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ABSTRACT

Herbicide-resistant Palmer amaranth is one of
the most problematic weeds in agronomic crop-
ping systems in Georgia. The wide germination
window of Palmer amaranth seed allows it to
emerge after field corn harvest, and if left
uncontrolled, can contribute significantly to the
weed seed-bank causing problems in future
rotational crops. One option for a lay-by (in-
crop) or post-harvest burndown application in
field corn for postemergence and residual control
of Palmer amaranth is metribuzin. However, the
current metribuzin label prohibits peanut plant-
ing for 18 months after application. Peanut
tolerance to metribuzin has not been well
documented. Therefore, the objective of this
research was to evaluate the tolerance of peanut
to metribuzin. Field studies were conducted in
2017-2019 in Ty Ty, GA to evaluate the tolerance
of peanut to various rates of metribuzin. In a
RCBD with four replications, metribuzin was
applied preemergence (two days after planting) at
0, 70, 140, 280, 420, and 560 g ai/ha. Rainfall in
the first month after planting was 13.1, 15.9, and
11.8 cm for 2017, 2018, and 2019, respectively.
Data were subjected to nonlinear regression using
log-logistic analysis to demonstrate a dose-
response relationship. Year by treatment interac-
tions were significant for late season injury, so
data were separated by year. However, early
season injury, stand loss, and yield loss data were
pooled over years. There was a direct relationship
between rate and the response variables. As
metribuzin rate increased, injury, stand loss and
yield loss increased. Generally, visual injury,
stand loss, and yield loss were negligible at rates
less than or equal to 140 g ai/ha. With a targeted
application rate of 280 g ai/ha and an estimated
half-life of 30 to 60 days, metribuzin residues
should have minimal impact on peanut grown in
rotation when used in lay-by or post-harvest
treatments for the prevention of Palmer amaranth
seed rain in field corn.
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Herbicide-resistant Palmer amaranth (Amaran-
thus palmeri S. Wats.) is one of the most
problematic weeds in the majority of agronomic
crops grown in Georgia including cotton (Gos-
sypium hirsutum L.), soybean [Glycine max (L.)
Merr.], field corn (Zea mays L.), grain sorghum
[Sorghum bicolor (L.) Moench ssp. bicolor], and
peanut (Arachis hypogaea L.) (Webster, 2012,
2013). Palmer amaranth presents challenges to
growers because of its unique biology. Palmer
amaranth has an extremely wide germination
window ranging from March to October, with the
greatest germination occurring from June to
August (Keeley et al., 1987). Furthermore, this
weed is an extremely prolific seed producer with
over 446,000 seed/plant produced when not com-
peting with a crop, and over 60,000 seed/plant
produced when Palmer amaranth seed were plant-
ed on August 1 (Webster and Grey, 2015; Keeley et
al., 1987). Field corn harvest in Georgia typically
begins in mid- to late-July and reaches its
maximum in the last two weeks of August (USDA,
2010). Following corn harvest, light is then able to
reach the soil surface, which stimulates Palmer
amaranth germination (Jha et al., 2010). This
results in a new flush of Palmer amaranth growing
without any crop competition, and in many cases,
these populations will go uncontrolled and con-
tribute to the weed seed-bank, resulting in weed
problems for future growing seasons. Thus, Palmer
amaranth populations must be controlled follow-
ing field corn harvest.

Metribuzin is a Weed Science Society of
America (WSSA) Group 5 herbicide, which inhibits
photosystem II at site A (Shaner, 2014). Metribuzin
has an estimated half-life of 30 to 60 days, is
extremely water soluble, is primarily degraded by
soil microbes, and provides both postemergence
and residual control of many problematic weeds,
including Palmer amaranth (Crow et al., 2015;
Shaner, 2014). In a study conducted to evaluate
herbicide use for seed prevention in Palmer
amaranth following corn harvest, tank-mixes in-
cluding metribuzin applied at 263 g ai/ha resulted
in little to no Palmer amaranth seed being
produced (Crow et al., 2015). Another benefit of
utilizing metribuzin after corn harvest is that wheat
can be planted after application with no detrimen-
tal effects to yield (Crow et al., 2015).

A Federal Insecticide, Fungicide, and Roden-
ticide Act (FIFRA) Section 2(ee) label from
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United Phosphorus Limited, Inc., manufacturers
of TriCort 4F (metribuzin) herbicide, stated that
TriCort 4F could be applied at up to 280 g ai/ha in
the fall, for post-harvest burndown and residual
control of problematic weeds such as Italian
ryegrass [Lolium perenne L. ssp. multiflorium
(Lam.) Husnot], common chickweed [Stellaria
media (L.) Vill.], horseweed (Erigeron canadensis
L.), and Palmer amaranth in corn and soybean
(Anonymous, 2015). However, rotational inter-
vals are not listed for some of the more popular
row crops in Georgia, including peanut. When
consulting the label for rotational restrictions,
peanut is not listed which results in an automatic
18 month rotation restriction after metribuzin is
applied (Anonymous, 2014). With a targeted
application date of late August to September, this
would legally prevent peanut from being planted
in a field where metribuzin was applied until two
seasons later. Approximately 35% of the top
peanut producers in Georgia rotated from field
corn to peanut at least once from 2014-2017 (E.P.
Prostko, unpubl. data, 2018). Metribuzin applica-
tions after corn harvest would be an extremely
beneficial tool in reducing the weed seed-bank and
reducing Palmer amaranth pressure in a subse-
quent peanut crop for these growers. However,
peanut tolerance to metribuzin is not well
documented. Therefore, the objective of this
research was to evaluate the response of peanut
to different rates of metribuzin applied preemer-
gence to potentially assist in reducing the rota-
tional crop interval on the current TriCort 4F
label.

Materials and Methods
Three field studies were conducted from 2017 to

2019 at the University of Georgia-Ponder Research
Farm near Ty Ty, GA (31.507654 N, -83.658395
W) to evaluate peanut response to metribuzin
applied preemergence at multiple rates. The soil
type at the research site was a Fuquay sand
(Loamy, kaolinitic, thermic Arenic Plinthic Kan-
diudults) with 94% sand, 2-4% silt, 2-4% clay,
0.53-0.78% organic matter, pH of 6.0, and a CEC
of 2.4-3.5. Conventional tillage practices were used
and ‘Georgia-06G’ (Branch, 2007) peanut was
planted on April 24, 2017, April 30, 2018, and
April 30, 2019. ‘Georgia-06G’ peanut is the
dominant peanut cultivar planted in the southeast.
In Georgia, 87% of the acres grown for certified
peanut seed available for sale to growers is
‘Georgia-06G’ (Anonymous, 2020a). A vacuum
planter (Monosem Precision Planters, 1001 Blake

St., Edwardsville, KS 66111) was calibrated to
deliver 18 peanut seed/m at a depth of 5 cm, with
peanuts planted in 2 twin rows with a spacing of 90
cm by 22 cm. Plot sizes were 1.8 m by 7.6 m.

Metribuzin was applied preemergence (PRE)
after planting at 0, 70, 140, 280, 420, and 560 g ai/
ha. The 280 g ai/ha rate is the targeted use rate for
metribuzin applications after corn harvest. Treat-
ments were arranged in a randomized complete
block design replicated four times. Herbicides were
applied using a CO2-pressurized backpack sprayer
calibrated to deliver 141 L/ha at 186 kPa and 5.63
km/h. Visual estimates of peanut injury (0% ¼ no
crop injury and 100%¼ complete crop death) were
evaluated throughout the season beginning ap-
proximately 14 days after planting (DAP). Peanut
stand loss was visually evaluated in 2018 and 2019
at 41 to 52 DAP, with 0% ¼ no stand loss and
100% ¼ complete stand loss. At the end of the
season, peanut plants were inverted, allowed to air
dry, and harvested 4 d later using commercial
equipment (145 – 147 DAP). Peanut yields were
adjusted to 10% moisture.

University of Georgia Extension peanut pro-
duction recommendations were used with supple-
mental irrigation being applied to maximize peanut
growth and development (Anonymous, 2020b).
Plots were maintained weed-free using a combina-
tion of labeled herbicides and hand-weeding.
Rainfall and irrigation events were documented in
the first month after planting and are presented in
Table 1.

Data were subjected to ANOVA using the
PROC GLIMMIX procedure in SAS (SAS Insti-
tute 107 Inc., Cary, NC 27511) to evaluate year by
treatment interactions; if a significant interaction
was observed, data were analyzed and presented
separately by year. All response variables were
subjected to nonlinear regression with the intent to
determine if the response could be described by the
log-logistic dose-response curve, y ¼ cþ(d-c)/
1þexp[b(log(x) – log I50)]. In the aforementioned
equation y is the response variable, c is the lower
limit, d is the upper limit, x is the rate of metribuzin
(g ai/ha), I50 is the rate of metribuzin that resulted
in 50% response, and b is the slope of the
regression at I50 (Seefeldt et al., 1995).

Results and Discussion
Early in the season, visual injury was evaluated

29 – 52 DAP, and there was no significant year by
treatment interaction. Therefore, data were pooled
over year. Early season injury was regressed
against metribuzin rate and fit to a log-logistic
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regression model (Fig. 1). Maximum peanut injury
early in the season was 91% at the 560 g ai/ha rate
of metribuzin. The I50 estimate for early season
injury was 272 g ai/ha. Of note from early season
injury data is that when rates of 140 g ai/ha or less
were applied, predicted visual injury values were
less than 11%. In soybeans, up to seven weeks after
planting, injury from applications of metribuzin at
planting was noted up to 82% (Moshier and Russ,
1981). A similar trend was observed in wheat, with
up to 67% visual injury resulting from PRE
applications of metribuzin (VanGessel et al.,
2017). In both of the previous studies, higher
application rates resulted in increased injury.

When relative stand loss was visually evaluated
in 2018 and 2019 (41 – 52 DAP), there was no
significant year by treatment interaction; therefore,
data are pooled over year. Stand loss was regressed
against metribuzin rate and fit to a log-logistic
regression model (Fig. 2). Maximum peanut stand
loss was 95% at the 560 g ai/ha rate of metribuzin.
The I50 estimate for stand loss was 302 g ai/ha.
Similar to early season injury data, predicted values
for relative stand loss were less than 8% when rates
of 140 g ai/ha or less were applied. With an

optimum plant stand of at least 12.3 plants/m for
peanut, the level of stand reduction resulting from
the 140 g ai/ha rate is not enough to warrant
replanting (Sarver et al., 2017). When evaluating
soybean stand following preplant applications of
metribuzin, as metribuzin rate increased, soybean
stand decreased (Moshier and Russ, 1981).

Late season injury (85 – 98 DAP) was signifi-
cantly impacted by year by treatment interactions;
therefore, data were separated into injury evalua-
tions in 2017 and 2018 – 2019. In 2017, maximum
peanut injury late in the season was 104% at the
560 g ai/ha rate of metribuzin with an I50 estimate
of 264 g ai/ha (Fig. 3). Late season injury in 2018 –
2019 reached a maximum of 58% at the 560 g ai/ha
rate of metribuzin with an I50 estimate of 312 g ai/
ha. According to the 95% asymptotic intervals,
there was no significant difference between I50
estimates for late season injury in 2017 (264 6 35 g
ai/ha) and 2018 – 2019 (312 6 103 g ai/ha).
However, the maximum level of peanut injury was
significantly different between years. Late season
injury in 2017 (104% 6 15.5) was significantly
higher than 2018 – 2019 (58% 6 24.7). In 2017,
rainfall/irrigation totals from 8-14 DAP, at or

Table 1. Rainfall and irrigation amounts in the first month after planting from 2017-2019.

Time

(DAP)

2017 2018 2019

Rain (cm) Irrigation (cm) Total (cm) Rain (cm) Irrigation (cm) Total (cm) Rain (cm) Irrigation (cm) Total (cm)

0-7 0.3 1.3 1.6 0 1.3 1.3 0.4 4.1 4.5
8-14 3.7 1.3 5 0 1.3 1.3 3.1 0 3.1
15-21 0.3 1.3 1.6 3.7 0 3.7 1.6 0 1.6

22-30 2.3 2.6 4.9 9.6 0 9.6 0 2.6 2.6
Total 6.6 6.5 13.1 13.3 2.6 15.9 5.1 6.7 11.8

Fig. 1. Early season visual peanut injury (29 - 52 DAP) as influenced by

metribuzin rate, pooled over data from 2017-2019. Visual injury data

were fitted to the following logistic response equation: Yinjury¼cþ(d-
c)/1þexp[b(log(x) – log I50)]. Equation parameters (c, d, b, I50, R

2
)

were as follows: 91.27, 0.2323, 3.0182, 272.1, and 0.86, respectively.

Data points represent the observed means with standard error.

Fig. 2. Relative peanut stand loss as influenced by metribuzin rate (41-52

DAP), pooled over data from 2018-2019. Stand loss data were fitted

to the following logistic response equation: Ystand loss¼ cþ(d-c)/
1þexp[b(log(x) – log I50)]. Equation parameters (c, d, b, I50, R

2
) were

as follows: 94.95, 1.47, 3.4202, 302.3, and 0.94, respectively. Data

points represent the observed means with standard error.
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around the time of peanut emergence (VE), were
higher which may have resulted in increased peanut
injury (Table 1). It is very common to observe
increased peanut injury from soil applied herbicides
when irrigation or rainfall events occur at or
shortly after the VE stage of growth (Price et al.,
2004). Although maximum injury differed between
years, predicted injury values of less than 11% were
noted at application rates of 140 g ai/ha or less,
regardless of year.

Concerning relative peanut yield loss, there was
no significant year by treatment interactions;
therefore, data are pooled over year. Averaged
over year, peanuts yielded 6,152 kg/ha when not
treated with metribuzin. When relative yield loss
was regressed against metribuzin rate to fit a log-
logistic regression model, maximum yield loss was
88% at the 560 g ai/ha rate with an I50 estimate of
335.8 g ai/ha (Fig. 4). Predicted yield loss of less
than 5% was noted at rates of 140 g ai/ha or less.
Similar to this data, soybean yield loss was only
noted at metribuzin rates that significantly reduced
plant stand (Moshier and Russ, 1981).

Summary and Conclusions
Metribuzin rate influenced peanut injury, stand,

and yield. However, rates of 140 g ai/ha or lower
resulted in minimal injury, stand loss, and yield
loss. With a targeted application rate of 280 g ai/ha
following field corn harvest in August to Septem-
ber, and an estimated half-life of 30 to 60 days,
minimal impacts on a rotational peanut crop
planted the following late-April or early-May (.

180 days), would be expected. Based on this
research, post-harvest applications of metribuzin
could be useful in an integrated weed management
program to prevent weed seed rain, reducing
Palmer amaranth pressure in a subsequently
planted peanut crop, and delaying resistance to
some of the more widely utilized mechanisms of
action in Georgia.

Future research should evaluate the tolerance of
additional peanut cultivars, the influence of heavier
soil types, and both small-plot and on-farm
applications of metribuzin following field corn
harvest with peanut planted the following season.
Even though ‘Georgia-06G’ is grown on 87% of
the acres in the southeast on very light soils with
low organic matter, it is possible that other peanut
cultivars may vary in their response to metribuzin
and that the risk of carryover injury would be
greater on heavier soil types.
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