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ABSTRACT

Tebuthiuron was compared to buthidazole and picloram for con

trol of velvet mesquite, catclaw acacia and wait-a-minute bush in field 

and greenhouse studies. In the field study the effect of tebuthiuron 

and picloram on forage production and percentage of bare ground was 

also measured. The greenhouse study tested tebuthiuron and buthidazole 

as spray and soil applied treatments, and evaluated tebuthiuron and 

picloram on velvet mesquite and catclaw acacia growing in sand, loam, 

sand + peat moss and loam + peat moss. In both greenhouse and in field 

studies the effectiveness of the herbicides on the plants increased 

with increasing rates of application. However this relationship did 

not occur in the field study with wait-a-minute bush because this 

species was heavily damaged by tebuthiuron even at the lowest rate (0.5 

lb a.i./acre) of application. In greenhouse both tebuthiuron and 

buthidazole were more effective as sprays than as soil applied treat

ments. The same herbicides were more effective on plants growing in 

sand or loam than on those plants growing in sand + peat moss and loam 

+ peat moss. Both herbicides showed the same effectiveness in inhibit

ing plant growth. In the field study perennial grass production and 

percentage of bare ground increased with the increasing rate of appli

cation. Correlation studies indicated that perennial grass production 

as the dependent variable was best predicted by the single linear 

regression equation having the percentage of damaged mesquite as the 

independent variable. For most of treatments the highest estimated

vi
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percentage of plant mortality occurred by the end of the second year 

after application.



INTRODUCTION

Large acreages of rangeland in southern Arizona have been 

invaded by mesquite (Prosopis juliflora var. velutina), catclaw acacia 

(Acacia greggii), and associated woody species. According to Vallentine 

(1977), there are 88.5 million acres in Texas as well as 32 million 

acres in Arizona and New Mexico invaded by one or more brush species.

The rapid increase in world population with consequent demand 

for food, fiber and other products indicate the need for a more effi

cient use of all natural resources. On rangeland in the southwestern 

United States, where the main benefits come from extensive grazing 

activities, the application of an adequate program for the control of 

undesirable plants is a constant challenge for the range manager.

Tebuthiuron, (N-(5-(l.l-dimethylethy)-l,3,4-thiadiazol-2-yl)

N, N/-dimethylurea) (commercial name Spike and previously known as 

El-103) was introduced in 1972 by Elanco as a pre and post-emergence 

herbicide for control of total vegetation on airport runways, utility 

substations, tank farms, railway roadbeds and ballast, and in indus

trial areas. Since then tebuthiuron has been tested on rangelands as a 

selective herbicide for control of woody plants such as mesquite, cat- 

claw acacia and other undesirable shrubs.

1. Scientific names are from Arizona Flora by T. H. Kearney 
and R. H. Peebles, 1969.
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The objectives of this study were:

1. To determine the best rate of application of different concen

trations of tebuthiuron for control of velvet mesquite, catclaw acacia 

wait-a-minute bush (Mimosa biuncifera), and associated species on 

rangeland of southern Arizona.

2. To compare the effects of soil-applied and foliar spray of 

tebuthiuron on velvet mesquite and catclaw acacia.

3. To determine the amount of injury to grasses caused by the 

treatments.

4. To evaluate forage production after control of the undesirable 

species.



LITERATURE REVIEW

This review is divided into two parts. The first is a descrip

tion of the chemical and physical properties of tebuthiuron and some of 

its previous usages as a herbicide for control of total vegetation.

The second discusses characteristics of mesquite and some of the 

studies involving its selective control by tebuthiuron. This decision 

is related to the fact that tebuthiuron has mostly been used for total 

vegetation control, and mesquite is now being involved in many of the 

studies with tebuthiuron as a selective herbicide for control of woody 

plants on rangelands.

Tebuthiuron, Description and Previous Usage 

Tebuthiuron was introduced by Elanco Products Company in 1972 as 

a pre and post-emergence herbicide for control of total vegetation. The 

chemical compound is colorless, odorless solid with a melting range of 

161.5 - 164 C (Elanco Products Company, 1975). It is stable to light 

and in water solutions at pH 5, 7, and 9 at 20C. It thermally decom

poses near or above the melting point, and hydrolysis occurs in strong 

alkali at elevated temperatures. The product in noncorrosive to poly

ethylene or metal spray equipment. With a vapor pressure of 2 x 10“^ mm 

Hg at 25 C, it is nonvolatile, but is soluble in water and organic sol

vents. Its solubility in chloroform is 25.0 g/100 ml at 25 C, but its 

solubility in water is only 0.23 g/100 ml. Ford, Christensen et al., 

(1974) and Warner et al. (1977) point out that tebuthiuron persistence

3
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in the rooting zone and resistance to leaching and stability on the 

soil surface are properties which enable it to remain effective long 

enough to control many phenoxy-resistant woody species. This high 

stability allows the compound to remain on the soil surface as long as 

15 months, but rainfall is necessary to move the material into the 

rooting zone (Elanco Products Company, 1975).

Research on rates of tebuthiuron for total weed control has 

shown varying results. In areas previously treated by other herbicides 

where maintenance of total vegetation is desired, tebuthiuron can be 

used at rates ranging from 1.5 to 3 Ib/acre (Edmondson et al., 1976).

In Oklahoma, with no mention of previous applications of other herbi

cides, Stritzke (1976) reported that 1 Ib/acre of wettable powder of 

tebuthiuron gave the best results for the control of western ragweed 

(Ambrosia psilostachya). However, studies conducted in California and 

Arizona in 1972 and 1973, respectively, showed that tebuthiuron was 

effective at 4 and 6 Ib/acre when used for initial control of total 

vegetation on railroads (Ford, Colbert and Warner, 1974). In other 

studies made in Indiana at different experimental sites having varied 

climatic conditions, soil types, and target week species, the 807. 

wettable powder formulations of tebuthiuron controlled annual broadleaf 

and grassy weeds at 2 to 4 Ib/acre, but for the control of perennial 

broadleaf weeds, it was necessary to apply 4 to 8 Ib/acre, and above 

6 Ib/acre was required for control of deep-rooted perennial broadleaf 

and perennial grassy weeds (Ford, Christensen et al., 1974).
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To solve particularly difficult weed problems, tebuthiuron has 

excellent potential in various tank-mix combinations that include 

2,4-D ([2,4-dichlorophenoxy]acetic acid), paraquat (1,l7-dimethyl- 

4,4/-bipyridinium lOn) , MS HA (monosodiumarsonate) , amitrole (3-amino-s_- 

triazole) or glyphosate (N-[phosphonomethyljglycine) (Edmondson et al., 

1976). The availability of the herbicide in the market as an 80% 

wettable powder and 20% pellets makes possible options for several 

methods of application, and for combinations with other herbicides.

Mesquite, Its Description and Control 
by Tebuthiuron

Mesquite is a drought-hardy, woody legume that has both deep 

tap and shallow lateral roots which enable it to withstand long periods 

of drought and use great quantities of water when it is available. In 

fact, it has been known to dry up springs and waterholes, and thus 

deprives cattle and range grasses of needed water (Carriers and Faurot, 

1976). Although some forage for livestock is provided by mesquite 

leaves and beans, when perennial grasses are replaced by mesquite, the 

forage production per unit area is reduced to less than one-third of 

its former level (Martin, 1966). However, studies carried out for 3 to 

5 years in the High and Rolling Plains and the northern Edwards Plateau 

of Texas, showed that honey mesquite (Prosopis juliflora var. 

glandulosa) reduced grass production only in dry years, and that its 

effect on grass yields was inversely related to the amount of moisture 

at the sites (Dahl, Sosebee and Goen, 1974)•
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Because of mesquite's high resistance to drought and the per

sistence of dormant embryonic buds at the base of the woody stem, it is 

difficult to eradicate by mechanical processes. When the above-ground 

parts are all or partially removed the dormant buds are stimulated and 

produce a multi-stemmed regeneration of the plant (Goodin, 1973).

These and other characteristics of the plant have guided range 

researchers to attempt mesquite control by many different methods used 

singly or in combination. A complete report on mesquite control on 

grazing lands by different methods up to 1959 is presented by Fisher 

et al. (1959).

Sosebee (1974) studied the control of honey mesquite by 

tebuthiuron in Texas. The herbicide was applied at rates of 0, 2, 4, 

and 8 Ib/acre of active ingredient (a.i.) either by broadcasting or 

placing on grids with 3- to 6-foot centers on two sites, sandy loam and 

sand. After the first growing season the studies indicated that 

although many of the trees on both sites appeared to be severely 

damaged by the herbicide, no difference could be measured between 

treatments. On the plots containing broadcast treatments, the vegeta

tion was the most severely damaged. Also in Texas, in studies made by 

Bovey, Meyer and Baur (1975), tebuthiuron was compared to karbutilate 

for control of honey mesquite and other woody plants. For mesquite, 

the herbicide was applied as a spray to the soil surface or subsurface 

in rows 1.2 m apart. Applied in spring of 1973 and evaluated in summer 

of 1974, the treatments showed that tebuthiuron caused 707. defoliation 

but killed no mesquite plants while karbutilate caused 757. defoliation



and killed 157. of the mesquite when both were applied at the rate of 

4.48 kg/ha. However, tebuthiuron was more effective than all other 

herbicides on post oak (Quercus stellata), yaupon (ilex vomitoria) and

7

whitebrush (Aloysia lycioides) killing 100, 80 and 657., respectively, 

at 4.48 kg/ha. In Oklahoma, Stritzke (1976) reported that tebuthiuron 

showed good activity on American elm (Ulmus americana), winged elm 

(U. alata), hawthorn (Crataegus spp.), blackjack (Quercus marilandica) 

and post oaks. There was some control of ashe juniper (Juniperus 

asheii), but eastern redcedar (J. virginiana) and eastern persimmon 

(Diospyros virginiana) were resistant. Yet, the author states that the 

selective control of undesirable species in grassland has been possible 

by soil placement of tebuthiuron into a grid placement. The rate of 

2 Ib/acre seems to be satisfactory since activity of the herbicide is 

still evident after three years with results improving in the second 

and third years. This long-lasting characteristic of tebuthiuron has 

been observed in Texas, Oklahoma, and Arizona (Ford, Colbert and 

Warner, 1974; and Warner et al., 1977). Warner et al. (1977) stated 

that there is an efficient long-lasting control of many phenoxy- 

resistant brush species, and that when the herbicide is applied in 

pellet form, it is absorbed through the root system and causes death of 

plants by photosynthetic inhibition.



MATERIALS AND METHODS

The investigations consisted of one study in the field and two 

in the greenhouse.

Field Study

The field study was designed to test the effectiveness of 

tebuthiuron upon velvet mesquite, catclaw acacia and wait-a-minute bush 

as well as to verify the increase forage production caused by the 

decreased ground cover density by shrubs. Initiated on February 22, 

1974 and concluded in October 1977, this study was conducted in Alambre 

Valley, Papago Indian Reservation, Pima County, Arizona about 50 miles 

southwest of Tucson. Precipitation in the study area was 12.92 inches 

in 1974, 9.50 inches in 1975, 17.10 inches in 1976, and 12.20 inches in 

1977. The soil in the study area is moderately deep to deep gravelly 

sandy loam and is a Typic Torrifluvent, coarse-loamy, mixed, thermic. 

Tables 1 and 2 present the results of soil analyses of the study area. 

The dominant woody plants were velvet mesquite, catclaw acacia, wait-a- 

minute bush, and burroweed (Haplopappus tenuisectus). The herbaceous 

vegetation was a poor stand of native annual and perennial grasses and 

forbs. Important perennial grasses included black grama (Bouteloua 

eriopoda), Arizona cottontop (Trichachne californica) and Rothrock 

grama (Bouteloua rothrockii). The important annual grasses present on 

the site were sixweeks threeawn (Aristida adscensionis) and feather 

finger grass (Chloris virgata).

8



Table 1. Texture, organic matter, pH, exchange capacity, and water holding capacity of soil 
from the study areal

Soil Depth 
(cm) 7. Gravel

Soil Texture 
7. Sand 7. Silt 7. Clay

7. Organic 
Matter pH

E.C.
m mho/cm

% Water Holding Capacity 
1/3 Atm. 15 Atm.

0 - 5 21.26 78.50 16.64 4.84 1.94 6.08 .52 7.75 3.23

5 - 2 0 31.99 75.71 16.89 7.41 1.95 6.51 .49 7.95 3.76

20 - 40 42.03 74.75 14.25 10.10 2.02 6.78 .53 9.06 4.93

^Source of the methodology used: Agriculture Handbook No. 60, February 1954.

vO



Table 2. Chemical components of the soil from the study areal

Soil Depth 
(cm)

Ca
meq./lOO g

Mg
meq./lOO g

Na
meq./lOO g

K
meq./lOO g

Mn
ug/g

Fe
ug/g

Cu
ug/g

Zn
ug/g

0 - 5 2.49 .76 .007 .32 3.02 2.34 .20 .20

5 - 2 0 4.34 1.18 .02 .22 1.45 1.36 oCM .06

20 - 40 5.55 1.66 .03 .23 1.65 .73 .22 .08

lea, Mg, Na and K were determined by the Ammonium Acetate Method. Mn, Fe, Cu, and 
Zn were determined by the Western Soil Test Group Method.
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Fifteen treatments (Table 3) were randomly applied by hand on 

the complete area of each plot on February 22, 1974. The plots were 50 

by 100 ft. separated by 25 ft. alleys in two complete blocks, also 

separated by a 25 ft. alley. The evaluations of the treatments were 

made annually after the summer rains. Visual determinations of the 

percentage of the shrub defoliation and death as well as visual esti

mates of bare ground were made for individual plots throughout the 

study period. The damage to shrubs was evaluated by the following 

method:

07. = no defoliation or stem damage.

25% = plant partially defoliated, no stems dead.

50% = plant half defoliated and some stems dead.

75% = plant highly defoliated and some stems dead.

100% = plant completely dead.

Forage production was evaluated by a combination of visual 

estimation and clipping and weighing methods. A 9.6 ft^ area was 

randomly located 10 times in each plot. Nine of them had the forage 

estimated by weight, while the other one was estimated, clipped and 

oven dried for adjustment of the total forage production. All data 

were subjected to analyses of variance and correlation. Differences 

between means were determined by Duncan's multiple range test.

First Greenhouse Study

The purpose of this study was to compare the effectiveness of 

two herbicides under two methods of application upon velvet mesquite 

and catclaw acacia seedlings. Tebuthiuron and Buthidazole
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Table 3. Treatments applied in the field study

Treatments Formulations Rates lb/acre (a.i.)l

Tl Tebuthiuron 107. pellets 0.5

T2 Tebuthiuron 107. pellets 1

T3 Tebuthiuron 10% pellets 2

T4 Tebuthiuron 107. pellets 4

T5 Tebuthiuron 207. pellets 0.5

T6 Tebuthiuron 20% pellets 1

T7 Tebuthiuron 207. pellets 2

T8 Tebuthiuron 207. pellets 4

T9 Tebuthiuron 407. pellets 0.5

T10 Tebuthiuron 407. pellets 1

Til Tebuthiuron 407. pellets 2

T12 Tebuthiuron 407. pellets 4

T13 Picloram 107. pellets 4

T14 Control 0

T15 Control 0

^a.i. = active ingredient
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(3,5-(l,1-dimethylethyl)-1,3,4 thiadiazol-2-yl-4-hydroxy-l-methyl-2- 

imidazolidinone), both in wettable powder formulation and at rates of 1 

and 2 Kg a.i./ha, and a check treatment (Table 4) were applied to 60- 

day-old velvet mesquite and catclaw acacia seedlings using two methods 

of application. These methods consisted of spraying over the plants 

and applying the herbicides only to the soil. The plots were plastic 

pots of 15.3 cm diameter and 20 cm depth with two plants per pot grow

ing in a slightly alkaline silt loam soil. The experimental design was 

a completely randomized factorial with two herbicides at two levels 

plus a check and two methods of application for each treatment on each 

species. The evaluation of the treatments was made by visual estima

tion of any damage, defoliation or death of the plants as described 

earlier in the field study. The estimates were made for each plant and 

the average calculated for each plot. Also, the heights of the plants 

were taken on the date of the application of the treatments and on the 

date of the final evaluation sixty days after the application. These 

measurements were taken to provide information on the plant growth 

after treatment by herbicides. All data were submitted to analysis of 

variance and the means compared through the Duncan's multiple range 
test.

Second Greenhouse Study

This study was designed to est the effectiveness of tebuthiuron 

and picloram on velvet mesquite and catclaw acacia growing in four dif

ferent kinds of media. The media consisted of sand, loam, sand + peat 

moss and loam + peat moss. Four separate completely randomized
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Table 4. Herbicide formulation and rate applied to velvet mesquite 
and catclaw acacia as spray or soil treatments

Herbicide Formulation Rate (a.i.)l in Kg/ha

1. Tebuthiuron 80% w 1.0

2. Tebuthiuron 80% w 2.0

3. Buthidazole 50% w 1.0

4. Buthidazole 50% w 2.0

5. Check — •

*a.i. = active ingredient
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experiments with five treatments and five replications were set for 

each species. Tebuthiuron and picloram, both in wettable powder formu

lation, at rates of 1 and 2 kg a.i./ha and a check treatment were 

applied to 70-day-old seedlings of each species. The pots were plastic 

15.3 cm in diameter and 20 cm deep with three plants per pot growing in 

each different kind of medium. The evaluation of the treatments was 

made by visual estimation using the same rating system described before 

in the field study. The estimates were made for individual plants and 

averaged for each plot. In order to provide additional information on 

the effect of the herbicides on plant growth, the heights of the plants 

were measured. These measurements were made on the date of the appli

cation of the treatments and on the date of the final evaluation sixty 

days after the application. All data were submitted to analysis of 

variance and the means compared through the Duncan's multiple range
test



RESULTS AND DISCUSSION

Field Study

All of the tebuthiuron formulations killed an increasingly 

higher percentage of mesquite plants as the rates of treatment 

increased (Table 5). In 1977, three years after treatment, plant 

evaluation indicated that at some rates and formulations of tebuthiuron, 

less mesquite plants were recorded as dead than in 1976. Probably, 

this was due to the fact that high rainfall in 1976 favored regrowth of 

the plants in 1977. In the wet year the effectiveness of tebuthiuron 

on the plants increased with increasing rate of application.

Tebuthiuron at the rates of 2 and 4 lb a.i./acre was more effective for 

killing mesquite than picloram at 4 lb a.i./acre (Table 5).

On catclaw acacia tebuthiuron also increased in effectiveness 

with the increasing rates of application in all formulations (Table 6). 

The 2 and 4 lb a.1./acre rates of tebuthiuron attained 100% plant kill 

two years after treatment. The percentage of plants damaged increased 

on all treatments from the first to the second year after application. 

The decrease of some treatments in the third year maybe was due to the 

low rainfall in that year, but the overall data show that, generally 

tebuthiuron and picloram killed more catclaw than mesquite plants 

during the three-year study period.

Wait-a-minute bush was the most susceptible species to the 

herbicides with an estimated rate of mortality over 90% in the first 

year after treatment (Table 7). The effectiveness of the herbicides on

16
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Table 5. Effectiveness (percentage of killed plants) of the 
herbicides upon mesquite during the study period-*-

Treatments
Rates

Ib/acre (a.i.) 1975 1976 1977

T1 Tebuthiuron 107. P 0.5 2.5 be 35.0 C 12.5 be

T2 Tebuthiuron 107. P 1 27.5 abc 40.0 cd 50.0 abc

T3 Tebuthiuron 107. P 2 35.0 abc 55.0 be 60.0 abc

T4 Tebuthiuron 107. P 4 55.0 a 100.0 a 97.5 ab

T5 Tebuthiuron 207. P 0.5 10.0 abc 40.0 cd 65.0 abc

T6 Tebuthiuron 207. P 1 35.0 abc 75.0 abc 77.5 abc

T7 Tebuthiuron 207. P 2 40.0 ab 90.0 ab 87.5 abc

T8 Tebuthiuron 207. P 4 60.0 a 100.0 a 100.0 a

T9 Tebuthiuron 407. P 0.5 5.0 be 65.0 abc 42.5 abc

T10 Tebuthiuron 407. P 1 15.0 abc 65.0 be 67.5 abc

Til Tebuthiuron 407. P 2 65.0 a 95.0 ab 95.0 ab

T12 Tebuthiuron 407. P 4 35.0 abc 100.0 a 97.5 ab

T13 Picloram 107. P 4 50.0 a 55.0 be 55.0 ab

T14 Control 0 0.0 be 0.0 d 7.5 c

T15 Control 0 0.0 be 0.0 d 5.0 c

•^Numbers within the same column not followed by the same letter
differ significantly at the 57. level.



Table 6. Effectiveness (percentage of killed plants) of the herbicides 
on catclaw acacia during the study period^

Treatments
Rates

Ib/acre (a.i.) 1975 1976 1977

Tl Tebuthiuron 10% P 0.5 3.75 cd 25.0 cd 20.0 cd
T2 Tebuthiuron 10% P 1 5.0 cd 100.0 a 85.0 abc
T3 Tebuthiuron 10% P 2 50.0 abed 100.0 a 100.0 a
T4 Tebuthiuron 10% P 4 75.0 ab 100.0 a 100.0 a
T5 Tebuthiuron 20% P 0.5 0.0 d 85.0 ab 60.0 abed
T6 Tebuthiuron 20% P 1 15.0 abed 95.0 ab 40.0 bed
T7 Tebuthiuron 20% P 2 7.5 bed 100.0 a 100.0 a
T8 Tebuthiuron 20% P 4 75.0 abc 100.0 a 100.0 a
T9 Tebuthiuron 40% P 0.5 8.75 abed 60.0 be 75.0 abed
T10 Tebuthiuron 40% P 1 65.0 abed 75.0 ab 75.0 abed
Til Tebuthiuron 40% P 2 20.0 abed 100.0 a 100.0 a
T12 Tebuthiuron 40% P 4 60.0 .abed 100.0 a 100.0 a
T13 Picloram 10% P 4 80.0 a 95.0 ab 60.0 abed
T14 Control 0 0.0 d 0.0 d 22.5 cd
T15 Control 0 0.0 d 0.0 d 10.0 d

^Numbers within the same column not followed by the same letter 
differ significantly at the 57» level.
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Table 7. Effectiveness (percentage of killed plants) of the herbicides 
on wait-a-minute bush during the study period-*-

Treatments
Rates

lb/acre (a.i.) 1975 1976 1977

T1 Tebuthiuron 10% P 0.5 94.5 ab 97.5 ab 97.5 a

T2 Tebuthiuron 107. P 1 95.0 ab 100.0 a 100.0 a

T3 Tebuthiuron 107. P 2 100.0 a 100.0 a 95.0 a

T4 Tebuthiuron 107. P 4 100.0 a 100.0 a 97.5 a

T5 Tebuthiuron 207. P 0.5 95.0 b 97.5 ab 92.5 a

T6 Tebuthiuron 207. P 1 100.0 a 100.0 a 97.5 a

T7 Tebuthiuron 207. P 2 97.5 ab 100.0 a 100.0 a

T8 Tebuthiuron 207. P 4 100.0 a 100.0 a 100.0 a

T9 Tebuthiuron 407. P 0.5 97.0 ab 94.5 b 100.0 a

T10 Tebuthiuron 407. P 1 95.0 ab 97.5 ab 100.0 a

Til Tebuthiuron 407. P 2 97.5 ab 100.0 a 100.0 a

T12 Tebuthiuron 407. P 4 100.0 a 100.0 a 100.0 a

T13 Picloram 107. P 4 100.0 a 97.5 ab 90.0 a

T14 Control 0 0.0 c 5.0 c 10.0 b

T15 Control 0 0.0 c 0.0 c 17.5 b

-iNumbers within the same column not followed by the same letter
differ significantly at the 57. level.
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wait-a-minute bush increased in the second year, and in the third year 

many of the treatments killed 100% of the plants and at least 90% were 

killed by each treatment.

The amount of bare ground caused by the herbicide effect on the 

grass cover was evaluated during the period and the data indicated that 

percentage of bare ground increased as the rates of treatments 

increased (Table 8). This relationship was true in the first two years 

after the herbicidal application. In the third year, the lowest rate 

of treatment, 0.5 lb a.i./acre, had a higher percentage of bare ground 

than those with 1 and 2 lb a.i./acre. Generally, in all three treat

ments the percentage of bare ground decreased in the second year after 

treatment but increased again in the third year (Table 8). This 

increase in the third year may be associated with the fact that dif

ferent people evaluated the experiment in the second and third years.

Perennial grass production was evaluated in 1976 and 1977 and 

the data indicated that the production increased with the increasing 

rates of herbicides (Table 9). For most of the treatments the grass 

production in 1977 was twice or three times higher than in 1976. 

According to Cable (1975), forage production is influenced not only by 

rainfall during the current year but also by rainfall during the 

previous growing season. Thus, the high rainfall that occurred in the 

study area during the summer of 1976 was probably responsible for this 

increase in 1977. Tebuthiuron in all formulations at the 4 lb a.i./ 

acre rate and picloram at the 4 lb a.i./acre rate gave high perennial 

grass production in 1977. Correlation studies on 1977 data indicated
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Table 8. Percentage of bare ground estimates during the study 
period-*-

Treatments
‘Rates

lb/acre (a.i.) 1975 1976 1977

Tl Tebuthiuron 107. P 0.5 30.0 fg 25.0 cd 55.0 ab

T2 Tebuthiuron 107. P 1 40.0 ef 25.0 cd 42.5 ab

T3 Tebuthiuron 107. P 2 70.0 bed 40.0 be 40.0 ab

T4 Tebuthiuron 107. P 4 95.0 a 60.0 a 57.5 ab

T5 Tebuthiuron 207. P 0.5 12.5 gh 25.0 cd 47.5 ab

T6 Tebuthiuron 207. P 1 40.0 ef 35.0 bed 42.5 ab

T7 Tebuthiuron 207. P 2 67.5 ede 40.0 be 32.5 ab

T8 Tebuthiuron 207. P 4 90.0 ab 65.0 a 60.0 ab

T9 Tebuthiuron 407. P 0.5 22.5 fg 20.0 d 62.5 ab

T10 Tebuthiuron 407. P 1 22.5 fg 25.0 cd 27.5 b

Til Tebuthiuron 407. P 2 37.5 f 30.0 cd 32.5 ab

T12 Tebuthiuron 407. P 4 80.0 abc 50.0 ab 50.0 ab

T13 Picloram 107. P 4 47.5 def 30.0 cd 35.0 ab

T14 Control 0 12.5 gh 25.0 cd 70.0 a

T15 Control 0 8.7!5 h 25.0 cd 52.5 ab

^■Numbers within the same column not followed by the same letter
differ significantly at the 5% level.
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Table 9. Perennial grass production (lb/acre) evaluated in 1976 and 
19771

Treatments
Rates

Ib/acre (a.i.) 1976 1977

T1 Tebuthiuron 107. P 0.5 344.0 bed 560.5 cd

T2 Tebuthiuron 107. P 1 274.5 bed 948.5 abed

T3 Tebuthiuron 107. P 2 336.0 bed 932.0 abed

T4 T ebuthiuron 107. P 4 539.0 bed 1,178.0 abc

T5 Tebuthiuron 207. P 0.5 245.0 cd 635.0 cd

T6 Tebuthiuron 207. P 1 772.5 ab 896.0 bed

T7 Tebuthiuron 207. P 2 527.0 abed 1,535.5 ab

T8 Tebuthiuron 207. P 4 355.0 bed 1,687.0 a

T9 Tebuthiuron 407. P 0.5 .127.0 d 385.0 d

T10 Tebuthiuron 407. P 1 942.5 a 1,289.0 abc

Til Tebuthiuron 407. P 2 329.0 bed 875.5 bed

T12 Tebuthiuron 407. P 4 379.0 bed 779.5 bed

T13 Picloram 107. P 4 727.5 abc 1,535.0 ab

T14 Control 0 160.0 d 403.0 d

T15 Control 0 336.5 bed 543.5 cd

■^Numbers within the same column not followed by the same letter
differ significantly at the 57. level.
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that the perennial grass production increased with increasing percent

age of mesquite and catclaw killed. This relationship was not true for 

wait-a-minute bush. Maybe this was because all treatments were highly 

effective on this species even in the first year after treatment and by 

the time perennial grass production was evaluated in the following 

years there was little or no competition from this species on any plot. 

Correlation studies were also made between bare ground and perennial 

grass production but no significant relationship was found. Multiple 

correlation studies involving perennial grass production and the three 

shrub species were made but no significant correlations were found.

This was attributed to the high mortality of wait-a-minute bush caused 

by all treatments. The best estimates of perennial grass production 

were made by a simple linear regression involving perennial grass and 

percent mesquite or catclaw killed. Table 10 presents the correlation 

coefficients (r) and the simple linear regression equations for the 

three species and bare ground versus perennial grass production. All 

the variance analyses for the study are presented in Appendix A in 

Tables 1, 2, 3, 4, and 5.

General conclusions from the field study are:

1. Percentage of mesquite and catclaw killed and perennial grass 

production increased in the second and third years after treatment with 

the increasing rates of the herbicides.

2. Wait-a-minute bush followed the same trend but only in the 

first two years of the study.
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Table 10. Correlation coefficients (r) and the simple linear
regression equations for the three species and bare ground 
versus perennial grass production

Relationship
r

linear Regression equation

% killed mesquite (X) vs. perennial 
grass production (Y) .63 Y = 454.83 + 8.00 X

% killed catclaw (X) vs. perennial 
grass production (Y) .55. Y = 455.26 + 7.02 X

% killed mimosa (X) vs. perennial 
grass production (Y) .45 Y = 393.20 + 6.39 X

% bare ground (X) vs. perennial 
grass production (Y) -.49 Y = 1,723.16 - 16.49 X
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3. Wait-a-minute bush was the most susceptible species to all 

treatments.

4. In most of the treatments, the estimated percentage of mesquite 

and catclaw plants killed by tebuthiuron was greatest by the end of 

the second year but declined by the end of the third.

5. The amount of bare ground increased with increasing rates of 

herbicides at the end of the first and second years but was variable in 

the third.

6. In the control plots bare ground increased throughout the study 

period.

First Greenhouse Study

Table 11 presents the damage caused by the herbicides to both 

mesquite and catclaw acacia as well as the results of the Duncan's 

multiple range test applied to the means of percentage damage caused by 

the treatments to the plants.

The statistical analysis of the data indicated that the spray 

treatment was more effective than soil application when averaged across 

treatments. The difference was significant at the 5% level with 

mesquite seedlings and at the 17. level with catclaw acacia. These 

results show the greater effectiveness of all treatments under the 

spray method on both species except the treatment 4 upon mesquite.

The herbicide treatments were significantly different from the 

control at 17. level on both species. Tebuthiuron and buthidazole were 

more effective on mesquite than on catclaw acacia.



Table 11. Average percentage damage caused to mesquite and catclaw acacia seedlings by 
herbicides under two methods of application^

Mesquite

Treatments
Spray
Method

Soil Applied 
Method Total Average

1. Tebuthiuron 807. W 1 Kg (a.i.)/ha 57.70 38.20 95.90 47.95 b
2. Tebuthiuron 807. W 2 Kg (a.i.)/ha 8 6 . 1 0 75.30 161.40 80.70 ab
3. Buthidazole 507. W 1 Kg (a.i.)/ha 99.30 67.00 166.30 83.15 a
4. Buthidazole 507. W 2 Kg (a.i.)/ha 90.00 94.30 184.30 92.15 a
5. Check 5.00 4.30 9.30 4.65 c

Method average 67.62 55.82 123.44 61.72

Catclaw acacia

1. Tebuthiuron 807. W 1 Kg (a.i.)/ha 39.20 10.90 50.10 25.05 be
2. Tebuthiuron 807. W 2 Kg (a.i.)/ha 96.50 51.80 148.30 74.15 a
3. Buthidazole 507. W 1 Kg (a.i.)/ha 80.60 19.50 1 0 0 . 1 0 50.05 ab
4. Buthidazole 507. W 2 Kg (a.i.)/ha 82.50 40.40 122.90 61.45 ab
5. Check 4.30 . 2.80 7.10 3.55 c

Method average 60.62 25.08 85.70 42.85

l-For each species, numbers not followed by the same letter differ significantly 
at the 57. level.



The analysis of variance also indicated that for both species 

there were no differences among replications and there was no inter

action between method and level of application. See Appendix A- 6 for 

analysis of variance.

The measurements of the heights of the plants taken during the 

study period indicated that for the same treatment the growth of the 

plants was shorter in the sprayed than in the soil applied treatments 

(Table 12). Also the data show that on mesquite, buthidazole was more 

effective than tebuthiuron, but on catclaw acacia both herbicides had 

approximately the same effectiveness.

Second Greenhouse Study

Picloram at both rates of application was more effective than 

tebuthiuron on mesquite and catclaw in all kinds of soil, except that 

both herbicides killed 1007. of the mesquite seedlings growing in sand 

(Table 13). Tebuthiuron at 2 Kg a.i./ha rate was more effective than 

at 1 Kg a.i./ha on both species in all kinds of soil, with the excep

tion of loam with mesquite where the relationship was inverse but not 

significantly so. However, the effect of picloram at both rates of 

application was the same on both species in all kinds of soil. During 

the study period, some plants of the check treatments defoliated or 

died but such damage was always less than that occurring on plants 

treated with herbicides.

The different kinds of soils interacted with the herbicide 

treatments. Picloram was somewhat more effective on species growing 

in sand and loam than in sand + peat moss and loam + peat moss. On the
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Table 12. Growth (cm) of mesquite and catclaw acacia during the study period

Treatments

Mesquite Catclaw acacia

Spray
Method

Soil Applied 
Method

Spray
Method

Soil Applied 
Method

1. Tebuthiuron 80% W 1 Kg (a.i.)/ha 39.4 47.5 30.6 51.3

2. Tebuthiuron 80% W 2 Kg (a.i.)/ha 13.2 27.4 7.3 35.4

3. Buthidazole 50% W 1 Kg (a.i.)/ha 1 2 . 0 36.5 20.9 59.7

4. Buthidazole 50% W 2 Kg (a.i.)/ha 1 . 1 8.4 18.6 19.5

5. Check 56.2 6 6 . 6 72.4 70.6



Table 13. Effectiveness (% damage) of the herbicides on mesquite and catclaw acacia in four kinds 
of soill

Treatments
Mesquite 
on sand

Mesquite 
on loam

Mesquite 
on sand + 
peat moss

Mesquite 
on loam + 
peat moss

Catclaw 
on sand

Catclaw 
on loam

Mesquite 
on sand + 
peat moss

Mesquite 
on loam + 
peat moss

Tl Tebuthiuron 
1 Kg a.i./ha 82.00 be 79.48 b 89.64 b 78.16 b 94.30 b 78.34 b 61.38 c 69.72 b

T2 Tebuthiuron 
2 Kg a.i./ha 1 0 0 . 0 0  a 74.82 b 93.32 b 83.70 ab 99.74 a 99.00 a 85.82 b 94.84 a

T3 Picloram 
1 Kg a.i./ha 95.32 ab 1 0 0 . 0 0  a 99.14 a 82.00 ab 1 0 0 . 0 0  a 1 0 0 . 0 0  a 99.32 a 99.50 a

T4 Picloram 
2 Kg a.i./ha 1 0 0 . 0 0  a 1 0 0 . 0 0  a 99.50 a 98.16 a 1 0 0 .0 0 a 1 0 0 . 0 0  a 99.32 a 99.80 a

T5 Check 69.50 be 57.00 b 80.66 c 75.16 c 77.16 c 77.00 b 54.66 c 55.66 c

■^Numbers within the same column not followed by the same letter differ significantly at the 
5% level.

M
VO
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latter two test soils, many plants were recovering by the end of the 

study period. Tebuthiuron was also more effective on the catclaw 

plants growing in sand and loam than in sand + peat moss and loam + 

peat moss but this effect was not apparent with mesquite. These dif

ferences in soil media may be associated with the fact that the herbi

cides were adsorbed on the peat moss thus impairing the absorption of 

the herbicides by the plants or more leaching of the herbicides may 

have occurred in the treatments with peat moss during the waterings. 

Table 13 presents the effectiveness (7. damage) of the herbicides on 

mesquite and catclaw acacia growing in the four different kinds of soil 

and the results of the Duncan’s multiple range test of significance 

applied to the mean damage to the plants caused by each treatment. The 

results of the analysis of variance of each experiment is presented in 

Appendix A in Tables 7 and 8 .

Besides the damage caused to the plants by the herbicides, also 

their growth was taken during the study period. These measurements 

indicated that picloram was highly effective on both species growing in 

all kinds of soil and stunted plant growth more than tebuthiuron in 

most of the treatments. However, these data may not indicate a superi

ority of picloram over tebuthiuron because for some reason the growth 

of the plants on the check treatments were also very short or com

pletely stunted. Table 14 presents the average growth of the plants 
during the study period.

A general conclusion for this study was that generally picloram 

was more effective than tebuthiuron in both species in all kinds of
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Table 14. Average growth (cm) of mesquite and catclaw acacia during 
the study period

Treatments sand loam
sand + 

peat moss
loam + 

peat moss

Mesquite

T^ Tebuthiuron 1 kg a.i./ha 5.0 2 . 6 0 . 0 4.1

T2 Tebuthiuron 2 kg a.i./ha 0 . 0 3.0 4.9 1 . 0

T3 Picloram 1 kg a.i./ha 0 . 0 0 . 0 0 . 0 1.7

T^ Picloram 2 kg a.i./ha 0 . 0 0 . 0 0.3 2.3

T5 Check 0 . 8 1.4 0 . 0 2.3

Catclaw acacia

T^ Tebuthiuron 1 kg a.i./ha 0 . 0 3.9 1 . 1 0.7

Tg Tebuthiuron 2 kg a.i./ha 0 . 0 0 . 0 0.4 1.5

Tg Picloram 1 kg a.i./ha 0 . 0 0 . 0 0 . 0 0 . 0

T4  Picloram 2 kg a.i./ha 0 . 0 0 . 0 0 . 0 0 . 0

Tg Check 1 . 6 2.9 0.9 0.4



soil, and that both herbicides were more effective on the plants grow

ing on sand and loam than those growing on a mixture of sand + peat
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CONCLUSIONS

The results obtained by applying tebuthiuron, picloram and 

buthidazole to velvet mesquite, catclaw acacia and wait-a-minute bush 

in the field and in the greenhouse, justify the following conclusions.

In the Field

1. Wait-a-minute bush was the most susceptible plant to 

tebuthiuron and picloram attaining over 907. death under the lowest rate 

(0.5 lb a.i./acre) of application.

2. All the tebuthiuron formulations killed an increasing percent

age of plants as the rates of application increased.

3. The percentage of bare ground and the perennial grass produc

tion also increased with the increasing rate of application.

4. In most treatments the highest estimated percentage of plants 

killed occurred two years after application.

5. At the rate of 4 lb a.i./acre both tebuthiuron and picloram 

showed about the same effectiveness for control of wait-a-minute bush 

but tebuthiurom was more effective than picloram for velvet mesquite 

and catclaw acacia.

In the Greenhouse

1. The percentage of damaged or killed plants increased as the 

rates of herbicides increased.

2. Tebuthiuron was as effective as buthidazole on both velvet 

mesquite and catclaw acacia.
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3. The application of the herbicides to the soil damaged less 

plants than when sprayed on the plants.

4. The percentage of damage was higher on sand and loam than when 

these soils were mixed with peat moss.

5. Finally, tebuthiuron and buthidazole at the same rate of appli

cation were equally effective in inhibiting plant growth.



APPENDIX A

ANALYSIS OF VARIANCE TABLES
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Table A-l. Analysis of variance for herbicidal effectiveness on
mesquite evaluated in 1975, 1976, and 1977

Source of 
Variance c

Degrees Sum of
)f Freedom Square

Mean
Square

Observed
F

Required F 
57. 17.

1975

Total 29 13,155.26

Replications 1 546.99 546.99 2.37 4.60 8 . 8 6

Treatments 14 9,376.47 669.75 2.90* 2.48 3.70

Error 14 3,231.80 230.84

1976

Total 29 26,962.73

Replications 1 371.99 371.99 1.85 4.60 8 . 8 6

Treatments 14 23,780.86 1,698.63 8.46** 2.48 3.70

Error 14 2,809.88 200.71

1977

Total 29 22,399.21

Replications 1 47.60 47.60 .04 4.60 8 . 8 6

Treatments 14 17,659.94 1,261.42 1.82 2.48 3.70

Error 14 9,691.67 692.26
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Table A-2. Analysis of variance for herbicidal effectiveness on 
catclaw acacia evaluated in 1975, 1976, and 1977

Source of 
Variance

Degrees 
of Freedom

Sum of 
Square

Mean
Square

Observed
F

Required F 
57. 17.

1975

Total 29 27,171.66

Replications 1 146.21 146.21 .26 4.60 8 . 8 6

Treatments 14 19,171.32 1,369.38 2.44 2.48 3.70

Error 14 7,854.13 561.01

1976

Total 29 33,672.69

Replications 1 2 . 2 0 2 . 2 0 . 0 1 4.60 8 . 8 6

Treatments 14 30,684.77 2,191.77 10.28** 2.48 3.70

Error 14 2,985.72 213.27

1977

Total 29 25,697.56

Replications 1 334.67 334.67 00 4.60 8 . 8 6

Treatments 14 20,124.41 1,437.46 3.84** 2.48 3.70

Error 14 5,238.48 374.18
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Table A-3. Analysis of variance for herbicidal effectiveness on
wait-■a-minute bush evaluated in 1975, 1976, and 1977

Source of 
Variance

Degrees 
of Freedom

Sum of 
Square

Mean
Square

Observed
F

Required F 
5% 17.

1975

Total 29 26,271.50

Replications 1 227.43 227.43 8.25* 4.60 8 . 8 6

Treatments 14 25,658.11 1,832.72 66.48** 2.48 3.70

Error 14 385.96 27.57

1976

Total 29 24,585.99

Replications 1 26.61 26.61 .76 4.60 8 . 8 6

Treatments 14 24,066.89 1,719.06 48.86** 2.48 3.70

Error 14 492.49 35.18

1977

Total 29 15,795.51

Replications 1 150.57 150.57 3.27 4.60 8 . 8 6

Treatments 14 15,000.04 1,071.43 23.26** 2.48 3.70

Error 14 644.90 46.06
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Table A-4. Analysis of variance for percentage of bare ground 
evaluated in 1975, 1976, and 1977

Source of 
Variance

Degrees 
of Freedom

Sum of 
Square

Mean
Square

Observed
F

Required F 
57. 17.

1975

Total 29 10,714.14

Replications 1 16.70 16.70 .37 4.60 8 . 8 6

Treatments 14 10,060.39 718.60 15.79** 2.48 3.70

Error 14 637.05 45.50

1976

Total 29 2,233.83

Replications 1 5.96 5.96 .28 4.60 8 . 8 6

Treatments 14 1,930.43 137.89 6.49** 2.48 3.70

Error 14 297.44 21.25

1977

Total 29 2,956.42

Replications 1 15.60 15.60 .16 4.60 8 . 8 6

Treatments 14 1,586.34 113.31 1.17 2.48 3.70

Error 14 1,354.48 96.75



Table A-5. Analysis of variance for perennial grass production evaluated in 
1976 and 1977

Source of 
Variance

Degrees 
of Freedom

Sum of 
Square

Mean
Square

Observed
F

Required F 
57. 17.

1976

Total 29 2,111,930.30

Replications 1 3,696.30 3,696.30 .09 4.60 8 . 8 6

Treatments 14 1,512,137.80 108,009.84 2.54* 2.48 3.70

Errors 14 596,096.20 42,578.30

1977

Total 29 6,422,539.47

Replications 1 83,846.53 83,846.53 .84 4.60 8 . 8 6

Treatments 14 4,934,568.47 352,469.18 3.51* 2.48 3.70

Error 14 1,404,124.47 100,294.61



Table A-6. Analysis of variance for herbicidal effectiveness on mesquite and catclaw 
acacia, from the first greenhouse study

Source of 
Variance

Degrees 
of Freedom

Sum of 
Square

Mean
Square

Observed
F

Required F 
57. 17.

Mesquite
Total 39 33,618.09
Replication 3 469.73 156.58 .67 2.96 4.60
Level of Application 4 24,274.91 6,068.73 26.02** 2.73 4.11
Method 1 1,639.82 1,639.82 7.03* 4.21 7.68
Method x level 4 935.65 233.91 1 . 0 0 2.73 4.11
Error 27 6,297.98 233.26

Catclaw acacia
Total 39 31,313.54

! Replication 3 2,223.44 741.15 2.30 2.96 4.60
Level of Application 4 13,268.83 3,317.21 10.30** 2.73 4.11
Method 1 5,594.17 5,594.17 17.37** 4.21 7.68
Method x level 4 1,533.20 383.30 1.19 2.73 4.11
Error 27 8,693.90 322.00



Table A-7. Analysis of variance for herbicidal effectiveness on mesquite on four 
kinds of soil from the second greenhouse study

Source of 
Variance

Degrees 
of Freedom

Sum of 
Square

Mean
Square

Observed
F

Required F 
57. 17.

Mesquite on sand
Total 24 8,531.60
Replications 1 3,208.14 802.04 6.13** 3.01 4.77
Treatments 4 3,228.89 807.22 6.17** 3.01 4.77
Error 16 2,094.57 130.91

Mesquite on loam
Total 24 10,177.44
Replications 4 659.68 164.92 .78 3.01 4.77
Treatments 4 6,150.32 1,537.58 7.31** 3.01 4.77
Error 16 3,367.44 210.47

Mesquite on sand +
peat moss
Total 24 2,471.58
Replications 4 12.64 3.16 .09 3.01 4.77
Treatments 4 1,924.84 481.21 14.42** 3.01 4.77
Error 16 534.10 33.38

Mesquite on sand +
peat moss
Total 24 6,409.21
Replications 4 1,121.14 280.29 1.29 3.01 4.77
Treatments 4 1,805.25 451.31 2.07 3.01 4.77
Error 16 3,482.82 217.68



Table A-8. Analysis of variance for herbicidal effectiveness on catclaw acacia 
on four kinds of soil

Source of Degrees Sum of Mean Observed Required F
Variance of Freedom Square Square F 57. 17.

Catclaw on sand
Total 24 3,683.93
Replications 4 257.29 61.82 1.08 3.01 4.77
Treatments 4 2,520.46 630.12 1 1 .0 0 ** 3.01 4.77
Error 16 916.18 57.26

Catclaw on loam
Total 24 5,001.72
Replications 4 55.31 13.83 .36 3.01 4.77
Treatments 4 4,332.46 1,083.12 28.23** 3.01 4.77
Error 16 613.95 38.37

Catclaw on sand +
peat moss 
Total 24 9,244.59
Replications 4 219.98 55.00 .51 3.01 4.77
Treatments 4 7,290.94 1,822.74 16.82** 3.01 4.77
Error 16 1,733.67 108.35

Catclaw on loam +
peat moss 
Total 24 9,775.30
Replications 4 893.02 223.26 1.37** 3.01 4.77
Treatments 4 6,269.50 1,567.37 9.60** 3.01 4.77
Error 16 2,612.78 163.30
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