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ABSTRACT 

Tebuthiuron (N-(5-(1,1-dimethylethyl)-1,3,4-thiadiazol-2-yl)-

N-N'-dimethylurea) at rates of 0.5, 1.0 and 1.5 kg a.i./ha, land imprint

ing, two-way railing, disk plowing, and disk plowing plus contour furrow

ing treatments were applied in late spring of 1981 and 1982 at four 

locations in the Chihuahuan and Sonoran Deserts which were infested with 

creosotebush and other associated woody plants. Disk plowing treatments 

and tebuthiuron applied at 1.0 and 1.5 kg a.i./ha gave the greatest 

percent of brush mortality at all locations and in both years. Forage 

production of perennial grasses tended to be greater in tebuthiuron 

treated plots than on mechanically treated and untreated areas. Forage 

production of annual grasses tended to be greater on mechanically treated 

plots than on chemically treated and untreated areas. From linear regres

sion equations developed, it is estimated that after 35.8, 39.5 and 44.3 

months, tebuthiuron concentrations on the top 20 cm of soil would reach 

undetectable levels after the application of 0.5, 1.0 and 1.5 kg a.i./ha, 

respectively. Tebuthiuron and its metabolites in plant tissue seem to 

fluctuate widely over time and do not show a specific trend. 

ix 



INTRODUCTION 

There is a great deal of controversy about the causes of brush 

expansion into grasslands. Scientists disagree on the different theories 

for brush encroachment, but most of them agree that brush invasion is a 

problem. The most important factors assumed to be responsible for the 

woody plant invasion are grazing by domestic livestock, competition, or 

the lack of it, the effect of rodents, climatic changes, suppression of 

grassland fires, abandonment of farmlands, and of course man, who is 

most responsible directly and indirectly for changes over the earth 

(Humphrey, 1958; Humphrey and Mehrhoff, 1958; Vallentine, 1980). 

Many semidesert grasslands which were once dominated by grasses 

have been highly infested with undesirable shrubs and sometimes reduced 

to totally non-productive sites as a result of the high grazing pressure 

on the range over the years. Consequently, most of the desert grasslands 

now produce much less forage than formerly. Actually many of these 

areas are in such poor condition that they can no longer support either 

livestock or wildlife. 

Brush invasion has been taking place for the last 100 to 150 

years. Vegetational changes have been noted principally along the edges 

of the deserts (Cook, 1908; Leopold, 1924; Young, Anderwald and McCully, 

1948; Humphrey, 1949; Brown, 1950; Glendening, 1952; Humphrey, 1953; 

Mehrhoff, 1955; Branscomb, 1958; Johnston, 1963; Buffington and Herbel, 

1965; Cable and Martin, 1973; Hennessy et al., 1983). 

1 
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According to Piatt (1959) there are in the United States approxi

mately 18,832,500 ha dominated by creosotebush fLarrea tridentata (DC.) 

Cov.], 37,665,000 ha dominated by mesquite [Prosopis .juliflora (Swartz) 

DC.], 5,366 ha dominated by tarbush (Flourensia cernua DC.), 31,833,000 ha 

dominated by pricklypear (.Opuntia sppQ and 57,560,625 ha dominated by 

broom snakeweed fXanthocephalum sarothrae (Pursh) Britt. and Rusby]. 

Creosotebush is one of the most common and widely distributed shrubs in 

North and South American deserts. This species either alone or in combi

nation with other desert shrubs is infesting from 18 to 26 million hec

tares. in the United States (Price, Parker and Hull, 1948; Piatt, 1959; 

Kuchler, 1964; Knipe and Herbel, 1966; Hull, Morton and Saunier, 1972), 

and about 45 million hectares in northern Mexico (Leopold, 1950; Gonzalez, 

1968). In New Mexico over a hundred years of evaluating creosotebush 

shows that it is expanding into desert grasslands at an average of 0.5 

2 
every year (Buffington and Herbel, 1965): while in Arizona rates of 

2 
expansion over a fifty year period are 5.4 km every year (Humphrey and 

Mehrhoff, 1958). What is also important is that clonal material of 

creosotebush is able to survive from 4 to 5 thousand years (Helms, 1980). 

Utilization of arid and semi-arid lands in farming for crop 

production has resulted in stable and productive agriculture only when 

restricted to areas with fertile soils and reliable water, either by 

irrigation or natural rainfall. Non-irrigated farming has failed due to 

the erratic and unpredictable amount and distribution of precipitation 

on these regions accompanied by poor soil characteristics and also 

unpredictable temperature patterns. 
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In an effort to find a way to use creosotebush in its natural 

state and to modify it, several studies have been done which indicate 

that creosotebush has no forage value. The high content of resins in the 

leaves makes it unpalatable to cattle and wildlife. Even though the 

protein content in leaves is about equal to alfalfa, and carotene content 

is three times greater than alfalfa, it cannot be utilized unless resins 

are removed. Creosotebush can be chemically treated with sodium hydroxide 

and can serve as feed for cattle, but because of the high cost of this 

treatment it is not economically feasible. A powerful chemical antioxi

dant for fats and oils (NDGA-Nordihydroguaiaretic acid) has been, 

extracted from creosotebush. Paints and varnishes may also be obtained 

from the resin and hardboards can be manufactured from the stems. Also 

several medical uses have been found, but again the cost is excessive 

(Saunier, 1967; Houston, 1968; Adams, 1968; Duisberg and Hay, 1969; 

Lastra, 1970.; Hull et al., 1972). 

Creosotebush has little soil protective value compared with 

grasses, and usually wind and water erosion are accelerated on most sites 

in which grass plants have been displaced by creosotebush. Replacement 

of creosotebush and other undesirable species with grasses reduces soil 

erosion and increases infiltration; at the same time forage production 

can be increased for animal consumption (Herbel, 1967; Jordan, 1967; 

Gould and Herbel, 1970; Jordan and Maynard, 1970). 

Practices involving brush control generally are expensive, and 

money invested in rangelands with medium condition may be recovered only 

after 6 to 8 years if recovered at all. However, in spite of the cost of 
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range improvements and whatever the reason for brush invasion, brush 

control practices must be considered in the restoration of the semi-

desert grassland infested with brush. Forage production on these areas 

in normal years is expected to be from 40 to 250 kg dry matter/ha 

(kg DM/ha), giving a carrying capacity of 28 to 80 ha/animal unit (AU) 

(COTECOCA, 1968, 1978). 

Forage production by native grasses in highly infested creosote-

bush rangelands is almost nil unless brush competition is reduced. 

Creosotebush density cannot be reduced by proper grazing management, and 

either chemical or mechanical brush control methods are required. Since 

complete removal of brush from a desert grassland may be detrimental to 

the recycling of nutrients in the ecosystem, selective chemical brush 

control may be suitable on rangelands with good grass cover. However, in 

some cases it may be necessary to disturb mechanically the existing vege

tation in order to enhance grass production, protect the soil, and 

restore productivity. 

General Objectives 

The objectives of this study were: 

1. To determine the effectiveness of the granular herbicide 

tebuthiuron for control of creosotebush and associated species. 

2. To determine the effectiveness of two-way railing, land imprint

ing, disk plowing, and disk plowing plus contour furrowing for 

control of creosotebush. 

3. To evaluate the response of native forage grasses to tebuthiuron 

and these mechanical control methods. 



To determine temporally the concentrations of tebuthiuron in 

rangeland soils at four semidesert sites after application of 

three rates of herbicide. 

To determine temporally the concentrations of tebuthiuron and 

its metabolites in plant tissues at four semidesert sites after 

application of three rates of herbicide. 



LITERATURE REVIEW 

Tebuthiuron Formulation, Description and 
Mode of Action 

Tebuthiuron (N-(5-(1,1-dimethylethyl)-1,3,4-thiadiazol-2-yl)-

N-N*-dimethylurea) is a substituted urea herbicide for total vegetation 

control when formulated as awettable powder (Walker, Jones and Shaw, 1973; 

Ford, 1981) , and for the selective control of certain brush species on range-

lands when formulated as a pellet (Meyer, Bovey and Baur, 1978; Morton 

et al., 1978a; Scifres, Stuth and Bovey, 1981b). The bulk density of 

the formulated product is approximately 1000 kg/m , and all formulations 

contain approximately 17,500 particles/kilogram which result in approxi-

2 
mately 17.6, 8.8 and 4.4 pellets/m /kg a.i. applied with the 10, 20 and 

40% a.i. pellet formulations, respectively (Elanco Products Co., 1983). 

Tebuthiuron clay pellets are melted by rainfall and the chemical 

moved down into the soil. Subsequent rainfall moves the chemical to the 

root zone of the plants. Tebuthiuron is absorbed by roots and translo

cated to the shoots (Baur and Bovey, 1975; Steinert and Stritzke, 1977; 

McNeil, 1982). Once in the plant tebuthiuron inhibits photosynthesis in 

susceptible species by inhibiting electron transport at the reducing 

side of photosystem II (Hatzios and Penner, 1980; McNeil, 1982), reduc

ing the ability of plants to produce food and depleting the levels of 

nonstructural carbohydrates (Shroyer, Stritzke and Croy, 1979). Once 

tebuthiuron is absorbed by susceptible species, they become chlorotic 

i 
6 
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and defoliation occurs. The first defoliation generally occurs within 

30 to 90 days after the first significant rainfall (Scifres and Welch, 

1982). Absorption of tebuthiuron is slow and plants may defoliate 

several times during several growing seasons until carbohydrate reserves 

are exhausted and death occurs (Elanco Products Co., 1983). Tolerance 

of species to betuthiuron. is due to the rapid chemical transformation of 

the herbicide once in the plant to give nonphytotoxic metabolites. 

Tebuthiuron in the soil is metabolized by microorganisms, 

absorbed by plants and tied up on the clay particles and organic matter 

fraction (Chang and Stritzke, 1977). Tebuthiuron volatility is very 

low and photodegradation is negligible. The major metabolic pathway for 

microbial degradation is demethylation of the terminal nitrogen to form 

N-(5-(l,1-dimethylethyl)-1,3,4-thiadiazol-2-yl)-N'-methylurea. Minor 

metabolites formed are N-(5-(1,1-dimethylethyl)1,3,4-thiadiazol-2-yl)-

N'-methylurea; and 5-(.1,1-dimethylethyl)N-methy1-1,3,4-thiadiazol-2-

amine (Elanco Products Co., 1983). Rate of degradation and mobility 

depends upon the amount of living vegetation, temperature, rainfall and 

soil characteristics. Tebuthiuron is tied up in soil and has slowly 

decreasing mobility as organic matter and clay content increase. Chang 

and Stritzke (1977) found 40% of tebuthiuron adsorbed to a soil contain

ing 4.8% organic matter compared with less than 1% of tebuthiuron 

adsorbed to a soil containing 0.3% organic matter. Tebuthiuron leaches 

slowly in soils, and significant amounts have been detected down to 

60 cm six months after tebuthiuron application on a black clay profile 

in Texas (Bovey et al., 1978). Greater tebuthiuron dissipation has 
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occurred at 15% soil moisture and 30°C than at lower temperatures or 

lower moisture content (Chang and Stritzke, 1977). Weber (1980) indi

cates that absorption of tebuthiuron seems to be slightly greater- on 

acid soils than on neutral or alkaline soils. Emmerich et al. (1984) 

indicate that thirty-eight percent of the applied tebuthiuron remained 

in a desert soil profile in Arizona 21 months after application at the 

rate of 0.84 kg/ha. They predict throughout regression equations that 

tebuthiuron concentration will drop to undetectable levels in 2.9 to 

7.2 years. In humid regions the half life of tebuthiuron î  estimated 

at 12 months (Elanco Products Co., 1983). Bovey et al. (1978) and Bovey, 

Meyer and Hein (1982) indicate that tebuthiuron is concentrated princi

pally in the top 15 cm of soil, and detectable levels of the herbicide 

have been present for at least 2 years in subhumid and semiarid soils. 

Metabolic pathways found in the degradation of tebuthiuron in 

plants involve hydroxylation of the dimethylethyl side chain and/or 

demethylation of the terminal urea nitrogen to form N-(5-(l,l-dimethyl-

2-hydroxyethyl) -1,3,4-thiadiazol-2-yl)N,N1, dime thy lurea; N- (5- (1,1-

dimethylethyl)-1,3,4-thiadiazol-2-yl)-N-methy1-N'-hydroxymethylurea; 

N-(5-(1,1-dimethylethy1)-1,3,4-thiadiazol-2-y1)-N-methylurea; and 

N-(5-(1,l-dimethyl-2-hydroxyethyl)1,3,4-thiadiazol-2-yl)-N-methylurea 

(Berard, Magnussen and Rainey, 1977; Loh, West and Macy, 1978). Toler

ance limits of tebuthiuron and metabolites established by the Environ

mental Protection Agency (E.P.A.) have been set at 20 ppm in forage and 

hay (Elanco Products Co., 1983). 
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Tebuthiuron has a low order of toxicity in animals.. Results 

indicate that tebuthiuron is safe for cattle when fed at concentration 

ratios of 10, 30 arid 100 ppm for 162 days (Elanco Products Co., 1983). 

Grasses collected from 7 to over 2000 days after tebuthiuron application 

at rates from 0.56 to 4.49 kg a.i./ha indicate that concentrations in 

plant samples were always below the established tolerance levels of 20 

ppm (Elanco Products Co., 1983). After tebuthiuron is ingested either 

from grass containing tebuthiuron or following direct oral doses, it is 

rapidly metabolized and excreted through the kidney via urine, and 

neither tebuthiuron nor metabolites are accumulated in the body (Elanco 

Products Co., 1983). Since rate of tebuthiuron and metabolite excretion 

is more rapid than the rate of absorption and metabolism, accumulation 

of the product in the body is not likely to occur. Metabolic pathways 

found to be active in the degradation of tebuthiuron in animals are 

comparable to pathways found in plants. Tolerance levels of tebuthiuron 

and metabolites are 2 ppm in meat and by-products, and 0.3 ppm in milk 

(Elanco Products Co., 1983). 

Brush Control with Tebuthiuron 
and Forage Responses 

Carrying capacity on arid rangelands infested with creosotebush 

and tarbush can be increased for livestock production with the applica

tion of tebuthiuron (Jacoby, Ueckert and Hartmann, 1982a, 1982b; Ueckert, 

Jacohy and Hartmann, 1982a, 1982b). However, forage production increases 

may not occur until the second or third growing season after tebuthiuron 

application (Sosebee, Brumley and Boyd, 1976; Morton, 1979; Scifres and 



Mutz, 1978; Stritzke, 1980). Jacoby et al. (1982a) report 86 and 99% 

of creosotebush mortality after application of tebuthiuron at 0.5 and 

1.0 kg a.i./ha. Forage production on treated areas three years after 

application was two to three times greater than the untreated areas. 

Ueckert et al. (.1982a, 1982b) indicate that tebuthiuron at 0.4, 0.8 and 

1.6 kg a.i. ha controlled 68%, 95% and 99% of tarbush, respectively. 

They found that control of tarbush in heavily infested areas increased 

carrying capacity almost 100%. Tebuthiuron at rates of 0.6, 1.1 and 

2.2 kg a.i./ha controlled 77%, 97% and 99% of creosotebush, respectively 

(Morton et al., 1978a). 

Application of tebuthiuron at 2.2 kg a.i./ha to mixed brush 

. increased grass production 91% during the second growing season after 

application and 113% and 92% in the third and fourth growing seasons, 

respectively (Scifres and Mutz, 1978). Sears, Britton and Pettit (1982) 

report that forage production increased three to ten-fold after appli

cation of tebuthiuron for control of shinnery oak. Jones and Pettit 

(1982) report forage production increases of 100% to 500% after applica

tion of tebuthiuron at rates from 0.2 to 1.0 kg/ha. Sosebee, Brumley 

and Boyd (.1977) indicate that forage production of perennial grasses was 

increased on an average of 785 kg/ha compared with the untreated areas 

after application of tebuthiuron at rates of 8.9 kg/ha. Forage produc

tion of Lehmann lovegrass (Eragrostis lehmanniana Ness.) was increased 

100% with the application of sulfur coated urea at 45 kg/ha plus 1.1 

kg/ha of tebuthiuron (McCawley and Bryant, 1982). 
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Some perennial grasses from the genera Chloris and Bouteloua may 

increase on grasslands treated with tebuthiuron; however, some Aristida, 

Leptoloma and Eragrostis species may be reduced in tebuthiuron treated 

areas (Scifres and Mutz, 1978; Scifres et al., 1981a). Sosebee et al. 

(1976) also report that growth of sideoats grama [Bouteloua curtipendula 

(Michx.) Torr.] was enhanced with tebuthiuron application. Pettit (1976, 

1977) and Jones, Meadors and Jacoby (1978) indicate that sand dropseed 

[Sporobolus cryptandrus (Torr.) Gray] may increase dramatically following 

tebuthiuron application. Pettit (1977) indicates that tebuthiuron applied 

over 3.4 kg/ha is detrimental to grasses. Tebuthiuron applied above 2.2 

kg/ha causes reduction in Arizona cottontop [Digitaria californica 

(Benth.) Chase], Rothrock grama (Bouteloua rothrockii Vasey) and slender 

grama [Bouteloua filiformis (Fourn.) Griffiths], but three awn (Aristida 

spp.) and Lehmann lovegrass were increased (Morton, 1979). Cool season 

grasses and perennial forbs were severely damaged with tebuthiuron 

applied at 2.5 kg/ha (Bar.tel and Rittenhouse, 1982). 

Tebuthiuron is expected to reduce forb production during the 

first to third growing seasons following herbicide application, but forbs 

can recover to original levels or even increase after the third growing 

season (.Scifres and Mutz, 1978; Scifres et al., 1981a; Jones and Pettit, 

1982; Ueckert et al., 1982b). Summer annuals have increased when dense 

canopy covers of brush have been reduced after application of tebuthiuron 

(Nolte, Fick and Ohlenbusch, 1982). 
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Impact of Tebuthiuron on Cattle 
Preferences 

Data indicate that cattle prefer to graze tebuthiuron treated 

rangelands compared with untreated ranges. Sosebee (1979), Scifres and 

Welch CL982) and Scifres, Scifres and Kothmann (.1983) indicate that 

herbaceous plants in tebuthiuron treated plots were preferentially selec

ted by domestic livestock over those on untreated areas. Forbs in treated 

areas appear to be greener and more succulent and vigorous than untreated 

plants. Scifres et al. (1981a), Scifres and Welch (1982) and Elanco 

Products Co. CL983) indicate that cattle and their calves have gained 

more weight and have maintained a better condition on tebuthiuron treated 

plots; at the same time more animals per hectare were able to graze on 

tebuthiuron treated plots compared with the untreated areas. However, 

livestock production increases were usually not evident until the second 

rainy season after tebuthiuron application (Scifres and Welch, 1982). 

McCawley and Bryant (1982) indicate that heifer gains on Lehmann love-

grass pastures treated with 45 kg/ha of sulfur coated urea plus 1.1 kg 

of tebuthiuron almost double those on untreated areas. 

Impact of Tebuthiuron on Nutritive 
Value of Forage and Soil Characteristics 

Nutritive content of grasses was improved during the year of 

treatment after tebuthiuron application (Biondini and Pettit, 1979a; 

Biondini, 1980). Masters and Scifres (1981, 1982) indicate that percent

age of crude protein in grass leaves increased during the season of 

application on tebuthiron treated plots. Biondini (1980), Biondini and 

Pettit (1980), Masters and Scifres (1982) and Scifres and Welch (1982) 
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indicate that digestibility and crude protein of forage increased after 

application of tebuthiuron, as a result forage palatability also increased. 

Water content in grasses has been greater on tebuthiuron treated plots 

than on untreated areas (Masters and Scifres, 1981; Scifres, Scifres and 

Kothmann, 1982). Biondini and Pettit (,1979b) report a higher phosphorus 

content in grasses treated with, tebuthiuron. 

Soil characteristics have been altered in tebuthiuron treated 

areas resulting from altered plant growth. Sears et al. (1982) report 

greater soil nitrogen levels in areas treated with tebuthiuron. Soils in 

tebuthiuron-treated areas, seem to keep more moisture from 8 to 46 cm depth 

than untreated areas (Johnsen and Morton, 1979). Knight, Blackburn and 

Scifres (1982) indicate that infiltration rates tend to be greater 3 

years after tebuthiuron application than on brush covered areas. 

Other Herbicides in Brush Control 

Chemical treatments have the advantage of selectively removing 

undesirable vegetation while leaving the grass (Gould and Herbel, 1969b). 

However, chemical methods are not economically effective for creosotebush 

and tarbush control (Uechentin et al., 1964). Gould (1967) and Gould and 

Herbel (1969a) reported the ineffectiveness of 2,4-D (2,4-dichlorophenoxy-

acetic acid) and 2,4,5-T (2,4,5-trichlorophenoxy acetic acid) alone or in 

combination applied during 2 consecutive years at 1.1 and 2.2 kg/ha for 

control of creosotebush. The same herbicides proved to be ineffective 

for mesquite and creosotebush control in Arizona on a site receiving 

240 mm of rainfall a year (Jordan, 1967). However, in Arizona using 



higher rates (3.8 kg/ha) of 2,4,5-T, Schumtz, Tschirley and Turner (1956) 

obtained from 65% to 85% creosotebush control on a site receiving 300 mm 

of rainfall a year. Valentine (1970) indicates the superiority of pic

loram (4-amino-3,5,6-trichloropicolinic acid) over 2,4-D and 2,4,5-T for 

creosotebush control; by individual plant treatments with picloram at 0.2% 

water solution he obtained from 25% to 48% of creosotebush control. 

Gould (1971), testing different herbicides for control of creo

sotebush found the best results with the application of picloram and 

dicamba (3,6-dichloro-O-anisic acid) at 2.2 and 4.4 kg/ha. Repeated 

applications by using a combination of dicamba plus 2,4-D and 2,4,5-T 

were more effective than alternate applications of the same herbicides 

(.Gould, 1972). Gould and Herbel (1969c) tested different herbicides 

and found that dicamha was the more toxic herbicide for tarbush, obtain

ing 70% defoliation. Foliar application of dicamba at 0.56 kg/ha in a 

total volume of 19 liters resulted in a 50% to 60% creosotebush control 

(Gould and Herbel, 1970). Tarbush can be controlled with foliar 

application of dicamba and 2,4-D at rates of 1.1 to 2.2 kg/ha (Herbel, 

1967). Hull and Saunier (1970) report 90% creosotebush control with the 

application of 2.2 kg/ha of 2,4,5-T with 50% DMSO plus 0.5% surfactant. 

Granular picloram, bromacil (5-bromo-3 sec-butyl-6-methyluracil), and 

fenuron (l,l-dimethyl-3-phenylurea) have given good results for mesquite 

and creosotebush control when applied at 4.5 kg/ha (Jordan, 1967). 

Herbel (1967) indicates that creosotebush may be controlled by basal 

application of fenuron, isocil (5-bromo-3-isopropyl-6-methyluracil), 

bromacil, picloram or dicamba at rates of 1.0 g a.i./40 cm canopy 
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diameter. Tarbush can be controlled by individual plant treatment of 

fenuron, monuron (3-(p-chlorophenyl)-l,l-dimethylurea), isocil, bromacil, 

or dicamba at rates of 1.0 to 2.0 g a.i./plant (Herbel, 1967). Granular 

pellets of fenuron and dicamba at 1.0 g a.i./40 cm canopy diameter have 

resulted in 70% to 90% creosotebush control (Gould and Herbel, 1970). 

Of the granular herbicides, tebuthiuron has been shown to be one of the 

most effective herbicides for control of creosotebush and associated 

species (Norton et al., 1978b; Oliveira, 1978; Scifres, Mutz and Hamilton, 

1979). 

Mechanical Brush Control 

Soil compaction plays a very important role in the establishment 

of grass plants in rangelands. Gill and Vandenberg (1967) indicate that 

soil compaction reduces soil permeability, water infiltration, and aera

tion. As a consequence, metabolic activities of roots are hampered. It 

is obvious that greater rates of infiltration are detected on mechanic

ally disturbed soils compared with undisturbed areas (Burwell, Allmaras 

and Sloneker, 1966; Kelling, 1977; Bedunah and Sosebee, 1982). Piatt 

and Dodd (1975) indicate that forage production of curly mesquite 

rHilaria belangeri (Steud.) Nash] and brlstlegrass (Setaria macrostachya 

H.B.K.) was increased after disking and chiseling following by disking 

on a saline clay flat in Texas. Gonzalez and Dodd (1975) indicate that 

infiltration rates following root plowing and front-end stacking were 

higher compared with the untreated areas; a high increase of forbs was 

closely associated with the soil disturbance. 
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To be effective for brush control, mechanical treatments should 

cut below the crown (Edminster and Ryerson, 1960; Jordan, 1981). It is 

desirable to cut from 20 to 30 cm below the crown in order to kill 

creosotebush and from 30 to 40 cm below the crown to kill mesquite. 

However, partially uprooted plants may recover if adequate moisture is 

present following treatment application (Jordan and Maynard, 1970). 

Gould and Herbel (1969b) reported that creosotebush sprouted vigorously 

from the crown when the top growth was removed mechanically. 

Disk plowing is useful for'loosening, mixing, and aerating the 

soil. This practice can effectively control some deep-rooted shrubs and 

incorporate the resulting vegetative material into the ground. This 

practice is limited to a fairly rock-free ground. It is recommended in 

areas with no grass cover because plowing destroys grass plants 

(Rechentin et al., 1964; Plummer, Christensen and Monsen, 1968; Larson, 

1980). Disk plowing is an effective method for control of creosotebush 

and tarbush and is recommended on sites with deep fertile soils followed 

by reseeding (Rechentin et al., 1964). Rodriguez (1980) reports a short-

term brush control on the Larrea-Fluorensia type in Mexico after disk 

plowing. However, temporary control of creosotebush has been obtained 

with disk plowing in Arizona (Jordan, 1967). Disk plowing has controlled 

85% of mesquite, 86% of creosotebush and 91% of tarbush (Jordan and 

Maynard, 1970). Some of the plots treated in 1967 have become completely 

reinfested with brush in the last 10 years. The brush reinfestation is 

believed to occur when moist ground was prevailing at and after the 

mechanical treatments (Jordan, 1984). 
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Effective control of creosotebush and associated vegetation is 

obtained with root plowing to a depth of 18 to 25 cm (Gould and Herbel, 

1970). Herbel et al. (1973) indicate that root plowing is an effective 

treatment for control of creosotebush and tarbush followed by reseeding 

with grasses. Short-term control of creosotebush has been obtained with 

root plowing (Jordan, 1967). Root plowing under certain conditions has 

controlled 93% of mesquite, 89% of creosotebush and 94% of tarbush 

(Jordan and Maynard, 1970). 

Railing is the process of dragging railroad rails pulled by a 

tractor or other source of power. This practice is used to uproot, to 

crush, brushes and to allow herbaceous plants to increase coverage. The 

effectiveness is improved when rails make as much ground contact as 

possible. This practice is recommended when both vegetation and ground 

are dry. This method does not control sprouting species with flexible 

stems. Because this species may destroy some grasses on good grass 

covered rangelands, railing is more adapted to areas with little grass 

cover, but sufficient grass plants to serve as seed source and to 

increase in vigor when the brush stems are removed. Railing is also used 

when grass seeding is planned (Walter and James, 1955; Rechentin et al., 

1964; Larson, 1980). Railing gives temporary control of creosotebush 

and tarbush (Rechentin et al., 1964). Garcia and Vasquez (1981) report 

a significant increase of blue grama [Bouteloua gracilis (H.B.K.) Steud] 

and sideoats grama in the Larrea-Fluorensia type in Mexico after railing 

and root plowing. Medina (1980) indicates that railing Larrea-
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Flourensia infested areas may increase grass production tenfold compared 

with the untreated areas. 

Shredding is not an effective brush control method in the Larrea 

type (Valentine, 1970). However, shredding of creosotebush appears to 

give at least temporary release of native grasses (Gould, 1967). 

Echavarria (.1972) indicates that even though shredding was not effective 

for creosotebush control, brush can be temporarily controlled and forage 

production increased by 50% compared with the untreated areas. Valentine 

(.1970) indicates that spraying 2,4,5-T to regrowth of creosotebush after 

shredding has resulted in a better treatment than either one of them 

alone. 

Chaining has resulted only in temporary control of semi-desert 

shrubby vegetation (.Schumtz, Cable and Warwick, 1959). Brush chopping 

or mowing has been ineffective in creosotebush and mesquite control 

(Jordan and Maynard, 1970). Disk-pitting has resulted in a very low 

percent of mortality of creosotebush and mesquite. However, chaining and 

disk-pitting gave an initial control of 27% of mesquite, 48% of creosote

bush and 70% of tarbush. (Jordan and Maynard, 1970). The good grass 

establishment on the treated areas delayed brush invasion but did not 

prevent it (Jordan, 1984). The combination of shredding, burning and 

disk plowing in a clay soil with 2,000 mesquite plants/ha (2.5 cm diameter 

and 1.5 m high) has controlled 70% of the plants (Herndon, 1979). 

Contour furrowing is a range management practice involving furrow 

construction on the contour across the slope. This practice will retain 

water on the site and improve infiltration, thus increasing soil moisture 
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available to grasses and stimulating greater growth of forage, especially 

on rundown rangelands (Semple, 1937; Branson, Miller and McQueen, 1962, 

1966; Wein and West, 1971; Wight and Siddoway, 1972; Soiseth, Wight and 

Aase, 1974). Contour furrowing has been ineffective in rocky soils, 

especially those occurring on slopes (Bureau of Land Management, 1965). 

The Land Imprinter is a simple heavy iron cylindric capsule which 

has protruberances that when rolled on the land create a series of pre

cise geometric patterns on the soil surface to control erosion and 

increase infiltration. The soil surface is not mixed, so most of the 

material resulting from the crushing of woody plants is retained near the 

surface. This practice is not very effective in controlling brush. The 

patterns of steel angles are reported to perform a number of different 

tillage functions including brush and soft rock crushing, brush and rock 

imbedding, runoff directing, infiltration, biomass concentrating, seed

bed forming, surface and vertical mulching, erosion and sedimentation 

controlling, surface compacting and surface trenching and pitting (Dixon 

and Simanton, 1980; Larson, 1980). 



METHODS 

Site.Description 

Four study areas were selected which represented different areas 

of creosotebush communities in North American deserts. Three were loca

ted in the Chihuahuan Desert in Northern Mexico; one was located in the 

Sonoran Desert in the Southwestern United States of America (Figure 1). 

Rancho La Reforma 

Rancho La Reforma (27° 12' N Lat., 105° 26' W Long) is near 

Allende, Chihuahua in the southern portion of the Chihuahuan Desert, at 

an elevation of 1500 m. The climate is semiarid. Annual precipitation 

from a 15-year average at the closest station is 400 mm. Precipitation 

is concentrated in the summer when 60% of the annual total occurs. 

Summer rains usually occur as intense, convective thunderstorms which are 

of short duration and highly localized. The other 40% of the precipita

tion occurs during the rest of the year with random distribution, not 

following any distribution trend. Mean annual temperature is 17.5°C. 

Mean maximum and minimum temperatures are 37 and -16°C, respectively. 

Maximum temperatures around 50°C are common during the summer months. 

The frost-free period average is 255 days (Alvarez, 1971; COTECOCA, 

1978), but vegetation growth is usually limited to shorter periods when 

soil water is available. 

Soils have not been classified but are very similar to the 

Kimhrough series (Cochrane, 1984), a loamy, mixed, thermic, shallow 
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petrocalcic calciustroll (U.S.D.A., Soil Conservation Service, 1974; 

Richardson, Clemmons and Walker, 1979). Topography varies from level 

plains to deep canyons. Slopes range from 2 to 16%. The soil origin 

is alluvial and ranges from deep alluvium to shallow caliche (COTECOCA, 

1978). 

The vegetation aspect is one of semidesert grassland with good 

grass cover in the understody, dominated by a heavy stand of undesirable 

shrubby vegetation in the overstory. The major grass species are blue 

grama, sideoats grama, black grama [Bouteloua eriopoda (Torr.) Torr.], 

hairy grama (Bouteloua hirsuta Lag.), bush muhly (Muhlenbergia porteri 

Scribn.), plains bristlegrass (Setaria macrostachya H.B.K.), threeawn, 

spike pappusgrass (Enneapogon desvauxii Beauv.), and fluff grass [Tridens 

pulchellus (H.B.K.) Hitchc.]. 

The major brush species are creosotebush, whitethorn acacia 

(Acacia constricta Benth-.), mesquite, tarbush, shrubby senna (Cassia 

wislizeni Gray), whitebrush (Aloysia lycioides Cham.), false mesquite 

(Calliandra eriophyla Benth.), wait-a-minute bush (Mimosa biuncifera 

Benth..), mariola (Parthenium incanum H.B.K.), javelina brush [Condalia 

ericoides (A. Gray) M.C. Johnston], fern acacia fAcacia angustissima 

(Mill.) Kuntze], range ratany (Krameria parviflora Benth.), walkingstick 

cholla fQpuntia imbricata (Haw.) DC.], tasajillo (Opuntia leptocaulis 

DC.), pricklypear, littleleaf desert sumac (Rhus microphilla Engelm.), 

granjeno (Celtis pallida Torr.), and catclaw acacia (Acacia greggii 

A. Gray). 
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Rancho Los Pozos 

Rancho Los Pozos (28° 37' N Lat, 105° 49' W Long) is near Villa 

Aldama, Chihuahua, in the central part of the Chihuahuan Desert, at an 

elevation of 1400 m. The climate is semiarid. The fifteen-year annual 

precipitation average at the closest station is 253 nun. Precipitation is 

concentrated in the summer when approximately 60S of the annual total 

occurs. Summer rains usually occur as intense, convective thunderstorms 

which are of short duration and are highly localized. The rest of the 

precipitation is generally distributed during the rest of the year with 

random distribution. Mean annual temperature is 17.9°C; maximum and 

minimum temperature means are 40 and -10°C, respectively. Maximum 

temperatures around 50°C are common during the summer months. The frost-

free period averages 230 days (Alvarez, 1971; COTECOCA, 1978), but vege

tation growth is usually limited to a short period when soil water is 

available. 

Soils have not been classified but are very similar to the Jerag 

series (Cochrane, 1984), a loamy, mixed, thermic, shallow Petrocalcic 

Ustollic Paleargids (U.S.D.A., Soil Conservation Service, 1976). The 

topography is level plains with limestone mountains, which run from north 

to south.. Slopes range from 0 to 4%. The soil origin is alluvial, from 

50 cm or more in depth (COTECOCA, 1978). 

Vegetation type is a desert grassland highly infested with desert 

shrubs. The major grass species are sideoats grama, fluff grass, spike 

pappusgrass, wolftail (Lycurus phleoides H.B.K.), bush muhly and three-
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awns. The major brush species are creosotebush, whitethorn acacia, 

tarbush, mariola, mesquite, whitebrush, tasajillo, pricklypear and cat-

claw acacia. 

Rancho El Toro 

Rancho El Toro (30° 22' N Lat, 107° 07' W Long) is near Villa 

Ahumada, Chihuahua, on the northern portion of the Chihuahuan Desert at 

an elevation of 1380 m. The climate is semiarid. The fifteen-year annual 

precipitation average at the closest station is 270 mm. Precipitation 

is concentrated in the summer when 60% of the annual total occurs. 

Summer rains usually occur as intense, convective thunderstorms which are 

of short duration and are highly localized. The other 40% of the precipi

tation occurs during the rest of the year, not following any general 

distribution trend. Mean annual temperature is 17.7°C, and maximum and 

minimum mean temperatures are 42 and -13°C, respectively. Maximum 

temperatures around 50°C are common during the summer months. The frost-

free periods average 210 days (Alvarez, 1971; C0TEC0CA, 1978), but vege

tation growth is usually limited to shorter periods when soil water is 

available. 

These soils have not been classified but are very similar to the 

Algerita series (Cochrane, 1984),-a coarse, loamy, mixed, thermic 

Ustollic of Typic Calciorthids (U.S.D.A., Soil Conservation Service, 

1972). The topography is level plains. Slopes are less than 5%. The 

soil origin is alluvial from 50 cm or more in depth (C0TEC0CA, 1978). 

Vegetation type is a desert grassland highly infested with shrubs. 
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The major grass species are black grama, bush muhly, plains 

bristlegrass, fluff grass, spike pappusgrass, spike dropseed (Sporobolus 

contractus Hitch.), burro grass (Scleropogon brevifolius Phil.), and 

different threeawn. species. The major brush species are creosotebush, 

whitethorn acacia, tarbush, mesquite, javelina brush, tasajillo, prickly-

pear, desert zinnia (Zinnia pumila Gray), broom snakeweed,- spiny allthorn 

(Koeberlina spinosa Zuc.), and coldenia (Coldenia canescens DC.). 

Santa Rita Experimental Range 

Santa Rita Experimental Range (SRER) (31° 55' N Lat, 110° 51' 

W Long) is in the northeast portion of the Sonoran Desert close to the 

transition area between the Sonoran and Chihuahuan Desert. The study 

site is in the northeast corner of pasture 15, at an elevation of 970 m. 

The climate is semiarid. Annual precipitation from a 35-year average at 

the closest station is 318 mm. Generally precipitation is distributed 

during two seasons, concentrated in the summer when 60% of the total 

annual occurs. The rest of the precipitation occurs for the most part 

during the winter. Summer rains usually occur as intense, convê ctive 

thunderstorms which are of short duration and highly localized, while 

winter precipitation tends to be of less intensity and longer duration. 

Mean annual temperature is 18°C; maximum and minimum mean temperatures 

are 44 and 4°C, respectively. Maximum temperatures around 50°C are 

common during the summer months. The frost-free period is 270 days 

(U.S.D.A., 1941; Martin, 1966; Green and Martin, 1967), but vegetation 

growth is. usually limited to shorter periods when the soil water is 

available. 
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Soils are classified in the Anthony series (Richardson et al., 

1979), but the calcium carbonate content detected in the study area 

indicate a complex of Anthony and Cave series. Anthony soils are classi

fied as coarse-loamy, mixed, calcareous, thermic Typic Torrifluvents. 

This series consists of well-drained soils that are 152 cm or more in 

depth.. These soils formed in stratified alluvium weathered from granite, 

rhyolite, tuffs, and limestone on alluvial fans and flood plains. Slopes 

are 0 to 5%. The profile is mildly alkaline in the surface layer and 

moderately alkaline below the surface layer. It is calcareous throughout. 

Permeability is moderately .rapid, and available water capacity is moder

ate. Effective rooting depth is 152 cm or more (U.S.D.A., Soil Conser

vation Service, 1974; Richardson et al., 1979). 

Cave soils are classified as loamy, mixed, thermic, shallow Typic 

Paleorthid. This series consists of well-drained soils that are 10 to 

50 cm in depth to an indurated lime-cemented hardpan. These soils formed 

in old gravelly alluvium weathered from limestone, granite, and other 

igneous rocks. Slopes are dominantly 2-3% but range from 0 to 5%. The 

profile is moderately alkaline and strongly calcareous throughout. Soils 

have moderate permeability to the hardpan and very slow permeability or 

are impermeable in the indurated layer. Available water capacity is very 

low. Effective rooting depth is 10 to 50 cm (U.S.D.A., Soil Conservation 

Service, 1974; Richardson et al., 1979). 

The vegetation type is a desert grassland highly dominated by 

desert shrubs. Major grass species are bush muhly, fluff grass, plains 

bristlegrass, tanglehead [Heteropogon contortus (L) Beaur Roemand Schult.], 
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whiplash pappusgrass (Pappophorum mucronulatum Ness), Santa Rita threeawn 

fAristida glabrata (Vasey) Hitch.], and different threeawn species. Major 

brush species are creosotebush, mesquite fProsopis juliflora var. velutina 

(Swartz) DC.], walkingstick cholla, pricklypear, tasajillo, fish-hook 

cactus rFerrocactus wislizenii (Engelm.) Britt. and Rose.], desert zinnia, 

whitethorn acacia, and burroweed [Haplopappus tenuisectus (Greene) Blake]. 



EXPERIMENTAL PROCEDURES 

Seven chemical and mechanical treatments were applied during May 

and June of 1981 and 1982 at four locations. Treatments applied were: 

broadcast application of tebuthiuron pellets (3.2 mm diameter by 4.8 mm 

long) containing 20% a.l. at 0.5, 1.0 and 1.5 kg a.i./ha, land imprinting, 

two way railing, disk plowing and disk plowing plus contour furrowing. 

Herbicide Applications 

Tebuthiuron was hand broadcast during May at all locations. The 

amount of commercial product was 2.5, 5.0 and 7.5 kg/ha for the rates of 

0.5, 1.0 and 1.5 kg a.i./ha, respectively. The commercial product was 

mixed with the same size blank pellets in order to achieve the same weight 

for all treatments. A total weight of 3.75 kg of herbicide and blank 

pellets was applied to each 0.5 ha plot. The number of pellets contain-

2 ing tebuthiuron were 4.5, 8.8 and 13.2 pellets/m applied at the 0.5, 

1.0 and 1.5 kg a.i./ha rates, respectively. The herbicide was distri

buted on 10 swaths, each swath being 5 m wide over the 100 m length of 

each plot and 20 swaths, each swath being 5 m wide over the 50 m width 

of each plot. Pellets were applied on each swath twice; thus there was 

quadruple coverage of each plot. 

Land Imprinting 

The land imprinter used in the study weighed approximately 4 

metric tons. The imprint geometric forms were a combination of V-Pitter 

28 
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and Pitt-digger. In order to achieve this weight the land imprinter was 

filled with water and extra iron boxes filled with rocks. It was pulled 

with a track tractor in a circular pattern from the outside to the inside 

of the plot. 

Two Way Railing 

Two way railing was accomplished by dragging railroad rails 

weighing 28 kg/linear meter. Rails were fashioned in an "A" form very 

similar to that described by Larson (1980). Each of the three outside 

rails were 2.65 m long, and extra rails were added on the top to achieve 

a total weight of approximately 770 kg. In addition 22 railroad spikes 

were welded on the back rail and extended 8 cm below the soil surface in 

order to improve brush mortality. Rails were attached with a 4 m long 

chain to a tractor with rubber tires at the study areas in Mexico and to 

a track tractor in the United States. Two-way railing was performed in 

an opposite direction in a circular pattern from the outside to the 

inside in the plot. 

Disk Plowing 

A standard 3-bottom disk plow with 64 cm diameter disks with a 

three-point hitch, was used in Mexico. Disk plow weight was approximately 

one-half metric ton and was pulled with a rubber tired tractor. A pull-

type 3-bottom disk plow was used at Santa Rita. This disk plow had a 

much larger frame than the plow used in Mexico and weighed approximately 

2 -metric tons. Both disk plows were set to fracture the soil at 30 cm 

depth. 
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Contour Furrowing 

After plots were plowed, contour furrowing was accomplished at 

10 cm slope intervals. A border disk was pulled by a tractor with rubber 

tires to make the furrows at the four sites. 

Plot size was 0.5 ha at all locations. Treatments were replica

ted three times and arranged in a Randomized Complete Block design. All 

areas were fenced to protect from cattle grazing throughout the study. 

Soil Physical and Chemical Properties 

Prior to study initiation, three soil samples were collected at 

each location from the untreated checks. Soil samples were collected from 

ten holes dug by hand at 10 m intervals diagonally across each plot. Soil 

samples were removed along the sides of the holes at 0 to 2, 2 to 10 and 

10 to 20 cm depth. Samples from each depth were combined into one sample; 

this made a total of one sample for each depth and a total of three samples 

of approximately 3 kg each on each plot. Prior to laboratory analysis 

soils were air dried and separated into fractions larger and smaller than 

2 mm. The soil particles smaller than 2 mm were thoroughly mixed and 

analyzed in duplicate for determination of chemical and physical soil 

properties. 

Soil color, wet basis, was determined by the "Munsell" soil color 

chart (Anonymous, 1954). Particle size was determined by the hydrometer 

method (Bouyoucos, 1951). Soil moisture tension analysis was determined 

at 1/3 bars using the pressure plate technique (U.S. Salinity Laboratory 

Staff, 1954): and at 15 bars using the ceramic plate extractor (Soil 
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Moisture Equipment Company, Undated). Soil pH was measured in a satur

ated soil water (1:2) using Beckman pH meter following one hour equilib

rium (U.S. Salinity Laboratory Staff, 1954). Electrical conductivity of 

the saturation extract was measured following methodology developed by 

U.S. Salinity Laboratory Staff (1954) and results were expressed in 

mmho/cm at 25°C. Organic matter was determined with the block digestor 

following Walkley-Black method described by Allison (1965). Total N and 

total P were determined by block acid digestion using the Technicon 

Autoanalizer II (Technicon, 1978). Nitrates (NOg-N) and ammonia (NĤ -N) 

were extracted from saturated soil paste and determined in the Technicon 

Autoanalizer II (Technicon, 1973; 1977a). Available phosphorus (PÔ ) was 

extracted with sodium bicajrbonate (Olsen and Dean, 1965). Acetate soluble 

_2 sulfate (.SÔ  ) was extracted from saturated paste and concentration deter

mined in the Technicon Autoanalizer II (Technicon, 1977b). Exchangeable 

Ca, Mg, K, and Na were extracted with IN NĤ OAc (Sims and Heaby, 1969), 

and determined by Atomic Absorption Spectrophotometry. DTPA extractable 

Cu, Fe, Zn, and Mn were determined by Atomic Absorption Spectrophotometry 

(Lindsay and Norvell, 1978). Chlorine was extracted from saturated paste 

and concentration determined by using the Technicon Autoanalizer II 

(Technicon, 1974). Calcium carbonate (CaCÔ ) content in soil was deter

mined following methodology described by Williams (1948). 

Separate statistical analyses were performed for each soil compo

nent. Means of each component were compared among locations by analysis 

of variance. When F values were significant (P £ 0.05), a Duncan's 

Multiple Range Test was used to separate means (Snedecor and Cochran, 

1967). 
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Brush Mortality and Forage Production 

Brush mortality by species was estimated in the fall of 1983 after 

three growing seasons on plots treated in 1981, and after two growing 

seasons on plots treated in 1982. Brush density by species was estimated 

2 
by using a 44 m circular quadrat. Ten randomly placed quadrats were 

used per plot. Brush mortality was calculated as a percentage compared 

to untreated checks. 

Forage production was estimated in the fall of 1983 after three 

growing seasons on plots treated in 1981, and after two growing seasons 

on plots treated in 1982. Forage production was estimated by using the 

double-sampling technique described by Wilm, Costello and Klipple (1944), 

where 5 samples were clipped and 20 estimated on each plot. Quadrat 

2 size was 1858 cm . Standing above-ground biomass (kg D.M./ha) was har

vested on clipped plots and separated by annual and perennial grasses. 

Forage was dried at 40°C for 48 hours. 

Brush mortality was compared by species across treatments at each 

location. Total forage production and the annual and perennial grasses 

from each treatment component were compared across treatments within each 

location. Data for both brush mortality and forage production were sub

jected to analysis of variance. When F values were significant (P jc 0.05), 

a Duncan's Multiple Range Test was used to separate means (Snedecor and 

Cochran, 1967). 

Tebuthiuron Soil Residues 

Soils were sampled 6, 12, 18, 24 and 30 months after tebuthiuron 

application in plots treated in 1981, and 6, 12 and 18 months after 



tebuthiuron application in plots treated in 1982. Soil samples were 

collected from ten holes dug by hand at 10 m intervals diagonally across 

each plot. Holes were approximately 60 cm long, 30 cm wide and 30 cm deep 

when the caliche pan was not encountered. Soil samples were removed 

along the side of the holes at 0 to 2, 2 to 10, and 10 to 20 cm depth. 

Samples from each depth were combined into one sample; this made a total 

of one sample for each depth and a total of 3 samples of approximately 

3 kg each on each plot. Prior to laboratory analysis, soils were air 

dried and separated into fractions larger and smaller than 2 mm. The 

fraction smaller than 2 mm was thoroughly mixed and a 20 g subsample'was 

taken for analysis of tebuthiuron. Tebuthiuron soil residues were deter

mined by following the method developed by Loh et al. (1978). 

Regression equations were developed for each rate of tebuthiuron 

applied in order to determine the time required for rates of tebuthiuron 

to reach undetectable levels. One regression equation was developed for 

each rate of tebuthiuron applied. Tebuthiuron concentration means in the 

top 20 cm of soil from all locations were combined and regressed against 

time. From the predicted values obtained from each regression equation, 

a new regression equation was developed regressing rates of application 

against time, in order to predict the time from application until tebu

thiuron was no longer detectable in the soil after a given rate of appli

cation. 

Tebuthiuron and Metabolites in Plants 

Leaves and the tips of branches from creosotebush plants and the 

tips of leaves and tillers of the two most common grasses present at each 



34 

location were collected and analyzed for tebuthiuron and its metabolites. 

Tissue samples were collected from plants on plots treated at each rate 

of application 6, 12, 18, 24 and 30 months after tebuthiuron application 

on plots treated in 1981, and 6, 12 and 18 months after tebuthiuron appli

cation on plots treated in 1982. 

Tissues were collected from at least 10 plants on each plot and 

composited into one sample. When the degree of defoliation was so severe 

on creosotebush that there were no plants to sample, they were not sampled. 

However, when less than 10 plants with leaves were present on a plot, a 

representative sample was collected from the surviving plants. Since even 

on the same plot, chlorosis was more pronounced in some plants than in 

others, it was intended to be a representative sample. Plant samples were 

dried in a forced draft oven at 40°C for 48 hours. Dry plant samples were 

ground over a 40 mesh screen. Samples were thoroughly mixed and a 3 g 

subsample was taken for analysis of tebuthiuron and its metabolites. 

Tebuthiuron and its metabolites were determined in plant tissue by 

following the method slightly modified from that developed by Loh et al. 

(1968). Modification consisted of using 3 g of sample plants instead of 

the 10 g suggested in the original method. 

It was not possible to make a statistical comparison between 

treatments other than averages, between locations and rates due to the 

missing data caused by the absence of the sampled species at the time of 

sampling. However, concentration of tebuthiuron and its metabolites 

obtained at each rate of tebuthiuron application were graphed at all 
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locations in order to determine the fluctuations of the chemical at each 

sampling date. 



RESULTS AND DISCUSSION 

Physical and chemical characteristics of soils from the four 

locations appear in Tables 1 and 2. Soil characteristics reported to 

affect tebuthiuron mobility in soils are texture, clay content, organic 

matter and pH (.Chang and Stritzke, 1977; Weber,. 1980; Duncan and Scifres, 

1983). Therefore, only these physical and chemical characteristics of the 

soils will be discussed in this part of the paper. The textural class at 

the four locations was sandy loam. Clay content was different among 

locations, but significantly (P 0.05) higher at La Reforma (Table 1). 

Organic matter was the most variable factor and increased from 0.7% at 

the Santa Rita to 3.6% at La Reforma. Organic matter content at La 

Reforma soils was significantly (P £ 0.05) greater compared with the 

other locations (Table 2). Soil pH tended to decrease when moving from 

north to south-: 7.9 at Santa Rita and 6.9 at La Reforma. The pH at El 

Toro and Santa Rita soils was significantly (P 0.05) greater than at 

the other locations (Table 2). 

Precipitation at La Reforma and Los Pozos was below average in 

all years, with total precipitation of 386 and 476 mm, respectively, 

from May 1981 to October 1983 (Table 3). Precipitation at El Toro was 

average in 1981 and below average in 1982 and 1983; and total accumula

tive precipitation was 574 mm from May 1981 to October 1983. Summer 

precipitation at Santa Rita was below average in 1981, above average in 

1982 and 1983, and winter precipitation was above average in all years, 



Table 1. Physical properties of soils at three Chihuahuan and one Sonoran 
Desert locations. 

Soil Soil 
Soil Color Particles Particles Water Water 

Depth Throughout < 2 film > 2 mm Silt Textural Potential Potential 
Locations (cm) Profile (%) (%) Sand (%) Clay Class 1/3 bars 15 bars 

La Reforma 0-2 Very dark 62 38 62 25 13 Sandy loam 21.3 15.3 

2-10 Grayish brown 54 46 58 27 15 Sandy loam 24.3 18.0 

10-20 10 Y R 3/2 49 51 58 26 16 Sandy loam 25.8 18.9 

X t55c 45a 59a 26b 15a 23.8a 17.4a 

Los Fozos 0-2 Brown 74 26 63 27 10 Sandy loam 17.5 8.1 

2-10 7.5 Y R 4/4 71 29 58 30 12 Sandy loam 18.5 9.2 

10/20 68 32 58 30 12 Sandy loam 19.0 9.7 

X 71b 29b 60a 29a lib 18.3b 9.0b 

El Toro 0-2 Yellowish 79 21 66 25 9 Sandy loam 15.4 9.5 

2-10 Brown 80 20 67 24 9 Sandy loam 15.3 9.6 

10-20 10 Y R 5/4 71 29 66 24 10 Sandy loam 3.5.2 9.6 

X 77ab 23b 66a 24b 9b Sandy loam 15.3b 9.6b 

Santa Rita 0-2 Dark yellowish 81 19 65 28 7 Sandy loam 12.3 5.7 

2-10 Brown 85 15 57 31 12 Sandy loam 1.5.5 7.8 

10-20 10 Y R 4/4 83 17 53 32 15 Sandy loam 17.2 9.0 

X 83a 17c 58a 30a lib 15.0b 7.5b 

t Means in the same column followed by the same letter are not significantly different (P £ 0.05) 
according to Duncan's Multiple Range Test. 



Table 2. Chemical properties of soils at three Chihuahuan and one Sonoran Desert locations. 

Locations Soil Depth 0M CaC03 pH EC Total N Total P NO3-N NHT-N 4 SO4
2-S 

(cm) (%) - - (mmho/cm) - (yg/g) 

La Reforma 0 - 2 3.2 18.0 . 6.9 3.3 1928 345 10.1 3.1 21.9 
2 - 10 3.7 20.0 6.9 2.8 2228 389 6.7 2.3 14.4 

10 - 20 4.0 29.0 6.9 2.8 2308 443 7.7 2.4 46.7 

X +3.6a 23.0b 6.9c 3.0a 2155a 392a 8.2a 2.6a 27.7a 

Los Po'zos 0 - 2 1.7 30.0 7.0 1.7 918 404 0.8 2.5 5.8 
2 - 10 1.5 32.0 7.4 1.1 940 402 1.2 1.7 4.3 

10 - 20 1.4 32.0 7.3 1.0 955 408 0.9 2.0 5.7 

X 1.5b 31.0a 7.2b 1.3b 938b 405a 1.0b 2.1a 5.3b 

El Toro 0 - 2 1.3 14.0 7.8 1.5 938 396 0.9 3.4 8.7 
2 - 10 1.0 17.0 8.1 1.0 753 306 1.8 2.7 6.0 

10 - 20 1.0 21.0 8.0 1.0 740 287 2.1 2.6 5.6 

X 1.1b 17.0b 7.9a 1.2b 810c 330b 1.6b 2.9a 6.8b 

Santa Rita 0 - 2 0.7 12.0 8.0 1.3 558 458 1.9 2.6 12.4 
2 - 10 0.7 14.0 7.9 0.9 530 447 2.3 2.2 6.3 

10 - 20 0.7 16.0 7.8 1.1 623 464 1.6 2.0 10.1 

X o
 

-J
 

o
 

14.0c 7.9a 1.1b 570d 456a 1.9b 2.3a 9.6b 

+ Means in the same column followed by the same letter are not significantly different (P 0.05) 
according to Duncan's Multiple Range Test. 

Co 
00 



Table 2. — Continued 

-3 ̂  + +2 +2 +2 -1 +2 +2 
Locations Soil Depth P0. -P 

4 
Na K Ca Mg Cu Fe . CI Zn Mn 

I 
(cm) - - (pg/g) - -

La Reforma 0 - 2 226 189 1144 7902 583 0.5 0.7 8.1 1.1 17.2 
2 - 10 174 299 655 6860 408 0.6 0.6 11.4 0.7 13.6 
10 - 20 210 284 418 6998 413 0.9 0.5 12.7 0.6 12.1 

X +203a 257a 739a 7253a 468a 0.7b 0.6a 10.7a 0.8a 14.3a 

Los Pozos 0 - 2 268 143 851 3451 277 0.4 0.5 5.2 0.9 7.1 
2 - 10 118 104 555 1879 148 0.3 0.4 2.9 0.4 4.7 
10 - 20 94 187 481 1752 133 0.3 0.3 4.0 0.3 4.6 

X 160a 145a 629a 2361b 186b 0.3b 0.4a 4.0b 0.5a 5.5b 

El Toro 0 - 2 158 108 445 2459 231 0.4 0.7 4.6 1.1 4.4 
2 - 10 123 189 161 1497 149 0.3 0.3 3.6 0.5 2.3 
10 - 20 68 374 84 1898 206 0.3 0.3 4.8 0.4 2.9 

X 116a 224a 230a 1951b 195b 0.3b 0.4a 4.3b 0.7a 3.2b 

Santa Rita 0 - 2 219 253 305 1320 103 3.9 0.5 6.6 0.4 4.1 
2 - 10 165 122 672 3884 301 4.5 0.4 3.8 0.4 4.6 
10 - 20 133 92 463 1770 158 5.2 0.3 4.9 0.7 5.3 

X 172a 156a 480a 2325b 187b 4.5a 0.4a 5.1b 0.5a 4.7b 

t Means in the same column followed by the same letter are not significantly different (P 0.05) 
according to Duncan's Multiple Range Test. 



Table 3. Total rainfall (mm) between sampling dates (A), and accumulative rainfall across all 
sampling dates (B) at the four study areas from May 1981 to October 1983 in both areas 
treated in 1981 and 1982. 

La Reforma Los Pozos El Toro Santa Rita 
Months After 
Treatment Period 

1981 Area 

1982 Area 

• mm • 

6 (May 81-0ct 81) 201 201 208 208 210 210 285 285 

12 (Nov 81-Apr 82) 15 216 6 214 12 222 131 416 

18 (May 82-0ct 82) 51 267 129 343 192 414 336 752 

24 (Nov 82-Apr 83) 10 277 3 346 25 439 250 1002 

30 (May 83-Oct 83) 109 386 130 476 135 574 601 1603 

Total 386 476 574 1603 

6 (May 82-Oct 82) 51 51 129 129 192 192 336 336 

12 (Nov .82-Apr 83) 10 61 3 132 25 217 250 586 

18 (May 83-0ct 83) 109 170 130 262 135 352 601 1187 

Total 170 262 352 1187 
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with a total accumulative precipitation of 1603 mm from May 1981 to 

October 1983. Obviously precipitation was insufficient for vigorous 

plant growth at La Reforma, Los Pozos and El Toro throughout the study 

period, with only 24%, 30%, and 36%, respectively, of the total precipi

tation which occurred at Santa Rita. 

Brush Mortality and Forage Production 

Brush. Mortality 

Results obtained indicate significant differences (P _< 0.05) 

among treatments for brush control on plots treated in 1981. Percentage 

mortality by species and treatments at each location are summarized in 

Appendix tables A-l, A-2, A-3 and A-4 for La Reforma, Los Pozos, El Toro 

and Santa Rita, respectively. 

The greatest percent of brush mortality was obtained with either 

tebuthiuron at a rate of 1.0 or 1.5 kg a.i./ha or disk plowing with or 

without contour furrowing. All cactus species, walkingstick cholla, 

tasajillo and pricklypear showed high resistance to all rates of tebu

thiuron. However, these species were very susceptible to the disk 

plowing treatment. Mesquite was the most resistant species to mechanical 

treatments. 

Tarbush, shrubby senna, javelina brush, fern acacia, white-

brush, desert zinnia, broom snakeweed and coldenia were very susceptible 

to tebuthiuron at the rate of 0.5 kg a.i./ha at all sites. However, 

creosotebush, mesquite, whitethorn, mariola, wait-a-minute bush, catclaw 

acacia, ratariy, little leaf desert sumac, burroweed and granjeno were 
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less susceptible to the low rate, but were controlled with tebuthiuron 

at 1.0 and 1.5 kg a.i./ha. 

Two-way railing and land imprinting resulted in the lowest 

percent of brush mortality. However, two-way railing was statistically 

superior to land imprinting for most of the species at locations where 

both were tested, but both treatments were not effective in controlling 

brush, because they remove only the shoots and not the crown of the 

plants and suppress shrubby vegetation for a short period of 2 to 3 years. 

Disk plowing, disk plowing plus contour furrowing and tebuthiuron appli

cation at a rate of 1.5 kg a.i./ha gave the highest percent of creosote-

bush control at all locations. Percent of plant mortality increased as 

rates of herbicides applied increased. 

Brush mortality on plots treated in 1982 were significantly 

(P _< 0.05) different and followed the same general trends as were ob

tained for plots treated in 1981 (Appendix tables A-5, A-6, A-7 and A-8), 

but values for specific species and treatments were generally lower than 

for the same species and treatments applied in 1981. Mortality on plots 

treated in 1981 was estimated after three growing seasons, and on plots 

treated in 1982 mortality was estimated after two growing seasons. 

Forage Production 

Forage production estimates in the fall of 1983 on plots treated 

in 1981 showed significant (P £ 0.05) differences among treatments. 

Forage production by annual grasses at La Reforma was consistently 

greater on mechanically treated plots than on chemically treated and 



43 

untreated areas (Table 4). The greatest annual forage production was 

obtained with disk plowing and contour furrowing. Forage production of 

perennial grasses at La Reforma was significantly (P <_ 0.05) increased 

by all treatments except two-way railing. The increase obtained from 

plowing cannot be explained because plowing is usually destructive of 

perennial grass cover. The highest production of perennial grasses was 

obtained on plots treated with tebuthiuron at a rate of 1.0 kg a.i./ha. 

The highest total forage production at La Reforma was obtained with disk 

plowing plus contour furrowing followed by disk plowing alone, and tebu

thiuron application at rates of 1;5, 1.0 and 0.5 kg a.i./ha, respectively. 

There were no significant (P <_ 0.05) differences in forage 

production by annual grasses at Los Pozos. Forage production by peren

nial grasses at Los Pozos was greatest on tebuthiuron treated plots. 

Total forage production at Los Pozos was almost the opposite of that at 

La Reforma, with the greatest production occurring on chemically treated 

plots. _ 

There were no significant (P <_ 0.05) differences in production 

by annual grasses at El Toro; however, production by perennial grasses 

and total forage were greatest on untreated checks. Tebuthiuron applied 

at rates of 1.0 and 1.5 kg a.i./ha and the mechanical treatments signi

ficantly reduced forage production compared with the check. 

Forage production by annual grasses at Santa Rita was signifi

cantly (P £ 0.05) increased only with two-way railing and land imprinting. 

The greatest forage production by perennial grasses was obtained with the 

application of tebuthiuron at a rate of 0.5 kg a.i./ha and two-way 



Table 4. Forage production by annual and perennial grasses in 1983, on plots treated with three 
tebuthiuron rates and four mechanical treatments at four locations in 1981. 

Treatments 

Tebuthiuron kg a.i./ha 

0.5 1.0 1.5 
Land 

Imprinting 
Two-way 
Railing Disking 

Disking 
and 

Furrowing Check 

Rancho La Reforma 

Annual 
Perennial 
Total 

+54c 
128b 
182cd 

Rancho Los Pozos 

Annual 33a 
Perennial 61ab 
Total 94a 

Rancho El Toro 

Annual 
Perennial 
Total 

15a 
560ab 
575ab 

68c 
180a 
248bc 

22a 
79a 
101a 

20a 
391bc 
411bc 

143b 
115b 
258b 

22a 
82a 
104a 

69a 
333c 
402bc 

Santa Rita Experimental Range 

Annual 
Perennial 
Total 

11c 
382a 
393a 

4c 
304b 
308b 

11c 
259b 
270b 

* 

* 

* 

* 

* 

* 

* 

is 

* 

22b 
253b 
280b 

(kg/D.M./ha) 

128b 
34c 
162de 

19a 
43bc 
62b 

33a 
280c 
313c 

31a 
373a 
404a 

174b 
116b 
290b 

23a 
42bc 
65b 

23a 
288c 
311c 

5c 
132c 
137c 

271a 
138b 
409a 

29a 
39bc 
68b 

33a 
355c 
388bc 

10c 
161c 
171c 

47c 
57c 
104e 

35a 
22c 
57b 

11a 
654a 
665a 

6c 
98d 
104c 

t Means in the same row followed by the same 
according to Duncan's Multiple Range Test. 

* No land imprinting treatment applied at La 

letter are not significantly different (P £ 0.05) 

Reforma, Los Pozos and El Toro in 1981. 



railing, followed by tebuthiuron application at rates of 1.0 and 1.5 

kg a.i./ha and land imprinting. Disk plowing and disk plowing plus 

contour furrowing plots had the lowest perennial forage production, but 

production was greater than on the untreated plots. Total forage pro

duction was greatest on two-way railed and tebuthiuron treated plots 

which received 0.5 kg a.i./ha followed by plots treated with tebuthiuron 

at rates of 1.0 and 1.5 kg a.i./ha and land imprinted plots. 

Forage production estimates on plots treated in 1982 showed 

significant (P £ 0.05) differences among treatments (Table 5). Forage 

production estimates in the fall of 1983 in plots treated in 1982 follow 

the same general trend as plots treated in 1981 and estimated in fall 

of 1983. 

Forage production of annual grasses at La Reforma was greater on 

disk plowing and disk plowing plus contour furrowing plots than on 

chemically treated and untreated checks. Forage production of perennial 

grasses at La Reforma was significantly (P <_ 0.05) increased with tebu

thiuron at rates of 0.5 and 1.0 kg a.i./ha and two-way railing. Total 

forage production of grasses was significantly (P 0.05) increased by 

all treatments with the exception of land imprinting. The highest total 

forage production was obtained with tebuthiuron applied at 1.0 kg a.i./ha, 

followed by two-way railing and tebuthiuron applied at 0.5 kg a.i./ha. 

Forage production of annual grasses at Los Pozos was consistently 

greater on the disked plots than on all others (Table 5). But production 

was low on all plots, reflecting the low rainfall in summer of 1983. 



Table 5. Forage production by annual and perennial grasses in 1983, on plots treated with three 
tebuthiuron rates and four mechanical treatments at four locations in 1982. 

Treatments 

Tebuthiuron kg a.i./ha 

0.5 1.0 1.5 
Land 

Imprinting 
Two-way 
Railing 

Disk 
Plowing 

Disking 
and 

Furrowing Check 

Rancho La Reforma 

Annual 
Perennial 
Total 

+28c 
138a 
166b 

Rancho Los Pozos 

Annual 17d 
Perennial 78ab 
Total 95ab 

Rancho El Toro 

Annual 
Perennial 
Total 

lib 
416a 
427a 

36c 
170a 
206a 

13d 
65b c 
78c 

16b 
355a 
3 7 lab 

37c 
80b 
117 d 

12d 
65bc 
77c 

19b 
282ab 
301ab 

Santa Rita Experimental Range 

Annual 20a 14a 9a 
Perennial 402a 283b 280b 
Total 422a 297b 289b 

36c 
53b 
89 f 

15d 
92a 
107a 

22b 
214b 
236bc 

16a 
264b 
280b 

(kg D.M./ha) 

43c 
147a 
190b 

33c 
40e 
73c 

18b 
88c 
106d 

29a 
382ab 
411a 

79b 
63b 
142c 

•39b 
45de 
84b c 

20b 
98c 
118d 

9a 
108c 
117c 

100a 
49b 
149c 

44a 
57cd 
101a 

64a 
122c 
186cd 

13a 
107c 
120c 

29c 
76b 
105e 

15d 
55cd 
70c 

12b 
322ab 
334ab 

12a 
368ab 
380b 

t Means in the same row followed by the same letter are not significantly different (P <_ 0.05) 
according to Duncan's Multiple Range Test. 



Forage production of perennial grasses at Los Pozos was greatest on the 

land imprinted plots followed by tebuthiuron at rates of 0.5 and 1.0 

kg a.i./ha. Total forage production at Los Pozos was significantly 

(P £ 0.05) increased by disk plowing plus contour furrowing and land 

imprinting, followed by tebuthiuron at rates of 0.5 kg a.i./ha and disk 

plowing. 

Forage production of annual grasses at El Toro was greatest on 

disk plowing plus contour furrowing. All other treatments gave results 

similar to the untreated checks. The highest forage production of peren

nial grasses was obtained on plots treated with tebuthiuron at rates of 

0.5 and 1.0 kg a.i./ha. Mechanical treatments significantly (P <_ 0.05) 

reduced forage production of perennial grasses compared with the untreated 

areas due to the susceptibility of black grama to conventional tillage 

treatments. Total forage production was significantly (P £ 0.05) 

superior on plots treated with tebuthiuron at a rate of 0.5 kg a.i./ha 

than any mechanical treatment. 

There were no significant (P _< 0.05) differences in forage pro

duction by annual grasses at Santa Rita with any of the treatments. The 

greatest forage production by perennial grasses was obtained with the 

application of tebuthiuron at a rate of 0.5 kg a.i./ha. Disk plowing 

treatments significantly (P _< 0.05) reduced forage production of peren

nial grasses as they killed many of the bush muhly plants. Total forage 

production was significantly (P 0.05) increased on plots treated with 

tebuthiuron at a rate of 0.5 kg a.i./ha and two-way railing. With the 

exception of the disk plowing treatments which significantly (P 0.05) 
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reduced the total forage production, all other treatments resulted in 

production similar to the untreated checks. 

Consistently and regardless of the location and year of applica

tion, the greatest brush mortality was obtained with tebuthiuron at a 

rate of 1.5 kg a.i./ha or disk plowing and disk plowing plus contour 

furrowing. Forage production was more variable than brush control and 

seems to be as dependent upon precipitation and grass plants present at 

the locations, as the effect of the treatment itself. Response of forage 

production to treatment application was inconsistent among locations and 

within locations, even when treatments were applied at the same location 

during two consecutive years with similar precipitation patterns. At the 

locations in Mexico, which were the driest throughout the study, disk 

plowing and disk plowing plus contour furrowing tended to give the 

highest forage production of annual grasses on plots treated in 1981 and 

1982. However, at Santa Rita, forage production of annual grasses was 

only significantly (P £ 0.05) increased with two-way railing and land 

imprinting on the 1981 treated plots, which had less total accumulative 

rainfall during the first and second years after treatment than plots 

treated in the same area in 1982. However, there was no increase in 

forage production by annual grasses on any treatment on plots treated 

in 1982. Disk plowing treatments drastically reduced forage production 

by perennial grasses at all locations (Tables 4 and 5). 

Generally, forage production of perennial grasses tended to increase 

on plots treated with the low rates of tebuthiuron, but forage production of 

annual grasses which seem to be more susceptible to the herbicide was 



not significantly (P 0.05) increased at any location after tebuthiuron 

application (Tables 4 and 5)• More herbicidal effect was detected within 

the same location when treated plots were followed by good rainfall. 

Plots treated in 1981 at El Toro, which were followed by good rainfall 

certainly caused a great deal of damage on brushes, but at the same time 

damage was detected in grass plants, principally in plots treated at the 

higher rates. Under these treatments, no significant (P £ 0.05) forage 

production increases were detected after three growing seasons (Table 4). 

However, on different plots treated at the same location at the same 

rates, but in the summer of 1982, which had much less precipitation, a 

very similar brush mortality was obtained (Appendix Tables A-3 and A-7), 

but grasses seem to be less affected by the herbicide. As a consequence, 

total forage production on these plots was significantly (P < 0.05) 

increased only with the application of tebuthiuron at a rate of 0.5 kg 

a.i./ha (Table 5). 

Tebuthiuron applied at rates of 1.0 and 1.5 kg a.i./ha signifi

cantly (P 0.05) reduced forage production compared with tebuthiuron at 

0.5 kg a.i./ha (Tables 4 and 5). This indicates that brush control with 

tebuthiuron should be limited to the low rates (0.5 and 1.0 kg a.i./ha) 

which will give effective control. Individual plant treatments may be 

more suitable in areas with good grass cover than broadcast applications 

of tebuthiuron at high rates. Future forage production increases may be 

expected on tebuthiuron treated plots in which grasses were injured during 

the year of treatment, because research has shown that grasses injured by 

tebuthiuron may recover after one to three growing seasons (Morton et al., 



1978; Oliveira, 1978). Therefore, good responses of grasses after tebu-

thiuron application should not be expected during years with below 

average precipitation like the ones experienced at Le Reforma and Los 

Pozos. 

Land imprinting significantly (P 0.05) increased forage produc

tion at Santa Rita on plots treated in 1981 (.Table 4.), and was the only 

location in which the treatment was applied in 1981. However, forage 

production on plots treated in 1982 was significantly (P £ 0.05) increased 

at Los Pozos; significantly (P _< 0.05) reduced at La Reforma and El Toro; 

and was similar to the untreated checks at Santa Rita (Table 5). 

The only treatments which gave the best results in the same 

location during two consecutive years were tebuthiuron at a rate of 0.5 

kg a.i./ha and two-way railing at Santa Rita (Tables 4 and 5). Two-way 

railing significantly (P 0.05) reduced total forage production at the 

Mexican locations in 1981 and 1982, with the exception of La Reforma on 

plots treated in 1982; however, this treatment resulted in the highest 

forage production at Santa Rita in both 1981 and 1982, possibly because 

of the good density of fluff grass which was able to use the great amount 

of rainfall in this area throughout the study. Forage production by 

annual and perennial grasses may be expected to increase in the future 

on mechanically treated plots at those locations which suffered severe 

droughts when rainfall returns to normal. 

Tebuthiuron Soil Residues 

Tebuthiuron residues at each soil depth were very variable among 

locations at early sampling dates (Figures 2, 3 and 4). The great 
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Figure 2. Tebuthiuron soil residues (ppmw) at three soil depths and at four dates after 
application of tebuthiuron at a rate of 0.5 kg a.i./ha at four semiarid 
locations in 1981. 
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Figure 3. Tebuthiuron soil residues (ppraw) at three soil depths and at five dates after 
application of tebuthiuron at a rate of 1.0 kg a.i./ha at four semiarid 
locations in 1981. 
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variability in the early sampling dates may be due to differences in the 

physical and chemical characteristics of the soils, the amount and dis

tribution of precipitation, species of plants and their density, and 

principally because the pelleted herbicide may not have been uniformly 

distributed through the soil. 

Tebuthiuron residues were found throughout the profile at all 

locations 12 months after application on plots treated at the 0.5 kg 

a.i./ha application rate (Figure 2). Eighteen and 24 months after appli

cation most of the herbicide was moved into the 2 to 10 and 10 to 20 cm 

depths. However, higher levels of tebuthiuron were present at La Reforma 

and El Toro compared with Los Pozos and Santa Rita. Twenty-four months 

after application, the greatest levels of tebuthiuron were present at La 

Reforma in the 2 to 10 cm depth and no-tebuthiuron residues were detected 

at any location 30 months after tebuthiuron application (Figure 2). 

Very similar tebuthiuron distributions were found with the appli

cation of tebuthiuron at 1.0 kg a.i./ha, but tebuthiuron levels were 

greater than on the 0.5 kg a.i./ha treated plots. Tebuthiuron residues 

were found at all sampling depths at all locations 18 months after 

tebuthiuron application (Figure 3). However, greater tebuthiuron resi

dues were found at each soil depth at the locations with less precipita

tion. Twenty-four and 30 months after tebuthiuron application most of 

the herbicide had moved into the 2 to 10 and 10 to 20 cm depths. The 

highest concentrations of tebuthiuron were again detected at La Reforma 

at all soil depths 24 months after tebuthiuron application, and at La 

Reforma and Los Pozos 30 months after tebuthiuron application. However, 
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herbicide residues were detected at all locations and at all depths 30 

months after tebuthiuron application (Figure 3). 

Very similar tebuthiuron concentration trends were observed on 

plots treated with 1.5 kg a.i./ha, but tebuthiuron residue levels were 

higher than on plots treated at 0.5 and 1.0 kg a.i./ha. Tebuthiuron 

residues were detected throughout the profile at all locations 24 months 

after tebuthiuron application (Figure 4). The highest tebuthiuron resi

dues were present at La Reforma and El Toro 30 months after tebuthiuron 

application, while the lowest concentrations of tebuthiuron were found 

in the soils at Santa Rita, which was the location with the greatest 

amount of precipitation. 

Tebuthiuron residue means (weighted average) in the top 20 cm of 

soil was also highly variable among locations at each date of sampling. 

Tebuthiuron residue means at all locations after the second rainy season 

(1982) were 0.095, 0.163 and 0.264 ppmw on plots treated at 0.5, 1.0 and 

1.5 kg a.i./ha, respectively (Table 6), and they dropped to 0.029, 0.112 

and 0.155 ppmw on plots treated at 0.5, 1.0 and 1.5 kg a.i./ha, respec

tively, after the third rainy season. Tebuthiuron residue means at all 

locations in the top 20 cm of soil 30 months after herbicide application 

in 1981 ranged from 0.027 to 0.032 ppmw in the 0.5 kg a.i./ha treated 

plots; from 0.061 to 0.156 ppmw in the 1.0 kg a.i./ha treated plots; and 

from 0.065 to 0.219 ppmw on the 1.5 kg a.i./ha treated plots (Table 6). 

Evidently tebuthiuron moved deeper into the soil with time at 

all locations and under all rates of tebuthiuron applied. Concentration 



Table 6. Tebuthiuron residues (ppmw) (weighted average) in the top 
20 cm of soil at five dates after application of tebuthiuron 
at 0.5, 1.0 and 1.5 kg a.i./ha at four semiarid locations 
in 1981. 

Time After Locations 
Treatment Date 
(months) La Reforma Los Pozos El Toro Santa Rita Mean 

- - - - - - - -  ( 0 . 5  k g  a . i . / h a )  - - - - - - - -

6 * * ' A A A 

12 tO.150 0.099 0.166 0.042 0.114 

18 0.077 0.101 0.158 0.043 0.095 

24 0.059 0.021 0.045 0.032 0.039 

30 0.027 * 0.032 0.028 0.029 

- - - - - - - -  ( 1 . 0  k g  a . i . / h a )  - - - - - - - -

6 0.502 0.308 0.124 * 0.311 

12 0.178 0.410 0.198 0.163 0.237 

18 0.110 0.188 0.200 0.153 0.163 

24 0.171 0.101 0.071 0.095 0.110 

30 0.147 0.156 0.084 0.061 0.112 

- - - - -  -  ( 1 . 5  k g  a . i . / h a )  - - - - - - - -

6 * A A A A 

12 0.161 0.450 0.286 0.395 0.323 

18 0.156 0.217 0.429 0.255 0.264 

24 0.204 0.137 0.165 0.151 0.164 

30 0.219 * 0.180 0.065 0.155 

+ Each mean is the average of three samples. 

* Soils were not sampled. 
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means were usually greatest at the highest rate of tebuthiuron applied. 

Data show that tebuthiuron persisted in the top 20 cm of soil for 30 

months following herbicide application. 

Amount of precipitation following tebuthiuron application seems 

to directly influence herbicide decomposition in semidesert soils, and 

precipitation during the first rainy season following herbicide applica

tion seems to account for the greatest variation in tebuthiuron residues 

among locations (Table 6). Tebuthiuron residues after the second rainy 

season were similar among locations at plots treated at the same 

rate of application regardless of precipitation. However, tebuthiuron 

residues tended to be consistently lower at the Santa Rita where the 

greatest amount of precipitation occurred. Moreover, soils at Santa Rita 

showed significantly (P 0.05) low clay and organic matter contents 

(Tables 1 and 2), which may account for a greater tebuthiuron mobility 

as indicated by Chang and Stritzke (1977). On the contrary, tebuthiuron 

residues were consistently greater at La Reforma, which was the site with 

the lowest total accumulative precipitation during the study period and 

at the same time the soils contained significantly (P <_ 0.05) greater 

amounts of clay and organic matter (Tables 1 and 2). 

Several things should be considered for the interpretation of the 

data shown in this thesis. Tebuthiuron residue values presented are only 

the concentration found in soil particles smaller than 2 mm. The soil 

samples were collected no deeper than 20 cm and some herbicides may be 

already leached down. The data do not account for the herbicide tied up 

in rocks, caliche, roots, and stems of living and dead plants. Moreover, 



tebuthiuron recycling as a result of plant defoliation and decomposition 

of leaves at the ground level is not considered. Even though herbicide 

recycling does not seem to be a problem yet, it may be altering future 

samples even when no herbicide at all is found in the top 20 cm of soil, 

because deep rooted plants may extract the herbicide from the soil below 

the 20 cm level, translocate it to the leaves, then plants defoliate and 

when leaves are decomposed, the herbicide is leached back into the soil 

by rainfall. 

Linear regression equations were calculated for each rate of 

tebuthiuron applied by regressing the tebuthiuron residue levels detected 

at each location at each of the sampling dates (Figures 5, 6 and 7). 

From the equations developed, 50% and 17% of the herbicide applied on 

plots treated at 0.5 kg a.i./ha were still present in the top 20 cm of 

soil after the second and third rainy seasons, respectively; 85%, 56% 

and 24% of the herbicide applied on plots treated at 1.0 kg a.i./ha were 

still present in the top 20 cm of soil after the first, second and third 

rainy seasons, respectively; and 59% and 32% of the herbicide applied on 

plots treated at 1.5 kg a.i./ha were still present in the top 20 cm of 

soil after the second and third rainy seasons, respectively. Using these 

equations, it would take 35.8, 39.5 and 44.3 months for residues of 

tebuthiuron to reach undetectable levels after the application of 0.5, 

1.0 and 1.5 kg a.i./ha, respectively. These results are similar to those 

found by Emmerich et al. (1984) in Tombstone, Arizona, in which after the 

application of 0.84 kg a.i./ha of tebuthiuron on a watershed, they 
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predict through a linear regression equation 2.9 years (34.8 months) for 

almost complete disappearance of tebuthiuron in the top 15 cm of soil. 

A linear regression equation was also calculated (Figure 8), by 

regressing the rates of tebuthiuron applied versus the expected time of 

tebuthiuron disappearance, which values were obtained from the regression 

equations indicated previously. Comparing the equation developed by 

Emmerich et al. (1984) for prediction of tebuthiuron disappearance with 

this equation: after the application of 0.84 kg a.i./ha of tebuthiuron, 

it would take 34.8 and 38.5 months for complete tebuthiuron disappearance 

with both equations, respectively. The difference in prediction between 

both equations is 3.7 months. 

Very similar tebuthiuroij disappearance trends seem to be taking 

place in plots treated in 1982 compared with plots treated in 1981. In 

part, it is happening because of the similar precipitation patterns 

following treatment application. Accumulative rainfall was 170, 262, 352 

and 1187 mm from May 1982 to October 1983 at La Reforma, Los Pozos, El 

Toro and Santa Rita, respectively (Table 3). Precipitation was lower at 

the Mexican locations, with only 14%, 22% and 30%, respectively, of the 

total which occurred at Santa Rita. Even though tebuthiuron dissipation 

trends seem to be very similar on plots treated in 1981 and 1982, not 

enough data are available to make valid comparisons. As for the 1981 

plots, tebuthiuron concentrations tended to be greater as the rate of 

tebuthiuron application increased. Tebuthiuron soil residues were also 

greater at the locations with less precipitation and greater organic 

matter and clay contents (Table 7). 
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Table 7. Tebuthiuron residues (ppmw) (weighted average) in the top 
20 cm of soil at three dates after application of tebuthiuron 
at 0.5, 1.0 and 1.5 kg a.i./ha at four semiarid locations in 
1982. 

Time after Locations 
Treatment 
(months) La Reforma Los Pozos El Toro Santa Rita 

Date 
Mean 

- - (0.5 kg a.i./ha) - -

6 * * ft ft ft 

12 +0.150 0.059 0.118 0.037 0.091 

18 0.169 ft 

- - (1.0 kg 

0.123 

a.i./ha) - -

0.044 0.112 

6 0.305 0.056 0.388 0.130 0.220 

12 0.444 0.116 0.177 0.132 0.217 

18 0.290 0.140 

- - (1.5 kg 

0.210 

a.i./ha) 

0.120 0.190 

6 ft ft ft ft ft 

12 0.345 0.423 0.366 0.122 0.314 

18 0.408 ft 0.209 0.109 0.242 

+ Each mean is the average of three samples, 

ft Soils were not sampled. 
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Tebuthiuron and Its Metabolites in Plants 

Concentrations of tebuthiuron and its metabolites in creosotebush 

tissues were very variable within locations, among locations, date of 

sampling, year of application and application rate (Appendix tables B-l 

and B-2). Concentrations of tebuthiuron and its metabolites from samples 

collected throughout the study at all locations ranged from 0.26 to 5.6 

ppnjw from applications made at 1.0 kg a.i./ha in 1981, and from 1.3 to 

10.01 ppmw from applications made in plots treated in 1982 (Appendix 

table B-l). Tebuthiuron and metabolite concentrations tended to be greater 

on plots treated in 1982 than on plots treated in 1981 regardless of 

amount of precipitation or location; however, because of limited sampling 

on the 1982 plots any conclusion from the data must be tentative. The 

concentration of unaltered tebuthiuron in creosotebush tissue was nearly 

always lower than the concentration of partially metabolized tebuthiuron 

(Appendix table B-l). The concentration of tebuthiuron and its metabo

lites in creosotebush tissue generally increased as the rate of applica

tion increased in plots treated in 1981 (Appendix table B-2). However, 

this trend was not apparent in plots treated in 1982. 

Rainfall at the Chihuahuan sites was below average in 1981, but 

was extremely low in 1982 and 1983. Consequently, little metabolism of 

tebuthiuron was expected in plant tissues on these sites during the dry 

years. This was true, since plants in plots treated in 1982, which were 

subjected to smaller amounts of rainfall had greater tebuthiuron and 

metabolite concentrations than plants on plots treated in 1981. On the 

contrary, summer precipitation at Santa Rita was below average in 1981, 
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but was above average in summer of 1982 and 1983, and winter precipita

tion was above average during all three years of the study. Therefore, 

plants on plots treated in 1981 had less accumulative rainfall than 

plants in plots treated in 1982 for a given period after treatment. 

Plants treated in 1982 at Santa Rita which were exposed to greater amount 

of rainfall tended to have greater tebuthiuron and metabolite concentra

tions than plants in plots treated in 1981. In spite of these differ

ences in rainfall pattern, the trend toward higher tebuthiuron and 

metabolite residues in plots treated in 1982 is present at all locations 

regardless of precipitation. Thus, total rainfall does not seem to be 

important in the accumulation and initial breakdown of tebuthiuron by 

plant tissues. Apparently, tebuthiuron absorption rate was much slower 

than the tebuthiuron breakdown rate in plants, since metabolite concen

trations were consistently greater than tebuthiuron concentrations 

regardless of the amount of precipitation, location, date of sampling 

and year of treatment. 

The fluctuations in the concentrations of tebuthiuron and its 

metabolites in grass plants were very similar to those found in creosote-

bush, but greater concentrations of both tebuthiuron and its metabolites 

were found in all grasses. -

The concentrations of tebuthiuron were always lower than the 

concentrations of metabolites in bush muhly tissues. The concentration 

of tebuthiuron and its metabolites in bush muhly generally increased 

slightly as the rate of application increased (Appendix table B-3). 



67 

The concentrations of tebuthiuron were always lower than the 

concentrations of its metabolites in fluff grass. Thus, fluff grass was 

able to metabolize tebuthiuron more rapidly than it was absorbed and 

accumulated. The concentration of tebuthiuron and its metabolites in 

fluff grass generally increased slightly as the rate of application 

increased (Appendix table B-4). 

Sideoats grama was sampled only at La Reforma. The concentration 

of tebuthiuron in sideoats grama tissues was lower than the concentration 

of partially metabolized tebuthiuron at all dates of sampling (Appendix 

table B-5). The concentration of tebuthiuron and its metabolites in 

sideoats grama tissues increase slightly as the rate of tebuthiuron 

increased, but there were several exceptions (Appendix table B-5). 

Blue grama was sampled only at La Reforma. The concentrations 

of tebuthiuron in blue grama tissues were lower than the concentrations 

of metabolites at all dates of sampling except 24 months after applica

tion of tebuthiuron at 1.5 kg a.i./ha, when 9.04 ppmw of tebuthiuron and 

no metabolites were detected (Appendix table B-6). 

Black grama was sampled only at El Toro. As was true of the 

other grasses sampled in this study, tebuthiuron concentrations were 

always lower than the concentrations of its metabolites in black grama 

tissues. The concentrations of tebuthiuron and its metabolites in black 

grama tissues generally increased slightly as the rate of tebuthiuron 

application increased (Appendix table B-7). 

Concentrations of tebuthiuron and its-metabolites in the plant 

species sampled in this study did not decrease during a 30-month sampling 
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period. Additional plant sampling from the tebuthiuron treated area will 

be required in order to determine when plants growing on treated areas 

no longer contain tebuthiuron and its metabolites. Consistently, these 

samples of grass species showed concentrations of tebuthiuron and its 

metabolites much lower than the 20 ppmw concentration limits allowed by 

the U.S. Environmental Protection Agency (E.P.A.) for forage plants 

(Elanco Product Co., 1983). This was true of all plant species, loca

tions, years of application, date of sampling and application rates. 



GENERAL DISCUSSION 

The greatest percent of brush mortality was obtained with tebu-

thiuron applied at rates of 1.0 and 1.5 kg a.i./ha and the disk plowing 

treatments regardless of location and year of application. Forage 

production on the same treatments were more variable than brush mortality 

for all treatments, locations, and year of application. Therefore, there 

is not a best treatment to recommend for all locations, since treatments 

which gave the best results at one location during a year did not always 

give the same result at another location or the same location during two 

succeeding years. The treatment to select for the improvement of creo-

sotebush infested rangelands will be based on each specific purpose and 

will depend upon specific soil and topographic characteristics, climatic 

conditions, associated brush species to be controlled, grass species 

present, and manpower, machinery and chemical availability. 

On the sites with the lowest accumulative rainfall, total forage 

production tended to increase as the rate of tebuthiuron applied 

increased; however, on the locations with the highest rainfall, forage 

production was greatest at the lowest rate of tebuthiuron applied. Even 

though, there are no data about the effect of moisture conditions on the 

response of vegetation to tebuthiuron application, Britton and Sneva 

(1981) indicate that variations in moisture conditions may affect vege

tation responses to tebuthiuron. Season of tebuthiuron application seems 

to be very important in forage production but not in brush control 

69 
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(Ferrell, Alley and Whltson, 1984). In a creosotebush site foliar cover 

of grasses has been severely depressed in plots treated with 1.0 kg 

a.i./ha rate of tebuthiuron, but not with lower rates (Jacoby et al., 

1982a). Sosebee, Boyd and Brumley (1979) indicate that time of year of 

tebuthiuron application generally did not affect broom snakeweed control, 

but it did significantly affect grass production. They found that appli

cation of tebuthiuron just prior to initiation of grass growth should be 

avoided because of injury to the grasses during this phenological stage. 

Even though time of tebuthiuron application was not measured in this study, 

the increases in forage production indicate that the amount and timing of 

precipitation after tebuthiuron application may be more important than 

application timing, because precipitation may or may not occur when 

grass plants are actively growing. This explains why grass plants were 

damaged when normal or above average precipitation followed application 

but there was little effect on grass plants by tebuthiuron when below 

average precipitation followed application, even when applied prior to 

the growing season. Data suggest that tebuthiuron should be applied 

after the growing season, so if some rainfall occurs during the fall, 

winter or spring, tebuthiuron levels in the soil may be reduced for the 

following growing season, thus reducing chances of the grass being dam

aged if normal or above average precipitation occurs. 

Disk plowing, disk plowing plus contour furrowing and land 

imprinting tended to give the highest forage production on the locations 

with the driest climate, which may indicate the effectiveness of these 

treatments for catching water under low rainfall conditions. However, 
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two-way railing gave the highest forage production on the site with the 

highest precipitation. Possibly, because this practice tended to leave 

the soil flat and not as soft as the other treatments, which may result 

in a less effective treatment under critical rainfall conditions than 

under adequate moisture conditions. Disk plowing and two-way railing 

should not be considered as range improvement practice on creosotebush 

infested rangelands with good grass cover, since forage plants are often 

destroyed, necessitating grass seeding. Increased forage production by 

annual grasses may be expected on mechanically treated plots even during 

years with below average precipitation. Even though economic analysis 

of these treatments were not made, forage production by annuals may be 

important in some rangelands because it may be the only source of feed 

for cattle grazing throughout the year. 

Low application rates of tebuthiuron should be suitable where 

there is a reasonably good grass cover to respond and take advantage of 

reduced brush competition. Since tebuthiuron applied at or above 1.0 

kg a.i./ha may reduce forage production on creosotebush infested range-

lands (Jacoby et al., 1982a), it should not be applied principally on 

good grass covered rangelands, in which individual plant treatments may 

be more suitable and less detrimental to grasses. Moreover, it should be 

remembered that optimum forage responses on tebuthiuron treated plots 

should not be expected until the second or third growing seasons 

(Sosebee et al., 1976; Scifres and Mutz, 1978). 

Tebuthiuron effectively controlled a wide spectrum of shrubby 

species but did not control any cactus species in this study. Moreover, 
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the data obtained in this study agree with the results obtained by 

Scifres et al. (1981a) on the fact that increases of forage production by 

annual grasses should not be expected on tebuthiuron treated areas during 

the second and third growing seasons after tebuthiuron application. 

Contrary to this, Jacoby, Slosser and Meadors (1983) indicate that annual 

species are likely to increase significantly during the first and second 

years after tebuthiuron application. 

Data obtained indicate that creosotebush infested rangelands can 

be improved by several brush control practices. Even when several treat

ments resulted in good control and forage production at a location, there 

will be one which will be more adapted to each specific location. How

ever, there is no reason to kill the brush if there are no grass plants 

to take advantage of reduced brush competition. When this happens brush 

control may be detrimental to the range, since there will not be plants 

in the ground to protect the soil against water and wind erosion (Pettit, 

19.79). In any given case when a treatment results in brush control and 

increased forage production, good range management practices should be 

applied, like grazing at the proper stocking rate and grazing separately 

treated and untreated areas (Scifres et al., 1983). All too often, 

forage on treated areas is overused in comparison to forage on untreated 

areas. As a result, any improvement in the range is going to be of short 

duration and will -ultimately fail if an adequate management plan is not 

developed and followed. 

Tebuthiuron, when applied over a wide range of soils and vegeta

tion types, will dissipate, from semiarid rangeland soils after application 



for woody plant control. Based on linear regression equations, it is 

predicted that tebuthiuron will reach undetectable levels in the top 20 

cm of soil from 3 to 4 years after tebuthiuron application at rates from 

0.5 to 1.5 kg a.i./ha. These regression equations may be very useful 

when grass seeding is planned in locations similar to the ones used in 

this study. By knowing the susceptibility to tebuthiuron of grass species 

planted and the tebuthiuron resudies in soils over a given time after 

application, less failure in the reseeding may be expected due to the 

effect of the herbicide, since species would be planted when the tebu

thiuron residue levels in soil would be safe for grass establishment. 

Tebuthiuron and its metabolite residues in plants do not seem to 

be a problem for grazing animals at any time after tebuthiuron applica-

tions, since tebuthiuron and its metabolites in grass species never were 

at or above the 20 ppmw standard tolerance limit stipulated by the E.P.A. 

(Elanco Products Co., 1983). It is necessary to continue evaluating the 

chemically and mechanically treated plots in order to detect future 

changes in both brush density and forage production, because shrubby 

plants may continue dying as long as the herbicide persists in the soil, 

and shrubby plants may reinvade the treated areas. Moreover, grass 

plants may increase over time as a result of reduced brush competition. 

Forage production may increase in the future on tebuthiuron treated plots 

in which grass plants were damaged by the herbicide (Scifres and Mutz, 

1978; Stritzke, 1980). The same may be true on those areas which showed 

low precipitation conditions throughout the study, since grass seeds may 
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be in the soil and may germinate as soon as good moisture conditions 

appear. 
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Table A-l. Brush mortality (%) after three chemical and four mechanical treatments applied at 
Rancho La Reforma, Chihuahua, Mexico, in June 1981. —* Data collected in October 1983. 

Treatments 

Tebuthiuron kg a.i./ha T m a Land Two-way Disk Disk Plowing 
Species 0.5 1.0 1.5 ' Imprinting Railing Plowing with Furrowing 

- - - a of control) - -

Creosotebush +27c 44b 74a * 27c 82a 83a 
Whitethorn acacia 48b 77a 84a * 37b 82a 79a 
Tarbush 75a 85a 90a •k 40b 81a 85a 
Mariola 67bc 82ab 82ab * 38c 83ab 86a 
Mesquite 16b 33b 62a * 16b 61a 65a 
Shrubby senna 65b 93a 96a * 46b 92a 86a 
Wait-a-minute-bush 33b 82a 86a * 39b 76a 84a 
Javelina brush 69c 82b 96a * 39d 89 ab 86ab 
Whitebrush 82ab 95a 98a A 75b 94b 88ab 
Fern acacia 90ab 96ab 99a * 43c 83b 85ab 
Range ratany 28c 68ab 86a * 62b 85a 84a 
Tasajillo 0c 0c 0c * 47b 80a 73a 
Walkingstick cholla 0c 0c 0c * 32b 79a 82a 
Pricklypear 0c 0c 0c * 16b 83a 75a 
Littleleaf sumac 16 d 42bc 69a * 25cd 67a 63ab 
Grenj eno • 18b 52a 65a * 16b 53a 67a 
Catclaw acacia 23c 54b 76a * 31c 73a 75a 

t Means in the same row followed by the same letter are not significantly different (P 0.05) 
according to Duncan's Multiple Range Test. 

* Treatment not applied in 1981. 



Table A-2. Brush mortality (%) after three chemical and four mechanical treatments applied at 
Rancho Los Pozos, Chihuahua, Mexico, in June 1981. — Data collected in October 1983. 

Treatments 

Species 

Tebuthiuron kg a.i./ha 

0.5 1.0 1.5 
Land 

Imprinting 
Two-way 
Railing 

Disk 
Plowing 

Disk Plowing 
with Furrowing 

(% of Control) 

Creosotebush +46c 65b 85a * 34c 82a 83a 

Whitethorn acacia 55c 80b 95a * 44c 89 ab 85ab 

Tarbush 53b 76a 92a * 36c 81a 85a 

Mariola 34c 60b 88a * 37bc 82a 83a 

Mesquite 18 cd 39b 71a * 25bc 76a 79a 

Whitebrush 69b 91a 98a * 46c 93a 95a 

Tasajillo Od Od Od * 43b 89a 94a 

Pricklypear Od Od Od * 35b 83a 85a 

Catclaw acacia 38c 65b 97a * 33c 86a 90a 

t Means in the same row followed by the same letter are not significantly different (P 0.05) 
according to Duncan's Multiple Range Test. 

* Treatment not applied in 1981. 



Table A-3. Brush mortality (%) after three chemical and four mechanical treatments applied at 
Rancho El Toro, Chihuahua, Mexico, in June 1981. — Data collected in October 1983. 

Treatments 

Tebuthiuron kg.a.i./ha , m = Land Two-way Disk Disk Plowing 
Species 0.5 1.0 1.5 Imprinting Railing Plowing with Furrowing 

(% of Control) 

Creosotebush +77b 94a 99 a * 26c 88ab 89ab 

Tarbush 71c 95ab 100a * 23d 86b 86b 

Mesquite 40c 60b 76ab * 18d 80a 78a 

Javelina brush 92a 99a 100a * 39b 86a 91a 

Tasajillo 0c 0c 0c * 56b 84a 84a 

Pricklypear 0c 0c 0c * 46b 82a 88a 

Desert zinnia 77b 87ab 100a * 76b 92ab 93ab 

Broom snakeweed 53b 90a 98a * 87a 95a 97a 

Spiny allthorn 17c 32b 73a * 20b c 77a 80a 

Coldenia 89a 97a 100a * 44b 87a 86a 

f Means in the same row followed by the same letter are not significantly different (P _< 0.05) 
according to Duncan's Multiple Range Test. 

* Treatment not applied in 1981. 
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Table A-4. Brush Mortality (%) after three chemical and four mechanical treatments applied at 
Santa Rita Experimental Range, Arizona, USA, in June 1981. — Data collected in 
October 1983. 

Treatments 

Tebuthiuron kg a.i./ha , • m ° Land Two-way Disk Disk Plowing 
Species 0.5 1.0 1.5 Imprinting Railing Plowing with Furrowing 

(% of Control) 

Creosotebush +54c 79ab 95a 9d 23d 70bc 69bd 

Whitethorn acacia 37c 76b 97b lid. 46c 82b 80b 

Mesquite 23c 49b 81a 7d 24c 78a 75a 

Tasajillo 0c 0c 0c 9c 34b 83a 83a 

Walkingstick cholla Od Od Od 9c 27b 84a 80a 

Pricklypear Od Od Od 8c 39b 76a 82a 

Burroweed 49b 83a 96a 21c 41b 85a 86a 

Desert zinnia 81bc 96a 96a 15d 71c 92a 90a 

t Means in the same row followed by the same letter are not significantly different (P <. 0.05) 
according to Duncan's Multiple Range Test. 



Table A-5. Brush mortality (%) after three chemical and four mechanical treatments applied at 
Rancho La Reforma, Chiuhauha, Mexico, in June 1982. — Data collected in October 1983. 

Treatments 

Tebuthiuron kg a.i./ha , „ a Land Two-way Disk Disk Plowing 
Species 0.5 1.0 1.5 Imprinting Railing Plowing with Furrowing 

(% of Control) 

Creosotebush +20c 39b 69a 9d 23c 78a 79a 
Whitethorn acacia 44c 66b 86a 13d 34c 80a 77ab 
Tarbush 33c 61b 88a 9d 34c 84a 81a 
Mariola 51c 73b 94a 7d 36c 84ab 85ab 
Mesquite 18 cd 23c 53b 8d 19 cd 68a 66ab 
Shrubby senna 58c 73'bc 90a lie 36d 91a 88ab 
Wait-a-minute-bush 27c 65b 92a 7c 27c 77ab 83ab 
Javelina brush 50cd 68bc 89a 13e 42d 97a 86ab 
Whitebrush 85ab 94 a 97a 12c 70b 91a 91a 
Fern acacia 74a 89a 89a 11c 49b 87a 88a 
Range ratany 17c 65b 84a . 11c 51b 86a 83a 
Tasajillo 0c 0c 0c 9c 44b 80a 78a 
Walkingstick cholla 0c 0c 0c 12c 29b 82a 86a 
Pricklypear 0c 0c 0c 6bc 17b 84a 78a 
Littleleaf sumac 15cd 41b 73a 9d 30b c 77a 68a 
Granj eno 16c 45b 64a 4c 17c 74a 74a 
Catclaw acacia 16c 46b 72a 6c 21c 81a 82a 

t Means in the same row followed by the same letter are not significantly different (P £ 0.05) 
according to Duncan's Multiple Range Test. 



Table A-6. Brush mortality (%) after three chemical and four mechanical treatments applied at 
Rancho Los Pozos, Chihuahua, Mexico, in June 1982. — Data collected in October 1983. 

Treatments 

Species 

Tebuthiuron kg 

0.5 1.0 

a.i./ha 

1.5 
Land 

Imprinting 
Two-way 
Railing 

Disk 
Plowing 

Disk Plowing 
with Furrowing 

Creosotebush t32c 56b 85a lid 33c 86a 85a 

Whitethorn acacia 49c 66b 95a lid 42c 89 a 89a 

Tarbush 48c 71b 91a 13d 38c 91a 86ab 

Mariola 35c 67b 92a 14d 50bc 88a 88a 

Mesquite 23c 52b 76a 10c 24c 78a 73a 

Whitebrush 60b 84a 100a 15c 52b 90a 87a 

Tasajillo 0c Oc 0c 14c 42b 87a 91a 

Pricklypear Od Od Od 18c 34b 87a 86a 

Catclaw acacia 29b 64a 79a 7c 35b 80a 81a 

t Means in the same row followed by the same letter are not significantly different (P jC 0.05) 
according to Duncan's Multiple Range Test. 

00 
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Table A-7. Brush mortality (%) after three chemical and four mechanical treatments applied at 
Rancho El Toro, Chihuahua, Mexico, in June 1982. — Data collected in October 1983. 

Treatments 

Tebuthiuron kg a.i./ha , m 6 Land Two-way Disk Disk Plowing 
Species 0.5 1.0 1.5 Imprinting Railing Plowing with Furrowing 

(% of Control) 

Creosotebush +67b 91a 94a 8d 36c 86a 83a 

Whitethorn acacia 68b 83a 95a 5d 37c 91a 85a 

Tarbush 65b 74b 96a 14c 30c 76b 83ab 

Mesquite 23d 57c 66bc 8e 34d 77ab 82a 

Javelina brush 93a 99a 100a 10c 70b 87a 87a 

Tasajillo Od Od Od 17c 64b 93a 89 a 

Pricklypear 0c 0c 0c 3c 40b 82a 81a 

Desert zinnia 74b 94a 100a 22d 56c 83ab 85ab 

Broom snakeweed 66c 77b 95a 14d 68c 89ab 89ab 

Spiny allthorn 22bc 34b 66a 9c 25bc 68a 74a 

Coldenia 87a 90a 96a 14c 66b 87a 89a 

t Means in the same row followed by the same letter are not significantly different (P <_ 0.05) 
according to Duncan's Multiple Range Test. 



Table A-8. Brush mortality (%) after three chemical and four mechanical treatments applied at 
Santa Rita Experimental Range, Arizona, USA, in June 1982. — Data collected in 
October 1983. 

Treatments 

Tebuthiuron kg a.i./ha T m e Land Two-way Disk Disk Plowing 
Species 0.5 1.0 1.5 Imprinting Railing Plowing with Furrowing 

(% of Control) 

Creosotebush +33c 55b 76a lOd 24cd 83a 83a 

Whitethorn acacia 52a 77b 96a - lie 2 2d 84b 84b 

Mesquite 21c 62b 74ab 8c 15c 79a 82a 

Tasajillo Od Od Od 13c 33b 82a 83a 

Walkingstick cholla Od Od Od 11c 31b 86a 79a 

Pricklypear 0c 0c 0c 8c 33b 82a 79a 

Burroweed 42c 66b 90a 17d 44c 90a 91a 

Desert zinnia 55c 90a 98a 14d 65b c 91a 83ab 

t Means in the same row followed by the same letter are not significantly different (P _< 0.05) 
according to Duncan's Multiple Range Test. 
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Table B-l. Concentrations (ppnrw) of tebuthiuron and its metabolites in 
creosotebush tissues at four locations at five sampling dates 
after application of tebuthiuron at 1.0 kg/ha in May 1981 
and at three sampling dates after application in May 1982. 

Date of Application 
Months 
a  f  |i A f. May 1981 May 1982 
a i  cer 

Locations Treatment Tebuthiuron Metabolites Total Tebuthiuron Metabolites Total 

(ppmw) 

La Reforma 6 tO.21 1 .  ,20 1 .  ,41 0.48 6. .87 7.35 

12 0*66 0 .  ,76 1 .  ,42 0.00 1, .30 1.30 

18 0.00 0 .  ,26 0 .  ,26 0.99 1. ,81 2.80 

24 0.00 0 .  ,41 0 .  .41 

30 1.41 1 .  ,41 2. ,55 

Los Pozos 6 1.20 3. .17 4. ,37 2.09 2. .47 4.56 

12 0.67 1 ,  .93 2. .60 0.68 2, .41 3.09 

18 0.19 1 .  .04 1. ,23 0.52 2. .73 3.25 

24 0.69 1 .  .82 2. ,51 
30 0.66 1 .  .84 2. .50 

El Toro 6 2.43 3. .17 5. .60 * * •k 
12 0.79 3. ,57 4. .36 1.56 3. .08 4.64 
18 0.34 1. .43 1 .  .77 * * * 

24 * * * 

30 0.10 1. .57 1. .67 

Santa Rita 6 * * * 5.26 4. .84 10.01 

12 0.49 2. .42 2. .91 1.58 3. .98 5.56 

18 0.19 1 .  .05 1 .  .24 0.87 3, .36 4.23 

24 1.21 2. .63 3. .84 

30 0.74 1 ,  .31 2. .05 

t Each mean is the average of no more than three samples. 

* Sample not collected. 



Table B-2. Average concentrations (ppmw) of 'tebuthiuron and its metabolites in creosotebush 
tissues at four locations at five sampling dates after tebuthiuron application at 
0.5, 1.0 and 1.5 kg a.i./ha in May 1981, and at three sampling dates after 
tebuthiuron application at the same rates in May 1982. 

Application 
Rate 

(kg a.i./ha) 

Months 
After 

Treatment 

Date of Application 

May 1981 May 1982 

Tebuthiuron Metabolites Total Tebuthiuron Metabolites Total 

0.5 

1.0 

1.5 

(ppmw) 

6 * * * * * 

12 to. 37 0.83 1.20 0.69 0.76 1.45 
18 0.28 1.39 1.67 1.13 3.83 4.96 
24 0.52 1.39 1.91 
30 0.65 1.60 2.25 

6 1.28 2.51 3.79 2.61 4.73 7.34 
12 0.65 2.17 2.82 0.96 2.69 3.65 
18 0.18 0.95 1.13 0.79 2.63 3.42 
24 0.63 1.62 2.25 
30 0.66 1.53 2.19 

6 ft * * * * * 

12 0.85 2.83 3.68 1.08 2.53 3.61 
18 0.29 1.11 1.40 0.61 2.16 2.77 
24 0.68 1.68 2.36 
30 0.73 2.14 2.87 

t Each mean is the average of no more than twelve samples. 

* Sample not collected. 
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Table B-3. Average concentrations (ppmw) of tebuthiuron and its metabolites in bush muhly 
tissues at four locations at five sampling dates after tebuthiuron application at 
0.5, 1.0 and 1.5 kg a.i./ha in May 1981, and at three sampling dates after 
tebuthiuron application at the same rates in May 1982. 

Date of Application 
Application Months ,„01 „ moo 

Rate After May 1981  ̂ ; May 1982 

(kg a.i./ha) Treatment Tebuthiuron Metabolites Total Tebuthiuron Metabolites Total 

(ppmw) 

6 ft ft ft ft ft ft 

12 +0.93 1.62 2.55 1.35 1.61 2.96 
18 0.79 1.41 2.20 2.24 4.54 6.78 
24 1.01 1.79 2.80 
30 1.21 2.00 3.21 

6 0.99 1.14 2.13 1.79 1.72 3.51 
12 2.53 5.14 7.67 2.55 2.10 4.65 
18 0.85 1.44 2.29 2.40 5.42 7.82 
24 1.72 2.58 4.30 
30 1.27 1.99 3.26 

6 ft * ft ft ft ft 

12 2.13 2.99 5.12 1.70 2.67 4.68 
18 1.17 3.16 4.33 1.90 3.93 5.83 
24 1.50 1.94 3.44 
30 1.65 2.54 4.19 

t Each mean is the average of no more than twelve samples. 

* Sample not collected. 



Table B-4. Average concentrations (ppmw) of tebuthiuron and its metabolites in fluff grass 
tissues at Los Pozos, El Toro and Santa Rita at five sampling dates after tebuthiuron 
application at 0.5, 1.0 and 1.5 kg a.i./ha in May 1981, and at three sampling dates 
after tebuthiuron application at the same rates in May 1982. 

Date of Application 
Application Months 

Rate After -
(kg a.i./ha) Treatment Tebuthiuron Metabolites Total Tebuthiuron Metabolites Total 

(ppmw) 

6 A * A A A A 

12 to. 50 1.69 2.19 0.60 1.87 2.47 
18 0.38 1.36 1.74 1.77 7.60 9.37 
24 0.69 1.91 2.60 
30 0.25 0.71 0.96 

6 A A A 1.83 4.00 5.83 
12 1.62 6.09 7.71 1.26 3.97 5.23 
18 0.44 3.07 3.51 0.81 8.91 9.72 
24 0.41 1.99 2.40 
30 0.50 4.07 4.57 

6 A A A A A A 

12 2.21 5.95 8.16 0.60 3.77 4.37 
18 0.40 4.06 4.46 1.62 7.70 9.32 
24 0.62 2,39 3.01 
30 0.43 5.54 5.97 

t Each mean is the average of no more than nine means. 

* Sample not collected. 

00 
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Table B-5. Average concentrations (ppmw) of tebuthiuron and its metabolites in sideoats grama 
tissues at La Reforma at five sampling dates after tebuthiuron application at 0.5, 
1.0 and 1.5 kg a.i./ha in May 1981, and three sampling dates after tebuthiuron 
application at the same rates in May 1982. 

Date of Application 
Application Months inQO 

Rate After May 1981 Ma2LW82 

(kg a.i./ha) Treatment Tebuthiuron Metabolites Total Tebuthiuron Metabolites Total 

(ppmw) 

6 * * ft ft ft ft 

12 +1.59 2.06 3.65 0.05 0.78 0.83 
18 0.00 1.22 1.22 0.83 1.54 2.37 
24 0.00 1.10 1.10 
30 1.35 2.19 3.54 

6 1.77 2.83 4.60 1.11 2.85 3.96 
12 3.55 10.07 13.62 0.14 2.82 2.96 
18 0.45 1.18 1.63 1.66 3.02 4.68 
24 0.00 1.63 1.63 
30 0.96 1.82 2.78 

6 * ft ft ft ft * 

12 5.95 8.33 13.92 0.46 1.43 1.89 
18 2.14 6.51 8.65 1.32 5.39 6.71 
24 0.32 8.63 8.95 
30 0.91 1.80 2.71 

t Each mean is the average of no more than three samples. 

* Sample not collected. 



Table B-6. Average concentrations (ppmw) of tebuthiuron and its metabolites in blue grama tissues 
at La Reforma at five sampling dates after tebuthiuron application at 0.5, 1.0 and 1.5 
kg a.i./ha in May 1981, and at three sampling dates after tebuthiuron application at 
the same rates in May 1982. 

Date of Application 
Application Months „ „ moo 

Rate After May 1981 ; May 1982 

(kg a.i./ha) Treatment Tebuthiuron Metabolites Total Tebuthiuron Metabolites Total 

(ppmw) 

6 ft * * ft * * 

12 +1.92 8.32 10.24 ft ft ft 
18 1.46 5.90 7.36 0.80 5.06 5.86 
24 ft ft ft 
30 0.22 1.48 1.70 

6 0.30 4.00 4.30 0.34 8.65 8.99 
12 * * * 0.47 7.70 8.17 
18 ft ft ft 2.03 10.40 12.43 
24 ft ft ft 
30 0.62 2.46 3.08 

6 ft ft ft ft ft * 

12 3.99 14.43 18.42 1.30 4.76 6.06 
18 2.09 7.64 9.73 2.05 12.82 14.87 
24 9.04 0.00 9.04 
30 0.98 3.56 4.54 

f Each mean is the average of no more than three samples. 

* Sample not collected. 



Table B-7. Average concentrations (ppmw) of tebuthiuron and its metabolites in black grama tissues 
at El Tore at five sampling dates after tebuthiuron application at 0.5, 1.0 and 1.5 kg 
a.i./ha in May 1981, and at three sampling dates after tebuthiuron application at the 
same rates in May 1982. 

Date of Application 
Application Months May 1981 May 1982 

tvalc Alter 
(kg a.i./ha) Treatment Tebuthiuron Metabolites Total Tebuthiuron Metabolites Total 

(ppmw) 

0.5 6 A * * ft ft ft 
12 ft * * 0.36 0.79 1.15 
18 +1.32 1.70 3.20 1.94 4.11 6.05 
24 1.07 1.51 2.58 
30 0.74 0.98 1.72 

1.0 6 1.16 2.88 4.46 ft ft ft 

12 1.36 2.37 3.73 2.06 2.16 4.22 
18 1.92 2.77 4.69 2.33 6.96 9.29 
24 0.68 1.37 2.05 
30 1.85 4.24 6.09 

l."5 6 ft * ft ft ft * 

12 1.75 3.54 5.29 1.22 2.76 3.98 
18 2.07 3.56 5.63 2.46 8.48 10.94 
24 0.59 1.27 1.86 
30 2.51 7.60 10.11 

t Each mean is the average of no more than three samples. 

* Sample not collected. 
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