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ABSTRACT

Establishing an adequate stand of peanut
(Arachis hypogaea L.) and minimizing the nega-
tive impact of tobacco thrips [Frankliniella fusca
(Hinds)] is important for maximizing yield in
both organic and conventional production sys-
tems. The incidence, severity, and impact of soil
borne pathogens and thrips populations on
peanut may be influenced by planting date,
fungicide seed treatment, and/or systemic insecti-
cide application. However, the interaction of
these management techniques has not been
investigated in North Carolina with Virginia
market type cultivars to date. As such, research
was conducted over four years in North Carolina
to determine peanut stand, injury caused by
tobacco thrips feeding, and pod yield as influ-
enced by planting date (early, mid-, and late-
May), fungicide seed treatment, and phorate
applied in the seed furrow at planting. Peanut
stand increased when planting fungicide-treated
seed compared to non-treated seed, although the
magnitude of this effect lessened with later May
plantings. Regardless of phorate treatment, less
thrips injury was noted when peanut was planted
in mid- or late-May compared with early May in
three of four years. Yet the addition of phorate
in-furrow further reduced thrips injury at every
planting date. Peanut yield increased 75% and
50% of the time when seed was treated with
fungicide and phorate was applied in the seed
furrow at planting, respectively. Yield was
generally greater when peanut was planted in
mid-May and late-May compared to planting in
early May irrespective of fungicide seed treatment
or phorate treatment. Peanut stand was negative-
ly and positively correlated with observed thrips
injury and peanut yield, respectively. Additional-
ly, peanut yield was negatively correlated to
thrips injury. These data suggest that conven-
tional producers should utilize treated seed and
phorate in-furrow for thrips management regard-
less of planting date and that organic producers
should plant in late May to minimize negative
impacts of thrips and soil borne pathogens.
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Peanut is an important commodity in North
Carolina planted on over 48,000 ha in 2017, which
had an estimated value that exceeded $113,000,000
(USDA, 2018). Peanut producers must manage a
wide range of biotic and abiotic stresses that affect
peanut in order to maximize yield and economic
returns (Jordan et al., 2018). Tobacco thrips,
Frankliniella fusca (Hinds), is a common insect
pest in North Carolina and can injure peanut in a
manner that limits vegetative growth, delays pod
maturation, and reduces yields through direct
feeding on seedlings early in the growing season
(Drake et al., 2009; Herbert et al., 2007; Marasigan
et al., 2016).

Research in North Carolina has shown altering
planting date can influence thrips injury and peanut
yield with the consistent trend of decreased injury
and increased yield when peanut is planted in mid-
to late-May compared to earlier plantings (Carley
et al., 2008; Drake et al., 2014; Hurt et al., 2005;
Mahoney et al., 2018). Peanut can be planted
anytime in the month of May in North Carolina
and realize optimum yield, but growers are
cautioned that weather during the season and at
harvest may limit yields from late May plantings
(Drake et al., 2014). Regardless of planting date,
systemic insecticides are recommended at planting
to minimize injury from thrips and protect yield
(Herbert et al., 2007; Hurt et al., 2005; Marasigan
et al., 2016; Tubbs et al., 2013). Phorate is often
applied in the seed furrow at planting in North
Carolina to suppress thrips and minimize injury,
with an acephate application within the first month
after planting to further protect peanut from thrips
injury (Brandenburg, 2018).

In addition to causing direct injury, thrips
(Frankliniella spp.) vector Tomato spotted wilt
orthotospovirus (family Tospoviridae, genus Ortho-
tospovirus) which results in restricted plant growth,
reduced pod quality, and lower yields when tomato
spotted wilt (TSW) incidence is high (Culbreath et
al., 2003; Culbreath and Srinivasan, 2011; Lassiter
et al., 2016). Certain cultural practices and systemic
insecticides applied in a timely manner can reduce
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the impact of TSW (Brandenburg, 2018; Culbreath
et al., 2003).

Planting date and phorate in-furrow each have
been investigated for their effects on thrips injury
and peanut yield, but their interactions have not
been well characterized in North Carolina. In a
two-year study, Hurt et al. (2005) reported reduced
thrips injury in late May planted peanut compared
to early May and noted a further reduction in
injury, following the same trend, when phorate was
applied in the seed furrow at planting. However,
the influence of the interaction on peanut yield was
not assessed. Likewise, in 3 of 4 years, Mahoney et
al. (2018) noted less injury from thrips on peanut
planted in late May compared to early- and mid-
May plantings when phorate was applied in-
furrow. Similar frequencies were observed when
comparing mid- to early-May planted peanut.
While their interaction was not significant, phorate
in-furrow increased peanut yield with mid-May
planted peanut providing greater yields 3 of 4 years
compared to early- and late-May. To date, only
Mahoney et al. (2018) has explored the interaction
of phorate in-furrow application and planting date
on thrips injury and peanut yield suggesting further
research is needed to elucidate these effects.

Planting in cool soils can slow emergence and
vigor of peanut, especially if seeds are not protected
against seedling pathogens and the disease they
cause (Shew, 2018). The vast majority of seed
planted in commercial peanut fields in North
Carolina are treated before sale with products
containing a mixture of fungicides that inhibit seed-
and soil-borne pathogens (Shew, 2018). However,
peanut grown under organic certification cannot be
treated with synthetic fungicides and insecticides
that are used in conventionally-grown peanut
(Cantonwine et al., 2011; Ruark and Shew, 2010).
While delaying planting until soil temperatures
increase facilitating the likelihood of establishing
an adequate stand (Prasad et al., 2006), delayed
planting in North Carolina can put peanut at risk
of not reaching full maturity before temperatures
cool late in the season (Carley et al., 2008).
Determining the impact of planting date on peanut
stand establishment would be informative for both
conventional and organic production. Although
organic peanut production is virtually non-existent
in North Carolina, there appears to be demand for
organically-grown peanut. Determining the most
effective approach to obtaining an adequate stand
of peanut in absence of synthetic fungicide applied
to seed would increase the likelihood of success
with organic peanut production in North Carolina.

The influence of plant population has largely
focused on TSW, a disease vectored by thrips.

Greater TSW incidence was noted when peanut
was established at lower populations compared to
higher populations (Black et al., 1994; Branch et
al., 2003; Culbreath et al., 2013; Gorbet and
Shokes, 1994; Lassiter et al., 2016; Tillman et al.,
2006; Tubbs et al., 2011; Wehtje et al., 1994).
Similar trends have been reported for thrips injury
with less injury observed as plant populations
increased (Hurt et al., 2004, 2005, 2006). In these
previous studies, all plantings received aldicarb or
phorate in the seed furrow at planting; thus the
effect of plant population was not considered
independent of insecticide effects (Hurt et al.,
2004, 2005, 2006). It has been hypothesized that
increased peanut populations creates canopy clo-
sure earlier and does not allow thrips to locate the
host plant as easily (Culbreath et al., 2003; Hurt et
al., 2006). Additionally, these authors suggested
that the adverse effects were diluted, or compen-
sated for, by higher plant populations. Better
characterization of plant population effects on
thrips injury is needed as well as the interaction
across planting dates. These data would help
growers determine how to address thrips manage-
ment when plant populations are low in both
conventional and organic production systems.
Therefore, the objective of this research was to
determine the impact of planting date on stand
establishment and peanut injury trends over time
caused by thrips when peanut seed was treated or
not treated with a synthetic fungicide and the
systemic insecticide phorate was applied in the seed
furrow at planting in North Carolina.

Materials and Methods
Experiments were conducted in North Carolina

from 2013 through 2016 in different fields at the
Peanut Belt Research Station located near Lew-
iston–Woodville (36.07 N, –77.11W) on a Norfolk
sandy loam (fine loamy, siliceous, thermic, Aquic
Paleudults) with organic matter ranging from 0.5
to 1.2% and pH 5.9 to 6.1. The Virginia market
type peanut cultivar ‘Bailey’ (Isleib et al., 2011) was
planted at an in-row seeding rate of 18 seed/m in
conventionally-prepared raised seedbeds. Two
years of corn (Zea mays L.) and one year of cotton
(Gossypium hirsutum L.) preceded peanut in these
fields.

Treatments consisted of a factorial arrangement
of 3 levels of planting date (May 2-4, May 16-18,
and May 28), 2 levels of commercial seed treatment
prior to planting (with or without), and 2 levels of
systemic insecticide applied in the furrow at
planting (with or without). The commercial seed
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treatment consisted of azoxystrobin plus fludiox-
onil plus mefenoxam (Dynasty PD, Syngenta,
Greensboro, NC) at 0.08, 0.05, and 0.01 g/kg seed,
respectively. The systemic insecticide phorate (Thi-
met 20 G; AMVAC Chemical Corporation, Los
Angeles, CA) was applied at 1.12 kg ai/ha. Plot size
was 2 rows spaced 91 cm by 9 m. Production and
pest management practices other than those
associated with seed treatment and thrips control
were held constant across the entire test area and
were based on Cooperative Extension Service
recommendations for North Carolina (Jordan et
al., 2018).

Peanut stand count and injury from thrips
feeding were recorded 3 and 4 weeks after planting,
respectively. The number of emerged peanut plants
from a 3-m section in each of the 2 plot rows was
determined. A variety of fungi and aspergillus crown
rot (caused by Aspergillus niger) most likely
contributed to differences in peanut stand when
comparing fungicide seed treatment (Shew, 2018)
but the exact causal agent relative to stand was not
documented in this research. Injury from thrips
feeding was recorded using an ordinal scale of 0 to 5,
where 0¼ no damage, 1¼ noticeable feeding but no
stunting, 2¼ 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;
Mahoney et al., 2018). 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 split-plot with
planting date serving as whole plot units and
combinations of seed treatment and phorate serving
as sub-plot units. Treatments were replicated 8 times.
Data for stand, thrips injury and pod yield were
subjected to ANOVA using the PROC MIXED
procedure in SAS 9.4 (SAS Institute Inc., Cary, NC)
appropriate for the factorial treatment arrangement.
Planting date, fungicide seed treatment, phorate
treatment, and year were considered fixed effects in
order to examine trends over time with replication
considered a random effect. Means of significant
main and interaction effects were separated using
Fisher’s Protected LSD test at P � 0.05. Relation-
ships among variables were determined using
Pearson Correlation coefficients with the PROC
CORR in SAS (SAS Institute Inc., Cary, NC).

Results and Discussion
A significant negative relationship between

plant population and thrips injury was observed

in 2013 and 2016, in addition to data pooled over
years, suggesting that thrips injury increased as
plant population decreased (Table 1). Plant popu-
lation was highly correlated with peanut yield
within years and in data pooled across years. The
relationship between thrips injury and peanut yield
was also significant in 2013, 2015, and 2016, but
modest overall, suggesting protecting peanut from
thrips injury has a positive impact on yield.

The interaction of experimental year 3 planting
date 3 phorate was significant for peanut stand,
but no clear trend was identified (Table 2). Phorate
application did not affect stands in 2013 and 2014
at any planting date (data not shown). Decreased
plant stands were observed when phorate was
applied compared to those not receiving phorate in
2015 early May (65 and 73 plants/6 m of row,
respectively) and 2016 mid-May plantings 33 and
37 plants/6 m of row, respectively; data not
shown). However, in 2016 late May plantings,
peanut receiving phorate in-furrow had increased
stands when compared across all planting date and
phorate treatments (76 and � 69 plants/6 m of row,
respectively; data not shown). Overall, changes in
plant stands (No./6 m) did not exceed 8 plants,
suggesting the impact is likely minimal.

Peanut population was affected by interactions
of experimental year 3 planting date 3 seed
treatment (Table 2). At each planting date, treated
seed consistently increased stands compared to
non-treated seed, yet the magnitude of these effects
generally became less impactful as planting date
moved later into May with the exception of 2014
(Table 3). This deviation does not seem to be
associated with climactic conditions (Table 4) and
cannot be fully explained. The aforementioned
trend can be seen by comparing peanut stand
increases using treated vs non-treated seed in early-
(2.1 to 25.7-fold increase), mid- (1.3 to 22.3-fold
increase), and late-May (1.1 to 2.8-fold increase;
Table 3). The appreciable differences in the 2016
early- and mid-May plantings may be due to
generally cooler and wetter conditions present 14
days after planting compared to other years
(Prasad et al., 2006; Table 4). In a 12-year study
by Smith et al. (2000), the authors reported
consistent and significant increases in peanut stand
when treated seed was planted compared to non-
treated seed. Stands increased by a 1.6-fold
average, which is in good agreement with the
presented increases (excluding early- and mid-May
2016). When looking within treated peanut seed,
plant stand differences were less than 1.2-fold
across planting dates suggesting more flexibility in
planting dates are available when it is utilized.
Within non-treated peanut seed, mid- and late-May
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plantings generally increased peanut stands com-
pared to early May. These trends largely translated
into yield increases as well and will be discussed
further below.

Thrips injury was influenced by the main effect
of seed treatment and the interaction of year 3
planting date 3 phorate application (Table 2).
When pooled over years, observed thrips injury
was significantly less on peanut that received a seed
treatment compared to non-treated peanut seed
(1.4 and 1.7 on a scale of 5, respectively; P ,
0.0001). This is reflected by the significant correla-
tion between peanut stand and thrips injury that
occurred when pooled over years (Table 1).
Correlations were moderate to weak, but trends
suggest that thrips injury increases as stands
decrease. Stands with higher plant populations
may have had fewer thrips per plant, thus incurring
less injury. This trend was previously reported by
Hurt et al. (2004, 2005, 2006). Hurt et al. (2004)
reported reduced thrips injury (8-23%) at in-row
densities of 79 and 104 plants/6.1 m compared to
43 plants/6.1 m at 4 of 5 sites over two years. Using
similar plant populations, Hurt et al. (2005)
reported that as populations increased, thrips

damage decreased. A trend of decreased thrips
injury with increased in-row plant populations (79
and 104 plants/6.1 m) was also noted (Hurt et al.,
2006). The authors suggested earlier canopy cover
associated with increased plant populations may
affect migrating thrips. Culbreath et al. (2003)
suggested canopy closure may affect the thrips
ability to recognize the host plant. Additionally the
authors discussed the role of population, suggest-
ing higher populations result in fewer thrips per
plant or the percent of infected plants decreases
within the population, thus reducing observed
injury.

Thrips injury varied with planting date, phorate
application, and year. In each experimental year,
whether comparing within or across planting dates,
peanut receiving phorate in-furrow had reduced
injury compared to those not receiving phorate
(excluding early May planted peanut receiving
phorate in 2013 and 2016; Table 5). Planting date
significantly affected observed thrips injury wheth-
er or not phorate was applied. When phorate was
not applied, mid-May planted peanut had less
injury than early planted in 2013 and 2016 while
being similar during 2014 and 2015. The late May

Table 1. Pearson correlation coefficients quantifying the relationships between peanut plant population, thrips injury, and peanut pod

yield.

2013 2014 2015 2016 Pooled

P . F R P . F R P . F R P . F R P . F R

Peanut population vs thrips injury , 0.0001 -0.43 0.6500 0.06 0.1261 -0.16 0.0438 -0.22 0.0221 -0.12
Peanut population vs peanut yield , 0.0001 0.75 , 0.0001 0.59 , 0.0001 0.51 , 0.0001 0.91 , 0.0001 0.79

Thrips injury vs peanut yield , 0.0001 -0.55 0.8429 0.02 0.0116 -0.26 0.0014 -0.32 0.0002 -0.19

Table 2. F-statistic and P . F for peanut plant population, thrips injury, and peanut pod yield as influenced by main effects and

interactions of year, planting date, fungicide seed treatment, and phorate treatment.

Source

Peanut stand Thrips injury Yield

F Value P . F F Value P . F F Value P . F

Planting date (Plant) 1.7 0.2557 11.0 0.0098 2.6 0.1516
Phorate treatment (Phorate) 1.0 0.3818 77.2 0.0031 70.2 0.0030

Fungicide seed treatment (Fungicide) 35.8 0.0093 48.0 0.0058 4.7 0.1199
Plant 3 Phorate 2.2 0.1875 3.1 0.1196 0.3 0.7563
Plant 3 Fungicide 5.2 0.0499 0.2 0.8322 1.1 0.4056

Phorate 3 Fungicide 0.2 0.7165 0.2 0.7159 0.0 0.9450
Plant 3 Fungicide 3 Phorate 7.9 0.0189 0.5 0.6463 12.0 0.0043
Year 5.2 0.0619 3.2 0.2432 1.1 0.4665
Year 3 Plant 2.2 0.1652 1.2 0.3998 1.3 0.3684

Year 3 Phorate 0.4 0.7472 0.9 0.4757 0.1 0.9473
Year 3 Fungicide 2.0 0.2848 0.7 0.6303 3.0 0.1063
Year 3 Plant 3 Phorate 6.9 0.0167 18.3 0.0013 22.9 0.0007

Year 3 Plant 3 Fungicide 92.5 , 0.0001 1.0 0.4942 434.0 , 0.0001
Year 3 Fungicide 3 Phorate 3.0 0.1150 1.3 0.3604 25.6 0.0008
Year 3 Plant 3 Fungicide 3 Phorate 0.4 0.8822 1.4 0.2291 0.1 0.9978

Coefficient of variation (%) 11.6 24.4 12.1
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planting incurred less injury than early May in all
years and in all but 2016 when compared to mid-
May. When phorate was applied in the seed furrow
at planting, thrips injury was greatest on early May
planted peanut during 2013, 2014, and 2016. Thrips
injury on mid- and late-May planted peanut was
similar in 2013 and 2016, with late May having the
least injury in 2014. Injury was similar on all
planting dates during the 2015 season. Previous
research has illustrated that peanut planted in
North Carolina during early May often incurs
greater thrips injury than peanut planted in mid- or
late-May (Brandenburg, 2018; Drake et al., 2009;
Hurt et al., 2005). Peak thrips dispersal time in
North Carolina typically occurs from early- to mid-
May (Morsello et al., 2008), which may explain
these trends.

Peanut yield was affected by the interaction of
year with planting date 3 phorate application,
planting date 3 seed treatment, and phorate
application 3 seed treatment (Table 2). Peanut

yield for the early May planting increased by 600
kg/ha when phorate was applied in 2013 (Table 5).
Phorate increased yields by 410 and 630 kg/ha for
mid-May planted peanut in 2013 and 2015,
respectively. Increases were also recorded for the
late May planting in 2014, 2015, and 2016 (600,
510, and 560 kg/ha, respectively) when phorate was
applied. Applying phorate in-furrow has previously
been shown to increase yield compared to no
systemic insecticide treatment in numerous studies
(Culbreath et al., 2008; Herbert et al., 2007;
Mahoney et al., 2018; Marasigan et al., 2016).
Within each phorate application, planting date
significantly affected yields. Mid- and late-May
planted peanut had increased yields compared to
early May in 3 of 4 years with average increases of
1,570 and 1,620 kg/ha for peanut receiving phorate
in-furrow or not, respectively. In 2013, late May
planted peanut yielded greater than mid-May when
not receiving phorate in-furrow; however, yields
were similar when phorate was applied. In 2014

Table 4. Mean temperature (standard deviation) and total precipitation 14 days after planting associated with each planting date from

2013-2016.a,b

Year

Air temperature Soil temperature Total precipitation

Early May Mid May Late May Early May Mid May Late May Early May Mid May Late May

____________________________________________ oC ____________________________________________ _______________ cm _______________

2013 18.0 (4.1) 22.7 (3.3) 24.5 (1.6) 19.7 (3.3) 25.2 (2.2) 28.0 (2.0) 0.1 0.4 0.5
2014 22.1 (3.6) 21.3 (3.1) 22.4 (3.0) 24.9 (3.2) 25.5 (2.4) 27.6 (2.3) 8.8 0.4 1.9
2015 21.2 (2.5) 23.1 (2.8) 23.3 (2.5) 23.4 (1.7) 27.8 (2.3) 27.5 (2.6) 1.6 0.7 2.5

2016 19.2 (3.5) 21.4 (3.1) 23.6 (1.6) 21.2 (2.0) 23.7 (3.1) 26.6 (1.1) 6.7 2.8 4.7

aClimactic conditions were monitored by onsite weather stations and the data obtained through the North Carolina Climate

Retrieval and Observations Network of the Southeast Database.
bAir and soil temperature means are followed by standard deviations in parenthesis.

Table 3. Influence of planting date and seed treatment on peanut plant population and pod yield from 2013-2016.a,b

Year Seed treatmentc

In-row peanut plant population Peanut pod yield

Early May Mid May Late May Early May Mid May Late May

___________ No./6.1 m ____________ __________________ kg/ha __________________

2013 No 26 d 55 c 71 b 2910 d 5310 c 5920 b
2013 Yes 80 a 72 b 86 a 5100 c 6080 b 6730 a

2014 No 22 d 36 c 17 d 4420 c 4710 bc 3390 d
2014 Yes 52 ab 56 a 48 b 5450 a 5020 ab 4700 bc
2015 No 45 e 73 d 75 d 4510 c 6400 a 5510 b
2015 Yes 94 b 102 a 83 c 5090 c 6510 a 5840 b

2016 No 3 c 3 c 66 b 760 e 1500 d 4860 c
2016 Yes 77 a 67 b 79 a 5310 bc 6430 a 5420 b

aMeans within a year followed by the same letter are not significantly different according to Fisher’s Protected LSD test at P �
0.05.

bPlanting dates for early-, mid-, and late-May were May 2-4, May 16-18, and May 28, respectively. Peanut stand counts were
taken 3 weeks after planting.

cSeed treatment consisted of azoxystrobin plus fludioxonil plus mefenoxam (Dynasty PD, Syngenta, Greensboro, NC) at 0.08,
0.05, and 0.01 g/kg seed, respectively.
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and 2015, regardless of phorate treatment, peanut
yield was greater for mid-May planting compared
to late May planting with the opposite being the
case in 2016. When comparing yield from mid- to
late-May plantings for peanut not receiving pho-
rate the average increase and decrease was 840 and
800 kg/ha, respectively. For peanut receiving
phorate in-furrow, these were 760 and 1,010 kg/
ha, respectively. This may be attributed in part to
peanut stand as the increase yield trends measured
generally had increased peanut stands (Table 3).

Planting date has previously been shown to
affect peanut yields in North Carolina. Carley et al.
(2008) reported mid-May planted peanut produced
the greatest yields in 2003 and 2004, but yields were
similar to early- and late-May planted peanut in
2005. Yield from early- and late-May plantings was
similar across years. Drake et al. (2014) also
reported no significant difference in yield among
early and late planting dates in 2010 and 2011, but
yield was greatest in early May plantings compared
with late May in 2008 and 2009. In the presented
research, late May planted peanut generally out
yielded early May. Differing responses reported by
Carley et al. (2008) may be attributed to cultivar as
they utilized (‘VA 98R’; Mozingo et al., 2000) one
no longer planted in NC (Jordan et al., 2018).
Drake et al. (2014) focused on multiple cultivar
responses to tillage and planting date with respect
to disease management instead of thrips manage-
ment. More recently, Mahoney et al. (In press)
observed peanut yield from mid- and late-May
plantings were increased in 3 and 2 years,
respectively, when compared yield with early May
plantings.

Interacting effects of planting date and seed
treatment on yield varied among years. Planting
treated seed increased yields 3 of 4 years for early-
and late-May planted peanut by an average of
2,590 and 890 kg/ha, respectively compared to
non-treated seed (Table 3). Seed treatment in-
creased peanut yield for mid-May plantings in 2
of 4 years by an average of 2,850 kg/ha.
Middleton and Mayer (1985) previously reported
on the influence of seed treatment on peanut yield
as reflected by crop value. The authors reported a
29-43% increase in crop value when treated seed
was planted compared to non-treated. Smith et al.
(2000) reported a 13-73% increase (37% average
increase) in yield when peanut seed was treated
compared to non-treated seed over a 12-year
period. More recently, Jadon et al. (2015)
reported 32-45.6% yield increases when using
fungicide treated seed compared to seed not
treated with fungicide for Spanish market type
peanut.

Within seed treatments, planting date affected
yields. When non-treated peanut was planted, yield
increased from early- to mid-May plantings and
from mid- to late-May plantings in 2013 (2,400 and
600 kg/ha increase, respectively) and 2016 (740 and
3,360 kg/ha increase, respectively; Table 3). In
2014, early- and mid-May planted peanut yields
were similar and increased more than 1,000 kg/ha)
compared to those planted in late May. Similar to
2013 and 2016, mid- and late-May planted peanut
in 2015 yielded more than early May (1,890 and
1000 kg/ha increase, respectively); however, mid-
May yield was greater than late May in this year.
Within treated peanut seed, yields increased from

Table 5. Influence of planting date and phorate application on thrips injury, and peanut yield from 2013-2016.a,b

Year Phorated

Thrips injuryc Peanut pod yield

Early May Mid May Late May Early May Mid May Late May

_______________ scale of 5 _______________ __________________ kg/ha __________________

2013 No 4.0 a 3.1 b 1.8 d 3710 d 5490 b 6250 a
2013 Yes 2.1 c 0.6 e 0.4 e 4310 c 5900 a 6400 a

2014 No 3.0 a 3.0 a 1.6 b 4900 ab 4700 ab 3740 c
2014 Yes 1.2 c 0.8 d 0.4 e 4970 ab 5040 a 4350 b
2015 No 3.2 a 3.2 a 1.7 b 4680 d 6140 b 5420 c
2015 Yes 0.6 c 0.6 c 0.6 c 4920 d 6770 a 5930 b

2016 No 3.4 a 0.8 b 0.8 b 2860 d 4030 c 4860 b
2016 Yes 0.7 b 0.4 c 0.2 c 3220 d 3900 c 5420 a

aMeans within a year followed by the same letter are not significantly different according to Fisher’s Protected LSD test at P �
0.05.

bPlanting dates for early-, mid-, and late May were May 2-4, May 16-18, and May 28, respectively.
cInjury from thrips feeding was recorded 4 weeks after planting using an ordinal scale of 0 to 5, where 0 ¼ no damage, 1 ¼

noticeable feeding but no stunting, 2¼noticeable feeding and 25% stunting, 3¼ feeding with blackened terminals and 50% stunting,
4¼ severe feeding and 75% stunting, 5 ¼ severe feeding and 90% stunting.

d#Phorate applied in the seed furrow at planting at 1.12 kg/ha.
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early- to mid-May and mid- to late-May in 2013
(980 and 650 kg/ha increase, respectively). In 2014,
early May planted peanut had increased yields
compared to late May (760 kg/ha increase), but
was similar to mid-May. In 2015 and 2016, mid-
May planted peanut yielded greater than did early-
or late-May planted peanut (670 to 1,420 kg/ha
increase) with late May out yielding (1000 kg/ha)
early May in 2015. When comparing across seed
treatment and planting date, these data suggests
using treated seed extends the planting window
while maintaining comparable yields. For example,
when treated seed was used, early May plantings
had increased yields compared to mid-May planted
non-treated peanut in 2014 and 2016 while yielding
similar in 2013.

The increase in yields when comparing treated
and non-treated seed is likely caused by increased
plant stands that were obtained by planting treated
seed (Table 3). This supported by correlations
between peanut stand and yields which showed
significant, moderate to very strong relationships in
2013, 2014, 2015, and 2016 suggesting as peanut
stand increases, so do yields (Table 1).

Peanut yield was affected by the interaction of
year 3 phorate application 3 seed treatment.
General trends show increased yields from non-
treated , phorate only , seed treatment only ,
phorate plus fungicide seed treatment (Table 6).
Excluding one instance in 2015, utilizing treated
peanut seed significantly increased yields regardless
of phorate application. On the other hand, phorate
application significantly increased yields in one and
two instances when treated and non-treated seed
were planted, respectively. These data illustrate
achieving adequate stands is imperative for reduc-
ing overall thrips pressure and maximizing peanut
yield.

The presented research provides further evi-
dence of important pest management strategies for
peanut production, including planting date strate-

gies, using treated seed, increasing plant stands,
and applying phorate in the seed furrow at
planting. With respect to conventional production,
the data suggest that planting fungicide-treated
seed and applying insecticide, in this case phorate,
is recommended across planting dates. These data
also illustrates the expanded planting window
gained by using treated peanut seed as resource,
or other constraints, allows planting during early
May. Further, treated seed increased peanut
stands, which aided in reducing thrips injury and
increased yields.

In regards to organic producers, these data
suggest mid- to late-May plantings may experience
more favorable climatic conditions that improve
plant vigor and growth, thus promoting emergence
and improved plant stands. Later planting dates
and increased plant stands also aided in thrips
management as less injury was seen in both cases
and improved peanut yields. Seeding rate may also
be increased to maximize the aforementioned
benefits. The above recommendations will aid in
improving pest management and peanut yields for
North Carolina producers. These data can also be
used to assist growers in determining the impact of
poor stands on yield and the economic value of
replanting.
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