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ABSTRACT

Greenhouse seeded and field transplanted guayule (Parthenium
argentatum Gray)

'5 9 3 ' was treated with varying rates of four herbi

cides and growth responses were observed.
Diuron

[3-(3,4-dichloromethyl)-l,l-dimethylurea]

[2-chloro-4 s6 -bis(ethylamino)-s-triazine]

applied preemergence at

kg/ha in the greenhouse killed most guayule seedlings.
plants age

2

and simazine
0 . 6

Unhardened

or 4 months were killed by overtop applications of diuron

or simazine at 1.1 kg./ha.

Hardened transplants age 3 months appeared

tolerant to diuron at 1.7 kg/ha applied overtop in the fall.

Hardened

transplants age 3 months were killed the following spring by fall ap
plications of simazine at

1 . 7

kg/ha and injured by

0 . 6

kg/ha.

Seedling guayule survival was not reduced by preemergence ap
plications of 1.7 kg/ha of trifluralin (a.,a.,a-trifluoro-2 ,6 -dinitro-N,
N-dipropyl-jD-toluidine) or pendimethalin [N-(l-ethylpropyl)-3 s4-dimethyl2 9 6 -dinitrobenzenamine].

Seed treatment with the fungicides terrachlor

(pentachloronitrobenzene) and terrazole
2,4-thiadiazole]

[5-ethoxy-3-(trichloromethyl)- 1 ,

sometimes improved seedling survival and tolerance to

trifluralin and pendimethalin 5 but not to diuron or simazine.
Three-month-old guayule grown in peat pots and transplanted into
soil treated preplant incorporated with trifluralin 9 pendimethalin,
diuron, or simazine at 1.7 kg/ha, or combinations of trifluralin or
pendimethalin with diuron or simazine at
vival and growth equal to the check.

0 . 6

kg/ha of each, showed sur

INTRODUCTION

Agriculture in the American southwest has traditionally depended
on irrigation to supplement the sparse annual rainfall received in the
region.

Dryland farming, as practiced in the midwest, has been impos

sible in the semi-arid and desert southwest, where insufficient rainfall,
high summer temperatures, dessicating w i n d s , and soil erosion have
stimulated interest in special crops able to withstand harsh growing
conditions,

Seasonal crops like cotton (Gossypium hirsutum L,), sorghum

[Sorghum bicolor

(L.) M o e n c h ] , h a y , vegetables, -and small grains have

been grown successfully on irrigated land, as have perennial crops like
citrus

(Rutaceae sp,) and pecans

[Carya illinoiensis

(Wangenh)]„

The future prospects for these crops are uncertain.

In Arizona,

rights to diminishing groundwater reserves are being hotly debated be
tween agricultural interests and the rapidly expanding urban population.
It is acknowledged that agricultural use accounts for upwards of 80% of
groundwater pumped in Arizona.

With human needs and the cost of water

certain to increase, it seems only a matter of time before the use of
groundwater for crop irrigation will be restricted or entirely curtailed.
Renewed emphasis has been directed recently toward developing
drought tolerant, indigenous plants as potential replacements for crops
dependent on irrigation.

Industry, government, growers, and researchers

have begun to promote desert adapted plants such as jojoba [Simmondsia
chinensis

(Link) Schneider], buffalo gourd (Cucurbita foetidissima H B K ) ,

1

gopherweed [Euphorbia lathyris

CL.)], and guayule (Parthenium argentatum

Gray) as alternative crops to keep agricultural land in production
despite cutbacks in water allotments or prohibitive increases in water
costs„

Of these "new" crops, only guayule has a significant history

as a commercial enterprise.

The ability of guayule to synthesize long

chain polymers of isoprene, or natural rubber (40)9 makes it a valuable
resource for an essential product commercially available only from
Hevea latex tree plantations elsewhere in the world.

Political and

economic considerations suggest the advisability of developing guayule
as a domestic source of natural rubber.

Lacking has been the committ

ment of government and private business to establish'an industry capable
of converting guayule from a promising alternative into a viable com
mercial enterprise.
More than 30 years
to grow guayule on a large

have passed since the last serious attempt
scale.

The vast majority of current know

ledge concerning guayule is derived from research done under the Emer
gency Rubber Project

(ERP)

("92, 49), which was organized by the federal

government to provide for this country’s need for natural rubber during
World War II,

The findings then form the basis for m u c k of our present

day research, since interest in guayule all but disappeared following
the end of the war and subsequent discontinuation of the E R P ,
Many of the agronomic problems
close attention

during the

of growing guayule received

ERP and can be blended effectively with

current practices and machinery.

One modern practice not extensively

employed at the time of the ERP is the use of herbicides for preplant,
preemergence, and postemergence weed control in agronomic crops.
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Annual and perennial weeds compete with the crop for growing space,
w a t e r , nutrients, and light.

It is recognized that chemical weed con

trol will be an essential part of any effort to grow guayule commercial
ly.

The aim of this paper is to report the results of tests with four

herbicides on the establishment and growth of seedling and transplanted
guayule.

LITERATURE REVIEW

This review considers pertinent information on the ecological
relations and growth of the guayule plant, followed, by a review of the
properties and performance of the four herbicides tested on guayule in
this reporto

Cultural History of Guayule
Guayule was first collected in 1852 by J. M. Bigelow of the
Mexican Boundary survey party and subsequently named Parthenium
argentatum Gray by Professor Asa Gray of Harvard«

Guayule is a member

of the Compositae and is notable as the only member of the genus
Parthenium known to product r u b b e r „

The Aztec indians of Mexico are

reported to have obtained crude rubber from guayule by chewing the
stems and spitting out the rubber gum, which was then fashioned into
rubber balls for games

(40)„

The first commercial production of guayule was during the first
decade of the twentieth century
pany (49) o

By 19.10, 50%

by the Continental-Mexican Rubber Com

of the natural rubber used in the United

States was obtained from

native guayule shrub harvested in Mexico and

Texas *

stands were not extensive enough and regrowth

However, natural

was too slow to support reckless harvesting.

By 1912, many of the

processing mills had begun to close, and when the Mexican Revolution
broke out the remaining mills were abandoned.

5
Efforts by the company to grow guayule continued in Arizona and
California 9 where more

than 2500 ha were planted that produced more

than 1.5 million kg of rubber by the late 1920,s.

The Depression

ruined the rubber, market in the 1930*S 9 and guayule development essen
tially ceased until the ERP was organized in 1942.

This project, in

volving more than 1,000 scientists and 9,000 support personnel, was
responsible for planting "almost 15,000 ha of guayule in California with
a peak yield of 13.5 metric tons of rubber per day from processing mills
at Salinas and Bakersfield.
Just as the ERP appeared to be making significant progress in
the development of guayule as an industry, the war ended and Hevea
latex supplies from southeast Asia became available again.

In addition,

synthetic elastomers and rubber products were introduced and the market
for more expensive guayule rubber began to disappear.
research funds were discontinued.

By 1953, federal

The old plantations were abandoned

and existing plantings were destroyed.
Interest in the potential of guayule did not die, as develop
ment continued in Mexico.

In the United States, interest in guayule

began to revive in the early 1 9 7 0 fs (40, 41)
energy crisis became clear.

as the effects of the

Research is underway to determine the

economic feasibility of guayule in the future.

Ecology and Agronomy of G.uayule

Climate and Distribution
Guayule occurs naturally in the Chihuahuan desert and upland
plateaus of northcentral Mexico and the Big Bend area of southern Texas
(70)o

At its northern limits, guayule occurs no higher than 1,000 m

elevation, while farther south in Zacatecas, Mexico, it is reported at
elevations of 3,000 m.

Guayule is a bushy, perennial shrub attaining

a height of about 1 m during a lifespan of 30 to 40 y e a r s .

In native

stands, guayule propagates itself primarily from adventitious shoots
called retonos which arise from spreading roots at the soil surface.
Propagation by seed appears rare, and may be limited to years or succes
sive years of favorable growing conditions

(80).

In its natural h a b i t a t , guayule occupies a narrow microclimatic
band between true lowland desert and true upland grassland.

In this

habitat it functions either as a mesophyte or xerophyte, depending on
growing conditions.

Guayule occurs sporadically in patches of as little

as 1 ha to several hundred ha in size.

Freedom from competition rather

than preference appears to account for guayule1s establishment in rain
fall regions of 25 to 40 cm annually.

Rainfall over the region is

mainly in the summer months, and the annual mean humidity is about 50%
(80).
The temperature tolerances of guayule were reported by Bullard
(20).

He considered guayule to be moderately cold tolerant provided

the plant was properly hardened off in the fall.

He advised that

guayule not be grown where winter temperatures fell below

- 1 0

C.
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Temperatures above 40 C in the summer did not appear to harm guayule.
An annual mean of 10 to 15 C was considered optimum for shrub growth
and rubber accumulation and best growth occurred at 32 to 35 C»
Guayule is considered to be a "drought enduring" species, re
ferring to its ability to survive periods of severe moisture stress by
going d o r m a n t .

Muller

(80) observed that

6

—month-old seedlings were

able to tolerate drought with no available moisture in the root zone
for 3 months and resume growth when favorable conditions were restored.
Established plants were able to survive drought-induced defoliation for
as much as 75% of every year.
accumulation of

8

Muller found the growth and dry weight

-month-old seedlings grown in the wild similar to that

of 19-day-old seedlings grown in nurseries.
in response to abundant moisture.

Guayule showed good growth

However, rainfall in excess of 64 cm

per year was considered detrimental to rubber production, as was rain
fall of less than 38 cm per y e a r .

Root Behavior
The rooting pattern of a plant is an important trait affecting
cultural practices utilized in growing that plant as a crop.

In 1946,

Co H. Muller, a botanist on the ERP, concluded his exhaustive study of
the root development and ecological relations of guayule (80).
Muller utilized the "bisect-wash" method to examine guayule
roots.

This consists of digging trenches in front of the plant to a

depth estimated to be lower than the depth of maximum root penetration.
The soil is then methodically washed away from the roots while an artist
records the rooting pattern.

Muller characterized the rooting pattern of guayule as that of
a modified taproot that becomes increasingly branched and fibrous with
age.

Under cultivation,

the original taproot became impossible to dis

cern among the fibrous root mass.
Muller found that the roots of wild guayule plants rarely went
below
file.

1

m deep and were concentrated in the top 15 cm of the soil pro
In contrast,

the roots of cultivated plants penetrated below 2 m

in the first year of growth and 4 to

6

m by the second year.

While

roots of wild plants spread laterally 3 to 4 m cultivated plants showed
little lateral root spread.

Muller stated that these rooting patterns

were determined by available moisture and the presence of hardpans or
impenetrable subsoils.

Rainfall in arid lands frequently occurs in

sudden, heavy showers with rapid runoff.

Shallow, spreading root sys

tems are well adapted for absorbing this moisture before it is lost to
runoff of evaporation.
2

Little desert rainfall percolates more than 1 or

m, except in very sandy areas, and deep roots are not always advan

tageous .
Under irrigated cultivation this pattern is reversed, provided
the soil is deep and permeable.

In a variety of soils, such as Anthony

loam at Litchfield Park, Arizona, Lewisville silty clay at San Antonio,
Texas, or Superstition sand at Yuma, Arizona, roots of 2-year-old guayule
transplants followed veins of silt and clay downward through the soil
profile as deep as 5 m.

Areas of pure sand were not well penetrated by

roots, and the average lateral root spread of 30. to 60 cm was approxi
mately equal to the diameter of the shrub depending on stand density.

Muller concluded that soil physical characteristics are the
primary factors determining the rooting pattern of guayule.

Soil Preferences
In the wild

3

guayule occurs intermittently in a wide variety

of sh a l l o w 9 stony soils where competition from other species is minimal
(80).

It has therefore been suggested that guayule is suited to growth

on marginal lands not favorable for other crops

(40 9 41).

Youngs

(127)

and Retzer and Mo gen (.90). studied the behavior of guayule in different
soil types and under varying soil physical conditions.
In a catalog of

6 8

soil types of the Sacramento Valley, Youngs

concluded that guayule should be grown only on loam and sandy loam
soils offering high productivity, easy workability, and little or no
erosion hazard.

Increasing clay content was detrimental to guayule

growth.
Retzer and Mogen went further in their study of 1, 2, and 3-yearold guayule which included 61 sites in California and Arizona, 34 soil
types, and 16 soil p h a s e s .

They listed seven major soil profile types

characteristic of the proposed "Guayule Belt"

(90) spanning the south

west from southern Texas through New Mexico, Arizona, and California as
far north as Salinas.

These profile conditions are:

1

)

good agricultural s o i l s ;

2

)

clay surface and clay subsoils;

3)

sand and gravel subsurface and subsoils;

4)

sand and gravel subsoils;

5)

soils with claypans;

6

)

7)

soils with, h a r d p a n s ;
soils with high water tables.

Overall,

these soils were rated moderate in natural fertility,

despite deficiencies in nitrogen and organic m a t t e r .

Most of the soils

were calcareous and alkaline, with pH values in the range of 7.8 to
8.3,
Retzer and
marginal lands can
ment.

Like Youngs

Mogen vs conclusions were discouraging

to hopes

that

support guayule production without extensive ammend-

(127) and Muller (80), Retzer and Mogen stated that

only good agricultural soils can be considered favorable for commercial
guayule rubber production.

Clay surface and clay subsoils presented

serious problems with drainage, weed and disease control, and poor root
development.

Sandy, gravelly soils were unsuitable because of their low

water holding capacities and low natural fertility.

Claypans, hardpans,

and high water tables that interfered with root development resulted in
smaller shrubs with low rubber percentages.

Plant size and vigor was

always positively correlated with soil depth and permeability.

Highest

rubber percentages were obtained from shrubs grown in deep, permeable,
sandy loam soils subjected to moisture stress several times during the
growing season.
Guayule is tolerant of fairly high concentrations of calcareous
substrata (.80).

It has not been determined whether this indicates a

high need for calcium or merely a high degree of tolerance for calcium.
Youngs

(127) claimed that guayule grew well at pH ranges of 6.5

to 8.5, grew slowly at* pH 4.5, and was killed at pH 10.
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Guayule is not tolerant of high salt concentrations in water or
soil,

Retzer and Mo gen (.89). studied the salt tolerance of guayule and

found it not suited for growth in soils where soluble salts were greater
than 0,3% in the top 1,5 m.
of

0

Plants were killed at salt concentrations

,6 %.
Wadleigh and Gauch (120) found guayule to be sensitive to

magnesium chloride salts, moderately sensitive to sodium chloride and
sodium sulfate, and tolerant of calcium chloride.

Wadleigh et al.

(121)

and Retzer and Mo gen (89) reported decreased rubber yields from plants
grown in salty soils.

Nutrition
Guayule appears to be a low user of the.major nutrients. Tingey
(114) applied various commercial fertilizers to guayule without apparent
benefit to either increased shrub size or increased rubber content.
Tingey noted that his tests were conducted on excellent agricultural
soils at S a l inas, where natural fertility may have been adequate for
crop growth.
Kelley et al.

(65) stated that the slight benefits resulting

from fertilizing, guayule grown on good soils would not justify the ex
tra production expense.
Kelley et al.

(65) and Hunter and Kelley (60) found that while

fertilization usually increased shrub dry weight, rubber yields de
creased.

Similarly, shrub vegetative growth was increased by ample

water supply at the expense of dry weight rubber percentages.

Plants
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grown in soils of moderate fertility and subjected to periodic moisture
stress yielded highest rubber percentages per plant and most rubber per
ha.

Rubber Formation
Benedict

(15) and Bonner (18) stated that

guayule rubber

occurs as a colloidal suspension within individual thin-walled paren
chyma cells of roots and stems.

Unlike Hevea rubber, which occurs in

ducts beneath the bark of the tree, guayule rubber cannot be bled from
the plant by cutting the ducts but must be obtained by harvesting and
processing the whole plant.
Lloyd (70) studied the anatomy and morphology of guayule.

He

stated that rubber is conspicuous in bark, parenchyma, and phloem rays,
but less evident in other plant parts.

Lloyd speculated that rubber

might serve as a food reserve for guayule, but Traub

(116) showed that

rubber is not metabolized by guayule despite the depletion of free
sugars by continued removal of top growth.

Traub concluded that rubber

does not act as a food reserve in guayule.
L i g h t , temperature, and soil-plant moisture relations are be
lieved to be the dominant factors regulating rubber production.
Benedict

(15) reported that these factors interact and no single para-,

meter acts independently of the others.

In the field, maximum rubber

yields were obtained consistently from shrub subjected to alternating
periods of high and low moisture stress during spring, summer, and fall.

Hammond and Polhamus (49) stated that guayule rubber concentra
tion was lowest during rapid vegetative growth and highest when the
plant was stressed for moisture.
Bonner (18) determined that daytime air temperatures of 26 C.
followed by

1 0

C nights optimized rubber percentages in seedling guayule.

Benedict (15) reported that soil temperatures of 26 to 30 C were favor
able for rubber pr o d u c t i o n . •
Rubber percentage in guayule increases with plant age.
and Kelley

Hunter

(60) reported a greater increment of increase in the third

year of growth than in either of the first 2 years.
(90) suggested a production schedule of

2

Retzer and Mogen

years to harvest a shrub con

taining 7 to 9% rubber with a dry weight of 4,500 to 7,500 kg/ha.
Rollins

(93) showed that in the wild, the amount of rubber

produced by guayule may vary with the degree of genetic outcrossing with
mariola (Parthenium incanurn K. B. K.), a related shrub that does not
produce rubber.

Ploidies ranging from 18 to 108 have been described in

guayule, a factor of great importance in the variety of phenotypes expressed.

Disease and Insects
A number of plant diseases have been reported in guayule.
Campbell and Priestly

(23) reported that during the ERP, disease had

not been a severe problem except on poorly drained soils.

A number of

soil-borne diseases were reported, but these could be avoided by care
ful water management.

.■
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Cassidy et al.

(24) reported on insect damage to guayule, ob

serving that damage was usually minor.
nurseries,

Grasshoppers were a problem in

and Lygus sp. damaged seed harvests,

Allen and Thorne (3)

concluded that guayule was an unfavorable host for root knot nematode
(Melodogyne incognita) as excellent rubber yields were obtained from
heavily infested fields in California.

No chronic or catastrophic

problems with diseases or insects were reported.

Direct Seeding and Transplanting
Attempts have been made to establish guayule either by direct
seeding in the field or by transplanting seedlings.
Tingey and Clifford

(115) reported some success in establishing

field nurseries on loam soils via direct seeding, provided well pre
pared seed beds were planted no deeper than 0.5 cm, temperatures were
above 20 C, and the beds were kept moist but not flooded.

Along the

Salt River Valley in Arizona, Taylor and Champagne (112) planted
guayule seed successfully in May at a rate of 150 seed per meter at a
depth of 0.3 cm and irrigated till true leaves appeared on the seed
lings.

At Poston, Arizona, direct seeding in October produced a stand

of 30 seedlings per meter, which when thinned produced plants 10 cm
tall by April.
Many other researchers have encountered severe problems in es
tablishing guayule by direct seeding.

Poor germination, soil crusting,

weed competition, and damping off have been -widespread problems.
McCallum (73) reported how windblown sand destroyed 5 ha of seedling

iguayule in Texas.

McCallum reported that of 200 kg of seed scattered

over 20 ha in Texas, no plants could be found after one year.

He cited

the poor competitive ability of guayule against other plants as the
main limiting factor in this approach to reestablishing stands of guayule
in its native habitat.
Hammond and Polhamus

(49) cited numerous instances where at

tempts at direct seeding guayule ran into problems with b i r d s , disease,
insects, and sprinkler damage.
virtually all nurseries,

Weeds were a constant nuisance in

and resulted in the abandonment of several

plantings when weed growth became unmanageable.

Greater stand survival

with increased competitive ability was achieved by transplanting
guayule seedlings several months of age.

Savings in time, money, and

water use were noticed when nurseries were established by transplanting
instead of by direct seeding.

Weed Control
Recent literature proposing the revival of guayule rubber
production has stressed the importance of weed control (40, 41, 49).
As a perennial crop, guayule faces prolonged competition from annual
and perennial weeds over its 2 to 4 year growing cycle.

Unchecked

weed growth at any stage can reduce plant stands, affect crop quality,
decrease water use efficiency, and impede harvesting.
lems were experienced during the ERP.

Roberts

All these prob

(92) recounted how hand

weeding was a regular necessity on 200 ha of the E R P ’s nurseries in

16
1942.

Even with as many as 3,000 field hands for weeding,

it was de

bated whether further nurseries should be planted if weeds were to be so
serious a problem.
One of the first attempts at selective chemical weed control in
guayule was by Benedict and Krofchek (16).

Weed growth in nurseries at

Salinas caused the loss of 50% of all plants and a 90% reduction in the
growth rate of the survivors.

Benedict and Krofchek applied 6,000 1/ha

of 3:1 water/stove oil to kill weeds without excessive injury to guayule.
Selectivity varied with the age of the weeds and the guayule.

At 2

weeks, the spray killed 14 to 55% of the young guayule, but at 4 weeks
no guayule died.
at 4 weeks
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At 2 weeks, weed kill was 72 to 92%, and when repeated

to 98% of the weeds were killed.

Spraying at air tempera

tures of 20 to 26 C was safe on guayule, but plants were injured at 32 C.
Addicott

(2) described the injury to guayule seedlings from the oil

sprays.

Numerous weeds including London rocket

Johnsongrass

(Sisymbrium irio L.) and

[Sorghum halapense (L.) P e r s .] were resistant to the oil

sprays.
Roberts

(92) reported that even the combined use of mechanical

cultivation plus oil sprays did not provide sufficient control to dis
pense with hand weeding.
In the years since the ERP the science of weed control has
undergone tremendous changes.
tive use in most crops.

,

Herbicides have been developed for selec

Research on weed control in guayule is underway

and some early results have been reported.
Elmore and Elder

(29) investigated the effects of seven pre-

emergence herbicides on the growth of newly established guayule in sandy

loam soils at Tustin, California.

Guayule appeared tolerant to 9 kg/ha

of nitrofen (2s4-dichlorophenyl~p-nitrophenyl ether), 4.5 kg/ha of
oryzalin (3,5-dinitro-N

4

4
,N -dipropylsulfanilamide), 4.5 kg/ha of oxy-

fluorfen [2-chloro-l-(3-ethoxy-4-nitrophenoxy)-4-(trifluoromethyl)b e n z e n e ] , and to

2 . 2

kg/ha of simazine [2-chloro-4,6-bis(ethylamino)-s-

triazine].
Elmore and Elder (30) also determined the effects of five preplant incorporated herbicides on guayule transplants.
tolerant to

2 . 2

Guayule was

kg/ha of trifluralin (a,a ,a-trifluoro- 2 ,6 -dinitro-N,N~

dipropyl-g-toluidine) and 9 kg/ha of napropamide {2-(a-naphthoxy)-N,Ndiethylpropionamide].
Whitworth (124) had several experiments in New Mexico.

In the

greenhouse, guayule seedlings appeared tolerant to 9 kg/ha of DCPA .
(dimethyl tetrachloroterephthalate) and to

0 . 6

kg/ha of pendimethalin

[N - (1 - ethyIpropy 1 )-3,4-dimethy 1 - 2 ,6 -dinitrobenzenamine] applied pre
plant incorporated.

Trifluralin at 0.6 kg/ha caused a 39% stand reduc

tion.
Direct seeded guayule in sandy loam at Clovis, New Mexico was
tolerant of 9 kg/ha of DCPA but pendimethalin at 0.8 kg/ha reduced
stands by 63%.
Four-month-old guayule transplants were tolerant to 1.7 kg/ha
of fluridone

[l--methyl-3-phenyl-5-[3- (trifluoromethy 1 )phenyl]- 4 (1 H)-

pyridinone] and to simazine at

2 . 2

kg/ha when applied as a granular

formulation but not when applied as a wettable powder.
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Another test showed that metolachlor [2-chloro-N-(2-ethyl-6methylphenyl)-N-( 2 -methoxy-l-methylethyl)acetamide]

at

1 . 1

kg/ha and

fluridone at 0.9 kg/ha were not injurious to 2-month-old guayule
transplants.

Diuron [3-(3 9 4-dichloropheny 1 )- 1

9 1

-dimethylurea] and

simazine at 1.7 kg/ha reduced stands by 50%.

Review of Herbicides
The aim of this study was to determine the effect of four
herbicides on g uayule.

In selecting the compounds to be treated, two

main, criteria were considered: . a) was the compound effective on the
spectrum of weeds likely to constitute a problem in guayule grown on
Arizona soils? and b) was the compound currently registered for agri
cultural use?
Trifluralin and pendimethalin are dinitroaniline herbicides
registered for use in a variety of crops

(123).

Both are active against

germinating grasses and broadleaf weeds and are usually soil incorpora
ted before planting.

Diuron is a urea herbicide and simazine is a

triazine herbicide, but their spectrum of activity is similar

(7, 123).

Both control seedling broadleaf weeds and some grasses, selectively
in certain crops and nonselectively in industrial sites.

Because of

their widespread registration and acceptance, trifluralin, pendimethalin,
d i uro n , and simazine were chosen for this study to determine their
potential for selective use in guayule.
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Dinltroanlline Herbicides
Helling (.54) and Parka and Soper (83) reviewed and analysed the
properties and performance of the dinitroaniline herbicides.

Triflur-

alin and pendimethalin are widely-used herbicides in this group, which
is also known as the dinitrobenzamines.
As a group, the dinitroanilines are characterized by low water
solubility, basicity, and strong adsorption to clay colloids and
organic matter in the soil.

They are absorbed by roots and shoots of

plants, but have little or no :activity when applied directly to the
foliage.

In the soil, they cause inhibition of root development and

stunting in susceptible and tolerant plants alike.

Tolerance is usually

a measure of a plant's ability to resume normal root development below
the treated zone of the soil.

Established plants are usually not af

fected as much as seedlings by the dinitroanilines.
pared the relative phytotoxicities of
[Glycine max (L.) Herr.]

1 2

(52) com

dinitroanilines to soybeans

and several weeds.

soybeans include cotton and peanuts

Harvey

Tolerant crops besides

(Arachis hypogaea L.).

Susceptible

crops include sorghum, barley [Hordeum vulgare (L.) P e r s .], and corn
(Zea mays L . ).
The dinitroanilines have not been observed to translocate
appreciably in plants.

Their mammalian toxicity is generally low.

Losses from soil are attributed to volatilization, photodegradation,
and microbial breakdown.

Leaching is negligible.

Under most condi

tions, the dinitroanilines do not persist in soil from one season to
the next.

Concise technical information can be found in the Weed Science

Society of America's Herbicide Handbook (123).
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Mode of Action of the Dinitroanilines
Despite extensive investigation 9 conclusive data to explain the
herbicidal properties of the dinitroamilines is still forthcoming.

In

hibition of root °development is the most frequently cited gross morpho
logical symptom of dinitroaniline activity.

Under most circumstances,

plant death probably occurs due to reduced water absorption as a con
sequence of root inhibition, rather than as a direct function of
poisoning of physiological processes.
Vannoorbeeck (119) found that trifluralin at 0.56 kg/ha caused
brittleness and increased diameter of cotton seedling roots with de
creased dry weight accumulation, especially in the tops of the plants.
Phytotoxic symptoms were more apparent in sandy than in heavy soils.
Anderson et al.

(4) applied several rates of trifluralin at

varying depths of incorporation in a greenhouse study with cotton.
They observed stunting and restriction of lateral root development
wherever roots came into contact with treated soil.

When trifluralin

was incorporated only above the depth of seeding, root development was
unaffected.
Oliver and Frans

(82) studied the effect of soil incorporated

trifluralin on cotton and soybeans.

They found a direct relationship

between the degree of lateral root inhibition and the depth of herbicide
incorporation.

Both soybeans and cotton could be protected from tri-

fluralin injury by planting

1

cm below the depth of incorporation.

Deeper incorporation resulted in increased phytotoxicity, but some com
pensation occurred as new lateral roots developed within
treated layer.

2

cm below the
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The inhibition of lateral root development by the dinitroanilines may not be irreversible.

Mallory and Bayer (72) compared the

response of cotton and safflower (Carthamus tinctorius L . ) to 10 ^ M
concentrations of trifluralin.

After 96 hours exposure, cotton roots

were permanently impaired in their ability to elongate or form new
lateral roots, but the primary roots of safflower resumed growth after
removal from the solution.
Parka and Soper (83) stated that the dinitroanilines normally
do not prevent seed germination, but inhibit seedling development be
tween germination and emergence.

Burnside (21) reported that trifluralin

decreased the "emergence thrust" of soybeans.
The physiological mode of dinitroanline phytotoxicity has been
investigated by many researchers.
Talbert

(110) noted abnormally enlarged and multinucleate cells

in soybean roots treated with trifluralin.

Many cells showed mitotic

disruption, especially in the prophase.
Bayer et al.

(14) reported increased vacuolation and disorgan

ized, precocious differentiation in cotton roots treated with triflura
lin.

A decrease in the extent of meristematic tissue was accompanied

by an increase in radial expansion of the root tip.

The greater sen

sitivity of pericycle and endodermis tissue compared to the root tip
was suggested as an explanation for the lesser inhibition of primary
■

•

/

roots compared to laterals.
Large, polyploid or multinucleate cells were observed by
Hacskaylo and Amato

(44), who considered these cells to be precursors
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to lateral roots.

They also noted the "club-shaped "

ance of emerging radicles,

9

brittle appear

Mitosis was not normal in either cotton or

corn,
Struckmeyer et al.

(107) compared the effects of trifluralin

and pendimethalin on soybeans and snapbeans

(Phaseolus vulgaris L.).

At 1.7 k g / h a 9 pendimethalin caused elongation of primary vessel'ele
ments with disorganized xylem and phloem tissue.
accumulation in roots was evident.

Reduced starch

Trifluralin at 1.7 kg/ha was not

similarly injurious, but at 3.4 kg/ha both herbicides caused mitotic
disruption and disturbances in xylem tissue.
lin appeared mor e phytotoxic than triluralin.

In this test, pendimetha
Field tests by Hamilton

and Arle (47) with cotton indicated that pendimethalin was less in
jurious than trifluralin and gave the best stands of eight dinitroanilines tested.

Jordan et al.

(62) noted that pendimethalin did not

reduce the production of lateral roots in cotton, as did trifluralin.
A rare instance of pendimethalin injury to cotton was reported by
Miller and Carter (75), who noted enlarged growth of cotton stems
above the cotyledonary node, resulting in weakening of the stems and
breakage in strong wind.

They believed the injury was associated with

piling hot, sandy loam around the stems during cultivation, since
painting stems with undiluted pendimethalin from the container did
not cause injury.
Monocots are generally more susceptible to the dinitroanilines
than dicots.

This may be related to the characteristic rooting pat

terns of the two groups, or, as suggested by Hilton and Christiansen
(56), to the higher lipid content of dicots found in a comparison of
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the oil content of 11 species.

The dinitroanilines are lipid soluble

and lipid treatments on soil seeded to b a r l e y 9 wheat
Lo.)5 and millet

(Fanicum miliaceum L.) protected these sensitive crops

from injury by trifluralin.
fective.

(Triticum aestivum

Seed treatment with lipids was not as ef

It was hypothesized that the lipids bound the herbicide and

kept it from reaching sites of phytotoxic action.
The wide variety of anatomical, cytological, and biochemical
effects attributed to the dinitroanilines was reviewed by Parka and
Soper (83).

Behavior of the Dinitroanilines
in the Soil
The dinitroaniline herbicides are usually applied to the soil
and mechanically incorporated before planting.

This is to reduce

losses of the herbicide due to volatilization or photodegradation and
to move the herbicide into proximity with germinating weed seed.

In

teractions between the herbicide and components of the soil may be im
portant in determining the behavior and performance of the herbicide.
Soil texture, moisture, temperature, action of microorganisms, organic
matter co n t e n t , and plant activity are some of the primary factors af
fecting herbicides in the soil.
Reports agree that the dinitroanilines are strongly adsorbed
in soils, especially to organic matter but also to clay colloids (54).
Menges and Hubbard

(74) showed that soil texture was less important

than organic matter levels in the adsorption of trifluralin, in tests
•involving 19 plant species grown in a variety of soil types.
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Bailey et al.

(11) reviewed mechanisms of herbicide adsorption

on s o i l s 5 noting that physical and chemical processes involving the
adsorbent and adsorbate determine the strength of the adsorption b o n d s .
The high cation exchange capacity of soil organic matter provides a
particularly strong reservoir for ionic adsorption or exchange with
the polar herbicide m o l e c u l e 0
Adsorption of an herbicide usually decreases its phytotoxicity
to plants, since adsorption removes the herbicide from the soil solu
tion.

Savage (95) reported that trifluralin and pendimethalin were

less toxic in clay than in sandy loam soils, and that phytotoxicity
persisted longer in sandy loam.

However, Bardsley et al.

(12) found

that surface applied trifluralin increased in phytotoxicity with in
creasing amounts of alkali extractable organic matter in the soil.
This was attributed to lower vapor phase losses of the herbicide due
to greater adsorption.
Soil moisture affects herbicide performance.

Stickler et al.

(106) found that trifluralin degraded faster and was less phytotoxic
at increasing soil moisture levels.

They recommended incorporating

trifluralin into the soil to prevent vapor losses.

A depth of about 5

cm was considered advisable to make maximum contact with germinating
weeds and to avoid higher moisture levels deeper in the soil.
Trifluralin has been shown to have maximum phytotoxic activity
in dry soil.

Standifer and Thomas

(104) believed this was due to the

tendency of trifluralin to desorb and volatilize in wet soil, and re
commended shallow incorporation.
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Hollist and Foy (58) stated that increased soil water content
appeared to inhibit trifluralin adsorption on montmorillonite by com
peting with the herbicide for adsorption sites.

In 64 simulated soils,

adsorption was greatest and phytotoxicity least in soils high in or
ganic matter.
The dinitroanilines inhibit the growth of roots and shoots.
Knake et al.

(68) examined the effect of root and shoot uptake of tri

fluralin by green foxtail

[Setaria viridis

(L.) Beauv.].

They found

that shoot exposure to trifluralin inhibited root growth, but root ex
posure had no effect on shoot growth.

The herbicidal properties of

trifluralin were enhanced by shoot absorption.
Harvey (53) studied the soil adsorption and volatility of
dinitroaniline herbicides.

His work indicated that vapor phase ac

tivity may be the principle mechanism by which the dinitroanilines
exert their herbicidal action.

In studies with foxtail millet

(Setaria

italica L.) grown in Plano silt loam or in vitro on agar, Harvey found
that vapors alone were highly injurious.

He suggested that vapor move

ment through soil pores may be of greater importance than direct absorp
tion of the herbicide from the soil solution.

The relative volatility

of the individual dinitroanilines appeared to be correlated with the
degree of their phytotoxicity.
The presence of herbicide vapors is generally decreased by in
creasing adsorption to soil colloids.

Ketchersid et al.

(67) found

that up to 50% of a 1.1 kg/ha application of trifluralin volatilized
within 24 hours above either clay or sandy soils when the moisture
content was 75% of field capacity.

Dry soils showed reduced volatility
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of trifluralin, presumably because adsorption was increased.

Soil mois

ture level influenced vapor losses more than soil type.
Swann and Behrens

(108) reported that vapors from soil treated

with trifluralin at 5 ppwm were lethal to foxtail millet, but concluded
that not more than 5% of the total herbicide applied was lost to vola
tilization within 12 hours even under moist, warm conditions.
Parochetti et al.

(86) found that while volatility increased

off sand, clay loam, and silt loam soils with increases in temperature,
volatility was reduced by soil moisture levels at or above field capa
city.

Trifluralin was more volatile than pendimethalin.

They believed

that leaching plus decreased vapor diffusion occurred in very wet soils,
reducing volatility.
Bardsley et al.

(13) reported that trifluralin vapor loss was

greatest when soil was at "maximum retentive capacity" rather than at
field capacity due to increased dissolution of the crystal.

Observing

that vapor losses were high from aqueous media, they concluded that
trifluralin volatilization was primarily influenced by soil moisture
content.

Similarly, Hollingsworth (57) noted an increase in trifluralin

vapors off soil while rain was falling, though the rate of volatilization
declined as the concentration of trifluralin diminished.

The rate of

volatilization was proportional to the concentration of trifluralin in
the soil.
Kennedy and Talbert

(66) measured the persistence of several

dinitroanilines on the soil surface.

After 7 days, trifluralin retained

36% and pendimethalin 55% activity as measured by ability to inhibit the

growth of grain sorghum.

Retention decreased with increasing soil mois

ture, but leaching by rainfall was negligible.
Savage and Jordan (97) found that surface losses of pendimethalin were less than for trifluralin, but were still significant
enough to advise prompt soil incorporation.

Rainfall was ineffective

in incorporating either herbicide and tended to increase the rate of
loss.
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Jordan et al.

(61) compared several methods of applying tri

fluralin on agricultural soils and concluded that incorporation by
rotary tiller was the preferred technique.
The photodecomposition of trifluralin with resulting lower
biological activity was described by Wright and Warren (126).
Parochetti and Dec

(85) applied 11 radiolabled dinitroanilines

to dry soil on thin glass plates and exposed these to 7 days of un
filtered solar radiation.

All the exposed herbicides degraded faster

under strong sunlight than did a shaded control, as verified by thin
layer chromatography.

Volatilization was the greatest source of loss.

In these tests, trifluralin was the most susceptible while pendimethalin was the most resistant to the combined effects of volatility and
photodecomposition.
Leitis and Crosby (69) have described certain breakdown
products of trifluralin under strong sunlight.

Oxidative N-dealkyla-

tion, nitro reduction, and cyclization were the main processes involved
in the photodegradation of trifluralin.
The fate of trifluralin in soils and plants has been reviewed
extensively by Probst et al.

(87)-.

They found that soil texture did
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not significantly affect the rate of decomposition.

Trifluralin was

rapidly degraded under anaerobic conditions, apparently due to micro
bial reduction of nitro groups or dealkylation.

Under anaerobic con

ditions reduction preceded dealkylation, but under aerobic conditions
this sequence was reversed.

Chemical breakdown appeared to be a

greater factor than microbial activity or plant removal since the
rate of breakdown was the same in sterilized and non-sterilized soils.
However, decomposition was more rapid at 26 than at 2 C .

In most

soils, toxic residues from recommended rates of application were ex
pected to disappear within 5 to 7 months.

Probst et al. suggested

that the soil provides a resevoir for protons which are constantly
available for anaerobic reduction of the herbicide.
Under certain conditions, the dinitroaniliries may persist in
soils and injure sensitive following crops in a rotation, but evi
dence indicates they do not accumulate.
Romanowski and Libik (94) reported injury to fall planted
sorghum in a bioassay of soils treated with several dinitroanilines
the previous spring.

No injury was detected the following spring,

indicating that under most conditions susceptible crops may be
planted in succeeding years without fear of injury.
In a long term s t u d y , Horowitz et al.

(59) tested 10 soil ac

tive herbicides for phytotoxicity 5 months after application.

Tri

fluralin residues were not detected till the fifth annual application.
Under low rainfall conditions, persistence may increase.
Hamilton and Arle (45) found that 0.9 kg/ha trifluralin persisted in
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fallow desert cropland and produced an 80% reduction in the growth of
sorghum 30 months after application.
Bardsley et al.

(12) found that trifluralin persistence was

directly correlated with increasing organic matter levels and with
depth of incorporation into the soil.
Trifluralin persistence can be decreased by shallow incorpora
tion.

Savage and Barrentine

(96) attributed the greater phytotoxicity

and persistence of deeply incorporated trifluralin to reduced volatiliza
tion losses.
Leaching is not a factor in the disappearance of dinitroanilines from soils.

Gagnon and Hamilton (34) found that up to 145 cm of

rainfall and irrigation water did not leach several dinitroanilines
below the zone of incorporation in sandy loam soil.

Gibson (37) also

failed to detect leaching of a number of dinitroanilines, and noted
that increasing moisture levels caused a decrease in phytotoxic residues.
Parka and Tepe (84) in an extensive study concluded that tri
fluralin does not leach or accumulate in agricultural soils, but per
sistence can be a temporary problem in following crops.
Schwartz and Alley (98) determined that pendimethalin is also
immobile in a variety of soil types.

Increased water rates resulted

in decreased weed control by pendimethalin, but phytotoxicity increased
with increasing temperature.
Horowitz et al.

(59) reported that trifluralin degraded much

faster at soil temperatures of 40 C than at 10 C.

Eight times more

herbicide was required to produce the same growth reduction in sorghum
following soil incubation at 40 C than at 10 C.
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Katan and Eshel (63) reviewed the literature on interactions be
tween herbicides and plant pathogens, noting several instances where the
dinitroanilines either aggravated or reduced pathogenic damage in a
variety of crops.

No permanent effect on soil microorganisms was de

tected.

Diuron and Simazine
Diuron and simazine are from different chemical families but
their herbicidal activity is similar.
have been reviewed by Audus

The triazines including simazine

(10), Ebert and Dumford

Gunther (42), and Kearney and Kaufman (64).
have been reviewed by Ashton and Crafts

(28) , Gunther and

The ureas including diuron

(7), Audus

(10), Geissbuhler

(35), and Kearney and Kaufman (64).
Inhibition of the Hill reaction, the photolysis of water with
release of oxygen in photosynthesis, is the most commonly cited mode
of action for both diuron and simazine (7, 38, 64).

Most researchers

believe that secondary substances formed by oxidations in chloroplasts
account more directly for the phytotoxicity of these compounds. Diuron
and simazine are soil applied and absorbed through plant roots and
shoots.

Both translocate acropetally via the apoplastic system and

accumulate in apical meristerns and foliage.
is usually slight.

Translocation out of foliage

Root uptake is passive and related to the soil con

centration of the herbicide.

Diuron is moderately active and simazine

is slightly active when applied directly to plant foliage, but their
activity may be improved by the use of a suitable surfactant.

Both

diuron and simazine are characterized by low water solubility, strong
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adsorption to soil organic matter and clays, and immobility in the soil
profile.

Persistent residues sometimes injure sensitive following c rops,

though residues usually degrade in soils within a year.
With certain exceptions, diuron and simazine are non-selective
except at low rates or with specific methods of application.

At low

rates, diuron and simazine control broadleaf weeds and grasses in
cotton and c i t r u s , or citrus, corn, and sorghum, respectively.

At

higher rates, diuron and simazine are used for non-selective vegetation
control in landscape and industrial sites.

Mode of Action of Diuron and Simazine
Symptoms of urea herbicide injury to plants were described by
Bucha and Todd (19) and have been reviewed recently by Ashton and Crafts
(7).

Acute symptoms include the appearance of light green patches on

leaves within a few days of treatment, which become water soaked and then
necrotic.
rapidly.

Young or small plants may lose color, curl up, and die back
Chronic symptoms in established plants include wilting

silver-grey blotches on foliage followed by rapid yellowing.
usually begins at the leaf tip and proceeds basipetally.

with

Chlorosis

Low concentra

tions of diuron may induce light yellowing of foliage, while higher con
centrations inhibit the growth of"non-photosynthetic tissues.

Symptoms

appear more quickly in fast growing, non-stressed plants than in slow
growing of stressed plants.
Symptoms of simazine phytotoxicity are similar to those re
ported for diuron.

Ashton and Crafts

(7) reported that injury appears

as water soaked lesions around leaf veins, spreading over the whole
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leaf.

This water soaked appearance is soon followed by chlorosis and

necrosis of foliage.
transpiration rate.

The degree of injury usually increases with
Sheets (99) described the translocation of slma-

zine from root to shoot in oat (Avena fatua L.) and cotton seedlings.
Once translocated to the foliage, neither diuron nor simazine trans
locates to other parts of the plant.
Bishop

(17) was one of the first researchers to investigate

the effect of diuron and the aminotriazines on the oxygen evolving sys
tem of photosynthesis.

In the alga Scenedesmus, diuron inhibited

photosynthesis but not photoreduction.

. In higher p l a n t s , Bishop found

_7
that 5 X 10

M diuron caused a 50% reduction in photosynthetic rates,

with 40 to 50% reductions in transpiration rates.

Bishop also examined

inhibition of the Hill reaction by the aminotriazines and found the
mode of action similar to diuron.
Good (38) studied herbicides that inhibit the Hill reaction.
He found that diuron inhibited ATP formation via interference with noncyclic photophosphorylation catalysed by flavin mononucleotide or
ferricyanide, but not when the catalyst was N-methylphenazonium ion.
Good suggested that the phytotoxicity of diuron might be attributed to
the action of its N-demethylated metabolites.
Further insight into the mode of action of triazine herbicides
was obtained by Moreland et al.
chloroplasts.

(79) in work with isolated barley

This work demonstrated how the destruction of chloro-

plasts leads to yellowing and death of the plant.

However, when 10-

day-old barley seedlings were treated with an exogenous source of glu
cose applied to the leaf tips, they tolerated otherwise lethal doses
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of simazine.

Centner and Hilton (36) found that sucrose applied to

cut leaf tips protected barley from lethal rates of diuron.

Although

sucrose or glucose treatments provided the plants with a substitute for
photosynthate cut off by the diuron or simazine treatment's, it was not
claimed that starvation for photosynthate was the primary cause of
death.

Ashton and Crafts (7) stated that the blockage of photosyn

thesis at photosystem II was the main effect of simazine or diuron ac
tivity in chloroplasts, but that death occurred too rapidly for
starvation to be the main cause.

R a t h e r , a light and chlorophyll

mediated action involving secondary phytotoxic substances was believed
to be more directly accountable.
Stanger and Appleby (105) proposed that diuron acts as a
catalyst for lethal, photosensitized oxidations in chloroplasts, in
itiated by the absorption of light in the presence of reduced ATP.
The urea herbicides have been shown to directly affect non
photosynthetic tissues, but only when high concentrations are used.
Minshall

(77) studied the effect of monuron

dimethylurea]

[3-(]D-chlorophenyl)-1,1-

on dry matter production, transpiration, and root exten

sion in several species.

While concentrations as low as 0.5 ppm of

monuron inhibited the growth of chlorophyll containing roots of
Hydrocharis m o rsusranae, 230 ppm was required to inhibit non-chlorophyll
containing roots of corn, pea (Pisum sativum L . ), and timothy (Phleum
pratense L . ).

Fifteen to twenty micrograms per gram of leaf tissue

caused a 90% reduction in the dry matter increase of beans.

Minshall

observed that monuron requires light to become phytotoxic at normal
dosage rates and functions by poisoning the photosynthetic apparatus.
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Ashton (5) recognized the light-activated nature of atrazine
[2-chloro-4-(ethylamino)-6-(isopropylamino)-s_-triazine]

and monuron.

He observed that chloroplasts of tolerant and susceptible species alike
were subject to lamellar breakdown in the light but not in the dark.
Vacuolation was accelerated, membrane integrity was impaired, and
cambial activity was inhibited only when treated tissue was exposed to
li g h t .
alo

In tests on kidney bean with atrazine and monuron, Ashton et

(8) found that the extent of injury coincided closely with the ab

sorption spectra of chlorophyll a and b.

Ashton et al.

(9) studied

the effect of s^-triazines on CO^ fixation in red kidney b e a n s .

In

the light, C0o fixation was drastically inhibited by 0.25 ppm of simazine, decreasing by 30% over 40 hours compared to an untreated control.
Concentrations of 1 ppm simazine virtually halted the pr o c e s s , but
non-photosynthetic CO^ fixation was not similarly inhibited.
Figuerola and Furtick (31) confirmed the enhancing effect of
light and warm temperatures on the phytotoxicity of the a-triazines.
They found that increases in the ambient air temperature from 10 to
30 C plus high light intensity maximized injury.
was cited by Thompson et al.

An exceptional case

(113) who found that c o r n , normally

tolerant of atrazine, became susceptible under co l d , wet conditions.
This was attributed to the reduced ability of corn to detoxify the
herbicide at low temperature.
Occasionally, "greening" effects opposite to the expected
chlorosis are observed in plants treated with subtoxic rates of the
ureas or the triazines.

Wiedman and Appleby (125) have discussed

various growth promotive effects of diuron and simazine applied at
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subtoxic levels in tolerant and susceptible species.

Lorenzoni

(71) in

vestigated the effects of high dilutions of simazine on corn and noticed
increased dry weight of seedlings, increased shoot length, and accelera
ted germination.

High concentrations caused chlorosis, but low concen

trations seemed to elevate chlorophyll content.
Tweedy and Ries

(117) and Ries and Cast

(91) reported on the

effects of simazine on nitrogen metabolism in corn.

Ries and Cast de

tected a twofold improvement in nitrogen uptake by corn treated at 0.5
or 3 ppm despite reduced root development and lower dry weight accumula
tion.

Tweedy and Ries found that low levels of simazine increased

nitrate absorption and assimilation, but only when corn was grown at
suboptimal temperatures.

Kearney and Kaufman (64) reviewed the litera

ture on triazine greening affects and the possibilities for use of the
triazines at low rates to enhance protein enrichment in forage crops.
They concluded that optimal rates were too difficult to define and the
effects too risky to make such use of the triazines advisable.
Physiological tolerance to the triazines has been demonstrated
in corn and sorghum.

Ebert and Dumford (28) observed t h a t , generally,

deep-rooted crops may appear more resistant to the triazines than
shallow-rooted crops because they tend to absorb less of these surface
applied, low leaching compounds.

In c o m

and sorghum though, tolerance

appears to be a function of these species’ ability to detoxify the
herbicide prior to the onset of phytotoxic activity.

Selectivity is

a function of the metabolic pathway and rate of detoxification rather
than a matter of differential uptake.
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Castelfranco et al.

(25), Hamilton and Moreland

(48), and

Montgomery and Freed (78) investigated the mechanism by which corn de
toxifies the triazines.

In these reports, it was determined that sima-

zine disappeared rapidly in corn following an initial lag period after
absorption.

Simazine was degraded to the inactive 2-hydroxy derivative,

apparently by a natural hydroxamate in corn sap.
Shimabukuro et al.

(101) subsequently reported that the major

detoxifying mechanism of the s-triazines has been characterized as
enzymatic glutathione conjugation by the enzyme glutathione-sytransferase.

An alternate but non-essential mode of degradation was assigned

to non-enzymatic benzoxazinone catalysed hydrolysis of the triazine.
Gysin and Knusli (43) stated that applications of simazine at
11.2 kg/ha to field planted corn were metabolized inside the plant be
fore any of the intact herbicide translocated to the top of the plant.
Similar amounts of simazine were absorbed by tolerant and susceptible
species, but susceptible plants did not survive.
Swanson and Swanson (109) studied the short term metabolic fate
of diuron in isolated leaf discs of cotton, broadleaf plantain (Plantago
major; L . ), soybeans, and corn.

Broadleaf plantain degraded diuron to

monomethyl diuron and other products.

Plantain degraded diuron better

than m o n u r o n , but cotton degraded monuron better than diuron.

Soybean

was unable to degrade either herbicide beyond the first demethylation.
Corn was unable to metabolize either herbicide .
Frear et al.

(32) isolated an enzyme from etiolated cotton

hypocotyls capable of demethylating the 1 ,1-dialkylated phenylureas.

This enzyme was also found in broadleaf plantain, and was a specific
catalyst for these reactions.
Geissbuhler
diuron in p l a n t s .

(35) summarized and described the degradation of
He reported that monomethylated derivatives are the

predominant metabolites in plants 5 days after absorbing diuron.
Structurally unchanged diuron and demethylated metabolites also oc c u r ,
and successive demethylation was believed to be the primary pathway of
breakdown in tolerant and susceptible species.

Behavior of Diuron and Simazine
in the Soil
The behavior of an herbicide in the highly heterogeneous en
vironment of the soil rhizosphere is frequently the key to its herbi- .
cidal activity.

Soil type, texture, temperature, moisture content,

organic matter, and pH were cited by Sheets (100) in his review of
factors affecting the disappearance of urea herbicides from soils.
Sheets stated that herbicide inactivation can be promoted by adsorption
leaching, chemical reactions, photodegradation, volatilization, plant
upt a k e , and microbial action.
Harris and Sheets

(51) studied the influence of soil properties

on the adsorption and phytotoxicity of diuron and simazine.

No single

soil physical or chemical property was sufficient in itself to predict
herbicide performance, but the extent of adsorption to organic matter
and clays predicted

values better than any other soil parameter.

High amounts of clay relative to organic matter favored simazine adsorp
tion, but adsorption of diuron was more closely correlated with soil
organic matter content.
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Nearpass

(81) determined that titratable acidity was a better

measure of simazine adsorption in 18 soils than pH.

It was noted that

simazine phytotoxicity often increased with increasing pH.
Organic matter generally adsorbs herbicides more strongly than
the several types of c l a y s .

Day et al.

(27) found clay content and pH

to be negligibly correlated with growth reductions caused by simazine,
but cation exchange capacity and organic matter content were positively
correlated with extent of injury.

Talbert and Fletchall (111) showed

that organic matter adsorbed simazine better than certain clays, with
no adsorption by kaolinite.

The Teachability and phytotoxicity of

simazine was reduced by adsorption to soil colloids, but adsorption
was not related to the degree of water solubility.
In a greenhouse study, Rahman and Matthews

(88) reported that

organic matter ammendments to sandy loam soils decreased phytotoxicity
most for compounds low in water solubility, such as simazine.

H o wever,

simazine and atrazine were more persistent than triazines of greater
water solubility
Bailey et al.

(11) reported a direct relationship between degree

of> water solubility and the adsorption of urea herbicides on hydrogen
saturated montmorillonite clay.

The water solubility of the s_-

triazines was positively correlated with adsorption on sodium saturated
montmorillonite.

The s-triazines showed decreasing adsorption on

montmorillonite, illite, and kaolinite cla y s , in that order.

Adsorption

was greater in acidic than basic soils, probably due to protonation of
the herbicide.
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Adsorption in soils generally decreases herbicide phytotoxicity
and reduces mobility.

In bioassay studies, Adams

(1) showed that ad

sorption to soil organic matter greatly reduced simazine phytotoxicity.
Accordingly, higher rates of simazine and diuron are recommended for
weed control on soils high in organic matter (123).

Grover (39) found

that simazine toxicity to oats was reduced by additions of organic
matter and by decreasing soil moisture.

Grover explained that simazine

was strongly adsorbed in dry soils due to reduced competition with
water for hydrophillic adsorption sites.

At high moisture levels,

simazine toxicity was not much affected by changes in the relative
amounts of c l a y s .
Weber

(122) reported that simazine phytotoxicity was less at

low than at high pH.

Simazine was more strongly adsorbed at low pH's,

primarily due to cation exchange and complexing with hydrogen ions on
the surface of clays and organic matter.
Diuron and simazine are considered to be fairly immobile in
soils.

Ashton (6) studied the movement of diuron and simazine by

simulated furrow irrigation.

Lateral movement was usually greater

than downward movement through soils.

The adsorptive properties of

both herbicides had more influence on their movement than did their
water solubility.

Both moved less in heavy soils than in light soils.

Upchurch and Mason (118) studied the behavior of diuron in 12
soil types.

With cotton, diuron phytotoxicity was positively correlated

with cation exchange capacity and organic matter in the soil, requiring
higher rates of the herbicide to maintain phytotoxicity in high organic
matter so i l s .

'

-
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Smith and Wiese

(103) determined that the strong adsorption and

low leaching of diuron required that it be mechanically incorporated 2
to 8 cm for best pigweed (Amaranthus s p .) control regardless of rainfall.
Hill et al.
cultural soils.

(55) studied the fate of urea herbicides in agri

Except in very sandy soils, leaching was a negligible

factor in their disappearance.

Adsorption increased as clay or organic

matter content increased, while phytotoxicity declined.

Photodecomposi

tion and volatilization were not significant factors in diuron disappear
ance , except when exposed on the soil surface for weeks under very hot,
dry conditions.

According to Hill et a l . , microbes are the primary

agents responsible for diuron breakdown in soils.

Laboratory tests

showed a slower rate of breakdown in dry or autoclaved soils than in
unaltered soils.

Hamilton and Arle (45) determined that increased diuron

persistence in fallow desert cropland was probably a function of low
rainfall, low temperature, or low organic matter levels, all of which
would inhibit microbial action.
rainfall, Dalton et al.

Under field conditions with adequate

(26) reported that phytotoxic residues of

diuron disappeared within one season, except when h i g h e r , sterilant
levels were applied.
Persistence is related to the degree of movement of a compound
in soils.

In a study of 10 soil-applied herbicides in cotton over 5 or

6 years, Miller et al.

(76) reported that diuron residues had moved

only slightly below the tilled zone of the soil.

Traces of diuron were

found in the tilled zone 1 year after the final treatment, but without
evidence of accumulation.

.
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Fryer and Kirkland

(33) studied the effects of 6 years of re

peated applications of simazine to deep, coarse, sandy loam with 2%
organic matter in England.

When applied preemergence at 1.7 kg/ha to

cropped and uncropped land, no residues moved below the surface 5 cm.
When 3.4 kg/ha of simazine was applied twice a year on uncropped land,
most residues remained in the top 5 cm.

On land planted to maize and

barley, occasional foliar and stem damage was attributed to simazine
residues, but yields were not reduced in any of the years.
Persistence may be decreased by using low rates of an herbicide
in combination with another herbicide.

Burnside and Schultz

(22) noted

that improved weed control plus decreased residues resulted in c o r n ,
sorghum, and soybean plantings from low rate combinations of two or
more herbicides.
Injury may be reduced by combinations of herbicides.
and Arle

Hamilton

(46) reported that p replant, incorporated applications of

trifluralin and diuron resulted in less injury and less stunting to
cotton than when diuron,was applied alone.

It was considered that the

root pruning action of trifluralin protected cotton by preventing diuron
uptake.

Yields were not reduced by this combination, and weed control

was improved.
Diuron is frequently recommended for use in combination with
other herbicides for improved weed control and greater crop safety (123) .

MATERIALS AND METHODS

Experiments were conducted between April, 1979, arid June, 1980
to determine the effect of varying rates of trifluralin, pendimethalin,
diuron, and simazine on guayule.

The experiments included soil and

foliar applications on seedling and established guayule in the field
and in the greenhouse.

Field experiments were conducted at the

University of A r i z o n a ’s Casa Grande Highway Farm in Tucson and the
Goodyear Rubber Company at Litchfield Park, Arizona,

Greenhouse experi

ments were conducted at the University of Arizona in Tucson.
In all tests herbicides were applied with a single nozzle
sprayer fitted with an 8004 tip applying 374 1/ha at 2.8 kg/cm
sure.

pres

Tolerance to the treatments was rated on the basis of survival,

h e i g h t , and appearance after intervals of 2 weeks to 6 months.
variety

2

Guayule

*593’ was used in all tests.

Seedling Guayule Response to Herbicides

Experiment 1
This test investigated the effect of preemergence applications
of trifluralin, pendimethalin, diuron, and simazine on direct seeded
guayule at the Casa Grande Highway Farm.

On April 5, 1979, the soil

(44% sand, 36% silt, 20% clay, 1% organic matter) was disked and shaped
in raised beds on 102 cm centers.

Nine beds 70 m long were planted one

row per bed using International 185 planters seeding guayule at 150 seed
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per 1 m not more than 0,3 cm deep, leaving some seed exposed on the soil
surface.

Plots

(7.6 m long by 2 m wide) were sprayed immediately after

planting with 0.6, 1.1, or 1.7 kg/ha of trifluralin, pendimethalin,
diuron, or simazine plus combination of trifluralin or pendimethalin
with diuron or simazine at 0.6 kg/ha of each.
made in a 33 cm band over the drill row.

All applications were

Following planting and treat

ment, the plots were irrigated from overhead by sprinkler lines running
laterally to the field for 1 hour, applying 2 to 3 cm of water.

To keep

the tops of the beds moist and prevent soil crusting, the sprinklers
were turned on for 0.5 hour daily for 2 weeks and every other day for
the next 2 weeks.

Average ambient temperatures at planting were 25 to

30 C during the day and 5 to 10 C at night.

Each treatment was repli

cated three times in a randomized block design.

This test was terminated

in May, 1979, due to a poor s tand.

Experiment 2
This test investigated the effect of preplant incorporated tri
fluralin and pendimethalin on seedling guayule in the greenhouse.
June 25, 1980, plastic pots

(400 cc) were filled with soil (60% sand,

25% silt, 15% clay, 1% organic matter) and fertilizer
added.

On

(16-20-0) was

The pots were sprayed with 0.14, 0.28, 0.42, or 0.56 kg/ha of

trifluralin or pendimethalin and the soil from each pot was shaken to
incorporate the herbicide.
and allowed to drain.

The pots were refilled, surface irrigated,

Twenty five *593' seed were scattered on the

moist soil surface of each pot and covered 0.1 cm with dry, treated
soil.

The pots were set on baking tins and covered loosely with
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plastic sheets until the seed germinated.

Irrigations were applied as
/

needed.

Each treatment was replicated four times.

On July 25 9 height

and survival ratings were made.

Experiment 3
This test determined the effect of preemergence applications of
trifluralin, pendimethalin, diuron, and simazine on the survival and
height of seedling guayule.

On September 19, 1979, field soil (44%

s a n d , 36% silt, 20% clay, 1% organic matter) was sieved and fertilized
with ammonium sulfate.

Pots

(480 cc) were filled with soil and sprayed

with 0.6, 1.1, or 1.7 kg/ha of each herbicide, or with combinations of
trifluralin or pendimethalin with diuron or simazine at 0.6 kg/ha of
each.

All treatments were watered from the top after spraying to move

the herbicides into the soil.
Guayule

15 9 3 1 seed was treated with a 2-hour soak in 0.5%

sodium hypochlorite solution containing 1,000 ppm gibherellic acid to
break seed dormancy and satisfy the light requirement of freshly
harvested guayule seed for germination (50).

Seed older than a few

m o n t h s , such as that used in Experiment 2, is not believed to require
this treatment.

After soaking, the seed were washed and separated

into three lots for fungicide treatment.

Since damping off had been

a problem in previous work, it was desired to separate the effects of
damping off from the effects of the herbicides.

The intent was to

protect some seed from damping off pathogens, while exposing all seed
to the same herbicide treatments.

Accordingly, one of the seed lots

received no fungicide treatment, and a second lot was inoculated with
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thiram [bis(dimethylthiocarbamoyl)disulfide] by shaking 1 g of thiram
powder with 2 g of guayule seed in a bottle till all the seed was lightly
coated, then sieving off the excess fungicide.

A third seed lot was

similarly inoculated with a mixture of two fungicides, terrazole
ethoxy-3-(trichloromethyl)-l,2-4-thiadiazole]
(pentachloronitrobenzene).

[5-

plus terrachlor

Treatments were set up to compare the ef

fects of the herbicides with the fungicide treatments in a randomized
design.

Fifteen guayule seed were placed on the moist soil surface of

each pot and covered 0.2 cm,with fine sand.

The soil was kept moist by

light overhead watering till the seed germinated and subsequent irriga
tions were applied as needed.

Average daytime temperatures in the

greenhouse at planting were 38 C and at night 21 C.
replicated ten times.
the treatments.

Each treatment was

The plants were observed for their response to

Height and survival were rated after 2 months.

This

experiment was terminated in January, 1980.

Experiment 4
This test further determined the effect of preemergence applica
tions of trifluralin, pendimethalin, diuron, and simazine on the sur
vival and height of guayule grown in the greenhouse.
1979 , redwood flats

On November 10,

(48 by 40 by 9 cm) were filled with field soil (44%

sa n d , 36% silt, 20% clay, 1% organic matter) and fertilized with
ammonium sulfate.

The flats were subdivided into three compartments

each (16 by 40 by 9 cm) and sprayed with trifluralin or p end ime thalin
at 0.6, 1.1, or 1.7 kg/ha or diuron or simazine at 0.6 kg/ha, alternately
covering the compartments to prevent contamination while treating each

one separately.

After treatment 9 each compartment was watered from the

top to move the herbicides into the soil.

As in Experiment 3, guayule

?5 9 3 v seed was soaked 2 hours in 0.5% sodium hypochlorite solution con
taining 1,000 ppm gibberellic acid.

The seed was then washed and

divided into three lots for fungicide treatment with thiram, or terrzole plus terrachlor, or no fungicide.

After fungicide treatment, the

seed was planted in two rows on the moist soil surface in each compart
ment of each flat at a rate of 250 seed per 1 m, then covered 0.2 cm
with fine sand.

The soil was kept moist by light overhead watering till

the seed germinated and afterwards irrigated as needed.

Average daytime

temperatures in the greenhouse at planting were 30 C, and at night 13 C.
Each treatment was replicated three times in a randomized design.
plants were observed for their response to the treatments.

The

Height and

survival were rated after 2 weeks and after 2 months.

Established Guayule Response to Four Herbicides

Experiment 5
This test evaluated the response of 3-month-old transplanted
guayule to preplant incorporated herbicides at Litchfield Park, Arizona.
On June 19, 1979, the soil was disked and listed on 97 cm centers.
Plots

(4.6 m by 2 m) were sprayed with 0.6, 1.1, or 1.7 kg/ha of tri-

fluralin, pendimethalin, diuron, or simazine, plus combinations of
trifluralin or pendimethalin with diuron or simazine at 0.6 kg/ha of
each in a 33 cm band over the drill row.

The herbicides were then in

corporated by sectioned rolling cultivator followed by bed shaping.

On

June 20, 3-month-old, 5 cm tall guayule v5 9 3 ? transplants grown in peat

471?fertile-potsTI were transplanted into the beds using a Holland mulchpot transplanter setting plants 35 cm apart in single rows.
contained 13 plants.

Each plot

Following planting, the field was furrow irri

gated till the tops of the beds were moist.

Plants that failed to

survive transplanting were replaced 1 week later.

Each treatment was

replicated three times in a randomized block design.

Survival and

height were rated after 2 months.

Experiment 6
This test determined the effect of overtop applications of
diuron and simazine to unhardened 2 and 4-month-old guayule in the
greenhouse.

Healthy, surviving plants from Experiments 3 and 4 were

sorted for uniform height, stage of development, and vigor.

The plants

remained in their original containers, either 480 cc pots or 48 by 40
by 9 cm redwood flats.

The plants were then sprayed, overtop with 1.1

or 3.4 kg/ha of diuron or simazine in the greenhouse on January 15,
1980.

Treatments on the 4-month-old plants were replicated twice with

each replication containing 30 plants.

Treatments on the 2-month-old

plants were replicated three times each with each replication containing
between 96 and 160 plants in redwood flats.

On March 12, percent sur

vival was rated.

Experiment 7
This test determined the effect of overtop applications of
diuron and simazine (without surfactant) on two blocks of guayule \5931
transplants treated on two separate dates at the Casa Grande Highway
Farm in Tucson.

On September 14, 1979, guayule grown in peat

"fertile-pots" was hand transplanted into the field on beds shaped on
102 cm centers.

The soil was 44% sand, 36% silt, 20% clay, and 1%

organic matter.

The field was furrow irrigated twice after planting

and plants that failed to survive transplanting or appeared unhealthy
were replaced 1 week later.

On October 15, daytime temperatures were

averaging 35 C, and conditions seemed still favorable for active
growth.

Plots

(4.6 by 1 m) in the first block containing six plants

each spaced 71 cm apart, were sprayed with 0.6, 1.1, or 1.7 kg/ha of
diuron or simazine in a 33 cm band over the row.

Each treatment was

replicated four times in a randomized block design.

Subfreezing

temperatures in mid-November brought active guayule growth to a halt.
On December 1, the second block of plants was treated with 0.6, 1.1,
or 1.7 kg/ha of diuron or simazine in a 33 cm band over the row.
treatment was replicated four times in a randomized block design.

Each
No

frost injury appeared on plants from either date of treatment and no
more subfreezing temperatures occurred for the remainder of the winter.
The field received several rains over the winter plus one irrigation as
temperatures warmed and the plants resumed growth in mid February. Weed
control was rated on February 20.
guayule was rate April 5.

Survival and height of the treated

RESULTS AND DISCUSSION

Seedling Guayule Response to Four Herbicides
The determination of plant response to the effects of an herbi
cide depends on uniformity among the test plants and test conditions.
Random variables can influence results and confound the main effect of
the herbicide.

It is desirable or even essential to begin with geneti

cally uniform seed.

Otherwise5 the effects of an herbicide may be

difficult to distinguish from variations in phenotypic expression in
herent in the species.

With established crop varieties of known

pedigree, genetic uniformity is normally not a problem.
ever , is not domesticated species.

Guayule, how

Many different ploidies besides the

2N = 36 variety *593* have been described
lines considerable differences exist.

(93), but even within selected

Ease of germination, growth rate,

vigor, and leaf shape are a few of the characters that show great plas
ticity in guayule.
In the following tests on seedling guayule response to four
herbicides, percent survival, h e i g h t , and appearance were selected as
the criteria most likely to reflect differential response.
Experiment 1 (data not presented)

investigated the effect of

different rates and combinations of trifluralin, pendimethalin, diuron,
and simazine applied preemergence to direct-seeded guayule in the field.
Guayule germination was erratic and continued for several weeks.

Where

the tops of the beds remained moist and no soil crusting occurred, an
initial stand of two to ten plants per 1 m was achieved.

Where the beds
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dried out and crusts f o r m e d , guayule seedlings failed to emerge.

Emer

gence did not seem to be correlated with treatments, but with favorable
soil and moisture conditions.
At 2 w e e k s , dieback of most of the seedlings was widespread.

In

treatments with diuron or simazine, dieback occurred before unfolding of
true leaves, with rapid necrosis of the entire plant.

When similar

patterns subsequently occurred in the dinitroaniline and check plots, it
was assumed that damping off was responsible.

At 3 weeks after first

emergence few seedlings remained and the test was abandoned.
Although symptoms characteristic of urea or triazine injury were
observed in guayule seedlings, damping off appeared to be a far more
serious factor in reducing stand in the field.

The variability of

germination and poor seedling vigor of guayule suggested that further
direct-seeded studies would be difficult.

In this t e s t , it was not

possible to determine the effect of the four herbicides due to the
poor stand obtained and the irregular behavior of the guayule.

However,

since dieback in the untreated checks was equal to the treated plots, it
was assumed that factors other than the herbicides were the major cause
of death.
Experiments 2, 3, and 4 attempted to repeat the treatments ap
plied in Experiment 1, but in the greenhouse in pots or flats.

Percent

survival, appearance, and height were again chosen as the criteria
likely to show differential responses to the herbicides.
■

>

Data from ex-

*■

periment 2 with trifluralin and pendimethalin are presented in Tables 1
and 2.

Percent survival and height from Experiments 3 and 4 with
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Table 1.

Effect of preplant incorporated trifluralin on emergence and
height of seedling guayule after 1 month.

Trifluralin
(kg/ha)

Emergence3
(% of check)

Replications
with plants (%)

Height3
(cm)

0

100 a

50

1.5 a

0.14

380 a

100

3.5 a

0.28

230 a

75

1.7 a

0.42

380 a

75

2.0 a

0.56

400 a

100

2.8 a

aValues within a column followed by the same letter are not signifi
cantly different at the 5% level according to Du n c a n ’s Multiple Range
Test.
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Table 2.

Effect of preplant incorporated pendimethalin on emergence
and height of seedling guayule after 1 month.

Pendimethalin
(kg/ha)

0

Emergence 3
(% of check)

1 0 0

a

Replications
with plants (%)

1 0 0

Height 3
(cm)

3.3 a

0.14

39 a

75

2 . 0

a

0.28

39 a

50

1.7 a

0.42

17 a

25

1.3 a

0.56

17 a

50

2 . 0

a

aValues within a column followed by the same letter are not signifi
cantly different at the 5% level according to*Duncan's Multiple Range
Test.
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trifluralin, pendimethalin, diuron, and simaz.ine are presented in Tables
3 and 4 respectively.
Experiment 2 evaluated the effects of preplant incorporated trifluralin and pendimethalin on guayule.

In these tests, no significant

differences in percent emergence, height, or appearance in response to
0,56 kg/ha of either herbicide could be detected.

Instead, poor guay

ule vigor and variability of response across treatments was the rule.
Table 1 shows that guayule apparently had better germination when
treated with trifluralin, while the treatments with pendimethalin
(Table 2) showed large but non significant differences between the
treatments and the check.

Damping off of emerged seedlings was wides

pread across treatments with both trifluralin and pendimethalin.
emergence damping off was also observed.

Pre

Losses due to seedling

disease appeared to be the major source of variation in these tests.
Experiments 3 and 4 evaluated the effects of preemergence treat
ments with the four herbicides at different rates and combinations.

In

these tests, some of the guayule seed was pretreated with fungicides to
protect the seedlings from the damping off that had interfered with Ex
periments

1

and

2

.

It was intended that the fungicides would help to separate the
effects of the herbicides from the effects of the suspected soil-borne
pathogens.

During the ERP, Sleeth (102) had found thiram effective

against Rhizoctonia sp. arid Pythium u l t i m u m , two pathogens implicated
in preemergence damping off of guayule,

Sleeth applied thiram to

Table 3«

Effect of four herbicides and two fungicides on survival and height of seedling guayule
in Experiment 3.

.
_________
, ______ None
Herbicide

Rate
(kg/ha)

Survivors

Height
(cm)

Fungicides_____________
Thiram_____ __ Terrazole plus Terraclor
Height
^
Height .
Survivors
(cm)
Survivors
(cm)

Trifluralin

0 . 6

2 1

a

2.4

8

Trifluralin

1 . 1

1 0

a

1.7

3 b

Trifluralin

1.7

8

a

2 . 1

Pendimethalin

0 . 6

18 a

2 . 1

Pendimethalin

1 . 1

2 0

a

Pendimethalin

1.7

14 a

Diuron

0 . 6
1 . 1

ah

1.5

29 a

2 . 1

1.3

24 a

1 . 8

1.5

26 a

1.7

9 ab

2 . 2

1 1

2.7

7 b

2.7

32 a

2.7

2.5

6

b

1.3

25 a

2.5

1 1

ab

0

a

—

0

b

—

0

a'

—

0

b

—

b

2 . 0

0

b

-

0

b

——

1.7
Simazine

0 . 6
1 . 1

'

1.7
Trifluralin plus
Diuron or Simazine
Pendimethalin plus
Diuron or Simazine
Check

0

.6

+

0

.6

0

a

--

0

b

■—

0

b

0

.6

+

0

.6

0

a

--

0

b

—

0

b

1 0

a

2 . 6

2 0

a

2 . 8

34 a

-

2.5

^Values in a column followed by the same letter are not significantly different at the 5% level ac
cording to Duncan's Multiple Range Test.

Table 4«

Effect of four herbicides and two fungicides on survival and height of seedling guayule in
Experiment 4.

Herbicide

Rate
(kg/ha)

___________________
Fungicides______ ______ ______ ___
________ None__________
Thiram___________
Terrazole Plus Terraclor
Live Plants
Height
Live Plants
Height
Live Plants
Height
Nov. 29a Jan, 5a
(cm)
Nov. 29a Jan. 5a
(cm)
Nov. 29a Jan. 5a

Trifluralin

0.6

65 a

62 a

4.3

70 a

59 a

3.9

56 a

31 a

3.6

Trifluralin

1.1

40 a

23 a

3.0

85 a

41 a

4.0

124 a

91 a

3.6

Trifluralin

1.7

78 a

63 a

3.5

114 a

80 a

3.5

73 a

20 a

2.1

Pendimethalin

0.6

70 a

34 a

3.4

70 a

29 a

3.2

79 a

30 a

3.3

Pendimethalin

1.1

82 a

18 a

2.4

68 a

32 a

2.5

58 a

13 a

3.5

Pendimethalin

1.7

36 a

16 a

5.4

56 a

9 a

1.9

40 a

5 a

3.4

Diuron

0 .6.

21 a

2 a

2.5

41 a

5 a

1.2

47 a

9 a

2.0

Simazine

0.6

12 a

0 a

--

36 a

0 a

--

21 a

60 a

46 a

5.2

98 a

74 a

4.6

40 a

Check

'

. 0

a

26 a

--

3.5

3Values in a column followed by the same letter are not significantly different at the 5% level ac
cording to D u n c a n ’s multiple range tes t .
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freshly harvested guayule seed at the rate of 0.5.kg of thiram to 50 kg
of seed.
Seedling guayule was killed by 0.6 kg/ha of diuron or simazine,
whether applied alone or in combination with trifluralin or pendimethalin (Tables 3 and 4)„

Fungicide pretreatment made no difference.

Germination and emergence appeared normal but necrosis of the entire
plant occurred rapidly when the seedling was about
fore any true leaves appeared.

1

m m tall and be

In these tests, seedling guayule *593*

appeared to have no tolerance for diuron or simazine at

0 . 6

kg/ha.

The survival of seedling guayule in Experiment 3 (Table 3) was
less influenced by rates of trifluralin or pendimethalin than by fungi
cide pretreatment.

Seedling guayule survival in response to pre

emergence trifluralin or pendimethalin varied widely within treatments,
but was usually greater when the seed was pretreated with terrazole plus
terrachlor than when pretreated with thiram or not pretreated.

This

trend was not statistically significant due to the large variations
between t reatments,

Although total number of surviving plants improved

with fungicide pretreatment, postemergence dieback continued to be a
problem in Experiment 3, and a greater problem in Experiment 4, where
greater massing of plants may have contributed to disease development
by increased root to root contact.

Table 5 presents data for percent

dieback in Experiments 3 and 4.
In Experiment 3 s disease resistance was increased by terrazole
plus terrachlor seed treatment leading to the appearance of increased

Table 5.

Postemergence dieback expressed as percent of seedlings dying back between 2 weeks and 2
months after emergence, for two seedings in the greenhouse on different dates.a
i

•

None
Exp. 3
Herbicide

trifluralin
pendimethalin

(%)

2

1 0 0

simazine

1 0 0

check

1 2

.

Terrazole plus Terraclor
Exp. 3
Exp. 4

(%)

(%)

(%)

(%)

2 0

53

33

16

44

6 6

45

64

13

27

(%)

16

diuron

Exp. 4 -

Fungicide
Thiram
Exp . 3
Exp. 4

90
1 0 0

33

1 0 0

8 8

1 0 0

1 0 0

1 0 0

1 0 0

2 0

^Herbicide treatments represent averaging of several rates applied.

25

5

82
1 0 0

35
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guayul-e tolerance to trifluralin and pendimethalin •
percent of replications

Table

6

shows the

(out of 30 for the combined rates of each herbi

cide) with surviving plants 2 months after treatment.

The number of

replications with survivors was higher when the seed was pretreated with
terrazole plus terrachlor.

Thiram may have been injurious to guayule,

since the number of replications containing living plants
the total number of living plants per treatment

(Table

6

) and

(Table 3) were lower

for guayule treated with thiram than when the seed was not treated with
a fungicide.
In Experiment 3, when no fungicide was used no significant dif
ferences between herbicide treatments were detected

(Table 3).

When

the seed was treated with thiram, the check and some of the dinitroaniline treatments showed improved survival compared to the diuron and
simazine treatments.

When the seed was treated with terrazole plus

terrachlor, the check and all the dinitroaniline treatments except
pendimethalin at

0 . 6

kg/ha were significantly better than diuron and

simazine, or combinations of diuron and simazine with trifluralin or
pendimethalin.

The detection of significant differences between treat

ments was possible only when the seedlings were protected from disease.
However, a rate response to the dinitroanilines was not observed and
plant survival and height showed little correlation with rate.
The effect of trifluralin and pendimethalin on root development
in seedling guayule in Experiment 3 was not evaluated, but visual ex
amination of the plants indicated that root development, like survival
and height, was affected more by factors other than the herbicides than

Table

6

.

Percent of replications (out of 30) with living plants for combined rates of trifluralin
or pendimethalin, expressed as a function of seed pretreatment with fungicides in
Experiment 3.

None _____
4 months
(%)

_________ Fungicide______ ._______________________
Thiram______
Terrazole plus Terraclor
3 wks
4 months
3 wks
4 months
(%)
(%)
(%)
(%)

Herbicide

Rate
(kg/ha)

3 wks
(%)

Trifluralin

0.6-1.7

63

60

43

43

90

90

Pendimethalin

0.6-1.7

77

77

30

27

73

67

Check

70

73

80

77

1 0 0

93

Average

70

70

51

49

8 8

83
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by the herbicides themselves.

The original taproot of seedling guayule

became less prominent as fibrous roots developed in profusion in healthy
plants regardless of preemergence treatment with trifluralin or pendimethalin.

The vigor of individual plants appeared to be a more impor

tant factor in root development than did herbicide treatment.
To minimize disease and to reduce volatilization losses of
trifluralin and pendimethalin, irrigations in Experiment 3 were made
only when necessary to maintain plant growth.

This may have resulted

in smaller plants, as reflected in Table 3.
In Experiment 4 (Table 4), diuron and simazine at 0.6 kg/ha
applied preemergence killed most of the guayule seedlings.
treatment made no difference in the result.

Fungicide

As in Experiment 3, tri

flu ral in and pendimethalin treatments allowed guayule survival in
numbers roughly equal to the check.

There were no differences between

treatments due to large variations in seedling response across treat
ments.
In Experiment 4, thiram treated seed produced a stand equal to
that produced by terrazole plus terrachlor or the check
emergence dieback was severe for all treatments

but post

(Table 5).

Damping

off in Experiment 4 may have been more severe than in Experiment 3 due
to greater massing of plants in the flats with increased root to root
contact.

Although total dieback in Experiments 3 and 4 was higher when

the fungicides were used as a seed treatment (Table 5), total number of
surviving plants was still slightly higher when the fungicides were
used.

This may indicate that the protection conferred by seed

61
treatment is only temporary, and is not sufficient to protect the seed
lings as they grow.
Seedling height in Experiment 4 did not reflect a rate response
to trifluralin or pendimethalin.

The smallest plants were those few

that survived treatment with diuron.

No clear differences were noted

in root development as a consequence of herbicide treatments.
The four tests performed in the field and in the greenhouse on
seedling guayule have in common the observation that variation in
guayule response was due more to factors other than the herbicides
than to the herbicides.

Despite a trend toward greater seedling

survival when the seed was pretreated with a fungicide, differences
between the treatments were obscured by high variability within treat
ments.

Diuron and simazine were highly phytotoxic to seedling guayule.

Trifluralin and pendimethalin did not reduce seedling survival, but
other effects on growth were not determined.

Established Guayule Response
to Four Herbicides

-

Once established, guayule is a durable plant, in contrast to
its behavior as a seedling.

In Experiment 5 guayule grown and trans

planted in peat pots appeared tolerant of the high rates of all
herbicides and combinations of herbicides applied.

Survival varied

from 76% with trifluralin at 1.7 kg/ha to 51% with simazine at 1.7
kg/ha (Table 7).

Survival in the check with 69%.

Height ranged from 14 to 18 cm after 2 m o n t h s , but this does
not reflect the considerable compact lateral branching, stem thickening,
and extensive root development that occurred during the 5 months this
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Table" 7•

Effect of preplant incorporated herbicides on newly transplanted guayule at Litchfield Park, Arizona.

Herbicide

Rate
(kg/ha)

Survival 3
(% of check)

Height 3 (August 21,
1979) (cm)

trifluralin

0 . 6

81 a

16 a

trifluralin

1 . 1

104 a

17 a

trifluralin

1.7

1 1 0

a

17 a

pendimethalin

0 . 6

104 a

17 a

pendimethalin

1 . 1

97 a

18 a

pendimethalin

1.7

104 a

17 a

diuron

0 . 6

90 a

15 a

diuron

1 . 1

a

16 a

diuron

1.7

78 a

15 a

simazine

0 . 6

104 a

14 a

simazine

1 . 1

78 a

14 a

simazine

1.7

74 a

14 a

107 a

16 a

trifluralin +
diuron
trifluralin +
simazine
pendimethalin +
diuron
pendimethalin +
simazine
Check

1 0 0

0 . 6
0 . 6

0 . 6

90 a

0 . 6

0 . 6

15 a
i

90 a

16 a

0 . 6

0

.6

78 a

15 a

a

17 a

0 . 6

1 0 0

^Values within a column followed by the same letter are not signifi
cantly different at the 5% level according to Dun c a n 1s multiple range
test.
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test -was under observation.

Irrigation delays during the first week

plus temperatures as high as 46 C probably accounted for the death of
those plants that failed to survive.

No symptoms of triazine or urea

herbicide injury were observed, and all plants appeared healthy.
There is a strong possibility that the guayule transplants
were initially protected from root contact with the soil incorporated
herbicides by the peat pots they were transplanted in.
(1

1

Bailey et al.

) and others have shown that herbicides are strongly adsorbed to

organic matter such as peat, and that the phytotoxicity of herbicides
generally decreases as the strength of adsorption increases.

Herbi

cide adsorption on the peat pots may have protected the guayule plants
from root adsorption of the herbicides, at least until the roots grew
through the peat pots.
Transplant shock may have contributed to the apparent tolerance
of the guayule to the herbicides.
capable of going dormant

(80).

Under stress conditions, guayule is

The intense heat plus shortage of water

in the sandy loam soil at Litchfield may have induced the guayule to go
dormant until conditions favorable to growth were restored.

Growth was

slow through the summer months and into the fall, as the plants grew
only 5 to 10 cm with most growth occurring after September.

Fast grow

ing, healthy plants are generally more susceptible to herbicides than
slow growing plants

(7).

The reduced root adsorption by guayule during periods of slow
growth (80) may have been a factor contributing to its apparent toler
ance of herbicides.

In addition, by the time growth resumed in the
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fall,- the soil concentration of the herbicides may have declined, due
to herbicide breakdown in the soil.

Visual inspection of plants dug in

the fall revealed that root growth occurred almost exclusively in a
downward direction, which would have minimized root contact with the
herbicides.

Extensive root development to 30 cm was observed.

In this test * guayule transplanted in peat pots appeared tol
erant of all preplant incorporated treatments.

Weed control (data not

presented) was satisfactory for all treatments, but weed populations
were low in the test area.
In Experiment

6

, unhardened 2- or 4-month-old guayule plants

were severely injured or killed by overtop applications of either diuron
or simazine at 1.1 kg/ha or higher (Table

8

).

.Injury symptoms included

wilt, chlorosis, and rapid necrosis of the entire plant.
diuron appeared within

1

Injury from

week of application, but simazine injury was

not evident for 2 or 3 weeks.

Probably diuron was more easily adsorbed

through the foliage than simazine, while simazine became phytotoxic
following root absorption after the herbicide was watered into the
soil.
In this t e s t , unhardened 2- or 4 -month-old guayule grown in
the greenhouse showed no tolerance for overtop applications of diuron
or simazine at 1.1 kg/ha.

No temporary symptoms of injury were ob

served, as virtually all the treated plants died.
Experiment 7 investigated the effect of diuron or simazine ap
plied overtop of established, hardened 4- and
transplants in the field.

6

-month-old guayule

In this test, one group of plants was treated
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Table "8 .

Effect of overtop applications of diuron or simazine on un
hardened 2 - and 4 -month-old guayule in the greenhouse.

Survival

Herbicide

Rate
(kg/ha)

2

at 4 weeks
-month-old
4-month-old
(%)

(%)

2

at 8 weeks
-month-old
4-month-old
(%)

(%)

diuron

1 . 1

0

0

0

0

diuron

3.4

0

0

0

0

simazine

1 . 1

43

27

2

2

simazine

3.4

28

15

0

0

95

97

check

91

97

during" weather conditions favorable for active growth 5 while a second
group was treated after the first frost of the season had apparently
forced the plants into winter dormancy.
Initially 9 no symptoms of injury appeared on plants treated on
either date.

The October-treated group appeared to continue growth

through mid-November 9 without evidence of urea or triazine phytotoxicity.
It was assumed that the thicker, less permeable cuticles of the hardened
transplants had protected the guayule from the herbicides.
After mid-November, no growth occurred in either group till
temperatures reached 25 C late the following February.

Following ir

rigation, the guayule in both treatment groups produced new shoots and
leaves and the plants assumed a h e a l t h y , light green color.
stalks appeared on some of the plants.

Flowering

However, within 2 weeks plants

from both groups treated the previous fall with simazine began to show
signs of injury.

Within a few days, plants from both the October and

December treatments turned grey and appeared dead.

As warm temperatures

continued, the plants sent out new shoots from axillary buds and termi
nals but these also turned g r e y , shriveled, and died.

Simazine applied

overtop the previous fall to actively growing or dormant guayule had
persisted in the soil or in the plants and was now killing them (Table
9).

The expression of simazine phytotoxicity was absent or supressed

until the plants resumed active growth in the spring.
kg/ha killed most of the plants, while

1 . 1

or death with stunting of the survivors.

Simazine at 1.7

kg/ha caused severe injury
Simazine at

0 . 6

kg/ha caused

stunting and foliar necrosis but killed only the weakest plants.

The
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Table. 9.

Herbicide

Effect of overtop applications of diuron and simazine on es
tablished guayule for two dates of application.*

(kg/ha)

October 15
Survivala
Height 3
(cm)
(%)

December 1
Survival 3
Height 3
(cm)
(%)

diuron

0 . 6

1 0 0

a

15 a

95 a

13 a

diuron

1 . 1

1 0 0

a

15 a

90 a

1 1

diuron

1.7

1 0 0

a

15 a

91 a

13 a

simazine

0 . 6

1 0 0

a

13 a

95 a

1 1

ab

simazine

1 . 1

a

53 b

1 0

ab

simazine

1.7

17 c

7 b

18 c

9 b

a

16 a

96 a

13 a

check

58 b

1 0 0

1 2

^Values within a column followed by the same letter are not significantly different at the 5% level.
*Rated April 5, 1980

ab
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suddenness of injury months after the herbicide was applied was strik
ing-

Root uptake of simazine that had moved into the soil by irriga

tion and rainfall was responsible for the injury.
Results in Experiment 7 from overtop applications of diuron were
different than with simazine.

In this test, diuron at 1.7 kg/ha ap

plied overtop of guayule in either October or December caused no in
jury at the time of application or the following spring.

While

simazine treated plants were dying or injured, diuron-treated plants ap
peared

normal and showed growth equal to the check.

Weed control data

(Table 10) shows that both herbicides were still active in the soil by
late February.

Weed control of established weeds by the December treat

ment was less than the preemergence control by the October application.
D i u r o n , which had caused severe injury to unhardened guayule transplants
in the greenhouse, was not injurious when applied overtop of hardened
plants in the field.

From this it appears that guayule tolerance to

diuron improves with age and the hardened condition of the plant, which
may reduce foliar penetration by the herbicide.

Since seedling and zun-

hardened guayule showed no tolerance for diuron, the apparent tolerance
of h a r d e n e d , established plants is probably morphological rather than
physiological*
Subsequent applications of trifluralin preplant incorporated
at

0 . 6

kg/ha plus diuron preemergence at

0 . 6

kg/ha in nursery trans

plantings have not injured guayule while providing satisfactory weed
control*

Established, 2-year-old guayule in nurseries at the Casa
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Table -10.

Weed control by diuron and simazine applied overtop of es
tablished guayule on two dates.^

Weed. control (February 20, 1980)
= no control
1 0 0
= 1 0 0 % control
October 15
December 1
Grass 3
Broadleafa
Broadleaf 3
Grass 3
0

Hdrbicide

Rate
(kg/ha)

95 a

60 b

60 a

1 0 0

a

80 a

90 a

1 0 0

a

90 a

95 a

1 0 0

a

15 d

70 a

95 a

1 0 0

a

35 c

93 a

1 0 0

a

1 0 0

a

60 b

95 a

2 0

b

diuron

0 . 6

1 0 0

a

diuron

1 . 1

1 0 0

a

diuron

1.7

1 0 0

a

simazine

0 . 6

95 a

simazine

1 . 1

simazine

1.7

check

.

40 b

2 0

cd

50 a

aValues within a column followed by the same letter are not significantly different at the 5% level.
^Treatments applied October 15 over bare soil^ treatments applied
December 1 over soil and emerged weeds.

Grande Highway Farm has not shown injury from directed applications of
diuron to the soil at 1.1 kg/ha in successive years.

Overtop applica

tions of diuron at 1.7 kg/ha in July to the same plants treated in
Experiment 7 caused slight foliar necrosis but after 1 month the plants
appeared healthy and vigorous as the untreated controls.
lished

9

Once estab

it is likely that low rates of diuron can be applied to the

soil around guayule plants or overtop of the plants without the risk
of unacceptable injury to the guayule.

Applications while the plants

are dormant would probably be significantly safer than applications
while the plants are actively growing.

More study is necessary to con

firm the apparent safety of diuron in established plantings of guayule.

SUMMARY

This study investigated the effects of four herbicides on seed
ling and established guayule.
Guayule is a desert shrub under consideration for commercial
production for its ability to synthesize natural rubber.

Previous re

search on the ecological relations and agronomic practices used in
growing guayule is reviewed.

Four herbicides, trifluralin, pendimeth-

alin, diuron, and simazine are reviewed for their herbicidal properties
and behavior in the soil.

Noting that effective, economical weed con

trol is essential in crop production, the aim of this study was to
evaluate the potential of these herbicides for selective use in guayule.
Preplant incorporated, preemergence, and postemergence overtop
applications of the herbicides were made to seedling and established
guayule.

Percent survival, height, and visual appearance were observed

as indicators of the effects of the herbicides on the plants.

When

damping off became a problem with seedlings, fungicide treatments of the
seed were made in an attempt to separate the effects of damping off from
the effects of the herbicides.
Seedling guayule response to the herbicides was difficult to
assess due to the irregular growth and poor vigor of the plants.

The

fungicides terrazole plus terrachlor sometimes improved seedling sur
vival.
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-. Diuron or simazine applied preemergence at 0,6 kg/ha was highly
toxic to seedling guayule.

Unhardened 2- or 4-month-old guayule was

killed by overtop applications of diuron or simazine at 1.1 kg/ha.

In

the field, established guayule was injured by simazine applied overtop
at 0.6 kg/ha, and killed by 1.7 kg/ha.

Diuron applied overtop of

har d e n e d , established plants at 1.7 kg/ha was not injurious.
Trifluralin or pendimethalin applied preplant incorporated at
0.56 kg/ha did not reduce the survival of seedling guayule.

Preemergence

applications of these herbicides at 1.7 kg/ha also did not reduce sur
vival.

Survival and height did not show a rate response to trifluralin

or pendimethalin.
In tests on seedling guay u le, significant differences between
the treatments were observed only when the seedlings were protected
from disease by seed treatment witfi a fungicide.
Three-month-old guayule grown in peat pots and transplanted to
the field appeared tolerant to preplant incorporated applications of
diuron, simazine, trifluralin, and pendimethalin at 1.7 kg/ha, and to
combinations of trifluralin or pendimethalin with diuron or simazine
at

0 . 6

kg/ha of each.
In contrast to its behavior as a seedling, established guayule

appears to be a plant whose tolerance to selective herbicides increases
with age.

>
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