
ABSTRACT 

PEKAREK, RYAN ANDREW. Evaluation of a ‘Caliente’ Mustard Cover Crop, S-

metolachlor, Imazosulfuron, and Thifensulfuron-methyl for Weed Control in Bell Pepper. 
(Under the direction of David W. Monks.) 
 

Bell pepper production has relied on pre-plant fumigation with methyl bromide under 

polyethylene mulch for weed control.  With the pending loss of methyl bromide under the Montreal 

Protocol and the lack of registered herbicides to control yellow nutsedge and broadleaf weeds, new 

weed management strategies for bell pepper are needed.   

Studies were conducted near Clinton, NC, in 2007 and 2008 to evaluate effects of a ‘Caliente’ 

mustard cover crop in four vegetable cultural systems on weed and nematode populations.  Cultural 

systems included a flat seed bed (TILL), a raised bed with no mulch (RAISED), low density 

polyethylene mulch (LDPE), and virtually impermeable film (VIF) mulch.   The ‘Caliente’ mustard 

cover crop did not reduce weed populations.  The mulched treatments (LDPE and VIF) reduced 

yellow nutsedge populations compared to the non-mulched (RAISED and TILL).  No differences 

between the two polyethylene mulches were detected.  More large crabgrass, goosegrass, and smooth 

pigweed were present in the RAISED compared to the TILL treatments.  The ‘Caliente’ mustard 

cover crop generally had no effect on nematode populations, but ring and bacterivore nematode 

populations increased compared to bareground.  The polyethylene mulches generally did not affect 

nematode populations.  However, polyethylene mulched treatments increased ring nematode 

populations compared to non-mulched treatments.  Omnivore, root-knot, and spiral nematode 

populations were unaffected by treatments.        

Greenhouse and field studies were conducted to evaluate bell pepper tolerance imazosulfuron 

and thifensulfuron-methyl.  Imazosulfuron was applied postemergence-over-the-top (POST-OTT) at 

56, 112, 224, 336, or 448 g ai/ha.  Thifensulfuron-methyl was applied POST-OTT at 2.6, 5.3, 10.5, 

21.0, or 31.6 g ai/ha.  In the greenhouse over 2 years, bell pepper injury from imazosulfuron POST-

OTT ranged from 12 to 27%.  Reductions in plant height were generally minor.  Injury due to 



thifensulfuron-methyl POST-OTT ranged from 41 to 61% in the greenhouse.  Similar trends were 

observed for leaf chlorosis and distortion.  Thifensulfuron-methyl tended to decrease numbers of 

buds, flowers, and fruits in the greenhouse.  In the field at 3 locations, bell pepper injury from 

imazosulfuron applied postemergence-directed (POST-DIR) was less than 10% at all ratings.  Height 

and yield were not reduced.  Total and marketable yield averaged 40,300 and 35,810 kg/ha, 

respectively, across locations.  Bell pepper injury from thifensulfuron-methyl applied POST-DIR in 

the field was less than 20% with all rates and below 10% when rates below 10.6 g ai/ha 

thifensulfuron-methyl were applied.  Thifensulfuron-methyl did not reduce stand or height.  

Thifensulfuron-methyl did not affect total bell pepper yield (39,310 kg/ha across locations), however, 

reductions in Fancy yield were observed.  No. 1 and cull yield grades tended to increase with 

increasing thifensulfuron-methyl, apparently compensating for lost Fancy grade yield.       

Studies were also conducted at 4 site-years in North Carolina in 2007 and 2008 to evaluate 

the effects of ‘Caliente’ mustard cover crops, bareground, S-metolachlor preemergence (PRE), and 

imazosulfuron POST-DIR on weed control, bell pepper height, injury, stand, and yield.  S-

metolachlor injury to bell pepper was generally less than 15% at all sites except 3 WAT at HRCS 

2007.  S-metolachlor provided greater than 88% control of fall panicum, goosegrass, and large 

crabgrass.  Control of carpetweed, common and pink purslanes, and hairy galinsoga ranged from 42 

to >90%.  Yellow nutsedge control with S-metolachlor and imazosulfuron ranged from 15 to 63% and 

76 to 84%, respectively.  Imazosulfuron did not injure pepper.  S-metolachlor at 1.6 kg ai/ha reduced 

yield of bell pepper in some instances, although, overall yield reductions were minor.  ‘Caliente’ 

mustard did not routinely increase weed control and only increased Fancy grade yield at HCRS 2007.  

‘Caliente’ mustard reduced Fancy grade bell pepper yield at the MHCRS site compared to a 

bareground check.  Benefits of the ‘Caliente’ mustard cover crop were transient to non-existent.           
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Effect of Vegetable Cultural Systems on Weeds and Nematodes 

Ryan A. Pekarek, David W. Monks, Katherine M. Jennings, Greg D. Hoyt, and Nancy G. 

Creamer* 

 

Abstract 

Studies were conducted near Clinton, North Carolina, in 2007 and 2008 to evaluate the 

effects of a ‘Caliente’ mustard cover crop in four vegetable cultural systems on weed and 

nematode populations.  Cultural systems included a flat seed bed (TILL), a raised bed 

with no mulch (RAISED), a raised bed covered with LDPE mulch (LDPE), and a raised 

bed covered with VIF mulch (VIF).  The ‘Caliente’ mustard cover crop did not affect 

populations of carpetweed, common lambsquarters, Florida pusley, goosegrass, large 

crabgrass, pink purslane, smooth pigweed, and yellow nutsedge.  The mulched treatments 

(LDPE and VIF) reduced yellow nutsedge populations compared to the non-mulched 

(RAISED and TILL) treatments.  No differences in yellow nutsedge control were 

observed between the two polyethylene mulches.  The two mulches completely inhibited 

emergence of grass and broadleaf weeds.  More large crabgrass (2007 and 2008), 

goosegrass (2008), and smooth pigweed (2008) were present in the RAISED compared to 

                                                 
* First, second, third, and fifth authors:  Graduate Student, Professor, Assistant Professor, 
and Professor, Department of Horticultural Science, N. C. State University, Raleigh, NC 
27695; Fourth author:  Professor, Department of Soil Science, N. C. State University, 
Mountain Horticultural Crops Research and Extension Center, 455 Research Drive, Mills 
River, NC 28732.  Corresponding author’s E-mail:  rapekare@ncsu.edu.   
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the TILL treatments.  The ‘Caliente’ mustard cover crop generally had no effect on 

nematode populations, but ring (2007) and bacterivore (2008) nematode populations were 

increased compared to the bareground check.  The polyethylene mulches generally had 

no effect on nematode populations.  Omnivore, root-knot, and spiral nematode 

populations were unaffected by cover crop and cultural system treatments.  However, 

polyethylene mulched treatments increased ring nematode populations compared to non-

mulched treatments.   

 

Nomenclature:  carpetweed, Mollugo verticillata L. MOLVE; common lambsquarters, 

Chenopodium album L. CHEAL; Florida pusley, Richardia scabra L. RCHSC; 

goosegrass, Eleusine indica (L.) Gaertn. ELEIN; large crabgrass, Digitaria sanguinalis 

(L.) Scop. DIGSA; pink purslane, Portulaca pilosa L. PORPI; smooth pigweed, 

Amaranthus hybridus L. AMACH; yellow nutsedge, Cyperus esculentus L. CYPES; 

‘Caliente’ mustard, Brassica juncea L. Czern. & Cross and Sinapsis alba L.   

Key words:  Biofumigation, Brassicaceae, cover crop, cultural control, glucosinolate, 

isothiocyanate, LDPE, polyethylene mulch, VIF. 
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Introduction 

Interest is growing in developing pest management programs that utilize reduced 

pesticide rates or no pesticide applications.  Additionally, the reduction in use of 

fumigants through Critical Use Exemptions and the impending loss of methyl bromide as 

a pest control strategy will force growers to implement new strategies for controlling 

pests such as weeds and nematodes (Gilreath et al. 2004, 2005).  Cultural controls such as 

cover crops or selection of production system (i.e. plasticulture vs. non-mulched systems) 

have been reported to aid in weed control in the absence of herbicides (Al-Khatib et al. 

1997; Norsworthy et al. 2005).  Finally, new types of polyethylene mulch, such as 

virtually impermeable films (VIF), are being developed that allow application of soil 

applied pesticides at reduced rates while maintaining their effectiveness for an increased 

amount of time (Santos et al. 2005). All of these tactics (cover crops, cultural controls, 

and polyethylene mulches) should be utilized together to effectively control pests without 

pesticides (Charron and Sams 1999; Webster et al. 2001).   

Biofumigation is a potential control option for weeds and nematodes which would 

reduce or eliminate pesticide applications in vegetable crop production (Al-Khatib et al. 

1997; Norsworthy et al. 2005).  Brassicaceae cover crops have been evaluated as a 

replacement for methyl bromide fumigation in strawberry production (Lazzeri et al. 

2003).  ‘Caliente’ mustard is a mixture of white mustard (Sinapsis alba) and Indian 

mustard (Brassica juncea) commercialized to give growers a non-chemical pest control 

option (Norsworthy et al. 2005).  Biofumigant cover crops, such as rapeseed and canola, 
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have been utilized to control disease-causing pathogens in cropping systems that are 

based on cereal grain production (Angus et al. 1994; Kirkegaard et al. 2000).  

Biofumigant cover crops have been shown to suppress growth (biomass or population) of 

some weeds (Beckie et al. 2008).  Pure isothiocyanates have been shown to suppress the 

growth of numerous weeds that are problematic in NC vegetable production systems 

(Norsworthy et al. 2006; Norsworthy and Meehan 2005a, 2005b), although many of these 

studies did not evaluate isothiocyanates in field-based systems.  Nematode populations 

can be reduced or stabilized with the utilization of biofumigant cover crops (Lazzeri et al. 

1993).  Metham (methylcarbamodithioic acid) converts to methyl isothiocyanate when 

applied to soil, and helped reduce nematode populations in pepper (Capsicum annuum) 

and squash (Cucurbita pepo) compared to a non-fumigated check (Webster et al. 2001).  

Additionally, the inclusion of a cover crop in a vegetable production system can have the 

added benefits of increasing organic matter and suppressing weed growth during the 

portions of the year when fields are not actively being cropped (Creamer and Baldwin 

2000; Hoyt et al. 2004). 

The diverse mix of vegetable crops grown in North Carolina allows growers to utilize 

many production systems (Holmes 2008).  Crops such as watermelon (Citrullus lanatus) 

and muskmelon (Cucumis melo) are grown in both bareground and plasticulture systems.  

Sweetpotatoes (Ipomoea batatas) are almost exclusively grown on bedded land.  

Solanaceous crops [tomato (Lycopersicon esculentum), pepper, and eggplant (Solanum 

melongena)] are grown in both bedded bareground and plasticulture systems depending 
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on the final market destination of the crop.  Leafy greens, such as collards (Brassica 

oleracea var. acephela), kale (B. oleracea var. acephela), lettuce (Lactuca sativa), 

mustard (B. juncea), and turnips (B. rapa var. rapa), are grown in a variety of cultural 

systems ranging from non-bedded bareground to plasticulture systems.  This wide variety 

of crops and cropping systems that contribute to different cropping environments, and the 

present and future need for new pest management strategies, makes cover crops, such as 

‘Caliente’ mustard, potentially useful components of vegetable production systems.  As 

mentioned above, Brassicaceae cover crops are thought to be an effective method to 

control a wide variety of pests including weeds (Haramoto and Gallandt 2005; 

Norsworthy et al. 2005), nematodes (Lazzeri et al. 1993), and disease causing pathogens 

(Charron and Sams 1999).  Therefore, the objective of this study was to determine the 

effects of a ‘Caliente’ mustard cover crop and vegetable cultural systems on weed and 

nematode populations. 

   

Materials and Methods 

Field studies were conducted at the Horticultural Crops Research Station, Clinton, 

North Carolina, in 2007 and 2008.  The soil in both years and fields (designated ‘North’ 

and ‘South’) was a Wagram loamy sand (loamy, kaolinitic, thermic Arenic Kandiudults).  

Soil pH in 2007 was 6.5 and 6.3 at the North and South sites, respectively, and in 2008 

was 6.3 and 5.9 at the North and South sites, respectively.   



   
 

6 

The experimental design for all studies was a randomized complete block design with 

five replications.  Treatments were applied in a split plot design with ‘Caliente’ mustard 

cover crop or bareground applied to main plots.  Subplots were the cultural systems and 

consisted of rotary tilling to produce a level seed bed (TILL), raised bed without plastic 

mulch (RAISED), raised bed covered with LDPE mulch (LDPE), and raised bed covered 

with VIF mulch (VIF).  Year, cover crop and cultural system treatments were fixed-effect 

factors; replication was a random-effect factor. Main plots were 7.3 by 6.1 m, and 

subplots were a single 6.1 m bed.  A 1.5-m alley separated all main plots.  Prior to 

establishing main plots, the fields were moldboard plowed to a depth of 20 cm and 

disked.  Lime (1,120 kg/ha) and fertilizer (84 kg/ha N and 168 kg/ha K20) were applied 

with a drop spreader1 based on soil test results.  Finally, the field was field cultivated to 

establish a smooth seed bed. 

‘Caliente’ mustard2 was broadcast seeded at 14.6 kg/ha on March 6, 2007 and March 4, 

2008.  In 2008 an empty Brillion seeder3 was passed over all main plots to firm the seed 

bed after broadcasting and improve emergence (based on observations in 2007).  Both 

years supplemental irrigation (0.6 to 0.9 cm) was applied twice per wk in weeks that no 

rainfall was received at HCRS.  Glyphosate4 (1.54 kg/ha) was applied 4 wk after seeding 

(WAS) to control weeds in bareground main plots.  When the ‘Caliente’ mustard cover 

crop was approximately 15 cm in height and beginning to bolt, a top-dress application of 

84 kg/ha N was applied with a drop spreader1.    
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On May 16, 2007 and May 13, 2008, subplot treatments were initiated.  The ‘Caliente’ 

mustard was setting pods and developing seeds were still immature.  A flail chopper5 was 

used to chop cover crop biomass prior to incorporation.  A vertical-action power driven 

tiller6 operating 15 cm deep was passed over all plots to incorporate the ‘Caliente’ 

biomass into the soil profile.  The whole field area was then bedded.  Plots that were to 

receive the TILL treatment were then treated again with the vertical-action power driven 

tiller to remove the bed and leave a flat soil surface.  LDPE7 and VIF8 mulches and drip 

tape was laid.  The mulches were cut at the end of each plot and soil piled on the end of 

the plastic mulch to prevent lateral movement of ‘Caliente’ degradation chemicals 

between bareground and ‘Caliente’ treatments and prevent wind from lifting the mulch.  

Beds were irrigated immediately after establishment of the subplots to activate the 

hydrolysis reactions converting the glucosinolates in the ‘Caliente’ cover crop biomass to 

isothiocyanates.  Further irrigation was applied twice weekly during the study to maintain 

active weed emergence and growth.     

Weed counts were taken at 2, 4, and 6 wk after treatment (WAT).  Two randomly 

placed quadrats (0.09 m2) were counted in each plot at each rating time.  The number of 

each weed species present in each quadrat was recorded.  Quadrats were centered over 

the drip tape.  Immediately after the 4 WAT weed counts were collected, a transplant-

hole punch (single row of holes spaced 24” apart) was passed over all plastic mulched 

plots.  Each quadrat counted 6 WAT included one transplant hole within the quadrat 

boundary.  Weeds present and analyzed at the North location included yellow nutsedge 



   
 

8 

[Cyperus esculentus] (2007 and 2008), large crabgrass [Digitaria sanguinalis] (2007 and 

2008), Florida pusley [Richardia scabra] (2007 and 2008), and carpetweed [Mollugo 

verticillata] (2007).  Weeds analyzed at the South location included goosegrass [Eleusine 

indica] (2007 and 2008), common lambsquarters [Chenopodium album] (2007 and 2008), 

and smooth pigweed [Amaranthus hybridus] (2008).  Pink purslane [Portulaca pilosa] 

was present at both the North and South locations in 2007.      

Soil samples (5 cores per plot, 2.5 cm wide by 15 cm deep) were extracted at 6 WAT in 

2007 and 12 WAT in 2008 to determine treatment effects on nematode populations.  The 

5 cores from each plot were bulked and homogenized to yield one soil sample per plot.  

Samples were stored at 4 oC until nematodes were extracted and identified (Imbriani 

1985).  Data were recorded on the number of each type of nematode per 500 ml of field 

soil.  Nematodes that were present in numbers great enough to warrant analysis included 

the trophic groups of Bacterivores [Rhabditidae], Fungivores [Aphelenchidae], 

Omnivores [Dorylaimidae], and Predators [Mononchidae] (F. Louws, personal 

communication; Garcia-Alvarez et al. 2004).  The plant-parasitic nematodes identified at 

the Genus level included ring [Criconemella], root-knot [Meloidogyne], stubby-root 

[Paratrichodorus], stunt [Tylenchorhynchus], and spiral [Rotylenchus] (Agrios 2005).  

Analysis of variance was conducted with PROC MIXED of SAS9 at the 0.05 

significance level (p = 0.05).  Weed counts from the two quadrats counted within each 

plot were averaged to generate one mean weed density for analysis.  Cover crop, cultural 

system treatments, year and their interactions were fixed effects; replication within year 
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and the replication by main plot within year interaction were random effects.  Visual 

analysis of residual plots was used to examine validity of statistical assumptions and if 

transformation of raw data were necessary. Separate residual variances were fit to 

account for heterogeneity of residuals when necessary (Littell et al. 2006).   Where 

analysis of variance indicated significant differences (p < 0.05) among treatments, 

CONTRAST statements were used to study differences among treatments.  When 

interactions among year and cultural system treatments were significant (p < 0.05), 

contrasts were generated on the cultural system treatments within each study year.  Each 

location’s (North and South) data were analyzed separately due to differences in 

topography and weed species present.   
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Results and Discussion 

Weeds.  The effect of cover crop treatment was not significant at the North and South 

locations at all rating times for all of the weeds analyzed.  Therefore, means presented 

below and in Tables 1 through 8 are averaged over cover crop treatments.  Interactions of 

year by cover crop or cover crop by cultural system were not significant for weed 

populations.   

Yellow nutsedge population at the North location was not affected by cover crop 

treatment at any rating time (2, 4, and 6 WAT).  Contrast results were similar at all rating 

times, although the year by cultural system interaction was significant 4 WAT (Table 1).  

Yellow nutsedge populations were lower in the mulched treatments than in the non-

mulched treatments at all rating times (Table 1).  There were no differences in yellow 

nutsedge populations for the two mulch treatments and for the two non-mulched 

treatments (Table 1).   

Large crabgrass was present at the North location 4 and 6 WAT and not affected by 

cover crop treatment (Table 1).  No large crabgrass emerged in the LDPE and VIF 

treatments, even after transplanting holes had been punched 4 WAT.  The RAISED 

treatment had greater large crabgrass population than the TILL treatment 4 WAT 

(averaged across years) and 6 WAT in 2008.  No difference in large crabgrass population 

6 WAT in 2007 among RAISED and TILL was observed.   

Carpetweed was present at the North location in 2007 at 4 and 6 WAT.  No carpetweed 

emerged in the mulched treatments.  No difference in carpetweed populations occurred 4 
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or 6 WAT between the RAISED and TILL treatments (Table 2).  Lower populations 6 

WAT compared to 4 WAT are likely due to carpetweed being suppressed by the larger, 

more competitive weeds (yellow nutsedge and large crabgrass) at this location.   

Florida pusley was present at the North location and not affected by year or cover crop 

treatment, so all means presented are averaged across 2007 and 2008 and cover crop 

treatments (Table 2).  Population counts 4 WAT were square-root transformed to 

normalize the data, but non-transformed means are presented.  Like large crabgrass, no 

Florida pusley emerged in the mulched treatments.  The only differences in Florida 

pusley populations were between the mulched and non-mulched treatments. 

Pink purslane was present 4 and 6 WAT at the North and South location in 2007, but 

locations were analyzed separately (Table 3).  No pink purslane emerged in the mulched 

treatments, even 6 WAT after transplant holes were punched.  However, in the RAISED 

and TILL treatments, pink purslane density ranged from 5 to 9 plants/0.9 m2 and 7 to 11 

plant/0.9m2 at the North and South locations (Table 3), respectively.   

Goosegrass was present at the South location 4 and 6 WAT.  The interaction of year by 

cultural system treatment was significant at both rating times, so means of the cultural 

systems are presented within separate years.  This interaction was likely caused by the 

greater populations in the non-mulched treatments in 2008 (Table 4).  In 2007 at both 

rating times the only difference observed was between the mulched and non-mulched 

treatments.  In 2008 at 4 and 6 WAT the RAISED treatment had greater goosegrass 

populations than the TILL treatment (Table 4).   
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Common lambsquarters was present in the South location at all rating times (Table 5).  

The effect of year was not significant, so means are averaged across 2007 and 2008 at all 

rating times.  Plastic mulched completely inhibited the emergence of common 

lambsquarters.  No emergence was noted after transplant holes were punched 4 WAT.  

Populations in the RAISED and TILL treatments were similar at all rating times (Table 

5).   

Smooth pigweed was present at the South location at all rating times (Table 5).  The 

effect of year was not significant, so means are averaged across 2007 and 2008.  Plastic 

mulched completely inhibited the emergence of smooth pigweed, even 6 WAT after 

transplant holes had been punched.  The RAISED treatment (9 smooth pigweed/0.9m2) 

had greater smooth pigweed population than TILL treatment (3 smooth pigweed/0.9m2) 2 

WAT (Table 5).  There was no difference between smooth pigweed populations in the 

RAISED and TILL 4 and 6 WAT (Table 5).       

The inclusion of a ‘Caliente’ mustard cover crop in the four vegetable cultural systems 

consistently failed to give any measurable weed control benefit by reducing weed 

populations compared to a bareground check.  Both LDPE and VIF mulch completely 

inhibited emergence of all weeds, except yellow nutsedge.  No differences in yellow 

nutsedge populations among the two mulched treatments were observed (Table 1).   

Inclusion of ‘Caliente’ mustard into the cultural systems provided no additional benefit to 

the physical impedance on weed emergence imposed by polyethylene mulches (Lamont 

1993).   
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Nematodes.  Nematode populations (number of nematodes/500 ml soil) tended to vary 

by year and were often times not affected by the experimental factors of cover crop and 

cultural system.  Population of bacterivore nematodes at the North location was affected 

by the interaction of year and cover crop (Table 6).  In 2007 no difference in bacterivore 

population was observed, while in 2008 the Caliente treatment (1663 nematodes/500 ml 

soil) increased bacterivore population compared to the bareground treatment (1002 

nematodes/500 ml soil).  No differences in cultural systems were observed at the North 

location.  At the South location, population of bacterivore nematodes was affected by 

cover crop and cultural system, but no interaction of these factors occurred (Table 6).  

Again, Caliente mustard increased bacterivore populations.  Cultural systems treatments 

without plastic mulch had greater bacterivore populations than the polyethylene mulch 

treatments.   

Predator nematode populations were affected by year only at the South location (data 

not shown).  At the North location, predator nematodes were not affected by cover crop 

treatment but were affected by the interaction of year by cultural system (Table 7).  In 

2007 no differences in nematode population among the cultural system treatments were 

detected (Table 7).  In 2008 there were fewer nematodes in the non-mulched treatments 

(RAISED and TILL) compared to the mulched treatments (LDPE and VIF).  No 

difference in predator populations among the LDPE and VIF treatments were observed 

(Table 7).   
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Stunt nematode populations were not affected by cover crop or cultural system 

treatments at the North location, but differences between 2007 and 2008 occurred (data 

not shown).  At the South location, stunt nematode populations were affected by the 

interaction of year by cultural system (Table 7).  There were fewer nematodes in the 

mulched cultural systems compared to the non-mulched cultural systems.  More stunt 

nematodes were found in VIF compared to LDPE.  Santos et al (2005) reported fewer 

stunt nematodes following fumigation and VIF mulch compared to fumigation and 

LDPE.  There was no difference in stunt nematode populations following the two non-

mulched treatments.   

Ring nematode populations at the North location were affected by the interaction of 

year by cover crop (Table 8).  In 2007 there were more ring nematodes in the Caliente 

treatment (321 ring nematodes/500 ml soil) compared to the bareground treatment (171 

ring nematodes/500 ml soil).  In 2008 differences in ring nematode population between 

the cover crop treatments were not observed.  Ring nematode populations at the South 

location were affected by the interaction of cover crop and cultural system (Table 8).  

Since year was non-significant, means were averaged over 2007 and 2008.  No 

differences in ring nematode populations among the cultural systems in the bareground 

treatment were detected.  In the Caliente mustard cover crop treatment, there were more 

nematodes in the mulched treatments compared to the non-mulched.  LDPE had higher 

ring nematode populations than VIF.  Ring nematode populations did not differ between 

the two non-mulched treatments, RAISED and TILL (Table 8).   
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Fungivore nematodes were not affected by cover crop or cultural system at the North 

location but did vary by year (data not shown).  At the South location, fungivore 

population was affected by the three-way interaction of year by cover crop by cultural 

system.  In 2007 at the South location there were more fungivore nematodes in the non-

mulched treatments compared to those treatments with mulch after both bareground and 

Caliente mustard (Table 9).  There were no differences between the two plastic mulches 

or in the two non-mulched treatments.  No differences in fungivore nematode populations 

were evident in 2008 at the South location (Table 9).      

Populations of omnivore, root-knot, spiral, and stubby-root nematodes were not 

affected by cultural system treatments.  Population of omnivore nematodes was not 

affected cover crop or cultural system treatments, but did vary by study year (data not 

shown).  Root-knot and spiral nematode population, important pests of numerous 

vegetable crops in NC, were not affected by any experimental factor (year, cover crop, 

and cultural system).  Stubby-root nematode population was sufficient for analysis in 

both years but only at the South location.  Analysis of residual plots of stubby-root 

nematode counts indicated square root transformation was necessary.  Stubby-root 

nematode populations were 10 and 4 nematodes/500 ml soil (non-transformed means) in 

the Caliente and bareground treatments, respectively.   

The inclusion of the ‘Caliente’ mustard cover crop had no effect or increased nematode 

populations.  None of the nematode populations in this study were reduced by the 

‘Caliente’ cover crop.  The polyethylene mulches either reduced or had no effect on 
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nematodes populations studied compared to the non-mulched cultural systems.  Only ring 

nematode populations were increased in the mulched plots compared to non-mulched 

plots.  Additionally, in this study ‘Caliente’ mustard failed to reduce the populations of 

yellow nutsedge, and grasses and dicot weeds.  The results of this study indicate that NC 

growers should not rely on a ‘Caliente’ mustard cover crop for weed or nematode 

suppression under the conditions (late-winter seeding followed by spring incorporation) 

utilized in these experiments.    
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Sources 

1 Gandy drop spreader, Gandy Company, Owatonna, MN.   

2 ‘Caliente’ cover crop seed, Connell Grain Growers, Connell, WA. 

3 Brillion seeder, Brillion Farm Equipment, Brillion, WI.   

4 Roundup WeatherMax herbicide, Monsanto Company, St. Louis, MO.   

5 JD 115 flail chopper, Deere and Company, Moline, IL. 

6 Howard rotovator, Kongskilde Industries, Soroe, Denmark.   

7 LDPE 0.6 mil polyethylene mulch, BB Hobbs, Clinton, NC.   

8 VIF 1.25 mil polyethylene mulch, Caleco Soil Services, Inc., Rocky Point, NC.   

9 SAS Version 9.1, SAS Institute, Inc., Cary, NC.   
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Table 1.1  Effect of cultural systems on yellow nutsedge and large crabgrass populations 

and contrast results at the North location in 2007 and 2008, Clinton, NC.   

  ____ Yellow nutsedge ____  __ Large crabgrass __  

 2 WATa 4 WAT 6 WAT 4 WAT 6 WAT 

Cultural system -b 2007 2008 - - 2007 2008 

      _________________ Density (number/0.9 m2) ________________ 

LDPE 3 5 6 8 0 0 0 

VIF 3 4 5 8 0 0 0 

RAISED  23 53 31 41 11 6 20 

TILL 27 54 40 47 6 3 10 

        

Contrast Significance 

        

Mulched v. Non-mulched  *c * * * * * * 

LDPE v. VIF NS NS NS NS NS NS NS 

RAISED v. TILL NS NS NS NS * NS * 

   a WAT, wk after treatment.   

   b Averaged over 2007 and 2008. 

  c *, significant (p ≤ 0.05); NS, not significant (p > 0.05).   
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Table 1.2  Effect of cultural systems on carpetweed populations in 2007 and Florida 

pusley populations in 2007 and 2008 and contrast results at the North location, Clinton, 

NC.    

  ___ Carpetweed ___ ____ Florida pusley ____ 

Cultural system 4 WATa 6 WAT 2 WAT 4 WAT 6 WAT 

 ______________ Density (number/0.9 m2) ______________ 

LDPE 0 0 0 0 0 

VIF 0 0 0 0 0 

RAISED 6 2 15 4 7 

TILL 8 3 12 7 11 

      

Contrast Significance 

      

Mulched v. Non-mulched *b * * * * 

LDPE v. VIF NS NS NS NS NS 

RAISED v. TILL NS NS NS NS NS 

   a WAT, wk after treatment.   

   b *, significant (p ≤ 0.05); NS, not significant (p > 0.05).   
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Table 1.3  Effect of cultural systems on pink purslane populations and contrast results at 

the North and South locations in 2007, Clinton, NC. 

  ____ North ____ ____ South ____ 

Cultural system 4 WATa 6 WAT 4 WAT 6 WAT 

 ______________ Density (number/0.9 m2) ______________ 

LDPE 0 0 0 0 

VIF 0 0 0 0 

RAISED 5 9 11 7 

TILL 7 9 9 8 

     

Contrast Significance 

     

Mulched v. Non-mulched  *b * * * 

LDPE v. VIF NS NS NS NS 

RAISED v. TILL NS NS NS NS 

  a WAT, wk after treatment.   

   b *, significant (p ≤ 0.05); NS, not significant (p > 0.05).   
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Table 1.4  Effect of cultural systems on goosegrass populations and contrast results at the 

South location in 2007 and 2008, Clinton, NC. 

  ___  4 WATa ____ ____ 6 WAT ____ 

Cultural system 2007 2008 2007 2008 

 _____________ Density (number/0.9 m2) _____________ 

LDPE 0 0 0 0 

VIF 0 0 0 0 

RAISED 4 72 3 53 

TILL 2 26 3 11 

     

Contrast Significance 

     

Mulched v. Non-mulched  *b * * * 

LDPE v. VIF NS NS NS NS 

RAISED v. TILL NS * NS * 

   a WAT, wk after treatment.     

   b *, significant (p ≤ 0.05); NS, not significant (p > 0.05).   
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Table 1.5  Effect of cultural systems on common lambsquarters and smooth pigweed 

populations in 2008 at the South location, Clinton, NC.   

  Common lambsquarters Smooth pigweed 

Cultural system 2 WATa 4 WAT 6 WAT 2 WAT 4 WAT 6 WAT 

 _______________ Density (number/0.9 m2) _______________ 

LDPE 0 0 0 0 0 0 

VIF 0 0 0 0 0 0 

RAISED 25 20 12 9 4 1 

TILL 14 12 10 3 4 1 

       

Contrast Significance 

       

Mulched v. Non-mulched  *b * * * * * 

LDPE v. VIF NS NS NS NS NS NS 

RAISED v. TILL NS NS NS * NS NS 

   a WAT, wk after treatment. 

     b *, significant (p ≤ 0.05); NS, not significant (p > 0.05).   
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Table 1.6  Effect of cover crop and cultural systems on bacterivore nematode populations 

and contrast results at the North and South locations in 2007 and 2008, Clinton, NC. 

  Northa Southb 

Cover crop 2007 2008 - 

 _____ nematodes/500 ml soil _____  

Caliente 860 1,663 1,213 

Bareground 896 1,002 714 

    

Cultural system    

LDPE 797 1,172 677 

VIF 623 1,460 661 

RAISED 974 1,224 1,427 

TILL 1,118 1,473 1,090 
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Table 1.6 continued 

Contrast Significance 

    

Caliente v. Bareground  NSc * * 

    

Mulched v. Non-mulched - - * 

LDPE v. VIF - - NS 

RAISED v. TILL - - NS 

   a Bacterivore nematode counts at the North location was affected by the interaction of 

year and cover crop, so means are presented separately for 2007 and 2008.  The effect of 

cultural systems was not significant, so no contrast results are given.   

   b Bacterivore nematode counts at the South location was affected by cover crop and 

cultural system.  No interaction among experimental factors (year, cover crop, cultural 

system) occurred at the South location, so main effects are presented.  Population means 

are averaged across 2007 and 2008.     

   c *, significant (p ≤ 0.05); NS, not significant (p > 0.05).   
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Table 1.7  Effect of cultural systems on predator nematode populations at the North 

location and stunt nematode populations at the South location and contrast results in 2007 

and 2008, Clinton, NC.  

  Predator Stunt 

Cultural system 2007 2008 2007 2008 

 ___________ nematodes/500 ml soil ___________ 

LDPE 25 0 59 45 

VIF 12 7 120 22 

RAISED 12 42 152 21 

TILL 16 7 119 51 

     

Contrast Significance 

     

Mulched v. Non-mulched  NSa * * NS 

LDPE v. VIF NS NS * NS 

RAISED v. TILL NS * NS NS 

    a *, significant (p ≤ 0.05); NS, not significant (p > 0.05).   
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Table 1.8  The effect of cover crop and cultural systems on ring nematode populations 

and contrast results at the North and South locations in 2007 and 2008, Clinton, NC.   

  Northa Southb 

Cover crop 2007 2008 Caliente Bareground 

             _________ nematodes/500 ml soil __________ 

Caliente 321 116 - - 

Bareground 171 118 - - 

     

Cultural system     

LDPE 170 91 272 115 

VIF 229 197 91 222 

RAISED 383 107 81 143 

TILL 201 72 71 143 
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Table 1.8 continued 

Contrast Significance 

     

Caliente v. Bareground  *c NS - - 

     

Plastic mulch v. Non-mulched - - * NS 

LDPE v. VIF - - * NS 

RAISED v. TILL - - NS NS 

 

   a Ring nematode populations at the North location were affected by the interaction of 

year by cover crop treatment.  The effect of cultural system was not significant; therefore, 

contrast results are not presented for the main effect of cultural.    

   b Ring nematode populations at the South location were affected by the interaction of 

cover crop by cultural system.  Simple effects within each cover crop and corresponding 

contrast results are presented.  Year was not significant, so means are averaged across 

2007 and 2008 at the South location.  No contrast results are presented for the main effect 

of cover crop treatment, since the cover crop by cultural system interaction was 

significant.     

   c *, significant (p ≤ 0.05); NS, not significant (p > 0.05).   
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Table 1.9  Effect cultural systems on fungivore nematode populations and contrast results 

at the South location in 2007 and 2008, Clinton, NC. 

 2007a 2008 

Cultural system  Caliente Bareground Caliente  Bareground 

 ___________ nematodes/500 ml soil _________ 

LDPE   80   35   25 35 

RAISED 140 145 140 60 

TILL 110   90   35 30 

VIF   50   65   55 20 

     

Contrast Significance 

     

Mulched v. Non-mulched  *b * NS NS 

LDPE v. VIF NS NS NS NS 

RAISED v. TILL NS NS NS NS 

   a The three-way interaction of year by cover crop by cultural system was significant, so 

simple effects within each year by cover crop by cultural system combination are 

presented.    

     b *, significant (p ≤ 0.05); NS, not significant (p > 0.05).   
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Bell Pepper Tolerance to Imazosulfuron and Thifensulfuron-methyl 

Ryan A. Pekarek, David W. Monks, Katherine M. Jennings, and Greg D. Hoyt* 

 

Abstract 

Greenhouse and field studies were conducted to evaluate bell pepper tolerance to the 

sulfonylurea herbicides imazosulfuron and thifensulfuron-methyl.  Imazosulfuron was 

applied at 56, 112, 224, 336, or 448 g ai/ha.  Thifensulfuron-methyl was applied at 2.6, 

5.3, 10.5, 21.0, or 31.6 g ai/ha.  In the greenhouse over 2 yr, bell pepper injury due to 

imazosulfuron POST ranged from 12 to 27%.  Reductions in plant height and numbers of 

nodes, buds, flowers, and fruits were generally minor or none.  Injury from 

thifensulfuron-methyl POST ranged from 40 to 60% in the greenhouse.  Similar trends 

were observed for leaf chlorosis and distortion.  Thifensulfuron-methyl tended to 

decrease numbers of buds, flowers, and fruits in the greenhouse.  In the field at 3 

environments, bell pepper injury due to imazosulfuron applied POST-DIR was less than 

10% at all rating times, and height and yield were not affected.  Total and marketable 

yield averaged 40,300 and 35,810 kg/ha, respectively, across environments and years.  

Bell pepper injury from thifensulfuron-methyl applied POST-DIR in the field was less 

                                                 
* First, second, and third authors:  Graduate Student, Professor, and Research Assistant 
Professor, Department of Horticultural Science, N. C. State University, Raleigh, NC 
27695; Fourth author:  Professor, Department of Soil Science, N. C. State University, 
Mountain Horticultural Crops Research and Extension Center, 455 Research Drive, Mills 
River, NC 28732.  Corresponding author’s E-mail:  rapekare@ncsu.edu.   
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than 20% with all rates and less than 10% when rates less than 10.6 g ai/ha 

thifensulfuron-methyl were applied.  Bell pepper stand (plants/ha) or height was not 

affected by thifensulfuron-methyl.  Thifensulfuron-methyl did not affect total bell pepper 

yield (39,310 kg/ha averaged across environments), however, reductions in Fancy grade 

yield were observed.  No. 1 and cull yield grades tended to increase with increasing 

thifensulfuron-methyl rate, apparently compensating for lost Fancy yield.       

   

Nomenclature:  Imazosulfuron; thifensulfuron-methyl; bell pepper, Capsicum annuum 

L. ‘Heritage.’  

Key words:  crop tolerance, herbicide, integrated weed management.   
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Introduction 

Few herbicides are registered to control emerged weeds in bell pepper grown in a 

plasticulture production system. Only sethoxydim and clethodim are registered POST in 

bell pepper in North Carolina [NC] (Holmes 2008), but these herbicides only control 

grasses.  In the past, fumigation with methyl bromide has provided excellent weed 

control in plasticulture bell pepper (Noling and Gilreath 2002a).  However, with the 

impending loss of methyl bromide (Noling and Gilreath 2002b), new herbicides are 

needed to control troublesome weeds such as yellow nutsedge (Cyperus esculentus), pink 

and common purslane (Portulaca pilosa and P. oleracea, respectively), and pigweed 

species (Amaranthus spp.).   

Identification of herbicides that are safe to bell pepper yet effectively control yellow 

nutsedge is one of the key obstacles to successful bell pepper production across the 

southeastern U.S. (Motis et al. 2003).  The addition of POST herbicides effective on both 

broadleaf weeds and nutsedge to the list of registered herbicides for bell pepper would 

benefit bell pepper growers by increasing herbicide options beyond fumigation and PRE 

herbicides (bensulide, clomazone, napropamide, trifluralin, oxyfluorfen, DCPA) 

registered in NC (Holmes 2008).  Additional herbicide registrations could also reduce the 

amount of hand-weeding.  POST herbicides may minimize or prevent late season 

interference due to weeds emerging after the residual period of activity of a PRE 

herbicide.  POST herbicides fit especially well into integrated weed management 

programs since herbicide choices and timings can be tailored to the weeds present.  An 
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ideal herbicide would control a broad spectrum of weeds during the critical weed-free 

period and would be safe to the crop (Vangessel et al. 2000).   

Weed control during the critical weed free period provides a competitive advantage to a 

crop (Amador-Ramirez 2002).  Weeds not only reduce yield of bell pepper by competing 

for light, water, and nutrients (Gonzalez Ponce and Santin 2004), but can also cause crop 

loss due to reduced harvesting efficiency (Lanini and Le Strange, 1994).  Amador-

Ramirez (2002) reported critical weed-free periods of 1 to approximately 14 weeks after 

transplanting of chilli pepper when competing with Simsia amplexicaulis,  Palmer 

amaranth (Amaranthus palmeri), and prairie sunflower (Helianthus petiolarus).  Motis et 

al. (2004) reported critical yellow nutsedge-free periods of 3 to 5 wk after transplanting 

for spring-grown bell pepper and 1 to 7 wk after transplanting for fall-grown.  As few as 

5 yellow nutsedge tubers/m2 planted into bell pepper caused a 10% reduction in bell 

pepper yield (Motis et al. 2003).  Fu and Ashley (2006) reported bell pepper yield loss up 

to 70% due to hairy galinsoga (Galinsoga ciliata) and greater than 90% due to redroot 

pigweed (Amaranthus retroflexus), respectively.  The authors also report near 100% yield 

loss due to large crabgrass competition.  Norsworthy et al. (2008) reported decreased bell 

pepper fruit number due to competition with Palmer amaranth and large crabgrass.  

Competition between bell pepper and jimsonweed (Datura stramonium) or barnyardgrass 

(Echinochloa crus-galli) reduced shoot dry weight, fresh fruit yield, number of fruits, 

average fruit weight, and nitrogen uptake of bell pepper (Gonzalez Ponce and Santin 

2004).   
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Many factors affect bell pepper tolerance to herbicides including chemistry, application 

technique, and cultivar.  Certain lines of bell pepper are tolerant to bentazon, but this 

tolerance is not wide-spread in commercial bell pepper cultivars (Harrison and Fery 

1998; Wolff et al. 1992).  Adigun et al. (1991) applied several PRE herbicides to bell 

pepper and documented reduced vigor and yield indicating bell pepper was not tolerant to 

all of the herbicides applied.  Herbicides that reduced vigor and yield included 

metolachlor plus metobronuron, diphenamid plus linuron, diphenamid plus metribuzin, 

and alachlor plus linuron.  Oxyfluorfen, a PPO-inhibitor, was safe when applied POST-

DIR in chile pepper but did not always provide satisfactory control of certain pigweed 

species and prevent yield loss from weed competition (Schroeder 1992).   

Several sulfonylurea (SU) herbicides will control yellow nutsedge and have been 

evaluated in tomato, another Solanaceous crop, for crop tolerance.  However, bell pepper 

tolerance is not always sufficient to pursue registration.  Tolerance of tomato to a SU 

herbicide does not imply that bell pepper will also have tolerance (Buker et al. 2004).  

For example, bell pepper tolerance to rimsulfuron POST was not satisfactory in field and 

greenhouse studies (Ackley et al. 1998), and different cultivars can exhibit different 

tolerance levels to rimsulfuron (Scarponi et al. 2001).  Tomato is tolerant of 

imazosulfuron applied POST-DIR (K. M. Jennings, unpublished data) and 

trifloxysulfuron-sodium and thifensulfuron-methyl applied POST-DIR (Buckelew et al. 

2007).  These herbicides are in the SU herbicide family, but little is known about bell 
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pepper tolerance to these herbicides.  Thus, greenhouse and field studies were conducted 

to determine bell pepper tolerance to imazosulfuron and thifensulfuron-methyl.    

 

Materials and Methods 

Greenhouse Experiments.  Greenhouse studies were conducted in 2007 and 2008 in 

Raleigh, NC to determine effects of imazosulfuron and thifensulfuron-methyl POST on 

bell pepper.  ‘Heritage’ bell pepper1 transplants were grown in 98 (2007) or 72 (2008) 

cell trays2 and transplanted into individual 15-cm (diameter) pots2 containing soil-less 

medium3 when bell pepper were approximately 12 cm tall.  Plants were fertilized weekly 

with a 20-10-20 (N P2O5 K2O) fertilizer at 100 ppm N.  Fresh water was applied at all 

other waterings.  In 2007 the greenhouse temperatures ranged from 23 to 25 oC (day) and 

17 to 19 oC (night), and in 2008 the greenhouse temperature ranged from 21 to 24 oC 

(day) and 18 to 21 oC (night).    

Treatments included imazosulfuron at 56, 112, 224, 336, or 448 g ai/ha and 

thifensulfuron-methyl at 2.6, 5.3, 10.5, 21.0, or 31.6 g ai/ha applied 12 and 16 wk after 

seeding in 2007 and 2008, respectively.  X-774 surfactant was included in all treatments 

at 0.25% (v/v).  Bell pepper plant heights were 22 ± 3.9 cm and 32 ± 2.8 cm (mean ± 

standard deviation) in 2007 and 2008 at treatment initiation, respectively.  A randomized 

complete block design was used both years with 5 replications and one plant per 

treatment in 2007 and 3 plants per treatment in 2008.  Nontreated check plant(s) were 

included in each replication for comparison.  Treatments were applied with a spray 
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chamber equipped with a TeeJet 8002 even flat spray nozzle5 producing a 50 cm wide 

spray band at the canopy of the pepper plant and calibrated to deliver 187 L/ha at 193 or 

207 kPa and 3.54 or 3.38 km/h in 2007 and 2008, respectively.   

Number of bell pepper nodes, buds, flowers, and fruit number, plant height, and visible 

injury were recorded 2 and 4 wk after treatment (WAT).  Injury was rated by assessing 

the total symptomology of treated plants including (but not limited to) height reductions, 

chlorosis, mottling, necrosis of leaves and reproductive structures, and malformed fruit.  

Plants treated with imazosulfuron were also rated for leaf mottling (yellow-green 

coloration) and leaf distortion.  Thifensulfuron-methyl treated plants were rated for leaf 

chlorosis (yellowing) and leaf distortion.  Mottling, distortion, and chlorosis were rated 

only on leaf tissues.  Differences in rating parameters were due to differences in the 

symptomology of the two sulfonylurea herbicides evaluated.  Bell pepper plants were cut 

at the soil surface 5 and 6 WAT in 2007 and 2008, respectively, and weighed and then 

dried in an oven at 107 oC for 1 wk to determine fresh and dry foliage and fruit weights.   

Field Experiments.  Field studies were conducted at the Mountain Horticultural Crops 

Research Station, Mills River, NC in 2007 and 2008 (MHCRS 2007 and 2008), and the 

Cunningham Research Station, Kinston, NC, in 2008 (CRS 2008).  Soils at the three sites 

were a Codorus loam [Fine-loamy, mixed, mesic Fluvaquentic Dystrochrepts] (MHCRS 

2007 and 2008) and a Norfolk loamy-sand [Fine-loamy, kaolinitic, thermic Typic 

Kandiudults] (CRS 2008).  Soil pH was 5.5, 5.9, and 6.3 at MHCRS 2007, MHCRS 

2008, and CRS 2008, respectively.  The design of the studies at all locations was a 
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randomized complete block design with 4 replications.  Plots were one 6.1 m long bed on 

1.5 m centers containing 30 plants.  Treatments included imazosulfuron postemergence-

directed (POST-DIR) at 56, 112, 224, 336, or 448 g ai/ha and thifensulfuron-methyl 

postemergence-directed (POST-DIR) at 2.6, 5.3, 10.5, 21.0, or 31.6 g ai/ha.  X-774 

surfactant was included in all treatments at 0.25% (v/v).    

‘Heritage’ bell pepper plants were transplanted to a double row with 30 cm in-row and 

between-row spacings on a raised bed covered with black polyethylene mulch.  A single 

drip tape was laid between pepper rows in each bed approximately 8 cm below the soil 

surface.  Appropriate production practices for plasticulture bell pepper were utilized 

(Holmes 2008).  Plots were maintained weed-free by hand weeding.    

Treatments were applied 4 and 5 wk after transplanting (WATP) at MHCRS in 2007 

and 2008, respectively, and 6 WATP at CRS 2008.  At the time of application bell pepper 

was 30 cm tall, blooming, and fruit was beginning to develop.  Treatments were applied 

with a CO2-pressurized backpack spraying 187 L/ha at 4.83 km/h and 221 kPa (MHCRS 

2007 and 2008) or 269 kPa (CRS 2008) equipped with a TeeJet 8002 EVS nozzle5.  A 

single nozzle boom was passed down each bed shoulder to treat one half of each bed and 

one row of pepper in each pass.  The spray pattern was directed under the canopy of the 

bell pepper crop and directed at the transplant hole.   

Evaluations included crop stand, plant height, and visual bell pepper injury.  Stand was 

evaluated 3 (MHCRS 2007) and 2 (MHCRS 2008 and CRS 2008) WAT.  Pepper injury 

was rated 1 and 3 (MHCRS 2007), 2 and 4 (MHCRS 2008), and 2 and 5 (CRS 2008) 
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WAT on a 0% (no injury) to 100% (bell pepper death) scale.  Plant height was measured 

at the same timings as injury ratings, except that height was only measured 2 WAT at 

CRS 2008.  To determine yield, bell pepper was hand-harvested and manually graded at 

MHCRS 2007 or mechanically graded6 at MHCRS 2008 and CRS 2008.  Grading was 

conducted according to USDA-AMS grade standards for fresh market bell pepper 

(USDA-AMS 2008).   

Data analysis for both greenhouse and field experiments was conducted using PROC 

GLM of SAS7 at the p = 0.05 level.  Visual analysis of residual plots was conducted to 

determine validity of statistical assumptions and if transformation of raw data was 

necessary.  Where transformation was necessary, analysis was conducted on transformed 

data, but non-transformed means are presented.  When analysis of variance indicated a 

significant effect of rate, further analysis was conducted to determine a rate response on 

each variable.  Rate responses were determined without the inclusion of the nontreated 

check.  For the greenhouse study conducted in 2008, the three plants receiving a common 

treatment within a replication were averaged to obtain one value for analysis.  For the 

field study, year and location were combined into an “environment” factor.    

 

Results and Discussion 

Results for both imazosulfuron and thifensulfuron-methyl were generally similar for 

ratings at 2 and 4 WAT whether in the greenhouse or field studies.  Therefore, discussion 



      
 
 
 

42 

of results will focus on 4 WAT ratings.  Where differences in ratings between 2 and 4 

WAT occurred, the 2 WAT ratings were generally less than those at 4 WAT.   

Greenhouse Experiments.   

Imazosulfuron.  Number of nodes increased linearly with increasing rate of 

imazosulfuron 4 WAT (Figure 1).  In 2007 bell pepper height decreased with increasing 

imazosulfuron rate, however, in 2008 bell pepper height increased slightly with 

increasing imazosulfuron rate (Figure 2).  The slope values for the height curves indicate 

that bell pepper height was only slightly affected by imazosulfuron.  Number of buds was 

affected by year but not by imazosulfuron 4 WAT (data not shown).  Flower and fruit 

number were not affected by year or imazosulfuron rate 4 WAT (data not shown).   

Bell pepper injury (rated on the whole plant), leaf mottling, and leaf distortion 

(mottling and distortion rated on leaves only) 4 WAT increased as imazosulfuron rate 

increased.  Injury 4 WAT from imazosulfuron ranged from 12 to 27% averaged over 

2007 and 2008 (Figure 3).  Only leaf mottling 4 WAT had a year by imazosulfuron rate 

interaction.  Mottling (data not shown) was more severe in 2007 (25 to 61%) compared to 

2008 (7 to 20%).  Leaf distortion (data not shown) ranged from 33 to 48%.  Mottling and 

leaf distortion showed trends similar to injury 4 WAT (data not shown).  Foliage, fruit, 

and total plant weights (fresh and dried) were not affected by imazosulfuron, although 

differences in study years were significant (data not shown).   

Thifensulfuron-methyl.  Thifensulfuron-methyl affected all measured parameters 4 WAT, 

except number of buds and flowers 4 WAT (data not shown).  However, rate dependent 
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responses were not always significant for all parameters.  Bell pepper height was reduced 

4 WAT (30.7 cm) compared to the nontreated check (40.6 cm), but differences among 

thifensulfuron-methyl rates were not significant (data not shown).  Number of nodes was 

reduced linearly 4 WAT in 2007, but increased slightly 4 WAT in 2008 (Figure 4).  

Flower number was not affected by thifensulfuron-methyl 4 WAT (data not shown).  

Number of buds 4 WAT was not affected by thifensulfuron-methyl rate (data not shown).  

At 4 WAT there was a year by thifensulfuron-methyl interaction, so separate curves were 

fit for number of bell pepper fruits set for 2007 and 2008.  In both years fruit numbers 

decreased with increasing rate of thifensulfuron-methyl (Figure 5).  Fruit numbers were 

reduced more in 2007 compared to 2008. 

Injury (rated on the whole plant) 4 WAT was affected by thifensulfuron-methyl rate 

and had significant rate-dependent responses with injury increasing as thifensulfuron-

methyl rate increased (Figure 6).  Injury 4 WAT ranged from 41 to 61%.  Chlorosis (rated 

on the leaf tissue only) exhibited a rate dependent trend 4 WAT and ranged from 24 to 

41% (data not shown).  Leaf distortion 4 WAT increased with increasing rate of 

thifensulfuron-methyl and ranged from 41 to 53% (data not shown).  Trends for chlorosis 

and leaf distortion were similar to trends for injury 4 WAT.       

Fresh and dry fruit and total (sum of foliage and fruit weights) plant weights were 

linearly reduced by increasing thifensulfuron-methyl rate. With an increasing rate of 

thifensulfuron-methyl fresh (Figure 7) and dry (Figure 8) fruit and total plant weights 

decreased.  Reduction in fresh and dry fruit weight was likely due to both reduction in 
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number of fruits set (Figure 6) and fruit size (data not shown).  Fresh and dry bell pepper 

foliage weight was not affected by thifensulfuron-methyl rate, and no response curves 

were fit (data not shown).  Differences in (fresh and dry) total plant weights were due 

primarily to reduced fruit weight.  The parallel nature of the curves for bell pepper total 

and fruit weights (Figure 7 and 8) indicate that foliage weight remained roughly constant 

regardless of thifensulfuron-methyl rate.  Foliage weight can be estimated by subtracting 

the difference between total plant weight and fruit weight at any given thifensulfuron-

methyl rate.     

Field Experiments.   

Imazosulfuron.  Bell pepper was tolerant of imazosulfuron POST-DIR.  Bell pepper 

injury exhibited a rate-dependent response at the early rating times with a significant 

environment by rate interaction (Figure 9).  While the overall response was different for 

each location, injury was always less than 10% at the early rating time.  At the late injury 

ratings, no rate dependent response was evident, and bell pepper injury was less than 5% 

at all environments (data not shown).  Bell pepper height and yield (total, marketable, 

Fancy, No. 1, and cull) were not affected by imazosulfuron rate, although differences due 

to environment were evident (data not shown).  Total (sum of Fancy, No. 1, and cull 

grades for all harvests) and marketable (Fancy and No. 1 grades for all harvests) yields 

were 40,300 and 35,810 kg/ha, respectively, averaged over environments and 

imazosulfuron rates.    
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Thifensulfuron-methyl.  Thifensulfuron-methyl POST-DIR in the field did not affect bell 

pepper stand (plants/ha) or height at any rating time (data not shown).  Rate dependent 

injury responses were evident in all environments and at both rating times due to 

thifensulfuron-methyl necessitating fitting of three separate curves for each rating time 

(early and late).  Injury at the early rating increased at all locations but was greatest at 

MHCRS 2008 (Figure 10).  Injury at the late rating was generally 10% or less at all 

locations except when greater than 21 g ai/ha thifensulfuron-methyl was applied at 

MHCRS 2008 (Figure 11).   

Total yield (sum of all Fancy, No. 1, and cull grades for all harvests) of bell pepper was 

not affected by thifensulfuron-methyl, although variation among environments occurred 

(data not shown).  Bell pepper total yield was 39,310 kg/ha averaged across 

environments.  Marketable (sum of Fancy and No. 1 yields), Fancy, No. 1, and cull yield 

were affected by environment and thifensulfuron-methyl rate.  Interaction of environment 

and thifensulfuron-methyl rate was significant for marketable, Fancy, No.1 and cull 

yields, but not for total yield.  Rate-dependent responses were evident and three curves 

were fit for each yield parameter due to the environment by rate interaction.   

Increasing thifensulfuron-methyl rate reduced marketable yield at MHCRS 2008 and 

CRS 2008, while little change in marketable yield was observed at MHCRS 2007 (Figure 

12).  Fancy yield decreased with increasing rate of thifensulfuron-methyl at all 

environments (Figure 13).  Reduction in Fancy yield was most severe at MHCRS 2008.  

Yield of No. 1 grade pepper tended to increase with increasing rate of thifensulfuron-
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methyl at MHCRS 2007 and 2008 (Figure 14).  No. 1 grade pepper yield decreased at 

CRS 2008.  Cull yield at MHCRS 2007 and 2008 remained roughly constant across 

thifensulfuron-methyl rates and increased at CRS 2008 (Figure 15).  These increases in 

No. 1 yield at MHCRS 2007 and 2008 and cull bell pepper yield at CRS 2008 help to 

explain why total yield was not affected by thifensulfuron-methyl but marketable yield 

was decreased.  Generally, the more valuable grades of pepper (Fancy and No. 1) 

decreased with increasing thifensulfuron-methyl rate.      

Bell pepper was tolerant (injury less than 10%) and yield reductions were minor when 

thifensulfuron-methyl was applied POST-DIR at rates less than 10.6 g ai/ha.  If registered 

in the future for POST-DIR application to bell pepper, rates of thifensulfuron-methyl 

would need to be 10.6 g ai/ha or less to minimize injury and potential reduction in bell 

pepper grade.   

This study identified two sulfonylurea herbicides with acceptable bell pepper tolerance 

and that control weeds especially troublesome in plasticulture bell pepper.  Overall, bell 

pepper was very tolerant to imazosulfuron in the greenhouse and in the field.  This 

herbicide controls yellow and purple nutsedge (Henry and Sladek 2008), which are very 

troublesome in plasticulture-grown bell pepper.  Greater injury in the greenhouse due to 

imazosulfuron was likely due to application technique (POST v. POST-DIR) and more 

succulent growth in the greenhouse compared to the field.  Bell pepper was tolerant of 

thifensulfuron-methyl when less than 10.6 g ai/ha was applied in the field.  Yield 

reductions were minor and no effect of height was observed.  Buckelew et al. (2007) 
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documented excellent control of redroot pigweed and common purslane with 1.6 g ai/ha 

thifensulfuron-methyl.  The results of this study and Buckelew et al. (2007) indicate that 

rates of thifensulfuron-methyl less than 10.6 g ai/ha can be applied safely to bell pepper 

and control pigweeds and purslanes that are not controlled by herbicides currently 

registered for application in bell pepper.   
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Sources of Materials 

1  ‘Heritage’ bell pepper, Harris Moran, Modesto, California.   

2  Plastic pots and cell trays, Wyatt Quarles, Garner, North Carolina. 

3  Fafard 4P soil, Conrad Fafard, Inc., Agawam, Maine.   

4  X-77 surfactant, Valent USA Corporation, Walnut Creek, California.   

5  TeeJet nozzles, Spraying Systems, Inc., Wheaton, Illinois. 

6  Kerian Speed Sizer, Kerian Machines, Inc., Grafton, North Dakota.  

7  SAS Version 9.1, SAS Institute, Inc., Cary, North Carolina.   
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Figure 2.1  Effect of imazosulfuron rate on number of nodes per bell pepper plant 4 wk 

after treatment (WAT) in the greenhouse averaged across 2007 and 2008.  Nodes = 

0.0034x + 12.6, where x = imazosulfuron rate (g ai/ha); R2 = 0.21.    
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Figure 2.2  Effect of year and imazosulfuron rate on bell pepper height 4 wk after 

treatment (WAT) in the greenhouse.  2007 (♦, dashed line):  Height = –0.0054x + 37.0; 

2008 (■, solid line):  Height = 0.0080x + 37.0; where x = imazosulfuron rate (g ai/ha); R2 

= 0.79.   
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Figure 2.3  Effect of imazosulfuron applied POST to bell pepper on injury (%) 4 wk after 

treatment (WAT) in the greenhouse.  Injury was rated on a 0 (no injury) to 100% (bell 

pepper death) scale.  Means were averaged across 2007 and 2008 due to lack of 

interaction between year and imazosulfuron rate.  Injury = 0.034x + 13.2, where x = 

imazosulfuron rate (g ai/ha); R2 = 0.36.   
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Figure 2.4  Effect of thifensulfuron-methyl applied POST on number of bell pepper nodes 

4 wk after treatment (WAT) in the greenhouse.  Interaction of year by thifensulfuron-

methyl rate was significant, so two curves were fit simultaneously.  2007 (♦, dashed 

line):  Nodes = -0.11x + 10.8; 2008 (■, solid line):  Nodes = 0.41x + 11.8, where x = 

thifensulfuron-methyl rate (g ai/ha); R2 = 0.82. 
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Figure 2.5  Effect of year and thifensulfuron-methyl on number of bell pepper fruit set 4 

wk after treatment (WAT) in the greenhouse.  There was a significant interaction of year 

by thifensulfuron-methyl rate 4 WAT, so separate curves for 2007 and 2008 were fit 

simultaneously.  2007 (■, solid line):  Fruit = -0.12x + 4.3; 2008 (▲, dashed line):  Fruit 

= -0.037x + 3.8; where x = thifensulfuron-methyl rate (g ai/ha); R2 = 0.72. 
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Figure 2.6  Effect of thifensulfuron-methyl applied POST to bell pepper on injury (%) 4 

wk after treatment (WAT) in the greenhouse.  Injury was rated on a 0 (no injury) to 100% 

(bell pepper death) scale.  Means were averaged over 2007 and 2008 due to lack of 

interaction of year by thifensulfuron-methyl rate.  Injury = 0.72x + 40.3, where x = 

thifensulfuron-methyl rate (g ai/ha); R2 = 0.69.     
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Figure 2.7  Effect of thifensulfuron-methyl applied POST on bell pepper fresh fruit and 

total (sum of fruit and foliage weights) plant weights in the greenhouse.  Plants were 

harvested 5 wk after transplanting (WAT).  Means were averaged over 2007 and 2008 

due to lack of interaction of year by thifensulfuron-methyl rate.  Fresh total plant weight 

(▲, dashed line) = -6.08x + 260, where x = thifensulfuron-methyl rate (g ai/ha); R2 = 

0.27.  Fresh fruit weight (■, solid line) = -6.04x + 330, where x = thifensulfuron-methyl 

rate (g ai/ha); R2 = 0.22. 
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Figure 2.8  Effect of thifensulfuron-methyl applied POST on bell pepper dry fruit and 

total (sum of fruit and foliage weights) plant weights in the greenhouse.  Plants were 

harvested 5 wk after treatment (WAT).  Means were averaged over 2007 and 2008 due to 

lack of interaction of year by thifensulfuron-methyl rate.  Dry total plant weight (▲, 

dashed line) = -0.15x + 20.5, where x = thifensulfuron-methyl rate (g ai/ha); R2 = 0.05.  

Dry (■, solid line) fruit weight = -0.21x + 12.4, where x = thifensulfuron-methyl rate (g 

ai/ha); R2 = 0.15. 
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Figure 2.9  Effect of environment imazosulfuron applied POST-DIR on bell pepper 

injury (%) in the field at the early rating times at MHCRS 2007, MHCRS 2008, and CRS 

2008.  Injury was rated on a 0 (no injury) to 100% (bell pepper death) scale.  Rating times 

were 1, 2, and 2 wk after treatment (WAT) at MHCRS 2007, MHCRS 2008, and CRS 

2008, respectively.  Three distinct curves were fit simultaneously due to interaction of 

environment by imazosulfuron rate.  MHCRS 2008 (•, solid line):  Injury = 0.019x + 

0.63; MHCRS 2007 (♦, short dashed line):  Injury = -0.0020x + 2.8; CRS 2008 (▲, long 

dashed line):  Injury = 0.0015x + 0.65; where x = imazosulfuron rate (g ai/ha); R2 = 0.91.     
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Figure 2.10  Effect of environment and thifensulfuron-methyl applied POST-DIR on 

bell pepper injury (%) at the early rating time at MHCRS 2007, MHCRS 2008, and CRS 

2008.  Injury was rated on a 0 (no injury) to 100% (bell pepper death) scale.  Rating times 

were 1, 2, and 2 WAT at MHCRS 2007, MHCRS 2008, and CRS 2008, respectively.  

The interaction of environment by thifensulfuron-methyl rate was significant, so three 

curves were fit simultaneously.  MHCRS 2007 (♦, short dashed line):  Injury = 0.036x + 

1.9; MHCRS 2008 (•, solid line):  Injury = 0.57x + 4.8; CRS 2008 (▲, long dashed line):  

Injury = 0.37x – 1.2; where x = thifensulfuron-methyl rate (g ai/ha); R2 = 0.90.    
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Figure 2.11  Effect of environment and thifensulfuron-methyl applied POST-DIR on 

bell pepper injury (%) at the late rating times in the field at MHCRS 2007, MHCRS 

2008, and CRS 2008.  Injury was rated on a 0 (no injury) to 100% (bell pepper death) 

scale.  Rating times were 3, 4, and 5 WAT at MHCRS 2007, MHCRS 2008, and CRS 

2008, respectively.  Three distinct curves were fit simultaneously due to the significant 

interaction of environment by thifensulfuron-methyl rate.  MHCRS 2008 (•, solid line):  

Injury = 0.62x + 1.4; MHCRS 2007 (♦, short dashed line):  Injury = -0.11x + 6.4; CRS 

2008 (▲, long dashed line):  Injury = 0.028x + 0.85; where x = thifensulfuron-methyl 

rate (g ai/ha); R2 = 0.91.   
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Figure 2.12  Effect of environment and thifensulfuron-methyl applied POST-DIR on 

bell pepper marketable yield (sum of Fancy and No. 1 grades for all harvests) at MHCRS 

2007, MHCRS 2008, and CRS 2008.  Three distinct curves were fit simultaneously due 

to interaction of environment by thifensulfuron-methyl rate.  MHCRS 2007 (♦, short 

dashed line):  Marketable yield = 68x + 33,500; MHCRS 2008 (•, solid line):  Marketable 

yield = -190x + 46,700; CRS 2008 (▲, long dashed line):  Marketable yield = -520x + 

24,500; where x = thifensulfuron-methyl rate (g ai/ha); R2 = 0.94.  
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Figure 2.13  Effect of environment and thifensulfuron-methyl applied POST-DIR on 

Fancy grade yield of bell pepper at MHCRS 2007, MHCRS 2008, and CRS 2008.  Three 

distinct curves were fit simultaneously due to the significant interaction of environment 

by thifensulfuron-methyl rate.  MHCRS 2007 (♦, short dashes):  Fancy yield = -92x + 

11,160; MHCRS 2008 (•, solid line):  Fancy yield = -480x + 36,950; CRS 2008 (▲, long 

dashes):  Fancy yield = -95x + 3,080; where x = thifensulfuron-methyl rate (g ai/ha); R2 = 

0.94. 
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Figure 2.14  Effect of environment and thifensulfuron-methyl applied POST-DIR on 

No. 1 grade yield of bell pepper at MHCRS 2007, MHCRS 2008, and CRS 2008.  Three 

distinct curves were fit simultaneously due to the significant interaction of environment 

by thifensulfuron-methyl rate.  MHCRS 2007 (♦, short dashed line):  No. 1 yield = 160x 

+ 22,370; MHCRS 2008 (•, solid line):  No. 1 yield = 290x + 9,780; CRS 2008 (▲, long 

dashed line):  No. 1 yield = -420x + 21,460; where x = thifensulfuron-methyl rate (g 

ai/ha); R2 = 0.87. 
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Figure 2.15  Effect of environment and thifensulfuron-methyl applied POST-DIR on cull 

grade yield of bell pepper at MHCRS 2007, MHCRS 2008, and CRS 2008.  Three 

distinct curves were fit simultaneously due to the significant interaction of environment 

by thifensulfuron-methyl rate.  MHCRS 2007 (♦, short dashed line):  Cull yield = -7x + 

4,270; MHCRS 2008 (•, solid line):  Cull yield = 40x + 1,390; CRS 2008 (▲, long 

dashed line):  Cull yield = 240x + 10,390; where x = thifensulfuron-methyl rate (g ai/ha); 

R2 = 0.96. 
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Plasticulture Bell Pepper Systems Utilizing ‘‘Caliente’’ Mustard, S-metolachlor, and 

Imazosulfuron 

Ryan A. Pekarek, David W. Monks, Katherine M. Jennings, Greg D. Hoyt, and Nancy G. 

Creamer* 

 

Abstract 

The pending loss of methyl bromide requires the development of new weed management 

strategies for plasticulture bell pepper.  Studies were conducted at 4 site-years across 

North Carolina during 2007 and 2008 to evaluate the effects of ‘‘Caliente’’ mustard 

cover crops, bareground, S-metolachlor PRE, and imazosulfuron POST-DIR on weed 

control and bell pepper height, injury, stand, and yield.  S-metolachlor injury to bell 

pepper was generally 15% or less at all sites except 3 WAT at HRCS 2007.  S-

metolachlor provided 88% or greater control of fall panicum, goosegrass, and large 

crabgrass.  Control of carpetweed, common and pink purslanes, and hairy galinsoga 

ranged from 42 to over 90%.  Yellow nutsedge control with S-metolachlor and 

imazosulfuron ranged from 15 to 63% and 76 to 84%, respectively.  Imazosulfuron injury 

was minor or not visible.  S-metolachlor at 1.6 kg ai/ha reduced yield of bell pepper in 

                                                 
* First, second, third, and fifth authors:  Graduate Student, Professor, Assistant Professor, 
and Professor, Department of Horticultural Science, N. C. State University, Raleigh, NC 
27695; Fourth author:  Professor, Department of Soil Science, N. C. State University, 
Mountain Horticultural Crops Research and Extension Center, 455 Research Drive, Mills 
River, NC 28759.  Corresponding author’s E-mail:  rapekare@ncsu.edu.    
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some instances, however overall yield reductions were minor.  ‘‘Caliente’’ mustard did 

not routinely increase weed control and only increased bell pepper Fancy yield at HCRS 

2007.  ‘Caliente’ mustard reduced bell pepper Fancy yield at the MHCRS site compared 

to the bareground check.  Benefits of ‘‘Caliente’’ mustard cover crop were transient to 

non-existent.           

Nomenclature:  S-metolachlor; imazosulfuron; American marshcress, Rorippa palustris 

(L.) Besser var. fernaldiana (Butters & Abbe) R. Stuckey; carpetweed, Mollugo 

verticillata L. MOLVE; common lambsquarters, Chenopodium album L. CHEAL; 

common purslane, Portulaca oleracea POROL; fall panicum, Panicum dichotomiflorum 

Michx. PANDI; goosegrass, Eleusine indica (L.) Gaertn. ELEIN; hairy galinsoga, 

Galinsoga ciliata (Raf.) Blake GASCI; large crabgrass, Digitaria sanguinalis (L.) Scop. 

DIGSA; pink purslane, Portulaca pilosa XXXXX; redroot pigweed, Amaranthus 

retroflexus L. AMARE; yellow nutsedge, Cyperus esculentus L. CYPES; yellowseed 

false pimpernel, Linderia dubia (L.) Pennell; ‘‘Caliente’’ mustard, Brassica juncea and 

Sinapsis alba; bell pepper, Capsicum annuum L. ‘Heritage’.  

Key words:  Biofumigation, Brassicaceae, cover crop, crop tolerance, cultural control, 

glucosinolate, integrated weed management, isothiocyanate, LDPE.   
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Introduction 

In North Carolina (NC) bell pepper is grown on approximately 2,020 ha and has an 

annual value of approximately $15 million.  The two main production areas for bell 

pepper in NC are the Coastal Plain (eastern) and the mountain (western) regions.  Weed 

control in plasticulture bell pepper has historically relied on pre-transplant applications of 

methyl bromide.  This fumigant provides excellent weed control of problematic weeds, 

including purple (Cyperus rotundus) and yellow nutsedge (Gilreath et al. 2004; Gilreath 

and Santos 2004; Santos et al. 2005), redroot pigweed, and pink purslane (Webster et al. 

2001).  Due to the excellent weed control obtained with methyl bromide (Noling and 

Gilreath 2002a; Rosskopf et al. 2005) and bell pepper’s limited tolerance to herbicides 

(Ackley et al. 1998; Adigun et al. 1991), few herbicides are registered for application in 

bell pepper.  However, methyl bromide is scheduled to be phased out under the U. S. 

Clean Air Act and provisions of the Montreal Protocol Agreement (Noling and Gilreath 

2002b).   

Currently, only bensulide, clomazone, napropamide, oxyfluorfen, and trifluralin are 

registered in NC for application prior to transplanting bell pepper (Monks et al. 2008).  

The only POST herbicides available for in-row applications are the graminicides 

sethoxydim and clethodim.  No herbicides are currently registered for POST control of 

yellow and purple nutsedges, and broadleaf weeds in the pepper row.  The lack of 

herbicide options and the pending loss of methyl bromide in bell pepper production make 

new weed control systems for bell pepper in plasticulture integral to the success of this 
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valuable NC vegetable crop.  One promising option for early-season weed control in 

plasticulture bell pepper is biofumigation with soil incorporated Brassicaceae cover crops 

(Norsworthy and Meehan 2005c).   

Brassicaceae cover crops and the isothiocyanates produced via hydrolysis of 

glucosinolates when these crops are soil incorporated are thought to control several types 

of pests.  Canola (Brassica napus) and Indian mustard (B. juncea) cover crops have been 

shown to inhibit Gaeumannomyces graminis (Sac.) Arx and Oliver var. tritici, a serious 

pathogen in wheat cropping systems (Angus et al. 1994; Kirkegaard et al. 2000).  Olivier 

et al. (1999) controlled Verticillium dahliae and Helminthosporium solani with macerated 

leaf tissue of several cultivars of black (B. nigra) and Indian mustards.  A soil 

incorporated Brassicaceae cover crop increased strawberry yield compared to both a 

barley (Hordeum vulgare) cover crop and a no cover crop check, although none of the 

treatments equaled the yield of strawberry fumigated preplant with methyl bromide 

(Lazzeri et al. 2003).  Average strawberry weight and number of fruit per plant were not 

different between the Brassicaceae cover crop and methyl bromide treatments.  

Laboratory trials have shown that isothiocyanates released from macerated Brassicaceae 

crop plants have inhibited or killed some important plant pathogens such as Rhizoctonia 

solani and Pythium ultimum (Charron and Sams 1999; Lazzeri and Manici 2001).  

Isothiocyanates released from Brassicaceae tissues have also shown insecticidal activity 

against black vine weevil eggs [Otiorhynchus sulcatus (F.)] (Borek et al. 1998).  

Glucosinolates have been shown to have in vitro nematocidal activity against Heterodera 
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schachtii (Lazzeri et al. 1993).  Oilseed radish [Raphanus sativus (L.) var. eleiferus 

Metzg (Stokes)] cover crops are being grown on land infested with Potato Cyst nematode 

(Globodera rostochiensis) to help reduce nematode populations and aide in the 

production of nematode-free seed potatoes (Anonymous 2007).   

Brassicaceae cover crops have been extensively tested to control weeds.  White 

mustard and rapeseed (B. napus) cover crops in combination with cultivation or 

metribuzin applied PRE in green pea (Pisum sativum L.) increased weed control, pea 

stand, and pea yield compared to both rye (Secale cereale) and wheat (Triticum aestivum) 

cover crops (Al-Khatib et al. 1997).  The authors also reported reduced germination of 

kochia (Kochia scoparia), sheperd’s purse (Capsella bursa-pastoris), and green foxtail 

(Setaria viridis) in pea following soil incorporation of rapeseed and white mustard cover 

crop foliage.  Greenhouse trials have demonstrated that Brassicaceae plant tissues can 

reduce the growth of several key weed species including hairy galinsoga, redroot 

pigweed, common lambsquarters, pitted morningglory (Ipomoea lacunosa), sicklepod 

(Senna obtusifolia), prickly sida (Sida spinosa), and yellow nutsedge (Haramoto and 

Gallandt 2005; Norsworthy 2003).  Soil incorporated wild radish has been documented to 

suppress yellow nutsedge (Norsworthy and Meehan 2005c).  Peterson et al. (2001) 

documented reduced germination of smooth pigweed (Amaranthus hybridus), spiny 

sowthistle (Sonchus asper), scentless mayweed (Tripleurospermum inodorum), 

barnyardgrass (Echinochloa crus-galli), and blackgrass (Alopecurus myosuroides) when 

grown in soil amended with turnip-rape (B. rapa) mulch.  Seed meals of Indian mustard 
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and several other Brassicaceae plants have been shown to inhibit the germination of both 

wheat and sicklepod (Vaughn et al. 2006).       

Other potential benefits of including cover crops in cropping systems is increased crop 

yields due to increased organic matter, plant nutrient recycling, and changes in soil 

structure (Creamer and Baldwin 2000; Hoyt et al. 2004).  Integrating biofumigant cover 

crops into systems including hand-weeding, cultivation, and herbicides is thought to be 

one of the most promising ways to utilize these cover crops (Al-Khatib et al. 1997).  

Pest control from Brassicaceae is likely due to the release of isothiocyanates (Charron 

and Sams 1999).  Isothiocyanates are produced via hydrolysis reactions catalyzed by the 

myrosinase enzyme.  Glucosinolates found within Brassicaceae tissues react with water 

to form isothiocyanates, which are thought to be pesticidal.  Several pure isothiocyanates 

were shown to reduce shoot density and biomass of both yellow and purple nutsedges 

(Norsworthy et al. 2006).  Texas panicum (Panicum texanum), large crabgrass, sicklepod, 

Palmer amaranth (Amaranthus palmeri), pitted morningglory, and yellow nutsedge 

emergence was reduced in the presence of pure isothiocyanates compared to non-treated 

checks (Norsworthy and Meehan 2005a, 2005b).   

Isothiocyanates, such as methyl isothiocyanate, are commercially available as 

pesticides and are marketed as Vapam or K-Pam and have been compared to several 

other isothiocyanates in control of white fringed weevil [Naupactus leucoloma 

(Boheman)] larvae (Matthiessen and Shackleton 2005).  Methyl isothiocyanate 
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application rates can be used to compare isothiocyanate release rates from incorporated 

Brassicaceae cover crops (Morra and Kirkegaard 2002). 

Integrated systems for bell pepper weed control should include both biofumigant cover 

crops and herbicides.  As mentioned above, yellow nutsedge is one of the key weed 

problems in plasticulture bell pepper since the weed is able to pierce plastic mulch and 

subsequently compete with and reduce quality of bell pepper (Holmes 2008).  Bell pepper 

yield reductions occur when weeds compete for light, water, and nutrients with the crop 

and from harvesting losses due to decreased harvesting efficiency.  Bell pepper fruit 

number was reduced when competition and large crabgrass and Palmer amaranth was 

measured in a plasticulture system (Norsworthy et al. 2008).  Critical yellow nutsedge-

free periods ranging from 1 to 7 wk after transplanting bell pepper have been determined 

to minimize yield loss (Motis et al. 2004).  As few as 5 nutsedge tubers/m2 have resulted 

in a 10% bell pepper yield loss in Florida (Motis et al. 2003).  Crops infested with weeds 

are also more difficult to treat with fungicides and insecticides as weed canopy can 

inhibit spray coverage of bell pepper canopy. 

Potential herbicide options for control of yellow nutsedge and other troublesome weeds 

in bell pepper are S-metolachlor and imazosulfuron.  These two herbicides offer potential 

for both PRE and POST weed control timings.  Inclusion of multiple herbicide timings 

(PRE and POST) could help to increase effectiveness of weed control caused by weed 

escapes from single applications of these materials.   



      
 
 
 

74 

S-metolachlor has been utilized in numerous crops due to the broad spectrum of weeds 

controlled and relative lack of crop injury.  This herbicide completely controlled large 

crabgrass, pitted morningglory, eclipta (Eclipta prostrata), and redroot pigweed in a 

plasticulture tomato production system (Adcock et al. 2008).  S-metolachlor controls 

yellow nutsedge when applied both PPI and PRE in peanut [Arachis hypogea] (Grichard 

et al. 2001).  Spinach (Spinacia oleracea) was tolerant of S-metolachlor across a wide 

range of environments and soil types, and several key weeds were controlled by S-

metolachlor including common chickweed (Stellaria media), common purslane, nettleleaf 

goosefoot (Chenopodium murale), and shepherd’s purse (Fennimore et al. 2001).  

Combinations of S-metolachlor and metribuzin caused only minor injury to potato 

(Solanum tuberosum) and resulted in moderate to excellent control of common 

lambsquarters and common ragweed [Ambrosia artemisiifolia] (Bailey et al. 2001).  

Another vegetable tolerant to S-metolachlor is onion (Allium cepa); yellow nutsedge was 

controlled in onion with metolachlor PPI and PRE (Keeling et al. 1990).  Research has 

indicated that direct-seeded pepper (chile and jalapeno types) is tolerant and yield is not 

reduced with metolachlor PPI (Schroeder 1992).   Brandenberger et al. (1997) also 

documented excellent pepper tolerance to S-metolachlor.  Many of the weeds mentioned 

above are problematic in NC bell pepper production regions.   

Imazosulfuron, a sulfonylurea herbicide, has shown excellent crop safety in tomato (K. 

M. Jennings, unpublished data) and Irish potato (Boydston and Felix 2008).  This 

herbicide controlled purple and yellow nutsedge greater than 90% when applied to an 
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existing Bermudagrass (Cynodon dactylon) sod (Henry and Sladek 2008).  Imazosulfuron 

applied POST to summer squash (Cucurbita pepo) and watermelon (Citrullus lanatus) 

did not statistically reduce yields compared to a nontreated check (Monks et al. 2007).     

Based on existing weed control and crop tolerance data of S-metolachlor and 

imazosulfuron and the need to find a fumigant replacement for methyl bromide, 

experiments were conducted to determine the effects of systems including ‘‘Caliente’’ 

mustard, S-metolachlor PRE, and imazosulfuron POST-DIR on weed control, height, 

tolerance and yield of bell pepper grown in a plasticulture system.   

 

Materials and Methods 

Studies were conducted at the Horticultural Crops Research Station, Clinton, NC, in 

2007 (HCRS 2007); Cunningham Research Station, Kinston, NC, in 2008 (CRS 2008); 

and Mountain Horticultural Crops Research Station, Mills River, NC in 2007 and 2008 

(MHCRS 2007 and 2008).  Soils at the four site-years were an Orangeburg loamy-sand 

[Fine-loamy, kaolinitic, thermic Typic Kandiudults] (HCRS 2007), a Norfolk loamy-sand 

[Fine-loamy, kaolinitic, thermic Typic Kandiudults] (CRS 2008), and a Codorus loam 

[Fine-loamy, mixed, mesic Fluvaquentic Dystrochrepts] (MHCRS 2007 and 2008).  Soil 

pH was 6.5, 6.3, 5.9, and 6.1 at HCRS 2007, CRS 2008, MHCRS 2007, and MHCRS 

2008, respectively.  Experiments at all locations were a split-plot design with four 

replications.  Main plots were a ‘‘Caliente’’ mustard cover crop and bareground.  

Subplots (10 total) were S-metolachlor applied PRE to pre-formed raised beds at 0.8 or 
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1.6 kg ai/ha, imazosulfuron applied POST-DIR at 0.112 or 0.224 kg ai/ha, factorial 

combinations of S-metolachlor at 0.8 or 1.6 kg ai/ha plus imazosulfuron at 0.112 or 0.224 

kg ai/ha, weedy, and weed-free treatments.   

Land preparation for ‘‘Caliente’’ seeding consisted of moldboard plowing to a depth of 

15 to 20 cm and disking.  Lime, pre-plant N, P, and K were broadcast applied after land 

preparation at rates based on annual soil tests (Table 1) and incorporated with a disk.  

‘‘Caliente’’ mustard was broadcast seeded at 19 kg/ha at all locations (Table 1).  A 

cultipacker was utilized at CRS 2008 and MHCRS 2007 and 2008 to firm the seedbed 

and increase emergence of ‘‘Caliente’’ based on observations at HCRS 2007.  

Supplemental irrigation (6 to 8.5 mm/acre) was applied to ‘‘Caliente’’ mustard twice a 

week at HCRS 2007 during weeks when no rainfall occurred at the site.  Glyphosate 

(1.54 kg/ha) was applied 4 wk after seeding (WAS) to control weeds in bareground main 

plots.      

At all locations the cover crop was flail chopped during pod-setting to macerate plant 

tissues and then incorporated (Table 1).  A vertical-action power tiller was used to 

incorporate the cover crop biomass at HCRS 2007.  ‘‘Caliente’’ biomass was disked five 

times at CRS in 2008.  ‘‘Caliente’’ was moldboard plowed (15 to 20 cm deep) and disked 

four times to prepare a smooth soil surface prior to pre-bedding at MHCRS.  Differences 

in incorporation techniques and equipment were necessary due to differences in soil 

types, equipment, and locations.   
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Each subplot consisted of a single 6.1 m bed on 1.5 m centers.  PRE treatments of S-

metolachlor were applied to pre-formed beds.  S-metolachlor was applied at 0.8 or 1.6 kg 

ai/ha with a CO2-pressurized backpack sprayer delivering 187 L/ha at 274 kPa and 4.8 

km/h equipped with 8002 VS nozzles1.  Black polyethylene mulch and drip tape were 

laid immediately after PRE treatments were applied.  Dates of PRE treatment 

applications were the same as the day of ‘‘Caliente’’ mustard cover crop incorporation 

and are given in Table 1.  The polyethylene mulch was cut between each subplot and soil 

was placed on each end to trap gases generated by the ‘‘Caliente’’ biomass within each 

respective plot and to prevent wind from lifting the mulch.  Beds were trickle irrigated 

twice in the week following incorporation of ‘‘Caliente’’ to activate the hydrolysis 

reactions converting glucosinolates into isothiocyanates and to activate S-metolachlor.  

Thirty ‘Heritage’ bell pepper transplants were transplanted by hand into each subplot 5 to 

10 d after laying polyethylene mulch (Table 1).  Plants were set in double rows on the 

raised beds with 0.3 m in-row and between-row spacings.  Pepper transplants were set on 

May 23, 2007 (HCRS 2007); May 19, 2008 (CRS 2008); June 21, 2007 (MHCRS 2007); 

and June 18, 2008 (MHCRS 2008).  Appropriate production practices for plasticulture 

bell pepper at each location were followed (Holmes 2008).   

Approximately 4 wk after transplanting (WAT), POST-DIR applications of 

imazosulfuron at 0.112 or 0.224 kg ai/ha were made with a CO2-pressurized backpack 

sprayer equipped with a single 8003 EVS nozzle1 (HCRS 2007) or a single 8002 EVS 

nozzle1 (MHCRS 2007 and 2008) calibrated to deliver 187 L/ha at 274 kPa and 4.8 km/h.  
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X-772 was included in all POST-DIR applications at 0.25% [v/v] (Table 1).  

Imazosulfuron applications were not made at CRS 2008 due to extremely heavy weed 

pressure in weedy plots and row middles.  POST-DIR applications were made with a 

single nozzle boom passed down each bed shoulder.  The spray pattern was directed 

under the canopy of the bell pepper crop and directed at the transplant hole.  Each 

separate pass treated one half of the bed and one row of pepper.  Bell pepper was 

approximately 30 cm tall and in the full-bloom to early fruit-set stage of growth.     

Data collected included crop stand (plants/ha), crop height, and crop injury (0 = no 

injury to 100 = crop death) 3, 6, and 8 WAT (HCRS 2007); 2 and 4 WAT (CRS 2008); 

and 3, 5, and 7 WAT (MHCRS 2007 and 2008).  Five plants were measured at each 

rating time to determine crop height.  Weed control was determined for each species 

present at all rating times on a 0 (no weed control) to 100% (completely weed control) 

scale.  Bell pepper was hand-harvested from the center 10 plants in each plot and 

manually graded at HCRS 2007 and MHCRS 2007 and mechanically graded3 at CRS 

2008 and MHCRS 2008 to determine yield (kg/ha).  Grading was conducted according to 

USDA-AMS grade standards for fresh market bell pepper (USDA-AMS 2008).   

Analysis of variance was conducted with PROC GLM of SAS4 at the p = 0.05 level.  

Cover crop and herbicide treatments were fixed-effect factors; replication was a random-

effect factor.  Year was a fix-effect factor for the MHCRS site.  Visual analysis of 

residual plots was used to examine validity of statistical assumptions and if 

transformation of raw data was necessary.  Where analysis of variance indicated 
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differences among treatments, CONTRAST statements were used to detect significant 

differences.  Contrast statements (see Table 4 for complete list) were developed to 

examine if the low rate of S-metolachlor or imazosulfuron provided similar results as the 

high rate and if a single application of either S-metolachlor or imazosulfuron was 

equivalent to the combination treatments combining both herbicides.  These contrasts 

were selected for discussion to determine the effectiveness of reduced herbicide rates and 

to make comparison of single applications (PRE or POST-DIR) to combination 

applications (PRE and POST-DIR).  When interactions among cover crop and herbicide 

treatments were evident, simple effects for herbicide treatments within each cover crop 

(SLICE option, LSMEAN statement) were used to detect differences among herbicide 

treatments.  Contrasts were then generated among herbicide treatments within the cover 

crop factor.   Each site’s data was analyzed separately due to differences in weather, 

cropping season, and weed species present.  The two site-years of MHCRS 2007 and 

2008 were combined where no interactions of year and experimental factors occurred.     

 

Results and Discussion 

HCRS 2007.  Three WAT only the S-metolachlor PRE, weedy, and weed-free treatments 

were analyzed since no applications of imazosulfuron had been made prior to this rating 

time.  Cover crop had no effect on bell pepper injury, height, carpetweed, large crabgrass, 

goosegrass, pink purslane, and yellow nutsedge control 3 WAT (Table 2).  No 

interactions of cover crop and herbicide were observed for these parameters.  Control of 
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large crabgrass, goosegrass, and pink purslane was 100% by S-metolachlor at both rates.  

Carpetweed control was 88 and 96% with 0.8 and 1.6 kg ai/ha S-metolachlor, 

respectively (Table 2).  Yellow nutsedge control was 46% with 1.6 kg ai/ha S-

metolachlor compared to 15% control with 0.8 kg ai/ha S-metolachlor (Table 2).  Bell 

pepper plant height was reduced with 1.6 kg ai/ha S-metolachlor compared to both the 0.8 

kg ai/ha S-metolachlor rate and the weedy check (Table 2).  Averaged over S-metolachlor 

rates, bell pepper height was not reduced compared to the weed-free check.  Injury was 

greater for S-metolachlor at 1.6 kg ai/ha (48%) compared to S-metolachlor at 0.8 kg ai/ha 

(21%).         

Cover crop treatment had no effect on bell pepper height, and crabgrass, goosegrass, 

and pink purslane control 6 WAT.  Plant height was not affected by herbicide treatment 

and was 41 cm averaged across all treatments, indicating bell pepper had over-come early 

season height reductions caused by 1.6 kg ai/ha S-metolachlor (data not shown).  

Goosegrass and crabgrass control were 100% and 88% or more, respectively, when S-

metolachlor was applied with or without imazosulfuron (Table 3).  No difference 

between S-metolachlor rates was detected.  Pink purslane control ranged from 69 to 94% 

and 88 to 100% with 0.8 and 1.6 kg ai/ha S-metolachlor, respectively.  S-metolachlor at 

1.6 kg ai/ha increased pink purslane control compared to the 0.8 kg ai/ha rate.  

Imazosulfuron controlled purslane 70% averaged across rates due to lack of difference 

between the two imazosulfuron rates (Table 3).  Imazosulfuron at either rate did not 
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increase pink purslane control 6 WAT compared to either rate of S-metolachlor alone 

(Table 3).   

Carpetweed control 6 WAT was affected by the interaction of cover crop by herbicide, 

so means within each cover crop treatment are presented (Table 3).  Carpetweed control 

was 53% or greater in all treatments with S-metolachlor. Imazosulfuron at either rate 

following S-metolachlor did not increase carpetweed control following ‘Caliente’ 

mustard compared to S-metolachlor alone.  Imazosulfuron did increase carpetweed 

control following application of S-metolachlor PRE in the bareground treatment 

compared to S-metolachlor alone.   

Yellow nutsedge control was similar 6 and 8 WAT, so only season-long ratings (8 

WAT) are presented in Table 3.  Yellow nutsedge control by 1.6 kg ai/ha S-metolachlor 

(55%) was greater than control of this weed by 0.8 kg ai/ha S-metolachlor (38%).  

Imazosulfuron POST-DIR following S-metolachlor PRE (78 to 84%) increased yellow 

nutsedge control compared to S-metolachlor PRE (38 and 55%) alone (Table 3).  Control 

of yellow nutsedge by 0.112 and 0.224 kg ai/ha imazosulfuron did not differ and was 

73% over rates (Table 3).  Application of 1.6 kg ai/ha S-metolachlor PRE followed by 

(fb) 0.224 kg ai/ha imazosulfuron POST-DIR (81%) did not did not provide greater 

control of yellow nutsedge than 0.8 kg ai/ha S-metolachlor PRE fb 0.112 kg ai/ha 

imazosulfuron POST-DIR (78%).     

Injury 6 WAT was affected by the interaction of cover crop and herbicide treatments.  

Bell pepper injury from herbicides was always 11% or less in bareground with no 
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differences among comparisons observed (Table 3).  Injury from herbicide treatments in 

the ‘Caliente’ mustard cover crop ranged from 5% to 24%.  With the ‘Caliente’ mustard 

cover crop, S-metolachlor at 1.6 kg ai/ha (24%) resulted in more injury than 0.8 kg ai/ha 

S-metolachlor (14%).  S-metolachlor at 1.6 kg ai/ha tended to increase injury compared to 

0.8 kg ai/ha S-metolachlor or imazosulfuron (Table 3).  Injury was 14% or less in all 

treatments including 0.8 kg ai/ha S-metolachlor and/or imazosulfuron at either rate.  Bell 

pepper stand was not affected by experimental factors (data not shown).       

Cover crop treatment did not affect total (sum of Fancy, No. 1, and cull grades), 

marketable (sum of Fancy and No. 1 grades), and No. 1 yield.  Cull yield was not 

affected by cover crop and herbicide treatments (data not shown).  Fancy yield was not 

affected by herbicide treatment, but was increased with the inclusion of the ‘‘Caliente’’ 

mustard cover crop compared to the bareground check with yields of 5,290 and 3,200 

kg/ha, respectively.   

Results of comparisons were generally similar for total, marketable, and No. 1 yields 

(Table 4).  However, No. 1 yield was similar between the two rates of S-metolachlor 

(Table 4).  Total bell pepper yield with 1.6 kg ai/ha S-metolachlor treatment (16,570 

kg/ha) was lower compared to the 0.8 kg ai/ha S-metolachlor treatment (23,650 kg/ha).  

S-metolachlor at 1.6 kg ai/ha fb imazosulfuron POST-DIR resulted in greater bell pepper 

yield compared to S-metolachlor 1.6 kg ai/ha PRE (Table 4).  This observation is likely 

due to increased late-season yellow nutsedge control.  Overall, the herbicide treatments 

yielded less than the weed-free check and similar to the weedy check (Table 4).  Yield 
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reductions in treatments including S-metolachlor were likely due to early season injury 

and competition with carpetweed and yellow nutsedge.  Reduced yields in the single 

treatments of imazosulfuron were likely due to lack of season-long large crabgrass and 

goosegrass control; however, these yields were not statistically less than treatments 

including S-metolachlor.          

CRS 2008.  High weed pressure in row middles (common lambsquarters and redroot 

pigweed) and lack of in-row control of these weeds in the absence of S-metolachlor 

precluded the application of POST-DIR treatments at this site.  All analysis was therefore 

conducted on the 8 treatments (weedy, weed-free, S-metolachlor PRE at 0.8 or 1.6 kg 

ai/ha with both cover crop treatments:  bareground and ‘‘Caliente’’ mustard) that did not 

include a POST-DIR application of imazosulfuron. 

 Cover crop treatment did not affect bell pepper injury, plant height, stand, or weed 

control 2 WAT (data not shown).  Bell pepper height and stand (plants/ha) were not 

affected by any treatment.  Control of annual sedge, common lambsquarters, goosegrass, 

and pink purslane was 100% with either rate of S-metolachlor.  Carpetweed control was 

88 and 100% with 0.8 and 1.6 kg ai/ha S-metolachlor PRE, however, the difference 

between rates was not significant (data not shown). 

Cover crop treatment did not affect bell pepper height, injury, and annual sedge, 

carpetweed, common lambsquarters, goosegrass, large crabgrass, and pink purslane 

control 4 WAT (data not shown).  Bell pepper injury did not differ between S-

metolachlor rates and averaged 14% across rates.  Bell pepper height was not affected by 
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herbicide treatments and was 63 cm over herbicide treatments.  Control of annual sedge 

(100%), carpetweed (95%), common lambsquarters (94%), goosegrass (100%), large 

crabgrass (100%), and pink purslane (91%) did not differ between the two rates of S-

metolachlor so were averaged over both rates 4 WAT.    

Bell pepper yield was not affected by the cover crop treatments.  Herbicide treatments 

did not affect marketable (16,290 kg/ha), Fancy (6,150 kg/ha), No. 1 (10,120 kg/ha), and 

cull (1,820 kg/ha) yields, so means were averaged across treatments.  Treatments of both 

rates of S-metolachlor (18,840 kg/ha) resulted in total yield similar to the weed-free 

check (22,060 kg/ha) and greater than the weedy check (12,500 kg/ha).  No differences 

between rates of S-metolachlor were observed.   

MHCRS 2007 and 2008.  Data were combined for the two study years at the MHCRS 

location where no year by treatment interactions occurred.  Weed populations were 

analyzed during the year(s) when populations were present in densities great enough to 

conduct analysis.  Discussion of results for 3 and 5 WAT rating times pertain only to the 

two S-metolachlor treatments and the weedy and weed-free checks as the imazosulfuron 

POST-DIR applications had not been made prior to these ratings.  Ratings 7 WAT pertain 

to all treatment combinations.   

Weed species present varied by study year.  Cover crop did not affect weed control or 

bell pepper height 3 WAT in either year.  In 2007 goosegrass and redroot pigweed 

control 3 WAT were 94 and 88% across S-metolachlor rates.  In 2008 American 

marshcress and yellow nutsedge control 3 WAT was 67 and 47, respectively.  
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Differences between rates of S-metolachlor were not significant for the weeds above, and 

interactions of cover crop and herbicide were not significant.   

Carpetweed, common purslane, hairy galinsoga were present in both 2007 and 2008 

and not affected by cover crop treatment.  Carpetweed was controlled 62 and 92% by 0.8 

and 1.6 kg ai/ha S-metolachlor, respectively.  Common purslane was controlled 53 and 

92% 3 WAT with 0.8 and 1.6 kg ai/ha S-metolachlor, respectively.  Hairy galinsoga 

control was affected by the year by herbicide interaction. In 2007 hairy galinsoga control 

3 WAT was not different between S-metolachlor rates and averaged 94%.  In 2008 3 

WAT hairy galinsoga control was 42 and 89% with 0.8 and 1.6 kg ai/ha S-metolachlor, 

respectively.  The difference in control between 2007 and 2008 appeared to be due to low 

hairy galinsoga control by 0.8 kg ai/ha S-metolachlor PRE or imazosulfuron POST-DIR 

in 2008 compared to 2007.     

Bell pepper height 3 WAT was affected by year and cover crop but not by herbicide.  

There was no interaction of year and cover crop so height data were averaged over 2007 

and 2008.  Bell pepper height was greater following ‘‘Caliente’’ mustard cover crop 

(24.3 cm) than bareground (23.1 cm) averaged over 2007 and 2008.   

Bell pepper injury was affected by the year by herbicide interaction, but not by cover 

crop.  Although differences in injury occurred between rates 3 WAT in 2007, S-

metolachlor caused only slight injury (less than 5%).  Likewise, no injury occurred in 

2008 due to S-metolachlor 3 WAT.   



      
 
 
 

86 

Weed control and bell pepper injury were only affected by herbicide treatments 5 

WAT.  No interactions among experimental factors occurred (data not shown), so 

discussion is limited to differences among the herbicide treatment effects 5 WAT.  

Goosegrass control 5 WAT in 2007 was 100% with both rates of S-metolachlor.  In 2008 

control of American marshcress (64%) and yellow nutsedge (63%) did not differ between 

rates of S-metolachlor.  Carpetweed, common purslane, and hairy galinsoga were present 

in both 2007 and 2008, and control was greater with 1.6 kg ai/ha S-metolachlor compared 

to control by 0.8 kg ai/ha.   S-metolachlor at 0.8 and 1.6 kg ai/ha controlled carpetweed 

60 and 79%, respectively.  Common purslane control was 53 and 90% with 0.8 and 1.6 

kg ai/ha S-metolachlor, respectively.  S-metolachlor at 0.8 and 1.6 kg ai/ha controlled 

hairy galinsoga 71 and 93%, respectively.  S-metolachlor at 0.8 and 1.6 kg ai/ha caused 4 

and 7% injury, respectively.   

Bell pepper height was affected by year and herbicide treatment, but not by cover crop 

5 WAT.  The interaction of year and herbicide treatment was not significant, so means 

were averaged over 2007 and 2008.  Bell pepper height was slightly reduced with S-

metolachlor (32.1 cm) compared to the weed-free check (34.8 cm).   

Discussion of treatments for ratings 7 WAT includes all treatment combinations.  Weed 

control 7 WAT was affected by cover crop, herbicide treatment, and the interaction of 

year and these factors.  Fall panicum and goosegrass control 7 WAT in 2007 were 88% 

or greater and 100%, respectively, in all treatments including S-metolachlor PRE at either 
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rate.  Imazosulfuron POST-DIR did not increase control of fall panicum or goosegrass 

over control by S-metolachlor PRE (data not shown).   

American marshcress, yellow nutsedge, and yellow seed false pimpernel were present 

in 2008, and control was affected only by herbicide treatment (Table 5).  American 

marshcress control did not vary by rate of S-metolachlor and was 45% 7 WAT.  

Imazosulfuron controlled American marshcress 34% 7 WAT, and differences among 

rates were not significant.  Control of American marshcress was not greater in treatments 

receiving both S-metolachlor PRE and imazosulfuron POST-DIR (Table 5).  Yellow 

nutsedge control was 46 and 71% with 0.8 and 1.6 kg ai/ha S-metolachlor, respectively.  

Control of yellow nutsedge was not greater when imazosulfuron POST-DIR followed 1.6 

kg ai/ha S-metolachlor, but did increase control when either rate of imazosulfuron was 

applied after 0.8 kg ai/ha S-metolachlor.  Control by imazosulfuron was greater than 

control with S-metolachlor, but this is likely due to the low control with 0.8 kg ai/ha S-

metolachlor (Table 5).  Yellow seed false pimpernel control was not different between 

rates of S-metolachlor or imazosulfuron, respectively, and average 59% and 27% 7 WAT 

in 2008.  Yellowseed false pimpernel control was greater with S-metolachlor than with 

imazosulfuron.     

Hairy galinsoga control was affected by the interaction of year by herbicide treatment.  

In 2007 7 WAT hairy galinsoga control did not differ between rates of S-metolachlor, and 

control averaged 90%.  Control of hairy galinsoga did not differ between rates of 

imazosulfuron and averaged 93%.  Combination treatments of both S-metolachlor PRE 
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and imazosulfuron POST-DIR provided nearly 100% control of hairy galinsoga in 2007.  

In 2008 1.6 kg ai/ha S-metolachlor (93%) resulted in greater hairy galinsoga control than 

control by 0.8 kg ai/ha S-metolachlor (58%).   Imazosulfuron control of hairy galinsoga 7 

WAT in 2008 did not differ between rates and was 14%.  In 2008 S-metolachlor at either 

rate increased hairy galinsoga control compared to imazosulfuron POST-DIR alone 

(Table 5).    

Carpetweed was present in both 2007 and 2008.  Control was only affected by 

herbicide treatment and ranged from 42 to 91% (Table 5).  Control in the treatments 

including 1.6 kg ai/ha S-metolachlor was 77% or greater.  The only difference among the 

contrasts of interest was between 1.6 kg ai/ha S-metolachlor fb 0.224 kg ai/ha 

imazosulfuron (92%) compared to 0.8 kg ai/ha S-metolachlor fb 0.112 kg ai/ha 

imazosulfuron (42%). 

Common purslane control 7 WAT had a significant interaction of year by cover crop by 

herbicide treatment.  S-metolachlor at 1.6 kg ai/ha (88%) only increased common 

purslane control compared to 0.8 kg ai/ha (46%) in 2007 following the bareground 

treatment.  S-metolachlor at either rate fb imazosulfuron did not improve common 

purslane control over S-metolachlor alone (Table 6).  Treatments including both S-

metolachlor and imazosulfuron increased common purslane control compared 

imazosulfuron alone.   

Bell pepper height was only affected by the herbicide treatments.  Averaged over all 

herbicide treatments, bell pepper height was reduced compared to the weed-free check, 
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although reductions were minor (<3 cm).  Application of imazosulfuron after 1.6 kg ai/ha 

S-metolachlor reduced bell pepper height compared to application of only 1.6 kg ai/ha S-

metolachlor.  Bell pepper injury was affected by the cover by subplot interaction.  

However, all injury means were 6% or less in all treatment combinations (data not 

shown).  Generally, full season (7 WAT) injury and height reductions were minor.     

Bell pepper total, marketable, and Fancy yields were affected by the cover crop by 

herbicide interaction.  For these three parameters, yields tended to be greater in 

bareground treatments compared to ‘‘Caliente’’ mustard cover crop treatments.  Bell 

pepper No. 1 (14,640 kg/ha) and cull (2,150 kg/ha) yields were not affected by 

experimental factors.  The lack of difference among No. 1 and cull yields indicates that 

differences among total and marketable yield were due to increased Fancy yield in 

bareground treatments compared to ‘‘Caliente’’ treatments.  Seven of the ten herbicide 

treatments on bareground out-yielded the same treatments in ‘‘Caliente’’ cover crop 

(Table 7).    

Averaged over herbicide treatments, total bell pepper yield was similar to the weed-free 

check following both the bareground and ‘Caliente’ mustard treatments.  Imazosulfuron 

after 1.6 kg ai/ha S-metolachlor reduced bell pepper yield compared to only application 

of 1.6 kg ai/ha S-metolachlor (Table 7).  However, imazosulfuron after 0.8 kg ai/ha S-

metolachlor increased bell pepper total yield compared to only applying 0.8 kg ai/ha S-

metolachlor.  Total yield was not different after bareground when comparing 

imazosulfuron applied alone at either rate to S-metolachlor fb imazosulfuron (Table 7).   
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Results of comparisons among total and marketable yield tended to be similar to those 

among Fancy yield.  However, in the bareground treatments the weed-free check had 

greater marketable and Fancy yields compared to marketable and Fancy yields averaged 

across herbicide treatments.  Since weed control was not a factor in yield between 

‘Caliente’ and bare ground treatments, this difference may be attributed to the reduction 

in plant nutrients available due to immobilization of soil nitrogen by microbial activity as 

decomposition of the cover crop occurred. Among the herbicide treatments in the 

‘‘Caliente’’ mustard treatments, S-metolachlor had greater marketable and Fancy yields 

compared to imazosulfuron applied alone (Table 7).  Reduced yields may have been due 

to lack of season-long weed control since injury was low.  

Overall, the inclusion of a ‘‘Caliente’’ mustard cover crop into a plasticulture bell 

pepper production system did not provide significant or consistent measurable benefit.  

Little to no weed control benefit was detected due to the ‘‘Caliente’’ mustard cover crop 

and in only scattered ratings did the cover crop increase measured weed control with 

either S-metolachlor PRE or imazosulfuron POST-DIR.  S-metolachlor is not currently 

labeled to be applied under polyethylene mulch in bell pepper.  Tolerance was excellent 

overall, although injury (<48%) occurred at HCRS in 2007 3 WAT.  Robinson et al. 

(2008) did not observe injury to transplanted bell pepper with 1.2 and 2.4 kg ai/ha S-

metolachlor grown in a bareground system.  S-metolachlor controlled weeds in a 

plasticulture system similarly to in other cropping systems (grass control in row-crop 

systems, for example), and similar weed control ratings in plasticulture have been 
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reported (Bangarwa et al. 2008).  Yield reductions tended to be minor when detected.  

Lack of full-season grass control can be over-come with application of sethoxydim or 

clethodim, as these herbicides are currently registered for application to bell pepper.  

Imazosulfuron caused little to no injury to bell pepper and did not negatively affect bell 

pepper yield.  Combinations of these two herbicides frequently resulted in increased 

control compared to either herbicide applied alone.  While ‘‘Caliente’’ mustard does not 

appear to have benefits in plasticulture bell pepper production as a methyl bromide 

replacement, both herbicides examined in these experiments are good candidates for 

future registration in plasticulture-grown bell pepper.         
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Sources 

1 TeeJet nozzles, Spraying Systems Inc., Wheaton, Illinois. 

2 X-77, Valent USA Corporation, Walnut Creek, California.   

3 Kerian Speed Sizer, Kerian Machines, Inc., Grafton, North Dakota.   

4 SAS Version 9.1, SAS Institute, Inc., Cary, North Carolina.   
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Table 3.1  Production inputs, ‘Caliente’ mustard seeding and incorporation dates, PRE and POST-DIR herbicide application dates, and 

bell pepper transplanting dates for the 4 site-years. 

Location  Lime a N P2O5 K2O 

Caliente 

seeding Top-Dress N 

Caliente 

incorporation 

and PRE 

application Transplanting 

POST-DIR 

application 

 ______________ kg/ha ______________ Date kg/ha  _________________________ Date _________________________ 

HCRS 

2007b 454 34 - 68 

May 15, 

2007 39 

Apr. 19, 

2007 

May 15, 

2007 

May 23, 

2007 

Jun. 26, 

2007 

CRS 

2008 - 35 - 54 Feb. 18, 2008 23 

Apr. 14, 

2008 

May 14, 

2008 

May 19, 

2008 - 

MHCRS 

2007 952 23 23 23 

Mar. 31, 

2007 23 

May 6, 

2007 

Jun. 11, 

2007 Jun. 21, 2007 

Jul. 18, 

2007 

 



      
 
 
 

101 

Table 3.1 continued 

MHCRS 

2008 - 36 36 36 

Mar. 29, 

2008 36 

Apr. 10, 

2008 

Jun. 10, 

2008 Jun. 18, 2008 

Jul. 24, 

2008 

   a Lime, N, P2O5, and K2O were applied pre-plant and incorporated with a disk.   

     b HCRS, Horticultural Crops Research Station, Clinton, NC; CRS, Cunningham Research Station, Kinston, NC; MHCRS, Mountain 

Horticultural Crops Research Station, Mills River, NC.  
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Table 3.2  Effect of herbicide treatments on bell pepper height and injury and weed control 3 weeks after transplanting (WAT) in 2007 

at the Horticultural Crops Research Station (HCRS), Clinton, NC.   

Herbicide treatments      ________________________________ Control ________________________________ 

S-metolachlor 

PRE 

Imazosulfuron 

POST-DIR 

Plant 

height Injurya Carpetweed 

Large 

crabgrass Goosegrass 

Pink 

purslane 

Yellow 

nutsedge 

_____ kg ai/ha ______ cm % ________________________________ % ________________________________ 

1.6 - 27 48 96 100 100 100 46 

1.6 0.224  -b - - - - - - 

1.6 0.112 - - - - - - - 

0.8 - 30 21 88 100 100 100 15 

0.8 0.224 - - - - - - - 

0.8 0.112 - - - - - - - 

- 0.224 - - - - - - - 
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Table 3.2 continued 

- 0.112 - - - - - - - 

Weed-free 30 - - - - - - 

Weedy 30 - - - - - - 

         

Contrast Significance 

S-metolachlor 1.6 kg ai/ha v. 0.8 

kg ai/ha  *c * NS NS NS NS * 

S-metolachlord v. Weed-free NS - - - - - - 

S-metolachlor d v. Weedy * - - - - - - 

   a Injury and weed control were rated on a 0 (no injury/control) to 100% (crop death/complete control) scale.   

   b Treatments omitted because imazosulfuron had not been applied prior to these ratings. 

     c *, significant (p ≤ 0.05); NS, not significant (p > 0.05).   

     d Averaged over S-metolachlor rates.   
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Table 3.3  Effect of cover crop and herbicide treatments on injury (%) and weed control (%) 6 weeks after treatment (WAT) in 2007 at 

the Horticultural Crop Research Station (HCRS), Clinton, NC.   

Herbicide treatments       ____________________________________ Control ____________________________________ 

  Injurya Carpetweed 

Large 

crabgrass Goosegrass 

Pink 

purslane 

Yellow 

nutsedgeb 

S-metolachlor 

PRE 

Imazosulfuron 

POST-DIR Bareground Caliente Bareground Caliente - - - - 

______ kg ai/ha _______ ______ % ______   ____________________________________ % _______________________________________ 

1.6 - 6 24 64 85 100 100 100 55 

1.6 0.224 5 18 100 97 88 100 88 81 

1.6 0.112 11 10 100 97 100 100 97 84 

0.8 - 10 14 53 97 100 100 69 38 

0.8 0.224 9 10 98 72 100 100 94 82 

 



      
 
 
 

105 

Table 3.3 continued 

0.8 0.112 4 9 94 90 98 100 88 78 

- 0.224 11 5 33 28 43 48 63 76 

- 0.112 3 5 9 84 35 59 78 69 

Contrast Significance  

S-metolachlor 1.6 kg ai/ha v. 

0.8 kg ai/ha  NSc * NS NS NS NS * * 

S-metolachlor 1.6 kg ai/ha v. S-

metolachlor 1.6 kg ai/ha fb 

Imazosulfurond NS * * NS NS NS NS * 

S-metolachlor 0.8 kg ai/ha v. S-

metolachlor 0.8 kg ai/ha fb 

Imazosulfurond NS NS * NS NS NS NS * 
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Table 3.3 continued 

Imazosulfuron 0.112 kg ai/ha v. 

0.224 kg ai/ha NS NS NS * NS NS NS NS 

Imazosulfuron 0.112 kg ai/ha v. 

S-metolachlord fb 

Imazosulfuron 0.112 kg ai/ha NS NS * NS * * NS * 

Imazosulfuron 0.224 kg ai/ha v. 

S-metolachlord fb 

Imazosulfuron 0.224 kg ai/ha NS * * * * * * NS 

S-metolachlord v. 

Imazosulfurond NS * * * * * NS * 
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Table 3.3 continued 

S-metolachlor 1.6 kg ai/ha fb 

Imazosulfuron 0.224 kg ai/ha v. 

S-metolachlor 0.8 kg ai/ha fb 

Imazosulfuron 0.112 kg ai/ha NS NS NS NS NS NS NS NS 

 

     a Injury and carpetweed control were affected by the cover crop by herbicide treatment interaction, so simple means within each 

cover crop treatment are presented.  Large crabgrass, goosegrass, pink purslane, and yellow nutsedge control were affected by 

herbicide treatments only, so means were averaged over the cover crop treatments.  Injury and weed control were rated on a 0 (no 

injury/control) to 100% (crop death/complete control) scale.        

     b Yellow nutsedge means were similar 6 and 8 WAT, so 8 WAT means (full-season control) are presented.    

     c *, significant (p ≤ 0.05); NS, not significant (p > 0.05); fb, followed by.   

     d Averaged over S-metolachlor or imazosulfuron rates.   
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Table 3.4  Effect of herbicide treatments on total, marketable, and No. 1 yield of bell 

pepper in 2007 at the Horticultural Crops Research Station (HCRS), Clinton, NC.   

 Herbicide treatments ____________Yield ____________ 

S-metolachlor PRE Imazosulfuron POST-DIR Totala Marketable No. 1 

                          ___________ kg ai/ha ____________ _____________ kg/ha ______________ 

1.6 - 16,570 15,400 11,980 

1.6 0.224 22,820 20,600 16,300 

1.6 0.112 22,650 20,990 16,770 

0.8 - 23,650 21,890 15,790 

0.8 0.224 24,970 22,920 19,180 

0.8 0.112 26,340 24,240 18,500 

- 0.224 19,210 17,550 13,640 

- 0.112 20,840 19,530 16,080 

Weed-free 29,040 26,560 21,650 

Weedy 18,280 16,520 13,860 

     

Contrast Significance 

S-metolachlor 1.6 kg ai/ha v. 0.8 kg ai/ha  *b * NS 

S-metolachlor 1.6 kg ai/ha v. S-metolachlor 1.6 kg 

ai/ha fb Imazosulfuronc * * * 
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Table 3.4 continued 

S-metolachlor 0.8 kg ai/ha v. S-metolachlor 0.8 kg 

ai/ha fb Imazosulfuronc NS NS NS 

Imazosulfuron 0.112 kg ai/ha v. 0.224 kg ai/ha NS NS NS 

Imazosulfuron 0.112 kg ai/ha v. S-metolachlorc fb 

Imazosulfuron 0.112 kg ai/ha NS NS NS 

Imazosulfuron 0.224 kg ai/ha v. S-metolachlorc fb 

Imazosulfuron 0.224 kg ai/ha NS NS NS 

S-metolachlorc v. Imazosulfuronc NS NS NS 

S-metolachlor 1.6 kg ai/ha fb Imazosulfuron 0.224 

kg ai/ha v. S-metolachlor 0.8 kg ai/ha fb 

Imazosulfuron 0.112 kg ai/ha NS NS NS 

Herbicidesc v. Weed-free * * * 

Herbicidesc v. Weedy NS NS NS 

     a Yield means were averaged over cover crop treatments since its effect was not 

significant.  Total yield is the sum of Fancy, No. 1, and cull yields for all harvests.  

Marketable yield is the sum of Fancy and No. 1 grades for all harvests.  Fancy, No. 1, and 

cull yields were based on USDA-AMS grade standards for fresh market bell pepper 

(USDA-AMS 2008).      

     b *, significant (p ≤ 0.05); NS, not significant (p > 0.05); fb, followed by.   

     c Averaged over rates of S-metolachlor, imazosulfuron, or both herbicides.   
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Table 3.5  Effect of herbicide treatments on weed control (%) 7 weeks after transplanting (WAT) in 2007 and 2008 at the Mountain 

Horticultural Crops Research Station (MHCRS), Mills River, NC.   

 Herbicide treatments ________________________________________ Control ________________________________________ 

  

American 

marshcressa Carpetweed 

Hairy 

galinsoga 

Yellow 

nutsedge 

Yellowseed 

false pimpernel 

S-metolachlor 

PRE 

Imazosulfuron 

POST-DIR 2008  - 2007 2008 2008 2008 

  ______ kg ai/ha _______ _________________________________________ % ________________________________________ 

1.6 - 45 77 98 93 71 60 

1.6 0.224 66 91 100 92 69 68 

1.6 0.112 56 88 100 83 68 84 

0.8 - 45 62 81 58 46 57 

0.8 0.224 54 47 100 67 65 73 
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Table 3.5 continued 

0.8 0.112 61 42 93 67 71 75 

- 0.224 38 53 88 13 76 19 

- 0.112 30 52 98 15 78 33 

Contrast Significance 

S-metolachlor 1.6 kg ai/ha v. 0.8 

kg ai/ha NSb NS NS * * NS 

S-metolachlor 1.6 kg ai/ha v. S-

metolachlor 1.6 kg ai/ha fb 

Imazosulfuronc NS NS NS NS NS NS 

S-metolachlor 0.8 kg ai/ha v. S-

metolachlor 0.8 kg ai/ha fb 

Imazosulfuronc NS NS NS NS * NS 
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Table 3.5 continued 

Imazosulfuron 0.112 kg ai/ha v. 

0.224 kg ai/ha NS NS NS NS NS NS 

Imazosulfuron 0.112 kg ai/ha v. S-

metolachlorc fb Imazosulfuron 

0.112 kg ai/ha NS NS NS * NS * 

Imazosulfuron 0.224 kg ai/ha v. S-

metolachlorc fb Imazosulfuron 

0.224 kg ai/ha NS NS NS * NS * 

S-metolachlorc v. Imazosulfuronc NS NS NS * * * 
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Table 3.5 continued 

S-metolachlor 1.6 kg ai/ha fb 

Imazosulfuron 0.224 kg ai/ha v. S-

metolachlor 0.8 kg ai/ha fb 

Imazosulfuron 0.112 kg ai/ha NS * NS * NS NS 

 

     a American marshcress, yellow nutsedge, and yellowseed false pimpernel were present in 2008 only.  Carpetweed was present in 

2007 and 2008, but year did not affect control, so means are averaged over 2007 and 2008.  Hairy galinsoga was present in 2007 and 

2008.  the year by herbicide treatment interaction was significant, so simple effects of herbicide treatments are presented within each 

year.  Effect of cover crop treatment was not significant for all weeds presented, so means are averaged over cover crop treatments.   

     b *, significant (p ≤ 0.05); NS, not significant (p > 0.05); fb, followed by. 

     c Averaged over rates of S-metolachlor, imazosulfuron, or both herbicides.  
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Table 3.6  Effect of year, cover crop, and herbicide treatments on common purslane 

control (%) 7 weeks after transplanting (WAT) in 2007 and 2008 at the Mountain 

Horticultural Crops Research Station, Mills River, NC.   

 Herbicide treatments ____________________ Control ____________________ 

  2007 2008 

S-metolachlor 

PRE 

Imazosulfuron 

POST-DIR Bareground Caliente Bareground Caliente 

______ kg ai/ha _______     _________________________ % ______________________ 

1.6 - 88 69 100 92 

1.6 0.224 100 98 88 75 

1.6 0.112 92 96 83 75 

0.8 - 46 75 63 68 

0.8 0.224 82 37 75 58 

0.8 0.112 73 57 8 63 

- 0.224 5 31 100 25 

- 0.112 8 12 17 8 

      

Contrast Significance 

S-metolachlor 1.6 kg ai/ha v. 0.8 

kg ai/ha *a NS NS NS 
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Table 3.6 continued 

S-metolachlor 1.6 kg ai/ha v. S-

metolachlor 1.6 kg ai/ha fb 

Imazosulfuronb NS NS NS NS 

S-metolachlor 0.8 kg ai/ha v. S-

metolachlor 0.8 kg ai/ha fb 

Imazosulfuronb NS NS NS NS 

Imazosulfuron 0.112 kg ai/ha v. 

0.224 kg ai/ha NS NS * NS 

Imazosulfuron 0.112 kg ai/ha v. S-

metolachlorb fb Imazosulfuron 

0.112 kg ai/ha * * NS * 

Imazosulfuron 0.224 kg ai/ha v. S-

metolachlorb fb Imazosulfuron 

0.224 kg ai/ha * * NS * 

S-metolachlorb v. Imazosulfuronb * * NS * 

Imazosulfuron 0.224 kg ai/ha v. S-

metolachlor 0.8 kg ai/ha fb 

Imazosulfuron 0.112 kg ai/ha NS * * NS 

     a *, significant (p ≤ 0.05); NS, not significant (p > 0.05); fb, followed by. 
     b Averaged over rates of S-metolachlor, imazosulfuron, or both herbicides.  
 



      
 
 
 

116 

Table 3.7  Effect of cover crop and herbicide treatments on bell pepper height and total, marketable, and fancy bell pepper yield 

averaged over 2007 and 2008 at the Mountain Horticultural Crops Research Station, Mills River, NC.   

Herbicide treatments 

Plant 

heighta Total yieldb Marketable yield Fancy yield 

S-metolachlor 

PRE 

Imazosulfuron 

POST-DIR - Bareground Caliente Bareground Caliente Bareground Caliente 

_____ kg ai/ha ______ cm ______________________________________ kg/ha ________________________________________ 

1.6 - 44 51,710 43,810 49,180 43,250 32,090 27,630 

1.6 0.224 42 40,260 44,660 38,760 43,300 26,330 27,850 

1.6 0.112 42 43,200 37,950 42,130 38,050 28,870 24,630 

0.8 - 43 37,330 43,460 38,880 42,530 23,980 28,700 

0.8 0.224 44 47,710 40,080 45,290 39,920 31,610 25,610 

0.8 0.112 44 45,960 46,250 45,310 44,140 29,710 29,800 
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Table 3.7 continued 

- 0.224 45 45,860 38,340 46,490 38,880 29,630 23,930 

- 0.112 44 41,590 33,080 41,890 34,480 27,110 22,640 

Weed-free 46 48,740 40,660 48,580 37,560 33,610 22,130 

Weedy 46 41,890 36,180 43,450 34,960 27,770 20,020 

         

Contrast  Significance 

         

S-metolachlor 1.6 kg ai/ha v. 0.8 

kg ai/ha NSc * NS * NS * NS 

S-metolachlor 1.6 kg ai/ha v. S-

metolachlor 1.6 kg ai/ha fb 

Imazosulfurond * * NS * NS NS NS 

 



      
 
 
 

118 

Table 3.7 continued 

S-metolachlor 0.8 kg ai/ha v. S-

metolachlor 0.8 kg ai/ha fb 

Imazosulfurond NS * NS * NS * NS 

Imazosulfuron 0.112 kg ai/ha v. 

0.224 kg ai/ha NS NS NS NS NS NS NS 

Imazosulfuron 0.112 kg ai/ha v. S-

metolachlord fb Imazosulfuron 

0.112 kg ai/ha NS NS * NS * NS NS 

Imazosulfuron 0.224 kg ai/ha v. S-

metolachlord fb Imazosulfuron 

0.224 kg ai/ha NS NS NS NS NS NS NS 

S-metolachlord v. Imazosulfurond NS NS * NS * NS * 
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Table 3.7 continued 

S-metolachlor 1.6 kg ai/ha fb 

Imazosulfuron 0.224 kg ai/ha v. S-

metolachlor 0.8 kg ai/ha fb 

Imazosulfuron 0.112 kg ai/ha NS NS NS * NS NS NS 

Herbicidesd v. Weed-free * NS NS * NS * NS 

Herbicidesd v. Weedy * NS NS NS * NS * 

     a Plant heights were averaged over cover crop treatments since its effect was not significant.   

     b Total yield is the sum of Fancy, No. 1, and cull yields for all harvests.  Marketable yield is the sum of Fancy and No. 1 grades for 

all harvests.  Fancy, No. 1, and cull yields were based on USDA-AMS grade standards for fresh market bell pepper (USDA-AMS 

2008).      

     c *, significant (p ≤ 0.05); NS, not significant (p > 0.05); fb, followed by.   

     d Averaged over rates of S-metolachlor, imazosulfuron, or both herbicides.   
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Figure A.1.  Effect of imazosulfuron applied POST to bell pepper on injury (%) 2 wk 

after treatment (WAT) in the greenhouse.  Injury was rated on a 0 (no injury) to 100% 

(bell pepper death) scale.  Means were averaged across 2007 and 2008 due to lack of 

interaction between year and imazosulfuron rate.  Injury = 0.027x + 12.9, where x = 

imazosulfuron rate (g ai/ha); R2 = 0.79.   

 

 

 

 



      
 
 
 

122 

0

10

20

30

40

50

60

70

0 56 112 168 224 280 336 392 448 504

Imazosulfuron (g ai/ha)

%
 M

o
tt
li

n
g

 

Figure A.2.  Effect of imazosulfuron rate on bell pepper leaf mottling (%) 2 and 4 wk 

after treatment (WAT) in the greenhouse.  Leaf mottling was rated on a 0 (no mottling) to 

100% (complete leaf mottling) scale.  The effect of year was not significant 2 WAT so 

means are averaged over 2007 and 2008.  The interaction of year by imazosulfuron rate 

was significant 4 WAT, so two curves were fit.  2 WAT (♦, solid line):  Leaf mottling = 

0.038x + 22.4, where x = imazosulfuron rate (g ai/ha), R2 = 0.24.  4 WAT 2007(■, small 

dashes):  Leaf mottling = 0.093x + 20.8; 4 WAT 2008 (▲, heavy dashes):  Leaf mottling 

= 0.034x + 9.1; where x = imazosulfuron rate (g ai/ha); R2 = 0.87.   
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Figure A.3  Effect of imazosulfuron on bell pepper leaf distortion (%) 2 and 4 wk after 

treatment (WAT) in the greenhouse.  Leaf distortion was rated on a 0 (no distortion) to 

100% (complete leaf distortion) scale.  Means were averaged across 2007 and 2008 

within each rating time due to lack of significant interaction of year by imazosulfuron 

rate.  2 WAT (♦, solid line):  Distortion = 0.027x + 28.6, where x = imazosulfuron rate (g 

ai/ha); R2 = 0.23.  4 WAT (■, dashed line):  Distortion = 0.031x + 34.0, where x = 

imazosulfuron rate (g ai/ha); R2 = 0.21.   

 

 

 

 

 



      
 
 
 

124 

0

2

4

6

8

10

12

14

16

0 2.6 5.2 7.8 10.4 13 15.6 18.2 20.8 23.4 26 28.6 31.2 33.8

Thifensulfuron-methyl (g ai/ha)

N
o
d

es

 

Figure A.4  Effect of thifensulfuron-methyl applied POST on number of bell pepper 

nodes 2 wk after treatment (WAT) in the greenhouse.  Interaction of year by 

thifensulfuron-methyl rate was significant, so two curves were fit simultaneously.  2007 

(♦, dashed line):  Nodes = -0.043x + 11.3; 2008 (■, solid line):  Nodes = 0.017x + 12.5, 

where x = thifensulfuron-methyl rate (g ai/ha); R2 = 0.84. 
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Figure A.5  Effect of thifensulfuron-methyl applied POST on number of bell pepper buds 

2 wk after treatment (WAT) in 2007 and 2008 in the greenhouse.  A significant 

interaction of year by thifensulfuron-methyl rate required the fitting of separate curves for 

each year.  Two quadratic functions were fit simultaneously.  2007 (♦, dashed line):  

Buds = 0.47x2 -2.3x + 22.3; 2008 (■, solid line):  Buds = 0.010x2 + 0.34x +16.0; where x 

= thifensulfuron-methyl rate (g ai/ha); R2 = 0.81. 
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Figure A.6  Effect of year and thifensulfuron-methyl on number of bell pepper fruit set 

2 wk after treatment (WAT) in the greenhouse averaged across 2007 and 2008.  Fruit =       

-0.056x + 3.1, where x = thifensulfuron-methyl rate (g ai/ha); R2 = 0.20.   
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Figure A.7  Effect of thifensulfuron-methyl applied POST to bell pepper on injury (%) 2 

wk after treatment (WAT) in the greenhouse.  Injury was rated on a 0 (no injury) to 100% 

(bell pepper death) scale.  Means were averaged over 2007 and 2008 due to lack of 

interaction of year by thifensulfuron-methyl rate.  Injury = 0.49x + 30.0, where x = 

thifensulfuron-methyl rate (g ai/ha); R2 = 0.52.   
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Figure A.8  Effect of thifensulfuron-methyl applied POST to bell pepper on chlorosis 

(%) 2 and 4 wk after treatment (WAT) in the greenhouse.  Chlorosis was rated on a 0 (no 

chlorosis) to 100% (complete leaf chlorosis) scale.  Means were averaged over 2007 and 

2008 within each respective rating time due to lack of interaction of year by 

thifensulfuron-methyl rate.  2007 (■, dashed line):  Chlorosis = 0.37x + 24.2, where x = 

thifensulfuron-methyl rate (g ai/ha); R2 = 0.10.  2008 (♦, solid line):  Chlorosis = 0.52x + 

26.4, where x = thifensulfuron-methyl rate (g ai/ha); R2 = 0.37. 
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Figure A.9  Effect of thifensulfuron-methyl applied POST on bell pepper leaf distortion 

(%) 4 wk after treatment (WAT) averaged over 2007 and 2008 in the greenhouse.  Leaf 

distortion was rated on a 0 (no distortion) to 100% (complete distortion) scale.  Distortion 

= 0.41x + 41.2, where x = thifensulfuron-methyl rate (g ai/ha); R2 = 0.15.     

 


