
crop, forage & turfgrass management 1 of 5

Crop Management

Core Ideas
•	Acephate	and	prothioconazole	did	not	adversely	
impact	peanut	response	to	Bradyrhizobium	
inoculant.

•	Peanut	was	more	responsive	to	Bradyrhizobium	
inoculant	when	planted	in	fields	with	no	history	of	
peanut	production	than	in	fields	with	recent	peanut	
plantings.

•	Acephate,	Bradyrhizobium	inoculant,	and	prothio-
conazole	can	be	applied	simultaneously	in	the	seed	
furrow	without	losing	effectiveness	of	individual	
components.
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Abstract
Peanut (Arachis hypogaea L.) growers often apply commercial inoc-
ulant in the form of Bradyrhizobium to the seed furrow at plant-
ing to promote biological nitrogen fixation. Additionally, disease 
and injury from thrips (Frankliniella spp.) feeding can be reduced 
when prothioconazole and acephate, respectively, are applied in 
the seed furrow. Interactions of these products have not been 
determined for Virginia market-type peanut. Six experiments 
were conducted during 2009 and 2010 to define interactions of 
acephate, Bradyrhizobium inoculant, and prothioconazole when 
co-applied in the seed furrow at planting. Acephate and prothio-
conazole did not affect peanut yield response to Bradyrhizobium 
inoculant. Peanut yield increased in two of six experiments when 
Bradyrhizobium inoculant was applied. The increase in yield was 
observed in fields that did not have a known history of peanut 
production. Visible thrips damage was lower when prothiocon-
azole was applied in absence of acephate, although acephate was 
more effective in minimizing injury from thrips than prothiocon-
azole. Although acephate did not affect peanut yield, prothiocon-
azole increased yield in all experiments regardless of acephate 
or Bradyrhizobium treatment. Results from these experiments 
indicate that acephate, inoculant containing Bradyrhizobium, and 
prothioconazole are compatible in peanut production systems. 

Fungicides, inoculants containing Bradyrhizobium, and insecti-
cides can be applied in the seed furrow to peanut at planting 

to control seedling and other diseases, promote biological nitrogen 
fixation, and control thrips, respectively (Lanier et al., 2005; Carley 
et al., 2009; Drake et al., 2009; Carroll et al., 2015). Determining 
whether these agrochemicals can be applied simultaneously 
would be beneficial in assisting farmers to formulate peanut-pro-
duction and pest-management strategies. This issue is especially 
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important because of the limited availability of aldicarb and 
an increased reliance on acephate for thrips management 
(Brandenburg, 2015; Brandenburg et al., 2015). Although imi-
dacloprid is often applied in the seed furrow at planting to 
suppress thrips in peanut (Thagard et al., 2013; Morgan et al., 
2014; Rhodes et al., 2015;), concern over the resistance of west-
ern flower thrips (Frankliniella occidentalis; Gao et al., 2012) 
and tobacco thrips (Frankliniella fusca; Huseth et al., 2016) to 
neonicotinoid insecticides also makes determining the util-
ity of acephate important.

Prothioconazole suppresses Cylindrocladium black rot (CBR; 
caused by Cylindrocladium parasiticum) and stem rot disease 
(caused by Sclerotium rolfsii) in peanut when applied in the seed 
furrow at planting (Musson et al., 2006; Brenneman and Young, 
2007; Tyson and Kemerait, 2013; Shew et al., 2015). Surveys in 
North Carolina and Virginia indicated that 30–37% of farmers 
applied prothioconazole in the seed furrow to suppress CBR 
(Thagard et al., 2013; Morgan et al., 2014; Rhodes et al., 2015).

The majority of growers in North Carolina (75–77%) apply 
inoculant containing Bradyrhizobium to peanut, and very 
often the inoculant is applied as a liquid in the seed furrow 
at planting (Thagard et al., 2013; Morgan et al., 2014; Rhodes 
et al., 2015). Failure of the inoculant to perform can be expen-
sive to correct, especially in fields without native Bradyrhizo-
bium present (Lanier et al., 2005; Carroll et al., 2015). Deter-
mining if fungicides or insecticides adversely affect inocu-
lant performance is important to prevent the need for addi-
tional production costs to correct nitrogen-deficient peanut.

Reports that acephate and prothioconazole interact with 
Bradyrhizobium inoculant are limited in the peer-reviewed 
literature, especially in fields where native Bradyrhizobium is 
not present. In previous research in fields without a history 
of peanut production, often referred to as new ground fields, 
the fungicide tebuconazole did not adversely affect efficacy of 
Bradyrhizobium inoculant when co-applied in the seed furrow 
(Jordan et al., 2006). Surprisingly, visible injury from thrips 
feeding following tebuconazole applied in the seed furrow 
at planting decreased compared with injury in the absence of 
tebuconazole. Peanut emergence was delayed when tebucon-
azole was applied, and it was postulated that peanut emerg-
ing later had less injury from thrips. Peanut emerging in late 
May or early June in North Carolina often experiences lower 
populations of thrips and less injury caused by thrips feeding 

compared with emergence in early May (Drake et al., 2009; 
Brandenburg, 2015). However, the cause of reduced thrips 
damage was not elucidated in those experiments. Prothio-
conazole has the same mechanism of action as tebuconazole 
(Shew et al., 2015). In contrast to tebuconazole, pyroclostrobin 
applied in the seed furrow reduced the efficacy of the inocu-
lant and, subsequently, yield (Jordan et al., 2010). Tubbs et al. 
(2015) reported that phorate applied in the seed furrow did not 
adversely affect nodulation or peanut response to Bradyrhizo-
bium inoculant. In addition to concerns over inoculant perfor-
mance, seed is the single most expensive input in peanut crops 
(Bullen and Jordan, 2015), and determining if agrochemicals 
adversely affect peanut stand establishment is important.

Information relative to interactions of acephate, inoculant 
containing Bradyrhizobium, and prothioconazole is limited. 
Therefore, research was conducted to determine compatibil-
ity of the insecticide acephate, the fungicide prothioconazole, 
and the liquid inoculant Bradyrhizobium when applied in the 
seed furrow at planting in both new ground fields and fields 
with a history of peanut production.

Locations, Soil Series, and 
Establishment Practices
The research was conducted in North Carolina during 
2009 and 2010 at three locations each year: the Peanut Belt 
Research Station near Lewiston-Woodville (36.1 N, −77.1 W) 
on a Norfolk loamy sand soil (fine-loamy, kaolinitic, Typic 
Kandiudults); the Upper Coastal Plain Research Station 
located near Rocky Mount (35.9 N, −77.7 W) on a Goldsboro 
loamy sand soil (fine-loamy, siliceous, Aquic Paleudults); 
and commercial fields near Faison (35.6N, −78.8W) on an 
Autryville fine sandy loam soil (fine-loamy, siliceous, Typic 
Paleudults). During each year, two locations were in fields 
with a recent history of peanut production (Lewiston-Wood-
ville and Rocky Mount), whereas one field during each year 
had not been planted to peanut in recent memory (Faison). 
The peanut cultivar Perry (Isleib et al., 2003) was planted in 
conventionally prepared, raised seedbeds at a seeding rate 
designed to obtain five plants/liner foot of row. Plot size was 
two rows (36-inch spacing) by 30 ft long. Peanut at Lewiston-
Woodville during both years, Rocky Mount during 2009, and 
Faison during 2010 was planted between 2 May and 10 May. 
At Faison during 2009 and Rocky Mount during 2010 peanut 
was planted 20 May and 27 May, respectively.

Table A. Useful conversions.

To convert Column 1 to Column 2,  
multiply by 

Column 1  
Suggested Unit

Column 2 
SI Unit

2.54 inch centimeter, cm (10–2 m)

0.304 foot, ft meter, m

2.96 ´ 10–2 ounce (liquid), oz liter, L (10–3 m3)

1.12 pound per acre, lb/acre kilogram per hectare, kg/ha
9.35 gallon per acre, gal/acre liter per hectare, L/ha
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Treatment Combinations and  
Plot Maintenance
A factorial arrangement of treatments consisting of two rates 
of Bradyrhizobium (0 and 16 fluid oz/acre as Optimize Lift, for-
merly Nitragen Co. and now Monsanto BioAg, St. Louis, MO), 
two rates of prothioconazole (0 and 0.23 lb a.i./acre as the 
formulated product Proline, Bayer CropScience, Research 
Triangle Park, NC), and two rates of acephate (0 and 0.9 lb 
a.i./acre as the formulated product Orthene 97, Valent Corp., 
Richmond, CA) was used in the experiment. The experimen-
tal design was a randomized complete block with treatments 
replicated four times. Optimize Lift delivers approximately 
0.9 ´ 1012 viable cells of bacteria/acre when applied at 16 fluid 
oz/acre. Agrochemicals were applied in a 5 gal/acre water 
solution immediately after seed drop and before furrow clo-
sure. The cultivar Perry was selected to minimize CBR to 
focus on peanut response to thrips damage and inoculant 
performance with these combinations.

Plots were maintained weed-free using soil-applied and pos-
temergence herbicides. Chlorpyrifos (Lorsban, Dow AgroSci-
ence, Indianapolis, IN) was applied 45 to 50 days after planting 
to control southern corn rootworm (Diabrotica undecimpunc-
tata). Biweekly fungicide sprays were initiated 50 days after 
planting and included chlorothalonil (Bravo Weather Stik 
Agricultural Fungicide, Syngenta Crop Protection, Greens-
boro, NC), two sequential applications of tebuconazole (Foli-
cur 3.6 F Foliar Fungicide, Bayer CropScience, Research Tri-
angle Park, NC) plus chlorothalonil, a single application of 
pyraclostrobin (Headline Fungicide, Research Triangle Park, 
NC), and a final application of chlorothalonil to control leaf 
spot disease (caused by the fungi Cercospora arachidicola and 
Cercosporidium personatum) and stem rot disease. Pesticides 
were applied at the manufacturer’s suggested use rate.

Measurements and Data Analysis
Visible injury from thrips feeding was recorded 3 weeks 
after planting using a scale of 0 to 5 where 0 = no damage, 1 

= noticeable feeding but no stunting, 2 = noticeable feeding 
and 25% stunting, 3 = feeding with blackened terminals and 
50% stunting, 4 = severe feeding and 75% stunting, and 5 = 
severe feeding and 90% stunting (Carley et al., 2009; Drake 
et al., 2009). No attempt was made to determine seedling dis-
ease, plant growth, or vigor independent of thrips damage 
or peanut stand. Peanut was dug and vines inverted in late 
September or early October based on pod mesocarp color 
(Williams and Drexler, 1981). Peanut pods were harvested 4 
to 7 days after digging and vine inversion and final yield was 
adjusted to 8% moisture.

Data for thrips damage and pod yield were subjected to 
ANOVA using the GLM procedure in SAS (SAS Institute, 
2006) considering the 6 (year-location combination) ´ 2 
(acephate treatment) ´ 2 (Bradyrhizobium inoculant treatment) 
´ 2 (prothioconazole treatment) factorial treatment arrange-
ment. Means of significant main effects and interactions 
were separated using Fisher’s Protected LSD test at p £ 0.05.

Reductions in Thrips Damage by  
In-Furrow Treatments
The interaction of experiment ´ acephate ´ prothioconazole ´ 
Bradyrhizobium inoculant was significant for early season injury 
from thrips feeding (Table 1). This interaction most probably 
was caused by differences in thrips damage in the absence 
of acephate (Table 2). In two experiments in fields where 
peanut was planted in late May (Faison in 2009 and Rocky 
Mount in 2010), injury ranged from 0.2 to 1.1 on a scale of 0 
to 5 for untreated peanut while injury ranged from 3.2 to 3.9 
for untreated peanut on this scale in the other fields that were 
planted between 2 and 10 May. Thrips damage is often more 
prevalent when peanut is planted in early May compared with 
late May (Drake et al., 2009). Less thrips damage was observed 
in the absence of acephate when either Bradyrhizobium inocu-
lant or prothioconazole was applied at Faison in 2010 com-
pared with untreated peanut. Injury from thrips feeding was 
lower when these products were co-applied compared with 
untreated peanut at Lewiston-Woodville or Rocky Mount dur-
ing both years. In previous research (Jordan et al., 2006), less 
thrips damage was noted when tebuconazole was applied in 
the absence of acephate. In Jordan et al.’s research, Bradyrhi-
zobium inoculant did not contribute to protection or recovery 
from thrips damage. Few differences in thrips damage were 
noted among co-applied products when acephate was applied, 
with injury ranging from 0.1 to 2.1 on a scale of 0 to 5 (Table 2). 
Although results with acephate were not surprising, the appar-
ent decrease in thrips damage in the presence of prothiocon-
azole alone or with Bradyrhizobium inoculant was not expected. 
While it is possible that prothioconazole directly affected 
thrips feeding, the more probable possibility is improved 

Table 1. Analysis of variance for thrips damage and 
pod yield as influenced by the interaction of experi-
ment, acephate, prothioconazole, and Bradyrhizobium.
Treatment factor Thrips injury Pod yield

Scale of 0–5 lb/acre

Experiment (Exp) <0.0001 0.0002
Acephate <0.0001 0.9282
Prothioconazole <0.0001 0.0322
Bradyrhizobium 0.5361 0.0515
Acephate × prothioconazole <0.0001 0.8361
Acephate × Bradyrhizobium 0.2783 0.1034
Prothioconazole × Bradyrhizobium 0.2124 0.9709
Acephate × prothioconazole × 

Bradyrhizobium
0.3012 0.4874

Exp × acephate 0.0007 0.4020
Exp × prothioconazole 0.0018 0.7580
Exp × Bradyrhizobium 0.9160 <0.0001
Exp × acephate × prothioconazole <0.0001 0.7254
Exp × acephate × Bradyrhizobium 0.0592 0.4075
Exp × prothioconazole × 

Bradyrhizobium
0.6247 0.9059

Exp × acephate × prothioconazole × 
Bradyrhizobium

<0.0001 0.8252

Coefficient of variation (%) 79.6 14.6
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seedling health that enabled the seedlings to withstand thrips 
feeding more effectively or to recover from thrips feeding more 
quickly. The mechanism of decreased injury from thrips was 
beyond the scope of this research. The occurrence of less injury 
from thrips feeding at Faison during 2010 when Bradyrhizobium 
inoculant was applied could not be explained.

Peanut Yield Response to  
In-Furrow Treatments
Peanut yield was not affected by the main effect of acephate or 
interactions of acephate with other treatment factors (Table 1). 
The lack of yield response to acephate was surprising (Table 
3). In contrast, other research in North Carolina (Carley et al., 
2009; Drake et al., 2009; Brandenburg et al., 2015) reported 
increased yields when thrips damage was minimized by in-
furrow insecticides. In contrast, peanut yield was affected by 
the interaction of experiment ´ Bradyrhizobium inoculant and 
the main effect of prothioconazole (Table 1). When pooled 
across acephate and prothioconazole treatments, pod yield 
increased at Faison during 2009 and 2010 when Bradyrhizo-
bium inoculant was applied compared with uninoculated 

peanut by 1100 and 430 lb/acre, respectively (Table 3). At this 
location the yield increase following Bradyrhizobium inoculant 
was anticipated because peanut had not been planted in pre-
vious years in these fields. Yield increases of this magnitude 
are common in fields where native Bradyrhizobium is not pres-
ent and inoculant is applied in the seed furrow at planting 
(Lanier et al., 2005; Carroll et al., 2015). Yield increased from 
3370 lb/acre without prothioconazole to 3520 lb/acre when 
prothioconazole was applied in the seed furrow, irrespective 
of acephate or Bradyrhizobium inoculant treatment (Table 3). 
There were no apparent differences in aboveground response 
of peanut due to disease that may have been affected by pro-
thioconazole treatment that would explain the increase in 
yield. Other research (Brenneman and Young, 2007; Shew et 
al., 2015) has shown increased peanut yields when prothio-
conazole was applied in the seed furrow at planting com-
pared with untreated peanut.

Collectively, the results from these experiments indicate that 
acephate, Bradyrhizobium inoculant, and prothioconazole are 
compatible for reducing thrips damage and Bradyrhizobium 
inoculant effectiveness when co-applied in the seed furrow. 

Table 2. Peanut injury from thrips feeding as influenced by the interaction of experiment, acephate, 
prothioconazole, and Bradyrhizobium.†

In-furrow product‡ Lewiston-Woodville Rocky Mount Faison
Acephate Prothioconazole Bradyrhizobium 2009 2010 2009 2010 2009 2010

    ————————————————————— 0–5§ ————————————————————— 
No No No 3.2 a 3.3 a 3.9 a 1.1 a 0.2 a 3.4 a
No No Yes 3.3 a 3.5 a 3.9 a 0.5 ab 0.1 a 0.5 b
No Yes No 0.9 b 0.8 c 1.8 b 0.5 ab 0 a 1.9 b
No Yes Yes 0.9 b 1.8 b 0 c 0.1 b 0 a 3.2 a
Yes No No 0.8 b 1.6 b 0.5 bc 0.3 b 0 a 0.3 b
Yes No Yes 0.1 b 0.7 c 0.3 c 0.5 ab 0 a 2.1 ab
Yes Yes No 1.5 b 0.7 c 0.1 c 0.1 b 0.1 a 1.4 b
Yes Yes Yes 0.8 b 1.1 b 1.1 bc 0.1 b 0.2 a 1.2 b

†Means within a location and year followed by the same letter are not significantly different at p < 0.05 according to Fisher’s Protected LSD test.

‡Acephate applied at 0.9 lb/acre. Prothioconazole applied at 0.23 lb/acre. Bradyrhizobium inoculant applied as Optimize Lift at 16 fluid oz/
acre delivers approximately 0.9 × 1012 viable cells of bacteria/acre.

§Visible injury from thrips feeding was recorded 3 wk after planting using a scale of 0 to 5 in which 0 = no damage, 1 = noticeable feeding 
but no stunting, 2 = noticeable feeding and 25% stunting, 3 = feeding with blackened terminals and 50% stunting, 4 = severe feeding and 
75% stunting, and 5 = severe feeding and 90% stunting.

Table 3. Influence of acephate, Bradyrhizobium, and prothiocanzole on peanut yield.†

In-furrow 
treatment‡ Acephate

Bradyrhizobium inoculant

Prothioconazole
Lewiston-Woodville Rocky Mount Faison
2009 2010 2009 2010 2009 2010

 ——————————————————————————————— lb/acre ————————————————————————————— 
No 3450 a 3650 a 3520 a 2420 a 4330 a 2940 b 2930 b 3370 b
Yes 3750 a 3750 a 3330 a 2180 a 4170 a 4040 a 3360 a 3520 a

†Means within a main effect (acephate or prothioconazole) or site-year combination for Bradyrhizobium inoculant followed by the same letter 
are not significantly different at p £ 0.05 according to Fisher’s Protected LSD test. Data for acephate and prothioconazole are pooled across 
experiments and levels of other treatment factors. Data for Bradyrhizobium are pooled across levels of acephate and prothioconazole.

‡Acephate applied at 0.9 lb/acre. Prothioconazole applied at 0.23 lb/acre. Bradyrhizobium inoculant applied as Optimize Lift at 16 fluid oz/
acre delivers approximately 0.9 × 1012 viable cells of bacteria/acre.
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Therefore, growers can apply these products simultaneously 
with no negative impact on peanut yield compared with 
these products applied alone.
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