Utilization of Imidacloprid to Control Thrips in Peanut in North Carolina
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Tobacco thrips (Frankliniella fusca Hinds) is
an important pest in peanut (Arachis hypogaea
L.) in North Carolina and injury from this insect
can lower yield. Research was conducted from
2012 through 2014 in North Carolina to compare
visible injury from tobacco thrips feeding and
peanut yield when acephate, imidacloprid, and
phorate were applied alone in the seed furrow at
planting or followed by acephate applied postemergence 3 weeks after planting. In a second
experiment conducted during the same time
period, a commercial liquid formulation of
Bradyrhizobia inoculant was applied alone or
with imidacloprid in fields with and without
plantings of peanut in recent years. Peanut injury
from tobacco thrips feeding was reduced by
acephate, imidacloprid, and phorate applied in
the seed furrow at planting compared with nontreated peanut. Acephate applied 3 weeks after
planting generally reduced injury from thrips.
Pod yield was greater when imidacloprid was
applied compared with yield for the non-treated
control or when acephate was applied in the seed
furrow. Pod yield was similar regardless of infurrow treatment when acephate was applied
postemergence. Thrips control by imidacloprid
was not affected by Bradyrhizobia inoculant, and
imidacloprid did not negatively affect efficacy of
Bradyrhizobia inoculant regardless of previous
field history. These data indicate that imidacloprid protects peanut as well as or more effectively
than the systemic insecticides acephate and
phorate and that imidacloprid is compatible with
Bradyrhizobia inoculant.
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ﬁxation, Bradyrhizobia inoculant, phorate,
systemic insecticide.

Adequate control of tobacco thrips, Frankliniella fusca (Hinds), is necessary in North Carolina and
Virginia to protect yield (Brandenburg, 2017;
Drake et al., 2009; Herbert et al., 2007; Hurt et
al., 2005; Marasigan et al., 2016) and minimize
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incidence of tomato spotted wilt (TSW) caused by
tomato spotted wilt virus (family Tospoviridae,
genus Orthotospovirus) of peanut (Culbreath et al.,
2003, 2008; Culbreath and Srinivasan 2011).
Although cultivar selection, plant population, and
planting date can affect thrips populations and
incidence of TSW, systemic insecticide applied in
the seed furrow at planting is generally the most
effective practice to suppress thrips and protect
peanut yield in North Carolina (Brandenburg,
2017).
Aldicarb was considered the most frequently
used active ingredient applied in the seed furrow at
planting in North Carolina (Rhodes et al., 2008).
However, availability of aldicarb was reduced
following the 2009 growing season and farmers
and their advisors began using other systemic
insecticides to control thrips. Phorate applied in
the seed furrow at planting is an effective
alternative to aldicarb but can cause phytotoxicty
under certain conditions (Herbert et al., 2007;
Marasigan et al, 2016; Rhodes et al., 2008; Tubbs
et al., 2013, 2015; Whalen et al., 2014). Acephate
can also be applied in the seed furrow at planting,
but in some instances slower emergence of peanut
after application of acephate has been observed
(Brandenburg, 2017). Imidacloprid received a
registration for use in peanut in 2011 and has
become popular with growers in North Carolina
with 21% of growers surveyed in 2013 indicating
that imidacloprid was applied in the seed furrow at
planting (Morgan et al., 2014). Although greater
incidence of TSW was reported following use of
imidacloprid compared with non-treated peanut
(Culbreath and Srinivasan, 2011), the most recently
released Virginia market type cultivars including
Bailey (Isleib et al., 2011) and Sullivan (Isleib et al.,
2016) express resistance to TSW and have reduced
concerns that imidacloprid might result in a higher
incidence of TSW (Brandenburg, 2017; Isleib et al.,
2011; Shew, 2017).
In many instances, thrips suppression by systemic insecticides applied in the seed furrow at
planting can be adequate to protect yield (Brandenburg, 2017). However, Morgan et al. (2014)
reported that 66% of farmers applied acephate
after peanut emergence to control thrips regardless
of in-furrow insecticide treatment. Herbert et al.
(2007) reported that acephate further reduced
injury above that of in-furrow insecticides and
increased yield compared with non-treated peanut
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Comparison of In-furrow and Foliar Insecticide
Treatments. Experiments were conducted in North
Carolina from 2012 through 2014 at the Peanut
Belt Research Station located near Lewiston–
Woodville on a Norfolk sandy loam (ﬁne loamy,
siliceous, thermic, Aquic Paleudalts) with organic
matter ranging from 0.5 to 1.2% and pH 5.9 to 6.1,
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during 2012 and 2014 at the Upper Coastal Plain
Research Station on a Goldsboro loamy sand (ﬁneloamy, siliceous, thermic Aquic Paleudalts), and in
2013 and 2014 in farmer ﬁelds near Wilson on an
Aycock ﬁne sandy loam (ﬁne-silty, siliceous,
thermic, Typic Paleudults). The Virginia market
type peanut cultivar ‘Bailey’ (Isleib et al., 2011) was
planted at a seeding rate designed to achieve a ﬁnal
in-row population of 12 to 15 plants/m of row in all
ﬁelds. Corn (Zea mays L.) or cotton (Gossypium
hirsutum L.) preceded peanut. Peanut was planted
between May 8 and May 25 into conventionallyprepared, raised seedbeds. Plot size was 2 rows
spaced 91-cm by 9 m. Production and pest
management practices other than those associated
with thrips control were held constant across the
entire test area and were based on Cooperative
Extension Service recommendations for North
Carolina (Jordan et al., 2017). Peanut had not
been planted in ﬁelds near Wilson in at least the
past 20 years. Fields at Lewiston-Woodville and
Rocky Mount had peanut planted 3 years prior.
Treatments consisted of a factorial arrangement
of 4 levels of insecticide applied in the seed furrow
at planting (no insecticide, acephate, imidacloprid,
and phorate) and 2 levels of acephate (none versus
a single application 3 weeks after planting).
Acephate (Orthene 97, Valent USA, Walnut Creek,
CA), imidacloprid (Admire Pro, Bayer CropScience, Research Triangle Park), and phorate
(Thimet 20 G; AMVAC Chemical Corporation,
Los Angeles, CA) were applied in the seed furrow
at 1.1, 0.21, and 0.56 kg ai/ha. Acephate and
imidacloprid were applied in 18.9 L/ha aqueous
solution immediately after seed drop but prior to
slit closure. Acephate was applied 3 weeks after
planting at 0.4 kg/ha using a CO2-pressurized
backpack sprayer calibrated to deliver 140 L/ha at
a pressure of 275 kPa.
Injury from thrips feeding was recorded 2 weeks
after acephate was applied postemergence using an
ordinal scale of 0 to 5, where 0 ¼ no damage, 1 ¼
noticeable feeding but no stunting, 2 ¼ noticeable
feeding and 25% stunting, 3 ¼ feeding with
blackened terminals and 50% stunting, 4 ¼ severe
feeding and 75% stunting, 5 ¼ severe feeding and
90% stunting (Drake et al., 2009). Incidence of
tomato spotted wilt was sporadic and did not
exceed 5% for any experiment or treatment. The
cultivar Bailey expresses resistance to TSW (Brandenburg, 2017; Isleib et al., 2011; Shew, 2017).
Peanut pods were dug and vines inverted based on
pod mesocarp color (Williams and Drexler, 1981).
Final pod yield was adjusted to 8% moisture.
The experimental design was a randomized
complete block with treatments replicated 4 times.
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or peanut treated only with insecticides applied in
the seed furrow at planting.
Bradyrhizobia is often applied in the seed furrow
at planting as a liquid formulation to ensure
biological nitrogen ﬁxation (BNF), especially in
ﬁelds without a previous history of peanut plantings (Elkan et al., 1995; Morgan et al., 2014;
Rhodes et al., 2008). Efﬁcacy of commerciallyapplied inoculant can be compromised by other
products applied in the seed furrow in combination
with the inoculant (Jordan et al., 2010). Peanut
response to Bradyrhizobia was affected by pyraclostrobin but not prothioconazole (Jordan et al.,
2010, 2017). Acephate applied as a liquid spray and
phorate applied in a granular formulation did not
affect peanut response to commercial inoculant
(Jordan et al., 2017; Tubbs et al., 2015). Jordan et
al. (2010) reported that imidacloprid did not affect
peanut yield response to Bradyrhizobia inoculant
but did affect peanut leaf color in a negative
manner in ﬁelds without a recent history of peanut
planting during 1 year out of 4 years. Thrips
control by imidacloprid was not determined when
applied alone or in combination with Bradyrhizobia
in that research.
With the increase in use of imidacloprid in
peanut to control thrips, determining the need to
apply acephate to emerged peanut as compared to
other systemic insecticides is important. Also, given
the expense of seed and the expense in correcting
nitrogen deﬁciency following failure of commercial
Bradyrhizobia inoculant (Jordan et al., 2017),
research is needed to determine if negative interactions occur when Bradyrhizobia inoculant is applied in the seed furrow with imidacloprid and to
determine if thrips control is compromised by this
combination. Therefore, research was conducted to
1) compare peanut injury from thrips feeding and
pod yield when acephate, imidacloprid, and phorate were applied in the seed furrow at planting
either with or with acephate applied to peanut
foliage 3 weeks after emergence and to 2) determine
compatibility of imidacloprid and Bradyrhizobia
inoculant applied in the seed furrow in ﬁelds with
and without a recent history of peanut plantings.
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Results and Discussion
Comparison of In-furrow and Foliar Insecticide
Treatments. When pooled over the seven experiments, the interaction of in-furrow and post
emergent insecticide treatment was signiﬁcant (P
¼ 0.0001; F ¼ 12.8). Peanut receiving in-furrow
and/or post emergent insecticide treatment reduced
injury compared to the non-treated peanut (Table
1). Acephate applied in the seed furrow at planting
or the POST treatment alone had increased injury
compared to any combination of in-furrow insecticide followed by the POST treatment. When
acephate was applied to emerged peanut there was
no difference in injury when preceded by acephate,
imidacloprid, or phorate applied in the seed furrow
at planting. Previous research has shown that
applying insecticides in-furrow and/or POST generally reduces thrips injury (Herbert et al., 2007;
Hurt et al., 2005; Marasigan et al., 2016; Mahoney
et al., 2018; Whalen et al., 2015). Herbert et al.
(2007) reported acephate did not signiﬁcantly
improve thrips control when preceded by phorate
or aldicarb in-furrow. However, when combined
over in-furrow treatments, acephate POST applications following the in-furrow insecticide reduced
thrips injury over time. In a one year study,
Whalen et al. (2015) reported imidacloprid applied
in the seed furrow at planting followed by acephate
2 weeks after planting decreased thrips injury
compared to imidacloprid alone.
The main effects of in-furrow insecticide (P ¼
0.0020; F ¼ 7.4) and POST acephate application (P
¼ 0.0349; F ¼ 7.4) were signiﬁcant for peanut yield
when pooled over all experiments. Increased
peanut yield was observed when acephate, imidacloprid, or phorate were applied in the seed furrow
at planting compared to no in-furrow treatment
(260-500 kg/ha increase; Table 2). Imidacloprid
further increased peanut yield when compared to
acephate (240 kg/ha increase) while phorate
provided similar yields to both acephate and
imidacloprid. When pooled over in-furrow insecticides, an application of acephate to the peanut
foliage 3 weeks after planting increased yields
compared to no application (180 kg/ha increase).
Variation in yield response to thrips control by
in-furrow insecticides has been reported previously
in peanut (Brandenburg, 2017; Drake et al., 2009;
Herbert et al., 2007; Hurt et al., 2005; Marasigan et
al., 2016). Peanut yield response to acephate
applied 3 weeks after peanut planting (approximately two weeks after emergence) was similar to a
four year study by Mahoney et al. (2018), who
reported increased peanut yield compared to non-
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Data for thrips injury and pod yield were subjected
to ANOVA using the PROC GLIMMIX procedure in SAS 9.4 (SAS Institute Inc., Cary, NC)
appropriate for the factorial treatment arrangement of 7 levels of location/year combination
(referred to as experiment) by 4 levels of in-furrow
insecticide treatment by 2 levels of acephate POST.
In-furrow and foliar insecticide treatments were
considered ﬁxed effects with year and replication
considered a random effect. Means of signiﬁcant
main effects and interactions were separated using
Fisher’s Protected LSD test at P  0.05.
Compatibility of Imidacloprid and Bradyrhizobia
Inoculant. The experiment was conducted in North
Carolina at the Border Belt Tobacco Research
Station near Whiteville (2014), the Peanut Belt
Research Station near Lewiston-Woodville (2012
and 2013), and the Upper Coastal Plain Research
Station near Rocky Mount (2012-2014). The
experiment was also conducted in commercial
production ﬁelds near Elizabethtown (2012) and
Wilson (2012-2014). Peanut had not been planted
in ﬁelds near Wilson in at least 20 years while all
other ﬁelds were planted in peanut within the
previous 3 to 5 years. Soils at Lewiston-Woodville,
Rocky Mount, and Wilson were the same as those
described in the ﬁrst experiment. Soil at Elizabethtown and Whiteville was a Norfolk sandy loam
(ﬁne loamy, siliceous, thermic, Aquic Paleudalts).
Peanut was planted in conventionally-prepared
seedbeds as described previously.
Treatments included a factorial arrangement of
2 levels of imidacloprid (0 and 0.21 kg/ha) and 2
levels of Bradyrhizobia inoculant (0 and 0.5 L/ha
of the commercial inoculant Optimize Lift, Nitragin Corp., Brookﬁeld, WI). The commercial
inoculant at this rate delivers approximately 5.0 3
1012 viable Bradyrhizobia cells/ha. Treatments
were applied in the seed furrow at planting as
described previously.
Visible injury caused by thrips and pod yield
were recorded as described previously. The experimental design was a randomized complete block
with 4 replications. Data for injury caused by thrips
and pod yield were subjected to ANOVA for a 10
(experiment) by 2 (imidacloprid treatment) by 2
(Bradyrhizobia treatment) factorial treatment arrangement. Experiment, imidacloprid treatment,
and Bradyrhizobia treatment were considered ﬁxed
effects. Experiment was considered ﬁxed in order to
evaluate treatments over the locational peanut
production histories. Means of signiﬁcant main
effects and interactions were separated using
Fisher’s Protected LSD at P , 0.05.
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Table 1. Peanut injury caused by feeding from thrips 5 weeks
after planting.a

Table 2. Inﬂuence of in-furrow or post emergent insecticide
treatment on peanut yield.a

In-furrow
insecticideb

Treatmentb-d

None
Acephate
Imidacloprid
Phorate
None
Acephate
Imidacloprid
Phorate

Foliar-applied
insecticide

Peanut injury caused
by thripsd

None
None
None
None
Acephatec
Acephate
Acephate
Acephate

Scale 0-5
2.8 a
0.9 bc
0.7 cd
0.6 cd
1.3 b
0.4 d
0.3 d
0.2 d

a

treated peanut, but no yield increase when preceded by an in-furrow insecticide treatment.
Compatibility of Imidacloprid and Bradyrhizobia
Inoculant. The main effects of experiment (P ,
0.0001; F ¼ 9.7) and imidacloprid treatment (P ,
0.0001; F ¼ 71.8) were signiﬁcant, as was their
interaction (P , 0.0001; F ¼ 8.6). However, when
the interaction was explored, only the magnitude of
injury was different between experiments, but
similar trends were observed across experiments
with respect to the imidacloprid treatment. Given
similar trends and the much larger F-value (7.48.3X higher) of imidacloprid in-furrow compared
to the main effect of experiment and the interaction
of these factors, only the main effect of imidacloprid treatment will be discussed.
When pooled over experiments and Bradyrhizobia inoculant treatments, injury ratings from thrips
feeding was 0.5 (SE ¼ 0.10) on an ordinal scale of 0
to 5 when imidacloprid was applied compared with
only 1.7 (SE ¼ 0.59) in absence of imidacloprid
treatment (data not shown in tables). There was no
interaction of imidacloprid with Bradyrhizobia
inoculant treatment. These data suggest that coapplication of Bradyrhizobia inoculant with imidacloprid will not adversely affect thrips control by
imidacloprid.
The interaction of experiment by Bradyrhizobia
inoculant by imidacloprid treatment was signiﬁcant

kg/ha
5820 c
6080 b
6320 a
6100 ab
5990 b
6170 a

a

Means within in-furrow or POST treatment followed by
the same letter are not signiﬁcantly different according to
Fisher’s Protected LSD test at p , 0.05. All data are pooled
over 7 experiments from 2012-2014.
b
Data for in-furrow treatments are pooled over post
emergent acephate treatments with POST treatments pooled
over in-furrow treatments from 2012-2014.
c
Acephate, imidacloprid, and phorate applied in the seed
furrow at planting at 1.1, 0.21, and 0.56 kg/ha, respectively.
d
Acephate applied 3 weeks after planting to peanut foliage
at 0.4 kg/ha.

(P ¼ 0.0257; F ¼ 2.3); therefore, the data was sorted
by experiment. Bradyrhizobia inoculant, imidacloprid in-furrow, and their interaction signiﬁcantly
affected yields in three (Wilson 2012-2014), one
(Rocky Mount 2014), and one (Whiteville 2014)
experiment, respectively. With respect to the
interaction in the Whiteville 2014 experiment,
peanut yield for all treatment combinations were
similar and increased compared to the non-treated
peanut (1,190-1,400 kg/ha increase; data not shown
in tables). In the Rocky Mount 2014 experiment,
peanut receiving imidacloprid in-furrow had increased yields compared to those not receiving
imidacloprid (1,270 kg/ha increase) regardless of
the Bradyrhizobia inoculant addition (data not
shown in tables).
Bradyrhizobia inoculant increased peanut yield
in 4 of 10 experiments (Table 3). The increase in
yield was most likely associated with previous
history in these ﬁelds. A positive response to
Bradyrhizobia inoculant was noted in one ﬁeld
without peanut in the previous 5 growing seasons
or when there was no history of peanut production
within the previous 20 years. In contrast, in those
ﬁelds where peanut had been planted no more than
2 or 3 years prior to the experiment, yield was not
affected. Previous research (Jordan et al., 2017,
2018) has shown that peanut often respond
favorably to Bradyrhizobia inoculant when peanut
is planted in new ﬁelds without a history of peanut
production and that a modest response to Bradyrhizobia inoculant is observed in ﬁelds with recent
plantings of peanut. Previous research (Jordan et
al., 2017) also demonstrated that peanut yield
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Means followed by the same letter are not signiﬁcantly
different according to Fisher’s Protected LSD test at p , 0.05.
Data are pooled over 7 experiments from 2012-2014.
b
Acephate, imidacloprid, and phorate applied in the seed
furrow at planting at 1.1, 0.21, and 0.56 kg/ha, respectively.
c
Acephate applied 3 weeks after planting to peanut foliage
at 0.4 kg/ha.
d
Injury from thrips feeding was recorded 2 weeks after
acephate was applied using an ordinal scale of 0 to 5, where 0 ¼
no damage, 1 ¼ noticeable feeding but no stunting, 2 ¼
noticeable feeding and 25% stunting, 3 ¼ feeding with
blackened terminals and 50% stunting, 4 ¼ severe feeding
and 75% stunting, 5 ¼ severe feeding and 90% stunting.

No in-furrow
Acephate in-furrow
Imidacloprid in-furrow
Phorate in-furrow
No acephate POST
Acephate POST

Peanut yield
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Table 3. Peanut yield as inﬂuenced by the interaction of experiment and Bradyrhizobia inoculant treatment.a

Location

Year

Years between
peanut plantings

Bradyrhizobia inoculant

__________________________

Rocky Mount
Lewiston-Woodville
Elizabethtown
Wilson
Rocky Mount
Lewiston-Woodville
Wilson
Whiteville
Wilson
Rocky Mount

2012
2012
2012
2012
2013
2013
2013
2014
2014
2014

3
3
5
No history
3
3
No history
5
No history
3

Yesb

No
5260
6150
4320
3930
5430
4430
5040
6170
5390
5700

kg/ha

_________________________

5210
6040
5360
6350*
5330
4570
6410*
6780*
7480*
6000

a

*indicates signiﬁcance at p , 0.05. Data are pooled over imidacloprid treatments.
Bradyrhizobia inoculant applied at 0.5 L/ha delivering 5.0 3 1012 cells directly in the seed furrow at planting.

b
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