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ABSTRACT 

Vast areas of the southwestern United States, including some 

formerly productive semi-desert grasslands, are presently dominated 

by creosotebush. Soils collected from ffve creosotebush sites were 

measured for fifteen mecha.nical and chemical characteristics. The 

height, canopy, volume and biomass of creosotebush plants at these 

sites were also measured. Soil traits common to all sites included 

coarse texture, slight alkalinity, non-salinity and low organic 

carbon. A spatial trend in the accumulation of nitrates and organic 

carbon was noted at four sites. Creosotebush biomass was related 

to creosotebush volume and soil texture. Creosotebush density may 

have limited use as an Indicator depending on local plant morphology 

and may be unrelated to height within or among sites. It appears 

that creosotebush growth forms are site specific. Attempts to 

extrapolate conclusions drawn from a creosotebush population at one 

site to members of another community may have limited applicability 

when soils, topography and climate are dissimilar. 
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CHAPTER 1 

INTRODUCTION 

The purpose of this study was: (1) quantification of 

mechanical and chemical soil factors at five creosotebush sites, 

(2) determination of differences In height, canopy, volume and 

biomass of creosotebush in widely scattered communities, (3) deter

mination of whether there exist any predictive relationships for 

creosotebush biomass to soil characteristics and (A) determination 

of whether there exist any predictive relationship for creosotebush 

biomass to height, canopy area or volume. 

1  



CHAPTER 2 

LITERATURE REVIEW 

Creosotebush (Larrea tridentata (DC.) Cov.) is a multi-

branched shrub common to deserts of west Texas to southern Utah, 

Arizona, arid areas of southern California and northern Mexico. 

The leaves are evergreen, thick and glutinous with two oblong to 

obovate leaflets united at the base; flowers axillary, solitary; 

petals yellow; filaments adnate to a conspicious two-left often 

lacinate scale; capsule five-celled, densely white villous (Kearney 

and Peebles, 1960). 

Creosotebush is widely distributed in the southern deserts 

of North America (Runyon, 193*0.. Estimates of total area dominated 

by creosotebush range from 1^.2 to 18.8 million ha (White, 1968) 

to 35.8 million ha (Jaynes, 1977). It is present but not the 

dominant shrub on 18.3 million ha (Jaynes, 1977). Creosotebush 

presence and dominance has sharply increased in the past 100 years 

(Gardner, 1951; Dal ton," 1961; Buffington and Herbel, 1965). 

Creosotebush is drought-resistant, and has persisted in 

parts of Baja California where rainfall during a four year period 

was insufficient to wet soil deeper than 1.0 cm. In contrast, this 

plant grows where annual precipitation exceeds 50.0 cm in Zacatecas, 

Mexico (Dalton, 1961). 

2  
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Transpirational losses in creosotebush appear to be limited 

by: (l) resins coating the layers of outside palisade cells and 

lining the stomatal cavity, (2) a guard ceil ledge or lip which 

reduces the perimeter of the external aperture of the stomata, 

(3) matting of cuticular hair with resin to form a.leaf coating, 

(*0 scarcity of spongy mesophyll and intercellular space, (5) the 

presence of thick compact layers of palisade tissue which limits 

internal gas exchange (Dalton, 1961), and (6) partial to complete 

leaf drop during drought (Runyon, 193*0-

Creosotebush is a C-3 plant (stomates open during the day, 

potentially increasing water loss due to transpiration (Johnson, 

1976). A drought avoidance strategy achieved by leaf drop induced 

dominancy could explain why creosotebush survives in arid climates. 

Creosotebush may produce a plant toxin which accumulates in 

the soil (Went, 1955). Germination and growth of black grama 

(Bouteloua eriopoda (Torr.) Torr. and alkalai sacaton Sporobolus 

airoides (Torr.) Torr.) appeared to be normal in soils collected from 

creosotebush stands which previously supported grass (Valentine and 

Norris, 196*0- However an aequeous extract from creosotebush leaves 

and twigs significantly reduced germination of black grama caryopses. 

No reduction of germination was observed for bush muhly (Muhlenbergia 

porteri Scribn). and creosotebush. Reduced radicle growth was noted 

In black grama and bush muhly (Knipe and Herbel, 1966). 

Soil fertility varies spatially in some creosotebush stands. 

Two grass species were planted In soils collected from three zones 
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within six creosotebush sites from the Chihuahuari, Sonoran and 

Mojave Deserts. Leaf weight and forage production were greatest 

in soils gathered from under the creosotebush and least in soils 

taken from open areas between plants (Cox, Schreiber and Morton, 

1 9 8 1 ) .  

Past studies have correlated creosotebush density and produc

tion with edaphic characteristics (Schantz and Piemeisal, 1924; Mallery, 

1935; Marks, 1950; Yang, 1950; Johnson, 1961; Valentine and Norris, 

1964; Buffington and Herbel, 1965; Valentine and Gerard, 1968; 

Barbour, 1969; Hallmark, 1972; Sexton, 1975; Jaynes, 1977; Romney, 

et al.» 1980; Tatarko, 1980). With one exception (Barbour, 1969) 

these investigations were confined to one or more sites In a single 

desert. It is possible that some significant factors are of local 

importance only, and do not extend throughout the entire range of 

creosotebush. 

Chihuahuan Desert 

The Chihuahuan Desert is located in west Texas, southern 

New Mexico, eastern Arizona and northern Mexico. Annual precipita

tion ranges from 15.0 to 33-0 cm; approximately 60% falls in summer 

and 40% during winter (Barbour, Burk and Pitts, 1980). 

The southern Rio Grande Valley of New Mexico supported 

extensive grasslands at one time, but creosotebush was the dominant 

plant at 65% of 204 sampling sites by the early 1950's (Gardner, 

1951). In a 100 year period on the Jornada Experimental Range in 
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southern New Mexico the area dominated by creosotebush Increased from 

to 12388 acres (Buffington and Herbel, 1965)-

Soil Characteristics 

Appendix Table A-1 lists the descriptions of soil texture at 

creosotebush sites in the Chihuahuan Desert. Creosotebush presence 

has been reported on a variety of soil textural classes, and these • 

were often coarse in nature (Gardner, 1951; Singh, 196*t; Tatarko, 

1980). Gravel dilutes fine soil material resulting in better drainage 

and less water may be available for competing species (Hallmark and 

Allen, 1975). 

There may be a relationship between free calcium carbonate 

and creosotebush density (Waterfall, 19^6; Gardner, 1951; Buffington 

and Herbel, 1965; Hallmark, 1972; Tatarko, 1980), but no correlation 

between CaCOj and Larrea canopy cover seems likely (Jaynes, 1977). 

In the Trans-Pecos region of west Texas and eastern New Mexico, 

creosotebush was generally ahsent when soils were non-calcareous in 

the top 10 cm. The calcium carbonate from the surface to a 50 cm 

depth was highly correlated to creosotebush density but this relation

ship was less significant as sand content increased (Tatarko, 1980). 

A caliche "layer was associated with uniformity in creosotebush 

volume but less overall growth than in areas where such horlzens were 

not present (Burk and Dick-Peddie, 1973)- Among nine soil types, 

those underlain by limestone had the greatest creosotebush cover, 

and plants were larger and denser where the hardpan was deepest 
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(Buffington and Herbel, 1965)- Appendix Table A-1 shows the range of 

CaCO^ content at sites in the Chihuahuan Desert. 

Low elevation desert soils where creosotebush is common tend 

to be basic (Barbour et ai, IS80). In the Sulphur Springs Valley of 

Arizona, pH approached 8.4 (Johnson, 1961) and ranged from 7.6 to 8.2 

in the Trans-Pecos region of west Texas and eastern New Mexico (Secton, 

1975). Appendix Table A-1 shows a range of pH values for some sites 

in the Chihuahuan Desert. 

Creosotebush communities do not show any characteristic pattern 

of soil cation distribution (.Appendix Table A-1). Sexton (1975) 

reported ranges of 0.4 to 4.0 meq/1 potassium, 0.2 to 75.0 meq/1 

sodium, 0.4 to 25.0 meq/1 magnesium and 1.4 to 33.7 meq/1 calcium. 

Cation exchange capacity may range from 7.8 to 10.3 meq/100 g (Tatarko, 

1980). 

Apparently, as soil salinity increases creosotebush density 

decreases in the Trans-Pecos region (Hallmark, 1972.). Marks (.1950) 

described creosotebush as an indicator of saline free soils, and 

some studies have supported this contention (Hallmark, 1972; Jaynes, 

1977). 'Sexton. (1975) measured an electroconductivity of 10.0 mmho/cm 

in surface soils and 28 mmho/cm in deeper horizens and hypothesized 

that heavy rains tended to temporarily leach salts away from the 

surface. 

It appears that organic carbon is fairly uniform in the 

northern extremes of the Chihuahuan Desert (.Jaynes, 1977). 
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Creosotebush sites in west Texas and southern New Mexico have 0.3 to 

1.1% organic carbon (Singh, 1964; Hallmark, 1972). 

Vegetation Characteristics 

Vegetative characteristics of creosotebush in the Chihuahuan 

Desert are presented in Appendix Table A-2. These factors vary 

markedly from site to site. Height may range from 0.5 to 0.8 m on 

shallow soil over caliche to oyer 2.0 m in arroyos (.Gardner, 1951). 

Density (p1ants/ha) ranged from 230 to 7,460 at widely 

scattered sites in Texas and New Mexico (Barbour, 1968) and 2,824 to 

8,420 at locations in southern New Mexico (Burk and Dick-Peddie, 1973). 

Creosotebush density had no correlation with soil texture but was 

greatest when field estimates of coarse material were high in the 

trans-Pecos region. 

Above ground biomass (kg/ha) ranged from 848 to 6,505 in 

southern New Mexico (Burk and Dick-Peddie, 1973) and averaged 958 in 

the Trans-Pecos region (Hallmark, 1972) and 3>400 in the San Simon 

Valley of Arizona (Chew and Chew, 1965). 

Other plant species growing with creosotebush vary from 

desert to desert (Appendix Table A-3)• Whitehorn (Acacia constricta 

Benth.), tarbush (Flourensia cernua DC.), honey mesquite (Prosopis 

glandulosa (Torr.) Cockll.) are associated with creosotebush in 

West Texas (Hallmark, 1972). Whitehorn, mormontea (Ephedra triburca 

Torr.), mariola (Parthenium incanum H.B.K.), soaptree yucca (Yucca 

elata Engeim), desert zinnia (.Zinnia pumila Gray.) (.Burk and 

Dick-Peddie, 1973), broom snakeweed (Gutierrezia sarothrae (Pursh) 
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Brltt. and Rusby), velvet mesquite (P^. jul iflora (Sw) DC.) (Gardner, 

1951), and graythorn (Condolta lycioides (Gray) Weberb.) (Whitford, 

et al., 1978) are common to creosotebush sites in the southern Rio 

Grande Valley of New Mexico. Sand sagebrush (Artemesia filifolia 

Torr.), fourwing saltbush (Atriplex canescens Torr.), ocotillo 

(Fouquieria splendens Engelm) (Bufffngton and Herbel, 1965) and 

range ratany (Krameria parvifolia Benth.) (Singh, 1964) are associated 

with creosotebush in southern New Mexico. Mariola and tarbush were 

found on Larrea sites in southern Arizona (Chew and Chew, 1965). 

Sonoran Desert 

The Sonoran Desert Is located in southern Arizona, south

eastern California, Baja California and northern Sonora, Mexico. 

Precipitation ranges between 5.0 to 30.0 cm annually. The more 

mesic areas receive nearly equal rainfall in summer and winter 

(Barbour et al, 1980). Vegetation zones may be complex depending 

on the area in question (Shreve and Wlggln, 1964). 

Soil Characteristics 

Soil texture is coarse in nature at most creosotebush sites 

in the Sonoran Desert (Appendix Table A-4). in 1 m profiles near 

Tucson, Arizona soils were more porous with less clay and water 

holding capacity than adjacent creosotebush free soils (Yang, 1950). 

Sites scattered throughout the Sonoran Desert averaged 84% sand, 13% 

silt and 3% clay (.Barbour, 1968). 
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The relationship between CaCO^ and creosotebush distribution 

has not been extensively tested in the Sonoran Desert. Creosotebush 

stands have been reported to be both lacking and in the presence of 

a caliche hardpan (Yang, 1950) and on highly calcareous soils (White, 

1968). 

Creosotebush seems to be generally confined to alkaline soils 

(Appendix Table A-4). The pH at some creosotebush sites was slightly 

acidic (Hendricks, 1982), and a study of six Tucson-area locations 

showed no apparent correlation of alkalinity to creosotebush distribu

tion (yang, 1950). 

Extractable phosphorous (ppm) ranged from 4.3 to 33.9 at sites 

near Sllverbell, Arizona (Hendricks, 1982) suggesting that little or 

no relationship exists between P and creosotebush. However, seedlings 

from Tombstone, Arizona accumulated toxic concentrations of P when 

pH of the medium was buffered to 6.0 (Musick, 1975). 

Appendix Table A-4 shows soil cation levels at some creosote

bush sites. Soil cation levels do not appear to have any significant 

relationship to creosotebush distribution in the Sonoran Desert. 

For example Ca** has been reported at 0 to 10.5 meq/1 (Mallery, 1935); 

Barbour, "1968) and CEC had a range of 6.8 to 22.0 meq/100 g (Hendricks, 

1982). 

Creosotebush has been used as an indicator of salt free soils 

in the Lower Colorado division of the Sonoran Desert (Marks, 1950). 

Soil salinity at several sites in Arizona and California averaged 157 
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ppm (Barbour, 1968), well below the level considered toxic to most 

agricultural crops (Brady, 197*0. 

Organic matter in creosotebush soils near Tucson was usually 

less than ]% (.Yang, 1950; Hendricks, 1982), but low levels are 

characteristic of arid regions (Brady, 197*0 and probably have no 

correlation to creosotebush distribution (Yang^ 1950). 

Soil nitrates are not consistent in creosotebush stands. 

Nitrate accumulation varied from 7-0 to 29.5 ppm at Silverbell, 

Arizona (Hendricks, 1982). 

Vegetation Characteristics 

Appendix Table A-5 presents a summary of creosotebush vegeta

tion characteristics at sites in the Sonoran Desert. Creosotebush 

near Tucson, Arizona can grow up to 3-5 m in height under natural 

conditions, and plants as tall as 5*9 m are possible with irrigation 

(Dalton, 1961). Density varied from 130 to 1530 plants/ha in central 

and western Arizona and southeaster California (Barbour, 1969) and 

1300 to l600 plants/ha near Tucson, Arizona (Shreve and Hinckley, 

1937)- Plant size did not increase over a 30 year period near Tucson, 

Arizona (Shreve and Hinckley, 1937). 

Appendix Table A-6 lists perennial plants that coexist with 

creosotebush in the Sonoran Desert. White bursage (Franserta dumosa 

Gray) along with creosotebush forms 35% of the shrub population in 

the lower Colorado Valley (Shreve and Wiggin, 1964). Other bursage 

species (£. chenopodofolta, £. magdalenae), and some woIfberry 

(Lycium californicum Nutt. and J., fremonti i Gray) grew with 
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creosotebush in the Vizcaino Region of Baja California (Shreve and 

WIggin, 1964). Vegetation in the Tucson area associated with 

creosotebush included mesquite, desert zinnia and bush muhly 

(White, 1968). 

Mojave Desert 

The Mojave Desert lies in eastern California, southern Nevada 

and southern Utah. Elevation ranges from -86 to 1300 m and annual 

precipitation averages 10.0 to 20.0 cm, the majority falls during 

winter. A significant portion of the Mojave is dominated by a 

two-layered vegetative community of which creosotebush forms the 

overstory and white bursage the understory (Barbour et al., 1980). 

Soil Characteristics 

Appendix Table A-7 presents some soil characteristics found 

at Mojave Desert creosotehush sites. Soil texture tended to be coarse. 

The segregation of creosotebush from finely textured soils may occur 

because other plants are better adapted {Romney and Wallace, 1980). 

Creosotebush in the Mojave Desert was confined to slightly 

alkaline soils with a pH range of 8.0 to 8.8. Relatively high soil 

pH does not affect creosotebush seed germination (Barbour, 1968) 

but might be detrimental to seedling survival (.Romney and Wallace, 

1980). 

Soil potassium content showed a marked variation in Nevada 

(El-Ghonemy, Wallace and Romney, 1980; Hunter, Romney and Wallace, 

1980b) while sodium appeared to be consistently low (Barbour, 1968; 
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El-Ghonemy et al., 1980; Hunter et al., 1980b; Romney et al., 

1980). 

Soil analysis of other important minerals indicated low levels 

of phosphorus and manganese, while nitrates averaged 13 to 32 ppm in 

Nevada. Litter deposition and subsequent mineralization is a signi

ficant source of soil mineral recharge (Garcia-Moya and McKetl, 1970; 

Romney et al., 1980). 

Creosotebush in the Mojave Desert is not salt tolerant. 

Larrea dominance dropped from 20% of the total plant cover where 

salinity was low, to 0 on a saline outcrop in Rock Valley, Nevada 

(Wallace et al., 1980a). 

Vegetation Characteristics 

Height, density and above ground biomass characteristics of 

some creosotebush communities in the Mojave Desert are presented in 

Appendix Table A-8. Plant height may average 2 m and a density may 

average 1790 plants/ha (.Barbour, 1969). Density was inversely related 

to height in Nevada {.Beatley, 197^1. Above ground biomass was 5607 

kg/ha with the benefit of water harvesting from a paved road in 

California (Johnson, Vasek and Yonkers, 1975). 

Creosotebush roots were seldom found deeper than 50 cm in 

Nevada (Wallace, Romney and Cha, 1980b) and California (Garcia-Moya 

and McKell, 1970). These findings were similar to root characteris

tics in the Chihuahuan Desert (Singh, . 1964). 
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Perennial plants associated with Mojave Desert creosotebush 

communities are listed in Appendix Table A-9. Some common species 

include white bursage, range ratany, fourwing saltbush and wolfberry. 

Comparison of Three Deserts 

Creosotebush fn the three deserts show a preference for coarse 

well-drained, alkaline, non-saline soils. Larrea is drought tolerant 

and tends to dominate plant communities in the lower elevations of 

southwestern United States and northern Mexico. 

Chihuahuan creosote grow fastest, followed by Sonoran and 

Mojave. Chihuahuan plants are low, compact, brushy and adapted to 

summer precipitation. The Sonoran plants are taller and more open 

while demonstrating a broader habitat diversity. Mojave creosotebush 

are shorter than Sonoran and less compact and brushy than ChThuahuan 

(Yang, 1967). 

Creosotebush age might be determined by several methods. 

Crown area was suggested as a height indicator (Shreve and Wiggin, 

1964). Growth rings were correlated to height and then age in the 

Chihuahuan Desert (Chew and Chew, 1965) but this method was unreliable 

in the Mojave Desert (Barbour, 1969).  

As creosotebush ages, interior branches die and are replaced 

by new growth at the outer perimeter. The plant resembles a ring 

following the disintegration of the dead material. Carbon dating 

of creosotebush debris inside the perimeter related the age of the 

plant to the diameter of the ring (Vasek, Johnson and El singer, 1975a) 
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Creosotebush fragments recovered from woodrat (Neotoma spp.) 

middens in the Mojave Desert were found to be 10,000 years old after 

carbon dating. Midden material that was older contained no Larrea 

parts implying creosotebush's entry in the Mojave occurred 10,000 

years ago (Johnson, 1976). 

Plant communities that undergo no specific changes over a 500 

year period are said to be in climax (Barbour et al.t 1980). Given 

the proposed age of some creosotebush communi'tles (Johnson, 1976) we 

might hypothesize"that Larrea is a climax plant. However, creosote

bush thrives in Yucca Flat, Nevada where all vegetation was destroyed 

by above ground thermonuclear tests prior to 1963 (.Beatley, 197*0. 

This information suggests that creosotebush can also be an early suc

cession species. 

Due to their increased ploidy, Sonoran and Mojave Desert 

creosotebush might be more genetically advanced than the Chihuahuan 

variety. This difference might allow Sonoran and Mojave plants to 

fill more diverse ecological niches than Chihuahuan Desert creosote

bush (Abe, 1975). 



CHAPTER 3 

METHODS 

Site Descriptions 

Soil and vegetation samples were collected in January, 1982. 

The sites were (l) 2k km north of Carlsbad, New Mexico off Hwy. 285 

along Rocky Arroyo, (2) 26 km south of Las Cruces, New Mexico, east 

off 1-10 near the town of Mesquite, (3) 20 km east of San Simon, 

Arizona and 2 km south of 1-10 on Cavot Road, (4) 40 km south of 

Tucson, Arizona in Pasture 15 of the Santa Rita Experimental Range 

and (5) 16 km east of Barstow, California off 1-^0 on Pendelton 

Road near the town of Daggett. 

The Carlsbad site is a level plain on the first bench above 

the Pecos River. The Las Cruces site was divided into two sampling 

areas. The primary site is a flat plain on a gentle west facing 

slope on the first bench above the Rio Grande River. A supplemental 

site 30 m distant was chosen to provide a contrast for plant measure

ments. This site is on steep slopes that are dissected by arroyos. 

The San Simon site is a level plain on the first bench avove the San 

Simon River. The Tucson site is a level plain dissected by shallow 

arroyos on the first bench above the Santa Cruz River. The Barstow 

site is a level valley on a gentle north facing slope that is south 

of the Calico Mountains. 

15 
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Long term climatic data for the five sites are presented in 

Table 1. Soils are (l) Ector stony loam - LithTc Calciustoll at 

Carlsbad (Lenfesty, 1982), (2) Yturbide loamy sand - Typic Torrip-

samment at the primary plots at Las Cruces (Lenfesty, 1982), 

(3) Caliza very gravelly sandy loam - Typic Calciorthid at the supple

mental plots at Las Cruces (Lenfesty, 1982), (4) Tres Hermanos 

gravelly loam - Typic Haplargid at San Simon (Vogt, 1980), (5) Anthony 

variant - typic Torrlfluvent at Tucson (Richardson, Clemmons and 

Walker, 1979) and (6) Cajon gravelly sand - Typic Torripsamment at 

Barstow (Earsom, 1982). 

Soil Collections 

Ten creosotebush plants were arbitrarily chosen at each site. 

Using the plant's center as a starting point, lines were placed at 

magnetic azimuths of 0, 90, 180 and 270°. Soils were collected to a 

depth of 15 cm at three locations along each azimuth: (.1) underneath 

the plant adjacent to the base, (2) the "drip" zone formed by the 

canopy edge of each plant and (3) the open zone on bare soil between 

shrubs. All collections from each location were combined to form one 

composite sample for each location at each site. The composite samples 

were designated "under", "drip" and "open." The'samples were sealed 

in airtight plastic bags and returned to the laboratory for analysis. 

Soils were not collected at the supplemental site at Las Cruces. 



Table 1. Seasonal Precipitation and Average Temperatures at Five Creosotebush Sites. 
Data After (National Oceanic and Atmospheric Administration, 1978; Sellers and 
Hill, 197*0. 

CH 
SITE Average Teirperature Average HI nlmum Temperature Average Maximum Temperature Average Precipitation 

Spring-Sunnier Fall-Winter Sprlng-Sunmer Fall-Winter Spring-Summer Fall-Winter Spring-Summer Fall Winter 

Carlsbad 24.0 10.7 15.3 1.9 32.7 19.5 18.8 8.07 

Las Cruces 20.6 9.3 13.2 - 0.2 31.2 18.3 14.2 7.2 

San Simon 23.3 10.8 14.3 2.1 32.4 19.4 11.2 6.1 

Tucson 26.1 14.1 18.2 6.4 33.9 21.8 Id.6 11.4 

Barstow 26.0 12.8 17.6 5.5 34.4 20.3 2.3 5.0 



18 

Plant Samples 

An arbitrary starting point was selected at each site. Four 

122 m transects were measured at magnetfc azimuths of 0, 90, 180, and 

270°. The initial 10 m was omitted, and the remainder divided into 

\k equal 8 m segments. Seven of these segments were randomly selected 

An arbitrary starting point was selected at the supplemental 

Las Cruces site. Four 50 m transects were measured at magnetic azi

muths of 0, 90, 180 and 270°. The initial 10 m was omitted and the 

remainder divided into five equal 8 m segments. Two segments were 

randomly selected on the 0° transect. Three segments were randomly 

selected on the other lines. 

The midpoint of each selected segment was staked. A metal 

ring attached to a 3.79 m chain was placed over the stake, and the 

2 
circumference of a A5 m circle delineated to form a plot. 

The height of each creosotebush in the plot was measured from 

the soil surface to the top of the tallest branch with leaves. The 

longest and shortest axis of each creosotebush crown were measured 

to determine canopy area. All creosotebush in the plot were harvested 

at the soil surface and weighed to 0.1 kg. Perennial shrubs other 

than creosotebush were not measured, but were harvested and weighed 

to 0.1 kg. A sample of each species of perennial shrubs (including 

creosotebush) was stored in a paper sack inside an airtight plastic 

bag and ̂ returned to the laboratory. 
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Laboratory Analysis of Soil Samples 

Soil samples were dried in a forced atr oven at 80°C for 96 

hours and were sieved to 2 mm. Soils were analyzed for texture (Day, 

1950), calcium carbonate, pH and electroconductivity (U.S. Salinity 

Laboratory Staff, 195*0, ammonium acetate soluble cations including 

potassium, sodium, calcium and magnesium, DTPA-extractable manganese 

(Lindsay and Norvell, 1969), nitrates and organic carbon (Jackson, 

1958). Cation exchange capacity was estimated by summation of 

individual cation totals. Extractable phosphorus was determined by 

the Olsen procedure (.Jackson, 1958) using a modified Murphy-Riley 

solution for color development (Watanabe and Olsen, 1965). 

Laboratory Analysis of Plant Samples 

Plant samples were dried in a forced air oven at 80° (for five 

days) and weighed to 0.1 kg. Dry weight was subtracted from wet weight 

and the difference divided by wet weight to determine percent moisture 

for each species. 

Percent moisture was multiplied by total field weight of the 

appropriate species on a per plot basis. The product was subtracted 

from the field weight per plot of each species. The result was the 

dry weight of each species per plot. Dry weight of creosotebush on 

each plot was added to the dry weight to obtain a total dry weight 

of all perennial shrubs. 
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Statistical Treatment of Soil Analysis 

There were three replications for each location within a site 

(9). Test results for open, drip and under were compared by analysis 

of variance. When F values were significant at 0.05, Duncan's 

New Multiple Range Test was used to rank means (Steel and Torrie, I960). 

The mean values for open, drip and under were used as replica

tions to compare sites to one another by analysis of variance. When 

F values were significant at 0.05, Duncan's New Multiple Range Test 

was used to rank means (.Steel and Torrie, I960). 

Statistical Treatment of Plant Analysis 

Creosotebush density, canopy area, volume, above ground 

biomass, other shrub biomass and total shrub biomass were determined 

on a per hectare basis by dividing by 0.00^5 the total for each para

meter on each plot. The totals for each plot were then summed by 

transect and divided by seven to obtain a mean for each line. Transect 

sums at the supplemental Las Cruces site were divided by two, or three 

when appropriate, to.obtain a mean. Mean creosotebush height was 

determined by dividing total height per plot by density per plot. 

Mean creosotebush weight was determined by dividing total biomass 

per plot by density per plot. 

The four transects at each site were used as replications for 

a comparison among sites by analysis of variance. If F values were 

significant at 0.05, Duncan's New Multiple Range Test was used to 

rank means (Steel and Torrie, I960). The supplemental site at Las Cruces 

was not included In the statistical analysis. 
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Creosotebush density has a strong correlation to mean height 

in the northern Mojave Desert of Nevada (Beatley, 197*0. This rela

tionship was tested by using the reciprocal value of the density of 

each plot as the independent variable and the corresponding mean 

height of creosotebush as the dependent variable (Beatley, 197*0 in 

a linear regression analysis (Steel and Torrie, I960). 

Regression analysis was used to determine if relationships 

existed between creosotebush biomass and plant height, canopy area 

and volume. Creosotebush above ground biomass was the dependent 

variable in each test (.Steel and Torrie, I960)- Other shrub biomass 

and total shrub biomass were not included in these calculations. 

Statistical Analysis of Soil/Plant Relationships 

Soil analysis site means were compared to those of creosote

bush above ground biomass by linear regression (Steel and Torrie, 

I960) to determine if any relationship existed. Creosotebush above 

ground biomass was the dependent variable in all tests. 

STte~means of creosotebush density and biomass were dependent 

variables in a multiple regression analysis with site means for calcium 

carbonate, magnesium and sodium to determine if the correlation found 

in the Trans-Pecos Region (Tatarko, 1980) existed elsewhere. A mul

tiple regression was run using site means for creosotebush density 

and above ground biomass as dependent variables and pH and phosphorus 

as independent variables. The purpose was to test the relationship of 

phosphorus toxicity and pH to creosotebush (Musick, 1975). 



CHAPTER k 

RESULTS AND DISCUSSION 

Experiment One 

Comparisons of open, drip and under locations are reported in 

Appendix Table A-10. Nitrates (ppm) and percent organic carbon were 

the only soil factors significantly different from one location to 

another. The greatest amounts of nitrates and organic carbon were 

generally at the under locations, and lowest mean values showed a 

tendency to be in open areas. 

The area beneath creosotebush accumulates more plant material 

than the interspace zones (Garcia-Moya and McKell, 1970). In desert 

soils nitrogen is concentrated near the soil surface as a component 

of organic matter in the litter of living plants (Garcia-Moya and 

McKell, 1970). Litter deposition from creosotebush can add up to 0.3*> 

kg/ha N to soil in the Mojave Desert (Romney et al., 1980). These 

facts offer a reasonable explanation for the spatial distribution of 

nitrates and organic carbon in surface soils within creosotebush 

stands. 

Organic carbon deposition trends reversed at Carlsbad, Grasses 

were still present and above ground biornass of perennial shrubs was 

four times greater than creosotebush (Table 3). These characteristics 

resulted in vegetation being present in interspace zones between 

creosotebush plants In contrast to the other sites. Organic carbon 

22 
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levels in the open location at Carlsbad probably result from the sub

stantial non-creosotebush vegetation that is present. 

Nitrates did not follow the distribution trend of organic 

carbon at Carlsbad. Mineralization of creosotebush litter produces 

a comparatively large amount of nitrates when compared to other shrubs 

(Romney et at,, 1980). This might explain why soil nitrates were 

significantly greater under creosotebush plants than between creosote-

bush individuals at Carlsbad. 

Other soil factors tested by locations within site had no 

discernible pattern of distribution. Creosotebush apparently has no 

effect on the abundance of these components within a site. 

Comparisons among sites for all soil analysis are presented 

in Table 2. Statistical differences were apparent in every category 

except sodium. All sites had coarse textured, mineral, alkaline, non-

sal tne soils. Nitrates, manganese, NaHCO^-extractable phosphorus and 

calcium carbonates varied considerably among sites. 

Tucson and Las Cruces surface soils were sands and soils at 

Carlsbad, San Simon and Barstow were loamy sands. A generally coarse-

textured soil is characteristic of creosotebush sites (Schantz and 

Piemelsal, 1924; Mallery, 1935; Shreve and Hinckley, 1937; Fosberg, 

19^0; Yang, 1950; Gardner, 1951; Johnson, 1961; Barbour, 1968; White, 

1968; Garcia-Moya and McKel1, 1970; Hallmark, 1972; Cable, 1977). 

Organic carbon was most abundant at Carlsbad and lowest at 

Las Cruces. Given the mineral nature of the soil and the fact that 



Table 2. Soil Analyses with Comparisons among Sites. 

Si te 
% ppm meq/l meq/IOOg mnbo/cm 

PH Si te 
Sand Sitt Clay O.C. CsCO^ N0~ P Hn" K+ Na+ Ca""" Mg4* CEC EC 

PH 

Carlsbad 81.6C 12.6a 5.8a 2.2a 17.0a 27.5b 30. la 21.6a 0.133 0.01a 9.9^bc 0.28a l.03bc 1.6la 7.8bc 

Las Cruces 92.8a 2.9d 4.3a o.i»d 1.6d 7.1° 14.0C 7.3b 0.07b 0.0la 13.1^ 0.13C 1.33b 0.98b 8.0a 

San Simon 83.2C 10.9ab 5.9a 1.2C 3.«ic 2.3d 26.2b 11.5b 0.11a 0.03a I2.82b 0.17b 1.31° 0.83b 7.9ab 

Tucson 91.6a 6.3C 2.1b 0.7C I5.7b 3.7d 19.3C 5.7C o.ottc 0.02a 8.11° 0.10d 0.83c 1.52a 8. la 

Bars tow 86.2b 9.0b 4.8a l.ib IV A3.la 27.8b I5.5b 0.12® 0.03a I9.72a 0.l0d 2.0a 1.8«i" 7.7C 

Significant difference among sites at 0.05 level. 
Statistics are reported by columns. 
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only 1.8% separated the lowest from the highest value, the statistical 

differences in organic carbon among sites may not be important. 

The highest mean pH was observed at Tucson and the lowest value 

found at Barstow. The difference between these sites, 0.4, was insuf

ficient to alter the alkaline classification of the soil. Therefore 

the statistical differences in pH among sites is probably unimportant. 

Electroconducttvity was highest at Barstow and lowest at San Simon. 

Despite any statistical differences, salinity was too low even at 

Barstow to cause harm to salt sensitive plants (Brady, 197^)• 

Nitrates were greatest at Barstow and lowest at San Simon. 

Extractable phosphorus was greatest at Carlsbad and least at Las Cruces. 

Manganese was greatest at Carlsbad and least at Tucson. Calcium 

carbonates were greatest at Carlsbad and least at Barstow. There was 

a great deal of variance within sites for the calcium tests. Mean 

values for calcium may be misleading and of limited validity. 

The differences in soil factors is probably related to the 

effects of parent materials and topography. The comparatively high 

levels of nitrates and phosphorus at the Barstow site might result 

from topographic position and climate. Soils at Barstow are in a 

valley without significant drainage, and thus significant accumulation 

of some minerals may occur. Low rainfall and subsequent sparse vege

tative production would draw little if any of the standing mineral 

reserves. 

Cation exchange capacity, based on totals of NH^OAc-extractable 

potassium, sodium, calcium and magnesium was highest at Barstow and 
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lowest in Tucson. Although values among sites were statistically 

significant, the greatest difference involved only 1.17 meq/100 g. 

Coarse soils have characteristically low cation exchange capacities 

(Brady, 197^*) - The questionable validity of the calcium tests probably 

detracts from the accuracy of the cation exchange capacity estimations. 

Experiment Two 

There were significant differences in creosotebush character

istics among sites (Table 3). Tucson had the greatest plant density, 

mean height, canopy area, volume, creosotebush above ground produc

tion, average weight per plant and total above ground production of 

all shrubs. The primary plots at Las Cruces generally were second to 

Tucson in these categories although there was.no difference in plant 

density between the two sites. San Simon and Barstow were similar to 

each other in creosotebush volume and above ground biomass and in 

total above ground production. Carlsbad was statistically lowest in 

most categories except plant density. There were no significant dif

ferences among sites in above ground biomass of other perennial shrubs. 

A list of other perennial shrubs appears in Table 4. 

The supplemental plots at Las Cruces were not statistically 

analyzed. When values for the supplemental plots are compared to the 

primary plots at Las Cruces, the potential for obvious differences in 

creosotebush growth from over a short distance become apparent. 

Density measurements may be unreliable at two sites. Creosote-

bush at San Simon and Barstow grew in a ring pattern (Vasek, Johnson 

and Brum, 1975b). This suggests that all plants growing along the 



Table 3. Creosotebush and Other Perennial Shrub Vegetative Characteristics at Five Sites. 
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Average wt. 
per plant 

kg/ha 

Total Above 
Ground Production 

Carlsbad 1119bc 0.39d 203e 98.5d 128d 536a 0.15° 667.5d 

Las Cruces 2095a 1.04b 3524b 2̂05b 3368b kZ5a 1.75b 3793b 

San Simon 1952b 0.6*»c 1503° 125̂  1626C 252a 0.88c 1878° 

Tucson 22*6a 1.25a 511V* 9273a 5889a 604a 2.7̂ a 

Barstow 559° l. l 6 a b  919d 1153c 1228c 15*»a 2.l»3ab 1380° 

Supplemental 
2806 2869 0.65 Las Cruces 0.73 3331 2806 2869 50 0.65 2919 

Plots* 

Means in the same column followed by different subscripts are significantly different at 0.05. 

"not statistically analyzed. 



Table *t. Other Perennial Shrubs Sampled at Five Sites. 

CARLSBAD LAS CRUCES SAN SIHOtl • TUCSON BARSTOW 

Acacia constrtcta Gutlerrezla sarothrae Acacia greggll Ephedra trIfurea Cassia armata 

Canotia holacantha Opuntla spp. Atrlpiex canescens Opuntla spp. Franserla dumosa 

Condalla lycloldes Prosopls qlandulosa Canotta holacantha Prosopls jultflora Zinnia spp. 

Gutlerrezla sarothrae Yucca elata .Flourensia cernua Zinnia spp. 

Opuntla spp. Zinnia spp. Gutlerrezta sarothrae 

Prosopls glandulosa Zinnia spp. 

Seneclo longllobus 

to 
00 
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perimeter of a ring could be the same individual related by a common 

root system. Also the possibility exists that as the ring pattern 

develops, the root system breaks off into separate colonies. 

The contrasts among sites In other creosotebush dimensional 

and biomass estimates might be related to soil differences. 

Relationships among soil texture and creosotebush that became apparent 

from the results of Experiment Three might offer some explanations 

for the changes in creosotebush between sites. 

Experiment Three 

Results of linear regression analysis using soil factors as 

the independent variable and creosotebush biomass as the dependent 

variable are presented in Table 5. Coefficients of determination 

were high when sand, clay, manganese, potassium and pH were considered. 

Creosotebush has a high oxygen requirement (Lunt et al., 1973) 

and apparently grows best in deep coarse soils. The positive corre

lation of increasing sand content to creosotebush biomass accompanied 

by a negative relationship of the rise in percent clay to biomass 

implies the importance of soil texture. 

Differences in water supply as a function of climate, topo

graphy and soil texture as it affects drainage might account for some 

of the differences shown in Experiment Two. The soils at Tucson and 

the primary plots at Las Cruces are deep sandyEntisols. Soils receive 

moisture above what is supplied by annual precipitation as a result 

of the prevailing topography. Creosotebush growth at these sites 

suggest an ideal habitat. 
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2 
Table 5. Predictive Equations and r Values for Creosotebush Biomass 

as the Dependent Variable and Each of 15 Soil Factors as the 
Independent Variable. 

Regression 
Product 

2 
r Predictive Equation 

_ 
Sand 0.71 y = (381.7)x +(-30791.5) 

Silt 0.52 

% CI ay 0.88 y = (-1364.7)x +8697.9 

0 rg. C. 0.58 

CaC03 0.03 

P 0.59 

PPm NO ̂ 0.38 

'1*'̂  
Mn 0.8l y = (-314.2)x +6318 

4» 
K 0.98 y = (-58791.3)x +7974.2 

meq/1 
4 -

Na 0.01 

Mg 0.44 
meq/1 J M|. 

ak. < • 

Ca 0.20 

meq/1OOg CEC 0.20 

mmho/cm EC 0.02 

pH 0.76 y = (12571.2)x +(-96893.3) 
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Differences in creosotebush between Tucson and Las Cruces might 

arise from divergent climatic patterns (.Table 1). Winter temperatures 

and rainfall are greater at Tucson than Las Cruces. The winter rains 

are usually frontal storms and the coarse textured soils lose little 

of this precipitation to runoff. Comparatively warm temperatures at 

Tucson in winter allow some growth to take place when moisture is 

present. 

The supplemental plots at Las Cruces present a useful compari

son to the primary plots. The former lie on relatively steep slopes 

over a shallow Aridisol, Drainage is limited by a hardpan and runoff 

accumulates on the primary plots In the sandy lowlands. Despite a 

separation of only 30 meters density, mean plant height, volume, and 

above ground biomass are different (although not statistically). 

Creosotebush above ground biomass was similar at San Simon 

and Barstow. Soil texture was comparable at these sites but total 

annual precipitation was different (Table I). 

Total precipitation can be misleading. Rainfall at Barstow 

usually falls during the winter in gentle widespread storms. The 

well-drained Cajon gravelly sand in conjunction with the character 

of the precipitation probably eliminates the possibility of signi

ficant water runoff from this site. Most of the precipitation 
¥ 

probably enters the soil and becomes available for plant use. 

The majority of rainfall at San Simon occurs during summer as 

violent scattered thunderstorms. Water loss due to runoff is quite 

likely in this situation (Jordan, 1971), and effective precipitation 

could drop to a level approaching that at Barstow. 
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Rainfall at Carlsbad is comparable to that of Tucson (Table l) 

but production is different (Table 3). The shallow caliche layer 

(16 to 30 cm) characteristic of Ector stony loam might restrict 

creosotebush growth at Carlsbad. In addition, soil texture at Carlsbad 

is heavier than that of Tucson. Lack of oxygen sufficient for healthy 

growth could result from poor drainage and comparatively fine textured 

soil at this site. 

Other relationships suggested in Table 5-might be misleading. 

There was a negative correlation of increase in manganese to creosote-

bush biomass. Availability of Mn is limited in alkaline soils thus 

reducing the likelihood of any toxic accumulation (Jackson, 1958). 

Given then that manganese was within acceptable limits the possibility 

exists that the correlation was a coincidence. 

Potassium Is a monovalent cation and is soluble in water. 

Soil collections were at the surface 15 cm and it is possible that 

measurements of this mineral are inaccurate due to leaching to greater 

depths. Perhaps the relationship suggested between potassium in 

surface soils and creosotebush biomass is a coincidence. 

Soils at each site were alkaline and although statistical 

differences existed among them they were extremely slight. The 

positive correlation of increase is soil alkalinity to creosotebush 

production might be misleading because the range of pH is no narrow. 

Creosotebush in the Trans-Pecos Region of the Chlhuahuan 

Desert has a positive correlation to calcium carbonate (Hallmark, 

1972; Hallmark and Allen, 1975; Tatarko, 1980). The accuracy of 
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these investigations is not in dispute, but results of similar com

parisons across three deserts (Table 5) suggest that any correlation 

may be site specific. 

Mean CaCO^ at Las Cruces was 1.6% and creosotebush above 

ground biomass was the second highest of all sites. Carlsbad had a 

mean CaCO^ of 17-0&, and creosotebush production was the lowest of 

all sites. If CaCO^ had a relationship to creosotebush production 

Larrea biomass should have been greater at Carlsbad than at Las Cruces. 

Any connection between CaCO^ and creosotebush could be ob

scured by other factors such as soil texture and drainage, topography 

and precipitation. Soil and plant relationships should be examined 

across the entire range of a species to determine whether any suspected 

relationships are true only locally. 

Actual and predicted values of creosotebush production pro

jected from multiple regressions using CaCO^, sodium and magnesium 

are presented in Table 6. Predictions were close to actual values 

at Tucson and Las Cruces. Predictions were low at San Simon and 

high at Barstow and Carlsbad. The coefficient of determination was 

high at Barstow and Carlsbad. The coefficient of determination was 

across sites was 0.85. There was no relationship between plant density 

and CaCO^, Mg and Na . 

The factors behind this association are unclear, but some 

connection might exist. The sites at Tucson and Las Cruces might be 

similar enough to each other to account for the accuracy of the pre

dictive equation. Overall site differences among Carlsbad, San Simon 
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Table 6. Actual and Predicted Values for Creosotebush Biomass (kg) 
from the Regressions with CaC0,%, Mg++ (meq/l) and Na++ 
(meq/l) as Multiples. J 

Location 

(kg/ha) 

Location 
Actual Predi cted Deviat ion 

Carlsbad 128 595 -467 

Las Cruces 3368 3136 233 

San Simon 1626 526 1100 

Tucson 5889 5537 352 

Barstow 1228 2446 -1218 

R2- 0.85 
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and Barstow may be sufficient to obscure the relationship if one 

actually exists. 

Results of multiple regression analysis involving phosphorus 

and pH as indepenent variables and creosotebush density or above 

ground production as dependent variables are presented in Table 7. 

Predictions of density had the highest coefficient of determination 

and were most accurate at Las Cruces, Tucson and Carlsbad. Biomass 

predictions were never close to actual values and no trends were 

apparent. 

Examination of the predictive equations (Table 7) lends 

credence to the assumption that creosotebush suffers from toxic 

accumulations of phosphorus due to increased availability as a function 

of pH (Musick, 1975). However, as was shown earlier, the density 

counts used in this regression may be inaccurate. Biomass measure

ments do not seem to generate a useful predictive equation. The 

validity of this relationship may be doubtful. 

Phosphorus and nitrates had no correlation to creosotebush 

biomass in linear regressions (Table 5). Creosotebush growth is 

very slow (Shreve and Hinckley, 1937) and dormancy during long droughts 

is a frequent occurrence (Runyon, 1934). The irregular nature of 

creosotebush growth perhaps negates the importance of phosphorus and 

nitrate levels in soils. 

Experiment Four 

Results are presented in Table 8 of regression and analysis 

that tested the relationship of creosotebush height, canopy and 



Table 7. Actual and Predicted Creosotebush Density (plants/ha) and Creosotebush Biomass (kg/ha) 
from Multiple Regressions Analysis with Soil pH and P with Predictive Equations. 

plants/ha kg/ha 

Location 
Creosotebush Density Creosotebush Above Ground Biomass 

Location 
Actual 

a j- * j Predictive 
Predicted _ „2 

Equation R 
Actual Predicted 

Predictive ^ 
Equation R 

Carlsbad 1119 1199 128 1032 

Las Cruces 2095 2014 3368 4148 

San Simon 1952 1587 1626 2220 

Tucson 2246 2466 5889 4756 

Barstow 556 701 1228 84 

Sites 
Comb i ned 

y=(31055.99)xpR+ 

(-66.72)xp+ 0.90 

(-21221.7) 

y=(44782)xpH+ 

(-442.13)xp+ 0.78 

(-331699) 

U) 
ON 



Table 8. Coefficients of Determination from Regression Equations with Creosotebush Biomass as the 
Dependent Variable, and Total Creosotebush Height, Canopy and Volume as Linear or Multiple 
Independent Variables. 

2 R2 
r Height, Height, Canopy, Height, Canopy 

Location Height/ 
Biomass 

Canopy/ 
Biomass 

Volume/ 
Biomass 

Canopy/ 
Biomass 

Volume/ 
. Biomass 

Vol ume/ 
Biomass 

Volume/ 
Biomass 

Carlsbad 0.70 0.87 0.83 0.89 0.84 0.87 0.90 

Las Cruces 0.10 0.35 0.61 0.38 0.62 0.65 0.66 
i 

San Simon 0.39 0.63 0.78 0.78 0.73 0.78 0.80 

Tucson 0.33 0.72 0.78 0.78 0.73 0.78 0.78 

Barstow 0.47 0.67 0.70 0.69 0.72 0.71 0.73 

All 
Locations 
Comb i ned 

0.53 0.84 0.89 0.85 0.89 0.89 0.89 
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volume to above ground creosotebush biomass. Biomass had a clear 

relationship to height at Carlsbad. Canopy was correlated with bio

mass at Carlsbad, Tucson and when measurements at all sites were 

c combined. 

Volume had a high coefficient of determination to biomass at 

all sites individually. When all sites were combined, the correlation 

of volume to biomass seemed even stronger. Predictive equations 

for volume/btomass regressions are presented in Table 9. Multiple 

regressions that Included volume were highly correlated to biomass 

especially when totals for all sites were combined. 

Height and canopy area of creosotebush do not seem to be 

accurate predictors of biomass. Volume combines these factors and 

possibly removes variation due to plants having similar height with 

dissimilar canopy area. Multiple regressions involving height, canopy 

and volume were not any more accurate than linear analysis with volume. 

Results of density/height analysis are presented in Table 10. 

No correlation was evident at any of the sampling sites. The lack 

of a clear relationship became more apparent when all sites were 

combined. 

Beatley (197*0 found that creosotebush density is closely 

related to mean plant height in the northern Mojave Desert of Nevada. 

Tests of this relationship reported in Table 10 suggest that this 

correlation is local In nature. 

It appears that creosotebush growth form is site specific. 

Attempts to extrapolate conclusions drawn at one site to another area 
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Table 9. Predictive Regression Equations for Creosotebush Volume as 
the Independent Variable and Creosotebush Biomass as the 
Dependent Variable. 

Location Predictive Equation 

Carlsbad y = (0.001)x + 0.11 

Las Cruces y = (0.001)x + 2.73 

San Simon y = (0.001)x + 1.82 

Tucson y = (0.001)x + k.kl 

Barstow y = (0.00l)x +1.10 

All Locations Combined y = (0.00l)x + 3.02 



ko 

Table 10. Coefficients of Determination and Predictive Equations 
for Regression Analysis with Creosotebush Height as the 
Dependent Variable and Creosotebush Density as the 
Independent Variable. 

Location "r Predictive Equation 

Carlsbad 0.03 y = (0.06)x + 0.35 

Las Cruces 0.33 y = 0.54)x + 0.85 

San Simon 0.27 y = (0.45)X + 0.60 

Tucson 0.17 y = (1.00)x + 1.22 

Barstow 0.16 y = (0.27)x + 1.07 

All Sites 
Combined 

0.01 y = (-0.J3)x + 

CO CP
i 
o
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may have limited applicability when soils, topography and climatic 

character are disimilar. 



CHAPTER 5 

CONCLUSIONS 

Mechanical and chemical soil characteristics were measured from 

three locations within five creosotebush sites. The height, canopy 

area, volume and biomass of 1190 creosotebush plants and the biomass 

of all other perennial shrubs at each site were also measured. 

Soils at all sites were coarse, slightly alkaline, non-saline 

and low in organic carbon. Nitrates and organic carbon were usually 

in greatest concentration in soils collected from under creosotebush 

plants. Soil cation levels, calcium carbonate, phosphorus and nitrates 

varied widely from site to site and were apparently unrelated to 

creosotebush biomass. Coarse soil texture was related to creosotebush 

biomass. 

Creosotebush plants from Tucson, Las Cruces and Barstow had 

greater height, canopy area, volume and biomass than those measured 

at Carlsbad, San Simon and supplemental plots at Las Cruces. Similari

ties among sites appeared to be related to drainage, soil texture, 

climate and topography. 

Creosotebush density was difficult to determine at some sites 

and some individuals may have been linked by a common root system. 

Density measurements may be of little or no value when this condition 

exi sts. 

k2 



Growth patterns of creosotebush appear to be site specific. 

The validity of comparisons made among sites is probably enhanced 

when there is equal moisture distribution resulting from similar 

climate, topography and soil texture and drainage. 
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Table A-l. Soil Characteristics of Some Creosotebush Sites in the Chihuahuan Desert. 

Location Soil Texture 

neq/1 
meq/ mmho/ 
lOOg cm 

PH IC+ Ha+ Mg"1 Ca 
++ 

if 'O 

ccc EC Org.C. CaCO^ Source 

Throughout tlx an-
U.S> portion 

of th* Chlhuihuan 
Daiart 

lower Rio Grind* 
Valley, Hew Hexlco 

Trans-Fecos Region 
West Tint and 
Eastern Hew Kextco 

Sulphur Springs 
Valley, Arizona 

Trens-Recos Region 
Vest Texas and 
EjlUrn Hew Mexico 

Utst Texas 

Southern New 
Hexlco 

Tranipeco* Region 
Vest Teui and 
Eastern Hew Mexico 

Jornada Experimental 
Range, Hew Hexlco 

e.o i.o *1.3 

Beep land, deep heavy soil, 
shallow soli underlain by 
caliche, erroyo beds 

50-74* Sand, 17-291 Slit, 
9-11I Clay 

Sand St-7U. When sand 
was less than lit, gravel 
content was I4t-72t 

Clay beds overlain by 
rubble, sandy soils 

Gravelly, sandy soli over 
shallow caliche hardpen 

42.6-78.8 Sand 
10.7-35.2 Silt 
7.4-29.7 Clny 
85.1-60.4 Sand 
9.3-20.0 Slit 
5.6-19.6 Clay 

Gravelly sandy loaa, 
shallow to aoderateiy 
deep sandy loan, shallow 
calcareous sandy loan 
over llaestona 

7.7-7.8 0.6-0.8 t.0-1.5 1.5-2.36 26.2-32.8 

7.8-8.3 C.3-10 0.2-2.* 0.4-0.8 2.1-19.0 

7.6-8.2 0.4-4.0 0.2-75.0 0.4-25.0 1.4-33-7 

(Barbour, I960) 

(Centner, 1951) 

2.2-2.6 0.7-1.0 11.3-17.8 (Jaynes. 1977) 

9.95 (Johnson, 1961) 

0.3-2.7 0.7-59.6 (Hal lurk, 1972 

(Huller, 19«i0) 

1.0-2.0 (Singh, 1964) 

0.5-9.5 0.4-0.8 9.2-24.3 (Sexton, 1975) 

7.8-8.2 
7.8-10.3 

0.3 O. 3 -I. 6  O. 6 -O. 9  0.3-0.5 0.5-4.93 (Tatarko, 1900) 

(Bufflngton and 
llerbel, 1965) 

•E-
VT 



Table A-2. Characteristics of Creosotebush and Precipiation Trends of Some Sites in the 
Chihuahuan Desert. 

m kg/ha pi /ha cm 

Location Height Canopy 
Above Ground 

Blomass Dens Ity Mean Annual Precipitation Source 

Throughout Texas 
and Hew Mexico 

Lower Rio Grande 
Vat lev (flood-
plain), New 
Hexlco 

0.4-1.1 

848-6505 

230-7460 

2824-8420 
21.1 

(46% Jun-Aug, 30% Sep-Hov) 

(Barbour, 1968) 

(Burk and DIck-Peddie, 
1973) 
t 

San Simon 
Valley, Arizona 

3400 4460 20.2-28.5 
(52S Jun-Sep, 16-22% Jan- Mar) (Chew and Chew, 1965) 

Lower Rio Grande 
Valley, Hew 
Hex i co 

0.5-0.75 
over calIche, 
greater than 
2.0 tn arroyos 

21.6-25.7 
(47-60* Jul-Sep) 

(Gardner, 1951) 

Trans Pecos 
Region, West 
Texas and 
Eastern Hew 
Mexico 

958 3997 20-33 (Hallmark, 1972) 

Lower 11 to Grande 
Valley (Uplands) 
New Mexico 

0.66 0.75 4220.2 4385 20.4 
(51% Jul-Sep, 16% Jan-Har) (Singh, 1964) 

Zapata, Texas 50.2 

Sheffield, Texas 33.0 

Bernardo, Hew 
Hexlco 

20.3 (Saunier, 1967) 

Jr-
<T> 



Table A-3. Perennial Plants Associated with Creosotebush at Some Sites in the Chihuahuan Desert. 

LOCATION SPECIES SOURCE LOCATION SPECIES SOURCE 

Southern Arteinesla fll Ifol la 
Hew Hex Ico Torr. 

Atrlplex canescens 
Torr. 

Canotla holacantha 
Torr. 

Flourensla cernua 
DC. 

Fouqulerla splendens 
Engelm. 

Prosopls lull flora 
(Sw.) DC. 

Yucca spp. 

Lower Rio Grande Acacia constrlcta 
Valley (Flood-
plain), New 
Mexico 

Benth. 
Ephedra trlfurca 

Torr. 
Parthsnium Incanum 

H.B.K. 
Yucca elata 

Engelnu 
Zinnia pumlla Gray. 

(Buffington and 
Herbel, 1965) 

Lower Rio Grande 
Valley, New 
HexIco 

Trans-Pecos Region 
West Texas and 
Eastern New 
Mexico 

Southern 
New Hex)co 

Rio Grande Valley 
(Ftoodplaln), 
New Mexico 

(Burk and Dick-
Peddle, 1973) 

_F. cernua 
G. sarothrae 
P_. Jul I flora 

A. constrlcta 
Atrlplex spp. 
F. cernua 
KoeberlInla splnosa 

Zucc. 
Prosopls glandulosa 

(Torr.) CocklI. 

A. constrlcta 
E^. trl furca 
Kramer I a parvlfolla Benth. 
Opuntla spp. 
Y. elata 

Condalla lycloldes 
(Gray] Weberb. 

F. cernua 
Lyclum berlandlerl Dunal. 
P. glandulosa 
Xanthocephalun spp. 

(Gardner, 1951) 

(Hallmark, 1972) 

(Singh, 196^1) 

(Whitford et al., 
1978) 

San Simon 
Valley, 
ArIzona 

F. cernua 
P. tncanum (Chew and Chew, 1965) 

HesHla Valley, 
Southern 
New Hex!co 

constrlcta 
t_. cernua 
Gutlerrezla luclda 

Greene. 
G. sarothrae (Pursh) 

B r l t t .  t  R u s b y  ( F o s b e r g ,  1 9 * 1 0 )  



Table A-4. Soil Characteristics of Some Creosotebush Sites in the Sonoran Desert. 

Location 
Soil 

Texture 

meg/1 
meq/ mmho/ 
IQOg cm ppm % 

pH 
*1* H 

Ma Mg Ca 
++ Ext. 

CEC EC NO^ N0j,E Org.C. CaCQ^ Source 

Central and Ualtern tSand " 8* 
Artzona. Sou Ihe 
ern California 
Arizona, Southeast- tSllt " 1) 

tClay - i 

Tucson, AZ 

Tucion, U 

Tuciod, AZ 

Tucion, AI 

Tucion, AZ 

Tucson, AZ 

8.1 0.8 10.5 157* 

flna gravelly 
sandy loaa 

tSand : fiO-SO 
Kilt: 7-13 
tCtay: 11-17 " 

Deep rhyolItlc 
outwash covered 
by rock frag-
•cnli 

CraveIty, landy 
loan 

Poroul foilI with 7.3-8.1 
las* clay and avail-
aval labia water 
than adjacent non-
creosotebush tolla 

t.8-8.0 0.2-0.5 0.M.5 0.2-2.* 1.9-5.3 (.1-22.0 0.3-0.8 7.0-19.5 *.3-33.9 0.1-1.0 0.1-9.8 

7.6-J.7 1.8-1.6 1.0-1.3 0-0.75 8.0-12.0 

1*3-
1033* 

0.2-0.3 

(tarbour, 1968) 

(Cable. 1977) 

(Hendricks, I9G2) 

(Nailery, I93S) 

(Shreve and 
Hlckley, 1937) 

(Uhlte. 1968) 

(Yang, 1950) 

"Units in ppm 

-C-
00 



Table A-5. Characteristics of Creosotebush and Precipitation Trends at Some Sites in the Sonoran 
Desert. 

LOCATION 
Height 

kg/ha plants/ha cm 

Above Ground 
Blomass Density Mean Annual Precipitation Source 

Central and Western 
Arizona, South
eastern California 1.0-3.0 130-1530 22.5 (Barbour, 1969) 

Tucson, AZ 1.8  
0.9-1.2 
0.3-1.6 

31.8 
(5*i? Jul-Sep) (White, 1968) 

Tucson, AZ 1300-1600 (Shreve and 
Hinckley, 1937) 

Tucson, AZ up to 3-5 (desert conditions) 
up to 5.9 (with Irrigation) 

(Dal ton, 1961) 

-fc-
10 



Table A-7. Soil Characteristics of Some Creosotebush Sites in the Mojave Desert. 

Location 
Soil 
Texture 

ppm 

Mn pH 

meq/1 
meq/ 
100g % 

Na+ Ca++ fig** CEC CaCOg O.C. 

mmho/ 
cm 

EC Source 

Entire Hojivi, 
CalIfornla, 
Nevada, Utah 

tSind - Si 
tSllt - 1) 
ICIay - * 

Southern fajivo, Crmlly undy torn 
California 

llnthern Hojava, 
Nevada 

Northern Hojave 
Nevada 

Southern 
Nevada 

Southern 
Nevada 

Sand, lofiy land 

Clay **13 
Slit 7tl* 

1.6 

8.2 

8.0-

e.* 

1.2 15.* 

15.7 *.) 

0.2-*.} 1.2-3.8 0.3-8.6 25-81 2.0-10.0 

125-5 

*1-118.0 

15.6 

9.5-15.8 9-30 

I.Oll.O I3-I2y 8.*10.* 3.012.0 3.01*.0 7.019,0 I2.01*.0 

226* (Barbour, 1968) 

2.57 (Garcla-Moya and 
HeKalI, 1970) 

1.6 (Strajan at at., 1979) 

(Rcam«r at •)., 1980) 

1.0-?.3 (El-Ghoneay at al., 1900) 

(Hunter et al., 1980b) 

*ppm | No^ 

Ul 
o 



Table A-8. Characteristics of Creostoebushand Preclpi tation Trends at Some Si tes in the Mojave Desert. 

m 

Location Height 

pi ants/ha" cm kg/ha 
Above Ground 

Density Mean Annual Precipitation Biomass Source 

Mojave Desert, 
Ca., Nev., Utah 0.5-2.0 33-1790 

Northern Mojave, 
Nevada 0.6-1,8 4-167 

Northern Mojave, 
Nevada 0.2-0.6 953 

Southern Mojave, 
San Bernadino Co. 
California 

Southern Mojave, 
Cali fornia 

Mercury, 
Nevada 

Southern 
Nevada ' 907-1104 

Gold Va 11ey, 
California 220 

13-7 [32% in summer, 45% in 
winter) 

11.8-18.3 

13-8 

4.2-23.2 
0.2-38.1% in summer 
61.9-99.8% in winter 

13.4 

605.6-56070 

550-571 

9-1664 

(Barbour, 1968; 
1969) 

(Beatley, 1975) 

(Strojan et al, 

1979) 

(Johnson et al., 

1975) 

(Johnson, 1976) 

(Hunter et al 
1980a) 

(Hunter et a!., 
1980b) 

(Romney and 
Wallace, I98O) 

Gold Valley, 

Cali fornia 220 



Table A-9. Perennial Plants Associated with Creosotebush at Some Sites in the Mojave Desert. 

LOCATION SPECIES SOURCE 

Northern Mojave, 
Nevada 

Southern Mojave, 
San Bernadino County, 

Cali fornia 

Southern Mojave, 
San Bernadino County, 
. California 

Coleogyne ramosissima Torr. 

Acacia greggii A. Gray 
Brickel1ia incana Gray 
Cass la armata Wats. 
EL nevadensis 
Erlogonum faslculatum Benth. 
F^. dumos a 
Hymenoclea sal sola T.+G. 
Krameria grayt Rose + Painter 
J<. parvifol ia 
Salazaria mexicana Torr. 
Thamnosma montana Torr. + Frem. 

Acamptopappus sphaerocephalus (Harv. 
Gray) Gray 

Ambrosia dumosa (Gray) Payne 
nevadensis 

JE. fasiculatum 
Grayia spinosa (Hook.) Moq. 
H^. salsola 
Lyci um andersonij Gray 
Opuntia ramosissima Engelm. 

(Beatley, 1974) 

(Garcia-Moya and McKell, 1970) 

Tetradymi a spp. (Johnson et al., 1975) 



Table A-9~Continued 

LOCATION SPECIES SOURCE 

Northern Mojave, 
Nye County, 
Nevada 

Southern Mojave, 
San Bernadlno County, 

Ca1i fo rn i a 

A* duroosa 
E. n Hens is 

Ji* Pd» i col ia 
L. andersonii 
Lycium pal 1idum Mters 

Ai1ionia incarnata L. 
A. dumosa 
Atrip!ex canescens (Pursh) Nutt. 
A. greggi i 
Bebbla juncea (Benth.) Greene 
X. armata 
Dalea spinosa Gray 
Dyssodia cooperi Gray 
Echinocactus polycephalus Engelm. + Bigel. 
Echinocereus engelmannii (Parry) Rumpl. 
Ephedra cal ifornica V/ats. 

E^. faslculatum 
Erioqonum inflatum Torr. + Frem. 
Euphorbia polycarpa Benth. 
Gutierrezia microcephala (DC.) Gray 
Happlopappus cooperi (Gray) Hall 
_H. sal sola 
_K. parvifol ia 
L. andersoni i 
Mirabi1is bigelovii Gray 
Muhlenbergia portreri Scribn. 
Nicotiana trigonophylla Dunal 

(Strojan et al.» 1979) 

U1 
U) 



Table A-9—Continued 

LOCATION SPECIES SOURCE 

Opuntia echinocarpa Engelm. + Bigel. 
— ramosissIma 
S_. mexicana 
Sarcostemma hirtellum (Gray) R. Holm. 
Sphaeralcea ambigua Gray 
Stephanomeria pauciflora (Torr.) A. Nels. 
T. montana 
Tridens pulcheVius (H.B.K.) Hitchc. 
V. del toidea 
Yucca andersoni i Gray 
Yucca brevifolia Engelm (Vasek et al., 1975a) 

Southern Mojave, A. gregqi i 
California A. dumosa 

A. polycarpa 
£• armata 
Chrysosamnus paniculatus (Gray) Hall 
_E. englemanni1 
Encelia farinosa Gray 
E^. californica 
JE. inflatum 
Fagonia cal»fornica Benth. 

sal sola 
K. parvifolia 
j.. andersoni j 
L. cooper i 
Hachaeranthera tortifolia (Gray) Cronq.g Keck 
+ Keck 

Opuntia basilaris Engelm. + Bigel. 



Table A-9—Continued 

LOCATION SPECIES SOURCE 

0_. echinocarpa 
0. ramosisstma 
S_. mexicana 
S. ambjgua 
S. pauciflora 
T_. montana 
Yucca schidigera Ortgies (Vasek et al., 1975b) 

VJl 
vn 
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Table A-10. Mean Values for Soil Analyses at Three Collection Loca
tions within Five Sites in Three North American Deserts. 

LOCATION SITES* 
Carlsbad Las Cruces San Simon Tucson Ba rs tow 

% Sand 
Open 
Drip 
Under 

85.3a 

82 

77.3b 

94.6® 

90.3b 

93.6a 

82.6®. 
83.0® 
84.0® 

89.3® 

92.5a 

93. la 

91.2® 

83*2h 
84.2b 

% Silt 
Open 
Drip 
Under 

13-6a 

13-3a 10.9® 

0.2b 
4.6® 

3.9a 

10.3b 
n  . 9 ® ,  

10.6 

8.0® 
5.8® 

5.1 

7-]l 10.1® 
9.8® 

% Clay 
Open 
Drip 
Under 

3-8h 
4.4b 

9. la 

5*3a 
5. if 
2.5 

7- if 

S-'b 
5.4 

2.8® 

1.7h 
1.8 

l -7g 

6.0 

% 
Organic 
Carbon 

Open 
Drip 
Under 

2.3lJ 
1.89 
2.3 

0.48b 

0.3C 
0.52® 

0 . 7 8 ?  

1 . 0 3  

1.81® 

0'53b 
0.74 
0.91® 

0.60° 
I . 3 8 ®  

1.26 

% 

C a C O g  

Open 
Drip 
Under 

17-01® 
17.02® 
17 • 02 

1.45b 
2.0® 
1 .22° 

3.25b 
3-54® 

3 - 39 

15•64a 
15-6® 
15-79® 

1.68® 

1.15 
1.51® 

n o 3 -

(ppm) 

Open 
Drip 
Under 

20.17b 

16.8d 

i»5. z»2a 

0.42? 
2 . 3 3  

18.42® 

0.8? 
2.6 
4.33® 

2.65b 

1.25 
6.25® 

25.83b 
51.28® 

52.17a 

P 
(ppm) 

Open 
Drip 
Under 

31.85^ 
30.46° 
30.38° 

12.09® 
14.60® 

15.43a 

25.48b 

25.52° 
27.52® 

18.29® 
19.50® 
20.19® 

25.57^ 
29.34® 
28.34 

,, ++ 
Mn 
(ppm) 

Open 
Drip 
Under 

24.16®, 
22.02a° 

18.56 

10.98® 

3.Scb 
7 . 0 6  

3.46? 
9.40° 
21.60® 

5.38a 
6.06® 
5.58® 

22.24® 
16.42 
6.88c 

K+ 

(meq/1) 

Open 
Drip 
Under 

0.13a 

0.13a 
0.14® 

0.10® 
0.04?; 
0.08 

O.iO® 
0.11® 
0.12® 

°-°3*h 
0.04®b 

0.06® 

0.19® 

0.13* 
0.05 

Na 
(meq/1) 

Open 
Drip 
Under 

0 . 0 1 a  

0.02a 

0.01a 0
0

0
 

•
 

•
 

« 
0

0
0

 
—
 
0
 0
 

0
) J

r-
 J

r
 

cr
 t
r 

0.07® 
0 . 0 1 ®  

0.01® 

0.01® 
0.01® 
0.04® 

0.06® 
0.03® 
0 . 0 1 ®  
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Table A-10--Continued 

LOCATION SITES 
Carlsbad Las Cruces San Simon Tucson Barstow 

^ ++ 
Cs 

(meq/l) 

Open 
Drip 
Under 

9.70® 
10.05 
10.07® 

15.07fb 

5.57^ 
18.77® 

19.85® 

9.15 

8.42®. 
8.24® 

7.66 

22.85® 
13.84 
22.47® 

++ ~ 
Mg 

(meq/l) 

Open 
Drip 
Under 

0.29® 
0.26® 
0.29® 

0.13® 
0.13® 
0.12® 

0.17ab 

0.19? 
0.15 

0.09® 
0.10® 
0.11® 

0.12® 
0.08® 
0.09® 

CEC 
(meq/lOOg) 

Open 
Drip 
Under 

1.01® 
1 .04® 
1.05® 

1 -53® 
0.57® • 
1.90® 

2.02® 

0.98^ 
0.94 

0.86® 
0.84® 
0.79® 

2.32® 
1 .41 
2.26® 

EC 
(mmho/cm) 

Open 
Drip 
Under 

1 .40® 

K?aa 
1.71 

0.73? 
0.90° 
1.32® 

0.85® 
0.67® 
0.98® 

K9bc 
0.51 
2.15® 

l.l4b 

2.17® 
2.21® 

pH 
Open 
Drip 
Under 

7.73!; 
7.85f 
7.80 

8.04® 
8.12® 

7.84 

7.95® 
7.96® 
7.91® 

8.02b 

8.31® 

7-93 

7.82® 
7.63® 
7.65® 

Significant difference within a site at 0.05 level. 

Table is read in columns, top to bottom for within site values, and 

left to right for values among sites. 
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