other to allow for maximum beef production 

from an area (Rollins and Sims, 1985). 



Forage Oualitv of Old World Bluestems 

All warm season grasses, including Old Worid bluestems, are highest in forage 

quality (digestibility and cmde protein) at the start of growth and decrease in quality as 

the season progresses (Sims and Dewald, 1982). Hodges and Bidwell (1993) reported that 

Old World bluestem is similar in quality during late summer to short and midgrass native 

range (buffalograss, blue grama, and sideoats grama). 

In an experiment conducted by Dabo et al. (1987), maturity had a much greater 

effect on concentration of all chemical constituents (neutral detergent fiber, acid detergent 

fiber, acid detergent lignin and cmde protein) than did cultivars (Caucasian, Canada, 

plains and WW-Spar). Digestibility typically range from 50 to 60 % and cmde protein 

content varies from 4 to 13 %, depending primarily stage of growth of the grass (Rollins 

and Sims, 1985). 

In a study of 8 Old World bluestems at Woodward, OK, a series of harvests from 

heading to seed ripe stages, leaves of all 8 Old World bluestems averaged 63 % 

digestibility and 8 % cmde protein. Stems had 55 % digestible and 4.5 cmde protein 

(Sims et al., 1992). Horn and Taliafeno (1979) reported that in vitro dry-matter 

digestibility of plains, L, B, T and Caucasian ranged from 58% to 65%. 

Cmde protein concentration from forage of selection "WW-857" (WW-B.Dahl) 

was as high or higher than other Old World bluestems in irrigated trials at Las Cmces, 

New Mexico in 1983-1985 USDA (1994). Cmde protein production (kg dry CP/ha) from 

forage of selection "WW-857" was about equal to that produced from "WW-Iron Master 

or "WW-Spar" bluestem and was greater than that produced by "Canada" bluestem at 

Woodward, OK, during 1982-1984 (USDA, 1984). 

According to Dabo et al. (1987), increases in fiber components and decreases in 

CP and leaf-to-stem ratio (L/S) with advancing maturity point to the need to utilize 

management techniques to the extent possible that will maintain OWB grasses in a 

juvenile actively growing stage for best animal performance. 



Animals can harvest residual forage from spot grazing with lower targeted 

performance (such as dry cows) stocked at high rates (Coleman and Forbes, 1998). 

Hodges and Bidwell (1993) suggested that because cows have lower protein requirements 

than stockers. Old World bluestems can provide most of the necessary nutrients for a 

longer period of time for cows than for stockers. 

Management of Old World Bluestem 

A review of factors such as seeding, grazing systems, fertilization, and irrigation 

systems of Old World bluestems and other improved grasses is included in this section. 

Multiple defoliation reduced root weight, root area, root length and weight of total 

nonstructural carbohydrates (TNC) in roots by an average of 33, 42, 43, and 34%, 

respectively, compared to control plants (Engel et al., 1998). Therefore, the same authors 

also concluded that grazing sand bluestem more than once during the growing season 

may reduce root growth, and diminish its ability to compete for water and nutrients. 

Grazing during the dormant season or once during the early part of the growing 

season should be least detrimental to sand bluestem (Engel et al., 1998). Prescribed 

burning often is the most economical method to improve or maintain warm-season grass 

pastures (Mitchell et al., 1996). However, in a study of Sims et al. (1992), annual spring 

burning resulted in an average of 16% less forage production. In the same study, dormant 

season grazing was supplemented with 1.5 pounds of 41% protein/steer/day. Steer gain 

per acre was 3 to 4 times greater than gain on native range. 

According to Bell and Caudle (1994), the ideal grazing cycle on dryland Old 

World bluestem pastures is from 30 to 45 days, depending on rainfall and time of the 

year, but for irrigated pastures, 28 to 30 days is an ideal grazing cycle. Coleman and 

Forbes (1998) found that on Old World bluestems swards managed for high herbage 

mass, the animal restricted themselves to small areas by patchy grazing and did not graze 

outside those areas late in the season when ungrazed plants had matured. Bell and Caudle 

(1994) recommended that deferment for this type of grasses should be from about 

September 15 throughout November 15, or until the plants are dormant. 



In a study conducted by Berg et al. (1996), adequate stands were established using 

either a grass drill or the Woodward seeder; however, more plants per square meter were 

usually established with the Woodward seeder. The best results have been obtained when 

seeding was done with a drill specifically designed to handle "fluffy" grass seeds (Rollins 

and Sims, 1985). Seedbeds of graze-out wheatland are recommended for Old Worid 

bluestems establishment in the Southem plains (Berg et al., 1996). 

The grazing system used on either native or improved rangelands plays a very 

important roll in the profitability of any operation. It can affect the weight gain per 

animal and per unit of area as well as the potential forage production of next years and, in 

a long-term, the range condition. It is important to set the objectives that best fit the 

available resources of the enterprise so the management can be focus correctly. For 

instance, if the objective is range improvement, then the stocking rate and the frequency 

and intensity of defoliation should be low. If an improved pasture is available and if the 

objective is to obtain the maximum beef production per unit of area, then the right type of 

animal should be selected (growing or thin animals most of the time). Also, the frequency 

and intensity of grazing, and the stocking rate should be set accordingly. When cattle 

prices are favorable, the stocking rate that is most profitable in the short mn may be high 

enough to reduce range condition (Manley et al., 1997). 

One of the simplest grazing systems is the continuous grazing system in which 

only one pasture is grazed throughout the grazing season. Some of its advantages are: 

(a) require only one pasture; (b) very little movement of the cattle needs to be done; and 

(c) selectivity of the key species is not restricted which aloud the cattle to have the best 

diet quality that the pasture can provide. Some disadvantages of this system are: (a) key 

species can become overgrazed; (b) no rest or deferment can be provide to the pasture if it 

is grazed year long; and (c) generally, feces distribution is not as uniform through the 

pasture as in any rotational grazing system manly when the pasture size is large. 

Rotational stocking is a method of grazing that uses recurred periods of grazing 

and rest to improve forage utilization and provide recovery periods for the paddock 

(Mitchell et al., 1994). By providing altemating periods of grazing and rest, rotational 



grazing promotes more vigorous plants, subsequently higher forage production (Rollins 

and Sims, 1985). The most efficient management strategy on Old Worid bluestem 

pastiu-es will involve some form of rotational grazing program where grazing periods are 

followed by planned deferment periods (Bell and Caude, 1994). The number of pastures 

of the system depends on specific situations and requirements. A three-pasture grazing 

system has some advantages over a continuous grazing system. These include: (a) 

selectivity is reduced, which allows a more uniform grazing of the forage species 

available; (b) rest or deferment can be feasible for one or more pastures; and (c) a more 

uniform distribution of the cattle feces through the pastures can be achieved. A few 

disadvantages of the three-pasture grazing system versus a continuous grazing system 

include: (a) more than one pasture is required; (b) more often rotation of the cattle implies 

more labor; and (c) in some cases, more than one source of water is required if all the 

pastures cannot share the same water source. Interest in rotational grazing methods is 

increasing because of perceived benefits to cattle ADG, stocking rates, gain per imit of 

area, forage production, and control of forage utilization. 

If a rotational grazing system is selected, the number of pastures should be 

calculated based on the size of the total area, the uniformity of the pasture, the distance 

from water, the available resources for fencing, the nutritional needs of the animals, the 

desired intensive labor, and on the type of forage (pastures do not have to be the same 

size). The number of paddocks needed in a grazing system is equal to the nmnber of days 

that a paddock will be rested, divided by the number of days it will be grazed, plus one 

paddock for the animals to be grazing while the other paddocks are resting (Raybum, 

1992). Data from Coleman and Forbes (1998) suggest that maintaining higher herbage 

mass and height of Old World bluestem forage improves animal performance and support 

the practice of intensive early grazing and removing cattle by late July when rate of gain 

declines. 

Aiken (1998) did not find differences in average daily gain when a continuous, a 

3-paddock low intensity, and an 11-paddock high intensity rotational stocking system 

were compared, but higher stocking rates were achieved with the rotational systems 



during winter. When graze-defer-graze strategy (GDG) was compared to a season-long 

grazing (SLG), Nichols et al. (1993) found that the highest gains per ha were from the 

SLG pastures because of more days of grazing, but animal productivity was not 

proportional for the GDG strategy. In the experiment of Gillen et al. (1998), continuous 

and rotational grazing systems affected the major herbage components similarly over 

time, and standing crop of all major herbage components declined as stocking rate 

increased. Cattle usually gained more per day and during the season at light (1.1 steers 

ha) than at heavy (2.2 steers ha) stocking rate, while total live weight production (kg/ha) 

was greater at the heavy than at light stocking rate (Popp et al., 1997). 

Flashing grazing (high livestock density over a few days) can reduce competition 

from crabgrass and other fast growing palatable weeds (Berg et al., 1996). Popp et al. 

(1997) concluded that stocking rates were a key factor to optimizing individual animal 

performance and/or gain per hectare on alfalfa grass pastures; however, differences in the 

effect of continuous and rotational stocking on pasture productivity were minimal. For 

optimum sustained production, a grazing system should be used on northem weathgrass-

dominated rangeland with a two-year rest period applied to paddocks after grazing 

(Kowalenko and Romo, 1998). 

In a 2-year study, Teague et al. (1996) found that intense continuous variable 

stocking of Old World bluestem increases the utilization efficiency, but increases animal 

production per hectare only marginally, and reduces root biomass to an extent that 

production may not be sustained from year to year. McCoUum and Gillen (1998) 

suggested that both diet nutrient composition and intake were depressed in steers in the 

short-duration grazing system. 

In the case of Caucasian bluestem, there were several potential beneficial effects 

of heavy grazing, such as: (1) water stress was reduced; (2) stomatal conductance was 

increased; and (3) soil moisture was conserved (Svejcar and Christiansen, 1987). The 

same authors (1987) found that for Caucasian bluestem, leaves from heavily grazed 

swards were under less water stiess than leaves from lightly grazed swards. This may be 

attributed to a lower rate transpiration of grazed plants. McNaughton (1993) suggested 

10 



that the improved water relation (on remaining leaf tissue after heavy grazing) result from 

a greater ratio of absorbing root surface to transpiring leaf area. In a trial made for 

Svejcar and Christiansen (1987) using Caucasian bluestem, they found that soil moisture 

declined more slowly on the heavily grazed pasture than on the lightly grazed pasture. 

Factors such as soil type, climate, slope, wind speed, and slope within nozzles of a 

central irrigation pivot system can have a negative effect over the irrigation efficiency. 

Camp et al. (1998) suggested that spatial yield variability may be due to the fact that 

con\entional center pivot irtigation systems are not capable of applying variable depths 

of water to small areas of variation within the total system. Several attempts to modify 

conventional center pivot irrigation systems have been done. Sprinklers and/or the 

computer program that control the pivot have been modified to apply different depths of 

water (water volume) to specific areas with different soil type or nutrient requirements. 

Studies have shown that Old World bluestems produce well without fertilizer for 

two years, but production declines sharply after that (Bell and Caudle, 1994). Berg 

(1993) suggested to bum Old World bluestem only when necessary to remove substantial 

amounts of standing dead herbage, and to broadcast urea 3 to 4 weeks after grass initiates 

growth when seasonal rains are more likely to move the urea into the soil, thereby 

decreasing potential for N loss by volatilization. Berg (1995) suggested that delaying 

urea application until 3 to 4 weeks after Old World bluestems start spring green up should 

increase the chances for more effective use of this fertilizer. 

A rate of 40 poimds of actual N per acre has been usefiil used on dryland stands in 

an 18-inch rainfall area of western Oklahoma, but higher rates should be used in higher 

rainfall areas (Bell and Caudle, 1994). The same authors also suggested that in areas 

receiving less than 25 inches of rainfall, a single fertilizer application in April usually 

results in more forage production than split applications in April and June. Studies show 

that 20 to 50 pounds of additional forage will be produced for each pound of actual 

Nitrogen added (Hodges and Bidwell, 1993). An optimum rate of N fertilizer for Old 

World bluestems in the Panhandle appears to be 40 lbs. of N (30-60 lbs.); in the Dallas 

area, an optimum rate may be 70 to 100 lbs. N/acre. 
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The response of N increases as precipitation increases (McCollum, 2000). 

Laboratory tests have indicated that WW-857 is superior to varieties "Caucasian," "WW-

Iron Master," IlWW-Spar," and "Canada" bluestem in acid soils, but actual field testing is 

needed before it can be recommended for use on acid soils (USDA, 1994). 

Fields or spots in fields that produced Clorotic sorghum will probably produce 

iron-deficient Old World bluestems (Berg et al., 1996). Some studies indicated that, when 

properly fertilized and harvested at the appropriate stage of growth, high yields of good 

quality hay (10 to 16 % CP) could be obtained (McCollum, 2000). 
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CHAPTER 111 

MATERIALS AND METHODS 

Study Sites 

The experiment was conducted on the Chavez Limousin Ranch, 7 km northeast of 

Idalou, Texas, in Lubbock County. The ranch is located in northwest Texas on the 

Southem High Plains, within the larger Great Plains of the western United States. The 

climate of the area is classified as semiarid; the average annual rainfall is 471 mm, most 

of which occurs during a growing season of 208 days. The average minimum temperature 

in January is -4 °C, and the maximum in July averages 33°C (The Handbook of Texas, 

2001). The soil type of all the grazed pastures is clay-loam soil of the Pullman series; the 

soil is clasified as fine, mixed, thermic Torrertic PaleustoUs (Blackstock, et al., 1976). 

Field Study 

Methods 

A combination of two grazing systems and two rates of irrigation comprised the 

treatments. These treatments were: 

1. Continuous grazing with no-irrigation (CNI); 

2. Continuous grazing with irrigation (CI); 

3. Three-pasture rotational grazing with no irrigation (RNI); 

4. Three-pasture rotational grazing with irrigation (RI). 

There were three complete blocks of treatments during each grazing season (1999 

and 2000). Each grazing season was 90 days long. In early June of 1999, three blocks of 

eight pastures each were built (24 pastures total). Each pasture was approximately 1.4 ha 

in size. Two of the three blocks were located together, near Heckville, 12 km NE of 

Idalou, TX, These blocks were named Heckville-West (hkW) and Heckville-East (hkE), 

respectively. The remaining block with eight pastures was located at the Chavez 

Limousin Ranch headquarters, 7 km NE of Idalou, TX, and was named home place (h). 

The land used for the experiment was planted with WW-B.Dahl after being used for 
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wheat crops. However, not all the land was planted with WW-B.Dahl the same year. This 

was one reason why pastures were divided into three blocks. The west half of the land 

located at Heckville (hkW) was planted with WW-B.Dahl during the spring of 1997. The 

remaining half of the Heckville land (hkE) was planted one year earlier. The 12.5 ha 

located at the ranch headquarters (h) were also planted in 1996. The h land was the only 

that was planted with grass after being used for wheat. Jose-grass (Thinopyrum ponticum) 

was planted in 1992 and used at the h place before the area was planted with WW-

B.Dahl. Cattle grazed all pastures used for the experiment during previous years. Only the 

h site was grazed during the winter of 2000. 

Fertilizer was applied both in 1999 and in 2000. On April 19, 1999, 168 kg/ha of a 

fertilizer containing 33% N, 13% P2O5, 0.0% K,0, and 3% of ash was applied on the h 

site. On the same date hkW and hkE were fertilized with 260.6 kg /ha of a fertilizer 

containing 26% N, 17% P2O5, 0.0% K2O, and 8% Sulfur. On May 12, 2000, all the three 

blocks were fertilized with 75.5 kg/ha of a fertilizer containing 46% N. No other fertilizer 

was applied during the experiment. 

The pastures were built using electric fences. Water-troughs were shared between 

each two herds, located one next to other. Mineral blocks were provided to cattle at all 

times. 

The experiment was conducted from mid Jime to early September of 1999 and 

repeated during the same period of 2000. To determine stocking rate, 10 quadrats per 

pasture were clipped at the beginning of the two grazing seasons (1999 and 2000). 

Rectangular quadrats of 0.25 m" were used at the beginning of the 1999 season. For all 

the remaining clippings of the 2 grazing seasons, 0.2 m" square quadrat was used. The 

acrylic plate technique was also used to predict standing crop. A square shaped quadrat 

was used. The acrylic plate was used every time a clipping was done. The experimental 

material was a monoculture and little variation between clippings and between pastures 

was expected. 

Grass samples from clippings were oven dried at 55 °C and weighed to determine 

standing crop per pasture. Seventy percent utilization of the standing forage was used. 
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The initial weight of the steers was used to determine forage intake (3% of body weight). 

The stocking rate for each individual pasture was determined accordingly to the 

information mentioned above at the beginning of each grazing season and throughout the 

1999 season. 

The initial weight of the steers used in the experiment was 205 kg in 1999 and 

2000. During 1999, a range of 4 to 20 steers per pasture was used on the continuous 

grazed treatments, whereas on the rotational grazed treatments, 11 to 50 steers were used, 

depending on the available forage for grazing. The stocking rate varied from 1.43 to 7.85 

AU ha'' during the periods of the lowest and highest forage availability, respectively. 

During 2000, the number of steers per pasture on the continuous grazed pastures 

ranged from 3 to 9 and on the rotational grazed pastures the number of steers used ranged 

from 9 to 16 steers. Only during this year, the number of head per pasture remained 

constant throughout the whole grazing season. The stocking rate used in 2000 was of 1.76 

AUha'. 

Each steer was individually weighed at the begirming of each grazing season for 

the initial weight. Only the steers weighed at the begiiming of the first year of the trial 

and which remained in the experiment throughout the whole 1999 grazing period were 

recorded as testers. Steers that were used during the first grazing season (1999) but which 

did not stay on the pasture(s) throughout the whole grazing period were called put-and-

take steers. One day before cattle were weighed, they were fasted for 14 to 16 hours 

without feed, mineral supplements, or water. Cattle were weighed early the next morning. 

Numbered ear-tags of different colors were used to identify animals and treatments. Each 

herd was weighed every 28 days. During 1999, more frequent management of cattle was 

needed because the put-and-take method was used. The put-and-take method was not 

used during this second year: a fixed stocking rate was used instead, with the same 

percentage of use of the previous year. 

In early June, steers were weighed and 12 herds were set. Eight of these herds 

were used in the two blocks located at Heckville. The remainder four herds were used in 

the block located at the home place. During 1999, extra steers were kept together in an 

15 



adjacent WW-Spar pasture. The extra animals were used as a put-and take steers later 

during the experiment. 

In early July, additional steers were individually weighed and identified as a put-

and-take steers. The extra steers received in early June were mixed together, weighed and 

identified with steers received in late June. On the same day, all worked steers were 

divided by treatment and assigned to their corresponding block and pasture(s). 

Between 75 and 100 mm of water distributed throughout each grazing season 

were applied to the inigated pastures. Three irrigations to pastures were done. A central 

pi\ot was used to inigate pastures. Herds grazing pastures when irrigation was applied 

v\'ere penned during irrigation. Cattle were fed with hay and had access to water and 

mineral blocks while permed. When watering a pasture next to a pasture of a non-

inigation treatment, the steers in the non-irrigated pasture were also penned. This was 

done so that the end of the pivot could reach the far-end comer of the irrigated pasture. 

Since the central pivots do not run perfectly, there was not any practical way of 

completely irrigating a pasture without letting the front tires of the pivot reach the next 

fence and keep the cattle in its corresponding pasture. Fences slightly roimd that fit the 

shape of the pivot can be used instead of straight fences to prevent this problem. Fences 

could have been left up only if the far end comer of a irrigated pasture wanted to be left 

without irrigation. Steers in any non-irrigated pasture that were permed received the same 

treatment as the rest of the penned steers. Fences were put back up and herds were moved 

back to their corresponding pastures as soon as irrigation of their individual pastures was 

finished. 

Experimental Design and Analysis 

The combinations of grazing system and irrigation were used as treatments. Due 

to a logistic difficulties of randomly irrigating pastures using a central pivot irrigation 

system, the two grazing systems were randomly assigned to a irrigated and non-irrigated 

area within each block. Irrigated treatments were randomly arranged to adjacent pastures 

in each block. Pastures were used as experimental units. A split-plot anangement with 
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repeated measurements analysis was used to analyze steer performance and plant 

response to treatments. The analysis of variance included: 

1. Blocks, irrigation rate, and experimental error (a) in the main plot; 

2. Grazing system, grazing x irrigation interaction, and experimental enor (b) in 

the sub-plot; 

3. Grazing period, period x inigation, period x grazing, period x irrigation x 

grazing, and experimental error (c) in the sub-sub-plot. 

When factors interacted, simple main effects were tested prior to examining 

simple effects. For example, if there was a significant interaction between grazing 

system, irrigation and period, the two-way interaction between grazing system and 

irrigation was tested in each period; if this test was not significant, then the effects of 

grazing system and irrigation were tested in each period. 

Normality of experimental errors was assessed with the Shapiro-Wilk (1965) test. 

Mauchly's test was used to test for sphericity. Tukey's (1949) test was used to examine 

block by treatment interaction. Separate F values were calculated using the Satterthwaite's 

approximation procedure to determine differences in standing crop during 2000. A 

significance level of 5% was used. 
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CHAPTER IV 

RESULTS 

Cattle Average Daily Gain 

When ADG data of 1999 and 2000 were statistically analyzed, no 2-way or 3-way 

interactions were found between the three main factors studied in this experiment 

(irrigation rate, grazing system, and grazing period). Therefore main effects were tested. 

The same approach was used to compare ADG per grazing period, total beef production 

per ha, and average beef production per grazing period since no interactions were 

detected. 

Precipitation data of 1999 and 2000 is shown in Fig. 4.1. Differences in ADG 

between the two rates of irrigation were found to be significant during 1999 regardless of 

the grazing period and grazing system used. Gains of 0.44 and 0.24 kg/steer/day from 

steers grazing either irrigated and non-irrigated pastures, respectively, were observed 

(Fig. 4.2). However, when ADG was compared between grazing systems, continuous 

grazing did not differ from rotational grazing; their respective means were 0.38 and 0.30 

kg/steer/day (Fig. 4.3). 

During 1999, ADG among the three grazing periods differed significantly. ADG 

in the first grazing period (0.62 kg/steer/day) was different from the last two periods. The 

second (0.21 kg/steer/day) and third (0.19 kg/steer/day) grazing periods were similar with 

each other (Fig. 4.4). During 2000, average daily gain was similar between irrigated (0.55 

kg/steer/day) and non-irrigated (0.48 kg/steer/day) pastures (Fig. 4.5). 

When the effect of grazing system on ADG was analyzed, no difference was 

found regardless of irrigation rate and period (Fig. 4.6). It is very interesting to notice that 

the ADG of steers in continuously grazed pastures was the same as that of cattle grazing 

irrigated pastures. Similarly, the ADG of cattle grazing on the rotational system was the 

same as that of cattle grazing non-irrigated pastures (Fig. 4.5 and 4.6). However, the 

irrigation x grazing system interaction was not significant. In 2000, ADG from the three 



grazing periods did not differ from each other, being 0.64, 0.49, and 0.42 kg/steer/day the 

gains for the first, second, and third periods, respectively (Fig. 4.7). 

Beef Production per Unit of Area 

During 1999. total beef production per unit of area (kg ha'') differed between 

irrigation rates. Total beef production from imgated pastures was 303 versus 195 kg ha'' 

from non-irtigated pastures (Fig. 4.8). However, total beef production per ha was similar 

for the two grazing systems regardless of the rate of irrigation and period. Steers grazing 

in the continuous grazing system produced 279 kg ha"', and steers grazing in the 

rotational grazing system produced 218 kg ha"' (Fig. 4.9). 

Significantly higher beef production per ha was observed during the first period 

compared to the two last periods of 1999. The second and third periods did not differ 

from each other. The average beef production of the first, second, and third periods were 

156.1, 57.7, and 35.3 kg ha"', respectively (Fig. 4.10) 

During 2000, no difference in total beef production per ha was observed between 

irrigated (186.7 kg ha'') and non-irrigated (146.4 kg ha'') pastures, (Fig. 4.11). However, 

beef production per ha was different between the two grazing systems. This was tme for 

the two levels of irrigation and the three periods. The continuous and rotational grazing 

systems produced 196 and 136 kg ha"', respectively (Fig. 4.12). Average beef production 

per ha of the three grazing periods was similar to each other during 2000; means in this 

periods were 63.30, 53.84, and 49.41 kg ha'', respectively (Fig. 4.13). 

Differences Between Treatments 

As mentioned before, no interaction of any order between factors was observed on 

steer performance in either year. Average daily gain was higher in irrigated pastures than 

in non-irrigated pastures; however, grazing system did not affect ADG. Thus no direct 

comparison between the four treatments was done. However, treatment means are 

presented for the sake of completeness. In 1999, ADG values of the treatments were as 

follow: CI. 0.53 kg steer day''; RI, 0.34 kg steer day''; CNI, 0.23 kg steer day"'; and, RNI, 
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0.25 kg steer day"' (Fig. 4.14). ADG of the four treatments by grazing period is shown in 

Fig. 4,15. 

A total beef production of 342.0, 264.1, 217.4, and 173.0 kg ha"' from steers 

grazing on CI, RI, CNI, and RNI was observed in 1999 (Fig. 4.16), respectively. Cattie 

grazing irrigated pastures always produced more beef than steers on non-irrigated 

pastures regardless of grazing system. Grazing system did not affect total beef production 

in 1999. 

During the 2000 season, ADG values for the CI, RI, CNI, and RNI were 0.51, 

0.45, 0.59, and 0.51 kg steer day'', respectively. ADG was not affected by grazing 

system, irrigation, period, or any interaction. ADG of cattle grazing non-irrigated pastures 

was slightly higher than that of cattie in irrigated pastures regardless of grazing system. 

However, the difference in daily weight gain was 0.07 kg or smaller (Fig. 4.17). Average 

daily gain among treatments by period is shown in Fig. 4.17 and 4.18. 

Total beef production per ha for the four treatments compared in this experiment 

during 2000 was as follow: the CI treatment produced 229.3 kg steer day'', the RI 

produced 144.0 kg steer day"', the CNI produced 163.3 kg steer day'', and the RNI 

produced 129.4 kg steer day"' (Fig. 4.19). Total beef production was greater in 

continuously grazed pastures than in rotationally grazed pastures. 

Figures 4.20 and 4.21 show the respective average beef production by period 

during the first and second year of the experiment. 

Standing Crop 

A level of significance of 0.05 was also used in all the statistical analysis of grass 

response (standing crop) to treatments. When standing crop as affected by grazing period 

during 2000 was analyzed, a P value slightly higher than 0.05 (0.0501) was considered 

significant. However, a Three-way interaction in the same analysis also was significant, 

and when the analysis was partitioned into lower order factors, grazing period was always 

nonsignificant at 0.05. 
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During 1999, there were no interactions between any of the three factors studied 

in the experiment when standing crop was statistically analyzed. For example, the effect 

of inigation on standing crop was independent from the effect of grazing system or 

grazing period; and neither irrigation rate nor period interacted with grazing system for 

standing crop. 

Inigation had a positive effect on standing crop in 1999. Standing crop at the end 

of the grazing season was higher in irrigated pastures than in non-irrigated pastures 

(4150.6 \ersus 2914.7 kg ha"', respectively) (Fig. 4.22). This was tme for both grazing 

systems and for the three grazing periods. However, grazing system did not affect 

standing crop in either continuous or rotationally-grazed pastures. Moreover, standing 

crop in both grazing systems was very similar (3538.6 vs. 3526.6 kg ha'', respectively) 

(Fig. 4.23). Similarly, grazing system acted independently from the other factors. 

Standing crop between periods was different during 1999 (Fig. 4.24). Standing crop 

during the consecutive periods was 4030.1, 3751.7, and 2816.0 kg ha'', respectively. 

There was a three-way interaction between grazing, irrigation, and period in their 

effects on standing crop in 2000 (Fig 4.25). When this interaction was partitioned into 

lower-order components, the effect of period was never significant, and period never 

interacted with other effects. For example, in non-irrigated plots, the effect of period did 

not interact with grazing system, and the effect of period was also nonsignificant. Thus, 

standing crop was stable across periods in 2000. 

Because of the three-way interaction, the effects of grazing system were analyzed 

by holding irrigation constant. In irrigated plots, standing crop was significantly higher in 

continuously grazed pastures than in rotationally grazed pastures regardless of period. 

However, in non-irrigated pastures, grazing system did not affect standing crop. 

The effect of irrigation was analyzed for each grazing system. In continuously grazed 

pastures, standing crop was significantly higher in irrigated pastures than in non-irrigated 

pastures regardless of period. In contrast, there was no effect of irrigation on standing 

crop in rotational-grazed pastures. 
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Figure 4.1 Monthly precipitation (mm) for 1999 and 2000, and long-term precipitation on 
Lubbock Coimty (National Weather Service, 2001). 
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Figure 4.2 Average daily gain (kg day'') of steers as affected by rate of irrigation m 
1999. Means with the same letter are not significantly difierent 
(P>0.05). 
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Figure 4.3 Average daily gain (kg day'') of steers as affected by grazing system in 1999. 
Means with the same letter are not significantly different (P>0.05). 

23 



1st 2nd 3rd 

Period 

Figure 4.4 Average daily gain (kg day'') of steers as affected by grazing period in 1999. 
Means with the same letter are not significantly different (P>0.05). 

Irrigated Non-irrigated 

Irrigation Rate 

Figure 4.5 Average daily gain (kg day'') of steers as affected by rate of irrigation m 
2000. Means with the same letter are not significantly different 
(P>0.05). 

24 



Continuous Rotational 

Grazing System 

Figure 4.6 Average daily gain (kg day'') of steers as affected by grazing system in 
2000. Means with the same letter are not significantly different 
(P>0.05). 

1st 2nd 3rd 

Period 

Figure 4.7 Average daily gain (kg day'') of steers as affected by grazing period in 2000. 
Means with the same letter are not significantly different (P>0.05). 
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Figure 4.8 Total beef production (kg ha"') as affected by irrigation rate in 1999. Means 
with the same letter are not significantly different (P>0.05). 
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Figure 4.9 Total beef production (kg ha"') as affected by grazing system in 1999. Means 
with the same letter are not significantly different (P>0.05). 
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Figure 4.10 Average beef production (kg ha"') per grazing period in 1999. Means 
with the same letter are not significantly different (P>0.05). 
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Figure 4.11 Total beef production (kg ha'') as affected by irrigation rate in 2000. Means 
with the same letter are not significantly different (P>0.05). 
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Grazing System 

Figure 4.12 Total beef production (kg ha"') as affected by grazing system in 2000. Means 
with the same letter are not significantly different (P>0.05). 
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Figure 4.13 Average beef production (kg ha"') as affected by grazing period m 2000. 
Means with the same letter are not significantly different (P>0.05). 
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Treatment 

Figure 4.14 Average daily gam (kg day"') of steers as affected by treatment in 1999. 
Average daily gain was greater in irrigated than in non-irrigated 
treatments. CI = Continuous Irrigated, RI = Rotational Irrigated, CNI -
Continuous Non-Irrigated, RNI = Rotational Non-Irrigated. 
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Period 

Figure 4.15 Average daily gain (kg day"') of treatments as affected by grazing period in 
1999. CI = Continuous Irrigated, RI = Rotational Irrigated, CNI = 
Continuous Non-Irrigated, RNI = Rotational Non-Irrigated. 
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Figure 4.16 Total beef production (kg ha"') as affected by treatment in 1999. Total beef 
production was greater in urigated than in non-irrigated treatments. CI = 
Continuous Irrigated, RI = Rotational Irrigated, CNI = Continuous Non-
Irrigated, RNI = Rotational Non-Irrigated. 
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Figure 4.17 Average daily gain (kg day"') as affected by treatment in 2000. Means 
followed by the same letter are not significantly different (P>0.05). CI = 
Continuous Irrigated, RI = Rotational Irrigated, CNI = Continuous Non-
Irrigated, RNI = Rotational Non-Irrigated. 
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Figure 4.18 Average daily gain (kg day"') of treatments as affected by grazing period 
in 2000. CI = Continuous Irrigated, RI = Rotational Irrigated, CNI = 
Continuous Non-Irrigated, RNI = Rotational Non-Irrigated. 
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Figure 4.19 Total beef production (kg ha"') as affected by treatment in 2000. Total beef 
production was greater in continuously grazed pastures than in rotationally 
grazed pastures. CI = Continuous Irrigated, RI = Rotational Irrigated, CNI 
Contmuous Non-Irrigated, RNI = Rotational Non-Irrigated. 
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Figure 4.20 Average beef production (kg ha"') as affected by grazing period in 1999. CI •• 
Continuous Irrigated, RI = Rotational Irrigated, CNI = Continuous Non-
Irrigated, RNI = Rotational Non-Irrigated. 
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Figure 4.21 Average beef production (kg ha"') as affected by grazing period in 2000. CI 
Continuous Irrigated, RI = Rotational Irrigated, CNI = Continuous Non-
Irrigated, RNI = Rotational Non-Irrigated. 
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Figure 4.22 Standing crop (kg ha"') as affected by rate of irrigation m 1999. Means 
followed by the same letter are not significantly different (P>0.05). 
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Figure 4.23 Standing crop (kg ha"') as affected by grazing system in 1999. Means with 
the same letter are not significantly different (P>0.05). 
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Figure 4.24 Standing crop (kg ha"') as affected by grazing period in 1999. Means 
followed by the same letter are not significantly different (P>0.05). 
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Figure 4.25 Standing crop (kg ha"') as affected by rate of irrigation, grazing system, 
and grazmg period in 2000. Grazing period within a treatment followed by 
the same lowercase letter are not significantly different (P>0.05). Grazing 
systems within irrigation rates followed by the same capital letter are not 
significantly different (P>0.05). Grazing periods within irrigation rates 
followed by the same lowercase letter are not significantly different (P>0.05). 
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CHAPTER V 

DISCUSSION 

Most of the literature indicates that stocking rate plays one of the most important 

roles in animal and plant response under similar grazing trials. 1 found in my own 

literature review that authors consider that stocking rate may produce a stronger effect on 

plant and animal responses than grazing system or irrigation most of the time. 

In this experiment, the same stocking rate was used in both years, and all blocks 

were treated alike. Although stocking rate was always based on 70% utilization, forage 

available for grazing was harvested in different ways in 1999 versus 2000. It was not the 

intention of this experiment to investigate differences between the two harvesting 

methods used (the put-and-take and the set-stocking rate). The harvesting method was 

switched from put-and-take to a set-stocking rate because of practical purposes. When the 

put-and-take method was used in 1999, forage utilization was supposed to be closer to the 

target percent of utilization throughout the whole grazing season. That is, the harvesting 

method followed the standing crop pattern. The harvesting method and the standing crop 

at the begirming of the 1999 season required the use of up to 290 steers. Not all 290 steers 

were used constantly during the experiment. During 2000, about 108 steers were needed 

for the set-stocking rate. 

Although not measured, I attribute part of the differences in the results of 1999 

versus 2000 to having a different number of steers in both years. The reason why more 

steers were used during 1999 is that more forage was available for grazing during this 

year compared to 2000.1 also believe that differences in intensity of defoliation and/or 

the method of defoliation used (put-and-take vs. set-stocking rate) might also have had an 

effect on WW-B.Dahl plants and thus, on steer performance. 

Steer gains that were permed while irrigation was applied might have been 

slightly depressed because of changes in diet, limited selectivity, and confinement. This 

situation might have affected negatively the gain of steers grazing irrigated pastures 



compared to steers on non-inigated pastures since generally the steers on non-irrigated 

pastures were not penned and no changes in their normal behavior were done. 

Bell and Claude (1994) suggested that the ideal grazing cycle for Old Worid 

bluestem irrigated pastures is from 28 to 30 days. However, in this experiment, rotation 

of cattle was done approximately every three weeks, and based on my personal 

obser\ations, rotation should be done more often than this length of time. 

Cattle Average Daily Gain 

Overall, steers grazing continuously in irrigated pastures from early June to early 

September produced the highest ADG. Comparing the two years studied, gains were 

always higher during 2000. The positive effect of inigation on ADG was observed only 

during 1999, and it did not interact with grazing system or period. 1 attribute this 

difference to an enhancement of the effect of irrigation throughout the season due to 

precipitation equal or above the normal year during the three previous months and the 

first month of the experiment. This pattern of precipitation was not observed during 2000 

and thus the effect of irrigation on ADG may have been less evident. 

Precipitation was lower than 50% of a normal year for the last two months (July 

and August) of the three-month 1999 season, and a noticeable reduction on ADG 

corresponds to the same last grazing periods regardless of treatment. This difference in 

precipitation distribution might explain why ADG of the last two periods was different 

from the first period in 1999. 

During the 2000 grazing season, June precipitation was about two times higher 

than the normal year, but no precipitation at all was recorded during the third grazing 

period (August). It is possible that the amount of water applied during the second year of 

the experiment was not enough to make a difference between the two rates of irrigation. 

However, an indication of a possible effect of rate of irrigation on ADG was noticed in 

the statistical analysis because the two rates of irrigation do differ significantly at a level 

of0.06butnotat0.05. 



A similar but less noticeable pattem of ADG throughout the three periods of the 

2000 grazing season was recorded compared to 1999. However, ADG did not differ 

across periods in 2000. Differences in ADG between the 1999 grazing periods could be 

also attributed to the high standing crop in June, which decreased during July and August 

due to extra steers used later during the season. In general, my results agree with those of 

one to two poimds per day during summer mentioned by Rollins and Sims (1985). 

Grass height at the beginning of the 1999 grazing season was about 50 cm and 

became shorter (10 to 20 cm tall) during the last two grazing periods as a logical result of 

grazing. 1 found significant differences in ADG and beef production per ha when 

comparing these two variables between periods. This agrees with Coleman and Forbes 

(1998) when they suggested that OWB pastures should be managed for 5 or 6 Mg 

herbage per hectare, or about 40 cm in height to optimize gain per steer. 

In this experiment, beef production per hectare reached the highest point during 

the first period compared to the last two grazing periods. Opposite results were found at 

Woodward, OK, indicating that steer gains from OWB were higher in late summer than 

from native or weeping love grass (Hodges and Bidwell, 1993). This might be attributed 

to the time or pattem of precipitation during the experiments. 

Beef Production per Unit of Area 

During 1999, differences (P < 0.05) in beef production per unit of area were 

observed due to irrigation rate and grazing period. Similar factors affecting ADG in 1999 

might also be responsible for beef production. I suggest that generally, beef production 

per hectare is a consequence of ADG up to a certain point. Beyond this point, beef 

production per hectare increases as ADG decreases. If stocking rate continues to 

increase, ADG and beef production become negative. 

Pastures were fertilized before cattle were moved to their respective pastures at 

the begirming of 1999 and 2000. A higher N concentration in plant leaves is expected 

after fertilization. This might have had a positive effect on beef production per hectare 

since the first grazing period of 1999 had higher beef production than the last two. Thus, 



greater amounts of forage and higher quality (crude protein content) might have had been 

available to steers during the first grazing period. Rollins and Sims (1985) support my 

statement suggesting that forage yields from Old Worid bluestems will range from one to 

fi\e ton per acre on dryland sites depending on the cultivar, fertilization program, soil 

tN'pe and growing conditions. The highest beef production from all the treatments of this 

experiment was observed in the first grazing period of both years, when standing crop 

was the highest. These results agree with Coleman and Forbes (1998) when they suggest 

that maintaining higher herbage mass and height of Old World bluestem forage improves 

animal performance. 

Considerably lower amounts of fertilizer as well as a limited amount of nutrients 

were applied to pastures in 2000 compared to 1999. I suggest that differences in 

fertilization rates and in precipitation pattems (Fig. 4.1) might explain the higher beef 

production of the first period of 1999 and the lack of change between the three grazing 

periods in 2000. 

Popp et al. (1997) concluded that stocking rates were a key factor to optimizing 

individual animal performance and/or gain per hectare on alfalfa grass pastures. However, 

differences in the effect of continuous and rotational stocking on pasture productivity 

were minimal. Although my experiment did not compare stocking rates, some of my 

results from 1999 agree with the grazing system results mentioned above. 

With regard to differences between grazing systems, continuous grazing produced 

more beef per hectare than the rotational system. This is explained by the fact that 

continuous grazing allows livestock to exhibit maximum forage selectivity and minimize 

livestock disturbance due to gathering, trailing, and quick change in forage quality 

(Holechek et al., 2001). Hanselka et al. (1995) also supported this conclusion by 

suggesting that animal production is often more erratic under continuous grazing, but this 

system generally returns more income per acre than most other grazing systems. 



Standing Crop 

Irrigated pastures consistently produced more forage than non-irrigated pastures 

in both years of the experiment. Since no interaction between factors was observed in 

1999, the following explanation is based only on biological differences between 

treatments in 1999. Rotational-irrigated pastures started the experiment with the lowest 

forage available. These same pastures resulted in the highest standing crop during the 

two last grazing periods. Continuous-irrigated pastures were the second most productive 

pastiu-es followed by the continuous non-irrigated and the rotational non-irrigated 

respectiveh'. In general, all treatments ended the experiment with lower standing crop 

than at the beginning of the 1999 grazing season with the exception of the rotational 

irrigated pastures. 

During 2000, standing crop of all treatments remained almost constant through 

the three periods. Within irrigated pastures, continuously grazed plots always produced 

more forage than rotational. Within non-irrigated plots, no significant difference was 

found between grazing systems. Within continuously grazed, irrigated plots were more 

productive than non-irrigated plots. Within rotational pastures, irrigation rate did not 

affect standing crop. Standing crop was never different among periods. 

Standing crop data from this experiment during 2000 suggest different results than 

those reported by Rollins and Sims (1985), who suggested that rotational grazing 

promotes more vigorous plants and a subsequently higher standing crop. However, in my 

experiment when the two grazing systems were compared under irrigation, the rotational 

grazing system produced less forage than pastures continuously grazed. Similarly, when 

the same two grazing systems were compared under nonirrigation, no significant 

difference in standing crop was noticed. 

In the same maimer, results from my research contradict Bell and Caude (1994) 

who suggested that the most efficient management strategy on Old World bluestem 

pastures involve some form of rotational grazing program. In my experiment, the 

treatment that showed the highest beef production and standing crop was the continuous 

grazing system. 



CHAPTER VI 

CONCLUSIONS 

These results suggest that the amount of irrigation applied in this experiment 

seems to favor ADG in years when above average precipitation is recorded during the 

first months of plant growth. Total beef production per ha seems to be improved also. 

In years when precipitation is lower than the normal year for this area, the use of a 

continuous grazing system can increase ADG of steers over the use of a three-pasture 

rotational grazing system. 

If possible, stocking rates lower than 14 to 205 kg steers per ha (6 AU ha'') are 

recommended for the last part of the summer season (August-September). This might 

lead to better ADG during the end of the summer grazing season and help plants 

recuperate from grazing and replenish energy for the next year's grazing season. 

1 conclude, based on my results, that higher amounts of water should be used in 

similar grazing experiments under these environmental conditions in order to achieve 

better cattle gains in late summer. However, irrigation cost needs to be considered. The 

effect of the harvesting methods used in 1999 and in 2000, although not measured, might 

have interfered with the effects of the applied treatments. 

Higher amounts of fertilizer and more elements in it applied in 1999 versus 2000 

might have influenced, first, ADG and total beef production by increasing the N level in 

plants during the first grazing period, and second, standing crop by better matching plants 

requirements. 

I conclude, based on my results, that when small amoimts of precipitation are 

received during the spring and when amoimts of fertilizer and irrigation similar to those 

applied in 2000 are used, a continuous grazing system could produce significantly more 

beef per ha. This is explained by the fact that continuous grazing allows livestock to 

exhibit maximum forage selectivity and minimize livestock disturbance due to gathering, 

trailing, and quick change in forage quality (Holechek et al., 2001). 
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Based on my visual observation, more frequent rotation of cattle seems to be 

required if better steer performance and/or WW-B.Dahl plant response in a rotational 

grazing system are to be achieved. Weekly rotation is suggested over a two-three week 

rotation. 
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Table A.l Analysis of Variance Table of Average Daily Gain, 1999 

Source of 

Variation 

Block 

Irrigation (I) 

Exp. Error (a) 

Grazing S. (G) 

G x l 

Exp. Error (b) 

G. Period (P) 

P x l 

P x G 

P x I x G 

Exp. Error (c) 

Total 

Degrees of 

freedom 

2 

1 

2 

1 

1 

4 

2 

2 

2 

2 

16 

35 

Sum of Squares 

0.27770 

0.34993 

0.01892 

0.06539 

0.09208 

0.05557 

1.44489 

0.03505 

0.03992 

0.00675 

0.32674 

2.71229 

Mean Square 

0.13850 

0.34993 

0.00946 

0.06539 

0.09208 

0.01389 

0.72244 

0.01752 

0.01996 

0.00337 

0.02042 

— 

F 

Value 

~ 

36.98 

~ 

4.71 

6.63 

~ 

35.38 

0.86 

0.98 

0.17 

~ 

" 

Pr>F 

— 

0.0260 

~ 

0.0959 

0.0617 

— 

<0.0001 

0.8600 

0.3976 

0.8490 

— 

— 
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Table A.2 Analysis of Variance Table of Average Daily Gain, 2000 

Source of 

Variation 

Block 

Inigation (I) 

Exp. Error (a) 

Grazing S. (G) 

G x l 

Exp. Error (b) 

G. Period (P) 

P x l 

P x G 

P X I X G 

Exp. Error (c) 

Total 
' . L 

Degrees of 

freedom 

2 

1 

1 

1 

1 

4 

2 

2 

2 

2 

16 

35 

Sum of Squares 

0.31215 

0.03757 

0.00730 

0.04400 

0.00127 

0.08414 

0.32297 

0.12089 

0.11528 

0.03378 

0.93396 

2.01336 

Mean Square 

0.15607 

0.03757 

0.00365 

0.04400 

0.00127 

0.02103 

0.16148 

0.06044 

0.05764 

0.01689 

0.05837 

~ 

F 

Value 

~ 

10.29 

~ 

2.09 

0.06 

— 

2.77 

1.04 

0.99 

0.29 

— 

~ 

Pr>F 

~ 

0.0850 

— 

0.2216 

0.8177 

~ 

0.0929 

0.3777 

0.3941 
I 

0.7526 

— 

~ 
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ANALYSES OF VARIANCE OF BEEF PRODUCTION 
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Table B.l Analysis of Variance Table of Total Beef Production per ha, 1999 

Source of 

Variation 

Block 

Inigation (1) 

E.xp. Enor (a) 

Grazing S. (G) 

G x l 

Exp. Error (b) 

Total 

Degrees of 

freedom 

2 

1 

1 

1 

1 

4 

11 

Sum of Squares 

123660.7323 

34877.1107 

2350.3041 

11222.3466 

847.1111 

18174.2295 

191131.8342 

Mean Square 

61830.3661 

34877.1107 

1175.1520 

11222.3466 

847.1111 

4543.5574 

~ 

F 

Value 

~ 

29.68 

— 

2.47 

0.19 

— 

~ 

Pr>F 

— 

0.0321 

-

0.1911 

0.6882 

-

~ 
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Table B.2 Analysis of Variance Table of Total Beef Production per ha, 2000 

Source of 

Variation 

Block 

Inigation (I) 

Exp. Error (a) 

Grazing S. (G) 

G x l 

Exp. Error (b) 

Total 

Degrees of 

freedom 

2 

1 

2 

1 

1 

4 

11 

Sum of Squares 

21113.6917 

4872.8496 

2293.0908 

10658.2984 

1969.1217 

3300.5347 

44207.5871 

Mean Square 

10556.8458 

4872.8496 

1146.5454 

10658.2984 

1969.1217 

825.1336 

— 

F 

Value 

— 

4.25 

~ 

12.92 

2.39 

~ 

~ 

Pr>F 

~ 

.1754 

~ 

.0229 

.1973 

~ 

— 
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Table B.3 Analysis of Variance Table of Averag 

Source of 

Variation 

Block 

Irrigation (1) 

Exp. Enor (a) 

Grazing S. (G) 

G x l 

Exp. Error (b) 

G. Period (P) 

P x l 

P x G 

P x I x G 

Exp. Ertor (c) 

Total 

Degrees of 

freedom 

2 

1 

2 

1 

1 

4 

2 

2 

2 

2 

16 

35 

Sum of Squares 

41220.2440 

11625.7035 

783.4368 

3740.7821 

282.3703 

6058.0765 

99026.3031 

1330.6198 

3426.6120 

1738.9536 

42046.1132 

211279.2133 

e Beef Production per Period, 1999 

Mean Square 

20610.1220 

11625.7035 

391.7173 

3740.7821 

282.3703 

1514.5191 

49513.1515 

665.3099 

1713.3060 

869.4768 

2627.8821 

~ 

F 

Value 

~ 

29.68 

~ 

2.47 

0.19 

~ 

18.84 

0.250. 

0.65 

0.33 

— 

~ 

Pr>F 

~ 

0.0321 

— 

0.1911 

0.6882 

— 

<0.0001 

0.7794 

0.5343 

0.7231 

~ 

— 
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Table B.4 Analysis of Variance Table of Averag 

Source of 

Variation 

Block 

Irrigation (I) 

Exp. Error (a) 

Grazing S. (G) 

G x l 

Exp. Error (b) 

G. Period (P) 

P x l 

P x G 

P x l x G 

Exp. Error (c) 

Total 

Degrees of 

freedom 

2 

1 

2 

1 

1 

4 

2 

2 

2 

2 

16 

35 

Sum of Squares 

7037.8972 

1624.2832 

764.3636 

3552.7661 

656.3738 

1100.1782 

1208.2464 

937.8188 

1077.8909 

189.9331 

13826.9385 

31976.6902 

e Beef Production 

Mean Square 

3518.9486 

1624.2832 

382.1818 

3552.7661 

656.3738 

275.0445 

604.1232 

468.9094 

538.9454 

94.9665 

864.1836 

— 

per Period, 2000 

F 

Value 

~ 

4.25 

~ 

12.92 

2.39 

— 

0.70 

0.54 

0.62 

0.11 

~ 

~ 

Pr>F 

— 

0.1754 

~ 

0.0229 

0.1973 

~ 

0.5116 

0.5916 
I 

0.5485 

0.8966 

~ 

~ 
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Table C.l Analysis of Variance Table of Standing Crop, 1999 

Source of 

Variation 

Block 

Inigation (I) 

E.xp. Enor (a) 

Grazing S. (G) 

G x l 

Exp. Error (b) 

G. Period (P) 

P x l 

P x G 

P x I x G 

Exp. Error (c) 

Total 

Degrees of 

freedom 

2 

1 

T 

1 

1 

4 

2 

2 

2 

2 

16 

35 

Sum of Squares 

32782411.39 

13746998.62 

799197.41 

1295.59 

297982.63 

6949306.93 

9708178.20 

5113224.52 

1840932.24 

7815797.65 

21282142.3 

100737467.5 

Mean Square 

16391205.70 

13746998.62 

399598.70 

1295.59 

297982.63 

1737326.73 

4854089.10 

2756612.26 

920466.12 

3907898.83 

1330133.9 

— 

F 

Value 

— 

34.40 

— 

<0.00 

0.17 

~ 

3.65 

2.07 

0.69 

2.94 

~ 

— 

Pr>F 

~ 

0.0279 

~ 

0.9795 

0.7000 

~ 

0.0495 

0.1584 

0.5149 

0.0819 

" 
i 

. . i 
1 
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Table C.2 Analysis of Variance Table of Standing Crop, 2000 

Source of 

Variation 

Block 

Irrigation (I) 

Exp. Enor (a) 

Grazing S. (G) 

G x l 

Exp. Error (b) 

G. Period (P) 

P x l 

P x G 

P x I x G 

G x P in Irrig 

G in Irrig 

P in Irrig 

G X P in No-irr 

G in No-irrig 

P in No-irrig 

I X P in Cont 

I in Cont 

P in Cont 

I X P in Rotat 

I in Rotat 

P in Rotat 

Exp. Error (c) 

Total 
t r^ . . . 1 1 

Degrees of 

freedom 

2 

2 

2 

2 

2 

2 

1 

2 

2 

1 

2 

2 

1 

2 

2 

1 

2 

8 

23 

Sum of Squares 

1953347.66 

17363278.92 

8619465.55 

104835.77.66 

2428446.09 

175384.28 

2115530.52 

310889.46 

315254.69 

2206453.35 

174522.185 

11501683.60 

375497.25 

455904.82 

1410340.19 

231107.74 

435080.00 

16389381.33 

505579.66 

194255.69 

3402343.67 

102116.63 

1898729.21 

47870357.40 

Mean Square 

1953347.66 

17363278.92 

8619465.55 

10483577.66 

2428446.09 

87692.14 

1057765.26 

155444.73 

157627.34 

1103226.67 

349044.37 

11501683.60 

750994.50 

911809.64 

1410340.19 

462215.49 

870160.01 

16389381.33 

1011159.33 

388511.39 

3402343.67 

204233.27 

237341.15 

~ 

F 

Value 

— 

2.01' 

~ 

119.5' 

27.69' 

~ 

4.46' 

0.65' 

0.66' 

4.65' 

1.471' 

131.1' 

8.56' 

3.84' 

5.94' 

1.94' 

1.14' 

21.63' 

1.33' 

0.51' 

4.49' 

0.27' 

— 

~ 

Pr>F 

— 

0.3907 

— 

0.0083 

0.0343 

~ 

0.0501 

0.5452 

.5409 

.0458 

ns 

* 

ns 

ns 

ns 

ns 

ns 

* 

ns 1 
1 

ns 

ns 

ns 

~ 

~ 

F tests based on experimental eiror (a). - F tests based on experimental error (b). ^ F tests based on 
experimental error (c)." F tests using as en error mean square: [(per-1) Ec+Ea] / [BIk x graz x per] with 
Satterthwaite's (1946) approximation for degrees of freedom. * is significant (P<0.05). 
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