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THE EFFECTS OF SEASONS AND DIRECTIONS OF BURÎ IING 
ON THE NATIVE VEGETATION OF THE 

TEXAS HIGH PLAINS 

CHAPTER I 

INTRODUCTION 

Fire has been an important ecological factor in shaping 

our vegetation for thousands of years. But, few reports of its 

effect on the vegetation, and consequently on the grazing and 

browsing animals, have been reported in Texas. 

Cooper (1961), Sauer (1950), and Humphrey (1962) believed 

that fire has played a major role in shaping the world's grasslands 

and forests. Attempts by man to eliminate fire have often intro

duced problems fully as serious as those created by accidental 

wildfires. 

Stewart (1956) reported that unrestricted burning of vege

tation appeared to be a universal trait among historic primitive 

people. He found that it was impossible to understand clearly the 

distribution and history of the earth's vegetation without careful 

consideration of fire as a universal factor influencing the plant 

geography of the world. 

Humphrey (1962) stated that many grassland areas of the United 

States would now be in forests if there were no periodic fires. He 

pointed out that the grasses were generally more fire resistant 

than were woody species. Several years were usually required for 



shrubs or hardwood species to recover from burning effects, while 

grasses often recovered from burning effects in one growing season. 

Therefore, the grasses had a competitive advantage over the woody 

species immediately after the burn. 

The overall objective of range burning research at the Texas 

Technological College Research Farm is to determine if fire can 

be used for range improvement. The primary purpose of my study 

was to determine the effects of seasons and directions of burning 

on four native gra^s species of the High Plains of Texas. The 

grasses under study were blue grama (Bouteloua gracilis Willd. ex 

HBK.), sand dropseed (Sporobolus cryptandrus (Torr.) Gray), tumble 

windmillgrass (Chloris verticillata Nutt.) and red threeawn (Aristida 

longiseta Steud.). Other objectives were: (1) to determine how 

climatic conditions and soil moisture at the time of burn influenced 

the results, (2) to determine if burning affected soil moisture 

conditions and total forage production, and (3) to determine fire 

temperatures during burnings and the effects of different heat 

intensities upon plants. 



CHAPTER II 

REVIEW OF LITERATURE 

Ahlgren (1960) pointed out that fire has influenced the 

distribution, reproduction, and growth of many plant species. 

Several factors such as light, temperature, moisture, and soil 

nutrients were all involved in the evolution and development of 

plant com.munities. Fire might cause significant changes in one 

or all of these factors. 

Aldous (1934) was one of the earliest researchers to study 

the effects of fire on the bluestem pastures of Kansas, Annual 

controlled burning was done in the spring and fall when the soil 

was moist. He found that yields were greatest on the unbumed 

plots, and that fall burning reduced the yields more than did the 

spring burning. The plots burned in the late fall for 7-years 

increased in little bluestem (Andropogon scoparius Michx.) while 

the plots burned in the late spring increased in big bluestem 

(Andropogon gerardi Vitman). Kentucky bluegrass (Poa pratensis L.) 

increased on all the unbumed plots and either decreased or was 

eliminated on all the burned plots. Aldous also found decreased 

soil moisture on all of the burned plots, but burning caused no 

significant decreases in organic matter or total nitrogen in the 

soil over a 5-year period. 

Anderson (1964) had results similar to those of Aldous (1934) 



for burnings in the Flint Hills of Kansas. Anderson found that 

lowered forage yields on the burned areas were closely correlated 

with lowered soil moisture. Although there was a reduction in 

forage yields on burned areas, Anderson found significant cattle 

weight gains on burned areas above the cattle weight gains on the 

unburned areas. 

Aldous (1934) and Anderson (1964) noted that the grasses on 

the burned plots began spring growth earlier than did the grasses 

on the unburned plots. They attributed earlier spring growth of 

grasses on the burned plots to higher soil temperatures. 

Curtis and Partch (1948) found that burning in Wisconsin 

was an effective tool in reducing the cover of Kentucky bluegrass 

while allowing for increases in more desirable prairie species, 

but the response varied according to species. 

Flower stalk production during the first year after a fire 

in Wisconsin was greatly stimulated in prairie dropseed (Sporobolus 

heterolepis Gray), big bluestem, and little bluestem (Dix and 

Butler, 1954). Prairie dropseed was the only species to increase 

in cover during the first growing season after the fire. Little 

bluestem and Indiangrass (Sorghastrum nutans (L.) Nash) showed 

considerable losses in total cover. Because of the recovery of 

little bluestem and Indiangrass, total cover of the burned prairie 

slightly exceeded that of the unburned prairie at the end of the 

second growing season. Plant heights for the five most important 

grasses showed sharp increases on the burned area the first year 

after the fire. 

Kucera and Ehrenreich (1962) found marked increases in the 



vegetative growth and flower stalk production of big bluestem, 

little bluestem, and Indiangrass as a result of spring burning in 

central Missouri. They believed that mulch accumulations on the 

unburned plots had a detrimental effect on the grasses' growth. 

Burning was effective in removing much of this accumulated mulch. 

Ehrenreich (1959) found early spring burning in Iowa was 

effective in increasing the heights and numbers of seedstalks in 

prairie dropseed, big bluestem, and little bluestem, but had little 

effect on total forage production. He believed that earlier spring 

grov7th and consequent increases in carbohydrate availability may 

have encouraged the differentiation of seedstalks in these grasses. 

Kelting (1957) found that winter burning in Oklahoma favored 

earlier growth of grasses as opposed to forbs. Big bluestem v/as 

the only major grass species to be adversely affected by winter 

burning. Soil moisture conditions became more unfavorable in the 

burned plots. 

Dix (1960) found a great difference in species com.position 

on paired burned and unbumed plots of a 4-year-old bum in North 

Dakota. He attributed this lag in compositional adjustment to 

virtually complete survival of the perennial plants and a reduction 

in the number of annual plants within a comparable 1-year-old 

burned stand. 

Greene (1935) found that annual burnings in the longleaf 

pine (Pinus palustris Mill) forests of Mississippi were effective 

in increasing forage production and crude protein content of little 

bluestem and slender bluestem (Andropogon tener (Xees) Kunth). He 



found an average gain of 101 pounds per head for steers grazing on 

the burned pastures as compared to only 69 pounds per head for the 

steers on the unburned pasture. 

Smith (1960) reported lowered yields of crude protein over 

the entire growing season on burned plots regardless of the date 

of burning. In this experiment conducted in Australia, burning also 

proved to be detrimental to forage production and percent composition 

of the desirable grasses. The decrease in forage production and 

crude protein on burned plots was attributed to a decrease in 

percentage composition of 2 principal forage species. Burning of 

these ranges did not appear to be desirable. 

Duvall (1962) found that winter and early spring burning in 

Louisiana markedly increased the production of slender bluestem and 

pinehill bluestem (Andropogon divergens (Hack) Anderss. ex Hitchc.) 

on ungrazed, but not on grazed paddocks. The beneficial results of 

burning ungrazed paddocks lasted for 3-years. He suggested that 

lightly grazed Southern ranges may be benefited by burning on a 3-

or 4-year cycle to help maintain high yields. 

The season of burning or the physiological conditions of 

the plants at the time of burn may play a significant role in deter

mining the effect that a fire has on the vegetation. Lewis (1962) 

found that forage yields for pineland threeawn (Aristida stricta 

Michx.) pastures burned in May were twice that of March burns and 

four times that of October and November burns. He stated that the 

season of burning may also affect the vigor and species composition 

of the vegetation, and subsequently range condition and trend. The 

Increased advantage of spring burning for optimum cattle forage must 



be balanced against the increased hazard of potential damage to the 

forest over-story and wildlife habitat. 

Metz, Lotti, and Klawitter (1961) found that annual and 

periodic fires over a lO-year period had no significant influence 

on- the physical properties of a coastal-plain forest soil in South 

Carolina. They reported that organic matter, nitrogen, and mineral 

elements tended to increase in the surface four inches of the burned 

plots. 

Greene (1935) showed that annual winter burning in Mississippi 

was effective in increasing soil organic matter and nitrogen. He 

attributed this increase to a greater abundance of legumes growing 

on the burned pastures. 

Ehrenreich and Aikman (1963) found significant increases 

in available phosphorus, but nonsignificant increases in nitrate 

nitrogen or exchangeable potassium in the soil after a burning of 

a native prairie in Iowa. Burning had little effect on the pH 

or organic matter of the soil. 

Upper layers of a Minnesota soil contained more phosphate, 

potash, soluble salts, and calcium in burned areas than in comparable 

unbumed areas (Ahlgren, 1960). Ahlgren (1960) believed that 

nutrients were released from the ashes, which caused the soil 

nutrient increase. Soil nutrient concentration was highest immediately 

after the bum and remained high for 5-years. The additional nitrate 

furnished by the ashes apparently diminished rapidly. 

Sampson (1939) believed that the liberation of mineral 

constituents from the plant ashes can affect some plant species 
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favorably, but can act adversely or indifferently to others. There

fore, the nutrient release may ultimately affect the species composi

tion* of the plant community. 

Gay and Dwyer (1965) applied burning, fertilization and 

combinations of both to pastures of northern Oklahoma. They found 

significant increases of forage production above that for any other 

treatments on plots burned and fertilized with 100 pounds of nitrogen 

per acre. The results from this experiment may have been affected 

by the precipitation pattern during the study. Most of the precipi

tation came as light spring showers which did not penetrate the 

heavy mulch layer of the unbumed plots. They believed that lowered 

soil moisture in unburned plots caused the reductions in forage 

production. 

Launchbaugh (1964) studied the effects of a March wildfire 

on a mixed grass prairie in Kansas. Yields from a buffalo grass 

(Buchloe dactyloides (Nutt.) Engelm.) - blue grama community and a 

western wheatgrass (Agropyron smithii Rydb.) - short-grass community 

were both significantly lower than the unbumed controls for 2-years 

after the wildfire. At the end of the third growing season, herbage 

yields in both communities were not significantly different from the 

unbumed controls. He attributed the lowered yields during the 

first 2-years to decreased plant heights and fewer tillers or 

stolons in the burned grasses. 

Hopkins, Albertson, and Riegel (1948) investigated two wild

fires, one in November and the other in March, on a mixed prairie 



near Hays, Kansas. They reported that the spring bum was the 

more harmful of the two burns. Both production and basal area of 

blue grama and buffalograss were reduced on the two burned areas. 

Most severe damages were recorded for areas in which there was heavy 

litter accumulations. Sand dropseed was also severely damaged 

with many of the older clumps being completely killed. 

Hopkins, et al. (1948) noted that most of the damage was 

done to the individual species which maintain life in above ground 

stems or crowns. This explained the reason for the more rapid 

recovery of buffalograss, which had completely recovered its normal 

cover and production by the second growing season. Even with the 

recovery of buffalograss, detrimental effects of both burnings 

were still evident after the second growing season. 

Christensen (1964) found that an accidental range fire in 

Utah resulted in increased foliage cover of downy chess (Bromus 

tectorum L.) and decreased foliage cover and composition of red 

threeawn and sand dropseed. Many individual plants of red threeawn 

were killed by the fire, and the vigor of the others was reduced. 

Few of the sand dropseed clumps were killed by the fire. Christensen 

believed that fires occurring every few years were important in 

maintaining dô /ny chess as a dominant in the community, thus slowing 

succession to native perennials. 

Few experiments have been reported as to the effect that 

fire temperatures have on the vegetation. Bently and Fenner (1958) 

described a method of using a simple fusion pyrometer for measuring 

maximum temperatures during a fire. These instruments can record 

ĝ 
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maximum temperatures both above and below the soil surface. Maximum 

soil surface temperatures were recorded for grass fire on an annual 

grassland range in California averaging 200° to 250° F. The maximum 

temperature of the soil immediately below the surface ranged from 

less than 150° to 200°. The heat was of short duration. The 

Pyrometric records indicated that seeds located in the litter or 

on the stalks would be destroyed during this grass fire. Bently 

and Fenner concluded that a fire soon after maturity and drying of 

the grasses would have the greatest effect in reducing stands of 

annual grasses. 

Using the ideas of Bently and Fenner (1958) on fire temperatures, 

Wright and Klemmedson (1965) devised a combustion chamber in which 

individual bunchgrasses of Sandberg bluegrass (Poa secunda Presl.), 

squirreltail (Sitanion hystrix (Nutt.) J, G. Smith), needle-and-

thread (Stipa com.ata Trin. and Rupr.), and Thurber needlegrass 

(Stipa thurberlana Piper) could be burned at different temperatures. 

They found that the difference in vegetational responses between 

maximum soil surface temperatures of 200° and 400° F was apparent 

only for small Thurber needlegrass plants burned in June. The season 

of the burn was the primary determinant of the damage done to the 

individual species of this Idaho range. 

According to Bryan (1958), "The quantity of heat required to 

raise the temperature of living vegetation up the lethal temperature 

is directly proportional to the difference between this temperature 

and the initial vegetation temperature . . . hence, fires of equal 

intensity are much more damaging on hot days than on cool days." 
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This principle may account for greater damages inflicted on the 

relatively fire resistant squirreltail during a July burn when air 

temperatures were high and relative humidities were low. Wright 

and Klemmedson (1965) believed that higher initial plant temperatures 

were responsible for the increased damages to the grasses. 

It is apparent that the results of burning experiments have 

been quite variable. Often conflicting results have been reported 

for the same area or species. It appears that many factors may 

influence the effect that a fire will have on the vegetation. Some 

of these factors are; (1) individual species colcrances, (2) soil 

and root crovr- moisture at the time of hum, (3) r̂aount of fuel 

present, (4) climatic conditions during ar.d following the burr., (5) 

fire temperature and intensity, (6) season or physiological condition 

of the plants at the tirae of burn, and (7) management after the burn. 



CHAPTER III 

EXPERIMENTAL AREA, CONDITIONS, METHODS, 
AND PROCEDURES 

The study was conducted at the Texas Technological College 

Research Farm during 1965 and 1966. The farm is located near 

Pantex, Carson County, Texas, approximately 15 miles northeast of 

Amarillo. 

Climatic Conditions 

Climatic conditions in this area of the High Plains of Texas 

are quite variable. Summer temperatures may exceed 100^ F, whereas 

readings of below zero are sometimes recorded during the winter. 

Diurnal temperature variations of 30° to 40° are common. The average 

frost free period is 180-days (Lotspeich and Everhart, 1962). 

Most of the total precipitation comes in the form of rainfall 

during the growing season from May through October (Lotspeich and 

Everhart, 1962). Rainfall generally occurs from thunderstorms of 

short duration, lasting one or two hours. These storms may produce 

from a trace up to an inch of precipitation with occasional storms 

producing over two inches. 

The 69-year average annual precipitation recorded at the 

Amarillo Weather Station is 20.76 inches (Jensen and Hildreth, 1962). 

Hov/ever, the pattern of rainfall, the high wind velocities, and the 

high evaporation rates tend to reduce the amount of effective precipitation 

12 
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(Lotspeich and Everhart, 1962). 

Total precipitation recorded at the Texas Technological 

College Research Farm in 1965 and 1966 was 19.21 and 13.46 inches, 

respectively. Total annual precipitation was below normal for both 

years. Monthly precipitation records are presented in Table 1. 

Experimental Area 

The experimental area (Figure 1) was located on an abandoned 

field that was in an advanced stage of secondary succession. This 

field had been cultivated until 1960. It was then seeded with blue 

grama and buffalograss and reclaimed for pasture land. It has been 

grazed by cattle since the grass seeding. 

The soil was a relatively uniform Pullman silty clay loam. 

The Pullman series is described by Jacquot (1962) as consisting of 

dark, grayish-broT;Nm, deep, loamy, slowly permeable soils that have 

a dark-brown clay subsoil. These soils formed from fine-textured, 

calcareous sediments that probably originated from loess or other 

wind-blown materials. These soils are highly productive and most 

of them are under cultivation (Jacquot, 1962). The topography on 

the experimental site has slight relief from 1 to 3%. 

Vegetation on the experimental site was similar to that often 

found on poor to fair quality ranges of the Texas High Plains. The 

area had a cover of perennial grasses, primarily blue grama, sand 

dropseed, tumble windmillgrass, buffalograss, red threeawn, tumble-

grass (Schedonnardus paniculatus (Nutt.) Trel.), and gummy lovegrass 

(Eragrostis curtipedicellata Buckl.). The important annual forbs were 
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Figure 1. General view of the experimental area and plot 
locations. 

... 
-···· '· 
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kochia, (Kochia scoparia (L.) Schrad.) and dyssodia (Dyssodia 

papposa (Vent.) Hitchc). Blue grama, buffalograss, western wheat-

grass and sideoats grama (Bouteloua curtipendula (Michx.) Torr.) are 

considered climax for this particular site (Jacquot, 1962). 

Methods and Procedures 

During the summer of 1965, six adjacent 100 x 50 ft plots 

were established. Fire lanes were constructed around the periphery 

of each plot. The area was fenced to exclude livestock. 

Ten 9.6 ft^ permanent quadrats were located along a transect 

through the center of each treatment plot (Figure 2). These quadrats 

were subdivided into 4 equal 2.4 ft^ subplots, making a total of 40 

subplots per plot. 

Vegetation within each of the subplots was mapped (Figure 3). 

In addition, 25 plants of blue grama, sand dropseed, tumble windmill

grass, and red threeawn were selected from the subplots in each 100 x 

50 ft plot for individual study. 

Measurements of the average and maximum height, the root 

crown diameter in two directions, the root crown circumference, and 

the number of seedstalks produced were taken on each of the 25 plants 

per plot for blue grama, sand dropseed, and red threeavm. Measurements 

of the root crown diameter in two directions, the root crown circum

ference, and ten leaf lengths were taken on each of the 25 plants 

per plot for tumble windmillgrass. Leaves used in the measurements 

were selected at random. Plant attribute measurements as well as 

forage production were used as indicators of species vigor. 



Figure 2. Vie\v shmving a trans ec t of quadrats th rough the 
cent e r of a 100 x 50 ft plot. 

Figure 3 . Map of the vege t ation in 1 subplot. 
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Average and maximum heights, leaf lengths, and root crox̂ Ti 

diameters were measured in centimeters. Measurements of circum

ferences (Figure 4) were accomplished by wrapping a fine wire around 

the root crowns and then measuring the length of the wire. Plants 

for individual study must have produced at least one seedstalk 

to be included in the measurements. All measurem.ents were made 

during the late summer and early fall of 1965 prior to burning and 

again after completion of burning in 1966. 

Each of the six plots under study constituted a burning treat

ment (Figure 5). Two plots were burned in the fall of 1965; one 

with and the other against the wind. Two plots were burned in the 

spring of 1966; one with and the other against the wind. One plot 

was burned with the wind in the summer of 1966. The remaining plot 

was not burned and served as the control. Plot treatments were 

randomly assigned. 

Soil moisture conditions one day prior to each burning treat

ment were sampled at five locations within the plots to be burned. 

Sampling was done at depths of 0-1, 1-2, 2-3, 12, and 24 inches from 

the soil surface. The gravimetric method of determining soil 

moisture was employed. 

Soil moisture conditions within adjacent fall burned plot and 

unburned plot were sampled at the 0-1, 1-2, 2-3, 12, and 24 inch 

depths in early April to determ.ine if fall burning had affected soil 

moisture accumulation during the winter months. 

Soil moisture conditions during the 1966 growing season within 

adjacent fall burned and unbumed plots, plots 3 and 2 respectively, 



.. 

Figure 4. Meas urement of a root crown circumference on 
a clump of blue grama • 
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Fire Lanes 

Fire Lanes 

Figure 5. Plot arrangement of the burning treatments 
plot number corresponds to the treatment listed below. 

1. Spring bum - against wind 

2. Unbumed control 

3. Fall bum - with wind 

The 

4. Spring bum - with wind 

5. Fall burn - against wind 

6. Summer burn - with wind 
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were measured using the method described by Bouyoucos and Mick 

(1940). Bouyoucos moisture blocks were installed along transects 

in each plot during the early spring of 1966. Five moisture blocks 

were located at a 6 inch depth along each transect. Moisture readings, 

using a Bouyoucos moisture meter which indicates percent of available 

moisture, were taken at various intervals during the growing season. 

Climatic data during the time of the burn were obtained from 

the AiTtarillo Weather Station, USDC, Amarillo, Texas. 

Fire maximum temperatures were measured using a modification 

of the technique developed by Bently and Fenner (1958) . Pyrom.etric 

crayon marks ranging from 125° to 1800° F were placed on rectangular 

pieces of asbestos housing shinges (Figure 6). Ten of these sim.ple 

fusion pyrometers were placed in clumps of blue grama within each 

burning treatment. Maximum temperature attained within each clump 

was determined by visually selecting the highest temperature mark 

that fused and changed color. 

Forage production for each treatment was determined at the 

end of the 1966 growing season. A method of double sampling of 

ranked plots was used (Mclntyre, 1952). Estimates of green weight? 

of species occurring within twenty 2.4 ft^ plots per treatment were 

made. Sampling was within 10% of the mean. 

Four of the estimated plots from each treatment were selected 

at random and clipped. These samples were oven-dried at 140° to 

160° F to a constant weight. A regression analysis of actual green 

weights (Y) on estimated green weights (X) was used to correct all 

estimated weights (Cook, 1962). 
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Figure 6 . Fusion pyromete r s used to measure maximum fire 
t emperature in cl umps of blue gr ama . Various pyrometric crayon 
t emp er a ture marks were placed on pieces of asbestos hous ing shingl e . 
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Soil moisture and forage production data were statistically 

analyzed by analysis of variance, following procedures outlined by 

Steel and Torrie (1960). Analysis of variance tables are presented 

in Appendices A through D. 

Statistical analysis of the plant attribute data were 

accom.plished by using a Type I and III analysis of variance as 

described by Lindquist (1953). Data analysis were done on an IBM 

7040 computer using a statistical program developed by Spiker (1965) 

Analysis of variance tables appear in Appendices E through K. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Conditions at the Time of Burning 

Climatic conditions at the time of each bum are listed in 

Table 2. All burning was done in the early morning or late evening 

hours when wind velocities were not exceedingly high. Figure 7 

is a view of a plot being burned with the wind. 

In general, air temperatures, dew points, and relative 

humidities were lowest during the time of the fall bums and highest 

during the summer burn. The lowest wind velocity was recorded at 

the time of the fall bum with the wind and the spring burn against 

the wind, while the highest velocity was recorded during the spring 

bum with the wind (Table 2). 

The time required to completely bum over the 100 x 50 ft 

plots varied from 1.5 to 24.0 minutes. The time required to bum 

plots with the wind varied from 1.5 to 3.0 minutes, while the time 

required to bum plots against the wind varied from 20 to 24 minutes 

(Table 2). 

Maximum fire temperatures within 10 clumps of blue grama were 

recorded during each burning treatment. However, the temperatures 

during the fall burns usually exceeded the 1000° F pyrometers, and 

are not reported. 

Maximum fire temperatures during the spring bums and summer 

24 



Table 2. Climatic conditions, dates of burning, and time required to burn 100 x 50 foot plots by burning 
treatments.l 

Burning 
Treatment 

Fall burn 

Date of 
Burn 

against wind 12/6/65 

Fall burn 
with wind 12/6/65 

Spring burn 
against wind 4/12/66 

Spring burn 
with wind 4/9/66 

Summer burn 
with wind 7/19/66 

Unburned 
control 

Air Temperature 
(OF) 

50 

38 

69 

45 

80 

Dew· Point 
(OF) 

16 

17 

33 

30 

59 

Relative Humidity 
(%) 

25 

41 

26 

56 

48 

Wind Velocity 
(miles per hour) 

13 

7 

7 

18 

13 

Time Required 
to Burn Plot 
(}'linutes) 

24.0 

1.5 

20.0 

1.5 

3.0 

lclimatic data taken from records of the Amarillo Weather Station, USDC, Amarillo, Texas. 
N 
\.11 



Figure 7. View of a plot being burne d with the wind. 
Backfiri~g and fire guards were used to contain the fire t o a 
single plot . 

26 
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burned ranged from 500 to 1800 F. The fusion pyrometers measured 

temperatures to 1800 , and it is possible that higher temperatures 

were obtained. The pyrometers may also have recorded flame tempera

tures, as the pyrometric crayon marks were exposed. Smoke damage 

to the pyrometers often obscured the pyrometric crayon marks, which 

may have caused some erroneous readings. 

Average maximum temperatures obtained during the spring and 

summer burns are reported in Table 3. Plots burned with the wind 

had higher temperatures than the plot burned against the wind. The 

highest wind velocity recorded during the spring burn with the wind 

may have been responsible for the highest recorded fire temperatures. 

Table 3. Average maximum fire temperatures in degrees Fahrenheit 
within 10 clumps of blue grama by burning treatm.ents. 

Spring Burn Summer Burn Spring Burn 
With Wind With Wind Against Wind 

1335 1275 935 

There were no significant differences (P>0.05) in the soil 

moisture percentages between the 4 burning treatments at the time 

of the fall and spring burns. Moisture percentages increased with 

increases of sampling depths, until the 24 inch depth was reached 

(Table 4). Moisture differences (P< 0.01) between sampling depths 

were expected, and there was no treatment by depth interaction. 

As indicated by soil moisture percentages (Table 4), dry 
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Table 4. Average s o i l moisture percentages at the time of the f a i l 
and spr ing bums at 5 depths of sampling. 

Depths 
Sampli 
in inc 

0-1 

1-2 

2-3 

12 

24 

of 
î g 
hes 

Fall Bum 
Against 

4.7 

6.2 

6.9 

11.9 

10.7 

Wind 

Treatments in 
Percent 

Fall Burn 
With Wind 

4.8 

7.0 

9.2 

10.3 

11.1 

Moisture 

Spring Burn 
Against Wind 

2.6 

5.9 

7.1 

11.3 

10.2 

Spring Burn 
With Wind 

4.3 

6.8 

8.1 

11.7 

10.5 

T o t a l 40 .4 42 .4 3 7 . 1 41 .4 
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conditions prevailed at the time of the spring and fall bums. Since 

the differences in soil moisture percentages between these 4 treat

ments were not significant, the responses of the vegetation to the 

seasons and directions of burning must be attributed to factors other 

than soil moisture. 

Soil Moisture Conditions During the 
1966 Growing Season 

It was noted that winter snowfall was blown from fall burned 

plots. The unbumed plots had dormant plants and litter on them 

that accumulated the snow (Figure 8). Winter snow accumulations 

resulted in an unburned plot having higher (P<0.01) spring moisture 

percentages than an adjacent fall burned plot. Soil moisture 

increased with increases in sampling depth until the 24 inch depth 

was reached. Moisture percentages in the burned plot slightly 

exceeded those of the unbumed plot at the 24 inch depth. 

More favorable soil moisture conditions found in the unburned 

plots may have been responsible for the earlier spring growth of 

plants within these plots. A comparison of the available soil moisture 

at a 6 inch depth in the unbumed control plot and the adjacent 

fall burned plot with the wind showed that the unburned plot had 

higher moisture percentages during June (Figure 9). After plants 

began active growth, moisture percentages in both plots became more 

similar. The slightly lower moisture percentages in the unburned 

plot during July, August, and September may have resulted from increased 

plant transpiration and increased plant and litter interception of 

rainfall. Rainfall during these months usually came as light 
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Figure 8. Winter snowfall was blown from fall burned plots, 
but was retained on unburned plots . 
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Figure 9. Available soil moisture at a 6 inch depth in the unburned control plot 
and the fall burned with the wind plot during tne 1966 growing season. 
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t h u n d e r s h o w e r s . 

E f f e c t s of Burning on Forage P roduc t ion 

Forage p r o d u c t i o n was sampled from each t r e a t m e n t p l o t a t t h e 

end of t h e 1966 growing s e a s o n . An a n a l y s i s of v a r i a n c e showed t h a t 

b u r n i n g had no s i g n i f i c a n t e f f e c t ( P > 0 . 0 5 ) on t he amount of fo rage 

produced by b l u e grama—buff a l o g r a s s and o t h e r g r a s s e s — f o r b s . These 

2 s p e c i e s c a t e g o r i e s produced s i m i l a r amounts of f o r a g e . The b u r n i n g 

t r e a t m e n t s d i d , however , s i g n i f i c a n t l y e f f e c t ( P < 0 . 0 1 ) t o t a l forage 

p r o d u c t i o n . 

A Duncan 's new m u l t i p l e range t e s t showed t h a t t h e unbumed 

c o n t r o l p l o t produced s i g n i f i c a n t l y more t o t a l forage than any burned 

p l o t (Table 5 ) . The p l o t burned w i t h t he wind i n t h e f a l l produced more 

t o t a l f o r age than d id t h e p l o t burned a g a i n s t t h e wind i n t he f a l l . 

Bu t , t he p l o t burned a g a i n s t the wind in t h e s p r i n g produced more t o t a l 

f o r age t han d id t h e p l o t burned wi th the wind in the s p r i n g . V i s u a l 

d i f f e r e n c e s in fo rage p r o d u c t i o n on burned and unburned p l o t s were 

e v i d e n t ( F i g u r e 1 0 ) . 

Table 5 . Average 1966 o v e n - d r i e d forage y i e l d s ( l b s / a c r e ) from 6 
b u r n i n g t r e a t m e n t s . 1 

Unburned Spr ing Bum F a l l Burn Spr ing Burn F a l l Burn Summer Bum 
C o n t r o l Aga ins t Wind With Wind With Wind Agains t Wind With Wind 

1384 1078 1026 946 938 916 

J-Means above a common l i n e a r e not s i g n i f i c a n t l y d i f f e r e n t from 
each o t h e r ( P < 0 . 0 5 ) . 
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Figure 10. Visual differences in the amount of total forage 
produced by the spring burned plot against the wind, on the left, 
and the unburned control plot, on the right . The unburned control 
plot produced .more forage than any burned plot . Photograph was 
taken at the end of the 1966 growi~g season . 

' ( 

·.";·· '•, 
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The spring and summier bums with the wind produced less (P<0.05) 

total forage than the spring bum against the wind. The spring and 

sunimer bums with the wind also had higher fire temperatures than 

did the spring bum against the wind. This indicates that higher fire 

temperatures may have caused a greater reduction in the amount of 

forage produced. 

When burning directions during the fall and spring were combined, 

I found that the spring bums had slightly greater forage yields than 

did the fall bums. These results were similar to those reported by 

Aldous (1934) and Anderson (1964), but were not in agreement with 

the findings of Hopkins et al. (1948). It is possible that spring 

burned plots produced more total forage than fall burned plots because 

spring burned plots accumulated more soil moisture during the winter. 

Effects of Burning on Plant Attributes 

Plant attribute data were analyzed using a Type I and III 

"mixed" design as described by Lindquist (1953). The "mixed" design 

may be regarded as combinations of simple-randomized and factorial 

designs. In this design, some of the treatment comparisons are inter-

subject comparisons and some are intra-subject comparisons. Subjects 

in my experiment refer to an individual plant attribute. Although 

some precision is sacrificed, differences between individual plants 

are controlled. 

In this experiment, the effect due to climatic differences 

between the 2-years was administered to all plants within the 6 

burning treatments. The 6 burning treatments were randomly assigned 
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to portions of this total sampled population. The error term was 

divided into between error and within error. The between error was 

composed of differences between burning treatments, species, and 

species by burning treatments interaction. The within error was 

composed of differences between the 2-years of measurements and 

interactions of burning treatments by years, species by years, and 

species by burning treatments by years. 

Analyses of variance showed that the 6 burning treatments had 

highly significant effects (P<0.01) on the average and maximum 

heights, and the number of seedstalks produced by red threeax'/n, blue 

grama, and sand dropseed. The burning treatments did not have signifi

cant effects (F>0.05) on root crown diameters and circumferences of 

red threeawn, blue grama, sand dropseed, and tumble windmillgrass. 

These analyses indicated that plant heights show greater responses 

to treatments than do basal areas of plants. 

Analyses of variance shov;ed highly significant differences 

(P<0.01) between the species and between the 2-years of measurements 

for all plant attributes measured. The difference between the 

species was expected. The difference between the 2-years was partially 

due to climatic differences and partially due to burning treatments 

themselves. Yearly and burning treatment effects could not be 

separated. 

Variance analyses showed that the two-factor interactions and 

the three-factor interaction for most plant attribute measurements were 

highly significant (P<0.01). The species by burning treatments 

interaction for average and maximum heights of red threeawn, blue grama, 
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and sand dropseed was the only insignificant (P<0.05) interaction. 

The significance of these interactions indicated that the species 

under study might react differently to burning treatments in other 

years. Multiple comparison tests of burning treatment means for 

the various plant attributes were not performed. However, comparisons 

of burning treatment means with the unbumed control means were 

used in data interpretation. I limited the discussion of the results 

to the 1-year burning influences and possible trends which might 

be occurring. 

Root Crown Diameters 

The average root crown diameters of red threeawn, blue grama, 

and sand dropseed increased between 1965 and 1966 regardless of treat

ment. Red threea;\m showed the greatest percentage increase, while sand 

dropseed showed the least percentage increase. The average root 

crown diameters of tumble windmillgrass decreased between 1965 and 

1966, with the exception of the spring burn with the wind treatment. 

It appeared that all burnings caused slight increases above 

the increases of the unbumed control in the average root crown 

diameters of red threeawn (Table 6). There were little differences 

between direction of burning or seasons of burning in stimulating 

these increases. 

With the exception of the spring burned plot against the wind, 

average root crown diameters of blue grama increased more in the 

burned plots than in the unbumed control plot (Table 6). Little 

differences could be detected between the directions or seasons of 
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Table 6. Average percentage increase or decrease-*- between 1965 and 
1966 in the root croi-m diameters of 4 species within 6 
burning treatments. 

Fall Burn Fall Bum Spring Burn Spring Bum Summer Burn 
Control Against Wind With Wind Against Wind With Wind With Wind 

Red Threeawn 

6.4 27.1 18.0 13.6 28.0 29.0 

Blue Grama 

12.7 15.7 19.8 9.2 17.2 13.8 

Sand Dropseed 

11.1 7.2 2.0 6.0 3.8 13.0 

Tumble Windmillgrass 

-42.8 -28.2 -19.8 -8.2 20.0 -15.2 

^Decreases are indicated by a minus sign. 
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burning. 

Neither the seasons nor the directions of burning had any 

great influence on the average root crown diameter increases of sand 

dropseed (Table 6) . The summer bum with the wind was the only buming 

treatment to have a larger diameter increase than the unbumed control. 

Average root crown diameters of tumble windmillgrass decreased 

more on the unbumed plot than on any burned plot (Table 6) . Buming 

appeared to prevent natural decreases in the root crown diameters of 

this species. The fall burned plots had greater diameter decreases 

than the spring burned plots or the summer burned plot. Plots burned 

against the wind in the spring and fall had greater diameter decreases 

than those bumed with the wind. This may have resulted from a more 

complete root crown bum caused by burning against the wind. 

Root Crox̂ m Circumferences 

In general, results similar to those of the root crown diameter 

measurements were also found for the root crown circumference measure

ments. The average root crown circumferences of red threeawn, blue 

grama, and sand dropseed increased between 1965 and 1966 regardless 

of treatment. Red threeawn showed the greatest percentage increase, 

while sand dropseed showed the least percentage increase. The average 

root crown circumferences of tumble windmillgrass decreased between 

1965 and 1966, with the exception of the spring bum with the wind 

treatment. 

All burnings appeared to stimulate increases of the average 
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root crown circumferences of red threeawn (Table 7). There were 

little differences between the seasons or directions of buming in 

stimulating these increases. 

It appeared that bumings had little influence on root crown 

circumference increases in blue grama (Table 7). 

Evidently buming damaged the root crown circumferences of 

sand dropseed. The control plot had a greater percentage increase 

in root crown circumferences than any burned plot (Table 7). Plots 

bumed during the spring had smaller increases in circumferences than 

plots bumed during the fall and summer. Plots bumed with the wind 

in the fall and spring had smaller increases in circumferences than 

plots burned against the wind. 

Buming appeared to prevent natural decreases in the root 

crown circumferences of tumble windmillgrass. The greatest percentage 

decrease in root crown circumferences of this species was found in 

the unbumed control plot (Table 7) . Root crown circumferences increased 

in the plot bumed during the spring with the wind. Burnings in the 

fall had greater decreases than bumings in the spring. Greater 

decreases were found in plots burned against the wind during the fall 

and spring than in the plots burned with the wind. This may have 

resulted from a more complete root crown bum in plots bumed against 

the wind. 

Average and Maximum Heights 

In general, average height measurem.ents followed the same trend 

as maximum height measurements. The average and maximum heights of 
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Table 7. Average percentage increase or decrease^ between 1965 and 1966 
in the root crown circumferences of 4 species within 6 burning 
treatments. 

Fall Bum Fall Burn Spring Burn Spring Burn Summer Burn 
Control Against Wind With Wind Against Wind With Wind With Wind 

Red Threeawn 

15.8 30.9 25.3 20.9 31.1 28.1 

Blue Grama 

12.1 12.0 15.3 10.0 12.8 12.1 

Sand Dropseed 

19.0 10.9 6 .1 8.2 3.5 10.1 

Tumble Windmillgrass 

- 4 4 . 5 -28 .5 -15 .9 - 0 . 7 25.4 -10 .4 

•^-Decreases are i nd i ca t ed by a minus s ign . 
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red threeax>m, blue grama, and sand dropseed decreased between 1965 

and 1966 regardless of treatment. All burnings further reduced the 

heights of these 3 species. These results were similar to those 

reported by Launchbaugh (1964). Launchbaugh found that a spring bum 

in Kansas resulted in decreased heights of blue grama, buffalograss, 

and western wheatgrass. 

The sunmier buming treatment had the greatest effect in reducing 

the average and m̂ aximum heights of red threeawn (Table 8). Fall 

buming caused greater height reductions in this species than did 

spring buming; and, plots bumed with the wind in the fall and 

spring had greater height reductions than plots bumed against the 

wind. Higher fire temperatures in plots bumed with the wind may 

have caused this reaction to buming directions. 

The average and maximum heights of blue grama were less affected 

by bumings than were the heights of red threeawn and sand dropseed 

(Table 8) . The seasons and directions of burning appeared to have 

small influences on height reductions of blue grama. 

Spring buming reduced the average and maximum heights of sand 

dropseed more than did fall or summer burning (Table 8) . The direction 

of buming during the fall and spring had little influence on height 

reductions. 

Seedstalk Production 

The average number of seedstalks produced by blue grama in 

1966 was greater than the average number produced in 1965 regardless 

of treatment. In most treatments, the average numbers of seedstalks 



Table 8. Average percentage decrease between 1965 and 1966 in the average and maximum 
heights of 3 species within 6 burning treatments. 

Avg Height 
Max Height 

Avg Height 
Max Height 

Avg Height 
Max Height 

Control 

-24.5 
-23.4 

- 2.9 
- 3. 3 

-20.5 
- 5.2 

Fall Burn 
Against Wind 

-37.5 
-29.7 

- 7.7 
-11.5 

-46.2 
-36.0 

Fall Burn 
With Wind 

Spring Burn 
Against Wind 

Red Threeawn 

-42.9 -29.9 
-36.8 -29.1 

Blue Grama 

-11.9 -10.4 
-11.8 -13.4 

Sand Dropseed 

-45.6 -54.1 
-37.5 -48.9 

Spring Burn 
With Wind 

-36.7 
-31.0 

- 4.7 
- 9.0 

-53.5 
-46.1 

Summer Burn 
With Wind 

-51.2 
-43.8 

-15.4 
-14.9 

-47.3 
-41.8 

~ 
N 
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r. 
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produced by red threea\im and sand dropseed in 1966 were l e s s than 

the number produced in 1965. I t appeared tha t buming s t imula ted 

s e e d s t a l k production of b lue grama, but e i t h e r hindered or had l i t t l e 

e f f ec t on s eeds t a lk product ion of red threeawn and sand dropseed. 

When compared with the unburned con t ro l , reduct ions in the 

numbers of s eeds t a lk s produced by red threea^Nm were g r e a t e s t in the 

summer bumed p l o t with the wind (Table 9 ) . I t appeared tha t o ther 

buming t rea tments r e ta rded or had l i t t l e inf luence on the decrease 

in s e e d s t a l k product ion between 1965 and 1966. The season of buming 

inf luenced s e e d s t a l k product ion of red threeawn, with the sumimer burn 

having the g r e a t e s t i n f luence , followed by the spring and f a l l b u m s . 

Burning d i r e c t i o n s appeared to have i n s i g n i f i c a n t e f fec t s on seeds ta lk 

product ion in t h i s s p e c i e s . 

Seeds ta lk numbers of b lue grama increased more between 1965 

and 1966 in a l l bumed p l o t s than in the unburned cont ro l p lo t (Table 9) 

In gene ra l , f a l l burned p l o t s had g rea t e r percentage increases a f t e r 

b u m i n g than did the spr ing or summer bumed p l o t s . The d i r ec t i on of 

buming had no s i g n i f i c a n t inf luence on blue grama seeds ta lk product ion. 

The reason for the inc rease in blue grama seeds ta lk numbers 

a f t e r buming i s not known. Several researchers have repor ted increases 

in flower s t a l k product ion a f t e r burning for some species but not for 

o the r s (Ehrenreich, 1959; Ehrenreich and Aikman, 1963; and Dix and 

B u t l e r , 1954). Ehrenreich and Aikman (1963) bel ieved tha t an inc rease 

of he igh t and number of flower s t a l k s a f t e r buming was probably due 

to the increased growth r a t e of p l an t s in the spr ing which would allow 

the p l a n t s to produce more carbohydra tes . The g rea te r supply of 
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Table 9. Average percentage increase or decrease^ in seedstalk 
numbers between 1965 and 1966 of 3 species within 6 
burning treatments. 

Fall Bum Fall Burn Spring Burn Spring Bum Summer Burn 
Control Against Wind With Wind Against Wind With Wind With Wind 

Red Threeawn 

-65.2 -22.4 -24.8 -69.5 -38.6 -72.8 

Blue Grama 

1.9 22.6 35.4 32.3 19.1 14.8 

Sand Dropseed 

23.0 -32 .3 18.2 -28.5 -19.2 -21.0 

•^•Decreases are i nd i ca t ed by a minus s ign . 
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carbohydrates possibly induced the differentiation and growth of 

flowering stalks. 

The greater production of seedstalks by blue grama after burning 

is probably a survival mechanism for this species. But in my experi

ment, the spring growth of plants was injured or retarded by buming. 

The plants on the bumed plots were also of shorter heights, similar 

to those in the study reported by Launchbaugh (1964). Therefore, 

greater carbohydrate availability probably was not the cause for the 

greater number of seedstalks produced by blue grama after buming. 

Seedstalk production of sand dropseed increased in 1966 in 

the unbumed control plot and the fall bumed plot with the wind 

(Table 9). In all other treatment plots, seedstalk numbers were 

reduced after buming. Spring buming seemed to be more detrimental 

to seedstalk production of sand dropseed than either sum.mer or fall 

buming. The direction of buming again appeared to have insignificant 

influences. 

Tumble Windmillgrass Leaf Lengths 

The average leaf lengths of tumble windmillgrass decreased 

between 1965 and 1966 in all treatments (Table 10). The fall burns 

were the only burning treatments to have decreases greater than the 

decreases of the unbumed control. All other burning treatments had 

decreased leaf lengths similar to or less than those found in the 

unburned control. 

Significance of Results 

The average and maximum, heights of the species under study 
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were more affected by burning than were the basal areas of the plants 

This probably reflects the fact that more time is required for basal 

area changes than for plant height changes. Lowered total forage 

production within the bumed plots probably resulted from the reduc

tions of plant heights. 

Table 10. Average percentage decrease between 1965 and 1966 in average 
leaf lengths of Tumble Windmillgrass within 6 buming 
treatments. 

Fall Bum Fall Bum Spring Burn Spring Burn Summer Burn 
Control Against Wind With Wind Against Wind With Wind With Wind 

-63.3 -68.4 -70.7 -62.7 -58.2 -63.1 

When 3 species attribute measurements within the 6 treatment 

plots were ranked from most desirable (6) to most undesirable (1) 

with the intention of maintaining or improving the vigor of blue 

grama while reducing the vigor of red threeawn and sand dropseed, 

I found that the spring and fall bumed plots with the wind had the 

better results (Table 11). Evidently, blue grama was more tolerant 

of high fire temperatures than were red threeawn and sand dropseed. 

The unbumed control plot favored the vigor of the 2 less desirable 

species at the expense of the more desirable blue grama. 

This indicated to me that fire may have a definite position 

in the management of Texas High Plains ranges similar to the range 

in this study. If the processes of secondary succession can be 

hastened by using controlled buming, the loss of some available 

forage would be compensated for by decreasing the time required for 



Table 11. Plant attribute changes (1965-1966) ranked from most desirable (6) to most undesirable 
(1) for 3 species within 6 burning treatments. 

Control 

Diameters 6 
Circumferences 6 
Avg Height 1 
Max Height 1 
Seeds talks 4 

Total 18 

Diameters 2 
Circumferences 3 
Avg Height 6 
Max Height 6 
Seedsta1ks 1 

Total 18 

Fall Burn 
Against Wind 

3 
2 
4 
2 
1 

12* 

5 
2 
4 
4 
4 

19 

Fall Burn 
With Wind 

Red Th reeawn 

4 
4 
5 
5 
2 

20 

Blue Grama 

4 
6 
2 
3 
6 

21 

Spring Burn 
Against Wind 

5 
5 
2 
3 
5 

20 

1 
1 
3 
2 
5 

12 

Spring Burn 
With Wind 

2 
1 
3 
4 
3 

13 

6 
5 
5 
5 
3 

24** 

Summer Burn 
With Wind 

1 
3 
6 
6 
6 

22** 

3 
4 
1 
1 
2 

11* 
J::-. 
-....J 



Table 11--Continued 

Diameters 2 3 
Circumferences 1 2 
Avg Height 1 3 
Max Height 1 2 
Seeds talks 1 6 

Total 6* 16 

Grand Total 42* 47 

**Indicates most desirable changes. 

*Indicates most undesirable changes. 

Sand Dropseed 

6 4 
5 4 
2 6 
3 6 
.... 5 ~-

18 25** 

59 57 

5 
6 
5 
5 
3 

24 

61** 

1 
3 
4 
4 
4 

16 

49 

~ 
00 

~ 
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the range to become climax. 

When plant vigor, total forage production, winter moisture 

accumulation, and soil erosion are the criteria under consideration, 

I believe that spring buming with the wind would give the most 

desirable results. 

Suggestions for Future Investigators 

For future investigators who may be working on similar projects 

or ranges, I suggest: 

1. Studies of this nature should be conducted on other locations 

and should include more than 1-year*s data after buming. 

2. A more accurate instrument for measuring fire temperatures 

should be used. 

3. Nutrient analysis should be performed on the plant ashes, 

and on burned and unburned plants of several species at 

various growth stages. 

4. Physiological studies should be undertaken to determine 

why buming has such an influence on seedstalk production. 

5. Since measurements of root crown diameters, in 2 directions, 

and root crown circumferences of the 4 species under study 

gave similar results, I suggest that only one of these 

attributes be measured. 

6. Measurements of average and naximum plant heights of 3 

of the species also gave similar results, so, one of 

these variables could be eliminated thereby shortening 

the time required in collecting field data. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

This study was conducted to determine the effect of seasons 

and directions of buming on a native range of the Texas High Plains. 

I found: 

1. Fall burning significantly reduced winter soil moisture 

accumulation. Snow was blown from fall bumed plots, 

but was accumulated in unbumed plots. 

2. Soil moisture at the time of the fall and spring burnings 

was similar; therefore, the vegetative responses to 

different burning seasons must be attributed to factors 

other than soil moisture. 

3. Soil moisture percentages at a 6 inch depth were greater 

in June in the unburned control plot than in the fall 

bumed plot with the wind. During July, August, and 

September, soil moisture percentages x-zere more similar 

in both plots. 

4. Fall, spring, and summer burns significantly reduced 

total forage production. 

5. Plots bumed with the wind in the spring and summer had 

higher maximum fire temperatures than the spring burned 

plot against the wind. 

6. The highest recorded wind velocity during the time of the 

spring burn with the wind was probably responsible for 

50 
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the highest recorded maximum fire temperatures. 

7. Evidently, blue grama was more tolerant of higher fire 

temperatures than were red threeawn and sand dropseed. 

8. There were highly significant differences between the 

buming treatments for attribute measurements of average 

and maximum heights, and the number of seedstalks produced 

by red threeawn, blue grama, and sand dropseed. 

9. There were no significant differences between the buming 

treatments for measurements of root crown diameters and 

circumferences of red threeax^n, blue grama, sand dropseed, 

and tumble windmillgrass. 

10. Each of the 4 species under study reacted differently to 

the burning treatments. 

11. The significant interaction of species by buming treat

ments by years for all plant vigor measurements indicated 

that these 4 species might react differently to burning 

treatments in other years. 

12. The vigor of blue grama was maintained or improved by 

spring and fall bumings with the wind. 

13. The vigor of red threeawn and sand dropseed was greater in 

the unburned control plot and the fall bumed plot against 

the wind than in the spring and fall burned plots that were 

burned with the wind. 

14. Burning may possibly be used on some Texas High Plains range-

lands as an agent for range improvement by reducing the 

vigor of red threeawn, sand dropseed, and tumble windmillgrass 
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while not seriously harming, and possibly improving, 

the vigor of the more desirable blue grama. 
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A n a l y s i s of Var iance of S o i l Mois ture a t the Time of t he 
F a l l and Spr ing Burns a t 5 Sampling Depths . 

Source of 
V a r i a t i o n 

Degrees of Sums of 
Freedom Squares 

Mean 
Squares F - R a t i o s 

Bum T r e a t . 

Depths 

Bum T r e a t , x Depths 

E r r o r 

T o t a l 

3 

4 

12 

80 

99 

15.35 

709.51 

29.80 

469 .81 

1224.47 

5.12 

177.38 

2 .48 

5.87 

0.87 

30.22** 

0.40 

**Highly s i g n i f i c a n t d i f f e r e n c e ( P < 0 . 0 1 ) . 

APPENDIX B: A n a l y s i s of Var iance of S o i l Mois ture P e r c e n t a g e s a t t h e 
b e g i n n i n g of t h e 1966 Growing Season i n an Unbumed P l o t 
and Adjacent F a l l Burned P l o t a t 5 Sampling Depths . 

Source of 
V a r i a t i o n 

Bum T r e a t . 

Depths 

Bum T r e a t , x Depths 

E r r o r 

T o t a l 

Degrees of 
Freedom 

1 

4 

4 

40 

49 

Sums of 
Squares 

11.36 

424.86 

7.04 

48.77 

492.03 

Mean 
Squares 

11.36 

106.22 

1.76 

1.22 

F-RatiOS 

9.31** 

87.07** 

1.44 

**Highly s i g n i f i c a n t d i f f e r e n c e ( P < 0 . 0 1 ) . 
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APPENDIX C: Analysis of Variance of 1966 Forage Yields from 2 Species 
Categories Within 6 Buming Treatments. 

Source of 
Variation Freedom 

Bum Treat. 

Species Categories 

Bum Treat, x Species 
Categories 

Error 

Total 

228 

239 

Sums of 
Squares 

975 

8 

1976 

3090 

36049 

Mean 
Squares 

195 

8 

395 

145 

F - R a t i o s 

1.34 

0 .00 

2 .72* 

*Significant difference (P<0.05). 

APPENDIX D: Analysis of Variance of 1966 Total Forage Yields from 
6 Buming Treatments. 

Source of 
Variation 

Burn Treat. 

Error 

Total 

Degrees of Sums of 
Freedom Squares 

5 

114 

119 

1927.60 

4899.60 

6827.20 

Mean 
Squares 

385.50 

43.00 

F-Ratio 

8.96** 

**Highly significant difference (P<0.01). 
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APPENDIX E: Analysis of Variance of 1965 and 1966 Root Crown Diameters 
Measured in a North-South Direction for 4 Species Within 
6 Buming Treatments. 

Source of 
Variation 

Degrees of 
Freedom 

Sums of 
Squares 

Mean 
Squares F-Ratios 

Subjects 599 

Bum Trea t . 5 

Species 3 

Species x Bum Trea t . 15 

Error Between 576 

Within Subjects 600 

Years 1 

Bum Trea t , x Years 5 

Species x Years 3 

Species x Bum Trea t , x 
Years 15 

Within Error 

Tota l 

576 

1199 

38957.06 

210.78 

15273.00 

1749.99 

21723.29 

4362.50 

50.84 

131.92 

699.52 

378.04 

3102.17 

43319.56 

65.04 

42.16 

5091.00 

116.66 

37.71 

7.27 

50.84 

26.38 

233.17 

25.20 

5.38 

36.13 

0.00 

1.12 

134.99** 

3.09** 

0.00 

0.00 

9.44** 

4.90** 

43.29** 

4.68** 

**Highly s i g n i f i c a n t d i f ference ( P ^ O . O l ) . 



60 

APPENDIX F: Analysis of Variance of 1965 and 1966 Root Crown Diameters 
Measured in an East-West Direction for 4 Species Within 
6 Buming Treatments. 

Source of 
Variation 

Degrees of 
Freedom 

Sums of 
Squares 

Mean 
Squares F-Ratios 

Subjects 

Bum Trea t . 

Species 

Species x Bum Treat 

Between Error 

Within Subjects 

Years 

Within Error 

Tota l 

599 

5 

15 

576 

600 

1 

Burn T r e a t , x Years 5 

Species x Years 3 

Species x Bum Trea t , x 
Years 15 

576 

1199 

34704.93 

254.15 

14678.96 

1313.82 

18458.01 

4732.50 

53.34 

241.35 

834.43 

382.57 

3220.81 

39473.43 

57.94 

50.83 

4892.99 

87.59 

32.04 

7.89 

53.34 

48.27 

278.14 

25.50 

5.59 

32.89 

0.00 

1.59 

152.69** 

2.73** 

0.00 

0.00 

9.54** 

8.63** 

49.74** 

4.56** 

**Highly s i g n i f i c a n t d i f fe rence ( P < 0 . 0 1 ) . 
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APPENDIX G: Analysis of Variance of 1965 and 1966 Root Crown Circum
ferences of 4 Species Within 6 Buming Treatments. 

Source of 
Variation Freedom 

Sums of 
Squares 

421793.58 

1902.26 

179214.38 

18579.58 

222097.36 

46517.50 

1002.84 

1745.55 

6133.75 

Mean 
Squares 

704.16 

380.45 

59738.12 

1238.64 

385.58 

77.53 

1002.84 

349.11 

2044.58 

F-Ratios 

0.00 

0.99 

154.93** 

3.21** 

0.00 

0.00 

17.97** 

6.26** 

36.64** 

Subjects 599 

Bum Treat. 5 

Species 3 

Species x Burn Treat. 15 

Between Error 576 

Within Subjects 600 

Years 1 

Bum Treat, x Years 5 

Species x Years 3 

Species x Burn Treat, x 

Years 15 

Within Error 

Total 

576 

1199 

5497.98 

32137.38 

468311.08 

366.53 

55.79 

390.58 

6.57** 

**Highly significant difference (P <0.01). 
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APPENDIX H. Analysis of Variance of 1965 and 1966 Average Heights of 
3 Species Within 6 Buming Treatments. 

Source of 
Variation 

Degrees of 
Freedom 

449 

5 

2 

10 

432 

450 

1 

5 

2 

10 

432 

899 

Sums of 
Squares 

63570.90 

1353.68 

38249.01 

620.54 

23347.67 

44170.50 

22952.25 

1370.62 

8714.18 

1460.02 

9673.44 

107741.40 

Mean 
Squares 

141.58 

270.74 

19124.50 

62.05 

54.04 

98.16 

22952.25 

274.12 

4357.09 

146.00 

22.39 

119.84 

F-Ratios 

0.00 

5.01** 

353.86** 

1.15 

0.00 

0.00 

1025.01** 

12.24** 

194.58** 

6.52** 

Subjects 

Burn Treat. 

Species 

Species x Burn Treat. 

Between Error 

Within Subjects 

Years 

Burn Treat, x Years 

Species x Years 

Species x Burn Treat, x 
Years 

Within Error 

Total 

**Highly significant difference (P<0.01). 
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APPENDIX I: Analysis of Variance of 1965 and 1966 Maximum Heights of 
3 Species Within 6 Buming Treatments. 

Source of 
Variation 

Degrees of 
Freedom 

449 

5 

2 

;. 10 

432 

450 

1 

5 

2 

. X 

10 

432 

899 

Sums of 
Squares 

133252.97 

4235.48 

81696.50 

1426.45 

45894.53 

66984.00 

33002.76 

3192.12 

8827.05 

3206.28 

18755.78 

200236.97 

Mean 
Squares 

296.78 

847.10 

40848.25 

142.64 

106.24 

148.85 

33002.76 

638.42 

4413.52 

320.63 

43.42 

222.73 

F-Ratios 

0.00 

7.97** 

384.50** 

1.34 

0.00 

0.00 

760.15** 

14.70 

101.66** 

7.38** 

Subjects 

Bum Treat. 

Species 

Species x Bum Treat. 

Between Error 

Within Subjects 

Years 

Bum Treat, x Years 

Species x Years 

Species x Bum Treat, x 
Years 

Within Error 

Total 

**Highly significant difference (P<0.01). 
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APPENDIX J: Analysis of Variance of 1965 and 1966 Seedstalk Numbers of 
3 Species Within 6 Buming Treatments. 

Source of 
Variation 

Degrees of Sums of 
Freedom Squares 

Mean 
Squares F-Ra t ios 

S u b j e c t s 

Bum T r e a t . 

Spec i e s 

Spec i e s x Burn T r e a t . 

Between E r r o r 

Wi th in S u b j e c t s 

Years 

Wi th in E r r o r 

T o t a l 

449 

5 

10 

432 

450 

1 

Bum T r e a t , x Years 5 

Spec i e s x Years 2 

Spec i e s x Burn T r e a t , x 
Years 10 

432 

899 

2508195.06 

78444.62 

908155.50 

99741.31 

1421853.62 

798668.50 

35557.38 

21267.81 

206978.00 

28168.69 

506696.62 

3306863.56 

5586.18 

15688.92 

454077.75 

9974.13 

3291.33 

1774.82 

35557.38 

4253.56 

103489.00 

2816.87 

1172.91 

3678.38 

0.00 

4.77** 

137.96>"̂ * 

3.03** 

0.00 

0.00 

30.32** 

3.36** 

88.23** 

2.40** 

**Highly significant difference (P<0.01). 
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APPENDIX K: Analysis of Variance of 1965 and 1966 Average Leaf Lengths 
of Tumble Windmillgrass Within 6 Buming Treatments. 

Source of 
Variation 

Subjects 

Bum Treat. 

Between Error 

Within Subjects 

Years 

Bum Treat, x Years 

Within Error 

Total 

149 

5 

144 

150 

1 

5 

144 

299 

Degrees of Sums of 
Freedom Squares 

574.49 

10.18 

564.32 

2886.77 

2646.86 

21.80 

218.11 

3461.26 

Mean 
Squares 

3.86 

2.04 

3.92 

19.24 

2646.86 

4.35 

1.51 

11.58 

F-Ratios 

0.00 

0.52 

0.00 

0.00 

1747.52** 

2.88* 

**Highly significant difference (P<0.01). 
*Significant difference (P<0.05). 


