
ABSTRACT 

MEYERS, STEPHEN LAWRENCE. Weed Management in Commercial Blueberry and 

Blackberry Production Systems. (Under the direction of Dr. Katie M. Jennings and Dr. 

David W. Monks.) 

 

 Field studies were conducted to determine the influence of vegetation-free strip 

width (VFSW) on newly established blackberry growth, yield, and fruit quality and to 

determine the influence of herbicide weed management programs on weed control and 

crop tolerance in blackberry and blueberry.  Two greenhouse studies were conducted to 

determine the influence of preemergence (PRE) and postemergence (POST) herbicides 

on Carolina redroot.   

 Vegetation-free strip width treatments consisted of 0, 0.3, 0.6, 1.2, 1.8, and 2.4 m.  

Predicted blackberry yield displayed a quadratic response to VFSW, increased from 711 

to 1,030 kg ha
-1

 at VFSW of 0 to 1.8 m, and decreased from 1,030 to 960 kg ha
-1

 at 

VFSW of 1.8 to 2.4 m.  Predicted post-harvest floricane weight per plant displayed a 

quadratic response to VFSW at one of two locations, increased from 0.19 to 0.30 kg at 

VFSW of 0 to 1.5 m, and decreased from 0.30 to 0.26 kg at VFSW of 1.5 to 2.4 m.  

Predicted individual blackberry fruit weight displayed a positive linear response to 

VFSW and increased from 3.1 to 3.6 g per fruit at VFSW of 0 to 2.4 m.  Blackberry 

soluble solids content, titratable acidity, sugar-to-acid ratio, pH, primocane number, 

length, and stem caliper were largely unaffected by VFSW. 

 Six herbicide-based weed management programs were evaluated in blackberry at 

Vale and Bailey, NC.  Five programs consisted of a late fall-early winter herbicide 

application followed by (fb) an early spring herbicide application and a sixth program 



consisted of winter-applied dichlobenil.  At blackberry flowering norflurazon resulted in 

11%  

veinal bleaching; bleaching injury decreased to 1% at harvest.  Weed control at budbreak 

was >98% for all programs.  Purple deadnettle control at flowering at Vale was >99% for 

programs consisting of flumioxazin fb flumioxazin, norflurazon fb oryzalin plus 

simazine, and dichlobenil, but <16% for all other programs.  At harvest, weed control at 

Bailey ranged from 69 to 84%.  Yellow woodsorrel and large crabgrass control at Vale at 

harvest was excellent (>97%) for all programs with the exception of dichlobenil which 

provided 80 and 70% control of woodsorrel and crabgrass, respectively.  Blackberry 

primocane number, yield, and fruit weight were not influenced by herbicide program and 

ranged from 4.7 to 5.9 canes m
-1

; 13,500 to 14,880 kg ha
-1

; and 6.1 to 6.4 g per fruit, 

respectively. 

 In greenhouse studies paraquat, glufosinate, and hexazinone (PRE) provided the 

greatest Carolina redroot control of any treatment 14 and 25 days after POST treatments 

(DAT), but control declined between 25 and 63 DAT.  Glyphosate provided  minimal 

control 14 DAT, but control increased from 14 to 63 DAT.  Control of Carolina redroot 

roots and rhizomes (roots/rhizomes) was greatest in plants treated with paraquat (91%), 

glyphosate (88%), glufosinate (73%), hexazinone (62%), and diuron (60%) POST and 

terbacil (68%) and hexazinone (64%) PRE.   

 Field studies were conducted to determine weed control and crop tolerance to S-

metolachlor and flumioxazin alone and with hexazinone.  Herbicide programs containing 

flumioxazin resulted in greater meadowbeauty control 5 to 6 weeks after treatment  



(WAT) (73%) than herbicide programs containing hexazinone at 1.1 or 2.2 kg ha
-1

 (37 

and 39%, respectively).  Needleleaf rosette grass control remained >94% for all herbicide 

programs through 2 WAT.  Five to six WAT hexazinone at 1.1 kg ha
-1

 provided greater 

control (87%)  

than flumioxazin (71%).  Meadowbeauty and needleleaf rosette grass control from all 

herbicide programs was poor (< 39% and < 57%, respectively) 16 to 18 WAT.  Two 

weeks after post-harvest applications, herbicide programs receiving a post-harvest 

flumioxazin application had greater meadowbeauty and needleleaf rosette grass control 

(78 and 84%, respectively) than those programs without a post-harvest flumioxazin 

application (43 and 71%, respectively).   
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Subject Category: Crop Production: Grapes & Berries. 

 

Vegetation-Free Strip Width and Newly Established ‘Navaho’ Blackberry Growth, Yield, 

and Fruit Quality 

 

Additional index words. Orchard floor management. 

 

Abstract. Field studies were conducted in 2011 and 2012 at the Sandhills Research 

Station near Jackson Springs, NC to determine the influence of vegetation-free strip 

width (VFSW) on newly planted ‘Navaho’ blackberry growth, yield, and fruit quality.  

Treatments consisted of 0, 0.3, 0.6, 1.2, 1.8, and 2.4 m VFSW.  Blackberry yield 

displayed a positive quadratic response to VFSW.  Predicted blackberry yield increased 

from 711 to 1,030 kg ha
-1

 at VFSW of 0 to 1.8 m and decreased from 1,030 to 960 kg ha
-1

 

at VFSW of 1.8 to 2.4 m.  Predicted post-harvest floricane weight per plant displayed a 

positive quadratic response to VFSW at one of two locations and increased from 0.19 to 

0.30 kg at VFSW of 0 to 1.5 m and decreased from 0.30 to 0.26 kg at VFSW of 1.5 to 2.4 

m.  Predicted individual blackberry fruit weight displayed a positive linear response to 

VFSW and increased from 3.1 to 3.6 g per fruit at VFSW of 0 to 2.4 m.  Soluble solids 

content (SSC) of dull black blackberry fruit decreased from 15.0 to 14.4 °Brix at VFSW 

of 0 to 1.4 m and increased from 14.4 to 14.7 °Brix at VFSW of 1.4 to 2.4 m.  VFSW did 

not influence shiny black blackberry fruit SSC, nor titratable acidity, sugar-to-acid ratio, 
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or pH of shiny or dull black blackberry fruit or primocane number, length, and stem 

caliper. 
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 Blackberry hectarage and farm number in the United States increased 109 and 

79%, respectively between 1997 and 2007 (USDA-NASS, 2004, 2009).  Growth in 

hectarage and farm number in the southeastern United States exceeded U.S. growth with 

a 132 and 211% increase, respectively, in the same time (USDA-NASS, 2004, 2009).  As 

of 2007 blackberry production in the Southeast consisted of 790 ha on 1,150 farms 

(USDA-NASS, 2009).  This production equaled 20 and 13% of the blackberry farms and 

hectareage, respectively, in the U.S. (USDA-NASS, 2009).  Within the Southeast, 

blackberry is a specialty crop that has high value and is produced on relatively small 

hectarage.  Though blackberry hectarage has increased, little published weed 

management research exists for the crop. 

Commercial blackberry fields in the Southeast typically consist of erect, thornless 

cultivars planted in rows with between-row spaces generally planted in sod or feral 

vegetation.  Within the planted row, a defined vegetation-free strip is maintained 

vegetation free, often with the use of herbicides.  Production recommendations suggest a 

1.2 m vegetation-free strip width (VFSW) with 0.6 m of vegetation-free strip on either 

side of the planted row (Childers et al., 1995; Fernandez and Ballington, 1999).  It has 

been reported that VFSW influences development and yield of other tree and small fruit 

crops.  Glenn and Newel (2008) reported greater peach [Prunus persica (L.) Batsch.] fruit 

number and total yield with a 2.4 m VFSW compared with 0.6 m.  Buckelew 

(unpublished data) found that wine grape (Vitis vinifera L.) yields increased as VFSW  

increased from 0 to 1.1 m.  Buckelew (2009) reported that yield in young peach displayed  
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a positive linear response to increasing VFSW.   

Floricane-bearing blackberry plants have a unique life cycle.  Plants are perennial, 

but fruiting is biennial.  Primocanes, vegetative shoots developed in the current growing 

season, emerge, grow, and develop floral and vegetative buds, then overwinter.  The one-

year-old canes (floricanes) flower, bear fruit, and senesce.  The management of 

primocanes in one year ultimately influences the yield and quality of fruit the following 

growing season.  A VFSW which is too narrow may delay the growth and development 

of blackberry plants, especially those that are newly planted.  Meanwhile, a VFSW that is 

too wide will require increased herbicide costs, but will reduce the between-row area 

requring mowing.  A wide VFSW may also benefit pickers by limiting their exposure to 

wet grass or feral vegatation during harvest.  Additionally, an excessively large VFSW 

may contribute to overly productive plants which will require additonal primocane 

thinning, as observed by Glenn and Newel in peach (2008). 

 Blackberry fruit develop and ripen in a series of stages from green [10 d 

postanthesis (DPA)] to red (20 to 40 DPA), then red to black (45 to 55 DPA) (Perkins-

Veazie et al. 2000).  During the black stage of fruit development and ripening, fruit 

transition from shiny black (those with a distinguishable sheen) to dull black (Perkins-

Veazie et al. 2000).  The transition from shiny to dull black blackberry fruit is 

accompanied by increased juice pH, soluble solids content (SSC), and sugar to acid ratio 

(SSC:TA) and decreased titratable acidity (TA) (Perkins-Veazie et al. 2000).  The  

balance of SSC and TA contribute greatly to blackberry fruit flavor.  High SSC and  
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relatively high TA are required for good flavor (Kader 1991).  High TA with low SSC 

results in tart fruit; high SSC with low TA results in bland fruit (Kader 1991).  When both 

TA and SSC are low, the fruit is tasteless (Kader 1991).  Perng (1988) reported that 

blackberry flavor in blackberry juice was enhanced by increasing sugar level from 12 to 

16 °Brix and increasing TA to 0.5%.  Perng (1988) further reported that sensory panelist 

preferred blackberry juice with a °Brix of 15.4 and TA of 0.64 (resulting in a sugar:acid 

ratio of 24).   

Cultural management may influence blackberry fruit quality.  Blackberry cultivar 

and fruit maturity affect SSC, TA, and SSC:TA (Perkins-Veazie et al., 1996).  Alleyne 

and Clark (1997) reported increasing N rates result in increased fruit N and pH of 

‘Arapaho’ blackberry, but did not affect SSC, TA, or SSC:TA.  However, little is known 

about how VFSW may influence blackberry growth, yield, and fruit quality.  Thus, the 

objective of this study was to determine the influence of VFSW on newly planted Navaho 

blackberry growth, yield, and fruit quality. 

 

Materials and Methods 

Field studies were conducted in 2011 and 2012 at two locations at the Sandhills 

Research Station near Jackson Springs, NC to determine the influence of vegetation-free 

strip width (VFSW) on the growth of newly planted ‘Navaho’ blackberry plants, and the 

yield and quality of blackberry fruit.  Soil at Location 1 consisted of Candor (sandy, 

siliceous, thermic Arenic Paleudults) and Fuquay sands (loamy, siliceous, thermic Arenic  
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Plinthic Kandiudults) with 2.6% organic matter and pH 6.3.  Soil at Location 2 

was a Candor sand with 1.8% organic matter and pH 6.2.  Both locations had a field 

history consisting of sorghum-Sudangrass (Sorghum x drummondii) in 2009 and peanut 

(Arachis spp.) in 2010.  A fall rye cover crop was planted on 10 Nov. 2010.  Rye was 

killed on 8 Mar. 2011 with an application of glyphosate (Buccaneer Plus, Tenkoz, Inc., 

Alpharetta, GA) at 830 g acid equivalent ha
-1

.  Tissue culture propagated ‘Navaho’ 

blackberry plugs (50 per flat) (North American Plants Inc., Lafayette, OR) were planted 

on 29 Mar. 2011 with in-row and between-row spacing of 1.2 and 3.7 m, respectively.  

Plots were maintained weed-free by shallow cultivation within 0.6 m of both sides of the 

planted row until 9 June 2011.  A V-trellis was installed on 14 June 2011.  VFSW 

treatments were established on 5 Aug. 2011 at Location 1 and 18 Oct. 2011 at Location 2.  

Between-row vegetation consisted of existing weed and turf-grass species and included 

Bermudagrass [Cynodon dactylon (L.) Pers.], carpetweed (Mollugo verticillata L.), 

cutleaf evening primrose (Oenothera laciniata Hill), horseweed [Conyza canadensis (L.) 

Cronquist], large crabgrass [Digitaria sanguinalis (L.) Scop.], long-spined sandbur 

[Cenchrus longispinus (Hack.) Fernald], spotted spurge [Chamaesyce maculate (L.) 

Small], volunteer peanut (Arachis hypogaea L.), and yellow nutsedge (Cyperus 

esculentus L.). 

Treatments consisted of 0, 0.3, 0.6, 1.2, 1.8, and 2.4 m VFSW with half of each 

VFSW distributed on either side of the planted row.  Plots consisted of four plants at 

Location 1 and three plants at Location 2.  Vegetation-free strips were maintained weed- 
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free with the applications of a paraquat (Gramoxone Inteon®, Syngenta Crop 

Protection, Inc., Greensboro, NC) solution of 5 g ai L
-1

 plus 0.25% v/v nonionic 

surfactant or a glufosinate (Rely 280®, Bayer CropScience LP, Research Triangle Park, 

NC) solution of 8.4 g ai L
-1

.  On 12 July 2012, 310 g ha
-1

 sethoxydim (Poast®, BASF 

Corp., Research Triangle Park, NC) was applied to control emerged large crabgrass 

within the designated VFSW area at both locations.  All herbicides were applied with a 

CO2-pressurized backpack sprayer calibrated to deliver 187 L ha
-1

 with a single 8003EVS 

nozzle tip (Teejet 8003EVS, Teejet® Technologies) at 140 kPa.  All applications 

contained an inert blue spray indicator dye. 

Data recorded included primocane and floricane number, length, and caliper; 

post-harvest floricane weight; blackberry fruit yield; individual fruit weight; and fruit pH, 

soluble solids content (SSC), and titratable acidity (TA).  Blackberry fruit reaching the 

minimum stage of “shiny black” were hand-harvested weekly 14 June to 12 July 2012.  

After each harvest, 25 fruit per plot were weighed to determine individual fruit weight.  

During the final harvest, the remaining non-ripened blackberry fruit in each plot were 

counted.  The season-long mean individual fruit weight was multiplied by the number of 

fruit remaining within each plot and the total added to the weekly harvest data to 

determine total fruit yield. 

 Blackberry fruit from the first two harvests were segregated into dull and shiny 

black fruit.  Within 3 h of harvest, blackberry fruit were placed in a freezer at -19 °C until 

the fruit could be analyzed.  Each fruit type (shiny black and dull black) was analyzed  
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separately for pH, SSC, and TA on 9 Aug. 2012 at the Plants for Human Health Institute, 

Kannapolis, NC.  Frozen blackberry fruit were thawed at room temperature, then ground 

at 15,000 rpm (Brinkmann Polytron PT-35 GT) until berries became a homogenized 

puree.  A 2 g aliquot of puree was mixed with 60 ml of distilled water and titrated to an 

endpoint of 8.2 using an automated titrimeter (Metrohm 862 Compact Titrosampler) and 

0.1 NaOH as the titrant.  Results were expressed as percent citric acid (the predominant 

organic acid in blackberry).  SSC was determined by placing approximately 1 ml of puree 

on the stage of a digital refractometer (Atago Pocket Refractometer PAL-1) at 21 °C. 

Data were subjected to ANOVA and analyzed by SAS Proc Mixed (SAS 9.2, 

SAS Institute, Cary, NC).  LS means for each dependent variable derived from Proc 

Mixed were subjected to regression analysis by SAS Proc Reg with the independent 

variable of VFSW.  The experimental design was a randomized complete block with four 

replications. 

 

Results and Discussion 

Primocane number and weight and floricane number.  Primocane number and length did 

not differ by VFSW in fall 2011.  Each VFSW averaged 1.6 m
-1

. Primocanes were 

heavily branched, semi-erect, and 110 cm in length (data not shown).  In 2012, post-

harvest floricane weight differed by location.  At Location 1, floricane weight per plant 

displayed a negative quadratic response to VFSW (Fig. 1.1).  Predicted post-harvest 

floricane fresh weight per plant increased from 0.19 to 0.30 kg at VFSW of 0 to 1.5 m  
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and decreased from 0.30 to 0.26 kg at VFSW of 1.5 to 2.4 m.  Post-harvest floricane 

weight at Location 2 could not be fit to a linear, quadratic, or higher-order regression 

model.  Mean post-harvest floricane fresh weight at Location 2 was 0.22, 0.18, 0.20, 

0.22, 0.19, and 0.17 kg per plant at VFSW of 0, 0.3, 0.6, 1.2, 1.8, and 2.4 m, respectively.  

This result could be due to the fact that VFSW at Location 2 were established one mo 

later than at Location 1 and thus had one more month of competition with weeds that may 

have been within the eventual VFSW. 

 Primocane number, length, and stem caliper in fall 2012 did not display a 

response to VFSW.  Mean primocane number and length were 8.9, 7.8, 9.0, 9.2, 9.5, and 

9.1 canes m
-1 

of row and 141, 144, 156, 158, 151, and 149 cm for VFSW of 0, 0.3, 0.6, 

1.2, 1.8, and 2.4 m.  Primocane stem caliper average 12 mm across all treatments and 

locations.  

Blackberry yield.  Season-long blackberry yield in 2012 displayed a negative quadratic 

response to VFSW (Fig. 1.2).  Predicted blackberry yield increased from 711 to 1,030 kg 

ha
-1

 at VFSW of 0 to 1.8 m and decreased from 1,030 to 960 kg ha
-1

 at VFSW of 1.8 to 

2.4 m.  In the present study, a VFSW of 1.8 m maximized blackberry fruit yield.  This 

result, though limited to the first bearing year, differs from the production 

recommendation of 1.2 m. 

Blackberry fruit weight.  Season-long individual fruit weight displayed a positive linear 

response to VFSW (Fig. 1.3).  Predicted blackberry fruit weight increased from 3.1 to 3.6 

g per fruit at VFSW of 0 to 2.4 m.  Blackberry fruit from the present study are smaller  
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than those reported by others.  Perkins-Veazie et al. (1996) reported shiny and dull black 

Navaho fruit weighed 4.7 and 5.3 g, respectively.  Milosevic et al. (2012) reported a 

mean Navaho blackberry fruit weight of 5.4 and 5.9 in two different years.  Blackberry 

fruit size can be influenced by a number of production practices including cane thinning 

(Takeda et al., 2003).  Takeda et al. (2003) reported that ‘Chester Thornless’ blackberry 

thinned to two floricanes produced larger racemes and slightly larger fruit than those 

thinned to five or six floricanes.  Smaller fruit weight may be a reflection of the first 

bearing season or a response to stress in the growing environment. 

Blackberry Fruit SSC, TA, SSC:TA, and pH.  Soluble solids content of dull black 

blackberry fruit displayed a positive quadratic response to VFSW (Fig. 1.4).  SSC 

decreased from 15.0 to 14.4 °Brix at VFSW of 0 to 1.4 m and increased from 14.4 to 

14.7°Brix at VFSW of 1.4 to 2.4 m.  SSC of shiny blackberry fruit could not be fit to 

linear, quadratic, or higher order regression models.  Mean SSC for shiny blackberry fruit 

was 13.9, 13.7, 13.3, 13.6, 13.9, and 13.7°Brix for VFSW of 0, 0.3, 0.6, 1.2, 1.8, and 2.4 

m, respectively.  SSC in the present study was greater than those reported by others.  

Perkins-Veazie et al. (1996) reported SSC of 8.4 and 9.6% for shiny and dull black 

Navaho blackberry fruit, respectively.  Similarly, Milosevic et al. (2012) reported SSC of 

9.4 and 9.7% for Navaho blackberry in two different years.  However, Fan-Chiang (1999) 

reported SSC of 13.6% for Navaho blackberry.  Cultural practices can influence 

blackberry SSC.  Alleyne and Clark (1996) reported increasing N rate (0, 56, 112 kg ha
-1

) 

resulted in increased fruit SSC in ‘Arapaho’ blackberry. 
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 Blackberry fruit TA was not influenced by VFSW (data not shown).  Mean TA 

was 0.96, 0.97, 0.96, 1.02, 0.95, and 1.04% for shiny blackberry fruit and 0.90, 0.87, 

0.89, 0.93, 0.96, and 0.86% for dull blackberry fruit at VFSW of 0, 0.3, 0.6, 1.2, 1.8, and 

2.4 m, respectively.  While a statistical comparison of dull and shiny black fruit was not 

conducted in the present study, trends were generally similar to those reported by 

Perkins-Veazie et al. (1996) in that TA of shiny black fruit was numerically greater than 

TA of dull black fruit.  Perkins-Veazie et al. (1996) reported TA of 1.2 and 0.8% for 

shiny and dull black fruit, respectively.  Overall, TA values in the present study were 

lower than those reported by Milosevic et al. (2012), 1.08 to 1.33% in two separate years.  

SSC:TA was not influenced by VFSW.  Mean SSC:TA was 14 and 17 for shiny and dull 

blackberry fruit, respectively.  Blackberry fruit pH was not influenced by VFSW.  Mean 

pH was 3.6 and 3.8 for dull and shiny fruit, respectively. 

 Blackberry plant growth was largely unaffected by VFSW.  This result may be 

attributed to numerous factors.  The type of vegetation allowed to grow on the production 

floor may influence blackberry growth.  Bowen and Freyman (1995) reported that 

‘Willamette’ raspberry with field floors consisting of white clover (Trifolium repens L.) 

had greater yield (27 T ha
-1

), cane height (207 cm), and cane diameter (8.9 mm) than 

raspberry grown with field floors consisting of perennial ryegrass (Lolium perenne L.) 

(24.9 T ha
-1

, 188 cm, and 7.8 mm, respectively).  Tworkoski and Glenn (2001) reported 

that yield of mature peach trees was reduced 3% by orchardgrass (Dactylis glomerata L.).  

However, perennial ryegrass (Lolium perenne L.) did not affect yield (Tworkoski and  
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Glenn, 2001).  As the plantings in the present study mature, the diversity of species 

comprising the between row space may change, thus potentially altering the influence of 

VFSW. 

 Water availability may have also contributed to the lack of influence of VFSW on 

blackberry growth.  Vegetation in narrow VFSW would be expected to compete with the 

crop for water and nutrients.  However, in the present study blackberry plants were 

supplemented with 1.3 cm of irrigation per week when rainfall was lacking.  Doing so 

likely reduced the competition between crop and between-row vegetation for this 

resource.  The interaction of irrigation and VFSW has been reported in peach.  Buckelew 

(2009) reported that a 1.5 m VFSW with irrigation and fertilization resulted in peach tree 

growth and yield comparable to non-irrigation VFSW of 3.6 m. 

 Fruit quality was also largely unaffected by VFSW.  Even though predicted dull 

black blackberry fruit SSC displayed a response to VFSW, the range of predicted SSC 

(14.4 to 15°Brix) would likely go undetected by a consumer.  Data from the present study 

suggest that a 1.8 m VFSW maximized yield in the first bearing year and resulted in 

greater blackberry yield than the current recommendation of 1.2 m.  Given this result, 

growers must decide if the increase in blackberry yield will provide a greater economic 

return relative to the potential cost of changing cultural practices.  Additional 

considerations may include the need to balance increasing VFSW with the risk of soil 

erosion. 
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Fig. 1.1.  Relationship between post-harvest blackberry floricane weight and VFSW for 

Location 1 at Jackson Springs, NC in 2012.  Points represent observed mean data. The 

line represents predicted values. 

■ floricane weight 

▬ predicted floricane weight Y = -0.05x
2
 + 0.15x + 0.19; R

2
 = 0.82 
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Fig. 1.2.  Relationship between ‘Navaho’ blackberry yield and VFSW at Jackson Springs, 

NC in 2012.  Points represent observed mean data. The line represents predicted values. 

■  blackberry yield 

▬ predicted blackberry yield Y = -117x
2
 + 417x + 658; R

2
=0.92 
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Fig. 1.3. Relationship between blackberry fruit weight and VFSW at Jackson Springs, NC 

in 2012.  Points represent observed mean data. The line represents predicted values. 

■ fruit weight 

▬ predicted fruit weight Y = 0.2x + 3.1; R
2
 = 0.69 
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Fig. 1.4.  Relationship between soluble solids content of dull black blackberry fruit and 

VFSW at Jackson Springs, NC in 2012.  Points represent observed mean data. The line 

represents predicted values.  

 

■ SSC of dull black blackberry fruit 

▬ predicted SSC of dull fruit Y = 0.26x
2
 - 0.75x + 14.99; R

2
 = 0.84 
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Herbicide-based Weed Management Programs in Erect Thornless Blackberry 

Stephen L. Meyers*, Katherine M. Jennings, David W. Monks, and Wayne E. Mitchem 

 Field studies were conducted in 2009/2010 and 2011 at commercial blackberry 

production locations near Bailey and Vale, NC to determine the influence of herbicide-

based weed management programs in ‘Arapaho’, ‘Navaho’, and ‘Ouachita’ blackberry.  

Five programs consisted of a late fall-early winter herbicide application followed by (fb) 

an early spring herbicide application: flumioxazin fb flumioxazin, simazine fb terbacil, 

terbacil fb oryzalin plus simazine, norflurazon fb oryzalin plus simazine, and terbacil fb 

S-metolachlor plus simazine.  A sixth program consisted of winter-applied dichlobenil.  

Crop tolerance and weed control were recorded at various physiological crop stages: 

budbreak, full bloom, and harvest.  At blackberry flowering norflurazon resulted in 11% 

veinal bleaching, but bleaching decreased to 1% by harvest.  Weed control at budbreak 

was at least 98% for all programs and all locations.  At flowering weed control ranged 

from 88 to 98% at Bailey.  Purple deadnettle control at flowering at Vale was >99% for 

programs consisting of flumioxazin fb flumioxazin, norflurazon fb oryzalin plus 

simazine, and dichlobenil, but less than17% for all other programs.  At harvest, weed 

control at Bailey ranged from 69 to 84%.  Yellow woodsorrel and large crabgrass control 

at Vale at harvest was excellent (>97%) for all programs with the exception of 

dichlobenil which provided 80 and 70% control of woodsorrel and large crabgrass, 

respectively.  Blackberry primocane number, yield, and fruit weight were not influenced 

by herbicide program and ranged from 4.7 to 5.9 canes m
-1

; 13,500 to 14,880 kg ha
-1

; and  
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6.1 to 6.4 g per fruit, respectively. 

_______________________________________________________ 

* First, second, and third authors:  Graduate Student, Research Assistant Professor, and 

Professor Department of Horticultural Science, N. C. State University, Raleigh, NC 

27695.  Fourth author:  Researcher and Extension Associate, Department of Horticultural 

Science, N.C. State University, Mills River, NC 28759.  Corresponding author’s E-mail: 

slmeyers@ncsu.edu. 

Nomenclature: Dichlobenil, flumioxazin, norflurazon, oryzalin, S-metolachlor, simazine, 

terbacil; large crabgrass, Digitaria sanguinalis L.; purple deadnettle, Lamium purpureum 

L.; yellow woodsorrel, Oxalis stricta L.; blackberry, Rubus spp. ‘Arapaho’, ‘Navaho’, 

and ‘Ouachita’. 

Key words:  Crop injury, crop tolerance, orchard floor management. 
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Blackberry hectarage and farm number in the United States increased 109 and 

79%, respectively between 1997 and 2007 (USDA-NASS 2004, 2009).  Growth in 

hectarage and farm number in the southeastern Unites States exceeded United States 

growth with a 132 and 211% increase, respectively, in the same time (USDA-NASS 

2004, 2009).  As of 2007 blackberry production in the Southeast consisted of 790 ha on 

1,150 farms (USDA-NASS 2009).  This production equaled 20 and 13% of the 

blackberry growing farms and acreage, respectively, in the U.S. (USDA-NASS 2009). 

 Within the Southeast, blackberry is a minor, but highly valuable crop and is produced on 

relatively small hectarage.  Although blackberry hectarage has increased, little published 

weed management research exists for the crop.  Outside of Lawson and Wiseman (1976) 

reporting weed interference in raspberry (Rubus idaeus L.) during crop establishment, 

most peer-reviewed literature pertaining to weed management and caneberry species 

regards caneberries as the weed in perennial fruit or ornamental production systems 

(Ferrell et al. 2009; Unruh et al. 2002; Webster and MacDonald 2001).   

Little is known about the weed management practices employed by blackberry 

growers in the Southeast.  However, it is widely accepted that most commercial 

production fields utilize practices similar to tree fruit and that the field floor consists of 

two distinct spaces.  Between row spaces consist of a planted sod or existing vegetation.  

Within the planted row, a defined vegetation-free strip (VFS) is maintained free of non-

blackberry vegetation, often with the use of herbicides.  Herbicides registered in bearing 

blackberry for use within the planted row are carfentrazone-ethyl, dichlobenil,  
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glyphosate, napropamide, norflurazon, oryzalin, paraquat, sethoxydim, simazine, 

and terbacil.  Carfentrazone-ethyl, glyphosate, and paraquat are POST herbicides that 

must be applied in a manner which prevents contact with green stem tissue.  Sethoxydim 

is an acetyl CoA carboxylase (ACCase) inhibitor which selectively controls grass species 

(Senseman 2007).  Dichlobenil, a benzonitrile that inhibits actively dividing meristems in 

roots and shoots and seed germination (Senseman 2007), is registered for PRE 

applications at 2.2 to 4.4 kg ha
-1

 (Anonymous 2008).  Napropamide may be applied at 4.5 

kg ha
-1

 for PRE weed control but must be activated with irrigation or rainfall 

(Anonymous 2008).  Norflurazon, a fluorinated pyridazinone that inhibits phytoene 

desaturase in the carotenoid biosynthesis pathway (Senseman 2007), is registered for 

PRE application at 2.2 to 4.4 kg ha
-1

 (Anonymous 2010).  Oryzalin, a dinitroaniline that 

disrupts mitosis via the inhibition of tubulin (Senseman 2007), is registered for PRE use 

in blackberry at 2.3 to 6.8 kg ha
-1

 (Anonymous 2010).  Simazine, a triazine and 

photosystem II (PSII) inhibitor (Senseman 2007), is registered at 2.2 to 4.4 kg ha
-1

 

(Anonymous 2009).  Terbacil, a uracil and PSII inhibitor (Senseman 2007), is registered 

at 0.9 to 1.7 kg ha
-1

. 

Blackberry plants have a unique life cycle which dictates the production schedule.  

Plants are perennial, but fruiting is biennial.  Primocanes, vegetative shoots developed in 

the current growing season, emerge, grow and develop floral and vegetative buds, then 

overwinter.  One-year-old flowering canes, floricanes, flower, bear fruit, and senesce.  

Weed management practices in blackberry must be timely to avoid injury to emerging  
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primocanes and existing floricanes. 

The objective of this study was to develop herbicide-based weed management 

systems for commercial blackberry production fields which provide control of weeds 

within the VFS from budbreak through harvest. 

 

Materials and Methods 

Field studies were conducted at five locations within commercial blackberry 

farms in Vale, NC (35.509°N, 81.481°W) in 2009/2010 and Bailey, NC (35.825°N, 

78.123°W) in 2009/2010 and 2011.  Studies utilized one field with four-year-old 

‘Navaho’ at Vale and two fields with three-year-old ‘Ouachita’ at Bailey in 2009/2010 

and one field each of four-year-old ‘Ouachita’ and ‘Arapaho’ at Bailey in 2011.  

‘Navaho’, ‘Ouachita’, and ‘Araphao’ are erect, thornless blackberry cultivars commonly 

utilized in commercial production in the Southeast (Strik et al. 2007).  Soil at Vale was a 

Cecil sandy clay loam (clayey, kaolinitic, thermic Typic Kanhapludults) with pH 6.1 and 

0.56% humic matter.  Bailey fields were a Dothan loamy sand (fine-loamy, siliceous, 

thermic Plinthic Kandiudults) with pH 6.2 and 1.3 to 1.8% organic matter.  Plot size 

consisted of 4 plants spaced 91 cm apart within the row in rows spaced 4.3 m apart and 

an effective treated VFS of 1.2 m.  The experimental design was a randomized complete 

block with four replications. 

Treatments consisted of six herbicide programs utilizing herbicides registered in 

blackberry and flumioxazin or S-metolachlor.  Five programs consisted of a late fall-early  
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winter herbicide application followed by (fb) an early spring herbicide application: 

flumioxazin (215 g ai ha
-1

) fb flumioxazin (215 g ha
-1

), simazine (2.2 kg ai ha
-1

) fb 

terbacil (1.7 kg ha
-1

), terbacil (1.3 kg ai ha
-1

) fb oryzalin (3.4 kg ai ha
-1

) plus simazine 

(2.2 kg ha
-1

), norflurazon (2.2 kg ai ha
-1

) fb oryzalin (2.3 kg ha
-1

) plus simazine (2.2 kg 

ha
-1

), and terbacil (1.3 kg ha
-1

) fb S-metolachlor (2.1 kg ai ha
-1

) plus simazine (2.2 kg ha
-

1
).  The sixth program consisted of winter-applied dichlobenil (4.4 kg ai ha

-1
).  Herbicide 

trade names and manufacturer information can be found in Table 2.1.  Herbicide 

application dates and weed control and crop tolerance rating dates can be found in Table 

2.2.  A weedy check was included for purposes of comparison and received a late fall 

application of paraquat at 840 g ai ha
-1

 plus nonionic surfactant (NIS) (0.25% v/v) to 

simulate grower practices of “burning down” emerged weeds and to allow for greater 

comparison of weed emergence between the check and other treatments.  Additionally, 

all herbicide applications were tank mixed with paraquat (840 g ha
-1

) and NIS (0.25% 

v/v).  All treatments were applied with a CO2-pressurized backpack sprayer calibrated to 

deliver 187 L ha
-1

.  Applications made at Bailey utilized two 8003XR (Teejet 8003XR, 

Teejet® Technologies) nozzle tips at 117 kPa.  Applications made at Vale utilized two 

8002VS (Teejet 8002VS, Teejet® Technologies) nozzle tips at 276 kPa.  Treatments 

were directed to the soil below the blackberries in a 0.6 m strip on both sides of the 

blackberry row and contacted the upper 15 cm of emerged blackberry canes. 

Data recorded included visual weed control and crop injury ratings, primocane 

number (canes m
-1

), blackberry fruit number and weight, and calculated blackberry yield.  
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Crop injury and weed control ratings were based on a scale of 0 (no weed control or crop 

injury) to 100% (complete weed control or crop death) and were recorded near critical 

stages of blackberry plant development: budbreak, full bloom, and harvest.  Additionally, 

bare ground data (0 to 100%) were recorded at Vale in 2009/2010 and Bailey in 2011.  

Fruit number was recorded 2 wk prior to first harvest by counting all the berries on the 

center two plants in a plot.  At harvest, individual fruit weight was calculated from a 

sample of 30 ripe (shiny, black) berries from each plot.  Yield (kg ha
-1

) was calculated by 

multiplying individual fruit weight by fruit number. 

Data were subjected to ANOVA and analyzed by SAS PROC GLM (SAS 9.2, 

SAS Institute, Cary, NC) with the fixed effect of treatment and random effects of 

replication, location, and the location by treatment interaction.  Weed control and bare 

ground data were subjected to arcsin transformation.  Primocane number data were 

subjected to square root transformation.  When ANOVA results were similar for 

transformed and non-transformed data, original data were analyzed and presented.  When 

ANOVA results differed, transformed data were analyzed but back-transformed data 

were presented to facilitate greater interpretation of results.  When ANOVA indicated a 

significant treatment effect, means were separated using t-tests with LSD and P < 0.05.  

The weedy check was included in all analysis with the exception of weed control data for 

which the mean was always 0% with a variance of 0%. 
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Results and Discussion 

Blackberry Crop Injury. 

 Veinal bleaching (11%) was observed at flowering in plots receiving norflurazon 

(data not shown).  Veinal bleaching declined to 1% by harvest.  This observation was 

similar to a label precaution which states that “Temporary loss of pigment in leaf veins 

may occur with normal use.” (Anonymous 2010a).  Some mild necrosis was observed on 

the lower portions of floricanes throughout the study.  The cane necrosis was due to 

contact with paraquat applied with all treatments and appeared to be superficial. 

 

Weed Control. 

 Predominant weed species differed by location, changed over the duration of the 

study, and transitioned from winter annual weeds to summer annual and perennial weeds.  

The predominant weed species observed at Bailey locations included cutleaf evening 

primrose (Oenothera laciniata Hill), large crabgrass, yellow nutsedge (Cyperus 

esculentus L.), henbit (Lamium amplexicaule L.), and prickly lettuce (Lactuca serriola 

L.).  Other species present at Bailey locations included common dandelion (Taraxacum 

officinale F.H. Wigg.), white clover (Trifolium repens L.), American pokeweed 

(Phytolacca americana L.), Bermudagrass [Cynodon dactylon (L.) Pers.], tall 

morningglory [Ipomoea purpurea (L.) Roth], pine (Pinus spp.), prickly sida (Sida 

spinosa L.), and spotted spurge [Chamaesyce maculata (L.) Small].  Predominant weeds 

at Vale were large crabgrass, yellow woodsorrel, and purple deadnettle.   
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 Weed control at budbreak was >98% for all programs and at all locations (data 

not shown).  At Bailey locations, collective weed control of the predominant species was 

similar for all programs at flowering and ranged from 88 to 98% (Table 2.3).  At Vale 

yellow woodsorrel control was >98% for all programs at blackberry flowering (data not 

shown); purple deadnettle control was >99% for programs consisting of flumioxazin fb 

flumioxazin, norflurazon fb oryzalin plus simazine, and dichlobenil.  However, control 

from all other programs was <16%.  Weed control at harvest at Bailey locations ranged 

from 69 to 84% for all control programs.  At Vale most programs gave excellent control 

(>97%) of yellow woodsorrel and large crabgrass at harvest with the exception of winter-

applied dichlobenil which provided 80% and 70% control of yellow woodsorrel and large 

crabgrass, respectively.   

 Averaged across Vale in 2010 and Bailey in 2011, the portion of VFS occupied 

by weedy vegetation in the weedy check at flowering and harvest was 27 and 39%, 

respectively.  The remainder of the VFS therefore consisted of 73 and 61% bare ground 

at flowering and harvest, respectively.  Bare ground in all herbicide programs were 

similar to one another and ranged from 87 to 96% and 89 to 93% at flowering and 

harvest, respectively.  Bare ground in herbicide programs used in the study was greater 

than bare ground observed in the weedy check with the exception of terbacil fb S-

metolachlor plus simazine (87%) at flowering. 
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Blackberry Primocane and Floricane Number, Fruit Weight, and Yield.   

 Blackberry primocane number, yield, and fruit weight were not influenced by 

treatment and ranged from 4.7 to 5.9 canes m
-1

; 13,500 to 14,880 kg ha
-1

; and 6.1 to 6.4 g 

per fruit (Table 2.4), respectively.   

 These data suggest that herbicide programs used in the present study can be 

utilized in blackberry production systems with limited crop injury.  All programs used in 

the present study increased the bareground area within the VFS compared to the weedy 

check.  However, not all weed species were controlled equally by all programs.  Though 

no injury was observed from terbacil in the present study, the herbicide should not be 

applied to new plantings and those grown on sandy or loamy sand soils with < 3% 

organic matter (Anonymous 2011). 
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Table 2.1.  Common and trade name and manufacturer information for herbicides used at Vale and Bailey, NC. 

 

Common Name Trade Name Manufacturer Address Website 

 

Dichlobenil Casoron® CS Chemtura Corp. Middlebury, CT chemtura.com 

Flumioxazin Chateau® 51 WDG Valent U.S.A. Corp. Walnut Creek, CA valent.com 

Norflurazon Solicam®  DF  Syngenta Crop Protection, Inc. Greensboro, NC syngentacropprotection-us.com 

Oryzalin Surflan® AS United Phosphorus Inc. King of Prussia, PA upi-usa.com 

Paraquat Firestorm® Chemtura Corp. Middlebury, CT. chemtura.com 

S-metolachlor Dual Magnum® Syngenta Crop Protection, Inc. Greensboro, NC syngentacropprotection-us.com 

Simazinea 

 

Princep® 4L  Syngenta Crop Protection, Inc.   Greensboro, NC syngentacropprotection-us.com 

Sim-trol® 4L Sipcam Agro USA, Inc. Durham, NC.  sipcamagrousa.com 

Terbacil Sinbar® WDG Tessenderlo Kerley, Inc. Phoenix, AZ. novasource.com 

NIS X-77 Loveland Products, Inc Greeley, CO lovelandproducts.com 

 

a
Princep® used at Vale and Bailey in 2010-2011.  Sim-trol® used at Bailey in 2011. 
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Table 2.2.  Dates of herbicide applications and weed control and crop tolerance ratings. 

 

 Bailey Vale 

   

Herbicide applications Ouachita Arapaho Navaho 

 

Late fall-early winter Dec. 1, 2009 Dec. 15, 2009 Jan. 17, 2011 Jan. 17, 2011 Nov. 18, 2009 

Winter Feb. 25, 2010 Feb. 25, 2010 March 3, 2011 March 3, 2011 March 12, 2010 

Spring April 4, 2010 April 4, 2010 April 13, 2011 April 13, 2011 April 20, 2010 

      

Dates for ratings of crop tolerance and weed control  

 

Budbreak NAa NA March 3, 2011 March 3, 2011 March 26, 2010 

Flowering April 1, 2010 April 1, 2010 April 13, 2011 April 13, 2011 April 21, 2010 

Harvest June 11, 2010 June 11, 2010 June 13, 2011 June 13, 2011 June 14, 2010 

 

a
Abbreviation: NA, not applicable (ratings not taken).
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Table 2.3.  Weed control
a
 and percent bare ground

 b
 at blackberry flowering and harvest at Bailey and Vale in 2010 and 2011. 

 

    Harvest 

     

   Flowering  Vale  

       

Treatmentc Rate Time Bailey Valed Bare ground Bailey DIGSAe OXAST Bare ground 

 

 ai ha-1   %  

Weedy check NA NA NA NA 73 NA NA NA 61 

Flumioxazin fb 

   flumioxazin 

215 g 

215 g 

FW 

S 

96 99 96 69 99 99 89 

Simazine fb 

   terbacil 

2.2 kg 

1.7 kg 

FW 

S 

94 13 92 84 100 100 92 

Terbacil fb 

   oryzalin + simazine 

1.3 kg 

3.4 kg + 2.2 kg 

FW 

S 

94 6 94 75 100 98 92 
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Table 2.3 Continued 

 
Nurflazon fb 

   oryzalin + simazine 

2.2 kg 

2.2 kg + 2.2 kg 

FW 

S 

93 99 94 69 99 98 93 

Dichlobenil 4.4 kg W 98 100 97 70 70 80 89 

Terbacil fb  

   S-metolachlor + simazine 

1.3 kg 

2.1 kg + 2.2 kg 

FW 

S 

88 16 87 83 100 97 91 

LSD (P<0.05)   NS 14 15 NS 15 8 15 

 

a
Rating: 0% = no control; 100% = complete control. 

b
Bare ground is percent of vegetation-free strip with bare ground averaged across Vale in 2010 and Bailey in 2011. 

c
All herbicide applications included 840 g ai ha

-1
 paraquat plus 0.25% (v/v) non-ionic surfactant. 

d
Purple deadnettle control. 

e
Abbreviations: DIGSA, large crabgrass; OXAST, yellow woodsorrel; fb, followed by; FW, late fall-early winter; S, spring; 

W, winter; NA, not applicable. 
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Table 2.4.  Blackberry primocane and floricane number, yield, and fruit weight across all locations at Bailey and Vale, NC in 

2010 and 2011. 

 

Treatment
a 

Rate Time Primocanes Floricanes Yield Fruit weight 

 

 ai ha
-1

   m
-1

  kg ha
-1

  g  

Weedy check NA NA 5.7 4.7 14,060 6.3 

Flumioxazin fb
b 

  flumioxazin 

215 g 

215 g 

FW 

S 

6.7 5.9 14,390 6.3 

Simazine fb 

  Terbacil 

2.2 kg 

1.7 kg 

FW 

S 

6.4 5.9 14,880 6.4 

Terbacil fb 

  oryzalin + simazine 

1.3 kg 

3.4 kg + 2.2 kg 

FW 

S 

5.3 4.9 14,710 6.3 

Norflurazon fb 

  oryzalin + simazine 

2.2 kg 

2.2 kg + 2.2 kg 

FW 

S 

5.2 5.4 14,870 6.2 
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Table 2.4 Continued 

 
Dichlobenil 4.4 kg W 6.0 5.2 14,060 6.1 

Terbacil fb  

  S-metolachlor + simazine 

1.3 kg 

2.1 kg + 2.2 kg 

FW 

S 

5.6 4.9 13,500 6.1 

LSD (<0.05)   NS NS NS NS 

 

a
All herbicide applications included 840 g ai ha

-1
 paraquat plus 0.25% (v/v) non-ionic surfactant. 

b
Abbreviations: fb, followed by; FW, late fall-early winter; S, spring; W, winter; NA, not applicable. 
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Postemergence Control of Carolina Redroot (Lachnanthes caroliniana) 

Stephen L. Meyers, Katherine M. Jennings, David W. Monks, James R. Ballington, and 

David L. Jordan* 

 Greenhouse studies were conducted in 2012 in Raleigh, NC to determine Carolina 

redroot control by ten postemergence herbicides.  Treatments consisted of clopyralid  

plus 0.25% v/v nonionic surfactant (NIS), diuron plus NIS, glufosinate, glyphosate, 

halosulfuron-methyl plus NIS, hexazinone, flumioxazin, fomesafen, paraquat plus NIS, 

or sethoxydim plus 1% v/v crop oil concentrate.  Paraquat and glufosinate provided the 

greatest control of any treatment 7 (22 and 83% and 17 and 52%, respectively), 14 (73 

and 64%, respectively), and 25 days (82 and 68%, respectively) after treatment (DAT), 

but control declined between 25 and 63 DAT.  Glyphosate provided  minimal control 14 

DAT (18%), and control increased from 14 to 25 DAT (46%) and 25 to 63 DAT (69%).  

Control of Carolina redroot roots and rhizomes (roots/rhizomes) was greatest in plants 

treated with paraquat (91%), glyphosate (88%), glufosinate (73%), hexazinone (62%), 

diuron (60%).  Nontreated Carolina redroot shoot and root/rhizome dry weight were 8.3 

and 7.6 g, respectively.  Paraquat, glufosinate, glyphosate, and diuron reduced both shoot 

and root/rhizome dry weight (3.1 and 0.7 g, 5.1 and 2.7 g, 5.4 and 1.0, 5.7 and 1.6 g, 

respectively).  Hexazinone reduced root/rhizome dry weight (2.7 g).  Fomesafen reduced 

shoot dry weight (6.1 g), but did not reduce root/rhizome dry weight.  Paraquat, 

glufosinate, glyphosate, hexazinone, diuron, and clopyralid treatments resulted in reduced 

incidence of Carolina redroot flowering and anthesis. 
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North Carolina ranks sixth among United States states in blueberry production 

with 17.7 million kg in 2010 at a farm value of $58 million (NCDA&CS 2011).  

Blueberry (Vaccinum corymbosum L. and its hybrids and V. ashei Reade) production in 

North Carolina is concentrated in the lower coastal plain (NCDA&CS 2011) where soil 

conditions (organic matter >2%, good drainage, sandy texture, pH 4.0 to 5.0) are optimal 

for blueberry production.  The perennial nature of blueberry production predisposes the 

crop to a diversity of weed species that range from annual herbaceous weeds to 

herbaceous and woody perennial species (Roberts 2009).  Roberts (2009) reported 

Carolina redroot to be among the most commonly observed perennial weed species in 20 

commercial blueberry production fields.  Blueberry growers and extension personnel 

from the lower coastal plain production region of North Carolina expressed concerns 

regarding a lack of sufficient Carolina redroot control from their current control tactics 

and an interest in the development of management strategies that will facilitate its control 

(K.M. Jennings, personal communication). 

Carolina redroot is an herbaceous, monocotyledonous, perennial member of the 

bloodwort family (Haemodoraceae) whose common name is derived from the plant’s red 

to orange roots and rhizomes.  It is the only member of the bloodwort family native to 

North America and is a monotypic genus (Weakley 2011).  Within its distribution range, 

Carolina redroot inhabits wet savannas, pocosin edges, shores of coastal plain depression 

ponds, ditches, and wet disturbed ground (Weakley 2011).  Native populations of 

Carolina redroot have been documented in provinces/states along North America’s  
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Atlantic coast from Nova Scotia south to Florida and in states along the Gulf coast from  

Florida west to Louisiana (USDA-NRCS 2012).  Within North Carolina, Carolina redroot 

is distributed throughout the lower coastal plain (USDA-NRCS 2012), a distribution that 

parallels the major blueberry growing region in the state. 

Information regarding the control of Carolina redroot is limited.  Most available 

research pertains to the species’ existence in varied ecosystems and its phylogentic 

relationship among other plants in its family.  There are few instances regarding the 

species as a weed.  Welker and Brogdon (1968) reported that repeated use of diuron (1.1 

and 2.2 kg ha
-1

) and simazine (4.5 kg ha
-1

) in highbush blueberry resulted in satisfactory 

(89 to 100%) control of a community of weeds, predominated by crabgrass [Digitaria 

sanguinalis (L.) Scop.], warty panicgrass (Panicum verrucosum Muhl.), globe flatsedge 

[Cyperus echinatus (L.) Alph. Wood], inflatedscale fladsedge [C. aggregates (Willd.) 

Endl.], and Carolina redroot.  Meggitt and Aldrich (1959) reported 1.1 kg ha
-1

 amitrol 

applied to cranberry bogs in fall immediately after harvest reduced Carolina redroot 

density (32 m
-2

) compared to a nontreated check (226 m
-2

).   Ferrell et al. (2009) reported 

triclopyr (1.1 kg ha
-1

) and a combination of dicamba (560 g ha
-1

) plus 2,4-D (1.6 kg ha
-1

) 

provided 70 to 85% control of Carolina redroot in pastures.  Welker (1979) reported that 

terbacil provided excellent Carolina redroot control, perfluidone and glyphosate gave 

good to excellent control, and paraquat gave good initial control, but only fair to good 

residual control.  Currently, North Carolina blueberry weed management programs rely 

heavily upon the use of hexazinone (Roberts 2009), an herbicide that has historically  
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provided inconsistent control of Carolina redroot (Jennings, unpublished data). 

Due to the colony-forming distribution of Carolina redroot in commercial  

blueberry production fields, results from field studies can be inconsistent if a uniform 

population is not present in all plots within a study.  Furthermore, given the nature of 

field research, observations of the influence of herbicide treatment on Carolina redroot 

roots and rhizomes may be limited.  With that in mind, a study was conducted to 

determine the influence of postemergence herbicide applications on Carolina redroot. 

 

Materials and Methods 

Studies were conducted at the Marye Anne Fox Science Teaching Laboratory 

Greenhouses at North Carolina State University (35.79°N, 78.67°W) in Raleigh, NC in 

2012.  Carolina redroot plants 7.6 cm tall were carefully hand-dug from a commercial 

blueberry field in Burgaw, NC (34.60°N, 77.85°W) on April 9, 2012.  Three single fan 

divisions, each containing a rhizome averaging 5 cm long, were transplanted into 15 cm 

diam green, plastic, Azalea pots containing 1.3 L of a 1:1 (v/v) mix of Fafard 4P potting 

mix (Conrad Fafard, Inc., Agawam, MA) and nontreated Murville muck (sandy, 

siliceous, thermic Typic Haplaquods) field soil obtained from the same location as the 

Carolina redroot plants.  The resulting potting mix contained organic matter (11.8%) and 

pH (3.9) representative of soils in the lower coastal plain of North Carolina.  Following 

transplanting, Carolina redroot were allowed to establish (as determined by increased 

foliar growth and a developed root system) prior to herbicide application. 
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Treatments consisted of 10 POST herbicides (Table 3.1) and a nontreated check.  

The study was conducted twice, with two runs separated temporally.  Herbicide 

applications were applied to the first and second run on May 4 and May 14, 2012,  

respectively.  Treatments were applied in a spray chamber with a CO2-pressurized 

sprayer calibrated to deliver 187 L ha
-1

 with a single 8002 EVS nozzle tip (Teejet 

Technologies, Springfield, IL) at 280 kPa.  To avoid potentially washing herbicide from 

Carolina redroot leaves, plants were not watered for 18 h after herbicide application, after 

which time pots were watered as needed to maintain even soil moisture.  Pots were 

maintained weed-free by hand removing emerged weeds, with the exception of Carolina 

redroot, weekly.  The experimental design was a randomized complete block with three 

replications. 

Each pot was treated as a single experimental unit.  Data recorded included visual 

Carolina redroot control ratings [scale of 0 (no control) to 100% (complete control)] 

taken 7, 14, 25, and 63 d after treatment (DAT), the presence or absence of inflorescences 

reaching the physiological stage of anthesis (as determined by the shed of yellow pollen 

grains from anthers when touched with a bare finger), and shoot and root/rhizome fresh 

and dry weights.  Destructive harvest of Carolina redroot plants was conducted 63 DAT.  

Plants were removed from pots, and then soil was hand-removed from plant roots by 

gentle shaking followed by a steady stream of water applied through a greenhouse 

breaker nozzle tip.  Following soil removal, a rating for combined injury to Carolina 

redroot roots and rhizomes (roots/rhizomes) was recorded using the aforementioned scale  
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of 0 to 100%.  Shoots were severed from roots/rhizomes at soil level.  Fresh weight was 

recorded for Carolina redroot shoots and roots/rhizomes.  Shoots and roots/rhizomes were 

placed in paper bags and oven-dried at 107 C for 72 h prior to determining dry weight. 

Data were subjected to ANOVA and analyzed by SAS PROC GLM (SAS 9.2, 

SAS Institute, Cary, NC) with the fixed effect of treatment and random effects of run and 

replication within run.  Data for percent Carolina redroot control were subjected to arcsin  

transformation.  However, to facilitate the interpretation of results, back-transformed data 

are presented.  Means were separated using t-tests with LSD and P < 0.05.  The 

nontreated check was included in analysis of anthesis and shoot and root/rhizome fresh 

and dry weight.  Carolina redroot control data from the nontreated check was not 

included in data analysis as weed control was 0% and had a variance of 0%. 

 

Results and Discussion 

Visual Carolina Redroot Shoot Control. 

 Due to an herbicide treatment by run interaction, visual Carolina redroot control 

data 7 DAT were analyzed separately by run.  Carolina redroot control 14, 25, and 63 

DAT were analyzed across both runs.  In the first of two runs, Carolina redroot control 7 

DAT ranged from 2 to 22% (Table 3.2).  The greatest control of Carolina redroot was 

provided by paraquat (22%), glufosinate (17%), and flumioxazin (18%).  In the second 

run, control 7 DAT ranged from 0 to 83%.  As in the first run, the greatest control was 

provided by paraquat (83%) and glufosinate (52%).  Control of Carolina redroot 14 DAT  
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ranged from 4 to 73%.  Again, the greatest control was provided by paraquat (73%) and 

glufosinate (64%).  Glyphosate provided 18% control 14 DAT.  Control provided by 

glyphosate increased to 46% 25 DAT and increased again between 25 and 63 DAT 

(69%).  Control provided by paraquat and glufosinate increased slightly to 82 and 68%,  

respectively, 25 DAT but decreased between 25 and 63 DAT (72 and 59%, respectively).  

Hexazinone, diuron, and flumioxazin provided limited control at one or more of the 

observation dates.  Fomesafen, halosulfuron-methyl, clopyralid, and sethoxydim failed to  

provide significant visual control of Carolina redroot shoots at any of the observations. 

Visual Carolina Redroot Root and Rhizome Control. 

 Visual control data for Carolina redroot roots/rhizomes 63 DAT were similar to 

the trends observed for shoot control (Table 3.2).  Significant root/rhizome control was 

provided by paraquat (91%), glyphosate (88%), glufosinate (73%), hexazinone (62%), 

and diuron (60%).  Root/rhizome control from all other treatments ranged from 3% 

(clopyralid) to 30% (fomesafen).  While paraquat, glufosinate, and glyphosate exhibited 

similar degrees of control to both redroot shoots and roots/rhizomes, hexazinone and 

diuron applications resulted in a disproportionate degree of root/rhizome injury relative to 

the observed visual shoot control.  Wood et al. (1992) reported that root and shoot fresh 

weight of jack pine (Pinus banksiana Lamb.) seedlings grown in solution displayed a 

quadratic response to increasing hexazinone concentrations of 0 to 40 μM.  Comparable 

to the present study, data from Wood et al. (1992) suggested a relatively greater reduction 

in root fresh weight than shoot fresh weight. 
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Shoot and Root/Rhizome Dry Weight. 

 Carolina redroot shoot and root/rhizome dry weight of the nontreated check was 

8.3 and 7.6 g, respectively (Table 3.2).  Paraquat, glufosinate, glyphosate, and diuron 

treatments resulted in reduced shoot and root/rhizome dry weights of 3.1 and 0.7 g, 5.1 

and 2.7 g, 5.4 and 1.0 g, and 5.7 and 1.6 g respectively.  Hexazinone reduced  

root/rhizome dry weight to 2.7 g.  Root/rhizome visual control ratings 63 DAT for 

hexazinone and diruon treatments were supported by reductions in root/rhizome dry 

weight compared with the nontreated check.  Fomesafen reduced shoot dry weight (6.1 

g), but did not reduce root/rhizome dry weight.  Carolina redroot shoot and root/rhizome 

dry weights from all other herbicide treatments were similar to the nontreated check.  

Trends of Carolina redroot shoot and root/rhizome fresh weight were similar to those 

reported for dry weight (data not shown). 

Anthesis. 

 One hundred percent of pots from the nontreated check contained at least one 

Carolina redroot plant with inflorescences that reached the physiological stage of anthesis 

(Table 3.2).  Anthesis in glufosinate and glyphosate treatments was 0%.  Incidence of 

anthesis in hexazinone (17%), diuron (17%), and paraquat (33%) treatements were 

similar to glufosinate and glyphosate.  Clopyralid reduced the incidence of anthesis 

(50%) compared to the nontreated check.  Flumioxazin, fomesafen, halosulfuron-methyl, 

and sethoxydim treatments resulted in anthesis incidences similar to the nontreated check. 

 Acceptable levels of visual weed control were achieved with a limited number of  
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POST herbicides (paraquat, glufosinate, and glyphosate).  While Carolina redroot treated 

with diuron and hexazinone were only somewhat controlled above the soil surface, both 

herbicides greatly increased root/rhizome control and reduced root/rhizome dry weight.  

Furthermore, paraquat, glufosinate, glyphosate, hexazinone, diuron, and clopyralid 

applications resulted in reduced incidence of flowering and/or anthesis.  The authors 

suspect that the greatly reduced roots/rhizomes and inhibition of complete flower  

development should limit the weed’s ability to regenerate by vegetative and sexual 

means.  From the authors’ observations, vegetative reproduction (plantlets arising from 

underground rhizomes) appears to be the primary means by which Carolina redroot  

populations proliferate in North Carolina blueberry production systems.  Meggitt and 

Aldrich (1959) reached a similar conclusion stating that, “Control of redroot with amitrol 

was effective in the second and third year following treatment which indicates control is 

primarily a problem of eliminating existing plants and not a problem of controlling 

seedlings which arise from seed.”  The degree to which herbicides in the present study 

depleted the root/rhizome would likely not as readily be observed under field condition.  

Future research should consider multiple or repeated control measures (herbicide-based 

or otherwise) targeted to control the vegetative regrowth of Carolina redroot that had 

been depleted by an initial herbicide application.  Results from the present study can be 

used to supplement results from field research and should allow for the development of 

more consistent Carolina redroot control.  Furthermore, confirmation of these results 

under field conditions would allow for a more conclusive development of control  
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programs.  Although paraquat provided acceptable control of Carolina redroot, it should 

be noted that paraquat applications contacting green blueberry stem tissue have been 

correlated to increased incidence of blueberry stem blight, a disease caused by the fungus 

Botryosphaeria dothidea. 
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Table 3.1.  Herbicides applied to Carolina redroot POST, including common names and manufacturer information. 

 

Common name Trade name Rate Manufacturer 

 

  ha-1  

Glufosinate Rely 280 660 g ai Bayer CropScience LP, Research Triangle Park, NC. (bayercropscience.com) 

Fomesafen Reflex 280 g ai Syngenta Crop Protection, Inc.  Greensboro, NC.  (syngentacropprotection-us.com) 

Flumioxazin Chateau  430 g ai Valent U.S.A. Corp.  Walnut Creek, CA.  (valent.com) 

Halosulfuron-methyl + NIS Sandea  40 g ai Gowan, Co.  Yuma, AZ.  (gowanco.com) 

Paraquat +NIS Gramoxone Inteon 560 g ai Syngenta Crop Protection, Inc.  Greensboro, NC.  (syngentacropprotection-us.com) 

Hexazinone Velpar L 1,120 g ai DuPont. Wilmington, DE. (cropprotection.dupont.com) 

Sethoxydim +COC Poast 530 g ai BASF Corp.  Research Triangle Park, NC. 

(basf.com) 

Glyphosate Roundup WeatherMax 1,260 g ae Monsanto Co. St. Louis, MO. (monsanto.com) 

Diuron + NIS Direx 4L 1,790 g ai DuPont Crop Protection.  Wilmington, DE. (cropprotection.dupont.com) 

Clopyralid + NIS Stinger 140 g ae Dow AgroSciences LLC.  Indianapolis, IN. (dowagro.com) 
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Table 3.1 Continued 

 
Nonionic surfactant (NIS) X-77 0.25% v:v Loveland Products, Inc.  Greeley, CO. 

(lovelandproducts.com) 

Crop oil concentrate Agri-Dex 1% v:v Helena Holding Co. Collierville, TN. 

(helenachemical.com) 
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Table 3.2.  The influence of POST herbicide application on Carolina redroot shoot and root/rhizome control, anthesis, and 

shoot and root/rhizome dry weight. 

 

  Carolina redroot controla      

       

   

7 DATb 

 

14 

 

25 

 

63 

Root/rhizome  

control 

 

Anthesisc 

Shoot dry  

weight 

Root/rhizome dry  

weight 

    

Treatmentd  Run 1 Run 2 Both runs 

 

 g ai/ae ha-1  %   g  

Nontreated check NA NA NA NA NA NA NA 100 8.3 7.6 

Flumioxazin 430 18 10 13 15 3 24 83 7.8 4.5 

Hexazinone 1,120 3 2 11 18 9 62 17 6.3 2.7 

Fomesafen 280 7 8 4 8 1 30 83 6.1 6.2 

Halosulfuron-

methyl 

40 2 5 4 6 1 24 83 8.2 6.0 

Paraquat 560 22 83 73 82 72 91 33 3.1 0.7 
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Table 3.2 Continued 

 

 

 

 

 

 

 

 

 

 

 

 

 
a
Rating: 0%= no control; 100%=complete control. 

b
Abbreviations: DAT, d after treatment; NA, not applicable. 

c
Rating: percent of pots containing >1 redroot plant reaching anthesis. 

d
Nonionic surfactant (0.25% v/v) was included with clopyralid, diuron, halosulfuron-methyl, and paraquat treatments.  Crop oil 

concentrate was included with sethoxydim.  Clopyralid and glyphosate rates are reported as acid equivalent; all others are 

active ingredient.

Glufosinate 660 17 52 64 68 59 73 0 5.1 2.7 

Glyphosate 1,260 5 13 18 46 69 88 0 5.4 1.0 

Clopyralid 140 3 7 6 9 3 3 50 7.1 8.3 

Sethoxydim 530 8 0 8 8 1 9 83 7.5 6.0 

Diuron 1,790 2 5 8 19 2 60 17 5.7 1.6 

LSD (0.05)  9 13 10 16 4 27 44 2.2 3.4 
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Carolina Redroot (Lachnanthes caroliniana) Control with PRE and POST 

Herbicides 

Stephen L. Meyers, Katherine M. Jennings, and David W. Monks* 

 Greenhouse studies were conducted in 2012 in Raleigh, NC to determine Carolina 

redroot control by selected preemergence (PRE) and postemergence (POST) herbicides.  

Treatments consisted of PRE applications of flumioxazin, hexazinone, S-metolachlor, and 

terbacil and POST applications of glufosinate, glyphosate, halosulfuron-methyl plus 

0.25% v/v nonionic surfactant (NIS), and paraquat plus NIS.  Terbacil (9), 2.2 kg ha
-1

 of 

hexazinone (6), and glyphosate (9) reduced Carolina redroot shoots per pot compared to 

the nontreated check (17) 63 days after POST treatments (DAPOST).  Paraquat (74%), 

glufosinate (62%), glyphosate (48%), and flumioxazin (48%) provided some Carolina 

redroot shoot control 7 DAPOST.  The greatest Carolina redroot control 14 DAPOST 

was provided by paraquat (67%), glufosinate (59%), and 2.2 kg ha
-1

 of hexazinone 

(50%).  Carolina redroot control 25 DAPOST was greatest for 2.2 kg ha
-1

 of hexazinone 

(90%) followed by glufosinate with 56% control and paraquat and terbacil each with 53% 

control.  Control for most treatments declined between 25 and 63 DAPOST with the 

exception of glyphosate which increased to 64%.  Control of Carolina redroot roots and 

rhizomes (roots/rhizomes) 63 DAPOST ranged from 7 to 68% with the greatest control 

provided by terbacil (68%) and 2.2 kg ha
-1

 of hexazinone (64%).  Terbacil and 2.2 kg ha
-1

 

of hexazinone reduced shoot (0.8 and 1.3 g, respectively) and root/rhizome dry weight 

(0.4 and 0.7 g, respectively) compared to the nontreated check (3.6 and 4.8 g for shoots  
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and roots/rhizomes, respectively). 

_______________________________________________________ 

* First, second, and third authors:  Graduate Student, Research Assistant Professor, and 

Professor, Department of Horticultural Science, North Carolina State University, Raleigh, 

NC 27695.  Corresponding author’s E-mail: slmeyers@ncsu.edu. 

Nomenclature: Flumioxazin, glufosinate, glyphosate, halosulfuron-methyl, hexazinone, 

paraquat, S-metolachlor, terbacil; Carolina redroot, Lachnanthes caroliniana (Lam.) 

Dandy. 

Key words: Herbicide rate, weed control. 

mailto:slmeyers@ncsu.edu


 

 

 

 

58 

North Carolina ranks sixth among United States states in blueberry production 

with 17.7 million kg in 2010 at a farm value of $58 million (NCDA&CS 2011).  

Blueberry (Vaccinum corymbosum L. and its hybrids and V. ashei Reade) production in 

North Carolina is concentrated in the lower coastal plain (NCDA&CS 2011) where soil 

conditions (organic matter >2%, good drainage, sandy texture, pH 4.0 to 5.0) are optimal 

for blueberry production.  The perennial nature of blueberry production predisposes the 

crop to a diversity of weed species that range from annual herbaceous weeds to 

herbaceous and woody perennial species (Roberts 2009).  Roberts (2009) reported 

Carolina redroot to be among the most commonly observed perennial weed species in 20 

commercial blueberry production fields.  Blueberry growers and extension personnel 

from the lower coastal plain production region of North Carolina expressed concerns 

regarding a lack of sufficient Carolina redroot control from their current control tactics 

and an interest in the development of management strategies that will facilitate its control 

(K.M. Jennings, personal communication). 

Carolina redroot is an herbaceous, monocotyledonous, perennial member of the 

bloodwort family (Haemodoraceae) whose common name is derived from the plant’s red 

to orange roots and rhizomes.  It is the only member of the bloodwort family native to 

North America and is a monotypic genus (Weakley 2011).  Within its distribution range, 

Carolina redroot inhabits wet savannas, pocosin edges, shores of coastal plain depression 

ponds, ditches, and wet disturbed ground (Weakley 2011).  Native populations of 

Carolina redroot have been documented in provinces/states along North America’s  
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Atlantic Coast from Nova Scotia south to Florida and in states along the Gulf Coast from  

Florida west to Louisiana (USDA-NRCS 2012).  Within North Carolina, Carolina redroot 

is distributed throughout the lower coastal plain (USDA-NRCS 2012), a distribution that 

parallels the major blueberry growing region in the state. 

Information regarding the control of Carolina redroot is limited.  Most available 

research pertains to the species’ existence in varied ecosystems and its phylogentic 

relationship among other plants in its family.  There are few instances regarding the 

species as a weed.  Welker and Brogdon (1968) reported that repeated use of diuron (1.1 

and 2.2 kg ai ha
-1

) and simazine (4.5 kg ai ha
-1

) in highbush blueberry resulted in 

satisfactory (89 to 100%) control of a community of weeds, predominated by crabgrass 

[Digitaria sanguinalis (L.) Scop.], warty panicgrass (Panicum verrucosum Muhl.), globe 

flatsedge [Cyperus echinatus (L.) Alph. Wood], inflatedscale flatsedge [C. aggregates 

(Willd.) Endl.], and Carolina redroot.  Meggitt and Aldrich (1959) reported 1.1 kg ai ha
-1

 

amitrol applied to cranberry bogs in fall immediately after harvest reduced Carolina 

redroot density (32 m
-2

) compared to a nontreated check (226 m
-2

).   Ferrell et al. (2009) 

reported triclopyr (1.1 kg ai ha
-1

) and a combination of dicamba (560 g ai ha
-1

) plus 2,4-D 

(1.6 kg ai ha
-1

) provided 70 to 85% control of Carolina redroot in pastures.  Welker 

(1979) reported that terbacil provided excellent Carolina redroot control, perfluidone and 

glyphosate gave good to excellent control, and paraquat gave good initial control, but 

only fair to good residual control.  Monaco (1970) reported that terbacil PRE at 2.2 to 9 

kg ha
-1

 provided excellent control of Carolina redroot, but rates > 4.5 kg ha
-1

 severely 
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injured ‘Jersey’ blueberry bushes.  Meyers et al. (unpublished data) reported that 

paraquat, glufosinate, and glyphosate POST provided acceptable control of Carolina  

Redroot.  Currently, North Carolina blueberry weed management programs rely heavily 

upon the use of hexazinone (Roberts 2009), an herbicide that has historically provided 

inconsistent control of Carolina redroot (Jennings, unpublished data). 

Due to the colony-forming distribution of Carolina redroot in commercial 

blueberry production fields, results from field studies can be inconsistent if a uniform 

population is not present in all plots within a study.  Furthermore, given the nature of 

field research, observations of the influence of herbicide treatment on Carolina redroot 

roots and rhizomes may be limited.  With that in mind, a greenhouse study was 

conducted to determine the influence of PRE and POST herbicide applications on 

Carolina redroot. 

Materials and Methods 

Studies were conducted at the Marye Anne Fox Science Teaching Laboratory 

Greenhouses at North Carolina State University (35.79°N, 78.67°W) in Raleigh, NC in 

2012.  Carolina redroot plants 15 cm tall were carefully hand-dug from a commercial 

blueberry field in Burgaw, NC (34.60°N, 77.85°W) on July 11, 2011.  Three single fan 

divisions containing an average of 5-cm long rhizome each were transplanted into 20 cm 

diam green, plastic, Azalea pots containing 2.4 L of a 1:1 (v/v) mix of Fafard 4P potting 

mix (Conrad Fafard, Inc., Agawam, MA) and nontreated Murville muck (sandy, 

siliceous, thermic Typic Haplaquods) field soil obtained from the same location as the  
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Carolina redroot plants.  The resulting potting mix contained organic matter (11.2%) and 

pH (4.5) representative of those found in the lower North Carolina coastal plain.  

Following transplanting, Carolina redroot plants were allowed to establish (as determined  

 

by increased foliar growth and a developed root ball).  Upon successful establishment, 

the leaves of Carolina redroot plants senesced, indicating the onset of dormancy.  The 

timing of senescence was similar to that observed under field conditions (S.L. Meyers, 

personal observation).  Given that temperatures within the greenhouse were 26.7 C 

day/15.6 C night, the authors believe the onset of senescence was induced by a change in 

day length.  However, to the authors’ knowledge, dormancy phenomena (including 

photoperiod-induced dormancy) have not been reported for Carolina redroot.  Plants 

remained dormant under greenhouse and natural day length conditions until Spring 2012.   

Treatments consisted of five PRE and four POST herbicides, and a nontreated 

check (Table 4.1).  The study was conducted twice, with two runs separated temporally.  

PRE and POST applications were applied to Run 1 on February 21 and May 14, 2012, 

respectively and to Run 2 on February 23 and May 4, 2012, respectively.  Prior to PRE 

herbicide applications, the development of subterranean Carolina redroot shoots was 

monitored routinely by carefully removing plants not used in the study from their pots.  

PRE applications were made when Carolina redroot fans of foliage had developed under 

the soil surface, but before fans became visible above the soil surface.  Treatments were 

applied in a spray chamber with a CO2-pressurized sprayer calibrated to deliver 187 L  
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ha
-1

 with a single 8002 EVS nozzle tip (Teejet Technologies, Springfield, IL) at 280 kPa.  

Following the application of PRE treatments, pots were watered lightly to incorporate 

soil-applied herbicides without applying enough water to leach through the pots.  After 2 

wk pots were watered thoroughly to maintain even soil moisture throughout the entire 

pot.  To avoid potentially washing herbicide from Carolina redroot leaves, plants were  

not watered for 18 h after POST applications, after which time pots were watered as 

needed to maintain even soil moisture.  Pots were maintained weed-free by hand 

removing emerged weeds, with the exception of Carolina redroot, weekly.  The 

experimental design was a randomized complete block with four replications. 

Each pot was treated as a single experimental unit.  Data recorded included 

Carolina redroot shoot number (vegetative fans per pot) 5 and 7 wk after PRE treatments 

(WAPRE) and 63 d after POST treatments (DAPOST); visual Carolina redroot control 

ratings [scale of 0 (no control) to 100% (complete control)] 7, 14, 25, and 63 DAPOST; 

and shoot and the aggregate of root and rhizome (root/rhizome) fresh and dry weights 63 

DAPOST.  Destructive harvest of Carolina redroot plants was conducted 63 DAT.  Plants 

were removed from pots, and then soil was hand-removed from plant roots by gentle 

shaking followed by a steady stream of water applied through a greenhouse breaker 

nozzle tip.  Following soil removal, a rating for Carolina redroot root/rhizome injury was 

recorded using the aforementioned scale of 0 to 100%.  Shoots were severed from roots 

and rhizomes at soil level.  Fresh weight was recorded for Carolina redroot shoots and 

roots/rhizomes.  Shoots and roots/rhizomes were placed in paper bags and oven-dried at  
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107 C for 72 hr prior to determining dry weight. 

Data for Carolina redroot shoot number, shoot and root/rhizome control, and 

shoot and root/rhizome dry weight were subjected to ANOVA and analyzed by SAS 

PROC GLM (SAS 9.2, SAS Institute, Cary, NC) with the fixed effect of treatment and 

random effects of run and replication within run.  Data for percent Carolina redroot shoot 

and root/rhizome control were subjected to arcsin transformation; Carolina redroot shoot  

and root/rhizome dry weight were subjected to square root transformation.  To facilitate 

the interpretation of results, back-transformed values for Carolina redroot control and dry 

weight data are presented.  When ANOVA indicated a significant treatment effect, means 

were separated using t-tests with LSD and P < 0.05.  The nontreated check was included 

in analysis of Carolina redroot shoot number and shoot and root/rhizome dry weight.  

Carolina redroot control data from the nontreated check was not included in data analysis 

as weed control was 0% and had a variance of 0.  Carolina redroot shoot number data 

from POST treatments were excluded from shoot counts 5 and 7 WAPRE as POST 

treatments had not been applied when these observations was recorded. 

 

Results and Discussion 

Carolina Redroot Shoot Number and Control. 

  Carolina redroot shoot number was not influenced by PRE treatments 5 and 7 

WAPRE (Table 4.2).  Terbacil (9 fans) and 2.2 kg ha
-1

 of hexazinone (6 fans) PRE and 

glyphosate POST (9 fans) reduced shoot number 63 DAPOST compared to the  
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nontreated check (17 fans).  Paraquat provided 74% Carolina redroot control 7 DAPOST.  

Glufosinate (62%), glyphosate (48%), and flumioxazin (48%) control was not 

significantly different from that provided by paraquat 7 DAPOST.  Control from all other 

treatments 7 DAPOST ranged from 3 (S-metolachlor) to 31% (1.1 kg ha
-1

f hexazinone).  

The greatest Carolina redroot control 14 DAPOST was provided by paraquat (67%), 

glufosinate (59%), and 2.2 kg ha
-1

 of hexazinone (50%).  Control from all other 

treatments 14 DAPOST ranged from 1 (S-metolachlor) to 40% (terbacil).  Carolina  

redroot control 25 DAPOST was greatest for 2.2 kg ha
-1

 of hexazinone (90%) followed 

by glufosinate (56%), paraquat (53%), and terbacil (53%).  Control for most treatments 

declined between 25 and 63 DAPOST with the exception of glyphosate which increased 

from 38 to 64%.  It is noteworthy that 2.2 kg ha
-1

 of hexazinone provided greater 

Carolina redroot control 14, 25, and 63 DAPOST than 1.1 kg ha
-1

.  Many growers 

currently use 1.1 kg ha
-1

 of hexazinone because they believe it reduces the risk of crop 

injury they believe occurs with 2.2 kg ha
-1

 of hexazinone.. 

Root and Rhizome Control. 

 Carolina redroot root/rhizome control 63 DAPOST ranged from 7 to 68% (Table 

4.2).  Terbacil (68%), 2.2 kg ha
-1

 of hexazinone (64%), glyphosate (57%), glufosinate 

(51%), and halosulfuron-methyl (51%) provided moderate control of roots/rhizomes. 

These data differ only slightly from those of Meyers et al. (unpublished data) who 

reported that glyphosate, glufosinate, and hexazinone applied POST provided 88, 73, and 

62% control of Carolina redroot roots/rhizomes, respectively, 63 DAPOST.  Similarly to 
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results for visual Carolina redroot shoot control, the higher rate of hexazinone provided 

greater root/rhizome control (64%) than the lower rate (35%).   

Shoot and Root/Rhizome Dry Weight. 

 Carolina redroot shoot and root/rhizome dry weights of the nontreated check were 

3.6 and 4.8 g, respectively (Table 4.2).  Shoot dry weight was reduced by most treatments 

applied in the study with the exception of halosulfuron-methyl (4.3 g), flumioxazin (4.1 

g), and S-metolachlor (3.9 g).  Root/rhizome dry weight was reduced by all treatments 

with the exception of S-metolachlor (4.8 g).  Terbacil and 2.2 kg ha
-1

 of hexazinone  

provided the greatest reduction of Carolina redroot shoot (0.8 and 1.3 g, respectively) and 

root/rhizome (0.4 and 0.7 g, respectively) dry weights.  Glyphosate and paraquat 

moderately reduced shoot dry weight (2.4 g) and glufosinate and the low rate of 

hexazinone only slightly reduced shoot dry weight (3.1 g).  Root/rhizome dry weight 

varied by treatment and yielded the following dry weights: paraquat (1.3 g), 1.1 kg ha
-1

 

hexazinone (1.6 g), glufosinate (2.0 g), glyphosate (2.2 g), halosulfuron-methyl (2.2 g), 

and flumioxazin (3.0 g).  While 2.2 kg ha
-1

 hexazinone controlled Carolina redrootmore 

effectively than 1.1 kg ha
-1

, root/rhizome dry weights of both treatments were similar.  

Hexazinone at 1.1 kg ha
-1

 displayed a disproportionate reduction of roots/rhizomes 

relative to the shoot dry weight reduction it provided.  Similar results were observed by 

Meyers et al. (unpublished data) who reported that 1,120 g ha
-1

 of hexazinone POST 

reduced Carolina redroot root/rhizome dry weight, but not shoot dry weight.  Wood et al. 

(1992) reported that root and shoot fresh weight of jack pine (Pinus banksiana Lamb.)  
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seedlings grown in solution displayed a negative quadratic response to increasing 

hexazinone concentrations of 0 to 40 μM.  While data from Wood et al. (1992) suggested 

a relatively greater reduction in root fresh weight than shoot fresh weight as hexazinone 

rate increased, data from the present study suggest a more proportional decrease in both 

shoot and root/rhizome dry weight at a higher rate of hexazinone compared to a lower 

rate.  Trends of Carolina redroot shoot and root/rhizome fresh weight were similar to 

those reported for dry weight (data not shown). 

 In the present study, acceptable levels of visual weed control were limited.  

Hexazinone at 2.2 kg ha
-1

 provided the greatest Carolina redroot control at any given  

observation (90% 25 DAPOST).  Paraquat and glufosinate provided moderate control 

(>53%) 7 to 25 DAPOST, but control was transient and by 63 DAPOST was reduced to 

<30%.  Terbacil and 2.2 kg ha
-1

 of hexazinone provided the greatest control of 

roots/rhizomes and resulted in the greatest reduction of both shoot and root/rhizome dry 

weights.  Throughout the duration of the study hexazinone at 2.2 kg ha
-1

 outperformed 

hexazinone at 1.1 kg ha
-1

.  Blueberry growers in North Carolina are currently applying 

reduced rates of hexazinone due to perceived reduction in blueberry bush vigor when full 

rates of hexazinone are used.  Data from the present study suggest that a lower rate of 

hexazinone may not provide acceptable redroot control when used alone.  When applied 

PRE alone, S-metolachlor appears to provide no control of Carolina redroot.  This result 

is similar to what Monaco (1970) reported for alachlor PRE at 2.2 kg ha
-1

 which provided 

0% control of Carolina redroot. 
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 Greatly reduced roots/rhizomes should limit the Carolina redroot’s ability to 

regenerate by vegetative means.  From the authors’ observations, vegetative reproduction 

(plantlets arising from underground rhizomes) appears to be the primary means by which 

Carolina redroot populations proliferate in blueberry production systems.  Meggitt and 

Aldrich (1959) reached a similar conclusion stating that, “Control of redroot with amitrol 

was effective in the second and third year following treatment which indicates control is 

primarily a problem of eliminating existing plants and not a problem of controlling 

seedlings which arise from seed.” 
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Table 4.1.  PRE and POST treatments applied to Carolina redroot. 

 

Herbicide Trade name Rate ha-1 Manufacturer Address Website 

 

Flumioxazin Chateau 430 g ai Valent U.S.A. Corp. Walnut Creek, CA valent.com 

Glufosinate Rely 280 660 g ai Bayer CropScience LP Research Triangle Park, NC bayercropscience.com 

Glyphosate Roundup WeatherMax 1.3 kg ae Monsanto Co. St. Louis, MO monsanto.com 

Halosulfuron-methyl + NIS Sandea 40 g ai Gowan, Co. Yuma, AZ gowanco.com 

Hexazinone Velpar 1.1 kg ai DuPont Wilmington, DE cropprotection.dupont.com 

2.2 kg ai 

Paraquat + NIS Gramoxone Inteon 560 g ai Syngenta Crop Protection, Inc. Greensboro, NC syngentacropprotection-us.com 

S-metolachlor Dual Magnum 1.4 kg ai Syngenta Crop Protection, Inc. Greensboro, NC syngentacropprotection-us.com 

Terbacil Sinbar 1.8 kg ai Tessenderlo Kerley, Inc. Phoenix, AZ tkinet.com 

Non-ionic surfactant (NIS) X-77 0.25% (v/v) Loveland Products, Inc Greeley, CO lovelandproducts.com 
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Table 4.2.  The influence of PRE and POST herbicide applications on Carolina redroot shoot number and control, root/rhizome 

control, and shoot and root/rhizome dry weight. 

 

 

  Shoot number Shoot control (DAPOST)a,b  

    

Treatment Timing Rate 

5 

WAPRE 

7 

WAPRE 

63 

DAPOST 

 

7 

 

14 

 

25 

 

63 

Root/rhizome 

control 

Shoot dry 

weight 

Root/rhizome  

dry weight 

 

  ai/ae ha-1c  fansd per pot   %   g  

Nontreated check NA NA 1 7 17      3.6 4.8 

Flumioxazin PRE 430 g 3 7 20 48 15 5 5 11 4.1 3.0 

Hexazinone PRE 1.1 kg 2 4 14 31 24 11 20 35 3.1 1.6 

Hexazinone PRE 2.2 kg 1 1 6 9 50 90 40 64 1.3 0.7 

S-metolachlor PRE 1.4 kg 4 5 19 3 1 1 1 7 3.9 4.8 

Terbacil PRE 1.8 kg 2 6 9 22 40 53 40 68 0.8 0.4 

Glyphosate POST 1.3 kg   9 48 33 38 64 57 2.4 2.2 

Glufosinate POST 660 g   14 62 59 56 30 51 3.1 2.0 
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Table 4.2 Continued 

 
Halosulfuron-methyle POST 40 g   20 7 14 8 6 51 4.3 2.2 

Paraquat POST 560 g   14 74 67 53 24 40 2.4 1.3 

LSD (0.05)  NS NS 6 29 12 19 19 22 0.5 0.9 

 

a
Rating: 0%= no control; 100%=complete control. 

b
Abbreviations: DAPRE, d after PRE treatment; DAPOST, d after POST treatment; NA, not applicable. 

c
Glyphosate rate is given in weight of ae; all others are weight of ai. 

d
Fan: a set of Carolina redroot leaves appearing distichously. 

e
Halosulfuron-methyl and paraquat were applied with 0.25% (v/v) non-ionic surfactant.
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Weed Control in Southern Highbush Blueberry with S-metolachlor, Flumioxazin, 

and Reduced Rates of Hexazinone 

Stephen L. Meyers, Katherine M. Jennings, and David W. Monks* 

 Field studies were conducted in 2010, 2011, and 2012 in commercial blueberry 

fields near Burgaw, NC to determine weed control and crop tolerance to S-metolachlor 

and flumioxazin alone and with hexazinone.  Herbicide programs consisted of two 

application timings: pre-budbreak and postharvest.  Pre-budbreak applications consisted 

of hexazinone at 1.1 or 2.2 kg ai ha
-1

, S-metolachlor at 1.4 or 2.8 kg ai ha
-1

, and 

flumioxazin at 215 g ai ha
-1 

alone and tank mixes of hexazinone or flumioxazin with S-

metolachlor.  Additional treatments consisted of flumioxazin (215 g ha
-1

), flumioxazin 

plus S-metolachlor (1.4 and 2.8 kg ha
-1

), or hexazinone (1.1 kg ha
-1

) plus S-metolachlor 

(1.4 and 2.8 kg ha
-1

) applied pre-budbreak and followed by (fb) a postharvest application 

of flumioxazin (215 g ha
-1

).  Herbicide programs containing flumioxazin resulted in 

greater Maryland meadowbeauty control 5 to 6 WAT (73%) than herbicide programs 

containing hexazinone at 1.1 or 2.2 kg ha
-1

 (37 and 39%, respectively).  Maryland 

meadowbeauty control trends were similar 7 WAT with the exception that herbicide 

programs receiving flumioxazin plus S-metolachlor resulted in greater control (62%) than 

programs receiving only S-metolachlor (18%).  Needleleaf rosette grass control remained 

> 94% for all herbicide programs through 2 WAT.  Five to six WAT, S-metolachlor at 

1.4 kg ha
-1

 provided greater needleleaf rosette grass control (86%) than S-metolachlor at 

2.8 kg ha
-1

 (69%) and hexazinone at 1.1 kg ha
-1

 provided greater control (87%) than  
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flumioxazin (71%).  Meadowbeauty and needleleaf rosette grass control from all 

herbicide programs was poor (< 39% and < 57%, respectively) 16 to 18 WAT.  Two 

weeks after post-harvest applications, herbicide programs receiving a post-harvest 

flumioxazin application had greater meadowbeauty and needleleaf rosette grass control 

(78 and 84%, respectively) than those programs without a post-harvest flumioxazin 

application (43 and 71%, respectively).   

________________________________________________________________________ 

* First, second, and third authors:  Graduate Student, Research Assistant Professor, and 

Professor, Department of Horticultural Science, North Carolina State University, Raleigh, 

NC 27695.  Corresponding author’s E-mail: slmeyers@ncsu.edu. 

Nomenclature: Flumioxazin, glufosinate, hexazinone, S-metolachlor; Maryland 

meadowbeauty (Rhexia mariana L.); Needleleaf rosette grass [Dichanthelium aciculare 

(Desv. Ex Poir) Gould & C.A. Clark]; Southern highbush blueberry (Vaccinium x 

corymbosum) ‘O’Neal’.  

Key words: Orchard floor management, weed control. 
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North Carolina ranks sixth among U.S. states in blueberry production with 17.7 

million kg in 2010 at a farm value of $58 million (NCDA&CS 2011).  Blueberry 

(Vaccinum corymbosum L. and its hybrids and V. ashei Reade) production in North 

Carolina is concentrated in the lower coastal plain (NCDA&CS 2011) where soil 

conditions (organic matter >2%, good drainage, sandy texture, pH 4.0 to 5.0) are optimal 

for blueberry production.  The perennial nature of blueberry production predisposes the 

crop to a diversity of weed species that range from annual herbaceous weeds to 

herbaceous and woody perennial species (Roberts 2009).   

From a survey of North Carolina blueberry growers, Roberts (2009) reported that 

cultivation, hand removal, and herbicides were utilized by 21, 52, and 52% of growers, 

respectively.  Though numerous herbicides are registered for use in blueberry, growers 

rely on a select few.  Roberts (2009) reported that among respondents, the greatest 

hectarage of non-bearing blueberry was treated with sethoxydim (20% of reported 

hectarage), hexazinone (20%), glyphosate (17%), terbacil (17%), oryzalin (12%), and 

glufosinate (10%).  The greatest acreage of bearing bushes was treated with hexazinone 

(39%), glyphosate (31%), sethoxydim (15%), and glufosinate (10%) (Roberts 2009).  

Among these herbicides, hexazinone, oryzalin, and terbacil provide residual PRE control 

of certain grass and broadleaf weed species.  However, to prevent crop injury, terbacil 

should not be used on sandy soils containing less than 3% organic matter.  Sethoxydim 

provides POST control of grass weed species.  Glufosinate and glyphosate are applied 

POST but do not provide residual weed control.   
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 Traditionally, growers have relied on the use of hexazinone for weed control in 

blueberry.  Hexazinone is a photosystem II inhibitor registered for use in blueberry at a 

rate of 1.1 to 2.2 kg ai ha
-1

 depending upon soil texture and organic matter content.  

However, hexazinone is reportedly highly leachable (Yarborough 1997) and repeated 

heavy reliance on hexazinone may select for hexazinone-tolerant weed species (Jensen 

and Yarborough 2002).  Additionally, uptake of large amounts of hexazinone may 

contribute to decreased photosynthetic ability in blueberry leaves (Baron and Monaco 

1986).  The findings of Baron and Monaco are also expressed by some North Carolina 

blueberry growers who believe that continued use of hexazinone may reduce blueberry 

plant vigor (K.M. Jennings, personal communication). 

Flumioxazin, a soil-applied protoporphyrinogen oxidase (PPO) inhibitor, was 

registered for use in blueberry in 2008.  Roberts (2009) reported that spring-applied 

flumioxazin at 0.21 to 0.76 kg ha
-1

 provided 77 to 88% and > 98% Maryland 

meadowbeauty (Rhexia mariana L.) control 60 d after treatment (DAT) at two different 

locations and that flumioxazin provided greater meadowbeauty control than hexazinone.  

Roberts (2009) further reported that flumioxazin applications did not result in visual 

blueberry injury, nor did they reduce blueberry yield.  S-metolachlor, a soil-applied 

chloroacetamide, was recently registered for use in blueberry in some states.  Little is 

known about how flumioxazin and S-metolachlor fit into production systems in the NC 

lower coastal plain.  While it is not anticipated that flumioxazin or S-metolachlor can 

replace hexazinone, the two may reduce reliance on hexazinone by providing control of  
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some weed species controlled by hexazinone as well as control of some weeds not 

controlled by hexazinone.  S-metolachlor, for example, has the potential to provide 

yellow nutsedge (Cyperus esculentus L.) control, whereas hexazinone provides only 

suppression.  Furthermore, the addition of S-metolachlor and/or flumioxazin may 

improve weed control efficacy when used with reduced hexazinone rates currently used 

by blueberry growers in the region.  The objective of the following study was to 

determine the influence of flumioxazin and S-metolachlor on weed control and blueberry 

crop tolerance and to compare herbicide-based programs with flumioxazin and S-

metolachlor to programs containing the maximum labeled rate and grower standard rate 

of hexazinone. 

Materials and Methods 

Field studies were conducted at a commercial blueberry production location near 

Burgaw, NC (34.60°N, 77.85°W) at two locations in 2010 and a single location each in 

2011 and 2012.  All locations were a Murville muck (sandy, siliceous, thermic Typic 

Haplaquods) with 6 to 10% organic matter, 8.1 to 16.7% CEC, and pH 3.5 to 3.7.  

Herbicide programs consisted of two application timings: prior to blueberry bush 

budbreak and postharvest.  Pre-budbreak applications consisted of hexazinone (Velpar®, 

DuPont, Wilmington, DE) at 1.1 or 2.2 kg ai ha
-1

, S-metolachlor (Dual Magnum®, 

Syngenta Crop Protection, Inc., Greensboro, NC) at 1.4 or 2.8 kg ai ha
-1

, and flumioxazin 

(Chateau®, Valent U.S.A. Corp., Walnut Creek, CA) at 215 g ai ha
-1 

alone and tank 

mixes of S-metolachlor or flumioxazin with hexazinone.  Additional treatments consisted  
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of flumioxazin (215 g ha
-1

), flumioxazin plus S-metolachlor (1.4 and 2.8 kg ha
-1

), or 

hexazinone (1.1 kg ha
-1

) plus S-metolachlor (1.4 and 2.8 kg ha
-1

) applied pre-budbreak 

and followed by (fb) a postharvest application of flulmioxazin (215 g ha
-1

).  Weedy and 

weed-free checks were included for comparison.  To remove emerged weeds, all 

herbicide applications included 1.3 kg ai ha
-1

 glufosinate (Rely® 280, Bayer Crop 

Science LP, Research Triangle Park, NC).  Weedy and weed-free check plots received 

1.3 kg ha
-1

 glufosinate at the same time as pre-budbreak herbicide applications.  All 

herbicide applications were directed to soil beneath blueberry bushes in a 76 cm band on 

both sides of the blueberry row and were applied with a CO2 pressurized backpack 

sprayer calibrated to deliver 187 L ha
-1

 with two 8003 XR nozzle tips (Teejet 

Technologies, Springfield, IL) at 124 kPa.  Treatments and application dates can be found 

in Tables 5.1 and 5.2, respectively.  Plots consisted of 4 bushes 1.2 m apart in rows 3 m 

apart.  The experimental design was a randomized complete block with three replications 

in 2010 and 2011 and four replications in 2012. 

 Data recorded included visual blueberry crop tolerance, weed control ratings 

[scale of 0 (no injury or no control) to 100% (crop death or complete control)], and a 

visual estimate of the percent of treated area occupied by bare ground (2011 and 2012).  

Blueberry tolerance and weed control ratings were recorded 1, 2, 16, and 18 wk after pre-

budbreak treatment (WAT) in 2010; 3, 12, 18, and 22 WAT in 2011; and 1, 2, 5, 7, 18, 

and 22 WAT in 2012.  The final rating was recorded 2 wk after post-harvest applications 

were applied.  All berries (green to fully ripe) were harvested from two bushes per plot  
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74 and 87 d after pre-budbreak treatments (DAT) in 2010 and 2011, respectively and a 

single bush per plot 55 DAT in 2012.  Berries were segregated into green and blue berries 

and weighed separately.  Ten 100 green and blue berry samples were weighed and green 

berry weight was converted to blue berry weight (Equation 1).  Calculated blue blueberry 

yield data are reported. 

(mean blue berry weight/mean green berry weight) * total green fruit weight [1] 

 Data were subjected to ANOVA and analyzed by SAS PROC GLM 

(SAS/STAT® 9.2, SAS Institute Inc.) with the fixed effect of treatment and random 

effects of location, replication, and the location by treatment interaction.  Weed control 

and percent bare ground data were subjected to arcsin transformation.  However, to 

facilitate the interpretation of results, back-transformed data are presented.  Means were 

separated using orthogonal contrasts and statistical significance reported at P < 0.05, < 

0.01, and < 0.001.  Orthogonal contrasts were constructed to make planned pairwise and 

non-pairwise comparisons of groups of systems that differ only in the factor being 

compared (Swallow 1984). 

  

Results and Discussion 

Blueberry Crop Tolerance. 

 Following spring-applied herbicide applications, necrosis was observed on low-

hanging blueberry branches and buds.  Injury to bushes in herbicide program plots was 

similar to check plots receiving only glufosinate.  It was determined that the necrosis was  
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a result of glufosinate contacting branches during application.  These low-hanging 

branches as well as those not contacted by herbicides were removed by the commercial 

blueberry farm crew shortly after budbreak in all three years.  No further injury was 

observed throughout the duration of the experiment. 

Visual Weed Control. 

 Predominant weed species differed slightly by location.  Location 1 in 2010 and 

the location in 2012 were predominated by needleleaf rosette grass and Maryland 

meadowbeauty.  Location 2 in 2010 was predominated by needleleaf rosette grass.  The 

2011 location contained needleleaf rosette grass, Maryland meadowbeauty, and Carolina 

redroot [Lachnanthes caroliniana (Lam.) Dandy].  At all locations needleleaf rosette 

grass was emerged at the time of pre-budbreak herbicide application.  Other predominant 

weed species had not emerged at this herbicide application time. 

 One WAT Maryland meadowbeauty control ranged from 50 to 100% (Table 5.3).  

Hexazinone plus S-metolachlor provided greater control of Maryland meadowbeauty 

(84%) than hexazinone alone (50%).  Herbicide programs containing flumioxazin 

provided greater control (100%) than those programs receiving hexazinone at 1.1 or 2.2 

kg ha
-1

 (79 and 66%, respectively).  Two WAT, herbicide programs receiving hexazinone 

plus S-metolachlor provided greater Maryland meadowbeauty control (96%) than 

hexazinone alone (88%).  Additionally, flumioxazin plus S-metolachlor provided greater 

control (99%) than flumioxazin alone (93%).  Herbicide programs containing 

flumioxazin resulted in greater Maryland meadowbeauty control 5 to 6 WAT (73%) than  
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herbicide programs containing hexazinone at 1.1 or 2.2 kg ha
-1

 (37 and 39%, 

respectively).  Maryland meadowbeauty control trends were similar 7 WAT with the 

exception that herbicide programs receiving flumioxazin plus S-metolachlor resulted in 

greater control (62%) than programs receiving only S-metolachlor (18%).  Control from 

all herbicide programs was poor (< 39%) 16 to 18 WAT (at the time of post-harvest 

herbicide applications).  Two wk after post-harvest applications, herbicide programs 

receiving a post-harvest flumioxazin application had greater Maryland meadowbeauty 

control (78%) than those programs without a post-harvest flumioxazin application (43%) 

(data not shown). 

 Needleleaf rosette grass control remained > 94% for all herbicide programs 

through 2 WAT (Table 5.4).  Five to six WAT S-metolachlor at 1.4 kg ha
-1

 provided 

greater needleleaf rosette grass control (86%) than S-metolachlor at 2.8 kg ha
-1

 (69%), 

and hexazinone at 1.1 kg ha
-1

 provided greater control (87%) than flumioxazin (71%).  

As with Maryland meadowbeauty, control of needleleaf rosette grass 16 to 18 WAT was 

poor (< 57%) for all herbicide programs.  S-metolachlor at 1.4 kg ha
-1

 provided greater 

control (57%) than S-metolachlor at 2.8 kg ha
-1

 (42%), and hexazinone at 2.2 kg ha
-1

 

provided greater control (51%) than flumioxazin (42%) 16 to 18 WAT.  Two wk after 

post-harvest applications, herbicide programs receiving a post-harvest flumioxazin 

application had greater needleleaf rosette grass control (84%) than programs that did not 

receive a post-harvest application of flumioxazin (71%) (data not shown).  Additionally, 

hexazinone at 1.1 kg ha
-1

 resulted in greater control (79%) than hexazinone at 2.2 kg ha
-1
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(62%). 

 Percent bare ground was recorded in 2011 and 2012.  One WAT bare ground was 

similar for all herbicide programs and averaged 41% (data not shown).  By 2 WAT bare 

ground had increased to >94% for all herbicide programs as well as the weedy check 

(data not shown).  Again, 6 WAT bare ground was similar for all herbicide programs and 

the weedy check and averaged 83% (data not shown).  Residual weed control from 

herbicide treatments became evident 7 WAT.  S-metolachlor plus flumioxazin resulted in 

greater bare ground (78%) than S-metolachlor alone (51%).  This result was due to 

increased meadowbeauty control provided by the combination of S-metolachlor and 

flumioxazin compared to S-metolachlor alone.  Additionally, herbicide programs 

containing flumioxazin resulted in greater bare ground (73%) than programs containing 

hexazinone at 1.1 kg ha
-1 

(58%).  Again, this result was due to increased meadowbeauty 

control provided by programs receiving flumioxazin compared to those receiving 

hexazinone at 1.1 kg ha
-1

.  Two wk after postharvest herbicide application, programs 

containing a postharvest application of flumioxazin had greater bare ground (100%) than 

comparable programs without a postharvest application of flumioxazin (51%).   

Blueberry Yield. 

 Blueberry yield was analyzed by location.  Yield from weed-free controls were 

200 and 1,420 kg ha
-1

 at two locations in 2010; 1,050 kg ha
-1

 in 2011; and 4,940 kg ha
-1

 

in 2012 (data not shown).  In 2010 and 2011, treatment did not influence blueberry yield.  

Mean blueberry yield across all treatments was 140 and 1,550 kg ha
-1

 in 2010 and 780 kg  
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ha
-1

 in 2011 (data not shown).  In 2012 blueberry yield in herbicide treatments including 

flumioxazin was greater (6,570 kg ha
-1

) than treatments including hexazinone at 1.1 or 

2.2 kg ha
-1

 (4,470 and 4,680 kg ha
-1

, respectively) (data not shown).  This result is likely 

due to the increase in Maryland meadowbeauty control provided by flumioxazin 

compared to hexazinone. 

 Herbicide programs containing flumioxazin provided greater control of Maryland 

meadowbeauty than programs containing hexazinone.  This result concurs with the 

findings of Roberts (2009).  The addition of S-metolachlor to hexazinone resulted in 

increased early season meadowbeauty control, but long term differences were negligible.  

With regards to residual control of needleleaf rosette grass, herbicide programs 

containing hexazinone outperformed those containing flumioxazin.  For many North 

Carolina commercial blueberry growers whose production locations are predominated by 

Maryland meadowbeauty, the use of flumioxazin should provide greater control than 

either a full or reduced rate of hexazinone.  The use of flumioxazin may also provide 

more flexibility in the grower’s herbicide application schedule.  When the treatment list 

for the present study was developed, flumioxazin was registered for use in blueberry pre-

budbreak and postharvest.  Currently, flumioxazin can be used after budbreak and has a 

preharvest interval of 7 d.  Conversely, as of the 2012 growing season hexazinone must 

be applied pre-budbreak and  has a preharvest interval of 90 d. 
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Table 5.1.  Herbicide programs applied in ‘O’Neal’ blueberry in 2010, 2011, and 2012. 

 

Pre-budbreaka Postharvest 

 

1. Weedy checkb None 

2. Weed-free check None 

3. Hexazinone 1.1 kg ha-1 None 

4. Hexazinone 2.2 kg ha-1 None 

5. S-metolachlor 1.4 kg ha-1 None 

6. S-metolachlor 2.8 kg ha-1 None 

7. Hexazinone 1.1 kg ha-1 + S-metolachlor 1.4 kg ha-1 None 

8. Hexazinone 2.2 kg ha-1 + S-metolachlor 1.4 kg ha-1 None 

9. Hexazinone 1.1 kg ha-1 + S-metolachlor 2.8 kg ha-1 None 

10. Hexazinone 2.2 kg ha-1 + S-metolachlor 2.8 kg ha-1 None 

11. Flumioxazin 215 g ha-1 None 

12. Flumioxazin 215 g ha-1 flumioxazin 215 g ha-1 

13. Flumioxazin 215 g ha-1 + S-metolachlor 1.4 kg ha-1 None 

14. Flumioxazin 215 g ha-1 + S-metolachlor 2.8 kg ha-1 None 

15. Flumioxazin 215 g ha-1 + S-metolachlor 1.4 kg ha-1 flumioxazin 215 g ha-1 

16. Hexazinone 1.1 kg ha-1 + S-metolachlor 1.4 kg ha-1 flumioxazin 215 g ha-1 

17. Flumioxazin 215 g ha-1 + S-metolachlor 2.8 kg ha-1  flumioxazin 215 g ha-1 

18. Hexazinone 1.1 kg ha-1 + S-metolachlor 2.2 kg ha-1 flumioxazin 215 g ha-1 

 

a
 All herbicide applications included 1.3 kg ha

-1
 glufosinate. 

b
 Weedy and weed-free checks received 1.3 kg ha

-1
 glufosinate pre-budbreak to remove 

emerged weeds.



 

 

 

 

87 

Table 5.2.  Herbicide application and harvest dates. 

 

 2010 2011 2012 

 

Pre-budbreak PRE March 27 March 9 March 23 

Harvest June 9 June 4 May 18 

Post-harvest PRE July 15 July 18 July 25 

 

 1  
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Table 5.3.  Maryland meadowbeauty control at Burgaw in 2010, 2011, and 2012. 

 

 Maryland meadowbeauty controla (WAT)b 

  

Treatment 1 2 5 to 6 7 16 to 18 

 

  %  

Hexazinone 1.1 and 2.2  kg ha-1c 50 88 27 10 21 

Hexazinone 1.1 ha-1d 79 96 37 11 25 

Hexazinone 2.2 kg ha-1e 66 90 39 19 18 

Flumioxazinf 100 97 73 59 37 

Flumioxazin aloneg 100 93 60 27 33 

S-metolachlor 1.4 and 2.8 kg ha-1h 97 94 55 18 34 

Hexazinone plus S-metolachlori 84 96 44 18 22 

Flumioxazin plus S-metolachlorj 100 99 80 62 39 

      

Contrastk      

 

Hexazinone vs hexazinone plus S-metolachlor (c vs i) ** * NS NS NS 

Flumioxazin vs hexazinone 1.1 kg ha-1 (f vs d) *** NS ** ** NS 

Flumioxazin vs hexazinone 2.2 kg ha-1 (f vs e) *** NS * * NS 

S-metolachlor vs S-metolachlor plus flumioxazin (h vs j) NS NS NS * NS 

Flumioxazin vs S-metolachlor plus flumioxazin (g vs j) NS * NS NS NS 

 

a
Rating: 0%= no control; 100%=complete control. 

b
Abbreviations: WAT, wk after treatment. 
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Table 5.3 Continued 

c
Averaged across treatments 3 and 4 (See Table 1). 

d
 Averaged across treatments 3, 7, 9, 16, and 18. 

e
 Averaged across treatments 4, 8, and 10. 

f
 Averaged across treatments 11, 13, 14, 15, and 17. 

g
 Mean of treatment 11. 

h
 Averaged across treatments 5 and 6. 

i
 Averaged across treatments 7, 8, 9, 10, 16, and 18. 

j
 Averaged across treatments 13, 14, 15, and 17. 

k 
Letters in parenthesis indicate system means contrasted; values represented by *, **, 

and *** are significant at P = 0.05, 0.01, and < 0.001 respectively.
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Table 5.4.  Needleleaf rosette grass control at Burgaw in 2010, 2011, and 2012. 

 

 Needleleaf rosette grass controla (WAT)b 

  

Treatment 1 2 5 to 6 7 16 to 18 18 to 22 

 

  %  

Hexazinone 1.1 and 2.2  kg ha-1c 96 98 92 95 59 63 

Hexazinone 1.1 kg ha-1d 94 98 87 97 55 79 

Hexazinone 2.2 kg ha-1e 95 97 84 97 51 62 

S-metolachlor 1.4 kg ha-1f  97 97 86 98 57 73 

S-metolachlor 2.8 kg ha-1g 97 97 69 93 42 67 

Flumioxazinh 100 97 71 91 42 70 

Flumioxazin alonei 100 96 68 86 38 68 

S-metolachlor 1.4 and 2.8 kg ha-1j 100 97 78 91 48 54 

Hexazinone plus S-metolachlork 95 98 82 98 50 74 

Flumioxazin plus S-metolachlorl 100 98 73 93 44 71 

       

Contrastm       

 

S-metolachlor 1.4 kg ha-1 vs 2.8 kg ha-1 (f vs g) NS NS * NS * NS 

Hexazinone 1.1 kg ha-1 vs 2.2 kg ha-1 (d vs e) NS NS NS NS NS ** 

Hexazinone vs hexazinone plus S-metolachlor (c vs k) NS NS NS NS NS NS 

Flumioxazin vs hexazinone 1.1 kg ha-1 (h vs d) *** NS ** NS NS NS 
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Table 5.4 Continued 

 
Flumioxazin vs hexazinone 2.2 kg ha-1 (h vs e) *** NS NS * * NS 

S-metolachlor vs S-metolachlor plus flumioxazin (j vs l) NS NS NS NS NS NS 

Flumioxazin vs S-metolachlor plus flumioxazin (i vs l) NS NS NS NS NS NS 

 

a 
Rating: 0%= no control; 100%=complete control. 

b 
Abbreviations: WAT, wk after treatment. 

c 
Averaged across treatments 3 and 4 (See Table 1). 

d 
Averaged across treatments 3, 7, 9, 16, and 18. 

e 
Averaged across treatments 4, 8, 10. 

f 
Averaged across treatments 5, 7, 8, 14, 17, and 18. 

g 
Averaged across treatments 6, 9, 10, 13, 15, and 16. 

h 
Averaged across treatments 11, 13, 14, 15, and 17. 

i
 Mean of treatment 11. 

j
 Averaged across treatments 5 and 6. 

k
 Averaged across treatments 7, 8, 9, 10, 16, and 18. 

l 
Averaged across treatments 13, 14, 15, and 17. 

m 
Letters in parenthesis indicate system means contrasted; values represented by *, **, 

and *** are significant at P = 0.05, 0.01, and < 0.001 respectively. 
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Weed Control in Southern Highbush Blueberry with Flumioxazin, Halosulfuron-

methyl, Mesotrione and Reduced Rates of Hexazinone. 

Stephen L. Meyers, Katherine M. Jennings, and David W. Monks* 

 Field studies were conducted in 2010, 2011, and 2012 in commercial blueberry 

production locations near Burgaw, NC to determine the influence of flumioxazin, 

halosulfuron-methyl, and mesotrione alone and with hexazinone on weed control and 

blueberry crop tolerance.  One week after pre-budbreak herbicide applications (WAT), 

programs containing flumioxazin provided greater meadowbeauty control (100%) than 

those containing hexazinone (38 to 66%).  Flumioxazin plus hexazinone provided greater 

meadowbeauty control (100%) than mesotrione plus hexazinone (53%).  Seven WAT 

herbicide programs containing flumioxazin alone (69%) or in combination with 

hexazinone (69%) provided greater meadowbeauty control than those programs receiving 

only hexazinone (23%).  Meadowbeauty control was poor (< 33%) 16 to 18 WAT.  Two 

wk after a post-harvest application of flumioxazin, the post-harvest application resulted in 

greater meadowbeauty control (68%) compared to the hexazinone plus flumioxazin 

applied pre-budbreak without a post-harvest application of flumioxazin (35%). 

_______________________________________________________ 

* First, second, and third authors:  Graduate Student, Research Assistant Professor, and 

Professor, Department of Horticultural Science, North Carolina State University, Raleigh, 

NC 27695.  Corresponding author’s E-mail: slmeyers@ncsu.edu. 

mailto:slmeyers@ncsu.edu
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Nomenclature: Flumioxazin, glufosinate, halosulfuron-methyl, hexazinone, mesotrione; 

Maryland meadowbeauty (Rhexia mariana L.); Southern highbush blueberry (Vaccinium 

x corymbosum) ‘O’Neal’. 

Key words: Weed control. 
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North Carolina ranks sixth among U.S. states in blueberry production with 17.7 

million kg in 2010 at a farm value of $58 million (NCDA&CS 2011).  Blueberry 

(Vaccinum corymbosum L. and its hybrids and V. ashei Reade) production in North 

Carolina is concentrated in the lower coastal plain (NCDA&CS 2011) where soil 

conditions (organic matter >2%, good drainage, sandy texture, pH 4.0 to 5.0) are optimal 

for blueberry production.  The perennial nature of blueberry production predisposes the 

crop to a diversity of weed species that range from annual herbaceous weeds to 

herbaceous and woody perennial species (Roberts 2009).   

Roberts (2009), from a survey of North Carolina blueberry growers, reported that 

cultivation, hand removal, and herbicides were utilized by 21, 52, and 52% of growers, 

respectively.  Though numerous herbicides are registered for use in blueberry, growers 

rely on a select few.  Among respondents, the greatest acreage of non-bearing blueberry 

was treated with sethoxydim (20%), hexazinone (20%), glyphosate (17%), terbacil 

(17%), oryzalin (12%), and glufosinate (10%) (Roberts 2009).  The greatest acreage of 

bearing bushes was treated with hexazinone (39%), glyphosate (31%), sethoxydim 

(15%), and glufosinate (10%) (Roberts 2009).  Among these herbicides, hexazinone, 

oryzalin, and terbacil provide residual PRE control of select grass and broadleaf weed 

species.  However, to prevent crop injury, terbacil should not be used on sandy soils 

containing less than three percent organic matter.  Sethoxydim provides postemergence 

control of grass weed species.  Glufosinate and glyphosate are applied postemergence but 

do not provide residual weed control.   
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 Hexazinone is a photosystem II inhibitor registered for use in blueberry at a rate 

of 1.1 to 2.2 kg ai ha
-1

 depending upon soil texture and organic matter content.  

Hexazinone has been widely used in blueberry production systems for decades.  

However, it is reportedly highly leachable (Yarborough 1997) and repeated heavy 

reliance on hexazinone may select for hexazinone-tolerant weed species (Jensen and 

Yarborough 2002).  Additionally, uptake of large amounts of hexazinone may contribute 

to decreased photosynthetic ability in blueberry leaves (Baron and Monaco 1986).  The 

findings of Baron and Monaco are also expressed by some North Carolina blueberry 

growers who believe that continued use of hexazinone may reduce blueberry plant vigor 

(K.M. Jennings, personal communication). 

Flumioxazin, a soil-applied protoporphyrinogen oxidase (PPO) inhibitor, was 

registered for use in blueberry in 2008.  Roberts (2009) reported that spring-applied 

flumioxazin at 0.21 to 0.76 kg ha
-1

 provided 77 to 88% and > 98% Maryland 

meadowbeauty (Rhexia mariana L.) control 60 d after treatment (DAT) at two different 

locations.  Roberts  further reported that flumioxazin applications did not result in visual 

blueberry injury, nor did they reduce blueberry yield.  Halosulfuron-methyl (ALS 

inhibitor) and mesotrione (HPPD inhibitor) were also recently registered for use in 

blueberry.  Little is known about how flumioxazin, halosulfuron-methyl, and mesotrione 

fit into production systems in the North Carolina lower coastal plain.  While it is not 

anticipated that flumioxazin, halosulfuron-methyl, or mesotrione can replace hexazinone, 

they may provide control of some weed species controlled by hexazinone and may  
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provide better control of some weed species than hexazinone currently does.  

Furthermore, the addition of flumioxazin, halosulfuron-methyl, and/or mesotrione may 

improve weed control efficacy when used with reduced hexazinone rates currently used 

by blueberry growers in the region.  The objective of the following study was to 

determine the influence of flumioxazin, halosulfuron-methyl, and mesotrione on weed 

control and blueberry crop tolerance and to compare herbicide-based programs with these 

relatively newly registered herbicides to programs containing the maximum labeled rate 

and grower standard rate of hexazinone. 

Materials and Methods 

Field studies were conducted at a commercial blueberry production location near 

Burgaw, NC (34.60°N, 77.85°W) at two locations in 2010 and a single location each in 

2011 and 2012.  All locations were a Murville muck (sandy, siliceous, thermic Typic 

Haplaquods).  Soil in 2012 contained 8 to 12% organic matter, 11 to 23% CEC, and pH 

3.4 to 3.7.  Herbicide programs consisted of pre-budbreak PRE applications of 

flumioxazin, halosulfuron-methyl, hexazinone, and mesotrione alone and in combination 

with one another and one program consisting of pre-budbreak application of 1.1 kg ha
-1

 

hexazinone plus 215 g ha-1 flumioxazin followed by (fb) a post-harvest application of 

215 g ha
-1

 flumioxazin.  Weedy and weed-free checks were included for comparison.  To 

remove emerged weeds, all herbicide applications included 1.3 kg ai ha
-1

 glufosinate.  

Weedy and weed-free check plots received 1.3 kg ha
-1

 glufosinate at the same time as 

pre-budbreak herbicide applications.  (Sources of materials are in Table 6.1).  All  
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herbicide applications were directed to soil beneath blueberry bushes in a 76 cm band on 

both sides of the blueberry row and were applied with a CO2 pressurized backpack 

sprayer calibrated to deliver 187 L ha
-1

 with two 8003 XR nozzle tips (Teejet 

Technologies, Springfield, IL) at 124 kPa.  Treatments and application dates can be found 

in Tables 6.2 and 6.3, respectively.  Plots consisted of 4 bushes 1.2 m apart in rows 3 m 

apart.  The experimental design was a randomized complete block with three replications 

in 2010 and 2011 and four replications in 2012. 

 Data recorded included visual blueberry crop tolerance, weed control ratings 

[scale of 0 (no injury or no control) to 100% (crop death or complete control)], and a 

visual estimate of the percent of treated area occupied by bare ground (2011 and 2012).  

Blueberry tolerance and weed control ratings were recorded 1, 2, 16, and 18 wk after pre-

budbreak treatment (WAT) in 2010; 3, 12, 18, and 22 WAT in 2011; and 1, 2, 5, 7, 18, 

and 22 WAT in 2012.  The final rating was recorded 2 wk after post-harvest applications 

were applied.  All berries (green to fully ripe) were harvested from two bushes per plot 

74 and 87 d after pre-budbreak treatments (DAT) in 2010 and 2011, respectively and a 

single bush per plot 55 DAT in 2012.  Berries were segregated into green and blue berries 

and weighed separately.  Ten 100 green and ten 100 blue berry samples were weighed 

and green berry weight was converted to blue berry weight (Equation 1).  Calculated blue 

blueberry yield data are reported. 

(mean blue berry weight/mean green berry weight) * total green fruit weight [1] 

 Data were subjected to ANOVA and analyzed by SAS PROC GLM  
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(SAS/STAT® 9.2, SAS Institute Inc.) with the fixed effect of treatment and random 

effects of location, replication, and the location by treatment interaction.  Weed control 

and percent bare ground data were subjected to arcsin transformation.  Yield data were 

subjected to square root transformation.  To facilitate the interpretation of results, back-

transformed data are presented.  Means were separated using orthogonal contrasts and 

statistical significance reported at P < 0.05, < 0.01, and < 0.001.  Orthogonal contrasts 

were constructed to make planned pairwise and non-pairwise comparisons of groups of 

programs that differ only in the factor being compared (Swallow 1984). 

 

Results and Discussion 

Blueberry Crop Tolerance. 

 Following pre-budbreak herbicide applications, necrosis was observed on low-

hanging blueberry branches and buds.  Injury to bushes in herbicide program plots was 

similar to check plots receiving only glufosinate.  It was determined that the necrosis was 

a result of glufosinate contacting branches during application.  These low-hanging 

branches as well as those not contacted by herbicides were removed by the commercial 

blueberry farm crew shortly after budbreak in all three years.  No further injury was 

observed throughout the duration of the experiment. 

Weed Control. 

 The predominant weed species at all locations was Maryland meadowbeauty.  

Other abundant weed species were needleleaf rosette grass [Dichanthelium aciculare  
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(Desv. Ex Poir) Gould & C.A. Clark], Carolina redroot [Lachnanthes caroliniana (Lam.) 

Dandy], and Canada goldenrod (Solidago canadensis L.) (Location 2 in 2010).  At all 

locations needleleaf rosette grass was emerged at the time of pre-budbreak herbicide 

application.  Other weed species had not emerged at this herbicide application time.  

Needleleaf rosette grass control was highly variable and could not be correlated to 

treatment effects. 

 One wk after pre-budbreak herbicide applications, programs containing 

flumioxazin provided greater meadowbeauty control (100%) than those containing 

hexazinone (38 to 66%) (Table 6.4).  Flumioxazin plus hexazinone provided greater 

meadowbeauty control (100%) than mesotrione plus hexazinone (53%).  Meadowbeauty 

control trends were similar 2 WAT.  Seven WAT herbicide programs containing 

flumioxazin alone (69%) or in combination with hexazinone (69%) provided greater 

meadowbeauty control than those programs receiving only hexazinone (23%).  Meyers 

(unpublished data) and Roberts (2009) reported that flumioxazin provided greater 

meadowbeauty control than hexazinone, a finding that is supported by data from the 

present study.  Meadowbeauty control was poor (< 33%) 16 to 18 WAT.  Two wk after a 

post-harvest application of flumioxazin, the post-harvest application resulted in greater 

meadowbeauty control (68%) compared to the hexazinone at 1.1 kg ha
-1

 plus flumioxazin 

at 215 g ha
-1

 applied pre-budbreak without a post-harvest application of flumioxazin 

(35%). 

 Percent bare ground 2 WAT was 91% in the weedy check.  All treatments had  
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greater bare ground than the weedy check with the exception of 1.1 and 2.2 kg ha
-1

 

hexazinone alone and mesotrione alone (93% each). (data not shown).  Seven WAT bare 

ground in the weedy check was 56%.  Flumioxazin alone at 215 or 430 g ha
-1

 (76%) or 

with hexazinone (78%) provided greater bare ground than hexazinone alone at 1.1 or 2.2 

kg ha
-1

 (60%) (data not shown).  This trend was similar 16 to 18 WAT as programs 

containing flumioxazin provided greater bare ground (50%) than those containing 

hexazinone (30%) (data not shown).  Two wk after a post-harvest application of 

flumioxazin, the post-harvest application provided greater bare ground (99%) compared 

to hexazinone at 1.1 kg ha
-1

 plus flumioxazin at 215 g ha
-1

 applied pre-budbreak without 

a post-harvest application of flumioxazin (62%). 

Blueberry Yield. 

 Blueberry yield was analyzed by location.  Yield from weed-free controls were 

140 and 160 kg ha
-1

 at Locations 1 and 2, respectively, in 2010; 680 kg ha
-1

 in 2011; and 

10,600 kg ha
-1

 in 2012 (data not shown).  At Location 2 in 2010 and in 2011 and 2012, 

treatment did not influence blueberry yield and mean blueberry yields across all 

treatments were 110, 810, and 8,670 kg ha
-1

, respectively (data not shown).  At Location 

1 in 2010, programs containing 2.2 kg ha
-1

 hexazinone provided greater blueberry yield 

(130 kg ha
-1

) than those containing 1.1 kg ha
-1

 hexazinone (90 kg ha
-1

) and programs 

containing either 2.2 kg ha
-1

 hexazinone or flumioxazin resulted in greater blueberry 

yield (140 kg ha
-1

 each) than programs containing mesotrione (90 kg ha
-1

) (data not 

shown).  State-wide blueberry yield in North Carolina averaged 7,980 kg ha
-1

 in 2010  
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(NCDA&CS 2011).  The lower yields reported in the present study are due to the young  

age of the bushes used in the study.  Bushes used in 2010 and 2011 were in their first and 

second bearing year, respectively.  Bushes used in 2012 were more mature and provided 

yields more comparable to the state-wide average. 

 Herbicide programs containing flumioxazin provided greater control of Maryland 

meadowbeauty than programs containing hexazinone.  For many North Carolina 

commercial blueberry growers whose production locations are predominated by 

Maryland meadowbeauty, the use of flumioxazin should provide greater control than 

either a full or reduced rate of hexazinone.  The use of flumioxazin may also provide 

more flexibility in the grower’s herbicide application schedule.  When the treatment list 

for the present study was developed, flumioxazin was registered for use in blueberry pre-

budbreak and postharvest.  Currently, flumioxazin can be used after budbreak and has a 

preharvest interval of 7 d.  Conversely, as of the 2012 growing season hexazinone must 

be applied pre-budbreak and  has a preharvest interval of 90 d.  Finally, data from the 

present study suggest that multiple herbicide applications may be required to maintain 

acceptable weed control from pre-budbreak through harvest.  While some herbicide 

programs used in the present study reduced weed pressure for several WAT, none 

provided excellent control pre-budbreak through harvest. 
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Table 6.1.  Sources of materials applied in ‘O’Neal’ blueberry at Burgaw, NC in 2010, 2011, and 2012. 

 

Herbicide Trade name Manufacturer Address Website 

 

Flumioxazin Chateau Valent U.S.A. Corp. Walnut Creek, CA valent.com 

Glufosinate Rely 280 Bayer CropScience LP Research Triangle Park, NC bayercropscience.com 

Halosulfuron-methyl Sandea Gowan Co. Yuma, AZ gowanco.com 

Hexazinone Velpar DuPont Wilmington, DE cropprotection.dupont.com 

Mesotrione Callisto Syngenta Crop Protection, Inc. Greensboro, NC syngentacropprotection-us.com 

S-metolachlor Dual Magnum Syngenta Crop Protection, Inc. Greensboro, NC syngentacropprotection-us.com 
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Table 6.2.  Herbicide programs applied in ‘O’Neal’ blueberry in 2010, 2011, and 2012. 
 

Pre-budbreaka Postharvest 

 

1. Weedy checkb None 

2. Weed-free check None 

3. Hexazinone 1.1 kg ha-1 None 

4. Hexazinone 2.2 kg ha-1 None 

5. Flumioxazin 215 g ha-1 None 

6. Flumioxazin 430 g ha ha-1 None 

7. Hexazinone 1.1 kg ha-1 + flumioxazin 215g ha-1 None 

8. Hexazinone 2.2 kg ha-1 + flumioxazin 215 g ha-1 None 

9. Hexazinone 1.1 kg ha-1 + flumioxazin 215g ha-1 flumioxazin 215 g ha-1 

10. Mesotrione  105 g ha-1 None 

11. Hexazinone 1.1 kg ha-1 + mesotrione 105 g ha-1 None 

12. Hexazinone 2.2 kg ha-1 + mesotrione 105 g ha-1 None 

13. Flumioxazin 215 g ha-1 + mesotrione 105 g ha-1 None 

14. Flumioxazin 430 g ha-1 + mesotrione 105 g ha-1 None 

15. Halosulfuron-methyl 40 g ha-1c None 

16. Halosulfuron-methyl 40 g ha-1 + hexazinone 1.1 kg ha-1 None 

 

a
 All herbicide applications included 1.3 kg ha

-1
 glufosinate. 

b
 Weedy and weed-free checks received 1.3 kg ha

-1
 glufosinate pre-budbreak to remove 

emerged weeds. 

c
Treatments 15 and 16 applied in 2011 and 2012.
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Table 6.3.  Herbicide application and harvest dates. 

 

 2010 2011 2012 

 

Pre-budbreak PRE March 27 March 9 March 23 

Harvest June 9 June 4 May 18 

Post-harvest PRE July 15 July 18 July 25 

 

 1  
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Table 6.4.  Maryland meadowbeauty control at Burgaw, NC in 2010, 2011, and 2012. 

 

 Meadowbeauty controla (WAT)b 

  

Treatment 1 2 7 16 to 18 

 

  %  

Hexazinone 1.1 and 2.2  kg ha-1 alonec 38 27 23 28 

Flumioxazin 215 and 430 g ha-1 aloned 100 91 69 30 

Flumioxazin plus mesotrionee 100 90 76 31 

Hexazinone plus mesotrionef 66 40 60 31 

Flumioxazin plus hexazinoneg 100 92 69 33 

Flumioxazin with and without hexazinoneh 100 92 69 31 

Mesotrione with and without hexazinonei 53 40 53 26 

     

Contrastj     

 

Flumioxazin vs hexazinone (c vs d) *** *** *** NS 

Flumioxazin + mesotrione vs hexazinone + mesotrione (e vs f) ** *** NS NS 

Hexazinone + flumioxazin vs hexazinone alone (g vs c) *** *** *** NS 

Flumioxazin vs mesotrione (h vs j) *** *** NS NS 

 

a
Rating: 0%= no control; 100%=complete control.
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Table 6.4 Continued 

b
Abbreviations: WAT, wk after treatment. 

c
Averaged across treatments 3 and 4 (See Table 1). 

d
 Averaged across treatments 5 and 6. 

e
 Averaged across treatments 13 and 14. 

f
 Averaged across treatments 11 and 12. 

g
 Averaged across treatments 7 and 8. 

h
 Averaged across treatments 5, 6, 7, and 8. 

i
 Averaged across treatments 10, 11, and 12. 

j 
Letters in parenthesis indicate system means contrasted; values represented by *, **, and 

*** are significant at P = 0.05, 0.01, and < 0.001 respectively. 
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APPENDIX 
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Appendix A.  Photos of Carolina redroot control. 

 

 

 

A B 

C D 

Carolina redroot controlled (A) 0%, (B) 20%, (C) 60%, and (D) 80%. 


