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ABSTRACT

Rangeland plots were treated with a variety of 
herbicides to determine the most effective means of control
ling weeds and preserving established perennial grasses. 
Atrazine, dalapon, dicamba, linuron, diuron, DCPA, and 
tebuthiuron were applied preemergence. Picloram, MSMA, di
camba, glyphosate, 2,4-D, and paraquat were applied to the 
foliage (postemergence). Each group of herbicides was 
examined in winter and summer of 1977.

Preemergence winter applications were unsatisfactory. 
Dicamba (2 kg/ha) was the most effective and removed 88# of 
the dormant winter weeds. Postemergence application of 
glyphosate and picloram were the most effective. Most of 
the summer treatments allowed good to excellent control of 
both broadleaf and grassy weeds. Atrazine and dicamba 
(2 kg/ha) gave 97-100# control. Tebuthiuron (1 kg/ha) re
moved all of the annual summer weeds. DCPA was more effec
tive on grassy weeds than broadleaves, diuron controlled 
93-100# and dalapon removed 90# of the annual weeds. Post
emergence summer treatments showed that dicamba, MSMA, and 
picloram (2 kg/ha) removed all weeds. More broadleaf weed 
control was obtained with 2,4-D (0.5, 1 and 2 kg/ha). Se
vere, but temporary, grass stands damage followed 2 kg/ha
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applications of picloram and paraquat. Dalapon caused 67# 
damage.



CHAPTER 1

INTRODUCTION

In many parts of the world including the western 
regions of the United States, large acreages of rangeland 
are being seeded to a variety of perennial grasses. The 
establishment of these grasses is difficult in areas in
fested with annual weeds such as downy brome (Bromus tec- 
torum L.). Weeds severely compete with perennial grass 
seedlings for moisture, nutrients, and sometimes light.
These annual weeds have many undesirable characteristics, 
and rangeland can be improved if weeds are replaced by more 
desirable forage species. One way of increasing range 
productivity is by controlling the annual weeds with herb
icides and reseeding. In the past, the effects of chemicals 
on all species on a range site, or even on only important 
species, seldom has been determined. This is apparently 
due both to lack of interest and to inadequate methods 
(Housten 1977).

Even when good vigorous stands are obtained, the 
cost and time involved in controlling the weeds and estab
lishing perennial grasses are greater than for most other 
crops. There is no income from the land during the year 
of establishment.
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2
This study at the Santa Rita Experimental Range 

concerns the response of annual weeds and desirable peren
nial grasses to a number of herbicides administered at four 
different rates: 0, 0.5, 1 and 2 kg/ha. The herbicides
used in preemergence applications include: atrazine /2-
chloro-4-(ethylamino)-6-(isopropylamino)-5-triazine/, dalapon 
(2,2-dichloropropionic acid), linuron /3-(3,4-dichlorophenyl)- 
1-methoxy-l-methylurea/, DCPA (dimethyl tetrachloroterephthal- 
ate), diuron /3- ( 3 ,4-dichlorophenyl)-1,1-dimethylureay7, 
dicamba (3,6-dichloro-o-anisic acid), and tebuthiuron /i-(5- 
tert-butyl-l,3,4-thiadiazol-2-yl)-l,3-dimethylureq/. The 
following herbicides were used in postemergence applications: 
2,4-D Z(2,4-dichlorophenoxy) acetic acid/, dicamba, glyphosate, 
/N-(phosphonoethyl) glycine/, MSMA (monosodium methanearsonate), 
paraquat (1,1 '-dimethyl-4,4'-bipyridinium:ion), and picloram 
(4-amino-3,5j6-trichloropicolinic acid.



I

CHAPTER 2

REVIEW OF LITERATURE

Herbicide Studies on Annual Weeds and 
Establishment of Perennial Grasses

Evans, Eckert and Kay (1967) found that paraquat 
at O .56 kg/ha and higher gave adequate and consistent control 
of downy brome for establishment of perennial grasses. 
Establishment of intermediate or pubescent wheatgrass /Agro- 
pyron intermedium (Host) Beauv. and A. trichophorum (Link) 
Richtv7 was better than crested wheatgrass /A . desertorum 
(Fisch.) Schuli/. Weed control and establishment of peren
nial grasses were influenced by precipitation, site poten
tial, and weed population at different locations in different 
years. A previous study by Evans and Eckert (1965) showed 
that paraquat gave 98# control of downy brome at 0.8l kg/ha. 
This high percentage control was due to the use of S-22 
surfactant /(NX-77) alkylaryIpolyoxyethylene glycols/. This 
result is in agreement with later studies by Young, Evans 
and Kay (1971) In which they found that the use of S-22 
surfactant increased the efficiency of paraquat in control
ling downy brome. Medusahead plants /Taeniatherum asperum 
(Sing.)/ from 23 sources were susceptible to paraquat at

3



4
Davis, California, but were resistant to applications of 
this herbicide at Reno or Stead, Nevada (Young et al. 1971)•

Kay (1968) showed that paraquat removed annual weed 
grasses from the pastures of subclover (Trifolium subterra- 
neum L.) and hardinggrass /Rhalaris tuberose L., var. 
stenoptera (Hack.) Hitched with only temporary damage to 
these species. Total forage production was unchanged and 
forage quality was improved. He concluded that all treat
ments which included spraying, mowing, or combinations of 
the two reduced the ground cover of annual grasses from 
66# on checks to 23# on the treated plots. When applied to 
early growth stages, paraquat removed woody grasses from 
the seedlings of both rose clover (Trifolium hirtum All.) 
and subclover (Trifolium subterraneum L.), with only tem
porary damage to the clovers.

Bowen (1967) studied the effects of rainfall, soil 
pH and organic composition, temperature, and radiant energy, 
as they influenced the preemergence application at 4.5 kg/ha 
of diuron on fields of sugarcane (Saccharum offlcinarum L.). 
He found that all of the above factors except organic compo
sition of the soil had a significant effect on the resultant 
period of weed control. A highly significant negative 
correlation was obtained between net days of control and 
the percent organic matter....This relationship was valid 
throughout the 6 .9  to 1 6.3# range of organic matter. An



5
earlier study by Selman and Upchurch (1963) found that, under 
laboratory conditions, the diuron toxicity in controlling 
annual weeds increased as the pH rose from 4.0 to 7 .0 .

Arnold and Santelmann (1966) noted in greenhouse 
studies that picloram prevented germination of sideoats 
grama /Bouteloua curtipendula (Michx.) T o r r b i g  bluestem 
(Anderopogon gerardi Vitman), switchgrass (Panicum virgatum 
L.), and blue grama /Bouteloua gracilis (H.B.K.) Lag./. In 
both the greenhouse and the field, picloram significantly 
reduced plant numbers of all species when it was applied at 
1.7 kg/ha or more. Scifres and Halifax (1972) did not agree 
with Arnold and Santelmann (1966). They found that picloram 
did not influence germination of rangegrasses, but differen
tially regulated post-germination growth of their seedlings. 
In petri dishes, radicle elongation of buffalograss /Buchloe 
dactyloides (Nutt.) Eleyelm*/, sideoats grama, and switch- 
grass was reduced by 125 ppb piclorum; whereas, shoot 
elongation was not retarded by 1 ,0 0 0 ppb.

Young and Evans (1970) found that preemergence 
applications of 0.34 kg/ha of picloram sufficiently sup
pressed competition from downy brome or medusahead and 
associated broadleaf species to allow the marginal estab
lishment of intermediate wheatgrass seedlings. A later 
study by Gesink, Alley and Lee (1973) supported these 
findings in Wyoming. They reported that 0.54 and 1.12 kg/ha



6
of picloram effectively controlled broom snakeweed 
(Gutierrezia sarothrae /Pursh.J Britt. and Rushy.) on a 
blue grama range. In addition, they found that although 
blue grama was initially injured by the picloram application, 
there was an over all renovating effect on the range. In 
addition to eliminating undesirable plants, picloram 
applications resulted in notable range improvement as meas
ured five years after treatment.

Canode and Robocker (1966) concluded that most of 
the annual weeds commonly found in Kentucky bluegrass (Poa 
pratensis L.) seed fields in Washington were controlled by 
dicamba, although it caused some injury to the Kentucky 
bluegrass seedlings. In each trial, however, seedling 
grasses injured by dicamba recovered and became established. 
In Oregon, these workers found that downy brome and rattail 
fescue (Festuca myaros L.) were controlled by dicamba. It gave 
70-100% control when applied soon after the first post
harvest irrigation. Halifax and Seifres (1972) found that 
seedlings of switchgrass, sideoats grama and native vine- 
mesquite (Panicum obtusum H.B.K.) tolerated 0.28 kg/ha of 
dicamba applied preemergence. Shoot production of all three 
species was severely retarded by 1 .1 2 and 2.24 kg/ha.
Overall suceptibility to dicamba was ranked as vinemesquite^ 
switchgrass > sideoats grama.



Wicks, Fenster and Burnside (1965) found that atra- 
zine was the most successful herbicide for the control of 
downy brome on grassland in Nebraska. Other studies con
ducted by Evans e.t al. (1969) supported these results.
During revegetation of big sagebrush (Artemisia tridentata 
Nutt.) rangeland in Nevada and northeastern California, atra- 
zine was the most successful of the 13 herbicides used for 
controlling downy brome and associated annual weeds. They 
applied atrazine at 1.12 kg/ha and found that it had three 
essential characteristics: long period of activity, good
spectrum of weed control, and good -relative preemergence 
and postemergence phytotoxicity. Housten and Hyder (1976) 
and Hyder and Bement (1964) concluded that atrazine effec
tively controlled sixweeks fescue /Vulpia octoflora (Walt.) 
Rydb.y.

A study by Kay (1971) demonstrated that application 
of atrazine to intermediate wheatgrass increased forage 
yields, plant protein and nitrate over a four year period. 
Eckert (1976) has shown that atrazine at 0.54 kg/ha was the 
best herbicide treatment based on weed control and growth 
responses of crested wheatgrass. He added that, during the 
following year, the treatment reduced weed yield by 90-100$ 
and reduced reproductive potential by 86$.

Roberts, Markland and Pellett (1966) found that DOPA 
gave 84-100$ control of crabgrass (Digitalis spp.) when used

7



preemergence. They added that the competition between 
mature bluegrass plants and crabgrass seedlings was an 
important determinant of effective crabgrass control with 
preemergence herbicides.

Chadhokar (1976) conducted experiments on pasture 
and fallow-cultivated land heavily infested with a crabgrass 
species /bigitaria insularls (L.) Mez*/. This weed can be 
controlled successfully and further infestation can be 
restricted by improved management. He found that dalapon, 
at 4-6 kg/ha on young stands and at 6-8 kg/ha on old stands 
in 1125 liters of water/ha, sprayed on three to four-week- 
old regrowth after slashing or burning gave complete control.

Marth and Mitchell (1944) and Mitchell and Marth 
(1945) have shown evidence of sensitivity of seedling 
bentgrass (Agrostis spp.) to 2,4-D and injury to Kentucky 
bluegrass when 2,4-D was administered at rates over 0.84 
kg/ha. They found that creeping red fescue (Festuca rubra 
L.) was less sensitive than bluegrass. Nichols and McMurphy 
(1969) stated that increased levels of nitrogen and 2,4-D 
in combination significantly increased the frequency and 
production of perennial grasses over the untreated controls. 
They added that total perennial grass production over three 
years increased over that of the control by 443.52 kg/ha in 
response to 2,4-D (2.24 kg/ha), by 24l.l kg/ha from nitro
gen (134.4 kg/ha), and by 745*5 kg/ha from 2,4-D and

8



9
nitrogen in combination. Peterson (1975) demonstrated that 
2,4-D at 1.68 kg/ha gave 82# control two years after 
application, over a three year period, to a heavy infesta
tion of Canada thistle /Cirsium arvense (L.) Scop./ in a 
timothy red clover (Trifolium pratense L.) sward.

Most studies on tebuthiuron showed that it is a 
highly effective herbicide for total vegetation control.
Ford, Colbert and Warner (1974) conducted a study on the 
use of tebuthiuron for such control of noncrop vegetation. 
They stated that it has several desirable performance 
characteristics, including: control of a broader section
of herbaceous and woody plants than that offered by currently 
available herbicides, demonstrated good stability on soil 
surfaces, with a resultant extension of herbicidal activity. 
Tebuthiuron reduces the rate and frequency of re-applications 
required for maintenance of effective weed control. Edmond
son et al. (1976) substantiated these results. They added 
that areas which have a history of residual herbicidal 
activity from the previous season can use tebuthiuron at 
rates ranging from 1.68-3.36 kg/ha.

A recent study by Stritzke (1976) showed that the 
2.24 kg/ha rate for tebuthiuron appears to be satisfactory 
for the control of most undesirable brush species in grass
land. Selective control of western ragweed (Ambrosia spp.)



and other forbs in bermudagrass has also been possible.
The best result was obtained with 1.12 kg/ha of a wettable 
powder formulation.

Linscott and Hagin (1975) found that glyphosate at 
rates > 1  kg/ha controlled most grass weeds sufficiently to 
allow legume establishment. A recent study by Johnson 
(1976) showed that glyphosate at a rate of 0.6 kg/ha pro
vided satisfactory control of broadleaf annual weeds in 
dormant bermudagrass.

Miscellaneous Herbicide Studies
Johnson (1975) reported that better control of 

broadleaved annual weeds was obtained with a single gly
phosate treatment than with paraquat or a mixture of 2,4-D, 
mecoprop (2-/*(4-chloro-o-tolyl)oxy/ proprionic acid), and 
dicamba.

Red sorrel rumex.in Kentucky blurgrass fields was 
completely controlled by a fall application of dicamba at 
4.5 kg/ha. At 1.12 kg/ha, diuron controlled 90# of the red 
sorrel and at 2.24 and 3.36 kg/ha, it controlled 95# (Canode 
and Robocker (1967).. They found that there.were nonsignificant 
differences in the yield or germination of bluegrass seed 
as a result of applications of the two herbicides.

A study by Vanden Born (1965) showed that spray treat
ment with dicamba and picloram markedly inhibited shoot 
growth from rhizome sections of quackgrass /ftgropyron

10



11
repens (L.) Beauv./ and bromegrass (Bromus inermls Leyss.). 
Established sod of Kentucky bluegrass was not injured by 
dosages of the two herbicides that controlled quackgrass.

Baur and Bovey (1977) studied the effect of picloram 
and tebuthiuron residues on ryegrass (Lolium temulentum L.). 
Spray and granular formulations of picloram and tebuthiuron 
were applied at rates of 1.12 and 3.36 kg/ha. The 3.36 kg/ha 
rate for both formulations of each herbicide was active 326 
days after treatment. Spray and granular formulations of 
picloram applied at 1.12 kg/ha lost herbicidal effectiveness 
204 and 326 days after treatment, respectively. Both spray 
and granular formulations of tebuthiuron at 1.12 kg/ha 
were still active 326 days after treatment. When ryegrass 
was seeded in November and December following the preemer
gence application of the herbicides, all rates and formula
tions of both picloram and tebuthiuron increased ryegrass 
yields.

Atrazine, dicamba, and diuron were promising for 
annual weed control in perennial warm season grasses grown 
for seed production in Nebraska (McCarty and Davis 1963).



CHAPTER 3

THE STUDY AREA

The study was conducted on the Santa Rita Experi
mental Range on the NE £ of section l6, T 19N, R 15E of 
the Gila and Salt River Base and Meridin. The study area 
covered 5>l80 square meters at an approximate elevation of 
1,311 meters.

The soil is a deep loamy sand which belongs to the 
Comoro series (Martin and Reynolds 1973). The vegetation 
in the area includes annual and perennial forbs and grasses. 
The abundance of perennial grasses increases with rainfall 
and elevation. Important perennial grasses include sideoats 
grama /Bouteloua curtipendula (Michx.) T o r r s l e n d e r  grama 
/Bouteloua filiformis (Pourn.) Griffiths<7, spidergrass 
(Aristida ternipes Cav.), Arizona cottontop /bigitaria 
californica (L.) S c o p t a l l  threeawn (Aristida hamulosa 
Henn.), and bush muhly (Muhelenbergia porter! Scribn.).

Spring annuals include a variety of species dominated 
by legumes, crucifers and borages. The most abundant summer 
annual grasses are needle grama /Bouteloua aristidoides (H. 
B.K.)/ and six-weeks threeawn (A. adscensionis L.). Other 
grasses and forbs were found including six-weeks fescue 
(Festuca octoflora Walt.^. phacella (Phacelia_ spp.), and

12



plantago (Plantago sp.). In addition, many mesquite shrubs 
/Prosopis juliflora var. velutina (Woot.) Sarg.^7, prickly 
pear cactus (Opuntia engelmannii Salm-Pyck.K cholla cactus 
(Opuntia spp.), and wait-a-minute bush (Mimosa biuncifera 
Benth.) were found too. These plants were removed from the 
study area mechanically.

A rain gauge has been maintained near the study site 
since 1924. Records for the years (Martin and Reynolds 1973) 
show a mean annual precipitation of 41.75 cm. Sixty percent 
of the rain comes between July 1 and September 3 0. Rain
fall during April, May; and June is so deficient that it 
rarely produces noticeable growth on herbaceous plants.

The area has been grazed and included in various 
pasture rotations since 1903.

13



CHAPTER 4

Z

MATERIALS AND METHODS

Two experiments were conducted on an area containing 
a relatively uniform weed population. One area was for the 
study of winter annual weed control, and the other was for 
the summer annual weed control. Twelve herbicides were 
applied in each experiment, six of them being applied as 
a preemergence and the other six as a postemergence applica
tion. Each herbicide was applied at four different rates:
0, 0.5, 1, and 2 kg/ha.

A randomized block split-plot design was used to 
conduct both experiments. Each experiment contained six 
blocks, three for each of the preemergence and postemergence 
treatments. Each block was divided into six main plots 
with one herbicide applied to each plot. Each main plot 
was divided into four sub-plots, with each sub-plot receiv
ing one of the four rates of application according to that 
design the measurements were:

Block = 48 by 6 m 
Main plot = 8 by 6 m 
Sub-plot = 2 by 6 m

14
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Each herbicide rate was applied in three replica

tions, and all treatments were randomly assigned to the 
plots. Each corner of the plots was staked, and a plane 
table map of plot locations was made (Figures 1 and 2).

Winter Annual Weed Treatments
On February 6, 1977> the first treatment was applied 

to determine the effect of the preemergence application of 
the six herbicides on winter annual weeds. The herbicides 
included: atrazine 80# wp, dalapon 7H& wp, DCPA 75% wp,
dicamba 4 Ib/gal wsc, diuron 80# wp, and linuron 50% wp.

Twenty days after the preemergence treatment, the 
postemergence treatment was conducted. Postemergence is 
relative to the winter annual weeds. Dicamba was used as 
in postemergence treatments, along with five additional 
herbicides. The other five were: 2,4-D 49.5% wsc, gly-
phosate 4l.0# wsc, MSMA 51.3% wsc, paraquat 29.1# wsc, and 
picloram 24.9# wsc.

For both treatments, the spray solutions were ap
plied, at a volume of 200 1 water/ha, by means of a 11.35 1 
compressed air tank in combination with a two-nozzle boom. 
The boom was equipped with No. 8002 Tee-jet nozzle tips. 
Spraying was accomplished with a pressure of 40 psi. The 
sprayer was calibrated as follows: regular flat fan noz
zles— 5 km/hr speed, 4.32 sec/swath, 120 ml/swath, two 
6 m swaths/sub-plot, and 240 ml/sub-plot. Care was taken
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Figure 1. Winter Annual Weed Treatment Plot Arrangement Table Map. HG\
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1 0  2 .5

Paraquat 
1 2 0 3

Plclorom 
2 .9  0 1

Glyphosole 
.9 0 1 2

Dlcombo 
1 0 .9 2

Tebulhluron 
1 0  Z 3

Dluron 
.9 2 0 1

Dalapon 
0 1 .9 2

Alrozlne
. 9 1 0 2

DC PA
0 .9 1 2

Plclorom 
0 2 .9 1

Glyphosole
. 9 0 1 2

Dlcombo 
2 1 .9 0

2.4-D
. 9 0 1 2

MSMA 
1 0  2 .9

Paraquat 
1 2 0 .9

6m

2m

0, 5, 1 ,2 * rote (kg/ho)

Figure 2. Summer Annual Weed Treatment Plot Arrangement Table Map. H
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to minimize drift by wind. The principal objective of the 
treatments was to determine the effects of the herbicides 
on the winter annual weeds in relation to their competitive 
effects on established perennial grasses.

TSP (treble superphosphate), at a rate of 50 kg/ha, 
and NH4NO3 (ammoniom nitrate), at a rate of 80 kg/ha, were 
applied to the plots to improve vigor of the perennial 
grasses. These fertilizers were spread by hand to half of 
the plot. For comparison, the other half was left without 
fertilization.

Laboratory work was carried out to determine soil 
type, percentage of organic matter, moisture content and 
percentage, pH and electrical conductivity, and the amount 
of Cu, Fe, Mn, Zn, Ca, Mg, K and Na in the soil (Blach et al. 
1965). The results of these analyses are given in Table 1.

Summer Annual Weed Treatments
The preemergence treatment was conducted on July 18, 

1977. The same procedure used in the winter was followed 
for the summer annual weed treatments. Linuron was substi
tuted by a granular (pellet) formulation of tebuthiuron 
(2 0.0% granular) to evaluate the effectiveness of this new 
herbicide in controlling summer annual weeds, and reducing 
their competition with perennial grasses. The same rates 
and spraying methods were followed as in the winter, except



Table 1. Soil Characteristics of the Study Area.

Soil Type and Analysis Results
Loamy Sand

Silt 14.44%
Clay 04.?6%
Sand 80.20%

Moisture Content of Soil 0 .53-0 .60%
Soil pH 7.5-8.3
Electrical Conductivity 1.3-2.2 MM
Soil Phosphorus Analysis 6 5 -8 6 ppm
Concentration of Minerals

Ca 87O.O-I3 2 9 .6 ppm
Mg 160.2-294.0 ppm
K 121.0-244.0 ppm
Na 0 .93-2 .1 6 ppm
Fe 8.80-15.30 ppm
Mn 4.96-6.52 ppm
Cu 0 .6 6-1 .0 8 ppm
Zn 0.55-2.00 ppm

Organic Matter Content 0.937-2.91#



for the tebuthiuron which was broadcast by hand, as evenly 
as possible, over the entire plot.

After 21 days of the preemergence treatments and 
after receiving an adequate rainfall to allow the annual 
weeds to emerge, the postemergence treatment was applied.
The herbicide rates and methods were the same as those 
used for the winter postemergence applications.

To determine the winter and spring annual weed 
species present at the study area, samples of these species 
were collected and identified with the help of the Univer
sity of Arizona herbarium. The following species were found: 
six-weeks fescue (Festuca octoflora Walt.), Arizona fescue 
(Festuca arizonica Vasey.), gilia (Gilia sinuata Dougl.), 
wild buckwheat (Eriogonium spp.), wild helotrope (Malaisthrix 
glabrata Gray,), Liranthus bigelovli (Gray) Greene.,
Cryptantha spp., and rock-jasmine (Androsace occidentalis 
Pursh.).

Greenhouse germination of seed from soil collected 
at the study area has shown that the following summer annual 
weeds were present: stinkgrass /Eragrostis cilianonsis (All.)
Link.y', plains lovegrass /Eragrostis mexicana (Hornem.)
Link. L.y, Eragrostis intermedia Hitche.,. Mullago verticilla

20

L., and Sida spp.
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Treatment Evaluation

Evaluation of the winter annual weed treatment was 
accomplished on March 21, 1977> about a month after the post
emergence application date. In this study, the principal 
objective was the determination of the percentage of annual 
weeds killed and the effect of the herbicides on establish
ment of perennial grasses.

The evaluation was carried out by a two-man crew, 
which had been previously trained for consistency by rating 
many plots and comparing their relative evaluations. All 
144 sub-plots were evaluated by each man. Evaluation dif
ferences among crew members were nonsignificant.

Data obtained from the ratings were subjected to 
analysis of variance to determine herbicidal effectiveness 
on the annual weeds, with regard to type of chemical and 
application rate. The analysis of variance for the annual 
weed treatment is described in Appendix A.

For the summer treatments, preliminary ratings were 
made about 20 days after each of the treatments (August 21, 
1977 for the preemergence treatment and September 2, 1977 
for the postemergence treatment). In this study, percentage 
of foliage injury to the perennial grasses, percentage of 
annual grasses controlled, and percentage of broadleaf 
annual weeds controlled were utilized as a preliminary eval
uation of the treatments.
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The data without transformation were subjected to 

an analysis of variance. Herbicidal effectiveness on annual 
weeds and severity of injury to perennial grasses was deter
mined with regard to type of chemic&l, rate, and date of 
application.

The final evaluation of both treatments was accom
plished on October 15, 1977• The same procedure described 
above was followed to determine herbicidal effectiveness for 
annual weed control and injury to perennial grasses.



CHAPTER 5

RESULTS AND DISCUSSION

Control of grass and broadleaf weeds by the eval
uated herbicides ranged from 20 to 100#. Variation in 
weed control resulted when herbicides were tested at differ
ent times of the year. Some herbicides were injurious 
to established perennial grasses. The extent of injury 
ranged from 0 to 67#.

A large number of herbicides were involved in this 
study, therefore, a summary of results is presented for 
each. Table 2 indicates the herbicides, their formulations, 
and method of application.

Atrazine
Winter treatments showed that atrazine, at 0.5 kg/ha, 

controlled an average of 40# of both grassy and broadleaf 
weeds, with variation on individual plots from 20 to 55#.
At 1 kg/ha, atrazine gave almost the same results as 0.5 
kg/ha, while at 2 kg/ha, it gave 43# control of all weeds 
present. In some instances, annual weeds germinated and 
emerged late in the spring when the activity of atrazine 
was sufficiently low to exhibit little or no weed control.
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Table 2. Herbicides Used in the Study— Their Formulations 
and Method of Application.

Herbicides 
(Common Names)

Formu
lations Application Method

Number of 
Applications

Atrazine wpa preemergencec 2
Dalapon wp preemergence 2
DGPA wp preemergence 2
Dicamba wscb pre and postemergence 4
Diuron wp preemergence 2
Linuron wp preemergence 2
2,4-D wsc postemergenced 2
Glyphosate wsc postemergence 2
MSMA wsc postemergence 2
Paraquat wsc postemergence 2
Picloram wsc postemergence 2
Tebuthiuron granular preemergence 1

® wp = wettable powder 
® wsc = water soluble concentrate 9 applied prior to the emergence of annual weeds 

applied after the emergence of annual weeds
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Summer applications of atrazine gave good control 

of both grassy and broadleaf summer annual weeds. At a 
rate of 0 .5  kg/ha, it gave an average of 73# control of 
broadleaf and 96# of grassy weeds. At 1 and 2 kg/ha, it 
gave 90# control of both broadleaf and grassy weeds. Applied 
in the summer at 2 kg/ha, it caused an average of 10# injury 
to the foliage of the established perennial grasses. Injury 
symptoms to perennial grasses had disappeared 40 days after 
application.

The optimum rate of atrazine for satisfactory 
control of grassy and broadleaf weeds was found to be 2kg/ha. 
Atrazine seemed to lose some of its activity in controlling 
weeds by six weeks after the treatment date. Results showed 
that a higher percentage of weed control was obtained two 
rather than six weeks after application. Preemergence 
applications of atrazine gave better weed control in summer 
than in winter, which may be due to the effects of temper
ature and moisture. Since different weed species are present 
in summer and winter, the effectiveness of atrazine may be 
due to the species present at the time of application.

Dalapon
Dalapon was applied preemergence to the weeds in both 

summer and winter. In the winter, average control of weeds 
six weeks after treatment at 0 .5  kg/ha was 20#, at 1 kg/ha was 
42#, and at 2 kg/ha was 45#. Dalapon gave unsatisfactory *
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control in the winter. This may have been due to the 
dormant state of the broadleaf weeds, which seemed to be 
resistant to dalapon. In addition, the arid conditions, 
with an average precipitation of 41.25 cm, may have been a 
factor.

Summer annual weed control by dalapon showed that 
the most effective rate was 2 kg/ha. Data collected two 
weeks after treatment showed that dalapon gave the following 
percentages of control: 10% of broadleaves and J% of grasses
at 0.5 kg/ha, 96% of broadleaves and 50# of grasses at 1 

kg/ha, and 87% of broadleaves and 50% of grasses at 2 kg/ha. 
Foliage injury of established perennial grasses caused by 
dalapon treatment was b% at 0.5 kg/ha, 16% at 1 kg/ha, 
and 20% at 2 kg/ha.

Six weeks after summer application, dalapon provided 
a high percentage of control. Broadleaf weed control was 
80% at 0.5 kg/ha, 83% at 1 kg/ha, and 90% at 2 kg/ha. Grassy 
weed control was 80%, 83%, and 90% at 0 .5, 1 and 2 kg/ha, 
respectively. Injury symptoms to the perennial grass foli
age were observed to increase with rate. An average of 20%, 

53%t and 67% foliage injury was caused by 0 .5, 1 and 2 

kg/ha rates of dalapon, respectively. With consideration 
of damage to the perennial grass foliage, the optimum 
application rate of dalapon for satisfactory control of 
weeds was 1 kg/ha. The effects of dalapon on perennial



grasses is the main reason for not using a high rate of 
dalapon in a rangeland weed control program.

Dicamba
Dicamba was very effective in controlling summer 

weeds in both preemergence and postemergence applications, 
and at all rates. It caused some temporary twisting, 
stunting and chlorosis to the established perennial grasses 
two weeks after application. However, all such symptoms 
subsequently disappeared, and the grasses recovered. Injury 
to the established grasses increased in proportion to the 
rate of herbicide, but good grass stands were obtained on 
all treated plots even when 2 kg/ha was applied. Table 3 
summarizes the percentage of summer weed control and the 
percentage of injury on the established perennial grasses 
caused by dicamba.

Applications of dicamba, prior to weed emergence in 
winter, gave an average of 72$ control of annual weeds at 
the 0.5 kg/ha rate. The same rate provided 60$ control 
when applied after emergence of the winter annual weeds.
At a rate of 1 kg/ha, dicamba gave 82$ and 72$ control of 
weeds in preemergence and postemergence applications, respec
tively, while 88$ and 70$ control was obtained when dicamba 
was applied at 2 kg/ha.

Dicamba was apparently more effective in controlling 
the summer annual weeds than in controlling the winter annual
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Table 3. Summer Annual Weed Control and Injury to the Established Perennial Grasses 
Caused by Dicamba Applied Prior and After Weed Emergence.

percent 6f Foliage 
Injury to the 

Perennial Grasses
Percent of summer 
Annual Broadleaf 
Weed Control____

Percent of summer 
Annual Grassy 
Weed Control

Herbicide 
Rate

Two Weeks 
after

Six Weeks 
after

Two Weeks 
after

Six Weeks 
after

Two Weeks 
after

Six Weeks 
after

(kg/ha) Application Application Application Application Application Application
Preemergence

0.5 13.3 0 100 90 54 90
1 .0 23.3 0 100 97 70 97
2 .0 23.3 5 100 100 90 100

Postemergence
0.5 3.33 0 80 90 74 86

1 .0 1 .6 6 6 80 83 74 76
2 .0 5 8 90 100 80 97

rooo
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weeds (Table 3). Once again, differences in temperature, 
moisture and species composition may have caused these 
different seasonal effects.

Linuron
Linuron was applied only to control the winter 

annual weeds. Preemergence treatments at 0.5, 1 and 2 
kg/ha showed that the percentage of annual weed control 
increased with rate. Linuron at 0.5 kg/ha controlled only 
30# of the weeds, while control percentages increased to 
46# at 1 kg/ha and 62# at 2 kg/ha. Thus, the 0.5 and 1 
kg/ha rates are unsatisfactory. Rates over 2 kg/ha would 
eliminate the annual weeds and give good perennial grass 
stands, but the cost of application at these rates could be 
prohibitive.

Diuron
Diuron was evaluated as a preemergence herbicide 

to control both winter and summer annual weeds. In the 
winter, it failed to give satisfactory results, controlling 
an average of only 35$ of the annual weeds at all rates. 
Summer treatments with diuron gave satisfactory control. 
Rates ranging from 0.5 to 2 kg/ha controlled 90-100# of the 
grassy weeds,.and; 70-93# of the broadleaf weeds. Diuron 
at 2 kg/ha caused an average of 6# injury to the established 
perennial grasses six weeks after application. From a
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practical standpoint, 1 kg/ha adequately controlled annual 
weeds and caused little or no Injury to the established 
perennial grasses, when applied preemergence. Higher 
rates would be required for postemergence applications.

Bowen (1967) has shown that length of effective 
control of annual weeds by diuron is closely correlated with 
the amount of rainfall during the subsequent weed control 
period. My results were consistent with these correlations. 
Less control was achieved in winter, when less rainfall 
occurred during the application period, than in the summer, 
which had somewhat more rainfall.

DCPA
Applications of DCPA prior to emergence of the winter 

weeds failed to give satisfactory control. At rates 
ranging from 0.5 to 2 kg/ha, DCPA gave an average control 
of 37 to 53$. DCPA is a soil active herbicide, and adequate 
moisture at the time of application is important. This was 
probably the main reason for the unsatisfactory weed control 
in winter.

Summer treatments of DCPA gave a satisfactory annual 
weed control. A rate of >  1 kg/ha almost eliminated all 
the grassy weeds with very slight damage to the desirable 
grasses. Broadleaf weed control by DCPA ranged from 57 
to 77# at rates of 0.5 to 2 kg/ha. The optimum application 
rate for both broadleaf and grassy weeds was 1 kg/ha.



31
Picloram

When applied to the foliage at rates of 0.5, 1 and 
2 kg/ha, picloram removed 57> 66 and 90# of the winter 
annual weeds, respectively. At the same rates, it was more 
effective in controlling summer annual weeds. It was, gen
erally, more effective on broadleaf weeds than grassy weeds. 
It controlled 67# of the grassy weeds at 0.5 kg/ha, 77# 
at 1 kg/ha, and 97# at 2 kg/ha. Broadleaf weeds were com
pletely eradicated at 2 kg/ha, and showed 97# control at 
1 kg/ha and 93# at 0.5 kg/ha. Percentage of injury to 
established perennial grasses with the three rates of foliage 
applied picloram ranged from 8 to 23#, and varied signif
icantly with rate.

It is known that, for the most effective weed 
control, picloram application in cropland should be followed 
by irrigation. This, along with low temperatures, may 
explain the unsatisfactory results with winter annual weeds. 
Picloram trials showed that the optimum rate for weed 
control was 0.5 to 1 kg/ha, considering the injury caused 
to perennial grasses with higher rates.

MSMA
Seasonal differences were observed between winter 

and summer applications of MSMA. In winter, MSMA removed 30# 
of the annual weeds at a rate of 0 .5  kg/ha, 36# at 1 kg/ha, 
and 42# at a rate of 2 kg/ha. MSMA applied to the foliage



completely controlled the summer broadleaf and grassy weeds 
at 1 and 2 kg/ha. An average of 83# control of broadleaf 
weeds was obtained with 0.5 kg/ha, which also gave 93# 
control of the grassy weeds. A rate of 2 kg/ha of MSMA 
caused slight injury to the desirable grasses, while 0.5 
and 1 kg/ha caused no injury.

The optimum application rate of MSMA for satisfactory 
control of annual grassy and broadleaf weeds with no damage 
to the desirable perennial grasses was 1 kg/ha. Factors 
such as temperature and moisture availability may have 
caused the significant difference between winter and summer 
weed control.
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Glyphosate
Glyphosate applied to foliage provided slightly more 

weed control in winter than in summer. It controlled 65# 
of the winter annual weeds at a rate of 0.5 kg/ha, 77# at 
1 kg/ha, and 92# at 2 kg/ha. Glyphosate applications in 
summer removed 70# of the summer grassy weeds and 8 3# of 
the broadleaf weeds at 0.5 kg/ha, 80# of grassy weeds and 
53# of broadleaf weeds at 1 kg/ha, and 83# of the grassy 
weeds and 50# of the broadleaf weeds at 2 kg/ha. Damage 
to the established perennial grasses by glyphosate seemed 
to increase in proportion to the rate applied. Rates of 
0.5 and 1 kg/ha caused slight injury, while 2 kg/ha caused 
8# injury to the desirable grasses.
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Apparently, the most important factor influencing 

glyphosate effectiveness in controlling annual weeds was 
amount of rainfall following spray treatment. Hilton et al. 
(197^) found that the occurrence of rain within six hours of 
glyposate application washed off the herbicide before it 
was absorbed by the foliage. My results appear to be in 
apreement with these findings. Summer treatment with 
glyposate was followed by a slight rainfall, which may have 
reduced its effectiveness for controlling summer weeds as 
compared with the other herbicides and with the winter 
treatments.

2,4-P
Winter applications of 2,4-D to the foliage were 

450 effective at 0.5 kg/ha, 470 at 1 kg/ha, and 830 at 2 
kg/ha in controlling winter annual weeds. Rates of 0.5 and 
1 kg/ha of 2,4-D reduced the summer broadleaf weeds slightly 
more than grassy weeds. Two weeks after treatment, these 
rates gave 900 control of broadleaf and 80-870 of the grassy 
weeds. At a rate of 2 kg/ha, 2,4-D completely removed the 
broadleaf weeds and gave 930 control of grassy weeds.
Damage to the perennial grasses was slight with 1 and 2 
kg/ha, and absent with 0.5 kg/ha rates.

From both economical and practical standpoints, a 0.5 
kg/ha rate of 2,4-D appeared to be the optimum rate for 
control of annual broadleaf and grassy weeds.
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Paraquat

In winter treatments, paraquat at 0.5 kg/ha gave 
60$ control of the winter annual weeds, and at 1 to 2 kg/ha, 
it gave an average of 87# control. Foliar spraying of 
paraquat in the summer gave almost complete control of the 
broadleaf weeds at 2 kg/ha, and 90% at 0.5 to 1 kg/ha, within 
two weeks of treatment. Paraquat appeared to be less effec
tive on summer grassy weeds than on broadleaf weeds. Rates 
of 0.5, 1 and 2 kg/ha gave an average of 80%, Q0% and 93% 

control of grassy weeds, respectively. Data collected six 
weeks after treatment showed that paraquat had started to 
lose some of its effectiveness for controlling annual weeds.

High rates of paraquat caused a high percentage of 
mortality to the established perennial grasses. A rate of 
2 kg/ha caused an average of 67% injury to the perennial 
grasses two weeks after the application. The extent of 
injury had decreased to 23% four weeks later. Lower rates
of paraquat were more favorable to the desirable grasses.

\

Only slight damage was caused with the 0.5 and 1 kg/ha rates.
In general, successful establishment of perennial 

grasses will be achieved by either winter or summer treat
ment with paraquat. Considering the satisfactory annual 
weed control and minimal damage to the desirable perennial 
grasses, the optimum application rate was 0.5 kg/ha.
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Tebuthiuron

A granular formulation of tebuthiuron was applied 
prior to the emergence of warm-season annual weeds at rates 
of 0.5i 1 and 2 kg/ha. Evaluation of the treatments, after 
six weeks, showed that tebuthiuron at 2 kg/ha completely 
controlled all of the summer broadleaf weeds and 93# of 
the grassy weeds. A rate of 1 kg/ha gave complete control 
of both broadleaf and grassy weeds. An average of 83# 
control of all weeds was obtained when 0.5 kg/ha was applied.

Rates of 0 .5 and 1 kg/ha of tebuthiuron caused 
slight damage to the desirable perennial grasses, while 
higher rates caused an average of 10$ injury. It appeared 
that the optimum application rate of tebuthiuron was 1 kg/ha, 
which controlled annual weeds and obtained good establish
ment of perennial grasses.

Summary
Tables 4 and 5 summarize the effectiveness of 

herbicides in controlling annual weeds and in establishing 
perennial grasses, for both pre and postemergence treatments 
during winter and summer.

Forage production of perennial grasses on the treat
ment plots was not measured by mowing and weighing the forage, 
since the inadequate plot size made it difficult to measure 
improvement in productivity. However, by comparing the 
treated plots with the check plots, it was determined that



Table 4. Effect of Preemergence-applied Herbicides on Weed Control and Damage 
to the Established Perennial Grasses.
Data were collected six weeks after treatment.

Rate
Herbicide (kg/ha)

Winter Application Summer Application
Percent Broadleaf + 
Grassy Weed Control

Percent Grassy 
Weed Control

Percent Broadleaf 
Weed Control

Percent Injury to 
Perennial Grasses

Atrazine 0.5 4o 73 73 31 37 97 93 8
2 43 97 97 8

Dalapon 0.5 16 80 8o 17
1 42 03 83 532 43 90 90 67

Dlcamba 0.5 72 100 93 0
1 82 100 97 0
2 88 97 100 57

Linuron 0.5
1 32
2 62

Dluron 0.5 30 93 73 0
1 38 93 77 0
2 35 100 93 6

DCPA 0.5 40 90 57 0
1 37 100 77 0
2 53 100 6 l 0

Tebuthiuron 0.5 83 83 31 100 100 6
2 93 100 10

Ud



Table 5. Effect of Postemergence-applied Herbicides on Weed Control and Damage 
to the Established Perennial Grasses.
Data were collected four weeks after the winter treatment and six 
weeks after the summer treatment.

Winter Application Summer Application
Herbicide (kg/ha)

Percent Broadleai1 + 
Grassy Weed Control

Percent Grassy 
Weed Control

Percent Broadleaf 
Weed Control

Percent Injury to 
Perennial Grasses

Picloram 0.5 : 67 93 8
l 77 97 20
2 90 97 100 23

MSMA 0.5 30 93 83 01 26 100 97 02 42 100 100 6
Dicambe 0.5 60 90 83 01 72 100 93 02 70 100 100 5
Glyposate 0.5 65 70 43 01 77 60 53 22 92 83 50 0
2,4-D 0.512 1

87
77
97

8100
0
*

Paraquat 0.5 6o 80 77 61 87 80 80 132 87 93 87 23

U)-o
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a good stand of perennial grasses was obtained. It was 
observed that foliage cover improved on treated plots, 
when followed by a fertilization program. Annual weed 
density was also increased with fertilization application.

The analysis of variance for the percentage of weed 
control by the winter treatments (Table A.l) showed a sig
nificant effect of rate, herbicides applied, and date of 
application. It also showed significant interactions between 
rate, herbicide, and date of application. Analysis of var
iance of the treatments applied to control summer annual 
broadleaf and grassy weeds showed highly significant results. 
A significant interaction was obtained between herbicides 
and time of application; and between herbicide, rate, and 
time of application for the broadleaf weed control (Table 
A .2). Treatments for grassy weed control also showed sig
nificant results (Table A.3). Analysis of variance of 
the injuries resulting from summer herbicide application 
(Table A.4) showed a significant interaction between her
bicide, rate, and time of application.

In general, differences among summer treatments 
showed a higher degree of significance than did the winter 
treatments. These differences may be caused by factors 
such as availability of moisture, favorable temperature, 
weed density, and weed species.



CHAPTER 6

CONCLUSIONS

This study has identified herbicides that will 
satisfactorily control weeds and provide a good establish
ment of desirable perennial grasses. Preemergence winter 
treatments demonstrate that a single application of dicamba, 
at 2 kg/ha, controls dormant annual weeds during the winter. 
Results also show that postemergence application of picloram, 
glyphosate, and 2,4-D at 2 kg/ha, and paraquat at 1 kg/ha 
give satisfactory control of the winter weeds. A fertili
zation program following herbicide treatment helps estab
lishment of a good stand of desirable grasses.

The best time for herbicide application is in summer. 
Data show that most of the herbicides applied prior to 
emergence of the summer annual weeds gave satisfactory to 
excellent control of both broadleaf and grassy weeds.
Dicamba, again at the rate of 2 kg/ha, shows promise in 
controlling summer annual weeds. Atrazine and diuron, also 
applied preemergence at the 2 kg/ha rate, gave satisfactory 
weed control, whereas dalapon caused a high percentage of 
damage to the desirable grasses. Although dalapon gave 
satisfactory annual weed control, it still cannot be recom
mended in a chemical fallow program for rangeland

39
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improvement. DCPA, at a rate of 1 kg/ha, completely con
trolled the grassy weeds, but gave only 77% control of 
broadleaf weeds.

Dicamba, 2,4-D, MSMA, and picloram applied to the 
foliage at 1-2 kg/ha give the best results for controlling 
summer annual weeds. Application of paraquat at 2 kg/ha 
gives good control but fails to enhance growth of the 
perennial grasses.

In general, control of broadleaf and grassy weed 
species is necessary for the maintenance of productive 
stands of perennial grass. However, there are additional 
ways of enhancing the productivity of such stands. Chemical 
weed control should be used in combination with alternate 
techniques, such as fertilization, rotational grazing, and 
seeding perennial grasses to create good stand cover.
Single applications of herbicides may not be adequate to 
permanently reduce the competition from annual weeds. Thus, 
it may be necessary in many cases to repeat the treatments 
with lower rates.



APPENDIX A

ANALYSES OF VARIANCE

Table A.l Analysis of Variance for Percentage Annual Weed 
Control Based on Preemergence and Postemergence 
Applications of Herbicides in Winter.
Identifications: R = Replications, C = Rate,
B = Herbicides, and A = Preemergence and Post
emergence .

Source DF MS
R 2 2067 .36
C
B 3

5
14736.39 * 3055.56 **A 1 5531.64 ** .

RC 6 184.09 **
RB 10 2 9 0 .3 8
CB 15 253.16
RA 2 451.56
CA 3 1317.52 *

1 363 .41 ;BA 5ROB 30 178 .36 **
RCA 6 7 7 .8 9RBA 10 2 4 4 .2 7 _CBA 15 412.35 *RCBA 30 125.74Total 143

Combination of Sources
Error A 10 2809 .49284.08Error B 22
Error C 30 332.75

148.54Error D 72

* significant at 5# level
** significant at 1# level
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Table A.2 Analysis of Variance for the Herbicidal Effects 
on Controlling Summer Broadleaf Weeds.

42

Identifications: 
and Postemergence

B =
, c .

Herbicides, 
= Rate, and

A = Preemergence 
D = Replications.

Source DF v MS
Significance 

of F
B with A 10 1512.36 .00001
D by B + A by D 

+ A by D by B
22 113.45 .00003

C 3 65032 .18 .00001
A by C 3 71.06 .9810

B by C with A 30 217.18 .00001

Table A.3 Analysis of Variance for the Herbicidal Effects
on Controlling Summer Grassy Weeds.
Identifications: B =
and Postemergence, C =

Herbicides, 
= Rate, and

A = Preemergence 
D = Replications.

Source DF MS
Significance 

of F
B with A 10 312.67 .00001
D by B + A by D 

+ A by D by B
22 34.17 .08506

C 3 74670.54 .00001
A by C 3 2 6 1 .7 8 .00001
B by C with A 30 8 7 .8 6 .00001
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Table A.4 Analysis of Variance for the Herbicidal Damage 
to the Established Perennial Grasses from the 
Summer Treatments.
Identifications: B = Herbicides, A = Preemergence
and Postemergence, C = Rate, and D = Replications.

Source DP MS
Significance 

of F
B with A 10 1264.20 .00001
D by B + A by D 

+ A by D by B
22 9 2 .2 2 .00002

C 3 1533.04 .00001
A by C 3 43.69 .17058
B by C with A 30 211.98 .00001



APPENDIX B

HERBICIDES

MSMA
MSMA, one of the inorganic arsenical compounds, comes 

under many trade names such as: Ansar, Trans-vert, Weed-
vert, and Weed-E-Rad. Currently, it is used extensively as 
a selective postemergence herbicide in cotton and noncrop 
areas for the control of annual and perennial weeds. It is 
used at a rate of 2-5.2 kg/ha in cotton, and at 2.24-4.26 
kg/ha for lawn and ornamentals (Hilton et al. 1974).

2,4-P
One of the widely used herbicides is 2,4-D. It is 

a phenoxy compound. It is a systemic herbicide and is widely 
used for control of broadleaf weeds in cereal crops, suger- 
cane, turf, pastures, and noncropland. It is used postemer
gence for spray application by aerial or ground equipment, 
at rates of 0.28-2.24 kg/ha for most weeds (Hilton et al. 
1974).

Plant roots absorb polar (salt) forms of 2,4-D most 
readily. Leaves absorb nonpolar (ester) forms most readily.
A rain-free period of at least 4 to 8 hr usually is adequate 
for uptake and effective weed control. It is translocated



within the phloem, probably moving with food materials. 
Accumulation of herbicide occurs principally at the meri- 
stematic regions of shoots and roots. It acts as a plant 
growth regulator at low rates, inducing rooting and blossom 
set (Hilton et al. 1974). It was thought to have no biolog
ical activity on insects, but Morton and Moffett (1972) 
found that it prevented egg hatching in honey bees.

Dicamba
Dicamba is one of the chlorinated benzoic acid 

compounds. Banvel is the trade name of the commercial 
formulation of the dimethylamine salt. It is used as a pre
emergence herbicide to control both annual broadleaf and 
grassy weeds (Hilton et al. 1974).

Anderson (1977) has shown that dicamba is very 
readily absorbed by roots and foliage of broadleaved plants, 
and translocated by both the transpiration and phot os ynthate 
streams. The mode of action involves an interference with 
nucleic acid metabolism and disruption of the transport 
system in plants as a result of the massive cellular prolif
eration.

DCPA
DCPA is marketed under the trade name of Dacthal, and 

is a member of phthalic acid herbicides. It is applied, 
generally, at planting times preemergence to the weeds, to



control annual grasses and certain annual broadleaf species 
throughout the United. States. Rates of application are 4.48- 
11.2 kg/ha, depending on soil type and weed population 
(Hilton et al. 1974). It is neither absorbed by foliage nor 
translocated in the plant. It inhibits seed germination, 
with the exact mechanism not yet known.

Dalapon
Dalapon is an aliphatic carboxylic compound. It 

comes under many trade names such as Dowpon M, Dowpon C, 
and Radapon liquid. It is used, generally, for the control 
of annual and perennial grasses in many crops and vegetables. 
It is absorbed by both roots and leaves and is easily washed 
off foliage. Dalapon translocates readily through the plant 
and accumulates in young tissues. It leaches readily in 
soils and is broken down rapidly and completely in soil by 
several organisms (Day, Jordan and Russell 1963; Hirsch and 
Alexander i9 6 0; and Magee and Colmer 1959).

Diuron
Diuron is a member of the substituted urea herbicides. 

It is marketed under many trade names: Karmex, Karmex DL, 
Krover I, and Krover II. Low rates of diuron selectively 
control germinating broadleaf and grassy weeds in crops. At 
higher rates (4.48-17.9 kg/ha), it is a general weed killer. 
(Hilton et al. 1974). Bayer and Yamaguchi (1965) have
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concluded that diuron is most readily absorbed through the 
root system and is translocated upward in xylem. Diuron 
is a strong inhibitor of the Hill reaction (Crafts 1961).

Linuron
Linuron is another member of the substituted urea 

compounds. Its trade name is Lorox. It is like diuron in 
many characteristics. It is applied at rates of 0.56-3 .36 
kg/ha for selective control in crops, and 1 .12-3 .3 6 kg/ha 
for noncropland areas (Hilton et al. 1974). Hill, Evans and 
Vanner (1962) found that linuron is most readily absorbed 
through the root system.

Tebuthiuron
Tebuthiuron, a urea compound, has been tested 

throughout the U. S. A. and Canada for total vegetation 
control on railroad, highway, powerline rights-of-way, and 
industrial sites (Ford, Colbert and Warner 197^)• Results 
from trials conducted by Eli Lilly and Company, State and 
Federal Scientists, and commercial applicators have shown 
that tebuthiuron provides effective, sustained control of 
most herbaceous weeds and many woody plants present in 
noncropland areas. It is marketed under the trade name 
Spike which is an 80# wettable powder. Tebuthiuron exhib
its, limited foliar activity, but is readily absorbed through 
the plant root system.
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Atrazine

Atrazine is a triazine herbicide, and comes under 
many trade names such as: AAtrex SOW, AAtrex 4l , and At-
ratol 8p. Anderson (1977) has shown that the principal 
use of atrazine is the selective preemergence and early 
postemergence control of seedling grass and broadleaved 
weeds in certain croplands and the nonselective control of 
vegetation in noncroplands. It is used in 2.24-4.4$ kg/ha 
for selective weed control, and higher for nonselective 
control. It is useful on rangeland and controls many 
common annual broadleaf weed species.

Atrazine is absorbed through both roots and foliage, 
but it can be washed off foliage by rain. It is translo
cated in the xylem and accumulates in the apical meristems 
and leaves. It is a photosynthetic inhibitor, but may have 
additional effects (Funderburk and Davis 1963; Gysin and 
Knusli I960; Hilton, Jansen and Hull 1963; and Montgomery 
and Freed 1964).

Paraquat
Paraquat is referred to as a bipyridilium herbicide. 

It is a nonselective herbicide and crop desicant. It is 
primarily used for the control of aquatic terrestrial plants. 
Paraquat is also used to control annual grassy and broad
leaf weeds, and to top-kill and suppress the growth of 
perennial weeds (Anderson 1977). Under high light



conditions, paraquat acts essentially as a contact herbicide 
to control green tissue very rapidly. Translocation of the 
herbicide within the plant is limited.

Hilton et al. (1974) indicate that paraquat is 
used for grass seedbed weed control at O .5 6 kg/ha, for 
desiccation at 0.28-0.84 kg/ha, and for general weed 
control at 0.56-1.12 kg/ha.

Glyphosate
Glyphosate is formulated as the isopropylamine salt 

and marketed under the trade name Roundup. It is a rela
tively nonselective, broad spectrum herbicide, and is 
applied at a postemergence, foliar treatment. It is readily 
translocated throughout aerial and underground plant parts. 
It is phytotoxic to most annual, biennial, and perennial 
herbaceous plant species. Glyphosate appears to inhibit 
the aromatic amino acid biosynthetic pathway, and it may 
inhibit or repress chorismate mutase and/or prephenate 
dehydratase (Anderson 1977).

Picloram
Picloram is a picolinic acid derivative introduced 

by the Dow Chemical Company in 1963 under the trade name 
Tordon. It is made in both liquid and dry formulations and 
is also available in mixtures with 2,4-D and 2,4, 5-T.
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Picloram is absorbed by both foliage and roots and 

is translocated at the same rate as the phenoxy herbicides 
(2,.4-D and 2,4,5-T), although not necessarily in the same 
direction (Watson and Mesler 1964).

Hamaker et al. (1963) reported similarity of pic
loram to the phenoxy herbicides in soil leaching charac
teristics. However, they also observed that the sublethal 
dosage of picloram, which gave effects similar to those of 
the phenoxy herbicides, did not produce necrosis of the 
leaves as did the phenoxy herbicides. This indicated the 
possibility of prolonged absorption.

Like other herbicides, the fate of picloram is 
manifold. It is absorbed into the plant by foliage or 
roots or becomes subject to photodecomposition and volatil
ization, if exposed to the atmosphere (Lavake, Wiese, and 
Chenault 1970).
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