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Herbicide Combinations for Woody Plant Control’
R. W. Bovey, F. S. Davis, and H., L. MorTON?

Abstract. We studied 4-amino-35.6-trichloropicolinic acid (picloram)
alone and in combination with 245-trichlorophenoxyacetic acid
(245-T) or 1,I’-dimethyl-4,4-bipyridinium salt (paraquat) for con-
trol of several greenhouse, nursery, and natural-grown, woody plant
species. Picloram:paraquat combinations improved the control of
some species such as yaupon (Ilex vomitoria Ait)) as compared to pic-
loram alone at equal rates; but it had an antagonistic effect on hui-
sache (Acacia farnesiana (L) Willd.) and honey mesquite (Prosopis
juliflora (Swartz) DC. var. glandulosa (Torr) Cockerell). Evaluation
of picloram: 245-T combinations suggested that 24,5-T sometimes
counld be added in equal amounts to picloram to increase control or
reduce picloram rates proportionately on huisache, honcy mesquite
and live oak (Quercus virginiana Mill.).

INTRODUCTION

HERBICIDE combinations are widely used in agronomic
and horticultural crops® and will continue to receive
much attention in weed research in the future. Likewise
the use of herbicide mixtures for woody plant control
sometimes may be more effective than single herbicides.
For example, Robison (6) found that combinations of
2,4,5-trichlorophenoxyacetic acid (2,4,5-T) plus 4.amino-
3,5,6-trichloropicolinic acid (picloram) at equivalent rates
on honey mesquite (Prosopis juliflora (Swartz) DC., var.
glandulosa (Torr.) Cockerell) killed more roots than
2,4,5-T or picloram alone. Studiest on control of winged
elm (Ulmus alata Michx.) in Oklahoma indicated addi-
tions of picloram, 3-amino-1,2,4-triazole (amitrole), and
ammonium thiocyanate to 2,4,5-T increased its effective-
ness.

Herbicide combinations often can broaden the spec-
trum of effectiveness where resistant species occur in
mixed stands of brush. Kirch and Esposito (4) showed
that the addition of herbicides such as picloram and
amitrole to invert emulsions of 2,4-dichlorophenoxyacetic
acid (2,4-D) and 2,4,5-T improved control of some woody
species resistant to phenoxy herbicides.

Although apparent interactions have been reported
(4, 6), our knowledge is still rudimentary. It is difficult
to predict with accuracy the response of a given species
to a herbicide combination. The studies reported in this
paper were conducted to determine the effect of 2,4,5-T
and 1,1"-dimethyl4,4"-bipyridinium salt (paraquat) on the
herbicidal properties of picloram on greenhouse, nursery,
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and natural-grown, woody plants and to develop a system
for evaluating and predicting the effectiveness of herbi-
cide mixtures.

MATERIALS AND METHODS

Field studies. All herbicides were sprayed on 22 by 100
or 200-ft long plots in duplicate with a truck mounted
sprayer (5). Herbicides were applied in water at 10 or 20
gpa at 30 psi. A surfactant containing alkylaryl polyoxy-
ethylene glycols, free fatty acids, and isopropanol was
added at 0.59%, (v/v) of the spray solution.

Herbicides used in all studies included the potassium
salt of picloram, 2-ethylhexyl ester of 2,4,5-T the tri-
ethylamine salt of 2,4,5.T, and paraquat. Herbicidal rates
and dates of application are given later.

Wild stands of brush, 6 to 12 ft in height, were sprayed.
Woody plants included yaupon (llex vomitoria Ait), live
oak (Quercus virginiana Mill.), and huisache (A4cacia far-
nesiana (L) Willd)) at College Station, Victoria, and
Refugio, Texas, respectively. Representative mixed hard-
wood species at Livingston, Texas, were sumac (Rhus
spp.), sassalras (Sassafras albidum (Nutt.) Nees), American
beech (Fagus grandifolia Ehrh.), Allegheny chinquapin
(Castanea pumila (L) Mill), saw greenbriar (Smilax
bona-nox L.), and sweetbay magnolia (Magnolia virgini-
ana L.).

Herbicidal effectiveness was measured by estimating
percentage defoliation 1 or more years after treatment.

Nursery studies. Woody plants (12 to 15 months old and 2

“to 5 ft in height) were grown in a nursery near Bryan,

Texas. Live oak, huisache, honey mesquite, and winged
elm were sprayed with a tractor-mounted, compressed-air
sprayer. Four replications with five plants per replication
were treated in a randomized block design. The same
surfactant and concentration was used as indicated in the
field studies. Herbicides were applied in water equivalent
to 20 gpa. Control evaluations were made by estimating
percentage defoliation 1 year after treatmeont,

Greenhouse studies. Similar herbicide combinations as
used in the field and nursery were applied to greenhouse-
grown plants. All herbicides were applied in water equiv-
alent to 10 gpa with a 0.59, (v/v) surfactant described
under field studies. A laboratory sprayer described by
Bouse and Bovey (1) was used to treat five or six plants
per treatment. Herbicidal evaluations were made by esti-
mating percentage defoliation 1 to 2 months after treat-
ment.

Euvaluation of antagonism and synergism. If a combina-
tion of two herbicides gave 209, or more defoliation
than a single herbicide of the combination at equivalent
rates, the mixture was considered synergistic, and if 209,
or less, antagonistic. For example, if picloram at 1 Ib/A
produced 609, defoliation and picloram + 2,4,5-T at I +



BOVEY ET AL. : WOODY PLANT CONTROL

1 Ib/A produced 809, or more defoliation, the combina-
tion was considered synergistic. However, if picloram at
1 Ib/A gave 609, defoliation and picloram + paraquat
at I + 1 Ib/A produced 409, or less defoliation, the
mixture was antagonistic. This procedure was used for
all field, nursery, and greenhouse studies. This method
was compared with one proposed by Gowing (8) and later
by Colby (2) in which a formula is used to obtain an
expected value of control for herbicide combinations.
When the observed value is greater than expected, the
combination is synergistic; when less, it is antagonistic.
In general, the methods agree except that the procedure
outlined in this paper is simple and more conservative.

REsuLTS

Field studies. By definition, a combination of picloram
+ paraquat was synergistic when applied to yaupon in
April and May, 1964 (Table 1). Although not synergistic,
a similar relationship was found for the June, 1965 treat-
ment to live oak and the April, 1964 and 1965, and
May, 1965, treatments on several hardwood species at
Livingston, Texas. Examples of antagonism between pic-
loram and paraquat, however, were observed in the April
treatment of live oak, the April and May treatments of
huisache and a July treatment of mixed hardwoods in
east Texas.

In no case were combinations of picloram + 24,5-T
antagonistic in response and they usually were more
effective than either herbicide alone at equal rates. Syn.
ergism was evident in the May and the April, 1966 treat-
ments on huisache and hardwood species, respectively.
Nursery studies. Mesquite was treated at five dates in the
spring of 1965 (Table 2). Except for early in April, the
addition of paraquat to picloram greatly reduced its

effectiveness. For example, the June 8, 1965, treatments
with picloram at 1 1b/A produced 829, defoliation,
whereas those with picloram 4 paraquat at 1 + 1 lIb/A
showed only 489, defoliation 1 year after treatment. In
1966, the addition of ester or amine formulations of
24,5-T showed neither antagonism nor synergism, since
picloram was very effective at all rates used. However, it
appears that 2,4,5-T could be substituted for equal rates
of picloram on mesquite since picloram plus 2,4,5-T at
14 + 14 Ib/A was as effective as picloram or 2,4,5-T at
15 1b/A.

The addition of 2,4,5-T to picloram did not improve

control of winged elm (Table 2). Control of winged elm
with 2,4,5-T was not effective and 2,4,5-T could not be
substituted for equal rates of picloram. Conversely, both
ester and amine formulations of 2,4,5-T gave a syner-
gistic effect with picloram when applied on live oak.
Rates of picloram + 2,4,5-T at 2 + 2 Ib/A gave 1009,
defoliation 1 year alter treatment, whereas picloram at
2 Ib/A produced 489, defoliation. Picloram 4 24,5-T
at 1 + 1 Ib/A, using either amine or ester formulations
of 24,5-T, were more effective than picloram alone at
2 Ib/A. Picloram:2,4,5-T combinations on huisache sug-
gested substitution of 2,4,5-T for equal rates of picloram
in a picloram:2,4,5-T mixture.
Greenhouse studies. Initial studies were conducted with
huisache to determine the effectiveness of herbicide mix-
tures (Table 3). Paraquat was antagonistic to picloram
when 1:1 ratios of the chemicals were used. The antago-
nistic effect disappeared when higher amounts of piclo-
ram were used in the ratio (3:1).

Picloram + 2,4,5-T at 1/16 + 1/16 1b/A were as effec-
tive as picloram at 14 1b/A; 2,4,5-T at 14 1b/A was in-
effective. Picloram + 2,4,5-T at 1/32 + 3/82 and 3/32
+ 1/32 (3:1) were less effective than the 1:1 ratio.

Table 1. Pevcentage defoliation of woudy plants alter treatment with picloram, paraquat, 2451, and combinations of picloram plus
paraquat or 2,45-T.

Picloram Paraquat

2,4,5-T

Picloram + paraquat Picloram + 2,4,5-T Mixture

Species and treatment \(’““ after
date y

L4

1+ 2 4 a8 2 4 8 2 4 141 444 244 442 141 242 444 —m——
Picloram I’id:.ram
Paraquat 2,4,5-T
Yaupon
April 1964, .. ... ... ...... 2 40 100 10 10 100 [
Juane1964................ 2 35 65 15 5 85 '3
Runaing lice ook
April 1964, ... ... . ... ... 3 50 0 20 A
une 1965................ 2 78 95 35 30 45 25 88 88 ND ND
une 1966......... ... ... 1 88 99 96 ND
Huisacke
April 1964.. 3 40 18 30 15 A
May 196S. .. 2 38 85 18 20 13 88 A S
Oct 1964. .. 2 68 93 60 ND
Mixed hardwoods
April 1964................ 2 8s 95 3 18 83 ND
July1964............ .. 2 60 75 1] 15 A
April 1965 2 58 75 80 80 ND
May 1965, 2 42 70 79 86 ND
Aug 1965, .. 1 65 60 65 55 ND
Aprit1966................ 1 30 75 28 33 92 s
sLb/A.

A = An(agonism; § = Synergism; ND = No difference.
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Table 2. Percentage defoliation of nursery grown woedy plants 1 year after treatment with picloram, 2,45-T, paraquat, and mixtures of
picloram, plus 2,4,5-T or paraquat.

Singlc herbicides

Specics and Treatment Date Picloram 2,4,5.T ester 2,4,5-T aminc Paraguat
¥ 2 3 1 134 2 3 4 123 1 14 2 3 4 23 1 2
Mesquile
April 16,1965, ... ... ... ...l — 40 25 40 43
April 30,1965............ .. .. — B4 16 17 28
une 8, 196S. .. ... ... ..l —_ 98 12 M 43
une 30,1965, .. ... ...l — 95 13 13 13
uly 20,1965, ... ..t — 84 18 3 27
Mesquite
une 29, 1966. . ... ... — 98 9 — 100 % 93 — 99
:Iuly 22,1966, ... i — 100 97 — 100 97 100 — 95
Winged elm
May 9, 1966, .. ... 96 15 15 30
May 31,1966, ...t 89 8 25 28
Live ook
June 9,1966. .. ...l 48 — 15 15 20 66
Huisache
Jure10,1966. ... ... ...l 100 — 85 929 45 28
Herbicide Combinations Mixture response®
Species and treatment datc Picloram <+ 2,4,5-T cster

Picloram <+ 2,4,5-T amine Picloram < paraquat Piclo.;am Pic+4 Piclitam

%,

H+UYB+Y% 1411 +1 242 K+UK+Y 141 242 + 4+ +3¥ 14+1 245T amine Paraquat

citer

Moesquite

April 16,1965.............
April 30, 1965.............

une B, 1965..............
']Iune 30,1965.............

uly 20, 1965.............
Mesquite
une 29,1966, . ........... 99 100
uly 22,1966.............. 95 100
Winged elm
May9,1966.............. 15
May 31,1966, ............ 30
Live oak

June9,196..............

Huitache
June 10, 1966.............

80
60

100

s 33 40 ND
12 28 20 A
25 33 48 A
20 15 33 A
18 25 40 A
97 97 ND ND
94 160 ND ND
ND
ND
43 100 S S

100 100 ND ND

SLb/A.

bA = Antagonism; S = Synergism; ND = No Diffcrence.

Table 3. Percent defoliation of greenhouse grown huisache 2 months
after treatment with 2,4,5-T, paraquat, picloram, and combinations

of picloram plus paraquat or 2,4,5-T.

Herbicide Rate Percent
(1b/A) defoliation
2,45 T, .0cvi it 1/8 54
245 T, oo 1/2 79
Paraquat.......coovveeenaannien 1/8 7
Pangual ...................... 172 68
Picloram...............o0ia 1/8 100
Picloram...........cooiienen, 1/2 100
Picloram 4 paraquat. 6 + 1/16 (1:1) 59
Picloram < paraquat. 2 + 3/32 (1:3) 58
Picloram + paraquat, 2 + 1/32 (3:1) 98
Picloram 4 paraquat 4 4+ 1/4 (1:1) 78
Picloram + g:ragua( 8 + 3/8 {1:3) 91
Picloram -+ paragquat 8 4+ 1/8 (3:1) 100
Picloram 4+ 2,4,5-T............. 6 4+ 1/16 (1:1) 100
Picloram 4 2,4,5-T............. 2 + 3/32 (1:3) 63
Picloram 4+ 2,4,5-T............. 2 4+ 1/32 {3:1) 69
Picloram 4 2,4,5-T............. 4 4+ 1/4 (1:1) 100
Picloram 4+ 2,4,5.T............. 8 + 3/8 (1:3) 100
Picloram + 2,45-T............. 8 + 1/8 (3:1) 100

Additional greenhouse experiments conducted are pre-
sented in Table 4. Antagonism against picloram by the
addition of paraquat was common on huisache and mes-

Table 4. Response of huisache and mesquite 1 to 2 months after
treatment with combinations of picloram plus paraquat or 2,4,5-T
compared with picloram alone at comparable rates.

Hi 1 Mesq
1= 2 3 1 2 3

Rate
Herbicide treatment (1b/A)

Picloram - paraquat 1/64 4 1/64 (1:1) A ND A ND ND A
Picloram <4 paraquat 1/128 4 3/128 (I:J; ND ND ND A ND A
Picloram <4 paraquat 3/128 + 1/128 (3:) A ND A A ND ND
Picloram < paraquat 1/16 +1/16 (1:1) ND ND ND ND A ND
Picloram < paraquat 1/32 4 3/32 (1:3) S A A S A A
Picloram + “vt"m 3/32 +1/32 (3:1) ND ND ND A ND ND
Picloram + 5.34‘,5. 1/64 4 1/64 (1:1) A — — ND — —
Picloram + 2,4,5-T 17128 4+ 3/128 (1:3) ND — -«— ND — —
Picloram + 2,4,5-T 3/128 + 1/128 {3:1) ND — — ND — —
Picloram + 2,4,5-T 1/16 +1/16 (1:1) ND —— ND S ND ND
Picloram 4 2,4,5-T 1/128 <+ 3/128 (1:3) § — ND A ND ND
Picloram + 2,4,5-T 3/128 417128 (3:1) ND -— ND A ND ND

*Three separatc experiments per species, one
bA = Antagonism: S = Syncrgism; ND = No difference.
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quite; synergism was uncommon. On the other hand,
antagonism was uncommon when combinations of pic-
loram + 2,4,5-T were used. Greenhouse-grown woody
species provide a valuable system to study herbicide
combinations, since greenhouse grown plants give similar
herbicidal responses as field plants and permit large num-
bers of treatments to be evaluated in a much shorter
period of time. Herbicide rates, however, for greenhouse-.
grown plants may be reduced in the range of 4 to 16
times to give comparable control to field species, depend-
ing upon the species and stage of growth.

DiscussioN

Herbicide combinations have certain advantages on
resistant species and mixed stands of woody plants as
encountered in many areas of the world. More species
may be effectively controlled, overall herbicide rates may
be reduced, and herbicide residues in plants and soils
may be reduced by partially substituting effective herbi-
cides with shorter residual characteristics. In this study,
herbicide combinations were limited to paraquat or
2,4,5-T in combination with picloram. In some cases,
picloram:paraquat mixtures improved control (yaupon,
live oak, and several hardwood species) when compared
to picloram alone. However, the addition of paraquat to
picloram was definitely antagonistic (huisache and mes-
quite) on some species or some dates of application. Com-
binations of picloram:2,4,5-T were sometimes synergistic

335

and suggested that 2,4,5-T could be added to reduce
picloram rates and increase the effectiveness on some
woody plants. Both ester and amine forms of 2,4,5-T were
equally effective when applied in conjunction with piclo-
ram but sometimes very ineffective when applied alone
on some species.

These studies strongly indicate that knowledge con-
cerning species to be controlled, herbicide rates and ratios,
and date of application are important factors in obtain-
ing optimum results with herbicide combinations. Green-
house and nursery-grown woody plants are useful tools
in obtaining prior knowledge and predicting the best
herbicide combinations to use on wild stands.
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