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Paraquat Behavior as Influenced by 2, 4-DB in Peanut

(Arachis hypogaea) and Selected Weeds!
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ABSTRACT

The interaction of 2,4-DB and paraquat on weed control and
crop safety in peanuts was examined in greenhouse, field, and
laboratory experiments. Tank mixtures of paraquat and 2,4-DB
were no more injurious to peanuts than paraquat applied alone in
greenhouse and field experiments. These tank mixtures were
neither interactive nor synergistic with respect to weed control.
Underfield conditions, tank mixtures provided more comprehensive
weed control and improved yield relative to either herbicide
applied alone. Studies with !“C-labeled herbicides revealed that the
absorption and translocation of paraquat and 2,4-DB was not
influenced by the presence of other herbicide.

Key Words: 2,4-DB, paraquat, Florida beggarweed, Desmodium
tortuosum (SW.) DC; peanut, Arachis hypogaea L.; Sicklepod,
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The Environmental Protection Agency suspended all
registered uses of the herbicide dinoseb [2-sec-butyl-4, 6-
dinitrophenol (2-(1-methylpropyl)-4, 6-dinitrophenol] in
October of 1986 (1). Dinoseb had been used extensively in
peanuts as an early postemergence treatment for the control
of a variety of dicotyledonous weed species including sickle-
pod and Florida beggarweed (3, 7).

Paraquat (1,1'-dimethyl-4, 4'-bipyridinium ion) was regis-
tered for use in peanuts in 1987. Paraquat controls many
grass and broadleaf weeds encountered in peanuts and is
currently a standard treatment in southeastern peanut pro-
duction (15, 18, 19). Applications must be restricted to early
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postemergence; i.e. no later than 28 days after emergence to
minimize crop damage (15). Paraquat is rapidly absorbed
into foliage where it inhibits photosynthesis; it is not exten-
sively translocated (2, 6, 13).

A number of legume crops, including peanuts are tolerant
of 2,4-DB [2,(2,4-dichlorophenoxy) butanoic acid] applied
postemergence for broadleaf weed control (3). Ketchersid
(9) reported that a single applications of 2,4-DB at 0.9 kg/ha
to peanuts during the reproductive stage (the most herbi-
cidi sensitive period) reduced both yield and market grade.
However, repeat applications of 0.45 kg/ha had no effect. In
peanuts, 2,4-DB is used for the control of various broadleaf
weeds including sicklepod (Cassia obtusifolia L.),
morningglories (Ipomoea species) and smallflower
morningglory [Jacquemontia tamnifolia (L.) Griseb] (9).
These species, alone with Florida beggarweed, are among
the weeds most commonly encountered in southeastern
peanut production (5).

The 2,4-DB molecule is not phytotoxic. However, beta
oxidation within plant tissue produces 2,4-D which is phyto-
toxic (9, 14). 2,4-DB is not readily absorbed nor translocated
(8, 14). Peanut seedlings held at 100% relative humidity
retained 80% of the amount of 2,4-DB applied on the leaf
surface (9). The 2,4-D, formed from beta-oxidation within
the treated leaf, appeared to be the more mobile product (9).
The tolerance of peanuts and several other legumes to 2,4-
DB relative to that of the target weeds is attributed to the
combined effects of less spray retention, less absorption and
translocation, and the more rapid metabolism of any 2,4-D
produced into benign forms (8).

Since application times of paraquat and 2,4-DB overlap,
interest has developed in combining these herbicides into a
tank mixture. In previous research, both naptalam (2-[(1-
naphthalenyl-amino)carbonyl]benzoic acid}(16) and benta-
zon {3-(1-methylethyl)-(1H)-2,1,3-benzothiadiazin-4(3H)-
one 22-dioxide} (17) were demonstrated to antagonize
paraquat phytotoxicity. In both cases the antagonism was
attributed to reduced paraquat absorption.

The objective of this study were to evaluate the effective-
ness of 2,4-DB and paraquat tank mixtures on weeds perti-
nent to peanut production and peanut under greenhouse



52 PEANUT SCIENCE

and field conditions. In addition, laboratory studies using
radiolabeled herbicides were conducted to evaluate the
absorption and translocation of both herbicides as influ-
enced by the presence of each other.

Materials and Methods

Greenhouse study. A greenhouse study was conducted to evaluate the
interaction of 2,4-DB with paraquat on phytotoxicity in peanut, sicklepod,
smallflower morningglory and Florida beggarweed.

Seeds of all species were allowed to germinate and subsequently
transplanted into 1-L pots. The soil had been taken from the site of the field
study as described below. Plants were grown for 3 weeks in a greenhouse
with approximate day/night temperatures of 32/24 C and a photoperiod of
16 h. Plants were surface watered on an as-needed basis.

Herbicide treatments consisted of a factorial arrangement of 0, 0.07,
and 0.14 kg ai/ha of paraquat, and 0, 0.05, 0.10 and 0.20 kg ai/ha of 2,4-DB.
Treatments were assigned to three pots, with each pot containing three
plants of a common species. All species were in the 3- to 4-leaf stage at the
time of application. Treatments were applied with a moving-belt sprayer
calibrated to deliver a spray volume of 168 L/ha. A nonionic surfactant® was
added (0.25% vA) to the spray solutions.

Ten days after treatment, paraquat phytotoxicity on peanuts was visually
rated and foliar fresh weights of the three weeds were determined and
expressed as percent of the untreated control. The expected response for
each herbicide combination was calculated by the method described by
Colby (4). An expected value was calculated by first multiplying the weed
control provided by the two herbicides applied individually and then
dividing by 100. Weed control provided by the tank mixture was termed
the observed value. The expected and observed values were compared
using Fisher’s Protected LSD test at the p=0.05 level. If the observed
response for a particular combination was not significantly different from
the expected value, the combination was considered to be additive.
However, if the observed response was significantly less than or greater
than the expected value, the combination was deemed to be antagonistic
or synergistic, respectively.

Absorption and translocation. The absorption and translocation of
paraquat and 2,4-DB, whether applied alone or as a tank mixture was
evaluated on seedlings of each species which had been grown as indicated
above. Commercially formulated and C-labeled herbicides were used to
prepare solutions of each herbicide so that the concentration of radioactivity
was approximately 5,000 dpm/uL. The total herbicide concentration was
equivalent to application rates of 0.14 kg/ha for paraquat and 0.20 kg/ha for
2,4-DB as described in the aforementioned greenhouse study. The specific
activity of the radioactive paraquat and 2,4-DB was 22.1 and 13.7 mCi/
mmol, respectively. Additional solutions were prepared in which paraquat
and 2,4-DB were combined and the “C atom(s) was a part of either the
paraquat or the 2,4-DB molecule, resulting in a total of four treatments.

Each treatment was applied to four single-plant replicates of each
species. Solutions were applied as a single 5-uL. drop to the youngest fully-
expanded leaf of each plant. Small ‘O’ rings (3 mm diameter) which had
been sealed to the leaf surface with lanolin were used to keep constant the
amount of leaf surface area exposed to the solutions. All applications were
made at 0900 h and analysis of treated plants began 48 h later.

The ‘O’ ring was carefully removed and a 1-cm-diameter cork borer was
used to remove the disk of leaf tissue that encompassed the treated site.
The disk was rinsed for 30 s with 20 mL H,0: methanol (90:10 v/v) to
remove unabsorbed herbicide. A 5-mL aliquot of this rinse was added to
scintillation fluid and radioactivity was quantified by liquid scintillation
spectrometry. The remainder of the treated leaf was also removed from the
plant. In the case of sicklepod and peanut, the adjacent leaflet was taken.
Separating the leaf tissue into progressively more distal areas from the site
of applications was considered an appropriate method to detect subtle
differences in herbicide behavior. All plant parts were oven dried for 48 h
at 40 C, weighed, and combusted in a biological sample oxidizer*.
Radioactivity was quantified by liquid scintillation spectrophotometry.

Preliminarily trials by the authors (data not shown) indicated that
recovery of '“C-paraquat was 297% of the amount applied. Since
bipyridylium herbicides are not degraded in plant tissue (6), it was
assumed that all recovered radioactivity represented unaltered paraquat.
Recovery of 1“C-2, 4-DB was 294%. 2,4-DB has been reported to remain
immobile until converted to 2,4-D through beta oxidation (9, 14). Ketchersid
(9) applied '“C-2, 4-DB to peanut seedlings which were maintained at
100% relative humidity. After 24 h, 96% of the applied radioactivity was
recovered as unaltered 2 4-DB in either the leaf wash or the treated leaf
and 3% was recovered within the treated leaf as 2,4-D. Consequently, in

our study we assumed that all recovered radioactivity represented unaltered
2,4-DB. The amounts of radioactivity recovered from the rinsate and each
tissue segment were expressed as percent of the total applied. Data for
each species were analyzed by multivariate techniques so that the absorption
and translocation of paraquat applied alone could be to when applied in
combination with 2,4-DB. Similarly, the absorption and distribution of
2,4-DB with and without the addition of paraquat were compared.

Field study. Field experiments were conducted in 1987 and 1989 at
Headland Ala. on a Dothan sandy loam soil (fine-loamy, siliceous thermic
Kandiudults). Soil organic matter was 1.3% and the pH was 6.5. For the
control of annual grasses, the experimental area was treated with a
broadcast, preplant incorporated application of benefin[N-butyl-N-
ethyl-2, 6-dinitro-4-(trifluoromethyl) benzenamine] at 1.7 kg ai/ha.
The experimental areas were uniformly and heavily infested with Florida
beggarweed and sicklepod. Experimental area was moldboard plowed in
the spring following a winter cover crop of rye (Secale cereale L.). Peanuts
were planted with conventional equipment at a seeding rate of 112 kg/ha.
The experiment consisted of a factorial arrangement of paraquat at 0, 0.14
and 0.28 kg/ha and 2,4-DB at 0, 0.20, 0.30 and 0.50 kg/ha. Two nontreated
treatments were also included with one hand weeded on a weekly basis,
and weeds allowed to grow in the other. Each treatment was assigned to
four plots utilizing a randomized block design. Individual plots consisted
of four rows spaced 91 cm apart and 6.1 m long, Herbicide applications
were made with a tractor-mounted, compressed-air sprayer delivering 140
L/ha at 220 kPa. A nonionic surfactant at 0.25% (v/v) was included in all
herbicide-containing treatments. Treatments were applied in the third
week after peanut emergence. At this time peanuts had 5-to 7-true leaves
and had not started to flower; Florida beggarweed and sicklepod ranged
from the cotyledonary stage to 2-true leaves.

Visual estimates of weed control and crop injury were taken 3 weeks
after herbicide application. Weed control was evaluated on a scale of 0%
(no control) to 100% (complete control) on the basis of weed density and
vigor. A similar scale was used for crop injury. The crop was harvested with
conventional harvesting equipment and plot yield was expressed on a kg/
ha basis.

Data from both years were subjected to analysis of variance and since
treatment performance did not vary significantly between years, data were
pooled for presentation. All visual data were analyzed in their original form
and with arcsin transformation. The results of the analysis were the same,
therefore the visual evaluation data were analyzed in the original form.

Results and Discussion

Greenhouse study. Paraquat applied alone to peanuts at
0.07 and 0.14 kg/ha resulted in 3 and 7% injury, respectively
(Table 1). 2,4-DB applied alone produced no visual injury.
All tank mix combinations of the two herbicides were
noninteractive on peanuts.

Paraquat was most active on Florida beggarweed. The
lowest rate of paraquat applied alone (0.06 kg/ha) provided
89% control. The most tolerant species to paraquat applied

Table 1. Interaction of paraquat and 2,4-DB on peanuts and
selected species under greenhouse conditions.

Herbicide visual injury Fresh weight reduction?
Peanut SmalLflower Florida Sicklepod
Paraquat 2,408 morningglory beggarweed
kg/ha *

] 0 0 0 0 0
0.07 o 3 33 89 46
0.14 [ 7 62 99 94

0 0.05 0 16 12 "

) 0.10 0 44 21 49

[ 0.20 0 45 29 52
0.07 0.05 3 48 N + 72+
0.07 0.10 3 66 9+ 8 +
0.07 0.20 4 67 9+ 9% +
0.4 0.05 6 67 99 93
0.14 0.10 7 70 + 9 95
0.14 0.20 8 72 + 9 92

LSDC0.05) 3 2 4

2 Interactions were evaluated by the method described by Colby(4), '+' denotes synergism and no
marking indicates an additive effect. Intersctions were considered significant if the difference

between the observed and expected values exceeded the sppropriate LSD value.
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alone was smallflower morningglory with 0.07 and 0.14 kg/
haresulting only 33 and 62% control, respectively. Sicklepod
was intermediate with these two rates resulting in 46 and
94% control, respectively.

Smallflower morningglory and sicklepod were more
sensitive to 2,4-DB than was Florida beggarweed. 2,4-DB
applied at 0.20 kg/ha resulted in 45 and 52% control for these
two species, respectively. Florida beggarweed control was
only 29% with the highest application rate of 2,4-DB (0.9 kg/
ha).

All tank mixtures of 2,4-DB and paraquat were either
noninteractive orwere synergistic. With sicklepod and Florida
beggarweed, tank mixtures of paraquat at 0.07 kg/ha
combined with any rate of 2,4-DB were deemed synergistic.
The high rate of paraquat resulted in at least 92% control of
both species, thereby masking any potential interactions.
With smallflower morningglory, only combinations of the

two higher rates of 2.4-DB and the higher rate of paraquat
were synergistic and all remaining combinations were non-
interactive. With the registered rate of paraquat and 2,4-DB
(ie. 0.14 and 0.20 kg/ha, respectively) the tank mixture
resulted in no interactions on sicklepod and Florida
beggarweed, but was synergistic with respect to smallflower
morningglory control.

Absorption and translocation. Across all species, with
14C-paraquat applied alone approximately 30% of the amount
applied was recovered in the leaf wash (Table 2). Paraquat
absorption and translocation was not affected by the addition
of 2,4-DB in any species. With ¥C-2,4-DB applied alone,
approximately 10% of the amount applied was recovered in
the leaf wash. In only one species (smallflower morningglory)
was the distribution of 2,4-DB affected by the addition of
paraquat. In this case, the difference was not due to a
difference in the amount absorbed, but to a greater amount

Table 2. Absorption and distribution of '“C-paraquat and “C-2, 4-DB alone and in reciprocal mixtures in peanuts and selected weeds!.

1I‘(:-paraquat "’C-Z,lo-DB
+ Univariate + Univariate
1I’c-paraquat 2,4-DB contrast 11'(:-2,4-08 paraquat contrast
(X of amount applied) (X of amount applied)
Peanut
Leaf wash 34 30 0.29 9 16 0.04
1-cm radius around target 54 54 1.00 87 80 0.16
Remainder of treated leaf 10 1 0.85 3 3 1.00
Adjacent leaf 2 4 0.21 1 1 1.00
Multivariate Comparison 0.59 0.25
Sicklepod
Leaf wash 30 36 0.46 8 10 0.73
1-cm radius around target 39 35 0.71 84 7 0.39
Remainder of treated leaf 14 14 1.00 3 8 0.33
Adjacent leaflet 17 14 0.81 4 1.00
Multivariate Comparison 0.77 0.82
Smallflowered morningglory
Leaf wash 26 30 0.62 8 7 0.90
1-cm radius around target 38 36 0.84 80 47 0.01
Remainder of treated leaf 36 34 0.87 1" 46 0.02
Multivariate Comparison 0.89 0.01
Florida beggarweed
Leaf wash n 33 0.62 13 15 0.67
1-cm radius around target 67 66 0.56 74 76 0.67
Remainder of treated leaf 2 1 0.71 13 9 0.21
Multivariate comparison 0.73 0.9

1

the leaf surface with lanolin. All plants were 3 weeks old at the time of treatment.

Solutions were applied as a single 5 ul drop. These drops were confined by small 0" rings (3 mm diameter) which were sealed to

Treatment exposure time was 48 hrs.
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being translocated out of the immediate target area and into
the remainder of the treated leaf. The absorption and
translocation of paraquat is not inhibited by the addition of
2,4-DB. And conversely, the absorption and translocation of
2,4-DB is not inhibited by the addition of paraquat.

Field Study. Paraquatapplied alone at 0.14 kg/ha resulted
in 83 and 91% control of the Florida beggarweed and
sicklepod, respectively (Table 3). Increasing the paraquat
rate to 0.28 kg/ha increased control by only 4%. Peanut yield
was numerically higher with the higher rate of paraquat
alone, yet both rates were statistically equivalent to the weed
free control. All treatments with 2,4-DB applied alone
provided at least 87% sicklepod control, and less than 45%
Florida beggarweed control. Peanut yield was less than that
obtained in the weed free control.

All tank mixtures of 2,4-DB and paraquat provided at least
83 and 93% control of Florida beggarweed and sicklepod,
respectively. However this level of control was no better
than that provided by either rate of paraquat alone. Peanut
injury was equivalent to that obtained with paraquat applied
alone. Peanut yields from all tank mixtures were equivalent
to the weed free control.

These results indicates that paraquat and 2,4-DB are
generally noninteractive with respect to crop response and
to control of sicklepod and Floridabeggarweed. Furthermore,
absorption and translocation of these herbicides are not
influenced by the presence of the other. It has been
demonstrated that paraquat can provide good to excellent
control of sicklepod (18). This dataindicates that the addition
of2,4-DB generally offers no benefit over that from paraquat
applied alone. However, it has been the authors’ observation
(unpublished) that this level of control is contingent on the
sicklepod being no more mature than the 3 to 4-true leaf

stage. Tank mixtures of paraquat and 2,4-DB are generally
more effective in controlling more mature sicklepod plants
than paraquat alone, in addition control is extended to
smallflower morningglory.
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