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ABSTRACT
The effect of delayed application of spray

solutions is poorly understood with respect to
efficacy of fungicides, insecticides, inoculants, and
plant growth regulators commonly used in peanut
(Arachis hypogaea L.). Research was conducted in
North Carolina during 2009 and 2010 to deter-
mine if tobacco thrips (Frankliniella fusca Hinds)
control by acephate; early leaf spot (caused by
Cercospora arachidicola Hori) and late leaf spot
(caused by Cercosporidium personatum Berk. and
Curt.) control by chlorothalonil, prothioconazole
plus tebuconazole, pyraclostrobin, and tebucona-
zole; Sclerotinia blight (caused by Sclerotinia
minor Jagger) control by boscalid and fluazinam;
and improvement in row visibility by prohexa-
dione calcium were affected by the time interval
between solution preparation and application.
Performance of the inoculant Bradyrhizobium
was also compared when prepared in 25 different
sources of water when application was delayed
after preparation of solutions. Agrochemicals and
prohexadione calcium solutions were prepared
the d of application or 3, 6, and 9 d prior to
application with all solutions applied on the same
d. Similarly, inoculant solutions were prepared the
d of application or 4 and 8 d prior to application
and applied on the same d. Performance of
fungicides, insecticides, inoculant, and prohexa-
dione calcium was not reduced in most instances
when left in spray solution up to 8 or 9 d. The
magnitude of difference in efficacy was minor
when differences were observed.

Key Words: delayed sprays, mixing interval,
water quality.

Growers rely on a variety of inoculants,
agrochemicals, and plant growth regulators to
control pests and manage peanut growth and
development. Peanut is a leguminous crop, capable
of biological nitrogen fixation (BNF) (Schiffman
and Alper, 1968; Shimshi et al., 1967; Walker et al.,
1976). The infection of the roots by rhizobium spp.

is necessary for BNF to occur (Schiffman and
Alper, 1968; Walker et al., 1976). Rhizobium spp.
may occur naturally in the soil or may be applied
in-furrow at planting using commercially available
inoculants. Successful inoculation is important to
prevent nitrogen deficiency in peanut. Inoculants
are living organisms that are sensitive to temper-
ature, sunlight, and have a limited shelf life
(Anonymous, 2010). Fungicidal seed treatments
have been shown to decrease inoculant viability
resulting in reduced nodulation, BNF, plant
growth, and crop yield (Hashem et al., 1997;
Rubens Jose, 2009).

Tobacco thrips, spider mites (Tetranychus
spp.), and heliothines (Helicoverpa virescens and
Heliothis zea F.) are major insect pests in peanut
that may limit growth and yield (Weiss, 2000;
Wightman and Rao, 1994). Tobacco thrips may
cause peanut stunting when plants are young and
act as vectors of tomato spotted wilt (caused by
Tospovirus) (Reddy et al., 1991). In-furrow insec-
ticides and foliar-applied insecticides are common-
ly used to control tobacco thrips (Brandenburg,
2011; Chapin, 2010; Herbert, 2011). The heliothis
complex may cause significant peanut canopy
defoliation (Weiss, 2000). Control of heliothines
may require a foliar-applied insecticide spray to
protect plants from foliar damage that may result
in yield loss (Brandenburg, 2011; Chapin, 2010;
Herbert, 2011).

Early leaf spot, late leaf spot, and Sclerotinia
blight may be prevalent when weather conditions
and production practices are conducive for disease
development (Middleton et al., 1994). These
diseases are managed using crop rotation, resistant
cultivars, fungicide sprays, or a combination of
these practices (Phipps, 2011; Shew, 2011).

Peanut grown with adequate moisture often has
excessive vine growth which can affect digging
efficiency. The plant growth regulator prohexa-
dione calcium may be applied to peanut to increase
apical dominance of the peanut plant, ultimately
increasing row visibility. Better defined rows at
harvest enables growers to minimize pod loss at
digging and ultimately increase field harvested yield
(Beam et al., 2002; Culpepper et al., 1997; Mitchem
et al., 1995). Excessive vine growth may also
increase vine damage caused by equipment, result-
ing in increased incidence of Sclerotinia blight
(Porter and Powell, 1978).
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When applications are delayed and agrochem-
ical remains in the tank for an extended period of
time, there is the possibility that efficacy could be
influenced. Xue et al. (2008) reported that per-
methrin remaining in ultra-low volume spray tanks
for 4 months averaged 55.5% degradation of the
product when analyzed by gas chromatography. In
corn (Zea may L.), tank mixes of dimethenamid
plus dicamba plus atrazine, isoxaflutole plus
atrazine, and rimsulfuron plus S-metolachlor plus
dicamba mixed one or more d prior to application
resulted in reduced weed control (Stewart et al.,
2009). Eure et al. (2011) reported changes in
efficacy of pesticides and plant growth regulators
applied to cotton (Gossypium hirsutum L.) although
response was inconsistent, infrequent, and minor in
scale of effect. Efficacy of ethephon applied as a
tobacco (Nicotiana tabacum L.) ripening agent
was reduced when prepared 3 or 7 d prior to
application in 1 of 2 field studies (Eure et al., 2012).
The effect of delayed application of spray solutions
is poorly understood with respect to efficacy of
fungicides, insecticides, inoculants, and plant
growth regulators commonly used to manage
peanut. Therefore, research was conducted to
determine the effect of mixing interval on efficacy
of insecticides and fungicides commonly applied to
peanut, the inoculant Bradyrhizobium, and prohex-
adione calcium.

Materials and Methods
General Methodology. Field experiments were con-

foducted during 2009 and 2010 in North Carolina
at the Peanut Belt Research Station near Lewiston-
Woodville and the Upper Coastal Plain Re-
fosearch Station near Rocky Mount. Soil at
Lewiston-Woodville was a Norfolk loamy sand
(fine-loamy, kaolinitic, thermic Typic Kandiudults).
Soil at Rocky Mount was a Goldsboro sandy loam
(fine-loamy, siliceous, subactive, thermic Aquic
Paleudults).

Fungicides, insecticides, and prohexadione cal-
cium were mixed individually the d of application
or 3, 6, and 9 d prior to application, unless
otherwise noted. Spray solutions were mixed in
plastic spray bottles (3 L volume), sealed for
storage in the dark at room temperature, and
agitated every third d to bring agrochemicals back
into solution. Unless otherwise stated, a municipal
supply of water from Wake County, NC was used
with a pH of 6.7, hardness of 31 ppm, and
concentrations of boron, calcium, magnesium,
and zinc of 0.04, 7.40, 0.0 and 0.06 ppm, respec-
tively. On the d of application, agrochemicals were

agitated thoroughly to ensure uniform distribution
in spray solutions. Agrochemicals were applied
using DG11002 nozzles (Tee Jet nozzles, Spraying
Systems Co., Wheaton, IL 60189) calibrated to
deliver 140 L/ha at 210 kPa.

The peanut cultivar ‘Phillips’ (Isleib et al., 2006)
was planted in conventionally tilled, raised seed
beds at a rate to establish 13 plants/m row in rows
spaced 96 cm apart. Production and pest manage-
ment practices other than specific treatments were
held constant over the entire experiment to
optimize peanut growth and development (Bran-
denburg, 2011; Jordan, 2011; Shew, 2011).

Data for all parameters were subjected to
ANOVA using the PROC GLM procedure in
SAS (SAS Institute Inc., Cary, NC 27513).
Although present in all experiments, non-treated
controls were not included in the statistical analysis
to allow consideration of the factorial treatment
arrangement of treatments. The treatment of
agrochemicals applied the same d solutions were
prepared is considered the most appropriate
control in the experiments. However, data for the
non-treated control are provided as a reflection of
pest damage, population or peanut growth in the
absence of pest control or management inputs.
Means of significant main effects and interactions
were separated using Fisher’s Protected LSD test at
p # 0.05.

Bradyrhizobium Efficacy. Efficacy of Bradyrhizo-
bium (Optimize LIFT, EMD Crop BioScience,
Milwaukee, WI 53209) was evaluated twice during
2011 in the greenhouse. Bradyrhizobium was
prepared in 25 water sources (Table 1) immediately
prior to planting or 4 and 8 d prior to planting.
Water source pH, hardness, calcium, and chlorine
concentration ranged from 3.76 to 8.18, 2 to
351 ppm, 0.56 to 58.10 ppm, and 0 to 150 ppm,
respectively. Water sources were selected from
locations throughout North Carolina to provide a
wide range of water quality. Sterilized soil was
placed in 15 cm diameter pots and a 14 cm long by
4 cm deep furrow was prepared. Each pot received
0.38 ml of 2.34% (v/v) Bradyrhizobium solution and
three seeds of the peanut cultivar ‘Phillips’ were
evenly spaced within each pot. Night and d
temperatures were maintained at 20 and 30 C,
respectively. A complete fertilizer without nitrogen
was added 21 and 56 d after planting (DAP).

Plant height and the number of plants per pot
were recorded 90 DAP. A Soil-Plant Analysis
Development (SPAD) chlorophyll meter (Konica
Minolta Sensing, Inc., Ramsey, NJ 07446) was
used to determine leaf color from the upper one-
third of the peanut canopy from 3 leaves per pot,
90 DAP. The SPAD chlorophyll meter value is
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derived based on the wavelength ranges of red and
infrared light (Anonymous, 1989). Values are
highly correlated with leaf chlorophyll content;
higher values are associated with greater chloro-
phyll content (Kumagai et al., 2009; Leon et al.,
2007; Reis et al., 2009). Chlorophyll content in
leaves would be reflective of higher BNF as a result
of great inoculant performance under conditions of
this experiment. Additionally, dry weight of roots
and shoots were determined 90 DAP. In the
statistical analysis, water source and mixing inter-
val were considered fixed effects and experiment
and replication were considered random effects in
the analysis.

Acephate Efficacy. Tobacco thrips control with
acephate (Orthene 97, Valent Corp., Walnut Creek,
CA 94596) at 1.1 kg ai/ha was evaluated in one field
at Lewiston-Woodville during 2009 and two
separate fields at this location during 2010 when
applied 10 d after peanut emergence. Peanut was
planted without in-furrow insecticide to promote
tobacco thrips establishment. Plot size was two
rows by 9 m.

Visible estimates of damage from tobacco thrips
feeding were recorded 10 and 20 d after treatment
(DAT) using a 0 to 5 ordinal scale, where 0 5 no
damage, 1 5 noticeable feeding but no stunting, 2 5
noticeable feeding and 25% stunting, 3 5 feeding
with blackened terminals and 50% stunting, 4 5
severe feeding and 75% stunting, and 5 5 severe
feeding and 90% stunting (Carley et al., 2009).
During 2010, five peanut leaves from five plants per
plot were collected 5 and 10 DAT and gently placed
in glass mason jars with 250 ml of water and 1 m of
detergent (Palmolive Original, Colgate-Palmolive
Company, New York, NY 10022) and sealed for
transport to the laboratory. Following gentle
agitation for 20 s, solutions were decanted onto a
250-mm mesh sieve (U.S. standard sieve, Fisher
Scientific, Pittsburgh, PA 15275). Jars and lids were
then rinsed thoroughly to remove any remaining
thrips. Plants were thoroughly rinsed to separate
thrips from plants. Thrips and small sediment were
collected on the mesh screen and rinsed from the
screen through a funnel into 25-ml vials using 70%
isopropyl alcohol. Excess alcohol was decanted
from the vials and remaining solution, thrips, and
sediment were then poured onto a gridded petri
dish and examined using a microscope (10X to 44X
Stereoscope, Fisher Scientific, Pittsburgh, PA
15275). The number of immature and adult thrips
was recorded for each sample. Additionally,
canopy width of three plants per plot was recorded
10, 20, and 56 DAT. The experimental design was a
randomized complete block with treatments repli-
cated four times. Data were subjected to ANOVA

and means separated using Fisher’s Protected LSD
at p # 0.05.

Fungicide Efficacy. In one set of experiments
during 2009 conducted in two separate fields,
efficacy of chlorothalonil (Bravo WeatherStik
fungicide, Syngenta Crop Protection Inc., Greens-
boro, NC 27419) at 3.3 kg ai/ha, prothioconazole
plus tebuconazole (Provost fungicide, Bayer
CropScience, Research Triangle Park, NC 27709)
at 50 g ai/ha plus 210 g ai/ha, pyraclostrobin
(Headline fungicide, BASF Corporation, Research
Triangle Park, NC 27709) at 190 g ai/ha, and
tebuconazole (Folicur fungicide, Bayer
CropScience, Research Triangle Park, NC 27709)
at 220 g ai/ha were applied at Lewiston-Woodville
to determine impact of prior mixing interval on
early and late leaf spot control. In a second set of
experiments during 2010, fungicide solutions de-
scribed previously were prepared the d of applica-
tion and 9 d prior to application in water
representing low, moderate, and high pH from
Scotland, Bertie 1, and Martin 1 samples (Table 1).

In each experiment, fungicides were applied at
the R-3 stage of peanut growth, based on North
Carolina Cooperative Extension Service recom-
mendations (Shew, 2011). Half of each plot
received additional applications of chlorothalonil
(3.3 kg/ha) and pryraclostrobin (190 g/ha) 14 and
28 d after the initial fungicide application,
respectively. These fungicide solutions were pre-
pared immediately prior to application. Peanut
often receives 4 or 5 fungicide applications per
year to control early and late leaf spot in North
Carolina (Shew, 2011). The second and third
applications applied to only half of the plot were
included to determine if any minor effect on
efficacy caused by initial treatments would be
observed by the end of the growing season when
additional fungicides were applied. Plot size was
one row by 4 m with non-treated rows separating
treated rows.

Visible estimates of percent canopy defoliation
were recorded 1 and 3 wk before digging peanut,
using a 0 to 100 scale where 0 5 no canopy
defoliation and 100 5 complete canopy defoliation.
Peanut was not harvested. The experimental design
was a split-plot with the number of total fungicides
for the entire season serving as the whole plot unit.
Combinations of fungicide and mixing interval
served as the split-plot unit (one application with
fungicides including various mixing intervals vs.
three fungicide applications including the initial
spray with various mixing intervals and the second
and third sprays). Data for canopy defoliation were
subjected to ANOVA for a two (trial) by four
(fungicide) by four (mixing interval) factorial
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treatment arrangement in the experiment from
2009. In the experiment from 2010, data for canopy
defoliation were subjected to ANOVA for a two
(trial) by four (fungicide) by two (mixing interval)
by three (water source) treatment arrangement.
Means of significant main effects and interactions
were separated using Fisher’s Protected LSD test at
p # 0.05.

Efficacy of boscalid (Endura fungicide, BASF
Corporation, Research Triangle Park, NC 27709)
at 12 g ai/ha and fluazinam (Omega 500 fungicide,
Syngenta Crop Protection Inc., Greensboro, NC
27419) at 145 g ai/ha in controlling Sclerotinia
blight was evaluated in fields with a history of
Sclerotinia blight incidence during 2009 at Lewis-
ton-Woodville in two separate fields and during
2010 in one field at Lewiston-Woodville and one
field at Rocky Mount. Visible estimates of plant
condition were recorded 1 wk prior to harvest in
2009, using a 0 to 100 scale where 0 5 healthy
canopy and 100 5 canopy completely damaged by
disease. The experimental design was a randomized
complete block with four replications.

Prohexadione Calcium Efficacy. The experiment
was conducted during 2009 at Lewiston-Woodville
in one field and during 2010 at Rocky Mount in
two separate fields. Plot size was two rows by 9 m.
Prohexadione calcium (Apogee plant growth regu-
lator, BASF Corporation, Research Triangle Park,
NC 27709) at 680 g ai/ha was applied when 50% of
vines from adjacent rows were touching, based on
Cooperative Extension Service recommendations
(Jordan, 2011). A second application of prohex-
adione calcium was made to half of each plot 2 wk
after the initial application using spray solution
prepared the d of application. Two applications of
prohexadione calcium are generally needed to
maintain row visibility through harvest (Jordan
et al., 2008).

Visible estimates of peanut vine architecture
were recorded 3 and 6 wks after treatment (WAT)
using a scale of 1 to 10 where 1 5 flat canopy with
vines completely overlapping in the row middles
and 10 5 triangular- shaped canopy with no vines
from adjacent rows touching in the row middles
(Mitchem et al., 1995). Main stem height of three
plants per plot was recorded 3 and 6 WAT. The
experimental design was a spit-plot with four
replications. The number of total prohexadione
applications for the entire season served as the
whole plot unit. Mixing interval served as the split-
plot unit with one application with prohexadione
calcium including mixing intervals compared to
two prohexadione calcium applications including
the initial spray with various mixing intervals and
the second spray.

Results and Discussion
Bradyrhizobium Efficacy. Plant stand, plant

height, and total shoot mass were not influenced
by the interaction of water source by mixing
interval or the main effect of water source or
mixing interval (data not shown). However, SPAD
meter values were influenced by the interaction of
water source and mixing interval; total root mass
was influenced by the main effect of water source.

SPAD meter values ranged from 41.6 to 50.1
regardless of water source or the number of d
inoculant solution was prepared prior to applica-
tion (Table 2). The SPAD value for non-inoculated
peanut was 37.8. When comparing within a water
source, differences in SPAD values were noted for
3 of 25 water samples [Bertie (5), Martin (2), and
Martin (3)] when inoculant remained in solution
for 4 or 8 d prior to application. Inoculant solution
prepared 8 d prior to use in water collected from
Martin (3) resulted in an 11% reduction in SPAD
value as compared to inoculant prepared the d of
application. Inoculant prepared in Martin (2) the d
of application or 4 d prior to application resulted in
a similar SPAD value but solution prepared 8 d
prior to application was 9% less than solution
prepared 4 d prior to application. The SPAD
values were similar for inoculant solution prepared
using water source Bertie (5) the d of application
and 4 or 8 d prior to application. However, the
SPAD value for inoculant prepared in Bertie (5)
water 8 d prior to application was 3.7 units greater
than solution prepared 4 d prior to application.

In inoculant treatments, total root mass ranged
from 3.9 to 6.0 g/pot while root mass of non-
inoculated peanut was 3.1 g/pot (Table 2). Inocu-
lant solution prepared in water source Green (1),
Union, and Wayne (1) resulted in a total root mass
1.4 to 2.4 g/pot higher than inoculant solution
prepared in distilled water. The difference in root
mass of these samples could not be explained based
on analyses of water sources.

When comparing inoculant solutions prepared
in 25 water sources the d of application or 4 and 8 d
prior to application over all parameters; Bertie (5),
Martin (2), and Martin (3) showed sporadic
changes in efficacy due to water source or number
of d prepared prior to application (Table 2).
Review of the water analysis report did not suggest
any nutrient or pH trends that explain variations in
SPAD values, height, and root dry weight among
treatments.

Acephate Efficacy. The interaction of experiment
by mixing interval was significant for immature
thrips populations 5 DAT (Table 3, p # 0.0001)
but not for adult thrips populations (data not
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shown, p 5 0.3611). The interaction of experiment
by mixing interval did not influence immature and
adult thrips populations 10 DAT (p 5 0.4710),
visible estimates of tobacco thrips damage 10 (p 5
0.3318) and 20 DAT (p 5 0.7757), and canopy
width 10 (p 5 0.4439), 20 (p 5 0.5116), and 56
DAT (p 5 0.4585). However, the main effect of
mixing interval for visible estimates of tobacco
thrips damage 10 DAT (p # 0.0001) and the main
effect of experiment for immature and adult thrips
populations 10 DAT (p # 0.0001), for visible
estimates of tobacco thrips damage 20 DAT (p 5
0.0238) and canopy width 56 DAT (p 5 0.0359)
were significant (Table 4).

Thrips damage was considerably higher and
a relatively higher population of thrips was noted in
non-treated controls compared with acephate-
treated peanut (Table 3 and 4). When analyzed
by experiment, the number of immature thrips per

five leaves 5 DAT was less in field 2 when acephate
was mixed 3 d prior to application as compared to
acephate prepared the d of application, or 6 and 9 d
prior to application (Table 3).

In 2009, mixing interval did not affect visual
estimates of thrips damage 10 or 20 DAT or
canopy width 56 DAT (Table 4). In 2010, visual
estimates of thrips damage 10 DAT was lower
when acephate solutions were prepared 9 d prior to
application (Field 1) or 3, 6, or 9 d prior to
application (Field 2) compared with application the
d of mixing. By 20 DAT, no difference in thrips
damage was noted irrespective of mixing interval.
Although canopy width 56 DAT did not differ in
Field 1, mixing acephate 3 d prior to application
resulted in a narrower canopy width compared
with other mixing intervals in field 2 in 2010.

Fungicide Efficacy. In the experiment evaluating
fungicide and mixing interval, the interaction of

Table 2. Influence of water source, Bradyrhizobia treatment, and mixing interval on SPAD meter value and total root mass.

Water Source

SPAD metera,b

Total root massd

Number of d Bradyrhizobia was prepared prior to applicationc

0 4 8

----------------------------------------------------------------SPAD unit --------------------------------------------------------------- g/pot

Bertie (1) 48.9 a 47.1 a 45.1 a 4.4 cd

Bertie (2) 47.5 a 46.6 a 47.4 a 4.5 cd

Bertie (3) 46.4 a 47.6 a 44.1 a 4.6 cd

Bertie (4) 49.6 a 46.4 a 46.0 a 4.5 cd

Bertie (5) 48.4 ab 46.4 b 50.1 a 4.7 cd

Bertie (6) 46.5 a 47.6 a 47.1 a 4.8 cd

Green (1) 47.5 a 46.8 a 46.4 a 7.0 a

Greene (2) 48.6 a 48.3 a 46.8 a 3.9 d

Hyde 44.4 a 46.4 a 47.1 a 4.3 cd

Johnston 48.0 a 46.8 a 47.0 a 4.4 cd

Martin (1) 47.6 a 46.5 a 46.1 a 4.1 cd

Martin (2) 46.5 ab 48.8 a 44.5 b 4.3 cd

Martin (3) 46.8 a 48.9 a 41.6 b 4.5 cd

Mecklenburg 45.9 a 46.7 a 48.3 a 4.3 cd

Northampton 48.8 a 47.5 a 46.6 a 4.4 cd

Pitt (1) 47.4 a 46.3 a 46.4 a 5.1 bcd

Pitt (2) 43.5 a 44.1 a 47.0 a 4.1 cd

Pitt (3) 47.5 a 47.3 a 46.0 a 5.3 bc

Scotland 48.6 a 47.1 a 48.6 a 4.1 cd

Union 47.4 a 49.1 a 46.1 a 6.0 a

Washington 48.6 a 49.1 a 48.5 a 4.2 cd

Wayne (1) 48.6 a 47.7 a 47.8 a 6.0 a

Wayne (2) 47.0 a 46.2 a 49.8 a 4.8 cd

Distilled Water (pH57) 46.0 a 46.6 a 49.0 a 4.6 cd

No-inoculant control -----------------------------------------------------------------------37.8 ---------------------------------------------------------------------- 3.1

aA higher SPAD meter value is indicative of higher leaf chlorophyll resulting from greater biological nitrogen fixation.
bMeans within a water source followed by the same letter are not different according to Fisher’s Protected LSD test at p # 0.05.

Data are pooled over experiments. Data for the no-inoculant control were not included in the analysis to allow use of the factorial

treatment structure.
cInoculant (0.38 ml of 2.34% (v/v) Bradyrhizobia solution) was applied on the same d regardless of when spray solution was

prepared.
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experiment by mixing interval by fungicide by
number of fungicide sprays was not significant for
peanut defoliation 1 wk before harvest. However,
the main effect of mixing interval and number of
fungicide sprays was significant. The primary goal
of this research was to determine if defoliation, an
indicator of fungicide performance, was affected
by mixing interval. These data suggest that mix-
ing fungicides at various intervals 9 d prior to
application will not reduce efficacy if fungicide
solutions can be brought back into solution
(Table 5). When pooled over fungicides, a single
application resulted in 74% defoliation at 1 wk
before harvest while three applications resulted in
24% defoliation (data not shown). Five fungicide
sprays are generally made to control early and late
leaf spot in North Carolina (Shew, 2011), and these
data suggest that significant defoliation can occur
with only three fungicide sprays.

In the experiment comparing mixing intervals,
fungicides, and water sources, defoliation 3 wk and
1 wk before harvest was not influenced by the
interaction of experiment by mixing interval by
water source by fungicide by number of fungicide
sprays. However, 1 wk prior to harvest the
interaction of experiment by water source by
fungicide was significant (p 5 0.0111; cv 5
32.9%; sd 5 2.1) (Table 6) as well as the interaction
of experiment by water source by fungicide (p 5
0.0188; cv 5 22.0%; sd 5 5.3) (Table 7). The
number of fungicide sprays influenced canopy
defoliation 3 wk and 1 wk before harvest.
Regardless of water source, efficacy of prothioco-
nazole plus tebuconazole was not influenced
(Table 6). However, efficacy of chlorothalonil,
pyraclostrobin, and tebuconazole was influenced
when spray solutions were prepared using different
water sources (Table 6). Canopy defoliation 3 wk

Table 3. Influence of acephate mixing interval on immature thrips found on peanut leaves 5 d after treatment at Lewiston-Woodville

during 2010.a

No. of d acephate was prepared

prior to application

Immature thrips populations

Field 1 Field 2

-------------------------------------------------------------------------No./5 leaves ------------------------------------------------------------------------

0 0.50 a 1.0 a

3 0.25 a 0.0 b

6 0.50 a 0.25 a

9 0.38 a 0.25 a

No-acephate control 3.0 2.1

aMeans within a field followed by the same letter are not different according to Fisher’s Protected LSD test at p # 0.05. The

no-acephate control was not included in the analysis.
bAcephate at 1.1 kg/ha was applied on the same d regardless of when spray solution was prepared.

Table 4. Influence of acephate mixing interval on visual estimates of thrips damage 10 and 20 d after treatment (DAT) and canopy width

56 d after treatment at Lewiston-Woodville during 2009 and 2010.a

No. of d

acephate

was prepared

prior to

applicationb

2009

2010

Field 1 Field 2

Visible estimates of

thrips damage

Canopy

width

Visible estimates of

thrips damage

Canopy

width

Visible estimates of

thrips damage

Canopy

width

10 DAT 20 DAT 56 DAT 10 DAT 20 DAT 56 DAT 10 DAT 20 DAT 56 DAT

---------------------0-5c -------------------- cm ---------------------0-5c -------------------- cm ---------------------0-5 --------------------c cm

0 0.6 a 0.3 a 84 a 1.6 a 1.1 a 79 a 2.2 a 1.6 a 81 a

3 0.6 a 0.3 a 86 a 1.2 ab 1.1 a 79 a 1.3 b 1.5 a 76 b

6 0.8 a 0.3 a 84 a 0.9 ab 0.9 a 81 a 1.6 b 1.6 a 81 a

9 0.6 a 0.3 a 86 a 0.6 b 0.9 a 81 a 1.3 b 1.1 a 81 a

No-acephate

control

2.1 2.6 86 2.9 3.1 71 3.4 3.3 79

aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD test at p # 0.05. The

no-acephate control was not included in the analysis.
bAcephate at 1.1 kg/ha was applied on the same d regardless of when spray solution was prepared.
cOrdinal scale where 0 5 no damage, 1 5 noticeable feeding but no stunting, 2 5 noticeable feeding and 25% stunting, 3 5

feeding with blackened terminals and 50% stunting, 4 5 severe feeding and 75% stunting, and 5 5 severe feeding and 90% stunting.
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before harvest was greater when chlorothalonil was
prepared using high pH water (Field 1) when
compared to chlorothalonil prepared using low and
moderate pH waters. Similar results using chlor-
othalonil were not observed 1 wk before harvest.
Pyraclostrobin prepared using low pH water (Field
1) resulted in less canopy defoliation when
compared to pyraclostrobin prepared using mod-
erate pH water 3 wk before harvest. Canopy
defoliation when pyraclostrobin and tebuconazole
were prepared using moderate pH water was 8 and
7% less respectively (Field 2), when compared to

pyraclostrobin or tebuconazole prepared using
high pH water.

When considering canopy defoliation 1 wk
before harvest, neither chlorothalonil or pyraclo-
strobin alone were influenced by mixing interval
regardless of water source (Table 7). Canopy
defoliation 1 wk before harvest was 8% greater
when prothioconazole plus tebuconazole was
prepared using low pH water and applied the d
of application, compared to prothioconazole plus
tebuconazole prepared using low pH water and left
in spray solution for 9 d. Canopy defoliation 1 wk
before harvest using tebuconazole prepared in
moderate pH water and left in solution for 9 d
resulted in 8% less defoliation compared to
tebuconazole prepared in moderate pH water and
applied the d of mixing. These data suggest that
preparing fungicide solutions in various pH water
sources and leaving them in solution for 9 d prior
to application will not reduce the efficacy of the
fungicides if fungicide can be brought back into
solution.

Applying a single fungicide application resulted
in 15 and 55% defoliation 3 wk and 1 wk before
harvest, respectively (data not shown). Three
fungicide applications resulted in 5 and 27%
defoliation 3 wk and 1 wk before harvest,
respectively. These data reflect differences noted
in the previous experiment.

The interaction of experiment and mixing
interval and the main effect of mixing interval
were not significant for plant condition rating

Table 5. Peanut defoliation 1 wk before harvest when applications

of chlorothalanil, prothioconazole plus tebuconazole,

pyraclostrobin, and tebuconazole spray solutions were

delayed for 3, 6, and 9 d after solution preparation.a,b

No. of d fungicides spray solutions

were prepared prior to application Canopy defoliation

%

0 52 a

3 50 a

6 49 a

9 44 b

aMeans followed by the same letter are not different

according to Fisher’s Protected LSD test at p # 0.05. Data are

pooled over fungicide treatments, spray programs, and

experiment.
bChlorothalonil (3.3 kg/ha), prothioconazole plus tebuco-

nazole (50 + 210 g/ha), pyraclostrobin (190 g/ha), and

tebuconazole (220 g/ha) were applied on the same d regardless

of when spray solution was prepared.

Table 6. Influence of water source and fungicide on peanut canopy defoliation 3 wk and 1 wk before harvest. a

Water pHb Fungicideb

Defoliation 3 wk before harvest Defoliation 1 wk before harvest

Field 1 Field 2 Field 1 Field 2

-----------------------------------------------------------------------------------% ----------------------------------------------------------------------------------

3.8 Chlorothalonil 10 bc 8 a 44 ab 39 bc

3.8 Pyraclostrobin 9 c 10 a 41 abc 40 abc

3.8 Tebuconazole 10 bc 10 a 39 bc 39 bc

3.8 Prothioconazole plus

tebuconazole

10 bc 10 a 46 a 36 c

6.6 Chlorothalonil 10 bc 10 a 40 abc 41 abc

6.6 Pyraclostrobin 12 ab 8 a 46 a 38 bc

6.6 Tebuconazole 9 c 9 a 37 c 37 c

6.6 Prothioconazole plus

tebuconazole

11 abc 8 a 42 abc 40 abc

7.9 Chlorothalonil 13 a 8 a 46 a 38 bc

7.9 Pyraclostrobin 11 abc 9 a 41 abc 46 a

7.9 Tebuconazole 11 abc 10 a 41 abc 44 ab

7.9 Prothioconazole plus

tebuconazole

10 bc 10 a 43 abc 39 bc

aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD test at p # 0.05. Data

are pooled over mixing intervals.
bChlorothalonil (3.3 kg/ha), prothioconazole plus tebuconazole (50 + 210 g/ha), pyraclostrobin (190 g/ha), and tebuconazole

(220 g/ha) were applied in the experiment.
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associated with Sclerotinia blight (data not shown).
However, the main effect of experiment was
significant for plant condition rating. At Lewis-
ton-Woodville in 2009, plant condition ratings
were equivalent when comparing non-treated
controls to treatments of boscalid or fluazinam
(21 to 31%, data not shown). During 2010, plant
condition rating following fluazinam ranged from
28% (Rocky Mount) to 84% (Lewiston-Woodville)
in absence of fluazinam compared with 14%
(Rocky Mount) and 42% (Lewiston-Woodville)
when fluazinam was applied. In 2010, plant
condition rating following boscalid was 15 to 37%
compared with 40 to 83% without boscalid (data
not shown). In 2010, boscalid increased the plant
condition rating from 25 to 46% and fluazinam
reduced plant condition rating 14 to 42%. While
plant canopy expressed disease in 2009, differences
between treatments and non-treated controls were
not evident, thus these data may not be represen-
tative of the level of disease control boscalid and
fluazinam may offer.

Prohexadione Calcium Performance. Canopy height
and row visibility 8 WAT were not influenced by
the interaction of experiment by mixing interval by
number of sprays (data not shown). The main
effect of mixing interval was not significant for
canopy height or row visibility. However, canopy
height and row visibility were influenced by the
main effects of number of sprays and experiment.
Greater main stem height and lower row visibility

were noted in non-treated controls when compared
with two sequential application of prohexadione
calcium was applied twice (data not shown).

When comparing results for acephate, fungi-
cides, and prohexadione calcium over all pests or
peanut growth parameters, performance of these
agrochemicals was not affected adversely when
agrochemicals remained in spray solution up to 9 d.
Over all parameters evaluated in the Bradyrhizo-
bium study, SPAD value was negatively influenced
when using inoculant solution prepared in only one
of 25 water sources 8 d prior to application. Water
quality did influence control of canopy defoliation
by chlorothalonil, prothioconazole plus tebucona-
zole, pyraclostrobin, or tebuconazole. However,
these differences would likely be difficult to observe
at the farm level. Although leaf spot fungicides
and water quality were evaluated, results may be
different when using spray water with different pH
values or cation concentrations. Spray water
quality has been shown to reduce efficacy of
herbicides (Buhler and Burnside, 1983; Nalewaja
and Matysiak, 1993; Thelen et al. 1995). Insecti-
cides, Sclerotinia blight, and plant growth regulator
experiments were conducted using a single water
source at pH 6.7 with relatively low water hardness.
Leaving agrochemicals in spray tanks in water with
other characteristics might lead to different re-
sponses in performance than observed in these
experiments. However, other experiments evaluat-
ing agrochemical efficacy when left in spray

Table 7. Influence of water source, fungicide, and mixing interval on peanut canopy defoliation 1 wk before harvest.a

Water pH Fungicideb

No. of d fungicides spray solutions were prepared prior to

application

0 9

------------------------------------------------------------ % ------------------------------------------------------------

3.8 Chlorothalonil 43 abc 40 abc

3.8 Pyraclostrobin 38 cd 43 abc

3.8 Tebuconazole 39 bcd 40 abc

3.8 Prothioconazole plus

tebuconazole

45 ab 37 cd

6.6 Chlorothalonil 38 cd 43 abc

6.6 Pyraclostrobin 43 abc 40 abc

6.6 Tebuconazole 41 abc 33 d

6.6 Prothioconazole plus

tebuconazole

38 cd 43 abc

7.9 Chlorothalonil 43 abc 41 abc

7.9 Pyraclostrobin 46 a 42 abc

7.9 Tebuconazole 43 abc 42 abc

7.9 Prothioconazole plus

tebuconazole

43 abc 39 bcd

aMeans followed by the same letter are not different according to Fisher’s Protected LSD test at p # 0.05. Data are pooled over

experiments.
bChlorothalonil (3.3 kg/ha), prothioconazole plus tebuconazole (50 + 210 g/ha), pyraclostrobin (190 g/ha), and tebuconazole

(220 g/ha) were applied on the same d regardless of when spray solution was prepared.
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solution for extended periods of time have not
observed a product failure (Eure et al., 2011; Eure
et al., 2012; Stewart et al., 2009).
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