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CHAPTER I 

INTRODUCTION 

The need for some areas V7hereby we can determine 

what our overgrazed, brush infested ranges are cape\ble 

of producing has been emphasized by the recent formation 

of the Texas System of Natural Laboratories, and also by 

the emphasis placed on the study of ungrazed areas by 

the International Biological Program. Hanson (19 39) 

stated the importance and need for undisturbed check 

areas as guides for land use planning and treatment. 

In this study an isolated butte served as an undis

turbed check area to compare with ranges grazed by 

livestock since the early 1800's. The butte is located 

approximately 20 miles northwest of Snyder, Texas, and 

2 miles from the caprock of Llano Estacado. The ranch 

manager said that no livestock had been on the butte 

for over thirty years, and before that only a fev7 of the 

more rangy cattle made it above the steep caprock. 

The main purpose of studying the tv;o areas was to 

determine the influence of long time cattle grazing on 

both vegetation and soil properties, and to use this 

information as guidelines for land use planning and 

treatment on other range areas of the same soils under 

similar climatic conditions. The objective of the study 



was to compare vegetation composition, herbage production, 

woody plant ground cover, and soil properties of the relict 

area to its adjacent grazed area. 



CHAPTER II 

REVIEW OF LITERATURE 

Relict areas commonly serve as the basis for deter

mining range site potential in range analysis. Whitfield 

and Buetner (1938), Hanson (1939), Gardner (1950), Bettle 

(1952) and Dyksterhuis (1958) used relict areas as a key 

to both the past and future in recording functions and 

changes of plant corfununities. 

Clements (1934) described a relict area as a commu

nity or fragment of one that has survived some important 

change. He further described a relict area as possessing 

two indicator values. These relate to the causes of 

disturbance on the one hand and to the original vegetation 

and its changes on the other. The former may be climatic, 

edaphic, or human, each exhibiting a more or less distinc

tive impress. 

Rumraell (1951) and Jameson, Williams and V7ilton (1952) 

studied areas where disturbance by man's influence Vv'as 

negligible. Study of these locations provided valuable 

information on conditions without domestic livestock 

grazing and vjas used as a basis for management on these 

and similar areas. 

Two natural relict areas occurring in Wyoming's Red 

Desert were studied by Marquiss and Lang (1959) to 



determine changes in vegetation attributed to grazing on 

the shallov7-soil range sites common to the area. The 

average total ground cover was greater on both grazed 

areas studied than on their associated relicts. Ground 

cover of shrubs and semi-shrubs on the grazed land mainly 

accounted for this greater total. Changes in ground cover 

were greater on the grazed areas than on the relicts for 

the years of extremes in precipitation. 

Driscoll (1964) showed that the specificity of species 

was related to the way soil characteristics affected the 

soil water regime and rooting resistance in the central 

Oregon juniper zone. Wildfires appeared to have bean a 

major factor controlling the distribution of the plant 

species. 

Mason et al. (1957) determined the plant yield and 

composition by weight on No Man's Land Mesa in Utah. They 

concluded that two different range sites existed there. 

The range sites were described and range condition guides 

developed. These were used to assist ranchers to plan and 

apply conservation practices wherever these sites occurred 

in Utah. 

A relict area study in Arizona shov;ed that twice as 

many species existed on the relict area as on the mainland 

(Schmutz, Michaels, and Judd, 1967). Perennial grasses 

made up 35 percent of the vegetation on the isolated butte 



and only 6 percent on the mainland. In contrast, trees 

and shrubs made up 60 percent of the vegetation on the 

relict and 90 percent on the mainland. Forbs and annual 

grasses were about 4 percent of the composition on both 

areas. Herbage production averaged 413 lbs. per acre on 

the butte as compared to 287 lbs. on the mainland. Major 

differences in species composition and herbage production 

were attributed to grazing effects. 

Marquiss and Lang (1959) found that soil character

istics varied only slightly between a relict area and a 

grazed area, whereas Stoeckeler (1959) compared infiltra

tion rates of grazed and ungrazed native woods in 

Wisconsin and found a 29 3 percent reduction in water intake 

associated with livestock trampling. 

Alderfer and Merkle (1941) found that percolation 

rates were three times greater for unpastured bluegrass 

(Poa sp.) compared to pastured bluegrass. Steinbrenner 

(1951) found permeability of the 2 inch soil level in 

ungrazed woods in Wisconsin to be 3 to 245 times greater 

than that of grazed woods. Trampling, in addition to 

loss of air space and moisture-holding capacity, causes 

reduction in large noncapillary pores which results in 

poorer infiltration (Reynolds and Packer, 1952). 

Thomas (1950) considers heavy trampling effects 

equal to, if not more important than, excessive grazing 

in reducing forage production. Alderfer and Robinson 



(1947) studied the effects of trampling on the depth of 

soil compaction and found it confined mostly to the 1 inch 

surface layer. In the 1-3 inch and the 3-5 inch layers, 

intensity of grazing did not affect bulk density. In a 

later study, however, Robinson and Alderfer (1952) found 

that the 0-1 inch depth v/as not compacted, whereas the 

1-5 inch layer was compacted. In general, the 0-6 inch 

soil layers v;ere m.ost affected by trampling (Tanner and 

Mamaril, 1959). 

Reed and Peterson (1961) sampled areas subjected to 

heavy, moderate, and light grazing on the Northern Great 

Plains. They found that soil compaction V7as consistently 

highest where grazing was heaviest. Bulk densities 

increased with heavier intensities of grazing (Reynolds 

and packer, 1962). 



CHAPTER III 

STUDY AREA, CLIMATIC CONDITIONS, 
METHODS, AND PROCEDURES 

The study was conducted on the Fuller Ranch during 

1966 and 1967. The study areas are located approximately 

20 miles northwest of Snyder, Texas 8 miles southeast of 

Justiceburg on highv;ay 84 in Scurry County, The butte is 

2 miles east of the caprock of Llano Estacado. Elevations 

of the caprock and butte are 2,885 feet and 2,865 feet, 

respectively. 

Study Area 

The study areas were located along the escarpment 

of Llano Estacado. Flat Top Mountain (Figure 1) straddles 

the line betvjeen Garza and Scurry Counties. There are 

approximately 30 acres on top of the butte. The grazed 

area (Figure 2) is located in Scurry County and is the 

nearest point to the isolated butte, approximately 2 

miles. 

The Llano Estacado, or Staked Plains, is the 

southernmost part of the High Plains province. The surface 

is a nearly flat plain, having an average southeastward 

slope of only 8 or 10 feet per mile. It is essentially 

a plateau, bounded on the north by the breaks on the 

Canadian River, on the east and west by escarpments rising 
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above stream-eroded lower lands, and on the south it 

merges physiographically with the Edwards Plateau (Evans 

and Brand, 1956). 

Both study areas are capped by cretaceous material 

of Fredericksburg formation which overlies the exposed 

Trinity formation, which is also cretaceous material 

(Evans and Brand, 1955). The cretaceous deposits 

consist of rather hard fossiliferous limestone. It is 

confined to the top of Flat Top Mountain and the adjacent 

caprock area (Fluvanna Flat) in Scurry County (Templin 

and Reitch, 19 31). 

Soils on both study areas are of the Lea-Slaughter 

Complex series (Dittemore 1964). The Slaughter series 

is classified as a tentative series. The study areas 

are classified as deep hardland sites by Soil Conserva

tion Service range site classification system. 

Climatic Conditions 
p II n^'. Ill I • M l . - • • • ^ • J — ^ !•••»• • •••II •• I — ^ ^ . ^ ^ f c i ^ ^ i — ^ « ^ ^ w r » 

Climatic conditions in this area of the High Plains 

of Texas vary from maximum temperatures greater than 

100^ F in the summer to readings below zero for short 

periods in the winter. Variations of 30° to 40° is one 

feature of the daily temperature changes in the summer 

(Lotspeich and Everhart, 1962). 
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Rainfall records from Post 25 miles north and Snyder 

20 miles to the south show that they receive an average 

of 19,6 inches and 19,9 inches, respectively. The seasonal 

distribution follows the usual pattern for both towns with 

peaks in May and September (Hildreth and Thomas, 1956). 

However, the pattern of rainfall, the high wind velocities, 

and the high evaporation rates tend to reduce the effec

tiveness of the precipitation (Lotspeich and Everhart, 

1962). 

Methods and Procedures 

Both study areas v;ere treated the same in collecting 

data. Foliage cover of shrubs vjas measured by the line 

intercept method of Canfield (1941) using a 100-foot line. 

The vegetation V7as stratified by range sites. Two 

distinctly different range sites occurred on both study 

areas. They are the deep hardland site (Lea-Slaughter com

plex) and the very shallow site (Kimbrough soil series). 

The study was limited to the deep hardland site on both 

areas. 

Herbage production for each area was determined at 

the end of the 1967 growing season by the weight-estimate 

method of Pechanec and Pickford (19 37). Estimates of 

green weights occurring V7ithin sixty 2.4 ft plots per 

site v:ere made. Sampling v:as within 7 percent of the mean. 
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At least 12 of the estimated plots from each area 

were selected at random and clipped. These samples v.'ere 

oven-dried at 140° to 160°F to a constant weight. The 

regression of actual green weights on estimated green 

weights was used to correct all estimated weights 

according to methods described by the American Society of 

Range Management and the Agricultural Board, Subcommittee 

on Range Research Methods of the Agricultural Board (1962). 

The cage method was used to determine herbage utilization 

on the grazed area. 

The edaphic phase of the study included analyses of 

chemical and physical properties of the soil. Soil samples 

were taken at 0-4 inches and 6-10 inches on both study 

areas. Laboratory soil analysis including soil reaction, 

organic matter content, phosphorus content, and soluble 

salts was done by the Texas Agriculture Experiment 

Station's South Plains Research Center. Bulk density was 

determined by the hydrometer method described by Bouyoucos 

(1951). Infiltration and compaction data V7ere collected 

directly in the field. 

The double-ring infiltrometer method was used for 

infiltration data. Procedures for this method are described 

by Haise et al. (1956). This process v;as repeated four 

times in each area. 

Soil compaction measurements V7ere taken V7ith a soil 

penetrometer as described by Terry (1953). One-hundred 
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readings were taken at 1 inch depths on each area. 

Herbage production data were statistically analyzed 

by paired comparison, following procedures outlined by 

Snedecor and Cochran (1967). Paired comparison tables 

are presented in Appendices A and B. 

Differences in infiltration rate, soil compaction, 

and bulk density were tested by the group comparison 

method as described by snedecor and Cochran (1957). Group 

comparison tables are presented in Appendices C through F. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Vegetation 

Composition 

A species list giving herbaceous vegetation compo

sition is presented in Table I. Figures 3 and 4 are 

general views of the vegetation on the relict and grazed 

areas. 

Eleven grasses and 6 forbs were found on the relict 

area, whereas 9 grasses and 7 forbs v;ere found on the 

grazed area. There was no difference between the two 

areas in the number of grass or forb species. But there 

was a difference in kind and amounts of species (Table I). 

For example, sideoats grama-*- was the dominant species on 

the relict area but was not found on the grazed area. 

Rough tridens was also abundant on the butte but not 

found on the grazed area. Rough tridens and Nev? Mexico 

feathergrass are palatable species which probably decrease 

with grazing. These tv7o species plus sand dropseed, 

halls panicurn, hairy tridens, greenthread, leatherweed 

croton and silverleaf nightshade were also found on the 

relict area. These species are not listed on the range 

•••Comiiion and scientific names for all species men
tioned are listed in Tables I and II. 

14 
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condition guide for the deep hardland site. Their 

presence on the relict area indicates that they should 

be included. 

To facilitate comparison of the range condition of 

the two areas, the range condition guide for the site 

was modified by adding rough tridens and New Mexico 

feathergrass to the decreaser list; sand dropseed and 

halls panicurn to the increaser list; and hairy tridens, 

greenthread, leatherweed croton, and silverleaf night

shade to the invader list. V7ith this modification there 

was a difference between the two areas in percentage of 

decreasers, increasers and invaders when the species 

were classified according to the range condition guide 

for the site. The relict area had 55,4 percent more 

decreasers, 58,1 percent fevjer increasers, and 7,4 per

cent fewer invaders than the grazed area. 

The species on the relict area occupied very dis

tinct individual communities compared to an intermixing 

of species on the grazed area. Very little overlap 

between species occurred on the relict area except in a 

narrow transition zone. 

The relict area had 14 woody species compared to 8 

woody species on the grazed area (Table II). Redberry 

juniper was the predominant species on the relict area. 

It occupied 37.6 percent of the composition on the relict 
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TABLE I 

SPECIES LIST AND PERCENTAGE OF COMPOSITION 
BY WEIGHT OF FIER3ACE0US SPECIES 

ON BOTH STUDY AREAS, 1967 

Percentage of 
Composition 

Species Relict Grazed 

Decreaser Species 

Sideoats grama 
(Bouteloua curtipendula (Michx.) Torr.) 

Rough tridens 
(Tridens elongatus (Bouckl.) shinners) 

Blue grama 
(Bouteloua gracilis Willd. ex HBK. ) 

Vine mesquite 
(Panicurn obtusum HBK.) 

New Mexico feathergrass 

(Stipa Neomexicana (Thurb.) Scribn.) 

Increaser Species 

Buffalograss 
(Buchloe dactyloides (Nutt.) Engelm,) 

Tobosagrass 
(Hi1aria mutica (Buckl.) Benth.) 

Halls panicum 
(Panicum hallii Vasey) 

Treeawn "" 
(Aristida sp.) 

Sand dropseed 
(Sporobolus cryptandrus (Torr.) Gray) 

Invader Species 
Greenthread 1.56 

(Thelesperma fillfolium (Hook) Gray) 
Hairy tridens " 0.24 0.2 3 

(Tridens pilosus (Buckl.) Hitchc.) 
Hoary euphorbia 0.17 

(Euphorbia l£ta Engelm.) 
Scarlet globemallow 0.15 0.2 3 

(Sphaeralcea coccinea (Pursh) Rydb.) 

47.36 

11.78 

10.95 

2.08 

1.00 

17 .13 

4 .58 

1.28 

1.08 

0 .33 

— 

-

2.58 

5.15 

— 

78.33 

2.41 

0 .76 

0 .98 

_ 
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Species 

Percentage of 
Composition 

Relict Grazed 

Invader Species (Con't.) 

Green false-nightshade 0,14 
(Chamaesaracha coronoous (Dunal) Gray) 

Purple groundcherry 0,12 -
(Physalis lobata Torr,) 

Texas skeletonplant 0,04 
(Lygodesmia texana (T, & G,) Greene) 

Sand "muhly - 6,53 
(Muhlenbergia arenicola Buckl.) 

Leatherweed croton - 1.77 
(Croton pottsii (Klotzsch) Muell. Arg.) 

Indian rushpea - 0.51 
(Hoffmanseggia densiflora Benth. ex Gray) 

Silverleaf nightshade - 0.17 
(So1anum elaeagnifolium Cav.) 

Siderahthus 
(Machaeranthera pinnatifida (Hook.) M.C.Johnston) 

Stinkgrass ~ 0.09 
(Eragrostis megastachya Link) 

Low miikvetch - 0.09 
(Astragalus lotiflorus Hook.) 

Texas filaree - 0.02 
(Erodium texanum Gray) 







20 

TABLE II 

' SPECIES LIST AND PERCENTAGB OF COMPOSITION 
OF WOODY SPECIES ON BOTH STUDY AREAS 

Percentage of 
Composition 

Species Relict Grazed 

Redberry juniper 
(Juniperus pinchoti Sudw,) 

Narrowleaf yucca 
(Yucca anqustifolia Pursh) 

Skeleton goldeneye 
(Viquiera stenoloba Blake) 

Feather dalea 
(palea formosa Torr,) 

Harvard's shinnery 
(Quercus havardii Rydb,) 

Honey mesquite 
(Prosopis glandulosa Torr.) 

Vine ephedra" 
(Ephedra antisyphj.itica Berl. ex. C.A. Meyer) 

Elbbv7bush 
(Forestiera pubescens Nutt.) 

Skunkbush 
(Rhus aromatica Ait.) 

Lotebush" 
(Condalia obtusifolia (Hook.) Weberb.) 

Littleleaf suinac 
(£lH? "^icrophylla Engelm. ex Gray) 

Agarito 
(Berberis trifoliolata Moric) 

Catclaw acacia 
(Acacia crreggii Gray) 

Engleman~"pricklypear 
(Opuntia enqelmannii Parry) 

ChoTla 
(Opuntia imbricata Haw.) 

37.6 

13,7 

9 .2 

8 .6 

8.2 

7 .3 

6 .3 
e r ) 

3.3 

1.6 

1.5 

1.1 

0 .7 

0 .5 

0 .4 

M * 

4 . 1 

1.2 

— 

-

-

73.7 

_ 

-

-

10 .6 

4 . 5 

0 .5 

-

0 .8 

4 . 5 
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area compared with 4.1 percent on the grazed area. Honey 

mesquite made up 73.7 percent of the composition on the 

grazed area, but only 7.3 percent on the relict area. 

Herbage Production 

Total herbage production is presented in Table III. 

The relict area produced a total of 505 lbs. more dry 

matter per acre than the grazed area. 

Herbage production of each species on the relict area 

and grazed area is listed in Table III. The most produc

tive species on the relict area V7as sideoats grama, 

whereas buffalograss was the dominant species on the 

grazed area. 

Figure 5 compares herbage production by species 

grouped according to t?ieir reaction to grazing. The relict 

area produced 1,153 lbs. more dry matter per acre of 

decreaser species than the grazed area. On the other hatxd, 

the grazed area had 384 lbs. more dry matter of increaser 

species and 55 lbs. more dry matter per acre of invader 

species than the relict area. 

V7oody Plant Ground Cover 

The relict area had more than twice as much v70ody 

plant ground cover than the grazed area (Table IV). This 

difference was due mainly to the larger percentage of 

ground cover of juniper on the relict area. 
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POUNDS PER ACRE OF HERBAGE PRODUCTION 
BY THE WSIGHT-ESTIMiATE METHOD 

Species 

Decreaser Species 

Sideoats grama 
Rough tridens 
Blue grama 
Vine mesquite 
New Mexico feathergrass 

Increaser Species 

Buffalograss 
Tobosagrass 
Halls panicum 
Threeawn 
Sand dropseed 

Invader Species 
Greenthread 
Hairy tridens 
Hoary euphorbia 
Scarlet globemallov7 
Green false-nightshade 
Purple groundcherry 
Texas skeletonplant 
Sand muhly 
Leathervjeed croton 
Indian rushpea 
Silverleaf nightshade 
Sideranthus 
Stinkgrass 
Low miikvetch 
Texas filaree 

TOTAL 

Pounds per 

Relict 

815 
245 
153 
34 
15 

315 
112 
17 
16 
10 

42 
4 
3 
4 
3 
3 
1 

— 

— 

— 

-

-

-

-

"" 

1298 

Acre 

Grazed 

^ 

•. 

21 
100 
-

692 
136 
11 
15 
-

>. 

3 
— 

6 
— 

— 

—. 

50 
34 
13 
4 
3 
1 
1 
0,33 

1804 
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Figure 5, Comparison of herbage production by species 
grouped in relation to grazing pressure. 
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TABLE IV 

PERCENTAGE OF WOODY PLANT GROUND COVER 
ON BOTH STUDY AREAS, 1967 

Species 

Redberry juniper 
Narrov7leaf yucca 
Skeleton goldeneye 
Feather dalea 
Havard's shinnery 
Honey mesquite 
Vine ephedra 
Elbowbush 
Skunkbush 
Lotebush 
Littleleaf sumac 
Agarito 
Catclav; acacia 
Engelman pricklypear 
Choila 

Percentage of Woody 
Plant Ground Cover 

Relict 

0,1 

Grazed 

5 . 3 
2 , 3 
1 . 5 
1 . 4 
1 . 3 
1 . 2 
1 . 0 
0 . 5 
0 , 2 
0 . 2 
0 . 1 

0 . 3 
— 

— 

— 

— 

5 . 5 
— 

— 

— 

0 . 8 
0 . 3 

0.3 

TOTAL 16.1 7.2 
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A comparison of the individual v;oody species ground 

cover on the two areas is presented in Table IV. The 

grazed area supported 4.5 times more ground cover of 

honey mesquite than the relict area. There was little 

difference in lotebush, but redberry juniper ground 

cover was 21 times more on the relict area than on the 

grazed area. The grazed area had only a trace of yucca 

compared to 2.3 percent ground cover on the relict area. 

Skeleton goldeneye and harvard's shinnery were not found 

on the grazed area. Skeleton goldeneye has not been 

reported east of t?ie Trans-Pecos region previously. 

Little or no difference in ground cover occurred between 

littleleaf sumac, agarito, engleman pricklypear, and cholla 

on the study areas. Also, feather dalea, vine ephedra, 

elbowbush, skunkbush, and catclaw acacia all occurred on 

the relict area but not on the grazed area. 

The cause of the greater abundance of redberry 

juniper can not be determined from this study. But, it is 

suspected that early wildfires that kept juniper from the 

plains area were unable to reach the top of the butte. 

The lack of fires on top of the butte allowed redberry 

juniper to maintain itself in competition with the other 

species. Sauer (1950) states that recurrent fires, 

sv7eeping acr̂ oss surfaces of low relief, are competent to 

suppress woody vegetation. He emphasizes that suppression 



26 

of fire results in gradual recolonization by woody 

species. Woody plant cover by species of the relict and 

grazed area is listed in Table IV. 

Soil 

Infiltration, soil compaction, and bulk density data 

V7ere subjected to statistical analysis. Organic matter, 

phosphorus, soil texture, soil reaction, and soluble salts 

were not statistically analyzed because they v;ere grouped 

into a composite sample to cut expenses. 

Infiltration 

The infiltration rate V7as 11.4 inches per hour greater 

on the relict area than on the grazed area (Figure 6). 

This increase in infiltration rate on the relict area was 

due mainly to better soil structure, less compaction by 

grazing animals, increased organic matter content in the 

top soil, and increased accumulation of litter on the soil 

surface. In any case, it is a highly significant differ

ence (P<0.01) V7hich is probably the result of the lack of 

grazing and trampling pressure by livestock on the relict 

area, 

Hopkins (1954) also compared V7ater absorption of grazed 

and ungrazed sites on rangelands with a ring-type infiltro-

meter. He also found that water vjas absorbed much faster 

on ungrazed than on grazed sites, and the difference 
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Figure 6. Infiltration rates on the relict and grazed 
areas. 
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increased with time. Reed and Peterson (1951) found that 

grazing reduced infiltration rates by about one-half. Even 

the lightest intensity of grazing lov7ered the rate of 

infiltration. 

Soil Compaction 
• • • I I . • • » • • > • • I » . . . • . • • I — 4 ; t — , ... M I H W I » 

Group comparison analysis shovjed highly significant 

differences (P<0.01) between the relict area and grazed 

area for soil compaction Penetrometer readings averaged 

39.8 lbs. per square inch more on the grazed area than on 

the relict area (Figure 7). Keen and Casheen (19 32) used 

a penetration rod to measure compaction by sheep to a 

depth of 10 cm. Compaction was greatest in the 3 to 4 cm 

layer. Kucera (1958) found the greatest difference in 

soil compaction in the surface inch, with no apparent 

difference below 4 inches. 

Organic Matter Content 

Organic matter was greater by 0.8 percent on the 

relict area than on the grazed area in the top 4 inches 

of soil (Figure 8). At the 5-10 inch depth, organic 

matter was greater by 0.4 percent on the relict area 

than on the grazed area. Lodge (1954) also found organic 

matter slightly higher on ungrazed than on grazed sites. 

Phosphorus Content 

Phosphorus values were higher for both depths, 0-4 

inches and 6-10 inches, on the grazed area than on the 
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Figure 7 Soil compaction on the relict and grazed 
area. 
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relict area (Figure 9). At the 0-4 inch depth there was 

57 lbs. more phosphorus per acre on the grazed area than 

the relict area. At the 6-10 inch depth there was 32 lbs. 

.more phosphorus per acre on the grazed area compared to 

the relict area. 

Lodge (1954) also reported significant differences 

in phosphorus content between grazed and ungrazed mixed 

prairie sites. Phosphorus values vjere higher for the 0-4 

inch horizon on grazed suites. When moisture increased, 

however, phosphorus values were loitered. The same situa

tion existed in this study, so the greater amount of phos

phorus on the grazed area was expected. 

Soil Texture 

The relict area had less sand and silt at both depths 

than the grazed area. The clay content was higher at both 

depths for the relict area. Table V gives the comparison 

of soil texture between the two sites in both the A and B 

horizons. 

Soil Reaction 
• • I I I I I I III - • r — • • • 

The soil reaction (pH) readings of the 0-4 inch and 

6-10 inch depth for both areas are as follows: 

Depth Relict Grazed 

0-4" 7.8 7.7 

6-10" 8.0 8.0 
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No real difference occurred betv;een the two areas at 

either depth. 

TABLE V 

SOIL PARTICLE SIZE DISTRIBUTION 
OF THE STUDY AREAS 

Soil Relict Grazed 
Texture A Horizon B Horizon A Horizon B Horizon 

% Sand 18.8 14.6 21.0 12.8 

% Silt 33.2 28.3 37.7 31.2 

% Clay 48.0 57.1 41.3 55.0 

Soluble Salts 

Soluble salts (Sodium) were sampled at two depths on 

each area. From 0-4 inches, both areas had 140 lbs. of 

sodium per acre. At the 6-10 inch depth, the relict area 

had 240 lbs. per acre compared to 220 lbs. per acre on the 

grazed area. 

Bulk Density 

Group comparison analysis showed highly significant 

bulk density differences (P<0.01) between the relict area 

and grazed area for the 0-4 inch depth, and significant 

differences (P<0.05) between the two areas for the 6-10 

inch depth. 

The following tabulation shows the mean bulk density 

of the 0-4 inch depth and 6-10 inch depth for both sites. 
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Depth Relict Grazed 

0-4" 0.996 1.180 

6-10" 1.020 1.150 

These findings agree with other studies that found 

grazing increased bulk density. Alderfer and Robinson 

(1947) found that bulk densities in the 1 inch surface 

layer on a variety of pasture sites ranged from 1.54 to 

1.91 for heavily grazed sites and from 1.09 to 1.51 for 

ungrazed and lightly grazed sites in Pennsylvania. Kucera 

(1958) also found bulk densities higher under grazed 

conditions. 



CHAPTER V 

SUMI'lARY AND CONCLUSIONS 

This study was conducted to compare vegetation and 

soil properties of a relict area to its adjacent grazed 

area. 

Results of the comparison of the two areas were: 

1. The relict area had 65.4 percent more decreaser 

species, 58.1 percent less increaser species, and 

7.4 percent less invader species as compared to 

the grazed area. 

2. Sideoats grama, rough tridens, and New"Mexico 

feathergrass, all considered decreaser species, 

were found on the relict area but not on the 

grazed area, —-

3. The dominant herbaceous species for the relict f"""* 
ii' 

area was sideoats grama, whereas buffalograss 

was the dominant species on the grazed area. 

4. Redberry juniper was the dominant woody species 

on the relict area, and honey mesquite the 

dominant species on the grazed area. 

5. The relict area produced 505 lbs. more herbaceous 

forage in a single growing season than the grazed 

area. 

6. The grazed area had 7.2 percent v;oody plant 

ground cover compared to 15.1 percent ground 

35 
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cover for the relict area. V7ildfires' not being 

able to reach the top of the butte may possibly 

be the reason why there was a larger percentage 

of woody plant ground cover on the relict area 

than the grazed area. 

7. Mesquite and lotebush showed an increase on the 

grazed area. 

8. Skeleton goldendye and harvard's shinnery were 

present on the relict area but not on the grazed 

area. 

9. The infiltration rate was 11.4 inches per hour 

more on the relict area. 

10. Soil penetrometer readings averaged 47,7 lbs, 

per square inch on the grazed area compared to 

7.9 lbs. per square inch on the relict area for 

the top 1 inch of soil. 

11. Organic matter content was greater for both the 

0-4 inch and 6-10 inch depths on the relict area. 

12. Phosphorus content was greater for both depths 

on the grazed area. 

13. The relict area had less sand and silt at both 

depths than the grazed area. The clay content 

was higher at both depths for the relict area. 

14. Bulk density for the relict area was significantly 

lower than for the grazed area. 



37 

The research data in this study indicate the differ

ences in vegetation and soil characteristics brought about 

by livestock grazing on a deep hardland site on the 

Southern High Plains, 
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APPENDIX 

A. Paired Comparison Analysis of Estimated and Actual 
Herbage Weights on Relict Area. 

B. Paired Comparison Analysis of Estimates and Actual 
Herbage V-Jeights on Grazed Area. 

C. Group Comparison Analysis of Mean Infiltration Rate, 

D. Group Comparison Analysis of Mean Penetrometer 
Readings. 

E. Group Comparison Analysis of Mean Bulk Density At 
the 0-4 inch Depth. 

F. Group Comparison Analysis of Mean Bulk Density At 
the 6-10 inch Depth. 
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Appendix A: Paired Comparison Analysis of Estimates and 
Actual Herbage Weights on Relict Area, 

Sample 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Total 

Mean 

Weights of 
Estimate 

^1 

80 
74 
90 
70 
45 
80 
85 
45 
50 
48 
50 
64 
65 
76 
60 

983 

55,5 

Forage 
Actual 

^2 

83 
70 

100 
74 
44 
75 
80 
40 
45 
50 
48 
58 
69 
78 
69 

984 

65,5 

Difference 
D= 

d = 

•-Xi - X2 

3 
-4 
10 
4 

-1 
-4 
-5 
-5 
-5 
2 

-2 
-6 
3 
2 
9 

1 

: 0,1 

—,—̂ .-.. _= 

Deviation 
d = D-d 

2.9 
-4.1 
9.9 
3.9 

-1.1 
-4.1 
-5.1 
-5.1 

' -5.1 
1.9 

-2.1 
-6.1 
2.9 
1.9 
8.9 

0 

Squared 
Deviation 

d2 

8.41 
16.81 
98.01 
15.21 
1.21 

16.81 
26.01 
25.01 
26.01 
3.61 
4.41 
37.21 
8.41 
3.61 

79.21 

370.95 

s^ = 26.5 

Sĵ  = N/26.5r: 5.14 grams. Sd =26.5/15 = 1.77. Sd = 1.33 grams 

t=d - u/s/Vn= 0.1 /5.14/Vl5= (0.1) ( 3.87)/5.14 = 0.075 

t.05(14) = 2.145 No significant difference (P>0.05) 
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Appendix B: Paired Comparison Analysis of Estimates and 
Actual Herbage Weights on Grazed Area. 

Sample 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

Total 

Mean 

Weights of 
Estimate 

^1 

33 
58 
25 
27 
32 
47 
200 
28 
88 
42 
56 
39 
39 

714 

54.9 

Forage 
Actual 

^2 

40 
56 
22 
20 
32 
54 
206 
32 

103 
44 
58 
35 
43 

746 

57.4 

- — — 

Difference 
D = 

--.. --^ 

d 

Xi -

7 
-2 
-3 
-7 
0 
7 
6 
4 
15 
2 
2 

-3 
4 

32 

= 2. 

X2 

45 

Deviation 
d = D-d 

4.54 
-4.45 
-5.46 
-9.46 
-2.46 
4.54 
3.54 
1.54 

12.54 
-.46 
-,45 
-5,46 
1.54 

0 

Squared 
Deviation 

d2 

20.61 
19.89 
29.81 
89.49 
5.05 

20.61 
12.53 
2.37 

157.25 
.21 
.21 

29.81 
2.37 

391.23 

SQ^ = 39.2 

- 2 SrFV39.2 = 6.26 grams. Sd =39 .2 /13=3 .015 . Sd =1.76 grams, 
t = d - u / s / V n = 2 . 4 6 / 6 . 2 6 / V l 3 = (2.46( 3 .6 ) /6 . 26 = 1.1 
t .05(12) = 2.179 No s i g n i f i c a n t d i f fe rence (P>0 ,05) 
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Appendix C: Group Comparison Analysis of Mean Infiltration 
Rate, 

Number Degrees of Mean Infiltration Sum of 
Area of Reps. Freedom Rate (ins per hr) Squares 

Relict 4 3 15.31 18.422 

Grazed 4 3 3,94 2.422 

Sum = 6 Diff. = Xx-X2= 11.37 Sum = ̂ x^=20.844 

2 
Pooled mean square = s^--—^-^ = 20.844/6 = 3,474 

2 ( n - l ) 
SX]̂  - X2 = V 2 s V n = ^ / 2 ( 3 , 4 7 4 ) / 4 = 1.318 

t = (x.|̂  - X 2 ) / S % - ^2 = 1 1 . 3 7 / 1 . 3 1 8 = 8.527** 

t . O l (3) = 5.841 h i g h l y s i g n i f i c a n t (*•••*) ( P < 0 . 0 1 ) 
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Appendix D: Group Comparison Analysis of Mean Penetrometer 
Readings. 

Number of Degrees of Mean Penetrometer Sum of 
Area Readings Freedom Readings (psi) Squares 

Relict 9 8 7.918 34.98 

Grazed 7 6 47.66 99.11 

Sum = 14 Diff.=%-X2= 39.742 Sum=^x2=134.09 

Pooled mean square - S^ = 134.09/14 = 9.578 

S%-X2= Vs^(n3^+n2)/nj^n2= V9.578(9+7)/(9)(7) = 1.5598 psi 

t = 39.742/1.5598 = 25.479** 

t,01(14) = 2.977 highly significant (*̂0 (P<0.01) 
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Appendix E: Group Comparison Analysis of Mean Bulk Density 
at the 0-4 inch Depth. 

0-4 Number Degrees Mean Bulk Density 
inch of of Core V7eights 
Depth Cores Freedom (grams) Sum of Squares 

Relict 5 4 0.996 0.010 

Grazed 5 4 1.180 0.004 

Sum = 8 Diff .=x-ĵ -X2=0.184 Sum= <C x2=0.014 

Pooled mean square = S^ = -^^i—-. = 0.014/8 = 0.00175 
2(n-l) 

S \ - X2 = ^2sVm = V2(0.00175)/5 = Vo.007 = 0.0265 grams 

t = (% - X2)/Sxi - X2 = 0.184/0.0255 = 5.943-* 

t.Ol (4) = 4.604 highly significant (**) (P<0.01) 
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Appendix F: Group Comparison Analysis of Mean Bulk Density 
at the 6-10 inch Depth. 

6-10 Number Degrees Mean Bulk Density 
inch of of Core weights 
Depth Cores Freedom (grams) Sum of Squares 

Relict 5 4 1.02 0.028 

Grazed 5 4 1.15 0.00048 

Sum = 8 Diff.= X3_-X2= 0.13 Sum=Cx2=0.02848 

Pooled mean square = S^ = --^ ̂ , . = 0.02848/8 = 0.00356 
2(n-l) 

S% - X2 = V^sVn = V2(0.00356)/5 = Vo.001424 = 0.0377 grs 

t = (%- X2)/Sx^ - X2 = 0.13/0,0377 = 3,448* 

t,05 (4) = 2,775 significant (*) (P<0.05) 


