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ABSTRACT 

Picloram, buthidazole, karbutilate, and tebuthiuron were ap

plied on one-year old fire-sprouts of shrub live oak (Quercus turbinella 

Greene). Picloram was applied in both a 5 and 10 percent formulation. 

Tebuthiuron was the most efficacious herbicide, followed in order by 

buthidazole, karbutilate, picloram 10 percent, and picloram 5 percent. 

Tebuthiuron was the only herbicide in which the low rate (2.2A kg/ha) 

was as effective as the two higher rates (4.48 and 8.96 kg/ha). Tebu

thiuron and karbutilate were applied in summer and winter treatments on 

one-year old fire-sprouts and mature-brush shrubs. On fire-sprouts, 

karbutilate was more effective when applied in the winter versus summer 

applications, however, no difference occurred between seasons for tebu

thiuron. On mature-brush, no difference occurred between seasons for 

either herbicide. Karbutilate and tebuthiuron were more effective on 

fire-sprouts than on mature-brush. Burning helped reduce the amount of 

tebuthiuron needed to control shrub live oak. 

viii 



CHAPTER 1 

INTRODUCTION 

The southwest is experiencing a population boom. Urban centers 

are growing and sprawling, with the effects reaching far into the more 

rural areas. Arizona is a water short state, and water may become a 

limiting factor to its economic growth. Ground water is a finite 

source, outputs are exceeding inputs, and alarm has grown over dropping 

water tables, the increasing costs of pumping, and the fear that these 

sources may be mined out. This sentiment has heightened the interest 

in harvesting more of the precipitation that falls on the surface, and 

vegetative manipulation of watersheds has become the key. 

Long neglected as a suitable prospect, chaparral has only re

cently been studied for water yield. These studies have indicated that 

brush control in chaparral can dramatically increase water yield, 

transforming intermittent streams to perennial ones. By replacing the 

deep rooted shrubs with shallow rooted grasses, the deep water reserves 

are saved for recharge of the watersheds and downstream reservoirs. 

Chaparral in Arizona occurs on 3.2 million acres as a discon

tinuous band across the central part of the state. The plant community 

is dominated by shrub live oak, a deep-rooted, tenacious root-crown 

sprouter which is resistant to fire and resistant to most brush control 

techniques. Chemicals are one method of control that has been shown to 

work, but more research is needed on the different chemicals available 

1 
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and the various prescriptions that can best utilize them. 

On June 16, 1976 a wildfire burned large tracts of chaparral on 

Mount Ord in the Tonto National Forest, Arizona. A study was designed 

the following year around this burn. Several soil-applied herbicides 

were applied to test their efficacy in controlling shrub live oak. 

Herbicides were tested for their effects on fire sprouts and unburned 

mature chaparral, and for the effects of summer and winter applications. 



CHAPTER 2 

REVIEW OF LITERATURE 

Character and Occurrence of Arizona Chaparral 

Arizona chaparral occurs as a discontinuous band across the 

central part of the state. The band extends from the northwest to the 

southeast just south of the Mogollon Rim (Figure 1). 

The chaparral plant community consists of moderately deep to 

deep rooted evergreen sclerophyllous shrubs that reach their best de

velopment on deeply weathered or broken rock mantle (Hibbert, Davis, 

and Scholl 1974; Saunier 1964). The word "chaparral" in Castillian 

spanish means "evergreen scrub oak or oak brush" (Plummer 1911). Most 

shrubs are longlived, especially the sprouters. Pond (1971) found 

shrubs tagged in 1920 still alive after 47 years. 

Chaparral may consist of a heterogenous mixture of many spe

cies, but is commonly dominated by one or two species (Nichol 1952). 

Pond and Bohning (1974) stated that of the fifty shrubs growing in 

Arizona chaparral, less than fifteen were important from the standpoint 

of density and animal preference. Hibbert et al. (1974) listed the 

following thirteen shrubs as important in chaparral: shrub live oak 

(Quercus turbinella Greene), Palmer oak (Quercus chrysolepsis var. 

palmeri Engelm. Sarg.), Emory oak (Quercus emoryi Torr.), birchleaf and 

true mountain mohogany (Cercocarpus betuloides Nutt. and Cercocarpus 

montanus Raf.), pointleaf and Pringle manzanita (Arctostaphylos pungens 

3 
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Figure 1. Distribution of chaparral in Arizona (Brown 1973). 
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H.B.K. and Arctostaphylos pringlei Parryl, Wright) yellowleaf silk-

tassel (Garrya wrightii Torr. and Garrya flavescens Wats.), sugar sumac 

(Rhus ovata Wats.), skunkbush (Rhus trilobata Nutt.) hollyleaf buck

thorn (Rhamnus crocea Nutt.), and yerba-santa (Eriodictyon angusti-

f olium Nutt. ) . 

Most authors consider shrub live oak to be the most abundant 

plant in Arizona chaparral (Cable 1957, Glendening 1959, Humphrey 1955, 

Keanery and Peebles 1960, Pond and Cable 1960); Cable (1975) estimated 

that it formed 45 to 80 percent of the total shrub cover. Shrub live 

oak is a tenacious root-crown sprouter that grows from 0.9 m to 2.4 m, 

but can also reach heights of 4.6 m (Pond and Bohning 1971). The root 

crown contains thousands of inactive buds which can sprout following 

fire, mechanical or chemical disturbances that destroy the above ground 

portions of the plant (Cable 1975, Pond and Bohning 1971). The 

sprouting tends to form the characteristic clumping as opposed to 

formation of individual trees. Because it is a long-lived plant, and 

resistant to disease and pests, shrub live oak can maintain healthy 

stands without producing many seedlings. Pase (1969) estimates that 

conditions necessary for germination and seedling establishment occur 

on the average of 1 year out of 10. 

Arizona chaparral is generally found between an elevation of 

914 m and 1829 m (Hibbert and Ingebo 1971). Sellers and Hill (1974) 

described the topography in chaparral as "rough, consisting of isolated 

1. Scientific names for flora appear as they did in the text 
from which they were cited. 
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mountain ranges cut by steep-walled canyons and gorges. Streams and 

creeks are numerous but usually only carry water after periods of abun

dant rainfall". 

Cable (1975) estimated that chaparral covered 3.2 million acres 

in Arizona, as opposed to Nichol (1952) who estimated that it covered 

5.8 million acres. The estimates vary because the early authors con

sidered the oak-savanna (woodland) and jojoba type as chaparral. 

Authors now consider the woodland and jojoba types as distinct plant 

communities (Carmichael et al. 1978). 

The origin of chaparral has been placed by Axelrod (1958) and 

Darrow (1961) in the Madro-Tertiary Geoflora, early Tertiary period. 

Initial appearance of the Geoflora centered around the southern Rocky 

Mountains and northern Mexico, and in response to drier climates, ex

tended its range in all directions. In the late Pliocene Epoch, uplift 

in California caused the formation of high topographic barriers. In 

partial response to these physical changes, climatic changes occurred 

in the southwest involving a decrease in yearly rainfall, a period of 

winter rain, lower winter temperatures, and a greater extreme of tem

peratures (Axelrod 1958). As a result, the Geoflora began to segregate 

into a number of distinct plant communities such as chaparral, wood

land, thorn scrub, and desert. 

Axelrod (1958) stated that chaparral was once a continuous 

stand from Arizona to California, connected through what is now the 

Mohave Desert. The connection was severed by a drier climate. The 

climate in California changed to a mediterranean type as summer rain

fall disappeared. Climate in Arizona stayed roughly the same, with 
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periods of summer and winter precipitation. The two chaparral types 

differentiated, and although morphologically similar, the plant species 

dominating each are different (Axelrod 1958). 

Climate in Arizona chaparral is marked by two distinct wet 

periods. A winter period occurs between November and April and a sum

mer period occurs during July, August, and September. Roughly 55% of 

the annual precipitation falls as rain or snow in the winter period, 

the moisture coming as frontal type storms which originate in the 

Pacific Ocean. These frontal storms cover large land areas, but are 

less intense and more variable from year to year than summer precipita

tion (Sellers and Hill 1974). Summer moisture (July, August, and Sep

tember) accounts for 35% of the annual precipitation, and originates 

from the Gulf of Mexico as convective thunderstorms. The thunderstorms 

occur most frequently in the late afternoon when moist tropical air 

rises over "strongly heated mountain terrain" (Sellers and Hill 1974). 

Mean annual precipitation ranges between 41 and 64 cm or more. 

Available records indicate that in the driest years, Arizona chaparral 

receives about half of the mean annual precipitation, and in the wet

test years, receives about double the mean annual precipitation 

(Hibbert et al. 1974). Evapo-transpiration ranges from about 114 to 

152 cm (Hibbert et al. 1974). 

Chaparral shrubs use extensive root systems to survive the dry, 

early summers, and years of drought. The roots grow through deep fis

sures and cracks to tap deep soil moisture and underground water re

serves (Lutz 1958). Hibbert et al. (1974) found roots of chaparral 
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shrubs growing to depths of 9.1 m, and Saunier and Wagle (1967) ob

served roots of shrub live oak growing from 7.6 to 9 m deep. 

Davis and Pase (1977) excavated the root system of a shrub live 

oak plant and found a well developed taproot and lateral root system. 

The taproot penetrated 6 m to a bedrock interface where it was then 

forced in a horizontal direction. The greatest accumulation of root 

mass occurred in the top 61 cm of soil, and lateral spread of these 

roots was 4 times greater than the canopy cover. Thus, Davis and Pase 

found a deep root system that could tap the underground water reser

voir, and an extensive root system in the surface that could capture 

ephemeral moisture. 

Chaparral shrubs utilize deep root systems to survive the hot, 

dry climate; therefore, substrates that restrict root penetration 

usually do not support the chaparral plant community. Hibbert et al. 

(1974) found that areas with similar elevation and climate, but which 

had fine textured and shallow regoliths, supported pinyon and juniper 

instead of chaparral. 

Early literature on chaparral considered the type to be an in

vader. Plummer (1911) called Arizona chaparral "mock chaparral" which 

supposedly had taken possession of "logged, burned, or otherwise de

nuded areas". Most early authors agreed that if not for repeated fires 

chaparral shrubs would be replaced by coniferous trees (Clements 1920, 

Jepson 1925, Horton 1950, Munns 1919). Clements, however, changed his 

position and later considered chaparral to be a climax plant community 

which was resistant to recurrent fires (Allred and Clements 1949). 

Next to the coniferous forest was a fire subclimax, and next to the 
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bunchgrass prairie was a savanna type climax. In between the two types 

lay the bulk of the Arizona chaparral existing in a climax state. 

Carmichael et al. (1978) delineated ten plant associations and serai 

communities in Arizona chaparral of which four were considered climax. 

The other serai communities were fire induced and would otherwise be 

replaced by one of the climax communities. For example, in the absence 

of fire, manzanita would be replaced by shrub live oak and/or Arizona 

cypress (Cupressus arizonica Greene). 

Chaparral has reputedly invaded grassland. Cable (1957) be

lieved that extensive areas originally supporting perennial grasses 

were now dominated by chaparral shrubs, and Humphrey (1955) believed 

that shrub live oak had invaded grassland. However, Humphrey in 1959, 

changed his position and stated "There is little evidence that chapar

ral extended its range within historic times". Saunier (1964) investi

gated the reported invasion of a grassland by shrub live oak in Chino 

Valley, Arizona. The presumed invasion took place 8 to 13 km from the 

main body of chaparral. Precipitation at the invasion site was 25 cm 

as compared to 48 cm within the main body. The precipitation at the 

invasion site was considered drier than what would normally support 

shrub live oak. Saunier found that the isolated clumps of shrubs in 

the grassland were growing on rock escarpments and on leeward and 

northward facing slopes. These sites provided more favorable moisture 

conditions in which the shrub live oak plants could survive. The 

surrounding areas dominated by grasses were otherwise too dry to 

support shrub live oak. Considering that oak acorns are heavy and have 



a short period of viability, Saunier concluded that the isolated clumps 

were really relict stands of a once continuous chaparral community. As 

the area became drier, the main body of chaparral shrunk back to higher 

and more moist ground. Pase (1969) independently believed that because 

oak acorns are so heavy and their period of viability so short, long 

range dispersal was ineffective and the migration of oak communities 

would be a slow process. 

While invasion outside the main body of chaparral is slow, it 

is generally believed that before the advent of heavy grazing, more 

perennial grasses grew within the chaparral plant community. According 

to Croxen (1926), livestock started grazing chaparral in 1874, and 

within 10 years the entire area was fully stocked. By about 1900 the 

stocking rate was 15 to 20 times greater as compared to 1926. The re

duction in livestock numbers according to Croxen, occurred because of 

the devastating drought of 1903-1904. Subsequently, many of the peren

nial grass stands of 50 years earlier, weakened from overgrazing and 

drought, were invaded by dense stands of chaparral shrubs. 

Benefits of Brush Control 

By far, one of the most important impacts of brush control is 

its effect on water yield. Simply stated, the conversion of dense 

stands of deep rooted shrubs to shallow rooted grasses increases water 

yield. Shrubs have roots that permeate the entire soil mantle and de

plete the soil water reservior to a greater extent than shallow-rooted 

grasses (Davis and Pase 1977, Hibbert et al. 1974). The chaparral 

shrubs are also foliated year round, and can transpire whenever the 



conditions are favorable. Grasses, however, are seasonally dormant, 

especially in the winter, resulting in greater recharge below the root 

zone (Hibbert et al. 1974). 

Some of the best work on brush control and its effect on water 

yield, was conducted on The Three Bar watersheds in the Tonto National 

Forest, Arizona. A number of experimental watersheds were established. 

Watershed D which was a control, and watersheds A, B, C and F which 

were subjected to various degrees of brush control. The results were 

highlighted by Hibbert et al. (1974) and are summarized as follows. 

All the watersheds were burned by a fire in 1959, water flow increased 

materially, but largely disappeared in 3 years as the shrubs grew back. 

Watershed C was treated repeatedly with herbicides and fire over 

several years, and the water yield increased 328% or 14.68 cm more than 

expected. On watershed B, the wetter sites were treated with herbi

cides on 40% of the catchment area; water yield increased 320% or 3.25 

cm more than expected. Watershed F was treated with herbicides, and 

despite 3 years of lower than average precipitation following treat

ment, water yield increased 703% or 6.78 cm over what was expected. 

Hibbert et al. (1974) also showed that brush control markedly 

increased the calendar length.of stream flow. On watershed C, where 

shrub cover was reduced to 3%, the stream flowed continuously for over 

15 years. Prior to treatment, stream flow had occurred only two-thirds 

of the time. On watershed B, the stream flowed for 18 months following 

the 1959 wildfire; no flow was ever recorded before. In 1965, 40% of 

watershed B was treated with herbicides and stream flow was continuous 

up to 1974 when the data was reported. 



Brush control and conversion to grass also increases livestock 

forage. Pond (1968) developed an inverse relationship between shrub 

cover and the amount of herbaceous vegetation. Hibbert et al. (1974), 

on watershed C reduced shrub cover to 3%, and increased grass and forb 

production to 1344 kg/ha/year. McKeil, Goodin, and Duncan (1969) 

increased grass production from 311 kg/ha for the control to 1645 kg/ha 

for chaparral sprayed with 2,4-D. Pond (1968) showed an 8rfold 

increase in grass production on plots completely cleared of oaks 

compared to control plots where no oaks were killed, and Pond (1967) 

reported weight gains for yearling steers on native chaparral as 12 

kg/ha/year. This was compared to 45 kg/ha/year in a similar type that 

was root-plowed and seeded. 

Not all authors agree on the benefits of brush control for 

wildlife. Wildlife should benefit from the increase in water yield and 

calendar length of stream flow (Hibbert et al. 1974). However, ac

cording to Nelsen (1975), when large areas are cleared of brush, the 

centers tend not to be used by wildlife. However, Nelsen also refers 

to large areas of old and decadent stands of chaparral as "brushland 

biological deserts....they are non-nutritious, inaccessable, and offer 

little variety". Szaro (1981) studied the impact of brush conversion 

in watershed C on Ihe Ihree Bar. The shrub cover on watershed C was 

reduced to 1.6 percent, and a dense stand of perennial grasses was 

established. Because of the subsequent increase in water yield (328%), 

a riparian habitat invaded and became established below the watershed. 

Szaro observed that species richness of breeding birds was increased by 
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the conversion, and a number of bird species were breeding in the ri

parian zone that were not found in the grassland or native chaparral. 

Density, species richness, and species diversity were lowest in the 

grassland; however, Szaro stated that with the "increasing concern 

about the destruction and degradation of riparian habitat in the south

west, viable riparian areas can be created at the expense, of other more 

abundant [native chaparral] habitats". 

The best management for wildlife using brush control is to ar

range habitat factors in a mosaic pattern (Nelson 1975, Szaro 1981). 

Small clearings can be created next to native shrub areas, and the 

native shrubs arranged into states of fire subclimax. In this way the 

most variety is offered and the maximum edge effect is created (Nelsen 

1975). 

Chaparral is subject to periodic wildfires that burn off the 

protective cover. The plant type is characterized by rough, steep 

topography, and the result is a high potential for run-off and erosion 

(Pase and Granfelt 1977). The degree of erosion, according to Pase and 

Lindenmuth (1971) is a function of the degree of burning and amount of 

residual litter. Wildfires occur during hot and dry periods and most 

of the litter is subsequently burnt off. However, under prescribed 

burning conducted during cooler and wetter conditions, more litter is 

preserved. The result is greater erosion from wildfires than from pre

scribed burning (Pase and Lindemuth 1971). Other brush control 

methods, such as mechanical and herbicides which preserve the litter, 

would also minimize the erosion risk when compared to wildfires, and 
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early establishment of grasses would virtually assure soil stability 

and low sediment yields (Pase and Granfelt 1977). 

Wettability is another factor that relates to the intensity of 

the burn. It is the state or quality of the soil surface to become 

wettable, and in turn affects the rate at which water infiltrates into 

the soil. Wildfires and the associated intense heat, create hydropho

bic substances which repel water. The result is more overland flow and 

greater erosion (Pase and Granfelt 1977). However, under the cooler 

prescribed burns, the creation of hydrophobic substances is minimized 

and the erosion hazard reduced. 

Methods of Brush Control 

Mechanical, prescribed burning, and chemical methods, have been 

the most used procedures for brush control in chaparral. 

Mechanical 

Mechanical methods include the use of root-plows, bulldozers, 

brushcutter and crushers, rails, and cabling (Cable 1975, Hibbert et 

al. 1974). With the exception of root-plows, mechanical methods are 

effective only in a non-sprouting type of chaparral. They can be used 

in stands dominated by manzanita (Hibbert et al. 1974), but because 

they only effect the above ground portion of the plant they are not 

useful in a sprouting type of chaparral. Since most chaparral is 

dominated by root-crown sprouters the use of mechanical methods is 

limited. 

Root plows utilize a blade which cuts below the root crown and 

thereby kills the entire plant. Pond, Lillie, and Holbo (1965) used 
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the root-plow on dense stands of shrub live oak and attained kills of 

81 and 100%. Use of the root-plow though, is restricted to ground that 

is at least 8 to 18 inches deep and free of rock obstructions that 

would interfere with the plow (Pond 1961, Pond and Bohning 1971). Pond 

(1961) estimated that because of steep, rocky terrain, the root-plow is 

suitable in only 2 to 8% of the chaparral area. 

Prescribed Burning 

Prescribed burning can be used regardless of the topography, 

providing there is sufficient fuel to carry the fire. Chaparral 

characteristically pfoduces heavy fuel loads. Glendening and Pase 

(1964) measured the weight of litter under stands of manzanita at more 

than 46,000 kg/ha, and Pase (1972) measured the annual litter produc

tion under shrub live oak and mountain mahogany at more than 2,200 

kg/ha. 

Chaparral shrubs are uniquely adapted to survive fire. Fire 

has been a dominant environmental factor in chaparral for over 2 mil

lion years (Axelrod 1958); and the plants have evolved a number of im

portant adaptations to survive, such as fire resistant seeds, early 

seed production, seeds dependent on fire for scarification, production 

of large numbers of seed, and the capacity to sprout from latent buds 

(Hanes 1970). Pase (1965) reported that seedlings of ceanothus and 

manzanita do not germinate in large numbers unless the seeds are scari

fied by heat. Pase and Pond (1964) could find no seedlings of ceano

thus or manzanita before a proposed burn. After the burn, they found 

over 1600 and 1400 seedlings per hectare of ceanothus and manzanita, 



respectively. Shrub live oak demonstrated a phenomenal capacity to 

sprout from latent buds, when it took Pond and Cable (1960) five suc

cessive annual burns to reduce the number of stems below preburn levels. 

Burning suppresses rather than eradicates chaparral shrubs. 

Shrubs come back quickly following fire and approach their prefire 

cover within several years. Pase and Lindemuth (1971) reported that 

within 5 years following burning, shrub live oak exceeded its prefire 

canopy cover. Cable (1957) reported that within 7 years after a burn 

in chaparral, shrub cover was approaching that of unburned areas. Pase 

and Ingebo (1965) stated that following a burn in chaparral, shrubs had 

reached two-thirds of its prefire canopy cover within 5 years. 

Although a large variety and abundance of vegetation appears 

following a fire (Munns 1919), it quickly diminishes as the shrubs re

cover. Competition from the vigorously growing shrubs crowds out the 

herbaceous vegetation (Pase and Pond 1964, Pond and Cable 1962). This 

is also true for grasses seeded following burning; the effort is 

largely ineffective. Tiedemann and Schmutz (1966) could only achieve 

temporary forage production when they seeded grasses following a burn 

in a dense stand of shrub live oak. Within 4 to 6 years all the 

grasses had been crowded out by the shrubs. 

Chemical 

There are two types of chemical treatments for brush control, 

foliage sprays and soil application of pellets or granules. The most 

important of the foliar sprays has been the phenoxy herbicides: 2,4-D, 

2,4,5-T and 2,4,5-TP. The phenoxy sprays are more efficacious on 



broad-leaved forbs and shrubs than on grasses. The result is better 

control of shrubs and reduced competition for the grasses. The sprays 

though, only suppress shrub growth, and several repeat sprays are 

needed to cause shrub mortality. With the more resistant root-crown 

sprouters, such as shrub live oak, the plants continue to survive in 

spite of repeated sprayings (Lillie and Davis 1963, Pase 1967, Davis 

and Pase 1969). 

Results with soil-applied herbicides in controlling the more 

tenacious root-crown sprouters has been favorable. Fenuron applied at 

20.16 kg/ha killed 82% of the shrub live oak plants, and picloram ap

plied at 10.08 kg/ha killed 56% of the shrub live oak plants (Davis and 

Pase 1969). Hibbert et al. (1974) reported that bromacil applied at 

11.2 kg/ha resulted in complete control of shrub live oak. 

Soil-applied Herbicides Used in This Study 

Buthidazole 

Buthidazole is a white crystalline solid with a solubility in 

water of 3400 ppm at 256 C (Velsicol 1976). The half-life of the 

chemical exposed to sunlight in an aqueous media is approximately 20 to 

25 days (Velsicol 1977a). Buthidazole is nonionic in nature, held 

weakly to soil particles, and is subject to vertical movement in most 

soil types (Velsicol 1977a). Buthidazole degrades slowly in the soil 

with neither pH or an anaerobic environment altering the rate of de

composition (Velsicol 1977a). 

Buthidazole is a relatively new herbicide that has basically 

been used for broad spectrum, non-selective control on industrial and 



noncropland areas (Velsicol 1977a, 1977b). Velsicol (1977b) is also 

experimenting with selective control in agronomic crops. For brush 

control, Velsicol (1977a) recommends rates of 6.7 to 13.4 kg/ha, and 

that the application of the chemical be made through the period of ac

tive growth. In a preliminary rating, Sosebee (1978) compared buthida-

zole to tebuthiuron and picloram in controlling sand shinnery oak 

(Quercus havaardii). Tebuthiron and picloram had previously been found 

to cause effective root kill of sand shinnery oak at 1.12 and 2.24 

kg/ha, respectively. Buthidazole was applied at 0.56 to 2.24 kg/ha. 

At the end of the first growing season, Sosebee rated buthidazole as 

the most effective herbicide. 

Johnston and Wood (1976) reported outstanding control of Kochia 

scoparium with buthidazole. Jeffrey (1979) tested buthidazole at 17.92 

kg/ha for soil sterilization and reported that it gave excellent con

trol of a broad spectrum of grass and broad-leaved weeds including 

johnson grass and bermuda grass. Rom (1978) evaluated weed control in 

peach crops, and reported that buthidazole achieved total vegetation 

control, including the peach trees, at the lowest rate of 0.28 kg/ha. 

Chappell and Link (1977) applied buthidazole at 13.44 kg/ha and 

achieved almost 100% control of all weeds at electric substations. 

Karbutilate 

Karbutilate is a white crystalline solid with a water solubi

lity of 325 ppm at room temperature (Klingman et al. 1975). The chemi

cal is persistant in the soil; Hibbert et al. (1974) reported phyto-

toxic residues from 22.4 kg/ha application remained in the top 15 cm of 

the soil for 3 years or more. 



Karbutilate is a non-selective, soil-applied herbicide used to 

control annual and perennial broadleaf weeds and grasses, brush, and 

vines on non-cropland areas (Klingman et al. 1975). Hibbert et al. 

(1974) reports that karbutilate applied 22.4 kg/ha gives essentially 

complete brush control in mixed chaparral, and that at 8.96 kg/ha the 

herbicide appears to control shrub live oak. Usually a 2 to 3 year 

period of refoliation and resprouting occurs before shrub live oak suc

cumbs to karbutilate. Plumb and Goodin (1976) applied karbutilate at 

8.96, 17.92, and 26.88 kg/ha on California scrub oak and achieved plant 

kills of 70%, 100%, and 100%, respectively. Meadors, Jacoby, and 

Fisher (1978) applied karbutilate at the low rate of 1.12 kg/ha and 

obtained only 31% control of sand shinnery oak and 2% control of 

Bigelow oak (Quercus durandii). Stritzke (1975) reported that karbuti

late applied at 2.24 kg/ha gave good control of blackjack oak (Quercus 

marilandica) and post oak (Quercus stellata). Morton et al. (1978) 

applied karbutilate at 0.56, 1.12, and 2.24 kg/ha to a dense stand of 

creosotebush (Larrea tridentata) and achieved plant kills of 25%, 37%, 

and 77%, respectively. Bruno and Jeffrey (1977) tested karbutilate at 

16.8 kg/ha for soil sterilization; they obtained 90% ground cover con

trol and control of the dominant species johnson grass (Sorghum hale-

pense) and bermuda grass (Cynodon dactylon). 

Tebuthiuron 

Tebuthiuron is a colorless, odorless, crystalline solid (Elanco 

1974; Klingman et al. 1975). The chemical is stable in light, non

volatile, and has a solubility in water of 2300 ppm at 25 C (Elanco 



1974). The half-life of tebuthiuron in the soil is 12 to 15 months in 

areas receiving 102 to 150 cm of rainfall. A half inch of rainfall 

will move the chemical into the soil where the chemical is highly ab

sorbed to soil particles (Lade et al. 1974). Once adsorbed to the 

soil, vertical movement through leaching is extremely slow and lateral 

movement virtually nonexistent. Lade et al. (1974) reported that a 

4.48 kg/ha application rate of tebuthiuron produced no lateral movement 

of chemical on a 20% slope after 1 year. 

Shaw and Schooley (1973) reported that tebuthiuron exhibits only 

limited foliar activity, but is readily absorbed through the root sys

tem. McNeil et al. (1977) observed that the phytotoxic symptoms 

characteristic of tebuthiuron suggest that it inhibits photosynthesis, 

causing leaf senescence and subsequent defoliation. Several defolia

tions usually occur before shrubs are killed. 

Tebuthiuron is used for total vegetation control at high appli

cation rates. At low rates it is used for selective weed control in 

sugarcane, woody plant control in pastures and range, and control of 

undesirable species in forests (Klingman et al. 1975). Elanco (1974) 

suggested rates of 2.24 kg/ha to 4.48 kg/ha for the control of black

jack oak (Quercus marilandica), bur oak (Quercus macrocarpa), post oak 

(Quercus stellata), and Gambel oak (Quercus gambelli), and 6.73 to 8.96 

kg/ha for the control of bluejack oak (Quercus incana). 

Peevy (1975) applied 10% formulated pellets of tebuthiuron at 

4.48, 8.96, and 13.44 kg/ha on blackjack oak, and achieved crown re

ductions of 81%, 98% and 100%, respectively. Herndon and Pettit (1978) 



used tebuthiuron as a foliar spray on a dense stand of sand shinnery 

oak; an application of 0.56 kg/ha killed 97% of the oak stems. Pel

leted tebuthiuron applied at 3 kg/ha reduced the herbage yield of sand 

shinnery oak by 97% (Pettit 1976). Meadors et al. (1978) found that 

pelleted tebuthiuron applied at 0.56, 1.12, and 2.24 produced, respec

tively, 42%, 90% and 85% control of Bigelow oak (Quercus durandii). 

Picloram 

Picloram is a white solid with a solubility of 430 ppm at 25 

C. The chemical is absorbed by both the roots and the foliage. Davis 

(1964) observed that soil-treatments are more effective than low volume 

sprays against shrub live oak. According to Malhorta and Hanson (1970), 

picloram causes aberrations in nuclei acid metabolism; it induces 

nucleic acid synthesis to a point where lethal concentrations occur. 

Degradation of picloram in the soil occurs rapidly (Scifres et 

al. 1977; Wiltse 1964). Bovey, Dowler, and Merkle (1969a) reported 

that leaching is one of the most important factors for picloram loss 

from the soil. Loss from leaching is most rapid in sandy soils and 

slowest from heavy clay soils. Chueng and Biggar (1974) reported that 

absorption of picloram onto soil particles is enhanced as soil pH de

creases. Under low pH conditions, picloram can exist in the cationic 

state, in which form it is attracted to negatively charged soil parti

cles. Therefore, picloram is most mobile in alkaline soils. Scifres 

et al. (1977) found that within 28 days after an aerial application of 

picloram (0.56 kg/ha), 75% of the chemical was lost from the system, 



and within 112 days 90% of the chemical was lost. In another study 

Hamaker et al. (1963) reported that residual picloram retained 50% of 

its effectiveness after 568 days. 

Picloram is used for the control of a wide range of annual and 

deep-rooted, broad-leaved plants in rangeland and non-cropland areas 

(Anderson 1977). The chemical is less toxic to grasses than it is to 

broad-leaved plants (Crafts 1975, Hamaker et al. 1963, Klingman et al. 

1975). Wiltse (1964) reported that 6.72 to 9.52 kg/ha of picloram will 

give control of almost all brush species. Hibbert et al. (1974) re

ported that 11.20 kg/ha of picloram are needed to achieve at least 90% 

control of shrub live oak. Herndon and Pettit (1974) applied picloram 

in a foliar spray at 0.56 kg/ha and were only able to achieve 30% stem 

kill of sand shinnery oak. Meadors, Jacoby, and Fisher (1978) applied 

picloram in pellets at 0.56, 1.12, and 2.24 kg/ha and achieved respec

tively, 52%, 68%, and 90% control of sand shinnery oak; picloram 

applied at 2.24 kg/ha gave 70% control of Bigelow oak. Pettit (1973) 

applied 10% pellets of picloram at 7.5 kg/ha to a stand of sand shin

nery oak. Two years later woody plants harvested from treated plots 

produced less than 5 kg/ha, as compared to the control, which produced 

over 820 kg/ha. Pettit also observed that a rate of 4.48 kg/ha of pic

loram killed 89% of the sand shinnery oaks. Van Epps (1974) applied 

picloram in a granular form at 4.48, 8.96, and 11.20 kg/ha in an effort 

to control Gambel oak. All rates were reported to be ineffective in 

controlling the oak five years after the treatment, with injury ranging 

from 0% to 10%. Plumb and Goodin (1976) applied picloram pellets at 
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rates of 8.96 and 13.44 kg/ha and achieved plant kills on California 

scrub oak of 73% and 78%, respectively. A single foliage spray of pic-

loram at rates of 1.12 to 8.96 kg/ha failed to cause any individual 

plant kills on 16-month-old fire sprouts of Quercus dumosa (Green, 

Goodin,. and Plumb 1966). However, two consecutive annual sprays at 

2.24 kg/ha achieved 60% kill and a repeat application of 4.48 kg/ha 

gave complete kill. Bovey et al. (1969b) applied foliage sprays of 

picloram at 1.12 and 2.24 kg/ha to Quercus virginiana for two consecu

tive years and obtained crown reductions of 93% and 94%, respectively. 



CHAPTER 3 

STUDY AREA 

The study area was located in the Mazatzal Mountains of 

Arizona, in the NW 1/4 of section 23, T.7N., R.9E., Gila and .Salt P.M. 

In July 1977, study plots were established on two stages of 

chaparral: one year old fire-sprouts and mature-brush species. 

The fire-sprout site was burned by a wildfire on June 16, 

1976. When the plots were established, the site was dominated by shrub 

live oak (Quercus turbinella Greene) and Palmer oak (Quercus palmeri 

2 
Engelm). The shrubs varied in height from about 15 to 91 cm, and 

formed clumps that were approximately 25 to 1'80 cm across. Before the 

fire, Arizona cypress (Cupressus arizonica Greene) formed a major com

ponent of the community as observed from the numerous remnant trees. 

Elevation was approximately 1615 m on the fire-sprout site, and the 

aspect ranged from the north, to the east, and to the south. Slope 

ranged from 23 to 60%. 

The mature-brush site was located 0.8 km away from the fire-

sprout site. Vegetation on the site was characteristic of chaparral 

that had not been burned by any recent fires. The shrub cover was 

extremely dense and difficult to walk through. Litter covered over half 

2. Scientific names follow Kearney and Peebles (1960). 

24 



of the bare ground and shrubs reached heights from 0.9 m to 1.8 m with 

some individual shrubs reaching heights of from 6 m to 9 m. Shrub live 

oak was the dominant shrub. Other shrubs which formed a significant 

component of the community were Emory oak (Quercus emoryii Torr.), 

Palmer oak, and manzanita (Arctostaphylos spp.). Elevation was ap

proximately 1631 m, and aspect varied from the northwest to the west. 

Slopes ranged from 40 to 60%. 

Soils on the two sites were classified by a soil scientist with 

the U.S. Forest Service. A lypic Haplustaff in the fine, mixed, mesic 

family occurred on the fire-sprout site, and a lypic Haplustaff in the 

clayey skeletal, mixed, mesic family occurred on the mature-brush 

site. More rock fragments occurred in the B horizon of the soil on the 

mature brush site. 

A precipitation station, the Sunflower NNW station, is located 

within 9.6 km of the study plots and at an elevation of 1134 m. 

Precipitation for the sunflower station was average during 1976 and 

1977, and above average in 1978 and the first six months of 1979 (Table 

1 ) .  

Wedge-type rain gauges were established on the study plots on 

August 2, 1977, and were measured until January, 1979 (Figure 2). 

After each application of herbicides, it rained within the following 

several days, and washed the herbicides into the soil. 
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Table 1. Precipitation data for Sunflower 3NNW, Arizona. 

Period Average3 1976b 

centimeters 

1977b 1978b 1979b 

Jan. 6.15 0.56 10.67 18.74 23.50 

Feb. 3.99 16.59 0.68 19.18 0.71 

March 5.72 2.92 1.93 26.14 13.82 

April 1.75 9.83 4.42 . 2.44 2.67 

May 0.79 1.73 2.26 2.79 2.13 

June 0.8A 0.20 0.13 1.14 

July 5.08 11.07 7.92 9.19 

Aug. 8.38 - 7.92 2.49 

Sept. 5.59 - 4.22 1.65 

Oct. 3.56 - 3.89 2.49 

Nov. 4.24 0.00 1.22 18.36 

Dec. 5.79 5.41 5.41 18.34 

Year 51.88 50.67 122.96 

- No record 
a Sellers and Hill. 1974 
b Precipitation data from U.S. Department of Commerce. 1976-1979. 
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CHAPTER 4 

METHODS 

Objectives 

There were a number of objectives considered at the outset of 

the study. First, was to test the efficacy of five soil-applied herbi

cides, applied at three fixed rates, in controlling shrub live oak. 

Second, was to measure how the stage of growth of chaparral, mature-

brush versus one-year-old fire-sprouts, affected the outcome of con

trolling shrub live oak; and third, was to measure the seasonal effect 

of herbicides in controlling shrub live oak with winter applications 

versus summer applications. 

Design of the Study 

Two study sites were established: one on mature-brush and the 

other on one-year old fire-sprouts. On each site, a randomized block 

design was used with four replications used in each block. Data were 

subjected to Analysis of Variance, and means separated by the Least 

Significant Difference method. Analysis was conducted by the statisti

cal package program, SPSS, at the University of Arizona, Tucson. Data 

collected represented the percent defoliation or leaf injury on the 

measured plants. Before the data were analyzed, they were subjected to 

an arc-sin transformation. The arc-sin transformation helped to balance 

the amount of variation which occurs at the 0% and 100% measurement 

extremes, with the variation which occurs around the 50% measurement. 

28 
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Variation around the 50% measurement ranges on either side of the 

measurement, whereas, the variation around 0% and 100% is in only one 

direction, higher or lower, respectively. 

The herbicides used in the study were buthidazole (5% active 

•ingredient (a.i) granules), karbutilate (10% a.i. granules), tebuthiu-

ron (20% a.i. pellets), picloram (5% acid equivalent (a.e.) pellets), 

and picloram (10% a.e. pellets). 

Plots were established on the study sites in August, 1977. On 

the fire-sprout site, plots were 25 m by 9 m. On the mature-brush 

site, plot size in replication 1 was 25 m by 9 m, and for the other 

three replications was 17 m by 9 m. Length of the last three plots was 

shortened because of the limited area where mature-brush occurred. A 

3 m buffer zone was maintained between each plot. 

In each plot, ten healthy and vigorously growing shrub live oak 

plants were tagged. They were tagged as near the centers of the plots 

as possible so that their root systems were within the plot boundaries. 

Summer applications of herbicides were applied in August, 1977, 

and winter applications were applied in January, 1978. The herbicides 

were spread within each plot by hand applications. Each herbicide was 

applied at three rates: 2.24, 4.48, and 8.96 a.i. kg/ha. 

Data were collected in October, 1979, and estimated to the 

nearest 5% for the amount of leaf injury and top-kill from the tagged 

shrub live oak plants. 

Leaf injury was calculated by estimating the percent defolia

tion and the percent injury on the remaining leaves; i.e. a $hrub that 
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lost 40% of its leaves, and of the 60% remaining, 20% of the leaf sur

faces were injured, would exhibit a total leaf injury of 52%. This 

would be rounded off to 50%. 

Top-kill was defined as the percent stem mortality or kill. It 

was estimated by visually and manually checking the stems. Advanced 

kill was easily measured because the bark would slake-off, exposing the 

dessicated stem. Less advanced kill was measured by manually bending 

the stems, healthy stems were flexible enough to bend without breaking. 

Fire-sprouts 

In each replication of the randomized block design on fire-

sprouts, there were 22 treatments. The treatments consisted of 5 

herbicides applied at 3 rates in the summer, and 2 herbicides applied 

at 3 rates in the winter. One control plot was established in each 

replication. Only 2 of the 5 herbicides were applied in the winter 

because of the limited area for study plots, and because of the limited 

manpower available to establish, treat, and collect data from the 

plots. TebuthiurCn and karbutilate were the two herbicides applied in 

the winter. 

Mature-brush 

There were 13 treatments for each replication on the mature-

brush site. The treatments consisted of 2 herbicides applied at 3 

rates in both the summer and winter. One control plot was used for 

each replication. The two herbicides used were karbutilate and 

tebuthiuron. Compared to the fire-sprouts, the scope was limited on 

mature-brush because of the limited area of suitable mature-brush 
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chaparral, and because of the difficulty in setting up the plots. The 

shrub vegetation was very dense and establishment, treatment, and data 

collection were extremely slow. 



CHAPTER 5 

RESULTS AND DISCUSSION 

The results are broken down by the three basic objectives of 

this study; the response of shrub live oak to five soil applied herbi

cides; the effect of season on herbicide efficacy; and the effect of 

brush type on herbicide efficacy. 

Summer Application of Herbicides on Fire-sprouts 

The five herbicides, buthidazole, karbutilate, tebuthiuron, 

picloram 10% formulation, and picloram 5% formulation were applied in 

August on one-year-old fire-sprouts. Tebuthiuron was the most effica

cious herbicide, followed in order by buthidazole, karbutilate, pic

loram 10% and picloram 5% (Table 2). When analyzed by rate of applica

tion, the low rate of 2.24 kg/ha gave statistically less control than 

the two higher rates, 4.48 and 8.96 kg/ha; this was true for all the 

herbicides except tebuthiuron (Table 3). For tebuthiuron, the 2.24 

kg/ha rate produced equivalent results compared to the two higher rates 

of itself and the other four herbicides (Table 4 and 5). Tebuthiuron 

could, therefore, control oaks equally as well at its lowest rate as 

compared to higher rates. By reducing herbicide rates as low as possi

ble while still maintaining brush control, treatment costs are mini

mized, herbicide contamination of stream water is reduced, and herbi

cide residues in the soil are reduced which, in turn, would enhance 

better grass establishment. 
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Success of the low rate of tebuthiuron indicates that even 

lower rates of this herbicide might be successful in controlling shrub 

live oak. In a dense stand of sand shinnery oak, Herndon and Pettit 

(1978) were able to achieve 97% control of oak stems with a 0.56 kg/ha 

application of tebuthiuron. 

Buthidazole was effective at its two higher rates (4.48 and 

8.96 kg/ha), but produced low shrub responses at its lowest rate (2.24 

kg/ha). The wide disparity between high and low rates indicates a 

threshold response between the 4.48 and 2.24 kg/ha rates. Above a cer

tain rate of application, buthidazole produces good control, whereas 

below this rate, the efficacy of buthidazole drops rapidly. 

At the start of this study, it was originally thought that pic

loram 5% would be more efficacious than picloram 10%. In a.e. strength 

of the herbicide, two pellets of the 5% formulation are roughly equiva

lent to one pellet of the 10% formulation. Applied at equal rates of 

a.e. per ha, the 5% formulation would give double the ground coverage 

compared to the 10% formulation. This "better ground coverage was ex

pected to result in higher stem kills and leaf injury using picloram 

5%. As the results showed, however, the 10% formulation of picloram 

was slightly more efficacious than the 5% formulation. 

Seasonal Effects of Tebuthiuron and Karbutilate 

The seasonal effects of tebuthiuron and karbutilate were com

pared on the fire-sprout and mature-brush sites. A randomized block 

design was developed on each site, and the effects of season are ana

lyzed by brush type. 



Fire-sprouts 

For tebuthiuron, no difference was detected between its summer 

and winter applications. However, karbutilate was more effective in 

the winter than in the summer. Also, whereas karbutilate applied in 

summer was less effective than tebuthiuron applied in either season, 

karbutilate applied in the winter compared favorably in its effect to 

tebuthiuron (Table 6). Therefore, for karbutilate, an interaction was 

detected between brush type, herbicide and season. There is no ex

planation for the greater efficacy of winter applications of karbuti

late versus summer applications, and nothing in the literature per

taining to the seasonal effects of soil-applied or foliar applications 

of karbutilate were found. 

Broadcast on the surface, soil-applied herbicides do not react 

with the plants until a storm event of sufficient size washes the 

chemical into the soil. Because of the variable nature of precipita

tion in chaparral, it is difficult to target herbicides to a particular 

season. Lack of rainfall in one season could shift the effects of a 

herbicide to an entirely different but wet season. Because of this 

variability, the practicality of targeting soil-applied herbicides to 

particular seasons is limited. 

It is more appropriate to discuss the seasonal effects of 

foliar applications, since they can be targeted to within days of a 

particular phenological stage of plant growth. The foliar sprays are 

absorbed principally through the leaf surfaces and stomata, and plant 

absorption and chemical reaction take place immediately after spraying. 

Since soil-applied chemicals are so dependent on precipitation 



to move them into the soil, it is paramount to apply them during a part 

of the year which offers the greatest probability for moisture. Arizona 

chaparral is marked by two seasons of precipitation: summer and winter. 

According to Sellers and Hill (1977), 55% of the yearly precipitation 

falls within the winter period (November to April) and 35% falls within 

the summer period (July, August, and September). The winter period 

therefore, with' its greater moisture is the best season in which to 

apply the soil-active herbicides. The winter period is characterized 

by low intensity frontal type storms that are less likely to cause 

herbicide movement in surface runoff, than the intense convection storms 

which occur during the summer. Also, because solar radiation is less 

intense during the winter than during the summer, chemicals on the soil 

surface would be less subject to photodecomposition during the winter. 

Mature-brush 

No difference was detected between summer and winter treatments 

for karbutilate or tebuthiuron (Table 8). 

However, when- top-kill data was averaged between both herbi

cides and pooled for each season, summer treatments were more effective 

than winter treatments (Table 9). No difference between seasons was de

tected for top-injury responses. The greater top-kill response for the 

summer application may be explained in part, by the additional time in 

which the shrubs had to react to the chemicals. Summer treatments were 

applied in August, four months prior to the January winter treatments. 

Data were then collected shortly after, twenty-one and twenty-five 

months after the winter and summer applications. Summer treatments 
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would have had an additional season of active shrub growth in which to 

react with the plants, and given the short period from application to 

observation, the effects of winter applications may have lagged behind 

summer applications. 

With karbutilate on mature-brush, no difference was detected 

between seasons, but on fire-sprouts, winter was more effective than 

summer treatments. Therefore, aft interaction was occurring between 

karbutilate, season and brushtype. This interaction is summarized as 

follows. On fire-sprouts, karbutilate produced higher responses in 

winter applications as compared to summer applications. However, on 

mature-brush, even though seasons were not statistically different, 

karbutilate produced higher responses in summer rather than winter 

application. The interaction can be seen in Figure 3, where, by 

definition, interaction occurs when the lines cross, as opposed to no 

interaction when the lines are parallel. For tebuthiuron, the lines 

are parallel, so no interaction occurred. 

The interaction of karbutilate raises additional questions. 

Could the responses be repeated in other experiments, and if so, what 

is the mechanism that causes these fluctuating responses to summer and 

winter treatments of karbutilate on mature chaparral and fire sprouts? 

These questions cannot be answered within the scope of this study, but 

point to further research to establish any relationships. 

On mature-brush, tebuthiuron was more efficacious than karbuti

late (Table 8). This supports the observations of summer applications 

on fire-sprouts, and provides further evidence that tebuthiuron is more 

efficacious than karbutilate. 
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Brush type 

When top-kill data for karbutilate and tebuthiuron were pooled 

together, herbicide applications on fire-sprouts were more efficacious 

than on mature-brush. This indicates that shrub control is more 

effective when the chaparral is burned first (Table 10). 

No difference was detected between brush types for top-injury 

responses when pooled across herbicides (Table 10), but when analyzed 

by the herbicide application, the general trend for top-injury was for 

greater efficacy on fire-sprouts compared to mature-brush. The same 

was true for winter treatments for karbutilate (Table 11). 

Brush type also affected the rate of application. Fire-sprouts 

treated with tebuthiuron were injured equally by all three rates of 

applications. Injury on mature-brush, however, treated with tebuthi

uron, increased with increasing application rates (Table 12). For 

karbutilate, the difference by rate of application was less apparent. 

For tebuthiuron, burning chaparral first, would minimize the rate 

needed to produce shrub control equivalent to the higher rates needed 

on unburned chaparral. Burning, therefore, minimizes the cost of the 

herbicide needed, reduces contamination of streams, and reduces soil 

residues permitting faster grass establishment. 
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Table 2. Percent top-kill and top-injury for each herbicide on 
fire-sprouts for a summer application.* 

Herbicide top-kill top-injury 

Tebuthiuron 93 a # 94 a// 

Buthidazole 77 b 79 b 

Karbutilate 61 cd 65 be 

Picloram 10% 56 d 60 c 

Picloram 5% 39 e 43 d 

* Mean top-injury and top-kill for the pooled data for the three ap
plication rates (2.24, 4.48, and 8.96 kg/ha) for each herbicide. 

it Means within columns not followed by same letter are significantly 
different at the 5% level. 
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Table 3. Top-kill and top-injury responses to five herbicides applied 
at three rates in the summer. 

Herbicide Rate Top-kill Top-injury 
(kg/ha) (percent) 

buthidazole 8.96 100 a * 100 a * 

buthidazole 4.48 96 a 97 a 

buthidazole 2.24 35 b 39 b 

karbutilate 8.96 83 a 83 a 

karbutilate 4.48 56 b 65 a 

karbutilate 2.24 42 b 48 b 

picloram 5% 8.96 72 a 7.6 a 

picloram 5% 4.48 43 b 48 b 

picloram 5% 2.24 4 c 4 c 

picloram 10% 8.96 83 a 84 a 

picloram 10% 4.48 60 a 62 a ' 

picloram 10% 2.24 25 b 34 b 

tebuthiuron 8.96 100 a 100 a 

tebuthiuron 4.48 96 a 97 a 

tebuthiuron 2.24 84 a 84 a 

Within each herbicide, means for each rate not followed by same 
letter are significantly different at the 5% level. 
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Table 4. Top-injury by five herbicides applied in the summer at three 
rates on fire-sprouts. . 

Herbicides Rate Top-injury LSD 
(kg/ha) (percent) (0.05) 

tebuthiuron 8.96 100 a * 

buthidazole 8.96 100 a 

buthidazole 4.48 97 ab 

tebuthiuron 4.48 97 ab 

picloram 10 8.96 84 abc 

tebuthiuron 2.24 84 abc 

karbutilate 8.96 83 abc 

picloram 5 8.96 76 be 

karbutilate 4.48 65 cd 

picloram 10 4.48 62 cde 

picloram 5 4.48 48 def 

karbutilate 2.24 48 def 

buthidazole 2.24 39 ef 

picloram 10 2.24 34 f 

picloram 5 2.24 4 g 

control - 3 8 

Means separated by the Least Significant Difference method at the 5% 
level. Means with the same letter are not significantly different 
when compared. 
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Table 5. Top-kill 
rates on 

by five herbicides 
fire-sprouts. 

applied in the summer at three 

Herbicide Rate 
(kg/ha) 

Top-kill 
(percent) 

LSD 
(0.05) 

tebuthiuron 8.96 100 a * 

buthidazole 8.96 100 a 

buthidazole 4.48 96 a 

tebuthiuron 4.48 96 ab 

tebuthiuron 2.24 84 abc 

picloram 10 8.96 83 abc 

karbutilate 8.96 83 abc 

picloram 5 8.96 72 bed 

picloram 10 4.48* 60 cde 

karbutilate 4.48 56 def 

picloram 5 4.48 42 efg 

karbutilate 2.24 42 efg 

buthidazole 2.24 35 fg 

picloram 10 2.24 25 gh 

picloram 5 2.24 4 h 

control - 2 h 

Means containing the same letter are not significantly different 
when compared. 
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Table 6. Effects of summer and winter applications of tebuthiuron and 
karbutilate on fire sprouts.* 

Season of Herbicide Top-injury Top-kill 

application (percent) 

summer tebuthiuron 93 a# 93 a// 

winter tebuthiuron 88 a 87 a 

winter karbutilate 85 a 82 a 

summer karbutilate 65 b 61 b 

* Top-injury and top-kill are an average of three rates of application 
for each herbicide. , 

// Means separated by the Least Significant Difference method at the 5% 
level. Means containing the same letter are not significantly 
different when compared. 
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Table 7. Effects of summer and winter treatments of karbutilate and 
tebuthiuron on fire-sprouts. 

Herbicide Rate 
{kg/ha) 

Season Top-injury Top-kill 
(percent) 

karbutilate 8.96 summer 83 a * 83 a 

karbutilate 4.48 summer 65 ab 56 b 

karbutilate 2.24 summer 48 b 42 b 

karbutilate 8.96 winter 100 a 100 a 

karbutilate 4.48 winter 89 a 83 ab 

karbutilate 2.24 winter 65 b 63 b 

tebuthiuron 8.96 summer 100 a 100 a 

tebuithiuron 4.48 summer 97 a 96 a 

tebuthiuron 2.24 summer 84 a 84 a 

tebuthiuron 8.96 winter 93 a 92 a 

tebuthiuron 4.48 winter 92 a 91 a 

tebuthiuron 2.24 winter 79 a 76 a 

* Within herbicides, means of 
not significantly different 

the rates containing the same letter are 
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Table 8. Responses of top-injury and top-kill to summer and winter 
applications of karbutilate and tebuthiuron on mature-brush.* 

Season of Herbicide Top-injury // 
application (percent) 

winter tebuthiruon 90 a 

summer tebuthiuron 90 a 

summer karbutilate 74 b 

winter karbutilate 74 b 

Season of Herbicide Top-kill # 
application (percent) 

summer tebuthiuron 82 a 

winter tebuthiuron 75 a 

summer karbutilate 65 b 

winter karbutilate 60 b 

* Top-injury and top-kill are an average of three rates of application 
for each herbicide. 

# Means separated by the Least Significant Difference method at the 5% 
level. Means containing the same letter are not significantly 
different when compared. 
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Table 9. Top-injury and top-kill responses to summer and winter 
applications of karbutilate and tebuthiuron on mature-brush.* 

Season Top-injury Top-kill 
(percent) 

summer 82 a 74 a 

winter 82 a 68 b 

* Top-injury and top-kill are an average of herbicides across rates for 
each season. Means were separated by Analysis of Variance at the 1% 
level for top-kill, and were non-significant at the 5% level for 
top-injury. Means containing the same letter are not significantly 
different when compared. 
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Table 10. Responses of top-injury and top-kill to karbutilate and 
tebuthiuron on fire-sprouts and mature-brush.* 

Brush type Top-kill Top-injury 
(percent) 

fire-sprouts 81 a # 83 a # 

mature-brush 71 b 82 a 

* Percent top-kill and top-injury are an average of rates, herbicides, 
and seasons for each brush type. 

// Means were separated by Analysis of Variance for top-kill at the 1% 
level, and for top-injury which was non-significant at the 5% level. 
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Table 11. Effects of summer and winter applications of karbutilate and 
tebuthiuron on mature-brush and fire-sprouts.* 

Herbicide Brush type Season of Application 

Summer Winter 

top-
injury 

top-
kill 

top-
injury 

top-
kill 

tebuthiuron 

tebuthiuron 

sprouts 

mature 

94 a # 

90 a 

93 a 

82 b 

88 a 

90 'a 

86 a 

75 b 

karbutilate 

karbutilate 

sprouts 

mature 

65 a 

74 a 

61 a 

65 a 

85 a 

74 b 

82 a 

60 b 

* Top-injury and top-kill are an average of three rates of application 
(2.24, 4.48, and 8.96 kg/ha). 

# Means containing the same letter are not significantly different when 
comparing brush types for a particular herbicide within a particular 
season. 
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Table 12. Effects of three rates of application of summer and winter 
treatments of karbutilate and tebuthiuron on mature-brush. 

Herbicide Season of Rate Top-injury Top-kill 
application (kg/ha) (percent) 

Tebuthiuron summer 2.24 78a* 62 a* 

4.48 92 b 85 b 

8.96 99 c 99 c 

winter 2.24 79 a 57 a 

4.48 92 b 73 a 

8.96 99 c 95 b 

Karbutilate summer 2.24 32 a 19a 

4.48 92 b 84 b 

8.96 97 b 94 b 

winter 2.24 48 a 34 a 

4.48 82 b 69 b 

8.96 91 b 77 b 

* Means not containing the same letter are significantly different from 
one another. Separations are only valid for the three rates within a 
particular treatment. 

4 



CHAPTER 6 

CONCLUSION 

Of the five herbicides tested on fire-sprouts, tebuthiuron was 

the most efficacious herbicide. It was followed in order by buthida-

zole, karbutilate, picloram 10% formulation, and picloram 5% formula

tion. Tebuthiuron was also the only herbicide applied on fire-sprouts, 

where the low rate of application (2.24 kg/ha) produced equivalent re

sults compared to the two higher rates (4.48 and 8.96 kg/ha). Low 

rates of tebuthiuron could, therefore, be used to achieve brush control 

consistent with higher rates of herbicide applications. Reducing the 

herbicide application reduces the stream contamination, the cost of 

brush control, and herbicide residues in the soil which permit quicker 

grass establishment. 

Buthidazole exhibited a threshold response between its low rate 

and high rates of application. There was a wide disparity between the 

responses of 2.24 kg/ha rate compared to the 4.48 and 8.96 kg/ha 

rates. From the high rate to the low rate, top-kill and top-injury 

response dropped dramatically. 

On fire-sprouts, no difference occurred between summer and win

ter treatments for tebuthiuron. However, for karbutilate, the winter 

treatments were more efficacious than the summer treatments. While 1 

summer treatments of karbutilate produced significantly lower effects 
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than either season of application of tebuthiuron, the winter applica

tion of karbutilate was as efficacious when compared to the applica

tions of tebuthiuron applied in either season. 

On mature-brush, no difference was detected between summer and 

winter treatments of karbutilate or tebuthiuron, although, when data 

was pooled together for top-kill responses for karbutilate and tebuthi

uron, summer treatments were more efficacious than winter treatments. 

For karbutilate an interaction was detected between season and 

brush type. Where karbutilate on fire-sprouts was more effective in 

the winter, on mature-brush, karbutilate was more effective in the sum

mer. No attempt was made at explaining the mechanism that causes the 

fluctuation between seasons and brush types for karbutilate, except 

that more research is needed. 

When data was pooled together between karbutilate and tebuthi

uron, treatments on fire-sprouts were more efficacious than treatments 

on mature-brush. Burning in combination with herbicides, increased the 

degree of brush control significantly. 

For tebuthiuron, brush type affected the efficacy of the rate 

of application: on fire-sprouts the 2.24 kg/ha rate was as efficacious 

as the 4.48 or 8.96 kg/ha rate. On mature-brush the 2.24 kg/ha pro

duced significantly less response than the 4.48 or 8.96 kg/ha rates. 

Burning could therefore allow a reduction in herbicide rate consistent 

with high brush control. If the area was not burned, higher rates 

would have to be used in order to maintain adequate brush control. 
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APPENDIX A 

ANALYSIS OF VARIANCE 

What follows is the Analysis of Variance conducted on the vari
ous experiments. Analysis is based on the arc-sin transformation. 
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Analysis of Variance: Top-kill response to five herbicides applied in 
the summer on fire-sprouts. 

Source of Sum of Degrees of Mean Significance 
Variation Squares Freedom Square F of F 

Herbicide 3.93660 

Rate 4.69527 

Herbicide 0.96957 
by Rate 

Block 0.03208 

Residual 3.31407 

4 0.98415 

2 2.34763 

8 0.12120 

3 0.01069 

42 0.07891 

12.47237 0.00001 

29.75215 0.00001 

1.53594 0.17407 

0.13552 0.93830 
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Analysis of Variance: Top-injury response to five herbicides applied 
in the summer on fire-sprouts. 

Source Sum of Degrees of Mean 
Variation Squares Freedom Square 

Significance 
of F 

Herbicide 

Rate 

Herbicide 
by Rate 

Block 

Residual 

3.52121 

4.18992 

0.93232 

0.01120 

3.25510 

4 

2 

8 

3 

42 

0.88030 

2.09496 

0.11654 

0.00373 

0.07750 

11.35839 

27.03093 

1.50370 

0.04816 

0.00001 

0.00001 

0.18507 

0.98580 
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Analysis of Variance: Top-kill response to twenty-two treatments on 
fire-sprouts.* 

Source of Sum of Degrees of Mean Significance 
Variation Squares Freedom Square F of F 

Main Effects 14. 597 24 0. ,608 9, ,016 0. ,001 

Treatments 14. ,537 21 0. ,692 10. ,262 0. ,001 

Blocks 0. ,060 3 0. 020 0. ,298 0. ,827 

Explained 14. ,597 24 0. ,608 9. ,016 0. ,001 

Residual 4. ,250 63 0. ,067 

Total 18. .847 87 0. ,217 

* Treatments consist of buthidazole, karbutilate, picloram 10%, picloram 
5%, and tebuthiuron applied at three rates in the summer on fire-
sprouts, and karbutilate and tebuthiuron applied at three rates in the 
winter on fire-sprouts. 
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Analysis of Variance: Top-injury response to twenty-two treatments on 
fire sprouts.* 

Source of Sum of Degrees of Mean Significance 
Variation Squares Freedom Square F of F 

Main Effects 13. ,483 24 0. ,562 8. ,684 0. ,001 

Treatments 13. ,440 21 0. ,640 9. ,893 0. ,001 

Blocks 0. ,043 3 0. ,014 0. ,220 0. ,882 

Explained 13. ,483 24 0. .562 8, .684 0. ,001 

Residual 4. ,076 63 0. ,065 

Total 17. ,558 87 0. ,202 

* Treatments consist of buthidazole, karbutilate, picloram 10%, picloram 
5%, and tebuthiuron applied at three rates in the summer on fire-
sprouts, and karbutilate and tebuthiuron applied at three rates in the 
winter on fire-sprouts. 
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Analysis of Variance: Top-kill response of karbutilate and tebuthiuron 
applied in the summer and winter on fire-sprouts. 

Source of Sum of Degrees of Mean 
Variation Squares Freedom Square 

Significance 
of F 

Herbicide 

Rate 

Herbicide 
by Rate 

Season 

Herbicide 
by Season 

Rate by 
Season 

Herbicide 
by Rate by 
Season 

Block 

Residual 

0.72128 

1.32671 

0.28305 

0.03342 

0.42453 

0.01423 

0.00274 

0.40718 

1.71574 

1 

2 

2 

1 

1 

3 

33 

0.72128 

0.66335 

0.14153 

0.03342 

0.42453 

0.00711 

0.00137 

0.13573 

0.05199 

13.87289 

12.75872 

2.72207 

0.64273 

8.16530 

0.13681 

0.02640 

2.61053 

0.00073 

0.00008 

0.08050 

0.42846 

0.00734 

0.87263 

0.97397 

0.06785 
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Analysis of Variance: Top-injury response of karbutilate and 
tebuthiuron applied in the summer and winter on fire-sprouts. 

Source of Sum of Degrees of Mean 
Variation Squares Freedom Square 

Significance 
of F 

Herbicide 

Rate 

Herbicide 
by Rate 

Season 

Herbicide 
by Season 

Rate by 
Season 

Herbicide 
by Rate by 
Season 

Block 

Residual 

0.56206 

1.16592 

0.21264 

0.03473 

0.37789 

0.01001 

0.01029 

0.35867 

1.63017 

1 

2 

2 

1 

1 

3 

33 

0.56206 11.37806 

0.58296 11.80107 

0.10632 

0.00501 

0.00515 

2.15225 

0.03473 0.70306 

0.37789 7.64977 

0.10135 

0.10419 

0.11956 2.42021 

0.04940 

0.00191 

0.00014 

0.13226 

0.40779 

0.00923 

0.90390 

0.90135 

0.08359 
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Analysis of Variance: Top-kill response of karbutilate and tebuthiuron 
applied in the summer and winter on mature-brush. 

Source of Sum of Degrees of Mean 
Variation Squares Freedom Square 

Significance 
of F 

Herbicide 

Rate 

Herbicide 
by Rate 

Season 

Herbicide 
by Season 

Rate by 
Season 

Herbicide 
by Rate by 
Season 

Block 

Residual 

0.43167 

3.01462 

0.23154 

0.14357 

0.00015 

0.16123 

0.08522 

0.10132 

0.85676 

1 

2 

2 

1 

1 

3 

33 

0.43167 

1.50731 

0.11577 

0.14357 

0.00015 

0.08062 

0.04261 

0.03377 

0.02596 

16.62681 

58.05726 

4.45920 

5.52978 

0.00588 

3.10507 

1.64119 

1.30084 

0.00027 

0.00001 

0.01931 

0.02482 

0.93935 

0.05813 

0.20917 

0.29057 
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Analysis of Variance: Top-injury response of karbutilate and 
tebuthiuron applied in the summer and winter on mature-brush. 

Source of Sum of Degrees of Mean 
Variation Squares Freedom Square 

Significance 
of F 

Herbicide 

Rate 

Herbicide 
by Rate 

Season 

Herbicide 
by Season 

Rate by 
Season 

Herbicide 
by Rate by 
Season 

Block 

Residual 

0.44280 

2.35477 

0.31065 

0.00834 

0.00346 

0.07631 

0.05718 

0.07743 

0.69468 

1 

2 

2 

1 

1 

3 

33 

0.44280 

1.17738 

0.15533 

0.00834 

0.00346 

0.03815 

0.02859 

0.02581 

0.02105 

21.03481 

55.93048 

7.37868 

0.39601 

0.16418 

1.81251 

1.35807 

1.22602 

0.00006 

0.00001 

0.00225 

0.53349 

0.68795 

0.17912 

0.27115 

0.31576 
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Analysis of Variance: Top-kill response to thirteen treatments on 
mature-brush.* 

Source of Sum of Degrees of Mean Significance 
Variation Squares Freedom Square F of F 

Herbicides 7. ,190 15 0. ,479 19. ,734 0. ,001 

Rate 7. ,098 12 0. .591 24. ,351 0. ,001 

Block o. ,092 3 0. ,031 1, .266 0. ,301 

Explained 7. ,190 15 0. ,479 19, .734 0. ,001 

Residual 0. ,874 36 0. ,024 

Total 8. ,064 51 0. ,158 

* Treatments consist of karbutilate and tebuthiuron applied in both the 
summer and winter at three rates of application and one control plot 
on mature-brush. 
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Analysis of Variance: Top-injury response to thirteen treatments on 
mature-brush.* 

Source of 
Variation 

Sum of 
Squares 

Degrees of 
Freedom 

Mean 
Square F 

Significance 
of F 

Herbicides 7.139 15 0.476 24. 382 0.001 

Rate 7.068 12 0.589 30. 172 0.001 

Season 0.072 3 0.024 1. 221 0.316 

Herbicide 
by Rate 

7.139 15 0.476 24. 382 0.001 

Residual 0.703 36 0.020 

Total 7.842 51 0.154 

* Treatments consist of karbutilate and tebuthiuron applied in both the 
summer and winter at three rates of application and one control plot 
on mature-brush. 
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Analysis of Variance: Top-kill response to summer and winter 
applications of karbutilate and tebuthiuron on fire-sprouts and 
mature-brush. 

Source of 
Variation 

Sum of 
Squares 

Degrees of 
Freedom Square 

Mean Significance 
F of F 

Error 1 
H* 
A by H 

0.18169 
1.13447 
0.01848 

6 
1 
1 

0.03028 
1.13447 
0.01848 

37.46421 
0.61037 

0.00087 
0.46435 

Error 2 
S 
A by S 

0.18218 
0.01923 
0.15776 

6 
1 
1 

0.03036 
0.01923 
0.15776 

0.63324 
5.19559 

0.45649 
0.06285 

Error 3 
R 
A by R 

0.27061 
4.09633 
0.24500 

12 
2 
2 

0.02255 
2.04817 
0.12250 

90.82505 
5.43219 

0.00001 
0.02090 

Error 4 
H by S 
A by H by S 

0.19535 
0.22039 
0.20429 

6 
1 
1 

0.03256 
0.22039 
0.20429 

6.76911 
6.27468 

0.04057 
0.04622 

Error 5 
H by R 
A by H by R 

0.37784 
0.25623 
0.25837 

12 
2 
2 

0.03149 
0.12812 
0.12918 

4.06883 
4.10274 

0.04477 
0.04388 

Error 6 
S by R 
A by S by R 

0.77780 
0.08355 
0.09190 

12 
2 
2 

0.06482 
0.04178 
0.04595 

0.64453 
0.70895 

0.54215 
0.51166 

Error 7 
A 

0.50850 
0.51362 

6 
1 

0.08472 
0.51362 6.06036 0.04900 

Error 8 
H by S by R 
A by H by S 
by R 

0.58703 
0.03074 
0.05722 

12 
2 
2 

0.04892 
0.01537 
0.02861 

0.31420 
0.58487 

0.73620 
0.57230 

* H-Herbicide, S-Season, A-Brush type, and R-Rate 
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Analysis of Variance: Top-injury response to summer and winter applica
tions of karbutilate and tebuthiuron on fire-sprouts and mature-brush. 

Source of Sum of Degrees of Mean 
Variation Squares Freedom Square 

Significance 
F of F 

Error 1 
H* 
A by H 

0.19902 
1.00131 
0.00355 

6 
1 
1 

0.03317 
1.00131 
0.00355 

30.18683 
0.10706 

0.00152 
0.75463 

Error 2 
S 
A by S 

0.22703 
0.00452 
0.03855 

6 
1 
1 

0.03784 
0.00452 
0.03855 

0.11940 
1.01877 

0.74148 
0.35177 

Error 3 
R 
A by R 

0.20001 
3.36612 
0.15457 

12 
2 
2 

0.01667 
1.68306 
0.07729 

100.97616 0.00001 
4.63677 0.03221 

Error 4 
H by S 
A by H by S 

0.18914 
0.15453 
0.22681 

6 
1 
1 

0.03152 
0.15453 
0.22681 

4.90223 
7.19509 

0.06875 
0.03642 

Error 5 
H by R 
A by H by R 

0.30955 
0.38588 
0.13741 

12 

2 
2 

0.02580 
0.19294 
0.06871 

7.47939 
2.66348 

0.00778 
0.11034 

Error 6 
S by R 
A by S by R 

0.68175 
0.03812 
0.04821 

12 
2 
2 

0.05681 
0.01906 
0.02410 

0.33545 
0.42427 

0.72151 
0.66369 

Error 7 

A 

0.43609 
0.01875 

6 
1 

0.07268 
0.01875 0.25794 0.62967 

Error 8 
H by S by R 
A by H by 
S by R 

0.51833 
0.00989 
0.05758 

12 
2 

2 

0.04319 
0.00494 
0.02879 

0.11446 
0.66655 

0.89281 
0.53150 

* H-Herbicide, S-Season, A-Brush type, and R-Rate. 
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