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ABSTRACT 

Due to the increased adoption of dicamba-tolerant cotton (Gossypium hirsutum L.) and 
soybean [Glycine max (L.) Merr.], near-by sensitive broadleaf crops such as peanut 
(Arachis hypogaea L.) are at an increased risk for off-target movement events.  Limited 
data on peanut response to multiple exposure events of reduced rates of glyphosate plus 
dicamba are available.  Therefore, the objective of this study was to determine the impact 
of multiple exposure events and low rates of glyphosate plus dicamba on peanut yield and 
grade across multiple locations in the southeast and southwest production regions of the 
U.S.  In 2019/2020, field trials were conducted in seven states (AL, FL, GA, NC, OK, 
SC, TX).  Glyphosate plus dicamba timings were 30 + 60 days after planting (DAP) or 
30 + 60 + 90 DAP. Glyphosate plus dicamba rates were 12.6 g ae/ha + 5.6 g ae/ha 
(1/100X) and 25.2 g ae/ha + 11.2 g ae/ha (1/50X).  In the southeast region (AL, FL, GA, 
NC, SC), peanut yield was not reduced by the 1/100X rate but was reduced 9% by 1/50X 
rate.  Peanut yield was not reduced by any rate or timing in the southwest region (OK, 
TX). In OK and TX (South), total sound mature kernels were reduced 1% to 4% by the 
1/50X rate of glyphosate plus dicamba or when glyphosate plus dicamba was applied 30 
+ 60 + 90 DAP.   Increases in peanut pod malformations (4% to 11%) were observed in 
GA and NC but this response was not consistent.  Multiple off-target exposure events of 
glyphosate plus dicamba at rates ≤ 1/100X in peanut should not result in significant yield 
or grade losses but may cause abnormal pod development.     

 

INTRODUCTION 

In 2023, cotton (Gossypium hirsutum L.) and peanut (Arachis 
hypogaea L.) were harvested on approximately 2.86 and 0.64 
million hectares in the U.S. (USDA-NASS, 2024).  ese two 
uniquely different crops share common ground, as cotton is 

considered to be an acceptable crop to include in rotation with 
peanut to reduce soil pathogens and nematodes (Johnson et al., 
1998).  But, the differing weed management strategies for these 
two crops make management implications inherently difficult 
when they are produced within very close proximity (Johnson 
III et al., 2001; Johnson et al., 2012).  

The rapid adoption of herbicide-tolerant technology in 
crops such as cotton and soybean [Glycine max (L.) Merr.] has 
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made neighbouring crops such as peanut, more likely to be 
subjected to off-target movement (physical drift and/or 
volatility) and/or spray tank contamination of non-registered 
herbicides (Lassiter et al., 2007; Leon et al., 2014; Prostko et 
al., 2011).  In the U.S., it has been reported that 86% of the 
cotton hectares are planted using stacked gene cultivars (insect 
and herbicide-resistant) and 95% of soybean hectares are 
planted using herbicide-resistant cultivars (USDA-NASS, 
2023).  

This expansion of herbicide-resistant crops has led to an 
increase in the use of both glyphosate and dicamba for weed 
control.  Glyphosate is a broad spectrum, systemic herbicide 
that provides postemergence (POST) control of numerous 
annual and perennial broadleaf and grass weeds (Shaner, 2014).  
Dicamba is a systemic synthetic auxin herbicide that is used for 
the control of annual and perennial broadleaf weeds (Shaner, 
2014).   

Numerous studies have evaluated peanut response to 
glyphosate or dicamba applied separately (Blanchett et al., 
2015; Grey and Prostko, 2010; Johnson et al., 2012; Lassiter et 
al., 2007; Leon et al., 2014; Prostko et al., 2011).  Single 
exposure events of glyphosate plus dicamba at rates ranging 
between 1/512X and 1X have also been evaluated (Daramola et 
al. 2023; Grichar et al., 2021).  Collectively, the above research 
suggests that, although peanut injury symptoms from either 
dicamba or glyphosate are vastly different, yield response to 
these herbicides is similar.  Generally, peanut yield loss from 
accidental exposure to either glyphosate or dicamba is a 
function of rate and peanut stage of growth.     

Depending upon the herbicide label, two to four 
applications of dicamba are permitted on tolerant cotton and 
soybean cultivars including preplant, preemergence (PRE), and 
POST applications with POST application cut-off dates of 30-
Jun. (soybean) and 30-Jul. (cotton) (Anonymous, 2022a; 
2022b; 2023).  In the dicamba-tolerant cotton and soybean 
production systems, dicamba is typically applied in a tank-
mixture with glyphosate to increase the spectrum of weed 
control (Cahoon et al., 2015; Striegel et al., 2021).  Thus, ample 
opportunities exist for unintentional multiple off-target 
exposure events of glyphosate plus dicamba to occur on near-by 
planted peanut.  Since 2017, off-target events of glyphosate plus 
dicamba have been observed in commercial peanut fields across 
the peanut belt.  However, no research has described the 
potential negative effects of multiple exposure events of low 
rates of glyphosate plus dicamba on peanut.  

Therefore, the objective of this study was to determine the 
impact of multiple exposure events and low rates of glyphosate 
plus dicamba on peanut yield and grade across multiple 
locations in the southeast and southwest production regions of 
the U.S. 

MATERIALS AND METHODS 

During 2019 and 2020, seven land-grant universities 
conducted field trials, for a total of 15 site-years, investigating 
peanut yield/grade response to low-use rates and multiple 
exposures of glyphosate plus dicamba (Table 1).  Six treatments 
were arranged in a randomized complete block design with a 
two (timing) by three (rate) factorial with three to four 
replications.  Timings occurred at 30 + 60 days after planting 
(DAP) or 30 + 60 + 90 DAP.  Research has shown that off-target 
movement of herbicides can range somewhere between 1/10X 
and 1/100X (Al-Khatib and Peterson 1999; Bailey and Kapusta, 
1993; Snipes et al., 1991; Snipes et al., 1992).  It has also been 
reported that spray particle drift from ground sprayers is 
equivalent to 1% to 8% of the total spray volume (Maybank et 
al., 1978).  us, if dicamba is applied at 560 g ae/ha (1X), 1% 
drift would be equivalent to a 1/100X rate.  erefore, 
glyphosate plus dicamba rates were 25.2 g ae/ha + 11.2 g ae/ha 
(1/50X) and 12.6 g ae/ha + 5.6 g ae/ha (1/100X), respectively.  
A non-treated control (NTC) was also included.  Growth stage 
of peanut at 30, 60, and 90 DAP were beginning bloom (R1), 
beginning peg to beginning pod (R2 - R3), and full pod to full 
seed (R4 - R6), respectively (Boote 1982).   

Peanut were planted in freshly prepared seedbeds with 
four-row plots for each treatment. The inner two rows of each 
plot were treated which left a two-row border on each side of 
the plot to minimize any off-target movement to adjacent plots.  
All herbicide treatments were applied using a CO2-pressurized 
backpack sprayer to deliver 140 L/ha or 187 L/ha in TX 
(South).  Herbicide application techniques varied by location 
but were consistent with local practices and implemented to 
minimize off-target movement.     

Data collected included pod yield (all locations), market 
grade (AL, GA, OK, and TX), and pod malformations (GA and 
NC).  Peanut yield data were obtained using commercial 
harvesting equipment with moistures adjusted to 10%.  Peanut 
grades (total sound mature kernels) were obtained from local 
Federal/State Inspection Services using a 500 g pod sample 
collected from each harvested plot (USDA-AMS, 2019).  
Additionally, peanut pod malformation data were collected in 
GA and NC and were obtained by visually inspecting 100 
random pods from each replication/treatment. Malformed pod 
shapes included any pods that were abnormal in size and/or had 
a “parrot-beak” shape (Figure 1).   

Data were subjected to ANOVA using PROC GLIMMIX 
in SAS, version 9.4 (SAS Institute, Cary, NC).  Peanut yield, 
grade, and pod abnormalities were set as the response variables 
with year and replication within year included in the model as 
random factors.  Yield data was grouped by region and pooled 
across years.  All P-values for tests of differences between least-
square means were compared and separated using the Tukey-
Kramer method (P<0.10).  
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Table 1.  Year, state, cultivar, location, soil type, planting dates, and application dates for multi-state glyphosate plus dicamba peanut 
trials, 2019-2020. 

Year State Cultivar Location 

Soil 

Series/Type 
Planting 

Date 

Herbicide Application Supplemental 

Irrigation 
(Y/N) 30 DAPa 60 DAP 90 DAP 

2019 Alabama GA-06G Brewton Fuquay sand 16-May 14-Jun 15-Jul 14-Aug N 

 Florida GA-06G Jay 
Orangeburg 
sandy loam 

9-May 13-Jun 10-Jul 7-Aug Y 

 Georgia GA-06G Ty Ty Fuquay sand 30-Apr 30-May 26-Jun 1-Aug Y 

 North 
Carolina 

Bailey II 
Lewiston-
Woodville 

Norfolk 
sandy loam 

25-May 25-Jun 30-Jul 28-Aug Y 

 Oklahoma Wynne Fort Cobb 
Binger fine 
sandy loam 

15-May 6-Jun 9-Jul 7-Aug Y 

 South 
Carolina 

Sullivan Blackville Fuquay sand 31-May 28-Jun 1-Jul 30-Aug Y 

 Texas 
(West) 

GA-09B Seminole 
Patricia 

loamy fine 
sand 

30-Apr 30-May 28-Jun 29-Jul Y 

 Texas 
(South) 

GA-09B Yoakum 
Tremona 

loamy fine 
sand 

24-Jun 25-Jul 26-Aug 24-Sep Y 

2020 Alabama GA-06G Headland 
Dothan 

loamy sand 
5-May 3-Jun 3-Jul 31-Jul Y 

 Georgia GA-06G Ty Ty Tifton sand 27-Apr 25-May 22-Jun 27-Jul Y 

 
North 

Carolina 
Bailey II 

Lewiston-
Woodville 

Norfolk 
sandy loam 

4-May 3-Jun 30-Jun 31-Jul Y 

 Oklahoma Wynne Fort Cobb 
Binger fine 
sandy loam 

6-May 4-Jun 2-Jul 4-Aug Y 

 
South 

Carolina 
Sullivan Blackville 

Varina loamy 
sand 

2-Jun 2-Jul 1-Aug 2-Sep Y 

 
Texas 
(West) 

GA-09B Seminole 
Patricia 

loamy fine 
sand 

28-Apr 27-May 24-Jun 27-Jul Y 

 
Texas 

(South) 
GA-09B Yoakum 

Tremona 
loamy fine 

sand 
17-Jun 17-Jul 16-Aug 15-Sep Y 

aDAP = days after planting. 
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Figure 1. Peanut pod malformations caused by 
glyphosate plus dicamba applied at low rates. 

RESULTS AND DISCUSSION 

Peanut Yield 

In both regions, there were no interactions between rate and 
timing.  In the southeast region, peanut yield was reduced 9%, 
regardless of application timing, when glyphosate plus dicamba 
was applied at the 1/50X rate (Table 2). No yield reductions 
with either rate or timing were observed in the southwest 
region.  It is possible that the environmental conditions typical 
to the southeast region (i.e. higher rainfall and humidity) 
resulted in a greater yield loss in comparison to the southwest 
region.  Herbicide absorption, translocation, and efficacy are 
increased under higher moisture conditions (Friesen and Dew, 
1966; Sharma and Singh, 2001; Peerzada et al., 2021).  Single 
applications of glyphosate plus dicamba at 1/16X rates resulted 
in 0% to 28% yield reductions in previous research (Grichar et 
al., 2021). Other research has reported yield reductions of 5% 
to 14% with single exposure events of 1/128X and 1/32X rates 
of glyphosate plus dicamba (Daramola et al., 2023). 

 

Table 2.  Peanut yield as influenced by glyphosate plus dicamba at low rates by region, 2019-2020. 

Ratec 

Southeasta Southwestb 

Yield 

 ---------------------------------------  kg/ha  ------------------------------------- 

0 5591ad 5160a 

1/100X 5580a 5140a 

1/50X 5106b 4942a 

a Southeast= locations included are AL, FL, GA, NC, and SC.  Data are averaged over year, location, and application time.  
b Southwest = locations included are OK, TX (West), and TX (South). Data are averaged over year, locations, and application times. 
c 1X Rate = 1260 g ae/ha glyphosate plus 560 g ae/ha dicamba. 
d Means in the same column with the same letters are not significantly different according to the Tukey-Kramer method (P<0.10).     

 
It is interesting to note that when applied alone, peanut 

has exhibited some tolerance to glyphosate.  Single applications 
of glyphosate applied at 1/16X or 1/8X from 75 DAP to 105 
DAP had no effect on peanut yield (Grey and Prostko, 2010).  
For a short time in the late 1980’s, glyphosate (34 g ae/ha) was 
sold by Monsanto (now Bayer Crop Science) under the 
commercial trade name of Quotamaker™ as a peanut yield 
enhancer/growth regulator (Hawf et al., 1989).   However, this 
particular use for glyphosate was not readily adopted by peanut 
growers and was discontinued. 

Peanut Grade 

In AL, GA, and TX (West), peanut grade (total sound mature 
kernels) was not influenced by either rate or timing (Table 3).  
In 2019 in OK and TX (South), peanut grade was reduced 3% 
to 4% with the 1/50X rate of glyphosate plus dicamba.  In 2020 
in TX (South), peanut grade was reduced 1% when glyphosate 
plus dicamba was applied 30 + 60 + 90 DAP compared to the 
30 + 60 DAP application.  In previous research, peanut grade 
was reduced 6% to 8% when glyphosate plus dicamba, at 1/16X 
rate, was applied either 60 or 90 DAP (Grichar et al., 2021).   
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Table 3.   Peanut grade (total sound mature kernels) as influenced by glyphosate plus dicamba applied at low rates and multiple 
exposures in Alabama, Georgia, Oklahoma, and Texas, 2019-2020.a 

Timing or Rate 

 

Alabama 

 

Georgia 

 

Oklahoma 

Texas 

(South) Texas (West) 

2019 2019/2020b 2019 2019 2020 2019 

 ------------------------------------------------------TSMK (%) -------------------------------------------------------- 

Timing (DAP)c 

30 + 60 67ad 75a 68a 70a 63a 79a 

30 + 60 + 90 66a 74a 68a 70a 62b 79a 

Ratee,f 

0 68a 75a 69a 72a 63a 79a 

1/100X 66a 73a 68a 69ab 62a 79a 

1/50X 65a 74a 66b 68b 63a 80a 

a TSMK = % total sound mature kernels (sound mature kernels + sound splits). 
b Averaged over two years. 
c DAP = days after planting; averaged over rate.  
d Means in the same column within timing or rate with the same letter are not significantly different according to the Tukey-Kramer 

method (P<0.10). 
e Averaged over timing. 
f 1X Rate = 1260 g ae/ha glyphosate plus 560 g ae/ha dicamba. 

In contrast, glyphosate applied alone at 1/23X from 100 
DAP to 110 DAP increased total sound mature kernels in non-
irrigated peanut but had no effect on the grade of irrigated 
peanut (Lamb et al., 2017).  This effect was attributed to 
glyphosate’s efficacy on flower termination.  It is important to 
note that one percentage point of total sound mature kernels 
has an estimated value of $5.51/1000 kg (W.S. Monfort, pers. 
communication, 2025).  

Peanut Pod Malformations 

In GA, time of application had no effect on peanut pod 
malformations (Table 4).  In 2019, peanut pod malformations 
were increased by 4% to 5% by 1/50X and 1/100X rates of 
glyphosate plus dicamba but not in 2020. 
 

In NC, peanut pod malformations were greater (7% to 
8%) when glyphosate plus dicamba was applied 30 + 60 + 90 
DAP.   Additionally, the 1/50X rate increased peanut pod 
malformations (9% to 11%) in both years while the 1/100X 
rate only increased pod malformations in 2020 (9%). Pod 
malformations in NC are a potential concern for Virginia-
market types that are sold in-shell.   

In soybean, pod malformations were 10% greater in 
treatments containing glyphosate plus dicamba when compared 
to dicamba alone when applied after the R3 stage of growth 
(Jones et al., 2019).  It is likely that the combination of 

glyphosate plus dicamba at low rates and multiple exposures can 
have an hormesis effect on peanut pods in certain situations 
(Brito et al., 2018; Jalal et al., 2021).   

SUMMARY AND CONCLUSIONS 

Based upon these results, off-target movement of glyphosate 
plus dicamba at rates ≤1/100X is unlikely to result in significant 
peanut yield and grade losses.  However, glyphosate plus 
dicamba drift may result in abnormal pod development which 
could be a major concern for peanut producers in the Virginia-
Carolina region where peanut is grown primarily for the in-shell 
market.  Off-target movement of glyphosate plus dicamba, and 
all other pesticides, is undesirable and multiple mitigation 
practices need to be implemented to minimize this potential 
problem. 
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Table 4.   Peanut pod malformations as influenced by glyphosate plus dicamba applied at low rates and multiple exposures in Georgia and 
North Carolina, 2019-2020. 

Timing or Rate 

Georgia North Carolina 

2019 2020 2019 2020 

 
------------------------------------------------------ Abnormal Pods (%) ------------------------------------------------- 

Timing (DAP)a     

30 + 60 5ab 9a 7b 5b 

30 + 60 + 90 6a 10a 14a 13a 

Ratec,d     

0 2b 7a 6b 3b 

1/100X 6a 10a 8b 12a 

1/50X 7a 11a 17a 12a 

a DAP = days after planting; averaged over rate. 
b Means in the same column within timing or rate with the same letter are not significantly different according to the Tukey-Kramer 

method (P<0.1). 
c Averaged over timing. 
d 1X Rate = 1260 g ae/ha glyphosate plus 560 g ae/ha dicamba. 
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