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Abstract. Tebuthiuron has been found in soils and plants a decade after application to rangelands in

semi-arid areas. Forage production, length of growing season, and preference by grazing animals

are greater on treated than on untreated areas. It is not understood how these differences occur. Blue

grama forage was assayed for concentrations of N, P, K, Ca, Cu, Fe, Mg, Mn, and Zn in treated and

untreated plants on adjacent paired plots in the field, 6 to 11 yr after tebuthiuron applications at

three locations in Arizona. Only Fe and Mn concentration differed among treatments, being

significantly higher (P = 0.05) in blue grama from treated plots. Nomenclature: Tebuthiuron, N-[5-

(l,l-dimethylethyl)-l,3,4-thiadiazol-2-yl]-AT,JV'-dimethylurea; blue grama, Bouteloua gracilis

(H.B.K.) Lag. ex Griffiths.

Additional index words: Grass, herbicide.

INTRODUCTION

Tebuthiuron is used to control weeds and woody

plants on rangelands (5, 10, 18, 20, 21, 23), and has

been found in soils and grasses a decade after applica

tions (12, 13). Forage production following tebuthiuron

treatments has varied from reduction to several-fold

increases, depending on the species and degree of re

lease from competition (1, 25, 26, 29). Plants had

3- to 6-wk longer growing seasons on some treated

areas than those on adjacent untreated areas (2, 14).

The increased forage production and a longer growing

season could be a result of less weed and woody plant

competition.

Cattle (Bos taurus) and goats {Copra hircus) have

shown a grazing preference for plants on tebuthiuron

treated areas over plants on untreated areas, especially

during the initial year after treatment (2, 15, 16, 19,

24). This preference for tebuthiuron treated plants is not

understood. Plants on treated areas may have a higher

water content than those on untreated areas (2, 28), but

cattle still preferred tebuthiuron-treated plants when

both treated and untreated plants had succulent

regrowth following mowing (24).

Some studies indicated that the protein content of

tebuthiuron treated plants was increased (2, 15, 16, 17).

Other studies indicated little or no difference (1, 28).

Tebuthiuron effects on crude protein have been reported

as being limited to the growing season after treatment

(2, 17); however, crude protein was reported to be

highest in the winter and spring in the diets of goats

grazing on treated areas 3 yr after treatment (16).

Phosphorus content was reported both as being in

creased (2) or not being affected (28). Carotene content

(28) and cell wall contents (2) were not affected. Dry

matter increased without consistent differences in for

age quality (6).

Organic matter digestibility increased the initial year

following tebuthiuron applications (2, 15). Lopes and

Stuth (16) reported that in vitro digestible organic mat

ter was higher in summer and winter on treated areas

than on untreated areas 3 to 4 yr after applications, but

others indicated tebuthiuron did not affect in vitro

digestibility (17). Nitrogen was increased in treated

soils 6 yr after applications in the field (26). However,

soil nitrogen mineralization or nitrification nutrients

were not affected in laboratory studies when tebuthiu

ron concentrations were <1 |ig g"1; but small, tempo

rary, localized effects were reported with tebuthiuron

concentrations of 100 and 1000 jj.g g-1 (8). Soil

tebuthiuron concentrations in the field are usually less

than 1 ug g-1 (3, 12).

The increased palatability of forage plants following

tebuthiuron treatments could result from increased con

centrations of essential elements. The objective of this

study was to determine if tebuthiuron treated and un

treated blue grama plants contained different concentra

tions of nine essential nutrient elements.

'Received for publication Sept. 5, 1990. and in revised form Dec. 18,
1990.

2Res. Agron., Agric. Res. Senr., U.S. Dep. Agric, 2000 E. Allen Rd..
Tucson. AZ 85719.

MATERIALS AND METHODS

Study locations. Three locations in north-central Ari

zona were studied: Drake, north of Prescott; Indian Flat
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and Red Mountain, both north of Flagstaff. Mean an

nual rainfall was 330 mm at Drake, 430 mm at Indian

Flat, and 310 mm at Red Mountain, all with the highest

amounts of rain falling in summer and winter.

All the soils are classed as Mollisols. The soil at

Drake is a Tajo loam, a fine-loamy, mixed, mesic,

Petrocalcic Paleustoll. The soil at Indian Flat and Red

Mountain is a Thunderbird clay loam, a fine, mont-

morillontic, mesic, Aridic Argiustoll.

Pinyon-juniper was the dominant vegetation at all

locations. Blue grama was the major understory grass at

all locations, growing in open areas in the juniper

stands. The study sites were fenced to exclude live

stock.

Treatments. The plots were part of previously estab

lished tebuthiuron efficacy evaluations. At Drake,

pellets containing 160 g ai tebuthiuron kg"1 were ap

plied in April 1975 in a 2.7- by 2.7-m grid pattern on a

non-replicated 16.4- by 19.2-m plot at a rate equivalent

to 2.2 kg ai ha-1 to control Utah junipers [Juniperus

osteosperma (Torr.) Little]. At Indian Flat and Red

Mountain, pellets containing 100 g ai tebuthiuron kg-1

were hand-broadcast at the rate of 4.0 kg ai ha"1 onto

5- by 10-m plots in two randomized complete blocks in

October 1976 and August 1977 to control mixed-spe

cies stands of half-shrubs in open, tree free sites. All

the half-shrubs died on all the plots 3 to 4 yr after

applications.

Plant sampling. Blue grama foliage and culms were

harvested from eight sets of adjacent paired treated and

untreated plots by cutting the plants to a 2.5-cm stubble

height during the last week of September or the first

week of October in 1983, 1985, and 1986. Blue grama

was not uniformly available for collection every year at

each location or plot, especially on untreated plots,

because of dry summers. Plot samples were a compos

ite of approximately equal samples from 10 or more

blue grama clumps randomly selected from throughout

the plot. Current season top growth was collected,

placed in paper bags, dried in a forced-draft oven at 60

C for 48 h, ground in a Wiley Mill to pass a

40-mesh stainless-steel screen, and stored in the dark in

air-tight glass bottles at room temperature.

Assays. Concentrations of Ca, Cu, Fe, K, Mg, Mn, N,

'Mention of trade names does not imply endorsement by U.S. Dep.
Agric. Tcchnicon Industrial Systems. Tarrytown, NY 10591.

4Peikin-Elmer Coip.. Nonvalk. CT 06859.

P, and Zn were determined with duplicate, oven-dry

0.2-g subsamples. In addition, National Bureau of Stan

dards samples and multiple assays of randomly selected

samples were used to confirm the accuracy of the

assays. Following micro-Kjeldahl digestion in a Techni-

con BD-40 Block Digestor3, total N and P were deter

mined with a Technicon AutoAnalyzer EP. Following

nitric-perchloric acid digestion, concentrations of the

remaining elements were determined with a Perkin-

Elmer 403 Atomic Absorption Spectrophotometer4. The

samples were concurrently assayed for tebuthiuron and

tebuthiuron metabolites (13).

Statistical analysis. Data for each element were aver

aged and standard deviations from treatment means

were determined. Each sample represents at least 10

plants, for a total of at least 80 plants for each treat

ment. Because sampled population distributions were

unknown, treatment differences for each element were

determined by the nonparametric Wilcoxson rank-sum

test for matched pairs of samples at the 0.05% level (4).

RESULTS AND DISCUSSION

Iron and Mn were the only elements significantly

higher (P = 0.05) in treated blue grama than in un

treated blue grama 6 to 11 yr after applications (Table

1). The additional Fe and Mn in treated blue grama

forage could be due to elements released from herbi

cide-killed plants; woody plant roots decay slowly (27),

so such effects may last several years. However, low

concentrations of tebuthiuron were found in the soils of

these plots (12) and low concentrations of tebuthiuron

metabolites were detected in concurrently assayed

treated blue grama forage (Table 1, 13). Sublethal

amounts of some herbicides enhance plant growth (30)

as indicated by the long-term increased vigor and

longer green-forage period observed on treated plots in

this study. Thus, the more vigorous treated blue grama

plants may be more efficient in accumulating mineral

nutrients. In addition, since only Fe and Mn concentra

tions were increased, higher Fe and Mn concentrations

in treated blue grama indicate tebuthiuron may enhance

Fe and Mn dependent processes influencing plant

growth.

Iron is essential for chlorophyll formation with small

amounts of Fe firmly bound in the grana of the chlo-

roplast (11). Iron is also in some enzymes, being essen

tial for the prosthetic group of enzymes, and incorpo

rated in more complex molecules, such as Fe porphyrin.
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Table 1. Essential element and tebuthiuron metabolites (TM) concentrations in blue grama from paired tebuthiuron treated (T) and untreated (C) plots at Drake

(DK), Indiana Flat (IF), and Red Mountain (RM) in northcentral Arizona. Each value represents a composite of 10 or more plants.

Location

DK

IF

RM

Mean

SD

Signif.b

yr sample

75/86

76/85

76/86

77/83

77/86

76/86

77/86

77/86

Ca

C T

76307240

505O45S0

38303470

29903710

49303740

46004490

50403760

39103680

47504330

1370 1240

NS

Cu

C T

5

6

3

5

3

3

4

3

4

1

5

S

3

5

4

5

5

3

4

1

NS

Fe

C T

850 990

19202430

670 1430

31804100

13002250

7602260

13601600

690 550

1340 1950

8601090

*

K

C T

42003700

43004990

28002600

42003700

27003290

34002900

27003290

S290S500

37003750

9501010

NS

Elements

Mg

C T

11801090

23002500

16001680

21802420

24602180

21802390

24702200

12401210

1950 1960

S30 560

NS

Mn

C

SO

SO

32

75

40

31

39

41

45

14

*

T

66

62

45

92

5S

57

39

43

57

17

N

C T

79909230

8340 8190

76707910

58507690

92907710

85507950

7630 8190

72S08720

78208200

1020 530

NS

P

C T

910 880

9301000

980 1080

1070 12S0

1210 1080

10401170

11101340

10701440

10401155

99 183

NS

C

15

18

IS

IS

12

13

14

13

15

2

Zn

T

15

20

11

19

14

15

14

10

IS

3

NS

TM»

T

2.3

2.0

2.0

0.6

0.5

2.1

22

2.6

1.8

0.8

"Concurrent tebuthiuron and tebuthiuron metabolites assays reported by lobnsen and Morton (13). Only metabolites detected in these samples.

b* s significantly different at the 5% level according to the Wilcowon rank sums test of paired treated and untreated samples.

Iron is included in several catalysts making up essential

links in the process of respiration, and, as a reducing

substance, also is involved in the electrons passing from

plastoquinone to non-heme Fe-S proteins.

Manganese is essential to chlorophyll formation; al

so, some enzymes contain Mn (10). Manganese may be

involved in non-cyclic transport in photosynthesis and

is implicated in the evolution of oxygen in its multiplic

ity of oxidation states, and in charge storage.

Tebuthiuron kills plants by disrupting photosynthetic

electron transport (9), low concentrations may some

how enhance these systems. Perhaps increased Fe and

Mn concentrations reflect an increase in photosynthetic

efficiency in tebuthiuron-treated blue grama.

Concentrations of the other elements (Ca, Cu, K,

Mg, N, P, and Zn) did not differ significantly between

treated and untreated blue grama (Table 1). Concentra

tions of these elements are similar to previous reports

for this and similar grasses (7, 22). These results agree

with Sosebee (29) who reported P concentration in

forage was not affected by tebuthiuron; however, Bion-

dini et al. (2) reported P increased. Nitrogen concentra

tions did not change; increases (2, IS, 16, 17), and no

change (1, 6, 29) in protein N following tebuthiuron

treatment have both been reported.

Implications. If increased Fe and Mn concentrations in

tebuthiuron-treated blue grama indicates increased pho

tosynthetic activity or efficiency, that can partially ex

plain the reported increased growth, longer growing

season, and better growth during dry periods of treated

grasses than of nearby untreated grasses. If the plant is

more efficient photosynthetically, it might improve

palatability of top growth, thereby causing the reported

selective grazing of tebuthiuron treated grasses by live

stock. Additional root growth could occur due to in

creased photosynthate, resulting in treated plants accu

mulating water and nutrients, including Fe and Mn,

more efficiently than untreated plants. That may ac

count for tebuthiuron-treated grasses having a longer

growing season than untreated grasses.

Long-term effects of sublethal amounts of tebuthiu

ron are indicated by treated blue grama having higher

concentrations of Fe and Mn than untreated blue grama

6 to 11 yr after applications. Low concentrations of

tebuthiuron have been reported in concurrently col

lected soil and plant samples from areas treated a

decade earlier (12, 13). These low concentrations may

be beneficial to plants, as is common for many toxic

materials. However, it is not known if the increased Fe

and Mn concentrations following tebuthiuron applica

tions are limited to blue grama and/or the two soils

used in this study.
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