
ABSTRACT 
 

McELROY, JOSEPH SCOTT.  Biology, Ecology, and Herbicidal Control of Perennial 

Sedge Species Found in Managed Turfgrass Systems. (Under the direction of Dr. Fred H. 

Yelverton) 

Perennial sedge species (Cyperaceae) are increasing in their prevalence in managed 

turfgrass systems.  Research evaluated herbicidal control and physiological activity of 

herbicides on perennial sedges; ecological factors influencing the spatial distribution of 

perennial sedge species, and phenological characteristics of perennial sedges.  

Experiments largely focused on green and false-green kyllinga (Kyllinga brevifolia and 

K. gracillima) with one experiment focused on yellow and purple nutsedge (Cyperus 

esculentus and C. rotundus).  Soil + foliar applied CGA-362622 and halosulfuron 

controlled green and false-green kyllinga greater than foliar-applied.  In addition, soil + 

foliar and soil-applied CGA-362622 controlled yellow and purple nutsedge greater than 

foliar-applied, indicating that both foliar and root absorption are important to increasing 

control of perennial sedges.  While MSMA is viewed largely as a foliar-applied 

herbicide, soil-applied MSMA reduced yellow and purple nutsedge, and green and false-

green kyllinga growth 30 days after treatment, but not 60 days compared to the non-

treated.  In field experiments, CGA-362622 applied singly controlled green and false-

green kyllinga greater than halosulfuron applied singly; however, no difference was 

observed between sequential applications of these two herbicides.  The combination 

treatment of imazaquin + MSMA controlled green and false-green kyllinga greater than 

or equal to all herbicide treatments including CGA-362622 applied sequentially.  

Sulfentrazone caused rapid necrosis of green and false-green kyllinga shoots, but control 



decreased over time.  MSMA and bentazon treatments controlled green and false-green 

kyllinga populations insufficiently.  Based on studies evaluating the physiological 

activity of CGA-362622 and halosulfuron in green and false-green kyllinga, the observed 

control difference between single applications of these herbicides could not be attributed 

to absorption, translocation, or metabolism.  Thus, greater efficacy of CGA-362622 is 

possibly due to greater affinity for the site of action or herbicidal activity of novel 

metabolites. In evaluating the spatial distribution of green and false-green kyllinga in 

managed turfgrass, it was observed that both species are correlated with areas of 

increased soil moisture.  Green kyllinga correlated with increasing soil sodium across 

three sites, indicating a potential halophytic response, but sodium did not reach a level 

that would reduce bermudagrass competition.  While both species correlate with 

numerous edaphic variables, observations were not consistent across sites.  Further 

evaluation of the interrelationship of elevation and edaphic variables indicates that 

heterogeneity within the soil environment is correlated with subtle changes in elevation.  

Experiments evaluating the phenological characteristics of green and false-green kyllinga 

indicate that green kyllinga’s shoot, root, and rhizome growth rate is faster than that of 

false-green kyllinga; however, green kyllinga does not survive the winter in the piedmont 

region of North Carolina.   
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“And no one was ill, and everyone was pleased, except those who had to mow the grass.” 
-From J.R.R. Tolkien’s The Return of the King, The Lord of the Rings Part III, 

After the defeat of Saruman and liberation of the Shire. 
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CHAPTER 1 

Selective Exposure of Yellow and Purple Nutsedge to Postemergence Treatments of 

CGA-362622, Imazaquin, and MSMA. 

Abstract:  Greenhouse studies were conducted to evaluate shoot number, shoot weight, and 

root weight reduction of yellow and purple nutsedge to three placement levels (soil, foliar, 

and soil + foliar applied) and four herbicide treatments (CGA-362622, imazaquin, MSMA, 

and imazaquin + MSMA).  Soil-applied CGA-362622 reduced shoot number, shoot weight, 

and root weight greater than foliar-applied.  Foliar-applied imazaquin and soil-applied 

MSMA achieved little reduction in measured variables compared to the non-treated control.  

Foliar-applied imazaquin and soil-applied MSMA reduced shoot number, shoot weight, and 

root weight less than imazaquin + MSMA applied in a similar fashion.  Averaged over 

placement levels, imazaquin reduced shoot weight of yellow nutsedge greater than purple 

nutsedge.  Averaged over herbicide treatments, soil-applied treatments were more effective 

in reducing purple nutsedge shoot number, while foliar-applied treatments were more 

effective in reducing yellow nutsedge shoot number.   

Nomenclature:  CGA-362622, N-[(4,6-dimethoxy-2-pyrimidinyl)carbamoyl]-3-(2,2,2-

trifluroethoxy)-pyridin-2-sulfonamide sodium salt; imazaquin, MSMA, purple nutsedge, 

Cyperus rotundus L. #1 CYPRO; yellow nutsedge, Cyperus esculentus L. # CYPES. 

Additional index words:  Root absorption, foliar absorption.  

 
1 Letters following this symbol are a WSSA-approved computer code from Composite List 

of Weeds, Revised 1989.  Available only on computer disk from from WSSA, 810 East 10th 

Street, Lawrence, KS 66044-8897. 
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Abbreviations:  DAP, Days after planting; DAT, days after treatment; NIS, non-ionic 

surfactant; POST, postemergence; PRE, preemergence. 

 
INTRODUCTION 

 
Purple and yellow nutsedge are herbaceous perennials that are among the world’s worst 

weeds (Stoller and Sweet 1987).  Purple and yellow nutsedge are problem weeds due to their 

perennial nature, longevity of tuber viability, and prolific tuber production (Bariuan et al. 

1999).  Because tubers play an important role in the propagation of these weeds, effective 

control measures need to reduce the density of viable tubers and shoot mass, thus resulting in 

long-term population reductions of these weeds.  The increase of purple and yellow nutsedge 

in turf is attributed to reduced competition from annual weeds due to highly efficacious 

control of these weeds (Bendixen and Stroube 1977), and changes in weed management 

strategies over the past several years that have selected for the increase of various nutsedge 

populations (Yelverton 1996).   

No herbicides are currently labeled for preemergence (PRE) control of purple nutsedge in 

warm-season turf (Blum et al. 2000).  Thus, current nutsedge control strategies utilize 

selective postemergence (POST) herbicides including halosulfuron, imazaquin, and MSMA.  

MSMA and imazaquin control purple and yellow nutsedge; however, multiple applications 

are necessary for effective (>90%) control (Blum et al. 2000; Kopec et al. 1991).  

Additionally, imazaquin and MSMA have little effect on rhizomes and tubers, which can 

initiate regrowth after initial treatment (Molin et al. 1999; Wills 1975).  Coats et al. (1987) 

observed that a tank mixture of imazaquin and MSMA POST controlled purple and yellow 

nutsedge better than either herbicide alone.   
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CGA-362622 is a new sulfonylurea herbicide being developed for POST weed control in 

cotton (Gossypium hirsutum L.), sugarcane (Saccharum spp.), and turf (Brecke and Unruh 

2000; Hudetz et al 2000; Porterfield et al. 2002; Wells et al. 2000).  Warm-season turf, such 

as bermudagrass [Cynodon dactylon (L.) Pers.] and St. Augustinegrass [Stenotaphrum 

secundatum (Walt.) Kuntze], have shown tolerance to CGA-362622 at rates up to 40 g ai/ha 

(Teuton et al. 2001; Yelverton et al. 2002).  CGA-362622 controls numerous perennial weeds 

and various cool-season grasses that are problematic in bermudagrass turf, including green 

kyllinga (Kyllinga brevifolia Rottb.), torpedograss (Panicum repens L.), and perennial 

ryegrass (Lolium perenne L.) (Askew et al. 2002; Brecke and Unruh 2002; Teuton et al. 

2001; Yelverton et al. 2002).  Field studies in cotton and turf have reported >80% control of 

purple and yellow nutsedge after one treatment of CGA-362622 (Fred H. Yelverton, 

unpublished data; Porterfield et al. 2002; Troxler et al. 2002).  Troxler et al. (2003) observed 

that less than 4% of foliar-applied 14C-CGA-362622 was translocated to purple and yellow 

nutsedge roots and tubers. However, they hypothesized that the soil activity of the herbicide 

could be a factor for nutsedge control observed in field studies.   

Control of purple and yellow nutsedge with selective placement of another sulfonylurea 

herbicide, halosulfuron, has been reported (Vencil et al. 1995).  Because of the potential of 

CGA-362622 to control purple and yellow nutsedge, nutsedge response to differential 

placement of this herbicide needs to be investigated.  Thus, the objective of this research was 

to evaluate response of purple and yellow nutsedge to soil-applied, foliar-applied, and soil + 

foliar applications of imazaquin, MSMA, imazaquin + MSMA, and CGA-362622. 
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MATERIALS AND METHODS 

Greenhouse experiments were conducted to evaluate selective placement of herbicides 

for control of yellow and purple nutsedge. Greenhouse temperature conditions were 32/24 + 

3 C day/night.  Supplemental lighting was included at 500 µmol/m/s to provide a 16h 

photoperiod.  The soil medium used was a 1:1 v/v ratio of river-bottom sand and Norfolk 

loamy fine sand (thermic Typic Kandiudults) with a pH 6.1 and 0.3% humic matter. 

Purple and yellow nutsedge tubers were purchased for this experiment.2  Plastic pots (60 

cm2 surface area and 600 ml volume) were filled to capacity with soil medium.  A single 

yellow or purple nutsedge tuber was planted at a 2 cm depth in each pot.  Plants were 

irrigated twice daily with overhead irrigation and treated at 28 d after planting (DAP).  

Nutsedge plants were not irrigated for 24 h after treatment; then, plants were sub-irrigated 

until 7 d after treatment (DAT).  From 7 to 30 DAT, plants were irrigated once daily with 

surface irrigation using careful attention being taken to not contact the foliage and to not 

over-irrigate causing excessive leaching.  After 30 DAT, normal twice-daily overhead 

irrigation was resumed.  Plants were fertilized on a biweekly basis beginning 7 DAP with a 

20-20-20 soluble fertilizer3.   

Experiments were conducted as a completely random design, with a two by three by four 

factorial arrangement of treatments with three replicates, and the experiment was repeated in 

time.  Factorial levels included:  two nutsedge species, three selective exposure placement 

                                                 
2 Azlin Seed Service, 2001. PO Box 914, Leland, MS 38756. 
 
3 Peters Professional 20-20-20 Water-Soluble Fertilizer; Scotts-Sierra Horticultural 

Products Co., 14111 Scottslawn Rd., Marysville, OH 43041. 
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levels, and four herbicide treatments.  A non-treated check was included for each species in 

each replicate.  Pots were re-randomized every 7 d to account for potential unexplained 

variation within the greenhouse environment. 

Three herbicide placement treatment levels included: foliar, soil, and foliar + soil applied.  

Foliar and foliar + soil applications were made using a moving-belt sprayer calibrated to 

deliver 187 L/ha with a single 8001E flat fan nozzle4.  Foliar applied treatments were 

achieved by placing a 2 cm layer of activated charcoal5 on the soil surface of the pot.  

Activated charcoal was removed after the foliage dried. Soil-applied treatments were 

achieved by calculating the amount of herbicide that would contact the soil surface of the 60-

cm2 pot.  The rate per pot was diluted in 10 ml of tap water and syringe-applied evenly over 

the soil surface of the pot.  Herbicide treatments and rates were:  CGA-362622 at 24.7 g ai/ha 

plus non-ionic surfactant6 (NIS) at 0.25% v/v, imazaquin7 at 560 g/ha plus NIS at 0.25% v/v, 

MSMA8 at 2,240 g/ha, and MSMA at 2,240 g/ha plus imazaquin at 560 g/ha.  Surfactant was 

included in the MSMA formulation. 

The number of emerged shoots was recorded at 0, 30, and 60 DAT.  At 30 and 60 DAT, 

shoots were clipped at the soil surface, dried for 96 h at 60 C, 0% relative humidity, and 

 
4 Spraying Systems Co., P.O. Box 7900, Wheaton, IL 60189. 

5 Aquatrols Clean CarbonTM, 5 North Olney Avenue, Cherry Hill, NJ 08003. 

6  X-77 Spreader (alkylarylpolyoxyethylene glycols, free fatty acids, isopropanol), 

Loveland Industries, Inc., P.O. Box 1289 Greeley, CO 80632. 

7 Image 70 DG, BASF Corporation, 26 Davis Drive, Research Triangle Park, NC 27709. 

8 Bueno 6, Zeneca Ag Products, 1800 Concord Pike, Wilmington, DE 19850-5458. 
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weights recorded.  At 60 DAT, roots were washed free of soil, dried, as previously described, 

and weights recorded.  No additional tubers had formed by 60 DAT, therefore, tuber number 

was not considered in the analysis.  For each pot, shoot numbers at 30 and 60 DAT were 

subtracted by the 0 DAT count to adjust values to a shoot number increase/decrease value.  

Shoot weight was transformed to a weight per shoot value by dividing the shoot weight per 

pot by the number of shoots per pot at 30 and 60 DAT, respectively.  Shoot number, shoot 

weight, and root weight were transformed to percent reduction relative to the non-treated 

check of each species.  The non-treated checks were reduced to 0% reduction after 

transformation and excluded from the analysis.   

Data was subjected to analysis of variance (ANOVA) at a significance level of P = 0.05.  

While the experimental design was completely random, ANOVA was conducted as a 

randomized complete block with sub-sampling (Steele et al.1997).  Experimental runs were 

treated as blocks and treatment replicates were treated as sub-samples within each 

experimental run.  The experimental run by treatment (placement by herbicide by species) 

was used as the mean square error to test significance of factorial main effects and 

interactions (Steele et al. 1997).  Experimental run by treatment interaction was non-

significant (P > 0.05), thus experimental runs were pooled.  Significant (P < 0.05) main 

effects and interactions are presented according to ANOVA with precedent given to higher 

order interactions within the factorial arrangement (Steele et al. 1997).  Appropriate mean 

separations according to ANOVA were conducted using Fisher’s protected LSD (P = 0.05). 
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RESULTS AND DISCUSSION 

 
Herbicide treatment by placement interaction was significant (P < 0.05) for shoot number 

at 30 and 60 DAT.  Soil and soil + foliar applied CGA-362622 reduced shoot number greater 

(66 and 59%, respectively) than foliar-applied CGA-362622 (40%), 30 DAT (Table 1).  Soil 

+ foliar applied imazaquin provided greater shoot number reduction (46%) than soil-applied 

(7%), 30 DAT.   However, shoot number reduction 30 DAT for foliar-applied imazaquin 

(26%) was similar to both soil and soil + foliar applied.  No difference in shoot number 

reduction was observed between placement levels of MSMA or between placement levels of 

imazaquin + MSMA, 30 DAT.  

Soil-applied CGA-362622 reduced shoot number 100% 60 DAT, while foliar and soil + 

foliar applied treatments were less (<70%) (Table 1).  Greater shoot number reduction with 

soil-applied CGA-362622 compared to soil + foliar could possible be attributed to the limited 

foliar uptake of CGA-362622 (Troxler et al. 2003).  Furthermore, soil-applied treatments 

would have a greater amount of herbicide to be root absorbed due to the limited soil contact 

because of foliar interception when treatments are foliar + soil applied.  No differences in 

shoot number reduction were detected between placement levels of imazaquin 60 DAT.  

Similar findings have been reported for pyrithiobac applied in a similar fashion (Wilcut 

1998).  Foliar-applied pyrithiobac reduced yellow nutsedge shoot number 30 DAT less than 

soil or soil + foliar applied treatments.  However, no difference was detected between foliar 

and soil-applied pyrthiobac 50 DAT (Wilcut 1998).  Foliar and soil + foliar applied MSMA 

reduced shoot number >60%, while soil-applied reduced shoot number 10%, 60 DAT.  Soil + 

foliar applied imazaquin + MSMA reduced shoot number 74%, while soil-applied reduced 
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shoot number 32%, 60 DAT.  Shoot number reduction of foliar-applied imazaquin + MSMA 

(44%) was similar to the other placement levels, 60 DAT.  

   Soil-applied CGA-362622 and imazaquin + MSMA reduced shoot number greater (>60%) 

than MSMA and imazaquin applied alone (<30%) 30 DAT (Table 1).  Foliar-applied CGA-

362622, MSMA, and imazaquin + MSMA reduced shoot number (40, 41, and 48%, 

respectively) greater than imazaquin alone (7%), 30 DAT.  However, no difference was 

observed between shoot reduction of herbicides soil + foliar applied, 30 DAT.  Differences 

between soil-applied imazaquin alone and imazaquin + MSMA were not expected due to 

limited soil activity of MSMA (Sachs and Michaels 1971).  However, elevated levels of soil 

incorporated MSMA (22 kg/ha) have been shown to reduce rice (Oryza sativa L.) yield by 

18% in field experiments (Baker et al. 1976).  Additionally, Horton et al. (1983) reported 45 

and 85% yield reduction in rice yield grown in pot culture when soils were treated with 6 and 

9 kg/ha, respectively.  These yield reductions in rice were largely attributed to a 

physiological condition known as “straighthead,” which causes malformation of panicles and 

florets in rice.  “Straighthead” was induced by elevated arsenic and ethylene concentrations 

found in leaves of rice growing in MSMA-treated soils (Horton et al. 1983).  These data may 

in part explain the reason soil-applied imazaquin + MSMA reduced shoot number 30 DAT 

greater than imazaquin alone applied similarly (Table 1).  However, comparisons to previous 

literature are not equivalent because MSMA rates in previous experiments are 3 to 10 times 

higher than those applied in our experiments.  Additionally, no seedheads formed on any 

nutsedge plants treated; thus, malformation of seedheads with soil-applied MSMA was not 

observed.   
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Greater shoot number reduction was achieved with soil-applied CGA-362622, compared to 

other soil-applied herbicide treatments at 60 DAT (Table 1).  Yelverton et al. (2002) reported 

greater purple nutsedge control in bermudagrass turf with CGA-362622 than imazaquin or 

MSMA applied alone.  Foliar and soil + foliar applied imazaquin reduced shoot number less 

than all other herbicides treatments at these placement levels 60 DAT.  Greater purple 

nutsedge control in bermudagrass turf with imazaquin + MSMA compared to imazaquin 

alone has been previously reported (Coats et al. 1987). 

No main effects or interactions were detected (P < 0.05) for shoot weight reduction 30 

DAT (data not shown).  Herbicide treatment by placement level interaction was detected for 

shoot weight 60 DAT (Table 2).  Greater shoot weight reduction 60 DAT was achieved with 

soil and soil + foliar applied CGA-362622, than foliar-applied.  Williams et al. (2001) 

reported similar results with greater amounts of chlorotic tissue and less regrowth from 

rhizomes of torpedograss with soil-applied CGA-362622 than foliar-applied.  Furthermore, 

Vencil et al. (1995) reported greater reduction in shoot dry weight 60 DAT with halosulfuron 

soil-applied than foliar-applied.  However, no differences in shoot dry weight 30 DAT or root 

dry weight 60 DAT were reported for halosulfuron with either application method (Vencil et 

al. 1995).   

   No differences were detected for between placement levels of imazaquin or imazaquin + 

MSMA shoot weight, 60 DAT (Table 2).  Greater shoot weight reduction 60 DAT was 

achieved with soil + foliar applied MSMA compared to soil-applied.  Limited efficacy of 

soil-applied MSMA is due to strong soil absorption of MSMA and little translocation to the 

foliage when MSMA is root absorbed (Sachs and Michaels 1971).   
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Differences in shoot number reduction were observed among herbicides within placement 

levels at 60 DAT (Table 2).  Soil-applied CGA-362622 reduced shoot weight greater than all 

other herbicides at this placement level, 60 DAT.  Furthermore, soil + foliar applied CGA-

362622 reduced shoot weight greater than imazaquin or MSMA, each applied alone, at this 

placement level 60 DAT.  However, while foliar-applied imazaquin was lower than the other 

herbicide treatments with regards to shoot number percent reduction 30 DAT (Table 1), there 

was no difference in shoot weight reduction 60 DAT (Table 2).  The authors did observe 

decreased shoot elongation of imazaquin treated plants, but only minor decreases in shoot 

number compared to the non-treated.  Ogasawara et al. (1995) reported similar finding of 

decreased elongation of new yellow nutsedge leaves treated with imazaquin and an increase 

in shoot numbers when treated with >100 mg/L.   

Herbicide treatment by placement level interaction was detected for root weight reduction 

(Table 2).  Soil and soil + foliar applied CGA-362622 reduced root weight > 64%, while 

foliar-applied reduced root weight 43%.  Vencil et al. (1995) reported no difference in root 

weight reduction with halosulfuron placement levels 60 DAT.  However, CGA-362622 was 

reported to control purple nutsedge greater than halosulfuron (Brecke and Unruh 2000).    

   No differences in root weight reduction were detected among the placement levels of 

imazaquin alone or imazaquin + MSMA (Table 2).  MSMA foliar and soil + foliar applied 

reduced root weight >59%, while soil-applied reduced root weight only 12% (Table 2).  

Reductions in shoot and root weight of yellow and purple nutsedge with imazethapyr are 

similar to our findings with imazaquin (Richburg et al.1993).  While, soil and soil + foliar 

applied imazethapyr reduced shoot regrowth weight greater than foliar-applied, there was no 

difference observed between imazethapyr placement levels with regards to root weight 
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reduction (Richburg et al. 1993).  Similarly, no differences in yellow nutsedge shoot and root 

weight reductions were detected between placement levels of imazapic (Richburg et al. 

1994).  However, purple nutsedge shoot and root weight reduction with soil-applied imazapic 

at 60 DAT was significantly less than a soil + foliar treatment (Richburg et al. 1994).   

Soil-applied CGA-362622, imazaquin, and imazaquin + MSMA reduced root weights 

>50%, while MSMA soil-applied reduced root weights less (Table 2).  Foliar-applied 

imazaquin + MSMA reduced root weights (71%), greater than CGA-362622 (43%) or 

imazaquin (39%).  Foliar-applied MSMA reduced root weights 59%.  Soil + foliar applied 

imazaquin reduced root weight less than the other herbicide treatments at this placement 

level. 

Placement by species interaction was detected for shoot number percent reduction 60 DAT 

(Table 3).  Greater shoot number reduction was achieved with foliar and soil + foliar applied 

treatments compared to soil-applied for yellow nutsedge.  Similarly, greater shoot number 

reduction was achieved with soil-applied treatments compared to foliar-applied for purple 

nutsedge.  However, soil + foliar applied treatments did not differ from soil or foliar-applied 

treatments for purple nutsedge shoot number reduction.  Soil and soil + foliar applied 

treatments reduced purple nutsedge and yellow nutsedge shoot numbers similarly, 60 DAT.  

However, foliar-applied treatments reduced yellow nutsedge shoot number (60%) greater 

than purple nutsedge shoot number (21%).  

   Herbicide treatment by species interaction was detected for shoot weight percent reduction 

60 DAT (Table 4).  CGA-362622 and imazaquin + MSMA reduced shoot weight of yellow 

and purple nutsedge 58 to 69%, respectively, 60 DAT.  Imazaquin reduced yellow nutsedge 

shoot weight 51%, but reduced purple nutsedge 26%.  Similarly, MSMA reduced yellow 
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nutsedge shoot weight 41%, and purple nutsedge shoot weight 17%.  Greater shoot reduction 

of yellow nutsedge than purple nutsedge with imazaquin has also been reported by 

Nandihalli and Bendixen (1988).  In addition, imazaquin + MSMA provided greater 

reduction than imazaquin or MSMA applied alone for purple nutsedge, but not yellow 

nutsedge (Table 4).  Blum et al. (2000) reported greater control of purple nutsedge with 

imazaquin + MSMA than sequential applications of MSMA or single applications of 

imazaquin, 15 to 18 wks after treatment.  However, no difference in control of yellow 

nutsedge was detected between these treatments (Blum et al. 2000).   

   These data indicate that CGA-362622 and imazaquin + MSMA generally provided similar 

levels of reduction in growth of yellow and purple nutsedge.   In addition, the combination 

treatment of imazaquin + MSMA increased control of purple nutsedge, but not yellow 

nutsedge when compared to these products applied alone.  Root absorption of CGA-362622 

from the soil is important for maximizing reductions in growth of purple and yellow 

nutsedge. 
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Table 1.  Influence of herbicide placement level and treatments on shoot number of purple and yellow  
 
nutsedge 30 and 60 DAT.a 

  Shoot number reduction 30 DAT  Shoot number reduction 60 DAT  

Herbicide  Soil  Foliar  Soil+Foliar LSDb Soil   Foliar Soil+Foliar LSDc

   ____________%____________ ____________%____________  

CGA-362622        66 40 59 17 100  52 69 21 

Imazaquin           

         

26 7 46 30 26 6 21 NS

MSMA  24 41 43 NS 10  60 66 29

Imazaquin+MSMA  62 48 48 NS 32  44 74 36 

LSDd   16  27  NS     33   37  25    

   a Abbreviations: DAT, days after treatment; NS, non-significant. 

   b LSD (P < 0.05) for comparing placement levels within a herbicide treatment at 30 DAT.   

   c LSD (P < 0.05) for comparing placement levels within a herbicide treatment at 60 DAT.   

   d LSD (P < 0.05) for comparing herbicide treatments within a placement level.   
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Table 2.  Influence of selective placement of herbicides on shoot weight and root weight of purple  
 
and yellow nutsedge 60 DAT.a 

  Shoot weight reduction  Root weight reduction  

Herbicide     Soil Foliar Soil+Foliar LSDb Soil Foliar Soil+Foliar LSDc

   ____________%____________ ____________%____________  

CGA-362622        100 55 87 26 72 43 64 18 

Imazaquin          

         

          

53 53 37 NS 50 39 47 NS

MSMA  6 39 42 35 12 59 76 25

Imazaquin+MSMA 58 64 66 NS 59 71 68 NS

LSDd   20  NS  27     21  21  14    

   a Abbreviations: DAT, days after treatment; NS, non-significant. 

   b LSD (P < 0.05) for comparing shoot weight reduction of placement levels within a herbicide  
 
    treatment.   
   c LSD (P < 0.05) for comparing root weight reduction of placement levels within a herbicide  
 
    treatment.   
   d LSD (P < 0.05) for comparing herbicide treatments within a placement level.   



19 
Table 3.  Nutsedge species by placement interaction on shoot number  
 
reduction 60 DAT.a 

  Shoot number reduction 
 

Species  Soil Foliar Soil+Foliar LSDb 

  __________________%__________________  

Yellow nutsedge  26 60 68  22 

Purple nutsedge  58 21 47  28 

LSDc   NS  26  NS    

   a Abbreviations: DAT, days after treatment; NS, non-significant. 

   b LSD (P < 0.05) for comparing placement within a species.   
 
   c LSD (P < 0.05) for comparing species within a placement.  
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Table 4.  Nutsedge species by herbicide treatment interaction on shoot weight reduction 60 DAT.a 

  Shoot weight reduction  

Species     CGA-362622 Imazaquin MSMA Imazaquin+MSMA LSDb 

  ___________________________________%___________________________________  

Yellow nutsedge  69 51 41 68 NS 

Purple nutsedge  69 26 17 58 17 

LSDc   NS  20  29  23    

   a Abbreviations: DAT, days after treatment; NS, non-significant. 

   b LSD (P < 0.05) for comparing herbicide within a species.   

   c LSD (P < 0.05) for comparing species within a herbicide.   
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CHAPTER 2 

Foliar versus Soil Exposure of Green and False-Green Kyllinga to Postemergence 

Treatments of CGA-362622, Halosulfuron, Imazaquin, and MSMA. 

Abstract:  Greenhouse studies were conducted to evaluate shoot number, shoot weight, 

rhizome weight, and root weight reduction of green and false-green kyllinga to three 

placement levels (soil, foliar, and soil + foliar applied) and five herbicide treatments (CGA-

362622, halosulfuron, imazaquin, MSMA, and imazaquin + MSMA).  Averaged over 

herbicide and placement level, false-green kyllinga shoot number 30 d after treatment (DAT) 

and rhizome weight 60 DAT were reduced more than green kyllinga.  Furthermore, 

imazaquin, MSMA, and imazaquin + MSMA, averaged across placement levels, as well as 

CGA-362622 and halosulfuron, both foliar and soil-applied, reduced false-green kyllinga 

shoot number greater than green kyllinga 60 DAT.  Halosulfuron reduced false-green 

kyllinga shoot weight greater than green kyllinga 60 DAT; however, MSMA reduced green 

kyllinga greater.  In general, foliar and soil + foliar applied treatments reduced shoot number 

(30 DAT), rhizome weight, and root weight of both kyllinga species greater than soil-

applied; while soil + foliar applied treatments were more effective in reducing shoot weight 

60 DAT.  CGA-362622 and halosulfuron reduced kyllinga species shoot number (30 DAT), 

false-green kyllinga shoot weight (60 DAT), and both species root weight greater than all 

other herbicides.  However, CGA-362622 reduced green kyllinga shoot weight (60 DAT), 

and rhizome weight of both species greater than all other herbicides.   
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Nomenclature:  CGA-362622, N-[(4,6-dimethoxy-2-pyrimidinyl)carbamoyl]-3-(2,2,2-

trifluroethoxy)-pyridin-2-sulfonamide sodium salt; halosulfuron, imazaquin, MSMA, false-

green kyllinga, Kyllinga gracillima L.; green kyllinga, Kyllinga brevifolia Rottb. #9 KYLBR. 

Additional index words:  Root absorption, foliar absorption.  

Abbreviations:  DAP, days after planting; DAT, days after treatment; NIS, non-ionic 

surfactant; POST, postemergence; PRE, preemergence. 

 

INTRODUCTION 

Green kyllinga (Kyllinga brevifolia Rottb.) and false-green kyllinga (Kyllinga gracillima) 

are rhizomatous perennial sedge species (Cyperaceae) that are troublesome weeds of 

managed turfgrass systems.  Both are tolerant of mowing heights >1.2 cm (Summerlin et al. 

2000) and are more invasive under saturated soil moisture conditions (Bryson et al. 1997; 

McElroy et al. 2002b).  Additionally, both species are difficult to control with herbicides due 

to the difficulty in eliminating the perennial rhizomes. 

Green and false-green kyllinga are difficult to differentiate vegetatively, and can only be 

distinguished by flowering timing and seed morphology (Bryson et al. 1997).   False-green 

kyllinga flowers from late August until frost, while green kyllinga flowers throughout the 

summer until frost.  The major morphological difference between the two species is the 

presence of denticulate appendages on the lemma of green kyllinga seed; whereas, these 

                                                 
9 Letters following this symbol are a WSSA-approved computer code from Composite List 

of Weeds, Revised 1989.  Available only on computer disk from from WSSA, 810 East 10th 

Street, Lawrence, KS 66044-8897. 
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appendages are absent from false-green kyllinga seed (Bryson et al. 1997).  Additionally, the 

geographic distribution of green kyllinga within the continental United States is largely 

coastal in the temperate southeast from Texas to Florida, and north to North Carolina 

(Bryson et al. 1997).  However, false-green kyllinga is found inland from Arkansas to North 

Carolina and as far north as Connecticut and Rhode Island (Bryson et al. 1997).  Within 

North Carolina, green kyllinga is more prevalent in the coastal plain and piedmont region, 

while false-green kyllinga is found more in the piedmont and Appalachian mountain regions 

(Fred H. Yelverton, personal observation).   

Differences between these species also exist with respect to herbicide response.  False-

green kyllinga is more difficult to control compared to green kyllinga when treated with 

imazaquin, halosulfuron, and sulfentrazone; however, both species respond similarly to 

CGA-362622 (McElroy et al. 2002a).  No other information is available with regards to 

false-green kyllinga control or comparisons of the two species response to herbicides.  Thus, 

due to the difficulty in distinguishing these two species morphologically, perceived 

variability in herbicidal control of these species could be due to misidentification. 

The new sulfonylurea herbicide, CGA-362622, has the potential to provide excellent 

control of green and false-green kyllinga in bermudagrass [Cynodon dactylon (L.) Pers.] and 

St. Augustinegrass [Stenotaphrum secundatum (Walt.) Kuntze] (McElroy et al. 2002a; 

Teuton et al. 2001; Yelverton et al. 2002).  CGA-362622 has been reported to control green 

and false-green kyllinga >90% (McElroy et al. 2002a; Teuton et al. 2001).  In addition, 

CGA-362622 controls numerous perennial weeds and various cool-season grasses that are 

problematic in bermudagrass turf, including torpedograss (Panicum repens L.), and perennial 

ryegrass (Lolium perenne L.) (Askew et al. 2002; Brecke and Unruh 2002; Teuton et al. 
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2001; Yelverton et al. 2002).  Field studies in cotton and turf have reported >80% control of 

purple (Cyperus rotundus L.) and yellow nutsedge (C. esculentus L.) after one treatment of 

CGA-362622 (Fred H. Yelverton, unpublished data; Porterfield et al. 2002; Troxler et al. 

2002).   

Current control strategies for yellow and purple nutsedge that utilize selective 

postemergence (POST) herbicides, can also be effective in controlling green and false-green 

kyllinga in bermudagrass turf.  For example, MSMA and imazaquin control purple and 

yellow nutsedge; however multiple applications are necessary for acceptable (>90%) control 

(Blum et al. 2000; Kopec et al. 1991).  Coats et al. (1987) observed that a tank mixture of 

imazaquin and MSMA POST controlled purple and yellow nutsedge better than either 

herbicide alone.  In addition, a sequential application of halosulfuron effectively controls 

purple and yellow nutsedge and reduces the number of re-sprouting tubers (Blum et al. 

2000). 

Control of green and false-green kyllinga with soil and foliar applications of POST 

herbicides has not been reported.  Additionally, information regarding the differences 

between these species response to herbicides is limited; and, with the introduction of the 

herbicide, CGA-362622, comparative studies are needed to assess the differences in control 

of green and false-green kyllinga compared to current registered herbicides.  Thus, the 

objective of this research was to evaluate the response of green and false-green kyllinga to 

soil-applied, foliar-applied, and soil + foliar applications of halosulfuron, imazaquin, MSMA, 

imazaquin + MSMA, and CGA-362622. 
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MATERIALS AND METHODS 

Greenhouse experiments were conducted to evaluate selective placement of herbicides for 

control of green and false-green kyllinga.  Greenhouse temperature conditions were 32/24 + 

3 C day/night.  Natural lighting was supplemented with metal halide lamps at 500 µmol/m2/s 

to provide a 16h photoperiod.  The soil medium was a 1:1 v/v ratio of sand and Norfolk 

loamy fine sand (thermic Typic Kandiudults) with a pH 6.1 and 0.3% humic matter. 

Plastic pots (60 cm2 surface area and 600 ml volume) were filled with soil medium 2 cm 

below the brim.  A single node from a green or false-green kyllinga rhizome was planted at a 

2 cm depth in each pot.  An excess number of pots were planted in order to select a uniform 

population for experimentation.  Plants were irrigated twice daily with overhead irrigation 

and treated at 28 d after planting (DAP), at which time green kyllinga plants had four to eight 

emerged shoots and false-green kyllinga plants had three to six emerged shoots.  Kyllinga 

spp. plants were not irrigated for 24 h after treatment; then, plants were sub-irrigated until 7 d 

after treatment (DAT).  From 7 to 30 DAT, plants were irrigated once daily with surface 

irrigation with careful attention being taken to not contact the foliage and to not over-irrigate 

causing excessive leaching.  After 30 DAT, normal twice-daily overhead irrigation was 

resumed.  Plants were fertilized on a biweekly basis beginning 7 DAP with a 20-20-20 

soluble fertilizer10.   

Experiments were conducted as a completely random design, with a two by three by five 

factorial arrangement of treatments with three replicates, and repeated in time.  Factorial 

                                                 
10 Peters Professional 20-20-20 Water-Soluble Fertilizer; Scotts-Sierra Horticultural 

Products Co., 14111 Scottslawn Rd., Marysville, OH 43041. 
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levels were: two Kyllinga species, three selective exposure placement levels, and five 

herbicide treatments.  A non-treated check was included for each species in each replicate.  

Pots were re-randomized every 7 d to account for potential variation within the greenhouse 

environment. 

Three herbicide placement treatment levels were used: soil-applied, foliar-applied, and 

foliar + soil applied.  Foliar + soil and foliar-applied applications were made using a moving-

belt sprayer calibrated to deliver 187 L/ha with a single 8001E flat fan nozzle11.  Foliar-

applied was achieved by placing a 2 cm layer of activated charcoal12 covering the soil surface 

prior to treatment application.  Activated charcoal was removed after the foliage dried.  Soil-

applied treatments were achieved by calculating the amount of herbicide that would contact 

the soil surface of the 60-cm2 pot.  The rate per pot was diluted in 10 ml of tap water and 

syringe-applied evenly over the soil surface.  Herbicide treatments and rates were:  CGA-

362622 at 24.7 g ai/ha plus 0.25% v/v non-ionic surfactant13 (NIS), halosulfuron at 71.7 

kg/ha plus 0.25% v/v NIS, imazaquin14 at 560 g/ha plus 0.25% v/v NIS, MSMA15 at 2,240 

g/ha, and MSMA at 2,240 g/ha plus imazaquin at 56 g/ha.  Surfactant was included in the 

MSMA formulation selected. 

                                                 
11 Spraying Systems Co., P.O. Box 7900, Wheaton, IL 60189. 

12 Aquatrols Clean CarbonTM, 5 North Olney Avenue, Cherry Hill, NJ 08003. 
 
13 X-77 Spreader (alkylarylpolyoxyethylene glycols, free fatty acids, isopropanol), 

Loveland Industries, Inc., P.O. Box 1289 Greely, CO 80632. 

14 Image 70 DG, BASF Corporation, 26 Davis Drive, Research Triangle Park, NC 27709. 

15 Bueno 6, Zeneca Ag Products, 1800 Concord Pike, Wilmington, DE 19850-5458. 
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The number of emerged shoots was recorded at 0, 30, and 60 d after treatment (DAT).  At 

30 and 60 DAT, shoots were clipped at the soil surface, dried for 96 h at 60 C and 0% 

relative humidity.  At 60 DAT, roots were washed free of soil and dried as previously 

described.  For each pot, shoot numbers at 30 and 60 DAT were subtracted by the 0 DAT 

count to adjust values to shoot number net change value.  Shoot number, shoot weight, and 

root weight were transformed to percent increase/decrease relative to the non-treated of each 

species.  The non-treated were reduced to 0% after transformation and excluded from the 

analysis.   

Data were subjected to analysis of variance (ANOVA) at a significance level of P = 0.05.  

While the experimental design was completely random, ANOVA was conducted as a 

randomized complete block with sub-sampling (Steele et al.1997).  Experimental runs were 

treated as blocks and treatment replicates were treated as sub-samples within each 

experimental run.  The experimental run by treatment (placement by herbicide by species) 

was used as the mean square error to test significance of factorial main effects and 

interactions (Steele et al. 1997).  Experiment run by treatment interaction was non-significant 

(P > 0.05), thus experiment runs were pooled.  Significant (P < 0.05) main effects and 

interactions are presented according to ANOVA with precedence given to higher order 

interactions within the factorial arrangement (Steele et al. 1997).  ANOVA results were used 

to select main effects and interactions to be separated with Fisher's protected LSD (P=0.05) 

 

RESULTS AND DISCUSSION 

No interactions were observed for green kyllinga and false-green kyllinga shoot number 

reduction 30 DAT; therefore, significant (P<0.05) main effects for herbicide treatment, 
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herbicide placement, and Kyllinga spp. were evaluated separately.  Herbicide placement and 

Kyllinga spp. main effects were pooled to present a significant herbicide treatment main 

effect for shoot number 30 DAT (Table 1).  CGA-362622 and halosulfuron reduced Kyllinga 

spp. shoot number 64 and 58%, respectively, 30 DAT.  Imazaquin reduced shoot numbers 

(56%) equivalent to halosulfuron, but not CGA-362622.  Imazaquin + MSMA and MSMA 

reduced shoot number (45 and 8%, respectively) less than imazaquin (56%).  Based on 

reports from the previous literature, less shoot number reduction with imazaquin + MSMA 

compared to imazaquin alone was not expected.  Belcher et al. (2002) reported imazaquin + 

MSMA controlled green kyllinga, annual sedge (Cyperus compressus L.), cylindric sedge 

(Cyperus retrorus Chapm.), globe sedge (Cyperus globulosus Aubl.), and fragrant kyllinga 

(Kyllinga odorata Vahl.) greater than imazaquin alone.  Blum et al. (2000) reported greater 

control of purple nutsedge with imazaquin + MSMA than sequential applications of MSMA 

or a single application of imazaquin, 15 to 18 wk after treatment.   

Herbicide treatment and Kyllinga spp. were pooled to present a significant herbicide 

placement main effect for shoot number 30 DAT (Table 1).  Foliar and soil + foliar applied 

herbicide treatments reduced shoot numbers (49 and 50%, respectively) of both Kyllinga spp. 

greater than soil-applied treatments (40%) 30 DAT.  Other researchers have reported that 

both soil and foliar application of other acetolactate synthase (ALS) (EC 4.1.3.18) inhibiting 

herbicides are necessary to maximize control.  Richburg et al. (1993 and 1994) reported soil 

and soil + foliar applied imazethapyr and imazapic, respectively, reduced purple and yellow 

nutsedge shoot regrowth greater than foliar-applied treatments.  Similarly, McElroy et al. 

(2003) reported soil and soil + foliar applied CGA-362622 reduced shoot and root weight of 
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yellow and purple nutsedge greater than foliar-applied.  Thus, herbicide application methods 

that maximize both foliar and soil exposure could potentially increase efficacy. 

Herbicide treatment and herbicide placement effects were pooled to present a significant 

Kyllinga spp. main effect for shoot number 30 DAT (Table 1).  False-green kyllinga shoot 

numbers were reduced 73% from the non-treated compared to 19% reduction of green 

kyllinga shoot numbers 30 DAT.  Greater herbicidal control of false-green kyllinga 

compared to green kyllinga has not been reported.  However, McElroy et al. (2002a) reported 

that false-green kyllinga grown at golf course rough mowing height was more difficult to 

control than green kyllinga when treated with CGA-362622, halosulfuron, and sulfentrazone.   

An interaction of herbicide treatment, herbicide placement, and Kyllinga spp. was 

detected for shoot number 60 DAT (Table 2).  Soil + foliar applied CGA-362622 reduced 

green kyllinga shoot numbers (99%) greater than foliar or soil-applied CGA-362622 (2 and 

40%, respectively) 60 DAT.  The increased effectiveness of CGA-362622 treatments that 

include a soil-applied component is further substantiated by other research.  Williams et al. 

(2001) reported soil-applied CGA-362622 suppressed regrowth of torpedograss (Panicum 

repens L.) greater than foliar-applied.  Troxler et al. (2003) reported limited translocation of 

foliar-applied CGA-362622 with <4% being translocated to yellow and purple nutsedge 

tubers.  Similarly, soil + foliar applied halosulfuron reduced green kyllinga shoot number 

(67%) greater than foliar or soil-applied halosulfuron (-7 and -22%, respectively) 60 DAT.  

Vencill et al. (1995) reported similar results, with soil + foliar applied halosulfuron reducing 

yellow nutsedge shoot regrowth greater than foliar-applied.  Wilcut et al. (1998) reported soil 

+ foliar applied pyrithiobac (72 g/ha) reduced shoot number regrowth greater than soil or 
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foliar applied; further substantiating the claim that both foliar and soil exposure increase the 

effectiveness of ALS-inhibiting herbicides.   

Regardless of herbicide placement level, imazaquin, MSMA, and imazaquin + MSMA 

caused an increase in green kyllinga shoot number relative to the non-treated 60 DAT (Table 

2); furthermore, foliar-applied imazaquin caused a 106% increase in green kyllinga shoot 

number 60 DAT.  When collecting shoot number measurement data, the authors observed a 

proliferation of diminutive shoots in pots treated with imazaquin.  Similar results have been 

reported by Ogasawara et al. (1995) with respect to the effect of imazaquin on shoot 

proliferation.  Ogasawara et al. (1995) reported an increase in yellow nutsedge shoot 

numbers when plants were treated with >100 mg/L of imazaquin; however, shoot weights 

were decreased compared to untreated yellow nutsedge.  Furthermore, the increase in shoot 

number seems to be exacerbated when applications are limited to the foliage.  While an 

increase in shoot number was not observed, McElroy et al. (2003) reported foliar-applied 

imazaquin alone reduced yellow and purple nutsedge shoot number less than CGA-362622, 

MSMA, and imazaquin + MSMA, applied similarly, 30 and 60 DAT.  Limited shoot number 

reduction from foliar applications may also extend into other imidazolinone herbicides.  

Richburg et al. (1993 and 1994) reported foliar-applied imazethapyr and imazapic, 

respectively, reduced yellow nutsedge shoot regrowth weight less than soil or soil + foliar 

applied.   

CGA-362622 and halosuluron treatments reduced false-green kyllinga shoot number 

similarly 60 DAT (Table 2).  However, soil + foliar-applied CGA-362622 or halosulfuron 

reduced false-green kyllinga shoot number greater than all placement levels of imazaquin, 

MSMA, and imazaquin + MSMA 60 DAT.  The effectiveness of CGA-362622 in controlling 
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established populations of perennial sedge species has been previously reported.  Teuton et 

al. (2001) reported CGA-362622 controlled yellow and purple nutsedge, and green kyllinga 

>90%.  Brecke and Unruh (2000) reported CGA-362622 controlled purple nutsedge greater 

than halosulfuron or MSMA, but similar to imazaquin + MSMA.   

Soil + foliar applied imazaquin alone reduced false-green kyllinga shoot number greater 

than soil and foliar-applied imazaquin 60 DAT (Table 2).  However, no difference was 

observed between MSMA placement levels or between imazaquin + MSMA placement 

levels 60 DAT.  Equivalent shoot number reduction with soil-applied MSMA and foliar and 

soil + foliar applied MSMA was not expected due to limited soil activity of MSMA (Sachs 

and Michaels 1971).  However, elevated levels of soil incorporated MSMA (22 kg/ha) have 

been shown to reduce rice (Oryza sativa L.) yield by 18% in field experiments (Baker et al. 

1976).  Additionally, Horton et al. (1983) reported 45 and 85% yield reduction in rice yield 

grown in pot culture when soils were treated with 6 and 9 kg/ha, respectively.  These yield 

reductions in rice were largely attributed to a physiological condition known as 

“straighthead,” which causes malformation of panicles and florets in rice.  “Straighthead” 

was induced by elevated arsenic and ethylene concentrations found in leaves of rice growing 

in MSMA-treated soils (Horton et al. 1983).  These data may in part explain the reason soil-

applied MSMA reduced false-green kyllinga shoot number equivalently to foliar and soil + 

foliar-applied (Table 2).  However, comparisons to previous literature are not equivalent 

because MSMA rates in previous experiments are approximately 3 to 10 times higher than 

those applied in our experiments.  Additionally, no seedheads formed on any green or false-

green kyllinga plants treated; thus, malformation of seedheads with MSMA applications was 

not observed. 
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Soil + foliar applied CGA-362622 reduced green and false-green kyllinga shoot number 

99% 60 DAT (Table 2).  However, soil or foliar-applied CGA-362622 reduced false-green 

kyllinga shoot number >90%, compared to <40% green kyllinga shoot number reduction 60 

DAT.  Soil + foliar halosulfuron reduced green and false-green kyllinga shoot number 

equivalently (67 and 99%, respectively).  Soil and foliar-applied halosulfuron reduced false-

green kyllinga shoot number >84%; whereas, halosulfuron, applied in similar fashion, 

increased green kyllinga shoot number (>7%) 60 DAT.  When comparing individual 

placement levels of imazaquin, MSMA, or imazaquin + MSMA, green kyllinga shoot 

number increased >14% relative to the non-treated; whereas, false-green kyllinga was 

reduced 43 to 59%.  Based on the reports of research trials evaluating the control of 

established populations (McElroy et al. 2002a), it was initially hypothesized that false-green 

kyllinga was more difficult to control than green kyllinga.  McElroy et al. (2002a) reported 

that false-green kyllinga was more difficult to control at a golf course rough mowing height 

compared to green kyllinga under similar condition; yet limited control differences were 

observed between these species when treated at a fairway mowing height.  The findings 

reported here are in contrast to our hypothesis and the findings reported by McElroy et al. 

(2002a).  However, the experiments conducted by McElroy et al. (2002a) were conducted on 

established populations, whereas the experiments conducted here were on 6 wk old plants 

propagated from rhizomes; thus, response of green and false-green kyllinga to herbicides 

could change with plant age and establishment.   

No significant (P > 0.05) main effects or interactions were observed for green and false-

green kyllinga shoot weight reduction 30 DAT; however, a significant herbicide treatment by 

Kyllinga spp. interaction and a significant placement main effect were observed for shoot 
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weight 60 DAT (Table 3).  CGA-362622 reduced green kyllinga shoot weight (67%) greater 

than all other herbicide treatments 60 DAT.  However, CGA-362622 and halosulfuron 

reduced false-green kyllinga shoot weight greater than imazaquin, MSMA, and imazaquin + 

MSMA 60 DAT.  Halosulfuron reduced green kyllinga shoot weight greater than imazaquin 

+ MSMA, but similarly to MSMA.  However, imazaquin, MSMA, and imazaquin + MSMA 

reduced green kyllinga shoot weight similarly 60 DAT.  Our findings of similar green 

kyllinga growth reduction with halosulfuron and MSMA are similar to Walker et al. (1998).  

Walker et al. (1998) reported halosulfuron and MSMA controlled green kyllinga similarly 

(87 and 78%, respectively) 3 wk after treatment. 

When comparing Kyllinga spp. shoot weight reduction within herbicide treatments, CGA-

362622, imazaquin, or imazaquin + MSMA reduced green and false-green kyllinga shoot 

weight similarly 60 DAT (Table 3).  Halosulfuron reduced false-green kyllinga shoot weight 

(72%) greater than green kyllinga (40%) 60 DAT.  MSMA provided little reduction in green 

and false-green kyllinga shoot weight, 20 and –6%, respectively.  When averaged over 

Kyllinga spp., soil + foliar applied herbicide reduced shoot weight greater than soil or foliar-

applied treatments 60 DAT; further validating the need for both foliar and soil exposure of 

herbicides to maximize control.  Soil or foliar-applied herbicides reduced Kyllinga spp. shoot 

weights similarly 60 DAT. 

Significant (P<0.05) main effects were observed for rhizome weight and root weight 

reduction 60 DAT; therefore, main effects for herbicide treatment, herbicide placement, and 

Kyllinga spp. are presented separately for these measurements.  CGA-362622 reduced 

Kyllinga spp. rhizome weight greater than all other herbicide treatments 60 DAT; however, 

CGA-362622 and halosulfuron reduced Kyllinga spp. root weight similarly (Table 4).  
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Imazaquin + MSMA reduced Kyllinga spp. rhizome weight greater than imazaquin or 

MSMA alone 60 DAT.  However, while imazaquin + MSMA reduced Kyllinga spp. root 

weight greater than MSMA, imazaquin + MSMA was similar to imazaquin. 

Foliar and soil + foliar applied herbicide treatments reduced Kyllinga spp. rhizome and 

root weight similarly 60 DAT; while, soil-applied herbicide treatments reduced rhizome and 

root weight less (Table 4).  Vencill et al. (1995) reported greater yellow nutsedge root and 

tuber weight reduction with foliar + soil applied halosulfuron than foliar-applied.  When 

averaged over herbicides and placement levels, false-green kyllinga rhizome weight was 

reduced greater than green kyllinga; however, root weights were reduced similarly.   

These data indicated that both foliar and soil exposure of halosulfuron and CGA-362622 

were necessary to maximize green kyllinga growth reduction.  Additionally, imazaquin, 

MSMA, and imazaquin + MSMA were less effective in reducing green kyllinga shoot 

number compared to false-green kyllinga.  Furthermore, CGA-362622 is as effective or more 

effective than currently registered herbicides for green and false-green kyllinga control in 

managed turfgrass.  Further studies should be initiated to investigate the response of natural 

field populations to herbicides and to elucidate the physiological basis for variability in 

Kyllinga spp. shoot growth reduction between CGA-362622 and halosulfuron. 
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Table 1.  Main effects of herbicide, placement, and species evaluated for shoot number reduction 30  
 
DAT.a 

Herbicide treatment Shoot number 
reduction 

Herbicide 
placement  

Shoot number 
reduction Species Shoot number 

reduction 

 _________%_________    _________%_________ _________%_________ 

CGA-362622      

     

      

      

64 Foliar 49 Green kyllinga 19

Halosulfuron 58 Soil 40 False-green 
kyllinga 73 

Imazaquin 56 Soil + foliar 50 LSD 5 

MSMA 8 LSD 6

Imazaquin + 
MSMA 45

LSD 7           

   a Abbreviations:  DAT, days after treatment.  LSD (P<0.05) for comparing herbicides,    
 
placement, and kyllinga species within columns. 
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Table 2.  Effect of herbicide treatment and placement level on green and false-green  
 
kyllinga shoot numbers 60 DAT.a 

  Shoot number reduction   

Herbicide Placement Green kyllinga False-green kyllinga   LSDb 

  ___________________%___________________   

CGA-362622 Foliar 2 90 

 Soil  40 96 

 Soil + foliar 99 99 
} 46 

      

Halosulfuron Foliar -7 84 

 Soil  -22 88 

 Soil + foliar 67 99 
} 45 

      

Imazaquin Foliar -106 54 

 Soil  -60 53 

 Soil + foliar -33 76 
} 55 

      

MSMA Foliar -14 47 

 Soil  -39 45 

 Soil + foliar -12 43 
} 34 

      

Foliar -54 79 Imazaquin + MSMA 

Soil  -31 64 

 Soil + foliar -62 75 
} 55 

LSDc ________ 40 18     
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     a Abbreviations:  DAT, days after treatment; NS, non-significant.  Negative shoot  
 
number reduction values indicate an increase in shoot number relative to the non  
 
treated; whereas, positive numbers indicate a decrease. 
     

     b LSD (P<0.05) for comparing kyllinga species and placement levels within a  
 
herbicide treatment. 
     

     c  LSD (P<0.05) for comparing herbicide treatments and placement levels within  
 
Kyllinga species. 

Table 2. (Continued) 
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Table 3. Kyllinga spp. by herbicide interaction and placement main effect on shoot weight reduction 60 DAT.a 

 Shoot weight reduction     

Herbicide Green kyllinga False-green kyllinga LSDb  Placement  Shoot weight reduction 

 ________________________%__________________________    _____________%_____________

CGA-362622     

      

      

   

67 91 NS  Foliar 22

Halosulfuron 40 72 26 Soil 32

Imazaquin 25 0 NS  Soil + Foliar 48 

MSMA 20 -6 19 LSDc 13

Imazaquin + MSMA 11 17 NS    

LSDd 21 27         
     a Abbreviation:  DAT, days after treatment; NS, non-significant.  Negative shoot number reduction  
 
values indicate an increase in shoot number relative to the non-treated; whereas positive numbers  
 
indicate a decrease. 

    b LSD (P<0.05) for comparing Kyllinga spp within a herbicide treatment. 

    c LSD (P<0.05) for comparing placement levels. 

    d LSD (P<0.05) for comparing herbicide treatments within a Kyllinga spp. 
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Table 4.  Main effects of herbicide, placement, and Kyllinga spp. rhizome and root weight reduction 60 DAT. 

Herbicide Rhizome 
weight  

Root 
weight  Placement Rhizome 

weight  
Root 

weight  Species Rhizome 
weight  

Root 
weight  

 _________%_________    _________%_________ _________%_________ 

CGA-362622      
  

       
  

        

      
  

       
  

79 82 Foliar 65 75 Green  
kyllinga 57 70

Halosulfuron 68 76 Soil 53 66 False-green 
kyllinga 66 73

Imazaquin 56 73 Soil + 
foliar 67 74 LSD a 6 NS

MSMA 40 53 LSD a 6 5 

Imazaquin + 
MSMA 65 74

LSD a 8 8           
    

   a Abbreviations:  DAT, days after treatment; NS, non-significant.  LSD (P<0.05) for comparing herbicides,     
 
placement, or Kyllinga spp., respectively, within columns. 
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CHAPTER 3 

Control of Established Green and False-Green Kyllinga Populations in Golf Course 

Fairways and Roughs. 

Abstract:  Herbicides were evaluated for control of green and false-green kyllinga at fairway 

and rough golf course mowing height.  Treatments included: Single and sequential 

applications of bentazon (1.12 kg ai/ha), halosulfuron (0.07 kg/ha), MSMA (2.24 kg/ha), and 

trifloxysulfuron (0.03 kg/ha); imazaquin (0.56 kg/ha) with and without MSMA; and two rates 

of sulfentrazone (0.42 and 0.56 kg/ha).  No differences were observed in injury, population 

reduction, or control between green and false-green kyllinga or fairway and rough mowing 

height; however, a difference between experiments in 2001 and 2002 was observed.  An 

overall increase in control in 2002 is attributed to the lack of rainfall in that year compared to 

2001.  CGA-362622 applied sequentially injured green and false-green kyllinga and reduced 

populations >90% 6 to 18 weeks after initial treatment (WAIT).  Similar consistency was 

observed with imazaquin + MSMA and halosulfuron applied sequentially, which injured 

both species >90% and reduced populations >86%.  No differences in injury (6 and 10 

WAIT) or population reduction (12 and 18 WAIT) of both species were observed between 

CGA-362622 applied singly and sequentially or between imazaquin alone and imazaquin + 

MSMA; however, halosulfuron applied sequentially injured both species greater than single 

applications.  MSMA applied sequentially reduced populations of both species 88% in 2002, 

but only 51% in 2001.  No differences were observed in injury, population reduction, or 

control of both species between sulfentrazone at 0.420 or 0.560 kg/ha across rating dates and 

years.  Bentazon applied sequentially reduced populations of both species <60% across rating 
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dates and years. Only imazaquin + MSMA or CGA-362622 exceeded 80% control of both 

species 1 yr after initial treatment (YAIT), in 2001 or 2002. 

Nomenclature:  Bentazon, halosulfuron, imazaquin, MSMA, sulfentrazone, CGA-362622, 

N-[(4,6-dimethoxy-2-pyrimidinyl)carbamoyl]-3-(2,2,2-trifluroethoxy)-pyridin-2-sulfonamide 

sodium salt; false-green kyllinga, Kyllinga gracillima L.; green kyllinga, Kyllinga brevifolia 

Rottb. #16 KYLBR. 

Additional index words:  Mowing height, turfgrass management. 

Abbreviations:  POST, postemergence; WAIT, weeks after initial treatment; YAIT, year 

after initial treatment. 

 

INTRODUCTION 

Green kyllinga (Kyllinga brevifolia Rottb.) and false-green kyllinga (Kyllinga gracillima 

L.) are rhizomatous perennial sedge species (Cyperaceae) that are weeds of managed 

turfgrass systems.  Both are tolerant of mowing heights >1.2 cm (Summerlin et al. 2000) and 

are more invasive under saturated soil moisture conditions (Bryson et al. 1997; McElroy et 

al. 2002).  Additionally, both species are difficult to control with herbicides due to the 

difficulty in eliminating rhizomes. 

Green and false-green kyllinga are difficult to differentiate vegetatively and can only be 

distinguished by flowering timing and seed morphology (Bryson et al. 1997).   False-green 

                                                 
16 Letters following this symbol are a WSSA-approved computer code from Composite 

List of Weeds, Revised 1989.  Available only on computer disk from from WSSA, 810 East 

10th Street, Lawrence, KS 66044-8897. 
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kyllinga flowers from late August until frost, while green kyllinga flowers throughout the 

summer until frost.  The major morphological difference between the two species is the 

presence of denticulate appendages on the lemma of green kyllinga seed; whereas, these 

appendages are absent from false-green kyllinga seed (Bryson et al. 1997).  Additionally, the 

geographic distribution of green kyllinga within the continental United States is largely 

coastal in the temperate southeast from Texas to Florida, and north to North Carolina 

(Bryson et al. 1997).  However, false-green kyllinga is found inland from Arkansas to North 

Carolina and as far north as Connecticut and Rhode Island (Bryson et al. 1997).  Within 

North Carolina, green kyllinga is more prevalent in the coastal plain and piedmont regions, 

while false-green kyllinga is found more in the piedmont and Appalachian mountain regions 

(Fred H. Yelverton, personal observation).   

Differences between these species also exist with response to herbicides.  Green kyllinga 

shoot number was reduced less than false-green kyllinga when treated with imazaquin, 

MSMA, or imazaquin + MSMA (McElroy et al. 2003b).  No other information is available 

regarding false-green kyllinga control or comparisons of the two species response to 

herbicides.  Thus, due to the difficulty in distinguishing these two species morphologically, 

perceived variability in herbicidal control could be due to misidentification. 

The introduction of a new sulfonylurea herbicide, CGA-362622, has the potential to 

provide excellent control of green and false-green kyllinga in bermudagrass [Cynodon 

dactylon (L.) Pers.] and St. Augustinegrass [Stenotaphrum secundatum (Walt.) Kuntze] 

(McElroy et al. 2002a; Teuton et al. 2001; Yelverton et al. 2002).  CGA-362622 has been 

reported to control green and false-green kyllinga >90% (McElroy et al. 2003b; Teuton et al. 

2001).  In addition, CGA-362622 controls numerous perennial weeds and various cool-
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season grasses that are problematic in bermudagrass turf, including torpedograss (Panicum 

repens L.), and perennial ryegrass (Lolium perenne L.) (Askew et al. 2002; Brecke and 

Unruh 2002; Teuton et al. 2001; Yelverton et al. 2002).  Field studies in cotton and turf have 

reported >80% control of purple (Cyperus rotundus L.) and yellow nutsedge (C. esculentus 

L.) after one treatment of CGA-362622 (Porterfield et al. 2002; Troxler et al. 2002).   

Current yellow and purple nutsedge control strategies that utilize selective postemergence 

(POST) herbicides, can also provide control of green and false-green kyllinga in 

bermudagrass turf.  For example, MSMA and imazaquin control purple and yellow nutsedge; 

however multiple applications are necessary for acceptable (>90%) control of purple 

nutsedge (Blum et al. 2000; Kopec et al. 1991).  Coats et al. (1987) observed that a tank 

mixture of imazaquin and MSMA POST controlled purple and yellow nutsedge better than 

either herbicide alone.  In addition, a sequential application of halosulfuron effectively 

controls purple and yellow nutsedge and reduces the number of re-sprouting tubers (Blum et 

al. 2000). 

Variability in turfgrass management practices has the potential to affect the efficacy of 

herbicide treatments.  Summerlin et al. (2000) reported greater green and false-green kyllinga 

plant spread and shoot density at a golf course rough mowing height of 3.8 cm compared to a 

golf course fairway of 1.3 cm.  Changes in plant vigor and shoot density could potentially 

alter herbicide efficacy; thus, the objective of this study was to evaluate variability in the 

effectiveness of herbicides with respect to green and false-green kyllinga, and golf course 

fairway and rough mowing heights. 
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MATERIALS AND METHODS 

Experiments were initiated in 2001 and 2002 to evaluate the response of green and false-

green kyllinga at golf course fairway and rough mowing heights to herbicides.  Experiments 

evaluating green kyllinga were conducted at Fairfield Harbour Country Club near New Bern, 

NC, in 2001 and 2002.  Experiments evaluating false-green kyllinga were conducted at 

Fairfield Harbour Country Club in 2001, and Reedy Creek Golf Course, Angier, NC, in 

2002.  Experiments were initiated in established stands of either green or false-green 

kyllinga.  Populations were identified as either green or false-green kyllinga by randomly 

collecting inflorescences within the proposed study area, separating the seed, and examining 

the lemma keels of each seed.  Experimental areas at Fairfield Harbour Country Club, the 

Harbour Point course, were determined to be 100% green kyllinga; however, experimental 

areas in the Shoreline course were approximately 90% false-green kyllinga and 10% green 

kyllinga (data not shown).  Experimental areas at Reedy Creek Golf Course were entirely 

false-green kyllinga.   

In all locations and years, golf course fairways and roughs were composed primarily of 

bermudagrass (Cynodon spp.) mowed at a 1.3 and 3.8 cm mowing height, respectively; 

however, fairways were mowed 3 to 4 times weekly, whereas, roughs were mowed twice 

weekly.  All experiments were a randomized complete block design with four replicates and 

an experimental unit size of 2.3 m2.  

Twelve herbicide treatments and a non-treated control were included in all experiments.  

Single treatments (kg/ha) applied at experiment initiation (0 wk after initial treatment 

(WAIT)) included:  Bentazon (1.12), halosulfuron (0.07), imazaquin (0.56), imazaquin plus 

MSMA (0.56 + 2.24), MSMA (2.24), sulfentrazone (0.42 or 0.56), and CGA-362622 (0.03).  
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In addition, sequential treatments, applied at the previously mentioned rates, of bentazon (0 

and 1 WAIT), halosulfuron (0 and 6 WAIT), MSMA (0 and 1 WAIT), and CGA-362622 (0 

and 6 WAIT) were included.  Crop oil concentrate17 was included in bentazon applications at 

2.3 L/ha and non-ionic surfactant18 was included in halosulfuron and CGA-362622 

treatments at 0.25 and 0.50% v/v, respectively.  The MSMA19 formulation selected contained 

surfactant.  Herbicide applications were made at a spray volume of 300 L/ha utilizing four 

8002 XR Flat Fan TeeJet20 spray nozzles.  Initial applications were made May 14, 2001 and 

May 21, in 2002.  Sequential applications were made exactly 1 and 6 WAIT in both 2001 and 

2002.    

Data collected included bermudagrass and Kyllinga spp. phytotoxicity, Kyllinga spp. 

shoot density, and percent control 1 yr after initial treatment (YAIT).  Bermudagrass and 

Kyllinga spp. phytotoxicity ratings, at 6 and 10 WAIT, were made on a 0 (no visual 

phytotoxic symptoms) to 100  (complete turfgrass or Kyllinga spp. necrosis).  Kyllinga spp. 

density was recorded at 0, 12, and 18 wk after initial treatment in the center of each plot in a 

0.09 m2 area.  Kyllinga spp. density was converted to density reduction relative to the 0 

                                                 
17 Agridex (blend of heavy range paraffinic oil, polyol fatty acid esters, and polyethylolated 

derivatives), Helena Chemical Company, Agricenter, 7664 Moore Rd., Memphis, TN 38119. 

18 X-77 Spreader (alkylarylpolyoxyethylene glycols, free fatty acids, isopropanol),  
 
Loveland Industries, Inc., P.O. Box 1289 Greely, CO 80632. 
 
19 MSMA 6 Plus, Platte Chemical Company, PO Box 667, Greeley, CO 80632-0667. 

20 TeeJet Extended Range spray tips, Spraying Systems Co., North Avenue and Schmale 

Road, Wheaton, IL 60189. 
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WAIT density rating of that plot and the non-treated plot in the replicate in which it was 

contained by using the following equation: 

(((Density at X WAIT/Density at 0 WAIT)/(Density of Non-treated at X WAIT/ Density 

of Non-treated at 0 WAIT))*100)-100  [Equation 1]  

where, “X” is equal to the density at 12 or 18 WAIT.  Percent control ratings 1 YAIT were 

rated similar to visual phytotoxicity, on a scale of 0 (plant populations infestation similar to 

the non-treated) and 100 (complete Kyllinga spp. eradication).   

Data were subjected to ANOVA (P=0.05).  In the ANOVA, sums of squares were 

partitioned similar to a split plot factorial experiment, where experimental years (2001 and 

2002) were main plots, Kyllinga spp. and mowing height were treated as factorial levels in 

the design, and herbicide treatments were treated as sub-sampling.  Partitioning of the sums 

of squares in such a way allowed for comparisons between Kyllinga spp. and mowing height 

experiments.  The Kyllinga spp. by mowing height by experiment year interaction was 

utilized as the mean square error against which Kyllinga spp. and mowing height main 

effects and interactions were tested.  Similarly, herbicide treatment main effect and 

interactions with Kyllinga spp. and mowing height were tested against herbicide treatment by 

experiment year within Kyllinga spp. by mowing height as the mean square error.  In order to 

improve the power of statistical comparisons, preplanned pairwise contrasts (P = 0.05) were 

conducted according to the treatment structure.  For all other comparisons among treatments, 

means were separated by Fisher’s Protected LSD (P=0.05). 

 

 

 



 51
RESULTS AND DISCUSSION 

No bermudagrass injury ratings exceeded 20% at any rating date, and all bermudagrass 

tended to recover within 14 d of herbicide application (data not shown).  Imazaquin + 

MSMA and sulfentrazone injured bermudagrass < 15% at 1 WAIT, however, injury to all 

other treatments was nominal (data not shown).  These data confirm that the currently 

registered herbicides in bermudagrass turf, and the potentially registered herbicides, 

sulfentrazone and CGA-362622, have minimal effect on bermudagrass growth.  Bunnell et 

al. (1998) also reported imazaquin + MSMA and sulfentrazone injured bermudagrass 17 and 

23%, respectively, but the bermudagrass recovered fully 2 WAIT. 

In evaluating significant main effects and interactions within the factorial design, 

significant (P < 0.05) herbicide treatment main effects were observed for green and false-

green kyllinga visual injury, population density reduction, and control (Tables 1, 2, and 3). 

However, all interactions of herbicide treatment with Kyllinga spp. and mowing height were 

non-significant (P > 0.05) indicating the lack of differences that occurred between herbicide 

treatments across all Kyllinga spp. and mowing height experiments (data not shown).  

Further evaluation of Kyllinga spp. and mowing height main effects and interactions revealed 

non-significant effects, further indicating that minimal differences occurred between Kyllinga 

spp. and mowing height experiments.  When evaluating experimental year main effects and 

interactions, significant effects were observed.  Thus, all data presented are of herbicide 

treatment main effects separated by experiment years and pooled over Kyllinga spp. and 

mowing height.    

Comparing 2001 and 2002 visual injury ratings numerically, greater or equal green and 

false-green kyllinga injury was observed with all treatments in 2002 compared to 2001 
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(Table 1).  Less visual injury in 2001 compared to 2002 is attributed to the lack of rainfall in 

2002.  In 2002, at the research areas at Reedy Creek golf course and Fairfield Harbour 

Country Club, drought conditions ranged from moderate to extreme drought between May 

and September; while in 2001, conditions at the research sites fluctuated between normal and 

exceptionally dry between May and September, and largely were maintained at normal soil 

moisture conditions (National Drought Mitigation Center 2003).  Additionally, sites selected 

in 2001 were irrigated, whereas, in 2002, only the fairway site at Fairfield Harbour was 

irrigated.  Green and false-green kyllinga are more prevalent under increased soil moisture 

conditions (Bryson et al. 1997; McElroy et al. 2002) and due to the lack of rainfall, distinct 

drought symptoms were observed on plants growing in the non-treated and outside the study 

area.  Further, the authors observed large patches of false-green kyllinga, growing in other 

areas of the golf course at Reedy Creek, succumb to the drought conditions and did not return 

in the spring 2003.  While it has been suggested that stressful conditions, such as inadequate 

soil moisture, can decrease herbicide effectiveness (Roche et al. 2002), it is possible that 

drought stress could improve control of potentially drought intolerant species, such as green 

and false-green kyllinga.  Decreased control in 2001 compared to 2002 was less distinct with 

population density ratings and varied between herbicides (Table 2).  For example, greater 

numerical population reduction utilizing bentazon and MSMA occurred in 2002, and 

equivalent or more population reduction with sulfentrazone and CGA-362622 occurred in 

2001.   

At 6 and 10 WAIT, only imazaquin + MSMA and CGA-362622 treatments injured green 

and false-green kyllinga > 90% in 2001 and 2002 (Table 1).  Halosulfuron or MSMA applied 

sequentially, single applications of imazaquin, or sulfentrazone at 0.56 kg/ha, injured green 



 53
and false-green kyllinga > 90% at either 6 or 10 WAIT, or 2001 or 2002, but control was not 

consistent across both rating dates and years.  Halosulfuron applied sequentially injured 

green and false-green kyllinga >90% 10 WAIT in both years; however, a single application 

was less, 47 and 73% in 2001 and 2002, respectively.  MSMA applied sequentially injured 

green and false-green kyllinga > 90% at 6 and 10 WAIT in 2002, but injury did not exceed 

70% in 2001.  Additionally, MSMA applied sequentially injured both species consistently 

greater than MSMA applied singly at both 6 and 10 WAIT in both years.  Imazaquin applied 

alone injured Kyllinga spp. >90% except at 10 WAIT in 2001 (86%).  Additionally, 

imazaquin applied alone and imazaquin + MSMA injured green and false-green kyllinga 

equivalently at 6 and 10 WAIT in both years.  Sulfentrazone (0.56 kg/ha) injured green and 

false-green kyllinga >90% 6 WAIT, but injury was <90% at 10 WAIT in both years.  No 

injury differences were observed between sulfentrazone at 0.42 or 0.56 kg/ha in either year.  

No bentazon treatment exceeded 90% injury at any rating date.  Bentazon applied 

sequentially injured green and false-green kyllinga 43 to 83%, and injured green and false-

green kyllinga greater than bentazon applied singly at 6 and 10 WAIT in 2001 and at 10 

WAIT in 2002.    

Our observations indicate that CGA-362622 and imazaquin + MSMA injure green and 

false-green kyllinga consistently above 90%, while other herbicide treatments were not 

consistent across years due to possible differing environmental conditions.  These findings 

are in contrast to those of Belcher et al. (2002) who reported CGA-362622 applied twice only 

controlled green kyllinga 68%, while MSMA applied twice controlled green kyllinga 81%.  

These observations are further complicated by the fact that Belcher et al. (2002) applied 

CGA-362622 at 0.05 kg/ha, while we applied it at half that rate at 0.025 kg/ha.  It is noted 
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that we used 0.50% v/v NIS, applied sequential application 6 WAIT, and treated established 

populations, while Belcher et al. (2002) used 0.25% NIS, applied sequential application 2 

WAIT, treated transplanted populations; however, there is no empirical evidence to suggest 

that these experimental differences are the reason for the observed difference in CGA-

362622 efficacy. 

In order to determine if herbicide injury translated into green and false-green kyllinga 

population reductions throughout the growing season, green and false-green kyllinga 

population densities were rated at 12 and 18 WAIT (Table 2).  Halosulfuron applied 

sequentially, imazaquin applied singly, imazaquin + MSMA, MSMA applied sequentially, 

sulfentrazone applied at 0.56 kg/ha, or CGA-362622, applied singly or sequentially reduced 

green and false-green kyllinga populations greater than >90% at a minimum of one rating 

date in 2001 or 2002.  Only CGA-362622 reduced populations >90% across 12 and 18 

WAIT in 2001 and 2002; however, no difference was observed between CGA-362622 

applied singly or sequentially in 2001 and 2002 according to pairwise contrasts.  In other 

experiments by the authors, CGA-362622, when applied to both the soil surface and to the 

foliage, reduced yellow and purple nutsedge, and green and false-green kyllinga shoot 

number and weight >90% compared to non-treated plants (McElroy et al. 2003a and b). 

Halosulfuron applied sequentially reduced green and false-green kyllinga populations 86 

to 96%, greater than single applications at 12 and 18 WAIT in 2001 and 2002 according to 

pairwise contrasts.  Halosulfuron is largely viewed as a less effective herbicide compared 

with other herbicide treatments for Kyllinga or Cyperus spp. control (Belcher et al. 2002; 

Brecke and Unruh 2000; Yelverton and McCarty 1996; and Bunnell et al. 1998).  Belcher et 

al. (2002) reported halosulfuron applied sequentially controlled globe sedge (Cyperus 
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globulosus Aubl.), fragrant kyllinga (Kyllinga odorata Vahl.), and green kyllinga 67, 63, and 

53%, respectively, while MSMA applied sequentially controlled these species 98, 82, and 

81%, respectively. Brecke and Unruh (2000) reported less control with halosulfuron than 

CGA-362622 or imazaquin + MSMA. Yelverton and McCarty (1996) reported halosulfuron 

applied sequentially controlled green kyllinga only 65%.  While our observations indicate 

that halosulfuron reduces green and false-green kyllinga populations equivalent to CGA-

362622, imazaquin + MSMA, or MSMA alone, sequential applications of halosulfuron 

improved control over single applications. Bunnell et al. (1998) reported similar results with 

halosulfuron applied sequentially controlling cock’s comb kyllinga (Kyllinga squamulata) 

>95%, while control was reduced to <80% when applied singly.  Blum et al. (2000) reported 

conflicting results, with no difference in single versus sequential applications of halosulfuron 

control of yellow and purple nutsedge in one year, However, in repeating the research a 

second year, greater control was observed with sequential compared to single applications.  

Belcher et al. (2002), however, reported no difference in single versus sequential applications 

of halosulfuron in controlling annual sedge (Cyperus compressus L.), cylindric sedge 

(Cyperus retrorsus Chapm.), globe sedge, fragrant kyllinga, or green kyllinga.   

No difference in green or false-green kyllinga population reduction was observed between 

imazaquin applied alone and imazaquin + MSMA at 12 and 18 WAIT in either year, both of 

which reduced populations 82 to 100%.  MSMA applied sequentially reduced green and 

false-green kyllinga populations (51 to 57%) greater than single applications at 12 and 18 

WAIT in 2001; however, no difference was observed in population reduction in 2002, both 

of which reduced populations 53 to 91%.  Belcher et al. (2002) reported imazaquin + MSMA 

controlled annual, cylindric, and globe sedge, fragrant kyllinga, and green kyllinga greater 
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than imazaquin alone.  Bunnell et al. (1998) reported imazaquin + MSMA and MSMA 

applied sequentially controlled cock’s comb kyllinga >95%, while MSMA applied singly 

was less effective.  However, Blum et al. (2000) reported no difference in purple nutsedge 

shoot number reduction between imazaquin alone, imazaquin + MSMA, and MSMA applied 

sequentially at 15 and 19 WAIT.   

No difference in population reduction was observed between sulfentrazone at 0.42 and 

0.56 kg/ha at 12 or 18 WAIT in either year, both of which reduced populations 63 to 93%; 

however, sulfentrazone at 0.420 and 0.560 kg/ha reduced green and false-green kyllinga 

populations 79 and 87%, respectively, 18 WAIT in 2001, but only 63 and 72%, respectively, 

in 2002.  Blum et al. (2000) reported variation in purple nutsedge shoot number reduction 

with sulfentrazone at 0.421 and 0.562 kg/ha, with a 30 and 61% reduction in year one 19 

WAIT, but an increase in populations when the study was repeated the second year.  

Variation across years, such as those reported here and by Blum et al. (2000), limits the 

potential use of sulfentrazone in turfgrass systems. 

No difference was observe between bentazon applied singly or sequentially at 12 or 18 

WAIT in either year, with no bentazon treatment reducing populations >60.  Additionally, 

population reduction varied when treated with bentazon, from a population increase at 12 

WAIT in 2001 from a single application to a 56% population reduction at 18 WAIT in 2002 

from sequential applications.  Belcher et al. (2002) observed similar results with bentazon 

applied singly or sequentially controlling annual, cylindric, and globe sedge, fragrant 

kyllinga, and green kyllinga <31%, indicating that bentazon is of little use in controlling 

Cyperus or Kyllinga spp. in turfgrass systems. 
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In order to assess the long-term effectiveness of the herbicide treatments, percent control 

ratings relative to the non-treated were taken 1 YAIT (Table 3).  Only imazaquin + MSMA 

or CGA-362622 applied sequentially controlled green and false-green kyllinga >80% in 2001 

or 2002.  No differences were observed between imazaquin applied alone or imazaquin + 

MSMA in either year, both which controlled green and false-green kyllinga 67 to 81%.  

While no difference in control was observed between CGA-362622 applied singly and 

sequentially in 2001, sequential applications were more effective in 2002.  Bentazon applied 

singly or sequentially controlled green and false-green kyllinga 16 to 35% 1 YAIT. 

Halosulfuron applied sequentially controlled green and false-green kyllinga in 2001 and 2002 

(73 and 65%, respectively) greater than single applications (50 to 46%). MSMA applied 

singly and sequentially controlled green and false-green kyllinga equivalently in 2001 and 

2002.  MSMA applied singly and sequentially controlled green and false-green kyllinga 21 

and 36%, respectively, in 2001, and 46 and 52%, respectively, in 2002.  Sulfentrazone (0.56 

kg/ha) controlled green and false-green kyllinga 73% 1 YAIT in 2001, but only 47% in 2002.  

No control differences were observed between sulfentrazone at 0.56 and 0.42 kg/ha 1 YAIT.   

These data indicate that CGA-362622 applied sequentially and imazaquin + MSMA 

control green and false-green kyllinga in both fairway and rough mowing heights 

consistently despite potentially varying environmental conditions.  However, no differences 

were observed between imazaquin + MSMA and imazaquin alone or CGA-362622 applied 

sequentially or singly.  Furthermore, halosulfuron applied sequentially is more effective than 

single applications.  No difference was observed between sulfentrazone at 0.420 or 0.560 

kg/ha, however, variation in green and false-green kyllinga control between years raise 
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questions as to its potential use in turfgrass systems.  Bentazon treatments were ineffective in 

controlling green and false-green kyllinga. 
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Table 1. Visual injury of green and false-green kyllinga, averaged across Kyllinga spp., and  
 
fairway and rough mowing heights, at 6 and 10 WAIT, in 2001 and 2002.a 

Herbicide Rate Application 
 timing Visual injury 

   6 WAIT 10 WAIT 

   2001 2002 2001 2002 

 kg/ha WAIT _____________________%___________________ 

Bentazon 1.12 0 13 59 47 55 

Bentazon 1.12 0 + 1 52 83 43 80 

Halosulfuron 0.07 0 67 84 47 73 

Halosulfuron 0.07 0 + 6 _____ _____ 90 95 

Imazaquin 0.56 0 94 96 86 98 

Imazaquin + MSMA 0.56 + 2.24 0 94 98 92 100 

MSMA 2.24 0 41 84 23 74 

MSMA 2.24 0 + 1 67 94 48 91 

Sulfentrazone 0.42 0 87 89 74 81 

Sulfentrazone 0.56 0 91 92 85 85 

CGA-362622 0.03 0 96 98 91 94 

CGA-362622 0.03 0 + 6 _____ _____ 98 99 

Non-treated ____ ____ 0 0 0 0 
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Table 1. (Continued)       

LSD (P=0.05)b     10 7 12 9 

Contrastsc    ___________________p-value_________________

Bentazon: One vs. Two Applications  <0.0001 <0.0001 <0.0001 <0.0001

Halosulfuron: One vs. Two applications  _____ _____ <0.0001 <0.0001

Imazaquin vs. Imazaquin + MSMA  NS NS NS NS 

MSMA: One vs Two applications  <0.0001 0.0054 <0.0001 0.0002 

Sulfentrazone:  Low vs. High Rate  NS NS NS NS 

CGA-362622: One vs. Two Applications _____ _____ NS NS 
a Data were pooled across green and false-green kyllinga species and fairway and rough  
 
mowing height to present main effect of herbicide treatment. Percent injury ratings taken on 
 
a 0 (no visible injury) to 100 (complete plant necrosis) of green and false-green kyllinga.   
 
Abbreviations:  LSD, least significant difference; WAIT, weeks after initial treatment.   
 

b  LSD (P=0.05) computed to provide a means of comparing among herbicide treatments and 
 
herbicide treatments with the non-treated control.  
 

c Preplanned pairwise contrasts were conducted according to the treatment structure at a  
 
significance level of 0.05.  
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Table 2.  Population reduction of green and false-green kyllinga from 0 WAIT to 12  
 
and 18 WAIT, averaged across Kyllinga spp., and fairway and rough mowing  
 
heights, in 2001 and 2002.a 

 

Herbicide Rate Application 
timing 

Population density  
reduction 

   12 WAIT 18 WAIT 

   2001 2002 2001 2002 

 kg/ha WAIT _______________%_______________ 

Bentazon 1.12 0 -41 0 14 53 

Bentazon 1.12 0 + 1 46 55 44 56 

Halosulfuron 0.07 0 66 69 65 54 

Halosulfuron 0.07 0 + 6 95 86 87 96 

Imazaquin 0.56 0 94 91 82 97 

Imazaquin + MSMA 0.56 + 2.24 0 92 100 87 98 

MSMA 2.24 0 -68 65 3 53 

MSMA 2.24 0 + 1 57 91 51 88 

Sulfentrazone 0.42 0 87 75 79 63 

Sulfentrazone 0.56 0 93 81 87 72 

CGA-362622 0.03 0 95 88 86 59 

CGA-362622 0.03 0 + 6 100 96 97 90 

Non-treated ____ ____ 0 0 0 0 

LSD (P=0.05)b     82 36 31 40 
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Table 2. (Continued)    

Contrastsc    ____________p-value_____________ 

Bentazon: One vs. Two Applications  NS NS NS NS 

Halosulfuron: One vs. Two 
applications  0.038 0.001 0.047 0.042

Imazaquin vs. Imazaquin + MSMA  NS NS NS NS 

MSMA: One vs Two applications  0.003 NS 0.003 NS 

Sulfentrazone:  Low vs. High Rate  NS NS NS NS 

CGA-362622: One vs. Two Applications NS NS NS NS 
 

a  Data were pooled across green and false-green kyllinga species and fairway and  
 
rough mowing height to present main effect of herbicide treatment. Percent density  
 
reduction at 12 and 18 WAIT are relative to the initial density count at 0 WAIT and to  
 
the non-treated control.  Abbreviations:  LSD, least significant difference; WAIT,  
 
weeks after initial treatment.  
  
b  LSD (P=0.05) computed to provide a means of comparing among herbicide  
 
treatments and herbicide treatments with the non-treated control.  
 
c  Preplanned pairwise contrasts were conducted according to the treatment structure at 
 
a significance level of 0.05.  
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Table 3.  Control of green and false-green kyllinga 1 YAIT, averaged across  
 
Kyllinga spp., and fairway and rough mowing height, in 2001 and 2002.a 

Herbicide Rate Application 
timing Control 

   
2001 2002 

 kg/ha WAIT ___________%___________ 

Bentazon 1.12 0 16 31 

Bentazon 1.12 0 + 1 31 35 

Halosulfuron 0.07 0 50 46 

Halosulfuron 0.07 0 + 6 73 65 

Imazaquin 0.56 0 67 70 

Imazaquin + MSMA 0.56 + 2.24 0 74 81 

MSMA 2.24 0 21 46 

MSMA 2.24 0 + 1 36 52 

Sulfentrazone 0.42 0 59 47 

Sulfentrazone 0.56 0 73 47 

CGA-362622 0.03 0 79 57 

CGA-362622 0.03 0 + 6 86 77 

Non-treated ____ ____ 0 0 
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Table 3. (Continued)     

LSD (P=0.05)b     17 18 

Contrastsc    _________p-value________ 

Bentazon: One vs. Two Applications  NS NS 

Halosulfuron: One vs. Two applications  0.008 0.018 

Imazaquin vs. Imazaquin + MSMA  NS NS 

MSMA: One vs Two applications  NS NS 

Sulfentrazone:  Low vs. High Rate  NS NS 

CGA-362622: One vs. Two Applications NS NS 
 

a  Data were pooled across green and false-green kyllinga species and fairway  
 
and rough mowing height to present main effect of herbicide treatment.  
 
Percent control rated relative to the non-treated with 0 = green and false-green  
 
kyllinga populations equivalent to the non-treated and 100 =  complete  
 
absence of green or false-green kyllinga plants.  Abbreviations:  LSD, least  
 
significant difference; WAIT, wk after initial treatment; YAIT, yr after initial  
 
treatment. 
   
b  LSD (P=0.05) computed to provide a means of comparing among herbicide  
 
treatments and herbicide treatments with the non-treated control.  
 
c  Preplanned pairwise contrasts were conducted according to the treatment  
 
strucuture at a significance level of 0.05.  
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CHAPTER 4 

Absorption, Translocation, and Metabolism of Halosulfuron and CGA-362622 in Green 

and False-Green Kyllinga. 

Abstract:  Studies were conducted to evaluate the absorption, translocation, and metabolism 

of 14C-halosulfuron and 14C-CGA-362622 when foliar-applied to green and false-green 

kyllinga.  No differences were observed between the two Kyllinga spp. with regards to 

absorption, translocation, or metabolism of either herbicide.  The majority of 14C-

halosulfuron and 14C-CGA-362622 was absorbed by 4h, with an accumulation of 63 and 47% 

radioactivity, respectively.  Accumulation of both herbicides occurred in the treated leaf and 

the primary shoot from whence the treated leaf was removed, with minor accumulation 

occurring in the roots and newly formed rhizomes.  Of the total amount of 14C-halosulfuron 

absorbed into the plant, 77% remained in the form of the parent compound compared to 61% 

of 14C-CGA-362622.  The parent compound was distributed mainly in the treated leaf and 

primary shoot, while polar metabolites were concentrated in the roots and rhizomes.  Non-

polar metabolites of 14C-CGA-362622 accumulated in the treated leaf and primary shoot.  

These data indicate that absorption, translocation, or metabolism could not explain the 

variation in green and false-green kyllinga control between halosulfuron and CGA-362622. 

Nomenclature:  Halosulfuron; CGA-362622; false-green kyllinga, Kyllinga gracillima; 

green kyllinga L. (no code), Kyllinga brevifolia Rottb. KYLBR. 

Additional Index Words:  Acetolactate synthase, thin-layer chromatography, sulfonylurea. 

Abbreviations:  ALS, acetolactate synthase; TLC, thin-layer chromatography.
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INTRODUCTION 

Green kyllinga (Kyllinga brevifolia Rottb.) and false-green kyllinga (Kyllinga gracillima 

L.) are rhizomatous perennial sedge species (Cyperaceae) that are weeds of managed 

turfgrass systems.  Both are tolerant to mowing heights >1.2 cm (Summerlin et al. 2000) and 

are more invasive under saturated soil moisture conditions (Bryson et al. 1997; McElroy et 

al. 2002b).  Additionally, both species are difficult to control with currently registered 

herbicides, most likely due to the difficulty in eliminating rhizomes. 

Green and false-green kyllinga are difficult to differentiate vegetatively, and can only be 

distinguished by flowering timing and seed morphology (Bryson et al. 1997).   False-green 

kyllinga flowers from late August until frost, while green kyllinga flowers throughout the 

summer until frost.  The major morphological difference between the two species is the 

presence of denticulate scales on the lemma of green kyllinga seed; while, these scale are 

absent from false-green kyllinga seed (Bryson et al. 1997).  Green kyllinga is distributed in 

the coastal regions of the continental United States from Texas to Florida, and north to North 

Carolina (Bryson et al. 1997).  However, false-green kyllinga is found inland from Arkansas 

to North Carolina and north to Connecticut and Rhode Island (Bryson et al. 1997).  Within 

North Carolina, green kyllinga is prevalent in the coastal plain and piedmont region, while 

false-green kyllinga is found in the piedmont and Appalachian mountain regions (Fred H. 

Yelverton, personal observation).   

Halosulfuron is an acetolactate synthase (ALS)-inhibiting (EC 4.1.3.18) sulfonylurea 

herbicide that is utilized to selectively control perennial sedge species, such as purple 

(Cyperus rotundus L.) and yellow nutsedge (C. esculentus L.), and select broadleaf weeds in 
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agronomic and horticultural crops, and ornamental landscapes (Anonymous 2002b; Atland et 

al. 2000; Atland et al. 2002; Haar et al. 2002; Hurt and Vencill 1994; McDaniel et al. 2001; 

Stall 1999; Whaley and Vangessel 2002).  Halosulfuron has also been developed for the 

turfgrass market for postemergence control of yellow and purple nutsedge, Kyllinga spp., and 

other Cyperus spp. (Anonymous 2002a; Belcher et al. 2002).  While halosulfuron is 

registered for Kyllinga spp. postemergence control, satisfactory (>90%) control of green 

kyllinga has been limited.  Blum and Yelverton (1997) reported a single application of 

halosulfuron at 0.069 kg ai/ha controlled green kyllinga only 39%; however, sequential 

applications separated by 7 wks achieved 79% control.  Similar studies by Yelverton and 

McCarty (1996) and Belcher et al. (2002) reported sequential applications of halosulfuron 

controlled green kyllinga only 69 and 53%, respectively.   

The new sulfonylurea herbicide, CGA-362622, has shown potential to control perennial 

sedge species in warm-season turfgrass.  CGA-362622 provides satisfactory (>90%) control 

of green and false-green kyllinga in bermudagrass [Cynodon dactylon (L.) Pers.] and St. 

Augustinegrass [Stenotaphrum secundatum (Walt.) Kuntze] (McElroy et al. 2002a; Teuton et 

al. 2001; Yelverton et al. 2002).  In addition, CGA-362622 controls numerous perennial 

weeds and various cool-season grasses that are problematic in bermudagrass turf, including 

torpedograss (Panicum repens L.), and perennial ryegrass (Lolium perenne L.) (Askew et al. 

2002; Brecke and Unruh 2002; Teuton et al. 2001; Yelverton et al. 2002).   

Studies evaluating the physiological activity of ALS-inhibiting herbicides have largely 

attributed variation in plant sensitivity to differential metabolism of the parent herbicide 

(Askew and Wilcut 2002; Dubelman et al. 1997; Ma et al. 1997; Troxler et al. 2003).   

However, variability in absorption and translocation can also contribute variability in control 
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(Gallaher et al 1999; Ma et al. 1997; Shaner and Singh 1997).  Therefore, research is needed 

to explain the variability in control Kyllinga spp. between these two herbicides.   

 

MATERIALS AND METHODS 

Plant Material.   

Green and false-green kyllinga plants were propagated in greenhouse conditions to 

evaluate physiological activity of halosulfuron and CGA-362622.  Greenhouse temperature 

conditions were 32/24 + 3 C day/night.  Natural lighting was supplemented with metal halide 

lamps at 500 µmol m-2 s-1 to provide a 16 h photoperiod.  The soil medium was a 1:1 v/v 

ratio of sand and Norfolk loamy fine sand (thermic Typic Kandiudults) with pH 6.1 and 0.3% 

humic matter.  Plastic pots (60 cm2 surface area and 600 ml volume) were filled to capacity 

with soil medium.  A single node from a green or false-green kyllinga rhizome from 

greenhouse stock plants was planted at a 2 cm depth in each pot.  An excess number of pots 

were planted in order to select a uniform population for experimentation.  Plants were 

irrigated twice daily with overhead irrigation and fertilized biweekly with a complete 

fertilizer1.  After 6 weeks of growth, plants were treated with either halosulfuron at 0.069 kg 

ha-1 plus 0.25% v/v nonionic surfactant2 or CGA-362622 at 0.025 kg ha-1 plus 0.50% v/v 

nonionic surfactant.  Herbicide applications were made in a moving belt spray chamber 

calibrated to deliver 190 L ha-1 at 146 kPa.  Prior to herbicide overspraying, the largest shoot 

was identified and one of the basal three-ranked leaves of the shoot was covered with a 

plastic bag.  In all cases, the largest shoot was the first shoot to emerge. 
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Absorption and Translocation 

Technical grade halosulfuron of the pyrazole ring with 950.9 kCi µmol-1 and 98% 

radioactive purity and technical grade [pyridinyl-2-14C]-CGA-362622 with 795.4 kBq µmol-1 

specific activity and 97.8% radiochemical purity were used in these experiments.  

Radioactive solutions for each herbicide were: a 1:1 v/v mixture of HPLC-grade water and 

acetone, 0.25% nonionic surfactant and 580 Bq µl-1 radioactivity of 14C-halosulfuron or a 1:1 

v/v mixture of HPLC-grade water and methanol, 0.25% nonionic surfactant, and 580 Bq µl-1 

radioactivity of  14C-CGA-362622.  Due to the instability of 14C-halosulfuron in protic 

solvents, such as methanol, acetone or ethyl acetate was used as the primary solvents for this 

compound throughout the experiment (Akbar Merhsheikh, Monsanto Corporation, personal 

communication).  Five 1-µl droplets3 of a radioactive herbicide solution was placed on the 

adaxial surface of the previously covered basal leaf of the central shoot of a Kyllinga spp. 

plant.   

Plants were excavated from the soil at 4, 24, 48, 72, and 96 h after treatment (HAT) and 

divided into treated leaf and leaf sheath (treated leaf), central primary shoot that contained 

the treated leaf (shoot), roots, and rhizomes.  The shoot section was the largest shoot present 

and contained the crown from which the shoot arose.  The rhizome section included shoots 

arising from the newly developed rhizomes.  Three replicates of plants were also spotted with 

a radiolabeled herbicide solution and harvested after 10 s to test the efficiency of the leaf 

wash technique.  Leaves treated with both 14C-halosulfuron and 14C-CGA-362622 were were 

rinsed slowly with 10 ml of a 1:1 v/v mixture of methanol-deionized water and 0.25% v/v 

non-ionic surfactant to remove non-absorbed herbicide.  A 1-ml aliquot of the leaf rinseate 

was added to 25 ml of scintillation fluid4 and radioactivity was quantified by liquid 
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scintillation spectrometry5 (LSS).  All plant parts were dried for 48h at 40C, weighed, and 

combusted with a biological sample oxidizer6.  Radioactivity in the sample was quantified by 

LSS.   

Two studies, replicated in time, were conducted for each herbicide in a completely 

randomized design with a factorial arrangement of treatments and 3 replicates.  Factorial 

levels included:  Kyllinga spp. (green or false-green kyllinga), harvest interval (10 sec, 4, 24, 

48, 72, and 96 h), and division of plant parts (leaf, shoot, root, or rhizome).  Data were 

subjected to ANOVA (P = 0.05), with partitioning of the sums of squares performed 

similarly to a strip-split-split plot with sub-sampling (Steele et al. 1997).  Log transformation 

improved homogeneity of variance based on inspection of plotted residuals; therefore, data 

were transformed before ANOVA.   Herbicides were analyzed as main plot factors, Kyllinga 

spp. and harvest intervals were treated as sub-plot factors, and division of plant parts, were 

analyzed as sub-sampling within the factorial arrangement.  The 10 sec harvest interval was 

only utilized in the herbicide absorption analysis.  When a significant harvest interval 

interaction was detected, sample means were fit with the appropriate regression equations.  

Where appropriate, means were separated using Fisher’s Protected LSD (P = 0.05).  As mean 

rank was not changed by data transformation, mean separation tests were performed on non-

transformed data.  On occasion, heterogeneous variances between divided plant parts 

prevented subjecting data to mean separation within this factor.  

Metabolism 

Plants were grown and treated as in the absorption and translocation study.  At plant 

harvest, plant parts were immediately stored at -20 C until further analysis.  All plant parts 

were utilized in the analysis of the metabolites. 
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Plant parts were ground in a tissue homogenizer7 with 10 ml of methanol for parts treated 

with CGA-362622 and 10 ml of ethyl acetate for parts treated with halosulfuron.  The 

homogenate was rinsed through a vacuum filtration apparatus with an additional 10 to 15 ml 

of solvent added.  The washed residue and filter paper8 from the homogenizer were dried at 

room temperature, weighed, and oxidized, and radioactivity was determined by LSS.  The 

filtrate was evaporated to dryness at 30 + 2 C under a stream of air.  All samples were then 

re-eluted with 1-ml of ethyl acetate, shaken by hand for 30 seconds, and stored at -20 C until 

further analysis.  Initial analyses of treated leaves from the 10 s spot treatment harvest 

interval indicate that >98% of recovered radioactivity was in the form of the parent 

compound (data not shown); therefore no further attempt was made to evaluate 

environmental effect on degradation of halosulfuron and CGA-362622.   

For both herbicides, 200 µl from each extraction sample was spotted on 20 by 20 cm silica 

gel thin layer chromatography9 (TLC) plates and developed to 18 cm solvent front.  For, 

halosulfuron the developing solvent consisted of butanol-water-acetic acid 4:4:1 v/v/v 

mixture according to Monstanto recommendations (Akbar Merhsheikh, personal 

communication).  For CGA-362622, the developing solvent consisted of chloroform-

methanol-ammonium hydroxide-water 80:30:4:2 v/v/v/v mixture (Askew and Wilcut 2002; 

Troxler et al. 2003).  Plates were partitioned into 1 cm lanes and a lane was spaced between 

each spotted lane to prevent contamination.  A standard of 5 µl of 14C-halosulfuron or 14C-

CGA-362622 was spotted on the first lane of each plate.  Eight additional lanes on each plate 

were devoted to homogenized plant samples and comparisons were made to the standard to 

determine the length of travel of the parent compound.   
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Plates were air-dried after development, and radioactive positions, quantities, and 

corresponding Rf values were determined by scanning TLC plates with a radiochromatogram 

scanner10.  Radioactive peaks were integrated using Win-Scan software, with smoothing set 

to 9-point cubic and background excluded from peak area calculation.  Peaks below 1% of 

the total radioactivity were rejected.  The parent herbicide within each plate was identified by 

comparing the Rf value to the standard.  Data consisted of the percentage parent herbicide, 

the sum percentage of all metabolites that were more polar than the parent compound, and 

the sum percentages of all metabolites that were less polar than the parent herbicide.  No 

non-polar 14C-halosulfuron metabolites were recovered from the analysis.  Statistical 

procedures were similar to the absorption and translocation study.   

 

RESULTS AND DISCUSSION 

Absorption and Translocation 

All data were pooled over experimental runs due to nonsignificant (P>0.05) experimental 

run by treatment interactions.  To calculate total absorption, treated leaf, shoot, root, and 

rhizome 14C-herbicide accumulation was summed to yield total absorbed for a single plant.  

No difference was detected between green and false-green kyllinga absorption of 14C-CGA-

362622 and 14C-halosulfuron; therefore, data were pooled over plant species.  Plant 

absorption of 14C-herbicide followed a logarithmic trend for both halosulfuron and CGA-

362622 (Figure 1).  The majority of 14C-halosulfuron and 14C-CGA-362622 were absorbed 

by 4h, with an accumulation of 63 and 47% radioactivity, respectively, after 96h.  Our CGA-

362622 absorption findings are similar to those previously reported.  Troxler et al. (2003) 

reported purple and yellow nutsedge rapidly absorbed 14C-CGA-362622 between 0 and 4 
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HAT and approximately 55% of applied after 96h.  Askew and Wilcut (2002) reported cotton 

(Gossypium hirsutum L.), jimsonweed (Datura stramonium L.), peanut (Arachis hypogaea 

L.), and sicklepod [Senna obtusifolia (L.) Irwin and Barnaby] all rapidly absorbed 14C-CGA-

362622 between 0 and 4 HAT, but total absorption after 72h varied by species between 30 

and 70%.  Similar absorption findings have been reported for other sulfonylurea herbicides.  

Gallaher et al. (1999) reported similar finding of rapid absorption of the majority of two other 

sulfonylurea herbicides, primisulfuron and nicosulfuron, occurring within 24 h after 

application by broadleaf signalgrass [Brachiaria platyphylla (Griseb.) Nash] and corn. 

Main effects and interactions for Kyllinga spp. and harvest intervals were non-significant 

(P>0.05) for translocation of 14C.  The herbicide by plant part interaction was significant for 

translocation of 14C; therefore, data are presented as the percent of 14C-halosulfuron and 14C-

CGA-362622 recovered from the leaf wash and plant parts pooled over Kyllinga spp. and 

harvest intervals (Table 1).  A greater percentage of 14C-CGA-362622 was recovered from 

the 10 sec leaf wash than 14C-halosulfuron.  Consequently, greater percentages of 14C-

halosulfuron were recovered in treated leaf and shoot material than 14C-CGA-362622.  For 

both 14C-halosulfuron and 14C-CGA-362622, a numerically greater amount of radioactivity 

was recovered in the shoots (36.3 and 22.1%, respectively) compared to the treated leaf (15.1 

and 9.0%, respectively).  No difference was observed between 14C-halosulfuron and 14C-

CGA-362622 recovered in the root and rhizome plant parts.  Further, a total of only 6.8 and 

6.7% of recovered 14C-halosulfuron and 14C-CGA-362622, respectively, were recovered 

from the roots and rhizomes.  Our findings of significant translocation of halosulfuron and 

CGA-362622 are in contrast to other studies evaluating the translocation of ALS-inhibiting 

herbicides.  Troxler et al. (2003) reported that the majority of foliar-applied 14C-CGA-



 78
362622 remained in the treated leaf of yellow and purple nutsedge.  Askew and Wilcut 

(2002) reported that less than 2% of applied 14C-CGA-362622 was translocated out of the 

treated leaves of peanut (Arachis hypogaea L.), cotton (Gossypium hirsutum L.), and 

sicklepod [Senna obtusifolia (L.) Irwin and Barnaby].    Nandihalli and Bendixen (1988) and 

Reddy and Bendixen (1988) reported that >70% of the absorbed 14C-chlorimuron and 14C-

imazaquin remained in the treated area of yellow and purple nutsedge after 192 h.  Wilcut et 

al. (1989) reported that while soybean (Glycine max), peanut, Florida beggarweed 

[Desmodium tortuosum (SW.) DC.], sicklepod, cocklebur (Xanthium strumarium L.), and 

prickly sida (Sida spinosa L.) vary in the amount of foliar-applied 14C translocated out of the 

treated leaf, however none of these species translocated >25% of the applied radioactivity.   

It is unknown why false-green and green kyllinga vary in their ability to translocate 14C-

halosulfuron and 14C-CGA-362622 compared to other species and other sulfonylurea and 

ALS-inhibiting herbicides.   Other research has indicated that greater movement of 

sulfonylurea herbicides occurs through the xylem, thus greater acropetal movement of the 

herbicide in the treated leaf (Hageman and Behrens 1984; Lycan and Hart 1999; Petersen and 

Swisher 1985).  To the contrary, Troxler et al. (2003) reported greater basipetal compared to 

acropetal movement of 14C-CGA-362622 within the treated leaf in yellow and purple 

nutsedge indicating greater movement through the phloem tissue compared to the xylem; 

however, Troxler et al. (2003) reported <18% of applied 14C-CGA-362622 moved out of the 

treated leaf.  Bestman et al. (1990) reported limited translocation of foliar applied 

chlorsulfuron out of treated leaves, as well as a cessation in the translocation of sugar and 

amino acid assimilates out of the treated leaves.  The authors attribute the accumulation of 

14C in the shoot material to the inclusion of the growing point in this plant part, yet this alone 
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does not sufficiently explain the exorbitant accumulation of 14C in the shoot material.  In 

addition, careful attention was taken to completely remove the leaf sheath from the primary 

shoot when excising the treated leaf, eliminating the potential for contamination, and thus a 

potential cause for the observations. 

Metabolism 

The extraction process for both herbicides was very efficient with <1% of the absorbed 

14C-halosulfuron and 14C-CGA-362622 remaining in the plant residues (data not shown).  

The most common metabolites of 14C-halosulfuron had an Rf value of 0.13 and 0.20 (Figure 

2).  The Rf  value for 14C-halosulfuron was approximately 0.85.  The most common 

metabolites for 14C-CGA-362622 had a Rf value of 0.15, 0.25, 0.63, and 0.81.  The Rf value 

for 14C-CGA-362622 was approximately 0.50.  For further analysis, all metabolites with Rf 

values less than the parent compound of each herbicide were considered polar and all 

metabolites with Rf values greater than the parent compound were considered non-polar.  No 

non-polar metabolites of 14C-halosulfuron were recovered.    

All Kyllinga spp. or harvest interval (4, 24, 48, 72, and 96 h) main effect and interactions 

were non-significant (P > 0.05); therefore, metabolism data were pooled over Kyllinga spp. 

and harvest intervals.  Of the total amount of 14C-halosulfuron absorbed into the plant, 77% 

remained in the form of the parent compound, compared to 61% of 14C-CGA-362622 as the 

parent compound (Table 2).  Due to a non-significant harvest interval interaction, a half-life 

of both 14C-halosulfuron and 14C-CGA-362622 could not be determined.  Differential 

metabolism has been reported as the major mechanism of tolerance to ALS-inhibiting 

herbicides among plant species; however limited metabolism of both compounds was 

observed.  Askew and Wilcut (2002) reported that the half-life of 14C-CGA-362622 in cotton 
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(a tolerant species) was 0.8d, compared to 6 d in peanut (a susceptible species).  Similarly, 

Dubleman et al. (1997) reported that wheat and corn metabolized 100% of foliar-applied 14C-

halosulfuron within 24 h, but soybean only metabolized 14% after 168 h.  Gallaher et al. 

(1999) reported that tolerance of broadleaf signalgrass to primisulfuron is attributed to the 

metabolism of ~90% of the parent compound compared to <7% of nicosulfuron.  

Differences were detected between 14C-halosulfuron and 14C-CGA-362622 with respect to 

the amount of parent compound, polar, and non-polar metabolites distributed in the various 

plant parts (Table 3).  No difference was detected between harvest intervals 4 to 96 h with 

respect to parent compound and metabolite accumulation in the various plant parts; thus, data 

were pooled over harvest intervals.  The lack of significant differences between harvest 

intervals 4 to 96 h is attributed to the quick cessation of transport of assimilates and applied 

herbicides out of the treated leaf after the application of ALS-inhibiting herbicides (Bestman 

et al. 1990).   No difference was observed in the amount of 14C-halosulfuron and 14C-CGA-

362622 parent compound present in the treated leaf and rhizome; however, greater 

accumulation of 14C-halosulfuron occurred in shoots and roots compared to 14C-CGA-

362622.  Greater accumulation of 14C-CGA-362622 polar metabolites was detected in the 

treated leaf, shoot, and roots compared to 14C-halosulfuron; however, no difference was 

observed in the amount of polar metabolites present in the rhizome.   

Greater accumulation of 14C-halosulfuron parent compound were observed in the shoot, 

compared to the treated leaf and limited amounts detected in the roots and rhizomes (Table 

3).  The distribution of 14C-CGA-362622 parent compound was somewhat different with 

equivalent amounts detected in the treated leaf and shoot, and limited accumulation observed 

in the roots and rhizomes.  Limited accumulation of 14C-halosulfuron polar metabolites were 
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detected in the roots and rhizomes compared to the treated leaf and shoots.   Similarly, 

greater amounts of 14C-CGA-362622 polar metabolites were observed in the roots compared 

to the treated leaf, with shoots and rhizomes containing intermediate amounts.  Greater 

accumulation of non-polar 14C-CGA-362622 metabolites was observed in the treated leaf and 

shoot, compared to the roots and rhizomes.  While it is possible that the metabolites of CGA-

362622 could contribute to the greater herbicidal activity compared to halosulfuron; there is 

limited empirical evidence to support this hypothesis.   Other research indicates that 

secondary metabolites of ALS-inhibiting herbicides have little herbicidal activity.  Brown et 

al (1990) reported that the deesterified free acid of thifensulfuron (thifensulfuron acid), as 

well as four other metabolites have no herbicidal or ALS-activity.  Brown and Neighbors 

(1987) reported that the two major metabolites of chlorimuron, its homoglutathione 

conjugate and a deesterified derivative of chrlorimuron are inactive against the ALS-enzyme.  

Hutchison et al. (1984) reported that flax (Linum usitatissimum L.), black nightshade 

(Solanum nigrum L.), sugarbeet, and wild mustard [Brassica kaber (DC.) L.C. Wheeler] were 

more susceptible to chlorsulfuron than the major its metabolite, B-1 [2-chloro-N-{[4-

(hydorxymethyl)-6-methoxy-1,3,5-triazin-2-yl]amino-carbonyl}benzenesulfonamide], 

produced by flax; however, B-1 at a rate of 100 mg/L, reduced wild mustard to <25% of the 

fresh weight of the non-treated, indicating that it does have some herbicidal activity.  Further, 

Hutchison et al. (1984) assumed that absorption and translocation of B-1 was similar to that 

of chlorsulfuron, but this assumption was not confirmed experientially.   

While differential metabolism has been attributed to the tolerance of a species to one 

ALS-herbicide and not another; the affinity for the site of action, that being the ALS-enzyme, 

has been attributed to the development of resistance in some plant species once susceptible to 
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a given ALS-inhibiting herbicide.  Anderson et al (1998) reported that >80% of applied 14C-

primisulfuron remained unmetabolized in both primisulfuron resistant and susceptible 

biotypes of shattercane [Sorghum bicolor (L.) Moench] 24h after application.  Al-Khatib et 

al. (1998) attributed the decreased control with imazethapyr of a resistant common sunflower 

(Helianthus annuus L.) to a decrease in the sensitivity of the ALS-enzyme to imazethapyr.  

Burnet et al. (1994) elucidated two mechanisms of resistance to sulfonylurea herbicides 

within one population of rigid ryegrass- that of enhanced detoxification through metabolism 

of the parent compound and a less sensitive ALS-enzyme. In addition to decreased sensitivity 

within weed species, Novosel and Renner (1995) attributed greater phytotoxicity to sugarbeet 

(Beta vulgaris L.) with primisulfuron compared to nicosulfuron to the differential affinity to 

the ALS-enzyme.   

These data indicate that greater absorption and translocation of halosulfuron occurs 

compared to CGA-362622 within false-green and green kyllinga.  Furthermore, CGA-

362622 is metabolized to a greater extent compared to halosulfuron.  Thus, variation in 

absorption, translocation, or metabolism does not explain the variation in green and false-

green kyllinga control with halosulfuron compared to CGA-362622.  It is thus hypothesized 

that the greater affinity of CGA-362622 for the ALS-enzyme or the herbicidal activity of 

metabolites is contributing to the observed control differences. 
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SOURCE OF MATERIALS 

1 Peter’s 20-20-20 Professional Plant Food.  Spectrum Group, Division of United Industries 

Corporation, P.O. Box 15842, St. Louis, MO 63114-0842. 

2 Induce® nonionic low foam wetter-spreader adjuvant contains 90% nonionic surfactant 

(alkylarylpolyoxyalkane ether isopropanol), free fatty acids, and 10% water, Helena 

Chemical Company, Suite 500, 6075 Poplar Avenue, Memphis, TN 38137. 

3 Hamilton® Microliter Pipetter No. 705, Hamilton Co., 4970 Energy Way, Reno, NV 89502. 

4 ScintiVerse® SX18-4 Universal Liquid Scintillation Cocktail, Fisher Scientific, 1 Regeant 

Road, Fair Lawn, NJ 07410. 

5 Packard TRI-CARB 2100TR Liquid Scintillation Spectrometer, Packard Instrument 

Company, 2200 Warrenville Road, Downers Grove, IL 60515. 

6 Model OX-500 Biological Material Oxidizer, R. J. Harvey Instrument Corp., 123 Patterson 

Street, Hillsdale, NJ 07642. 

7 Pyrex® Tissue Homogenizer No. 7727-40, Corning Inc., 1 Riverfront Plaza, Corning, NY 

14831. 

8 Whatman® Filter Paper 55mm, Whatman International Ltd., Whatman Holst Leonards Road 

Allington Maidstone, Kent ME160LS, U.K. 

9 Whatman® K6F Silica Gel 60A thin layer chromatography plates, Whatman Inc., 9 

Bridewell Place, Clifton, NJ 07013. 
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10 Bioscan System 200 Imaging Scanner, Bioscan, 4590 MacAuthor Boulevard NW, 

Washington, DC 20007. 
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Table 1.  Percent of 14C-CGA-362622 and 14C-halosulfuron absorbed by false-green and green  
 
kyllinga recovered in the partitioned plant parts, averaged over harvest intervals 4 to 96h and  
 
Kyllinga spp.a 

 

Herbicide      Wash Treated Leaf Shoots Roots Rhizomes

 _______________________________________% of recovered________________________________________  

Halosulfuron      

      

      

41.8 15.1 36.3 4.7 2.1

CGA-362622 62.2 9.0 22.1 2.6 4.1

LSDb 8.4 4.8 8.1 NS NS
 

a Data reflects the percent of the total 14C-halosulfuron and 14C-CGA-362622 herbicide recovered.  
 
Due to unequal variances between the partitioned plant parts, Fisher's LSD (P = 0.05) was not  
 
conducted between plant parts of a given herbicide. 
 
b Fisher's Protected LSD conducted at P = 0.05. 
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Table 2.  Percent of absorbed herbicide recovered as  
 
14C-halosulfuron or 14C-CGA-362622 summed across  
 
all plant parts and pooled over harvest intervals 4 to  
 
96h and Kyllinga spp.  
 

Herbicide Parent Compound 

 ______________% of absorbed_______________

Halosulfuron 77 

CGA-362622 61 

LSDa 11 

a Fisher's Protected LSD conducted at P = 0.05. 

 



92 
Table 3.  Average percentage of radioactive traces from thin-layer chromatographic separation of 14C-halosulfuron and  
 
14C-CGA-362622 absorbed by green and false-green kyllinga recovered as parent compound, polar, or non-polar  
 
metabolites in partitioned plant parts, pooled over harvest intervals 4 to 96h and Kyllinga spp. 
 

 Parent compound  Polar Metabolites  Non-Polar Metabolitesa 

Plant part Halosulfuron CGA-362622 LSDb Halosulfuron CGA-362622 LSDb Halosulfuron CGA-362622

 _________% of absorbed_________  _________% of absorbed_________  _________% of absorbed_________

Treated leaf 24.7 24.8 NS 4.2 6.0 1.4 _____  

  

         

         

           

2.9

Shoot  39.7 24.1 7.4 4.3 8.7 2.9 _____ 2.5

Roots 6.9 3.1 1.5 7.0 10.4 1.7 _____ 0.9

Rhizome 5.3 7.8 NS 7.8 8.1 NS _____ 0.7

LSDc 4.8 5.3 1.8 2.1 _____ 0.8
 

a No non-polar metabolites of halosulfuron were not recovered. 
 

b LSD for comparing herbicides within a single plant part. 
 

c LSD for comparing plant parts within a single herbicide. 
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Figure 1.  Total percent absorbed  of foliar applied 14C halosulfuron and 14C CGA-362622 
pooled over Kyllinga spp.
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Figure 2.  Radioactive traces from thin layer chromotographic separations and corresponding Rf values 
of 14C-halosulfuron and 14C-CGA-362622 and major metabolites formed by treated leaves 96h after 
treatment.  Data were pooled over Kyllinga spp. 
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CHAPTER 5 

Habitat Delineation of Green and False-Green Kyllinga in Turfgrass Systems and 

Interrelationship of Elevation and Edaphic Factors. 

Abstract:  Knowledge of the influence of environmental factors on weed populations is 

important in developing sustainable turfgrass management practices.  Studies were conducted 

to evaluate the relationship of green (Kyllinga brevifolia Rottb.) and false-green kyllinga 

(Kyllinga gracillima L.) population densities with elevation and edaphic factors in turfgrass 

systems.  Studies were conducted on five different golf courses in North Carolina, three 

affected by green kyllinga, and two affected by false-green kyllinga.  According to Spearman 

correlation coefficients, both green and false-green kyllinga were correlated with increasing 

soil volumetric water content, while correlation of other edaphic variables varied between 

sites and species.  Stepwise logistic regression confirmed the correlation of volumetric water 

with green kyllinga presence, but model components varied among sites for false-green 

kyllinga.  Increasing green kyllinga populations correlated with increasing soil sodium, 

however, sodium did not reach a level believed to be detrimental for turfgrass growth.  No 

other variables correlated with green or false-green kyllinga across all sites.  We 

hypothesized that the lack of significant correlations was due to the overall influence of 

elevation on edaphic variables.  According to principal components analysis (PCA), 

elevation had a profound impact on the measured edaphic variables at all sites.  However, 

results of PCA at one site differed sharply from other sites.  Results from that site 

demonstrate the potentially strong effects of management practices to alter edaphic trends 

normally observed with topography. 
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Nomenclature:  False-green kyllinga, Kyllinga gracillima L.; green kyllinga Kyllinga 

brevifolia Rottb.; bermudagrass, Cynodon spp.; bentgrass, Agrostis spp. 

Additional index words:  Realized niche, turfgrass management, weed science. 

Abbreviations:   PCA, principal components analysis. 

 

INTRODUCTION 

Weed spatial aggregation in turfgrass ecosystems has received less attention than 

traditional agricultural ecosystems, thus, few turfgrass management practices take advantage 

of aggregated weed distributions.  However, instead of weed spatial aggregation being an 

obstacle to weed management within agroecosystems, it has been used to the advantage of 

managers (Lindquist et al. 1998; Mortensen et al. 1998).  Weed management decision aids 

are now available for agronomic systems that determine when herbicide applications are 

needed based on the calculation of population density threshold level at which crop yields are 

reduced (Coble and Mortensen 1992; Mortensen and Coble 1991; Wilkerson et al. 1991).  In 

addition, the development of reflectance-triggered herbicide application technology for use in 

row-crop systems also takes advantage of weed spatial aggregation by only applying 

herbicide where weeds are detected (Peters et al. 2003).  Both of these methods can reduce 

crop management costs and the amount of herbicide applied per area without compromising 

crop yield. 

The lack of weed spatial research in turfgrass systems is possibly due to the inherent 

differences between turfgrass and agricultural production ecosystems.  First, the measure of 

yield within turfgrass systems is irrelevant, and for many turfgrass managers any weed 

presence detracts from the aesthetic value of the turf.  Second, the success of real-time 
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application technology in row-crop agricultural systems is due to the ability of light sensing 

applicators to detect color differences between the soil and weeds, thus only applying 

herbicide where weeds appear (Peters et al. 2003).  Color differentiation presents a problem 

in turfgrass systems because both turfgrasses and weeds are often various shades of green, 

which can be affected by edaphic conditions and difficult to differentiate by sensors (Bell et 

al. 2002; Hutto et al. 2003).  While our ability to differentiate weeds in turfgrass through 

remote-sensing methods is improving (Bell et al. 2002; Hutto et al. 2003), the technology is 

still years away from being marketable to turfgrass practitioners.  However, another way in 

which turfgrass practitioners can take advantage of weed spatial aggregation and increase 

weed management effectiveness is through weed habitat manipulation.  Before such a 

management practice can be implemented, a better understanding of what makes a habitat 

more or less favorable for a weed population within a managed turfgrass crop is needed.   

Habitat delineation of weed species is important to the development of integrated weed 

management strategies in managed ecosystems (Cardina et al. 1997).  Habitat, as defined by 

Whittaker et al. (1973), is simply the environment to which the species adapted, with definite 

spatial arrangement of the environmental variable (e.g., soil moisture, soil fertility, 

temperature, etc.).  Correctly identifying environmental variables that are advantageous for 

weed growth, or disadvantageous for the desired crop growth, can allow for manipulation of 

the environment to better suit the desired crop (Mortensen et al. 1998).  Environmental 

manipulation could be achieved through variable fertilizer applications, improving soil 

structure or drainage, or manipulation of soil pH.  Reducing weed competitiveness through 

environmental manipulation can improve both economic and environmental sustainability by 
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improving crop growth conditions and reducing the amount of chemical herbicide inputs 

(Johnson et al. 1997; Mortensen et al. 1998).   

Several studies have been conducted in agricultural systems to evaluate the environmental 

conditions that lead to increased weed infestation and proliferation.  Andreasen et al. (1991) 

correlated variation of population densities of numerous weed species with variation in soil 

pH, phosphorus, potassium, magnesium, and manganese.  Some examples of these 

correlations were increasing common lambsquarter (Chenopodium album L.) with decreasing 

soil phosphorus and increasing common chickweed (Stellaria media L. (Vill.)] with 

increasing soil potassium (Andreasen et al. 1991).  Medlin et al. (2001) determined that soil 

organic matter, phosphorus, potassium, and magnesium were possible predictor variables for 

increased sicklepod [Senna obtusifolia (L.) Irwin and Barnaby] infestation in agricultural 

fields.  Dieleman et al. (2000) also correlated increased infestation of numerous broadleaf 

weeds with increased soil organic matter.  With respect to weed distribution in Festuca spp. – 

Agrostis spp. grass swards, white clover (Trifolium repens L.) was correlated with increased 

soil pH, calcium, and phosphorus (Snaydon 1962).  These three studies correlated weed 

population density or occurrence with environmental factors, which may suggest that 

manipulation of these variables could decrease the competitiveness of these weeds relative to 

crop competitiveness.  While turfgrass researchers have a general understanding of the 

environmental conditions that lead to increased infestation and invasion from some weeds 

(McCarty 2001) there is little published empirical evidence available to support their 

observations.   

Habitat delineation is often difficult to achieve due to the confounding nature and 

interrelatedness of soil edaphic variables with topographic features and the potential 
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environmental plasticity of many weed species (Cardina et al. 1997).  In investigating 

variation in soil properties in relation to landscape position and their relationship to atrazine 

sorption, Novak et al. (1997) reported increasing soil organic carbon and clay content in 

lower landscape positions.  With respect to crop yield along an elevation gradient, 

Kravchenko and Bullock (2000) reported that elevation was the most influential variable on 

corn (Zea mays L.) and soybean [Glycine max (L.) Merr.] grain yield with higher yield 

consistently observed at lower topographic position within the landscape.  However, findings 

of Brubaker et al. (1993) of increasing soil organic matter and clay content with increasing 

elevation indicate that determining the growth limiting factor will be possibly confounded 

due to the variable influence of topography on numerous edaphic factors. 

Research areas of habitat delineation and underlying interrelationships of soil edaphic 

variables with elevation gradients have not been explored in intensively managed turfgrass 

systems.  Thus, the objective of this research was to investigate the correlation of green and 

false-green kyllinga (Kyllinga brevifolia Rottb. and K. gracillima L., respectively) population 

densities in managed turfgrass system with soil edaphic factors along an elevation gradient, 

and the interrelationship of elevation and the edaphic factors.  Green and false-green kyllinga 

were selected in order to evaluate possible environmental response differences between the 

two species and because they tend to grow in large homogeneous stands that could be 

assessed with common geostatistical sampling techniques (Dale 2000).  Both are rhizomatous 

perennial sedge species (Cyperaceae) common to bermudagrass (Cynodon spp.) and St. 

Augustinegrass (Stenotaphrum secundatum [Walt.] Kuntze.) turf, and both have been 

observed to grow in areas of high soil moisture (Bryson et al. 1997), however, previous 

observations by the authors suggest that these species are not limited to wet areas.    
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MATERIALS AND METHODS 

Site descriptions and sampling scheme 

Ecological sampling was conducted on five golf courses in North Carolina in order to 

evaluate the correlation of green and false-green kyllinga populations with elevation and 

edaphic factors.  The five golf courses, their location, predominant turfgrass species, and soil 

type are presented in Table 1.  With respect to soil type, the dominant soil type for the study 

area is presented.  Due to the destructive nature of golf course construction on native soils 

and the need for additional topsoil to modify the shape of the landscape, however, the exact 

soil type of each measurement is not known.  Three of the five golf courses selected were 

affected by green kyllinga, and two by false-green kyllinga.  Correct identification of green 

or false-green kyllinga was accomplished by collecting 10 to 20 randomly selected plants 

from a potential study area, repotting them in plastic pots (60cm2 surface area, 400 ml 

volume) and allowing the plants to flower and set seed in a greenhouse.  The mature seed 

were examined for the presence of denticulate appendages on the lemma keel; their presence 

is an identifying characteristic for green kyllinga, whereas their absence indicated false-green 

kyllinga (Bryson et al. 1997).  Identification of green and false-green kyllinga from other 

Kyllinga or Cyperus species was done by examining gross morphological characteristics, 

such as leaf size, and seedhead size, shape, and number (Radford et al. 1968). 

Sampling areas were established within a single fairway at each golf course.  At each site, 

fairways were mowed to a height of 1.2 cm three days per week.  At each site, four parallel 

transects, or sampling lines, were situated along the major elevation gradient.  Quadrats, or 

sampling units, were 0.09 m2 and spaced evenly along each transect; however, spacing and 
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number of transects varied among sites (Table 2).  Within each quadrat, measurements 

included:  a soil sample, volumetric water content, and green or false-green kyllinga percent 

cover.  Eight soil cores (2.5 cm diameter, 8 cm depth) were taken along the perimeter of each 

quadrat.  Soil cores from a quadrat were combined and thoroughly mixed into a single 

sample.  Soil samples were analyzed by the North Carolina Department of Agriculture and 

Consumer Services (NCDA&CS 2003), Agronomic Division (4300 Reedy Creek Rd., 

Raleigh, NC 27607-6465).  Major and micronutrients were measured using Mehlich-3 

(Mehlich 1984a; NCDA&CS 2003) and humic matter was measured using Mehlich humic 

matter methodology (Mehlich 1984b; NCDA&CS 2003).  Soil components estimates are 

presented in Table 3.  Volumetric water content was measured using a TH2O Theta Probe 

(Delta-T Devices Ltd., 128 Low Road, Cambridge, CB5 OEJ, England) inserted into the 

center of each quadrat.  Initially, at Fairfield Harbour, three measurements of volumetric 

water content were taken per quadrat, however, within quadrat variance of water content was 

low (< +/-1 %); therefore, in order to expedite the data collection process, volumetric water 

content per quadrat was limited to a single measurement.  Green and false-green kyllinga 

percent cover of the quadrat area was measured by visual estimation, 100% being complete 

cover of the quadrat area, 0% being no green or false-green kyllinga present.  Initially, at 

Fairfield Harbour, shoot density (green or false-green kyllinga shoot number per quadrat) 

was measured, however, shoot density and percent cover were highly correlated (r = 0.98); 

therefore, in order to expedite the data collection process, only percent cover measurements 

of green and false-green kyllinga were taken.  

At Fairfield Harbour, elevation measurements were taken along each transect every 3 m to 

+/- 1 cm precision using a surveyor’s level and rod; however, at the remaining four sites, 
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measurements were taken every 2 m.  To provide topographic context, elevation was 

measured along two additional transects to the left and right outside the plant and soil 

sampling areas of the four primary transects (six total transects) and additional elevation 

measurements were also taken at the beginning and end of all transects.  Relief maps of the 

study areas with linear interpolation of transect elevation data is presented in Figure 1 

(Surfer 7 Golden Software, Inc., 809 14th Street, Golden, CO 80401-1866).  Elevation data 

was interpolated using a linear variogram, with the calculated slope and nugget used in the 

kriging procedure (data not shown). 

Data Handling and Statistical Analysis 

Initial analyses focused on characterizing the realized niche of green and false-green 

kyllinga in the five golf course environments based on the measured edaphic variables, with 

subsequent analyses focused on describing the internal relationship of the edaphic variables 

to elevation.  In achieving the first goal of differentiating the realized niche and non-habitat, 

two factors are important.  First, does an edaphic variable reach a level at which it would be 

considered biologically important?  Second, is the biologically important variable correlated 

with green or false-green kyllinga populations?  Thus, for a variable to be an influential 

habitat component, it must pass through two “filters”, an a priori biological importance filter 

and a statistical correlation filter.  Identifying levels at which soil factors inhibit turfgrass 

growth (e.g., due to toxicity or deficiency) is important because of resource limitation or 

other deleterious effects (with respect to turfgrass growth) could provide an opportunity for 

invasion from wed species because of reduced competition from the desired turfgrass.  For 

the purpose of this research, we defined biological importance in terms of the desired 

turfgrass species, and the optimum resource range for turfgrass growth.  Although variation 
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does exist with respect to common and hybrid bermudagrass, and creeping bentgrass 

response to edaphic factors, the difference in ranges are small (data not shown); thus, the 

same toxicity/deficiency levels are used for each species.  To determine biological 

importance, the mean and range were computed for green and false-green kyllinga percent 

cover, elevation, and edaphic variables (Table 3) and compared to a toxicity level and 

deficiency level for turfgrass growth (Table 2 & 3).  Toxicity and deficiency levels were 

based on soil test recommendations (NCDA&CS 2003) and general fertility 

recommendations for turfgrass growth (Beard 2002; Carrow et al 2001; Christians 1998; 

McCarty 2001).  Although, discussion of certain edaphic variables in terms of toxic and 

deficient levels (e.g., pH) is not technically correct per se, this terminology is used 

throughout the paper as a general way of discussing minimum (deficient) and maximum 

(toxic) edaphic levels for turfgrass growth.  Bulk density, humic matter, and cation exchange 

capacity were excluded from these initial analyses because they are not specifically absorbed 

for plant growth; rather, they influence essential and beneficial plant nutrients.   

Determining soil moisture levels detrimental for turfgrass growth was more difficult due 

to the dynamic nature of moisture levels in the soil compared to other edaphic variables and 

the fact that soil moisture measurements were influenced by periods of rain, drought, or 

irrigation that varied among sites.  To control for this effect, volumetric water content 

toxicity and deficiency levels were set as field capacity and the wilting point, respectively, 

for the given soil type at each site.  Because many volumetric water measurements did not 

decrease below field capacity, soil water measurements were rescaled by setting the 

minimum volumetric water content measurement to the wilting point (rather than zero) and 

recalculating all other values based on the positive/negative increase of this minimum value; 
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thus this transformation simply adjusted the range of values to overlap the detrimental levels.  

The transformation did not allow values to decrease below the wilting point, thus only above 

wilting point values are present. 

Correlation of green and false-green kyllinga plant densities to elevation and edaphic 

variables was analyzed by computing Spearman rank-order correlation coefficients (P = 0.05) 

(SAS 1999a).  Spearman rank-order correlations range from –1 to 1 and are robust to 

violations of normal data distributions, which is common in elevation data. 

To further validate our two filter process of statistically significant correlation and 

biological importance, logistic regression was conducted after green and false-green kyllinga 

percent cover ratings were converted to a binary response variable (Neter et al. 1996).  

Logistic regression is used to analyze the relationship between a binary dependent variable 

and potential explanatory variables (Neter et al. 1996; Martins et al. 1997).  In converting 

percent cover ratings to a binary variable, all ratings < 5% cover (representing low 

population density) were coded as 0 (green or false-green kyllinga not present), whereas, all 

ratings > 5% cover were coded as 1 (green or false-green kyllinga present).  Cover rating < 

5% represent potentially ephemeral populations.  Coordinate information, elevation, humic 

matter, bulk density, and cation exchange capacity were excluded from the logistic regression 

analysis because these variables are either not biologically important for plant growth or are 

simply proxy measurements for essential or beneficial plant nutrient availability.  Logistic 

regression utilizes a maximum likelihood estimator to predict the log odds of plant presence 

as a linear function of explanatory variables, 

Log{[ P(low density | x1, x2, …, xn)]/[1 – P(low density | x1, x2, …, xn)]} = 

βo + β1x1 + β2x2 + . . . + βnxn 
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Where, x1 to xn represent the independent variables, βo is the estimated intercept, and β1 to 

βn are the estimated coefficients of the independent variables.  Logistic regression was 

conducted using stepwise selection (P = 0.05) to enter variables into the model (SAS 1999b).  

Estimated coefficients for selected independent variables were used in evaluating the model 

for each site.   

Due to the potential confounding interrelationship of elevation with soil edaphic variables, 

principal components analysis (PCA) was conducted in an attempt to understand the 

influence of elevation on the environment.  PCA is a multivariate procedure often used in the 

analysis of ecological data when variables have linear relationships (Jackson 1993).  PCA 

was conducted using PC-Ord v.4 (MJM Software Design, PO Box 129, Gleneden, OR 

97388).  A cross-products matrix was computed utilizing Pearson correlation coefficients 

between all entered variables.  The broken-stick method was used as the stopping rule for 

determining the number of interpretable principal components (Jackson 1993).  All entered 

variables were simultaneously plotted in ordination space by calculating scores for the 

individual variables by weighted averaging.  Pearson linear correlation coefficients (r) were 

calculated to evaluate the relationship of elevation and soil edaphic variables with the 

principal components.   

 

RESULTS AND DISCUSSION 

Habitat Delineation of Green and False-Green Kyllinga 

The final set of variables investigated as likely influencing the spatial distribution of green 

and false-green kyllinga at each site were those that reached a level of biological importance 

based on a pre-determined toxicity or deficiency level (Table 2 and 3).  Consistently, across 
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all sites, above field capacity levels of volumetric water were observed.  However, the 

presence of toxicity and deficiency levels for all other edaphic variables was not consistent 

across sites.  For green kyllinga, at Echo Farms, deficient levels of pH, phosphorus, 

potassium, zinc and copper were observed; at Fairfield Harbour, deficient levels of 

potassium, zinc, and copper were observed; and at The Cape, deficient levels of phosphorus, 

potassium, and copper were observed.  For false-green kyllinga, at Bentwinds, deficient 

levels of pH, potassium, and zinc were observed and; at Black Mountain, deficient zinc 

levels were observed.   

Among the biologically important variables, we observed that only volumetric water 

(H2O) was consistently positively correlated to green and false-green kyllinga across all five 

sites (Table 4). This supports reported observations that these species are found in more 

hydric environments within turfgrass systems (Bryson et al. 1997).  When comparing within 

golf course sites, other factors that were both biologically important and correlated differed 

among sites for both green and false-green kyllinga.  At Echo Farms, pH (r = 0.49, p = 

<0.001), potassium (r = 0.49, p = <0.001), and copper (r = 0.24, p = 0.002) were correlated 

with green kyllinga percent cover, indicating that green kyllinga percent cover increased with 

decreasing pH levels, and non-deficient potassium and copper levels.  Phosphorus (r = -0.06, 

p = 0.46) and zinc (r = 0.09, p = 0.25) concentrations were not correlated with green kyllinga 

percent cover at Echo Farms, even though deficient levels were observed.  At Fairfield 

Harbour, green kyllinga percent cover increased as potassium decreased (r = -0.41, p = 

<0.001), which was the opposite of what was observed at Echo Farms.  Zinc (r = 0.03, p = 

0.78) and copper (r = -0.10, p = 0.27), although deficient levels were observed, were not 

correlated with green kyllinga percent cover at Fairfield Harbour.  At The Cape, green 
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kyllinga populations were correlated with deficient levels of phosphorus (r = -0.36, p = 

<0.001) and zinc (r = -0.45, p = <0.001), which was not observed at Echo Farms or Fairfield 

Harbour.   Copper (r = -0.07, p = 0.41) was not correlated with green kyllinga populations, 

although biologically important deficiency levels were observed.  With respect to the percent 

of the CEC occupied by sodium, green kyllinga was positively correlated, r = 0.41 to 0.67, 

with increasing sodium concentrations at all three sites, yet sodium did not reach a level toxic 

to bermudagrass.  However, it is possible that green kyllinga is halophytic and growth is 

increased where sodium concentrations are elevated (Marschner 1986).    

Similar inconsistencies were observed for false-green kyllinga populations at Bentwinds 

and Black Mountain.  At Bentwinds, false-green kyllinga populations increased with 

decreasing pH (r = -0.29, p = 0.001) and decreasing zinc levels (r = -0.29, p = 0.002).  

However, at Black Mountain, zinc (r = 0.00, p = 0.96) was not correlated with green kyllinga 

populations, leaving volumetric water as the only variable that was both biologically 

important and significantly correlated.  Unlike green kyllinga, false-green kyllinga varied in 

its correlation to sodium among sites; false-green kyllinga was not significantly correlated to 

sodium at Bentwinds, but was negatively correlated at Black Mountain (r = -0.29, p = 0.002).     

Due to the variation among sites with respect to biologically important variables 

correlating with green and false-green kyllinga populations, determining what environmental 

conditions are influencing these weeds in turfgrass systems is difficult. However, given that 

both green and false-green kyllinga populations correlated with increasing volumetric water 

at all sites, volumetric water was identified as the dominant edaphic variable influencing 

these populations.  To further validate this hypothesis, stepwise logistic regression analysis 

was used to identify possible variables influencing green and false-green kyllinga 
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populations (Table 5).  In interpreting the logistic regression analysis, positive coefficients 

indicated an increase in green or false-green kyllinga with a increasing independent variable, 

while a negative coefficient indicated a decrease in green or false-green kyllinga with an 

increasing independent variable value.  With respect to green kyllinga, logistic regression 

selected volumetric water as a model component across all three sites, indicating that green 

kyllinga population density increased with increasing soil volumetric water; however, no 

other variables previously identified with the two-step selection method of rank-order 

correlation and a priori biological importance was selected through logistic regression.  With 

respect to false-green kyllinga, volumetric water was not selected in the Bentwinds logistic 

model, but it was selected for Black Mountain as a positive parameter, indicating decreasing 

false-green kyllinga populations with increasing soil moisture.  Zinc was selected at 

Bentwinds similar to that of the previous two-step selection process.  Other variables selected 

from the two-step process for Black Mountain were not selected in the logistic regression 

model.  

Through the process of selecting both biologically important and correlated variables, and 

with the use of logistic regression, we were able to verify the relationship of elevated soil 

moisture with increasing green and false-green kyllinga populations at four of the five sites.  

However, variation existed between edaphic variables selected using the two-step process 

versus logistic regression.  The most probable reason for this is that green and false-green 

kyllinga were correlated at four of the five sites to elevation (Table 4).  Elevation is known to 

influence spatial patterning of edaphic variables, leading to edaphic heterogeneity along 

elevation gradients (Beckett and Webster 1971; Brubaker et al. 1993; Day et al. 1987; Miller 

et al. 1988).   Such interrelationships possibly confound the selection of edaphic variables in 
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the logistic regression model.  For example, magnesium was selected for the Fairfield 

Harbour logistic regression model; however, calcium and magnesium were similarly 

correlated to green kyllinga, r = 0.42 and 0.43, respectively.  Similar correlations to green 

kyllinga are possibly due to similar heterogeneous patterning along the elevation gradient.  

Similar spatial patterning and correlation of each of these variables to green kyllinga would 

allow only one of these variables to be selected for the model, while the other would be 

excluded.  To further evaluate the confounding nature of an elevation gradient, principal 

components analysis (PCA) was used to examine the relationship of elevation to the 

measured edaphic variables. 

Relationship of elevation and edaphic factors 

 The broken-stick method indicated that two principal components were sufficient to 

describe the variation within the environment at Echo Farms, Fairfield Harbour, The Cape, 

and Black Mountain (Table 6).  Cumulative variance captured by two principal components 

at these four sites ranged from 57.6 to 64.9%.  Bentwinds required three principal 

components to sufficiently describe the variation within the environment, with 66.7 % 

cumulative variance being captured.   

In evaluating the relationship of elevation and edaphic variables to the principal 

components at each site, elevation was correlated from r = 0.56 to 0.83 with the first 

principal component, indicating that the first principal component is a description of the 

elevation continuum at each site (Table 7).  At Echo Farms, elevation (r = 0.83), humic 

matter (r = 0.76) and bulk density (r = 0.70) were positively correlated > +/-0.7 with the first 

principal component.  Volumetric water (r = -0.87), calcium (r = -0.73), magnesium (r = -

0.82), sulfur (r = -0.85), and percent sodium (r = -0.89) negatively correlated > +/-0.7 to the 
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first principle component.  In viewing the first principal component as an elevation gradient, 

humic matter and bulk density increased with increasing elevation, and volumetric water, 

calcium, magnesium, sulfur, and percent sodium increased with decreasing elevation.  

Fairfield Harbour displayed a similar trend with elevation positively correlated (r = 0.79) 

with the first principal component, while cation exchange capacity (r = -0.91), potassium (r = 

-0.90), calcium (r = -0.95), magnesium (r = -0.96), and sulfur (r = -0.72) were negatively 

correlated.  Humic matter was positively correlated with the first principal component (r = 

0.44) at Fairfield Harbour, but less than that observed at Echo Farms.  The ordination of 

principal components one and two display the strong relationship of elevation with all 

edaphic variables, with elevation separated from the other variables (Figure 2).  At The Cape, 

the elevation continuum was less pronounced along the first principal component, and more 

so along the second principal component; however the overall ordination revealed a 

separation of elevation from the other variables.  

At Bentwinds, along the first principal component, elevation (r = 0.67) displayed a similar 

inverse relationship to numerous edaphic variables, including cation exchange capacity (r = -

0.69), pH (r = -0.76) phosphorus (r = -0.54), calcium (r = -0.78), magnesium (r = -0.81), zinc 

(r = -0.65), and copper (r = -0.60) (Table 7).  However, in evaluating the ordination, the 

elevation gradient is less pronounced and elevation ordinates with volumetric water content, 

sodium, bulk density, and humic matter along the first and second principal components 

(Figure 2).  The reason for the difference in the ordination is possibly due to the differences 

between sites.  Echo Farms, Fairfield Harbour, The Cape, and Black Mountain sampling 

areas were not in close proximity to other management zones (e.g., golf course tees or putting 

greens).  However, at Bentwinds, the parallel transects started near the putting green and 
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sloped down the fairway.  This particular putting green sloped toward the fairway and was 

composed of ‘Penncross’ creeping bentgrass (Agrostis stolonifera Hedw.).  Because of 

summer heat stress, creeping bentgrass must be irrigated frequently, and, at times, over-

irrigated to insure adequate soil moisture conditions.  In addition, at Bentwinds, 

bermudagrass fairways receive minimal fertilization in order to reduce costs, but special 

attention in fertilizer applications is taken with the bentgrass greens. Because of the slope of 

the putting green toward the fairway (Figure 1), the part of our study area is frequently 

inundated with run-off from irrigation water that could also carry excess plant nutrients into 

the study area.  Because the end of the transects nearest to the bentgrass putting green is the 

highest point in elevation in the sample area, and because the change in elevation is less than 

0.2 m over the 26.1 m length of the transect, the spatial pattern of false-green kyllinga 

observed at this study area is largely attributed to the intensive management of the bentgrass 

putting green.  

At Black Mountain, a strong relationship between elevation and edaphic variables was 

observed similar to that of Fairfield Harbour and The Cape (Table 7; Figure 2).  The PCA 

ordination revealed the inverse relationship of increasing levels of edaphic factors with 

decreasing elevation over the study area.  Principal component one was correlated with 

elevation (r = 0.78) and bulk density (r = 0.75), which were inversely related to volumetric 

water (r = -0.77), cation exchange capacity (r = -0.73), phosphorus (r = -0.68), and sulfur (r = 

-0.78).  Principal component two was correlated with cation exchange capacity (r = 0.64), pH 

(r = 0.88), calcium (r = 0.84), and magnesium (r = 0.77), which were inversely related to 

humic matter (r = -0.79). 
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Variation along elevation gradients has been observed in other areas of agriculture with 

respect to crop yield and distribution of edaphic factors.  Miller et al. (1988) largely 

attributed the reduced wheat (Triticum aestivum L. cv. Anza) yield at higher elevation within 

a tilled agricultural field to erosion of soil downslope.  Further, Kravchenko and Bullock 

(2000) attributed elevation as the primary topographical land feature influencing corn (Zea 

mays L.) and soybean (Glycine max [L.] Merr.) yield, with yield variation influenced by the 

effect of elevation on edaphic variables such as organic matter levels.  Elevated levels of 

organic matter and clay content are known to be found in depression areas in lower landscape 

position in tilled agricultural fields, thus contributing to the spatial variation in phosphorus, 

potassium, cation exchange capacity, as well as the soil absorption of herbicides 

(Kravchenko and Bullock 2000; Moorman et al. 1999; Novak et al. 1997).  However, 

Brubaker et al. (1993) suggest that organic carbon decreases downslope, but an overall 

increase in organic carbon occurs in the footslope depression region of tilled agricultural 

fields.   

The previously mentioned studies in tilled agricultural ecosystems largely attribute the 

edaphic variation to erosion and while erosion could have occurred during the initial 

turfgrass establishment period, it seems unlikely that erosion is occurring now or is occurring 

at very low levels.  Moreover, the addition of topsoil to the landscape during golf course 

construction to aid in leveling and shaping the landscape, further complicates the 

heterogeneous edaphic conditions.  Cambardella and Karlen (1999) in comparing two 

adjacent fields, one a conventional tilled system with a corn-soybean rotation and inorganic 

fertilizer, and a second, an organic system with a five-year rotation of corn-soybean-corn-oat-

meadow and organic fertilizers, observed variation in the spatial autocorrealtion range of 
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edaphic variables.  A greater range of spatial autocorrelation was observed in the 

conventional compared to the organic system for pH, calcium, organic carbon, and total 

nitrogen.  Variation in the range of spatial autocorrelation between differently managed fields 

suggests the spatial patterning of edaphic variables is not only influenced by elevation, but by 

anthropogenic management factors as well.  Thus, further research is needed to assess how 

and why such pattern is occurring along elevation gradients in perennial turfgrass systems 

and how variation in management is contributing to spatial patterning.  We propose assessing 

the influence of nutrient-containing surface water movement, the movement of grass 

clippings returned to the soil surface after mowing, and the potential movement of various 

granular and liquid fertilizers along an elevation gradient within turfgrass systems on soil 

edaphic conditions.    

The observations of strong relationships between elevation and edaphic variables 

complicate our attempts to correlate edaphic variables with the presence of green and false-

green kyllinga.  However, after applying an extensive habitat delineation procedure 

(correlation analysis and logistic regression) we believe that, increased soil volumetric water 

content is the major contributor to green and false-green kyllinga proliferation due to 

decreased turfgrass growth.  Thus, the most plausible integrated weed management strategy 

for green and false-green kyllinga would be to maintain adequate soil moisture but avoid 

over-irrigation.  Installation of sub-surface drainage to reduce water accumulation in 

frequently inundated areas could further improve long-term management of these weeds.  

The correlation of green kyllinga with sodium possibly indicates a halophytic response of 

this species, and may explain its coastal distribution within the United States (Bryson et al. 

1997).  Additional empirical evidence is needed to evaluate the response of green kyllinga to 
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soil sodium.  Results of this work indicate that both species are able to tolerate various 

deficient levels of phosphorus, potassium, and zinc, and varying pH levels, that are other 

wise detrimental to turfgrass growth.  However, the lack of consistency across sites limits our 

ability to recommend additional management strategies.  Lastly, our findings of elevation 

correlations with edaphic variables indicate that efforts to develop precision agriculture 

techniques for turfgrass situations should possibly focus on the variation in edaphic 

conditions along elevation gradients.  More importantly, the potential influence of edaphic 

conditions on weed management along elevation gradients should be among the concerns of 

golf course designers; such forethought could preempt potential edaphic heterogeneity and 

aid in the reduction of habitats favorable to weed invasion. 
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Table 1.  Description of golf course sites utilized in ecological studies of green and false -green kyllinga. 

Kyllinga spp. Golf course Abbreviation Turfgrass species Soil type 

Green kyllinga 
Fairfield Harbour 

Country Club, New 
Bern, NC 

Fairfield 
‘Tifway 419’ Bermudagrass, 

(Cynodon dactylon X       
C. transvalensis) 

Murville mucky loamy sand, 
siliceous, thermic Typic 

Paleudults 

 
Echo Farms Golf 

Course, Wilmington, 
NC 

Echo Farms Common Bermudagrass,    
(C. dactylon) 

Wrightsboro fine sandy loam, 
siliceous, thermic Aquic 

Paleudults 

 The Cape Country 
Club, Wilmington, NC The Cape 

‘Tifway 419’ Bermudagrass, 
(C. dactylon X            

C. transvalensis) 

Wakulla sand, siliceous, 
thermic Psammentic 

Hapludults 

False-green kyllinga 
Black Mountain Golf 

Course, Black 
Mountain, NC 

Black Mountain Creeping bentgrass  
(Agrostis stolonifera) 

French loam, mixed, mesic 
Fluvaquentic Dystrochrepts 

  
Bentwinds Country 

Club, Fuquay-Varina, 
NC 

Bentwinds 
‘Tifway 419’ Bermudagrass, 

(C. dactylon X           
C. transvalensis) 

Orangeburg loamy sand, 
siliceous, thermic Typic 

Paleudults 
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Table 2.  Description of sampling scheme, percent volumetric water measurements, and range of biologically  
 
important soil moisture levels for the individual locations. 
 

Kyllinga 
spp. Location  Transect Quadrat 

spacing 

Total  
Elevation 
Change 

Quadrats/ 
Transect Transect 

Study 
area 
sizeb 

Elevation 
area size

        length spacing
 

        
        

        
    

      
        

    
        

        
        

        
        
        

        

 
_______________________ m ______________________ ____________ # ___________ _______ m2______ 

35.1 3.0 0.9 0.68 40 4 421.2 810Fairfield 

    
26.1 3.0 1.0 1.44 30 4 313.2 882Echo Farms 

    
30.0 3.0 1.0 1.04 32 4 360.0 798

Green 
kyllinga 

The Cape 

26.1 1.0 0.9 1.26 30 4 104.4 512Bentwinds 

29.0 2.5 1.0 2.51 30 4 290.0 500

False-
green 
kyllinga 

Black 
Mountain 
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Table 2. (Continued) 

 

a  Adjusted volumetric water measurements calculated by setting the lowest observed water measurement to the  
 
wilting point and adjusting all other based on the change of the minimum value.  Thus, the absolute range of the  
 
volumetric water measurements. 
 
b  Study area size refers to the size of the area that sampled with quadrats.  Elevation area size refers to the entire  
 
area that was sampled for elevation. 
 



 122

Table 2. (Continued) 

    

Observed 
Volumetric 

water 

Adjusted 
volumetric 

water a 
Wilting 
Point 

Field 
capacity

_____________Mean_____________  ________ %_________ 
____________(Range)____________     

  

  
  

  

  
  

  

  
  

  

  
  

  

  
  

50.3 16.2

(41.0-58.7) (7.0-24.7)
7 16

21.7 29.1

(1.6-50.5) (9.0-57.9)
9 21

50.7 23.3

(31.4-58.4) (4.0-31.0)
4 10

36.6 27.1

(15.5-76.1) (7.0-67.6)
7 16

71.2 42.6

(40.6-82.7) (12.0-54.1)
12 27
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Table 3.  Golf course site summary statistics and toxicity/deficiency levels for edaphic factors. 

   
Green kyllinga False-green kyllinga Edaphic variablea 

Factor   Abbreviations Measurement 
Unit Fairfield Echo Farms The Cape Bentwinds Black 

Mountain Deficiency Toxicity

_____________________________________Mean_______________________________________ 

___________________________________(Range)_____________________________________  

50.3 21.7 50.7 36.6 71.2
Volumetric 
waterb H2O %

(41.0-58.7) (1.6-50.5) (31.4-58.4) (15.5-76.1) (40.6-82.7)

____ ____ 

6.5 4.8 7.0 5.9 6.0
pHc pH ____ 

(5.9-6.9) (4.3-5.8) (6.7-7.3) (4.8-6.5) (5.3-6.8)
>7.5 <5.0 

185.3     
  

  
 

31.0 40.8 252.8 72.3
Phosphorus P mg/dm3 

(111.6-282.0) (13.3-83.3) (26.4-60.0) (100.8-396) (39.6-118.8)

____ <60 

0.31     
  

   
 

0.34 0.17 0.23 0.73
Potassium K meq/100cm3 

(0.19-0.47) (0.19-0.62) (0.11-0.24) (0.125-0.47) (0.47-1.05)

____ <0.25 

4.0     

 
     

3.0 5.1 2.6 7.5

Calcium Ca meq/100cm3 
(2.5-6.1) (1.3-5.4) (3.3-6.7) (1.4-4.2) (5.2-10.9)

____ ____ 
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Table 3. (Continued) 

 
      

     
  

  
 

  

1.30 0.65 1.40 1.05 3.26
Magnesium Mg meq/100cm3 

 
(0.68-2.11) (0.31-1.55) (0.88-1.87) (0.65-1.43) (2.01-5.26)

____ <0.25 

5.2     
  

  

12.0 10.9 9.3 111.8
Manganese Mn mg/dm3 

(2.8-8.4) (6.6-22.9) (5.6-18.9) (3.36-15.68) (1.072-250.24)

____  
<1.0 

3.2     
  

     
 

6.8 7.1 5.0 6.5
Zinc Zn mg/dm3 

(1.8-5.3) (2.8-11.0) (4.1-10.7) (3.04-9.4) (3.92-10.88)

____ <4.0 

0.44     
  

    
 

1.16 0.47 0.79 2.40
Copper Cu mg/dm3 

(0.24-1.08) (0.4-4.6) (0.32-0.74) (0.58-1.1) (1.24-6.02)

____ <0.5 

18.0     
  

   
 

62.9 17.1 28.4 57.7
Sulfur S mg/dm3 

(10-32.4) (11.2-247.6) (10.8-29.2) (0.04-54.8) (23.2-117.6)
____ <10.0 

3.7     
 

     

2.7 10.0 1.9 1.0
Sodium Na-PER 

% CEC 
occupied by 

Sodium (1.6-8.5) (0.0-5.3) (5.4-16.9) (0-3.8) (0.6-1.9)
>20  ____

a Toxicity levels of volumetric water content varied according to soil type and are presented in Table 2.  Some toxicity levels could not be  
 
determined due to the lack of published information.  
 
b Soil moisture wilting point and field capacity levels presented individually for each site in Table 2. 
 
c Toxicity levels for pH represent minimum and maximum value of the pH growth range.  
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Table 4.  Spearman rank-order correlation coefficients for green and false-green kyllinga 
 
population percent cover ratings correlation with  elevation and edaphic variables. 
 

  Green kyllinga False-green kyllinga 

Factor Abbreviations Echo Farms Fairfield The Cape Bentwinds Black 
Mountain 

  ____________________________ r __________________________________ 

  
________________________ (p-value) ____________________________ 

-0.53 -0.62 -0.48 0.40 0.21 
Elevation ELEV 

(<0.001) (<0.001) (<0.001) (<0.001) (0.11) 

0.34 0.66 0.30 0.32 0.45 Volumetric 
water H2O 

(<0.001) (<0.0001) (0.001) (0.004) (<0.001) 

-0.37 -0.61 -0.34 -0.11 -0.26 
Humic matter HM 

(<0.001) (<0.001) (0.001) (0.22) (0.004) 

0.18 -0.37 -0.06 -0.40 -0.17 
Bulk density BD 

(0.02) (<0.001) (0.46) (<0.001) (0.07) 

0.41 0.10 -0.29 0.00 0.27 Cation 
exchange 
capacity 

CEC 
(<0.001) (0.29) (0.001) (0.98) (0.00) 

0.49 0.24 -0.31 -0.29 0.24 
pH pH 

(<0.001) (0.01) (0.004) (0.001) (0.01) 

-0.06 -0.14 -0.36 -0.39 0.04 
Phosphorus P 

(0.46) (0.13) (<0.001) (<0.001) (0.67) 

0.49 -0.41 0.09 -0.01 -0.37 
Potassium K 

(<0.001) (<0.001) (0.33) (0.92) (<0.001) 

0.49 0.42 -0.32 -0.12 0.38 
Calcium CA 

(<0.001) (<0.001) (0.001) (0.21) (<0.001) 
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Table 4. (Continued) 

     

0.54 0.43 -0.20 -0.30 0.36 
Magnesium MG 

(<0.001) (<0.001) (0.02) (0.001) (<0.001) 

0.11 -0.41 -0.33 -0.08 0.13 
Manganese MN 

(0.18) (<0.001) (0.001) (0.37) (0.15) 

0.09 0.03 -0.45 -0.29 0.00 
Zinc ZN 

(0.24) (0.77) (<0.001) (0.002) (0.95) 

0.24 -0.10 -0.07 -0.08 0.15 
Copper CU 

(0.002) (0.27) (0.41) (0.37) (0.10) 

0.43 0.64 0.06 0.29 -0.17 
Sulfur S 

(<0.001) (<0.001) (0.48) (0.014) (0.07) 

0.53 0.67 0.41 -0.06 -0.29 % CEC 
occupied by 
Sodium 

NA-PER 
(<0.001) (<0.001) (<0.001) (0.50) (0.002) 
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Table 5.  Stepwise logistic regression components of green and false-green kyllinga habitat 
 
delineation models for golf course locations. 
 
Kyllinga 
spp. Location Parameter  Parameter 

estimatea 
Standard 

error Probability > χ2 b 

Green 
kyllinga Fairfield Harbour    

  Intercept -8.80 2.29 0.001 
  Volumetric water 0.24 0.10 0.0188 
  Phosphorus -0.03 0.01 0.0014 
  Magnesium 6.05 1.57 0.001 
  Percent sodium 0.89 0.37 0.0158 
  r2 = 0.64    
 Echo Farms     
  Intercept -5.23 1.64 0.0015 
  Volumetric water 0.09 0.03 0.0014 
  Calcium 2.01 0.70 0.0042 
  Magnesium -10.63 3.14 0.0007 
  Sulfur 0.04 0.01 0.0009 
  r2 = 0.54    
 The Cape     
  Intercept -17.17 4.80 0.00 
  Volumetric Water 0.52 0.14 0.00 
  Potassium 39.11 14.68 0.01 
  r2 = 0.39    
False-
green 
kyllinga 

Bentwinds     

  Intercept 6.32 1.67 0.00 
  Phosphorus -0.02 0.00 <.0001 
  Manganese 0.26 0.10 0.01 
  Zinc -0.66 0.20 0.00 
   r2 = 0.31    
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Table 5. (Continued)     
 Black Mountain     
  Intercept 1.57 2.16 0.47 
  Volumetric water 0.10 0.04 0.01 
  Potassium -5.30 2.07 0.01 
  Magnesium 1.01 0.43 0.02 
  Sulfur -0.07 0.02 0.00 
    r2 = 0.47       
 

a  Negative parameter estimate indicates a decrease in Kyllinga spp. presence with a  
 
corresponding decrease in the parameter; while a positive value indicates a decrease in  
 
Kyllinga spp. presence with a corresponding increase in the parameter. 
 
 

b  χ2 test presented as a means of assessing the significance of each variable to the model.  
 
P-values greater than 0.05 were removed from the model in the stepwise logistic regression 
 
procedure. 
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Table 6.  Principal components analysis axes eigenvalues and variance components for  
 
green and false-green kyllinga separated by location. 
 

Kyllinga spp.  Location Axis Eigenvalue Broken-stick 
Eigenvalue Variance Cumulative 

Variance 
    ___________%____________ 

Green 
Kyllinga Fairfield Harbour    

  1 6.87 3.32 45.8 45.8 

  2 2.86 2.32 19.1 64.9 

 Echo Farms      

  1 6.10 3.32 40.6 40.6 

  2 3.62 2.32 24.1 64.7 

 The Cape       

  1 5.27 3.32 35.1 35.1 

  2 3.60 2.32 24.0 59.1 

False-green 
kyllinga Bentwinds      

  1 4.89 3.32 32.6 32.6 

  2 2.76 2.32 18.4 51.0 

  3 2.35 1.82 15.7 66.7 

 Black Mountain     

  1 4.38 3.32 29.2 29.2 

    2 4.26 2.32 28.4 57.6 
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Table 7.  Pearson correlation coefficients for assessing relationship of elevation  
 
and edaphic factors with the computed principal components for the individual  
 
sites. 

Location Variable Principal 
component 1 

Principal 
component 2 

Principal 
component 3 

  _________________________ r _________________________ 

Echo Farms ELEV 0.83 0.20 -0.14 

 H2O -0.87 -0.24 -0.07 

 HM 0.76 0.33 -0.41 

 BD 0.70 -0.23 0.44 

 CEC -0.23 0.87 -0.31 

 pH -0.54 0.14 0.71 

 P 0.00 0.63 0.50 

 K 0.21 0.68 0.18 

 Ca -0.73 0.60 0.13 

 Mg -0.82 0.42 -0.23 

 Mn 0.51 0.50 0.18 

 Zn -0.13 0.86 0.11 

 Cu 0.46 0.40 -0.44 

 S -0.85 0.06 -0.31 

 Per-Na -0.89 -0.18 -0.11 

     

Fairfield Harbour ELEV 0.79 -0.49 -0.08 

 H2O -0.62 0.09 0.45 

 HM 0.44 -0.23 0.49 

 BD -0.21 -0.24 -0.80 
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Table 7. (Continued)    

 CEC -0.91 -0.21 0.10 

 pH -0.65 0.62 0.11 

 P -0.40 -0.71 0.35 

 K -0.90 -0.01 -0.08 

 Ca -0.95 -0.07 -0.01 

 Mg -0.96 0.09 -0.02 

 Mn -0.40 -0.74 -0.27 

 Zn -0.44 -0.74 0.09 

 Cu -0.58 -0.31 -0.03 

 S -0.72 -0.01 0.03 

 Per-Na -0.63 0.61 -0.18 

     

The Cape ELEV 0.56 0.66 0.27 

 H2O -0.39 -0.45 -0.53 

 HM 0.42 0.69 0.37 

 BD 0.02 0.76 0.28 

 CEC 0.92 -0.26 0.04 

 pH 0.43 0.08 -0.44 

 P 0.47 0.45 0.16 

 K 0.55 -0.66 0.21 

 Ca 0.91 -0.23 0.04 

 Mg 0.85 -0.43 -0.09 

 Mn 0.72 -0.18 -0.23 

 Zn 0.83 0.28 -0.24 
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Table 7. (Continued)    

 Cu 0.44 -0.01 -0.34 

 S 0.27 -0.66 0.58 

 Per-Na -0.24 -0.64 0.62 

     

Bentwinds ELEV 0.67 -0.47 0.41 

 H2O 0.29 0.28 0.70 

 HM -0.18 -0.64 -0.28 

 BD -0.47 -0.39 -0.45 

 CEC -0.69 -0.41 0.45 

 pH -0.76 0.27 0.02 

 P -0.54 -0.45 -0.58 

 K 0.32 -0.78 0.03 

 Ca -0.78 -0.29 0.50 

 Mg -0.81 0.09 0.15 

 Mn -0.70 -0.34 0.32 

 Zn -0.65 0.41 0.10 

 Cu -0.60 0.12 0.28 

 S 0.34 -0.64 0.52 

 Per-Na 0.17 0.23 0.38 

     

Black Mountain ELEV 0.78 0.49 0.01 

 H2O -0.77 0.00 -0.38 

 HM -0.23 -0.79 -0.07 

 BD 0.75 0.13 0.00 

 



 133

Table 7. (Continued)    

 CEC -0.73 0.64 -0.04 

 pH 0.33 0.88 -0.14 

 P -0.68 0.18 0.32 

 K 0.23 0.30 0.74 

 Ca -0.48 0.84 -0.12 

 Mg -0.51 0.77 -0.23 

 Mn -0.21 -0.03 0.12 

 Zn -0.40 0.45 0.55 

 Cu 0.12 0.31 0.31 

 S -0.78 -0.43 0.14 

  Per-Na -0.31 -0.52 0.38 
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Figure 1. Relief maps of elevation (with quadrat sampling areas outlined in black) for five different golf course locations.  
Z-axes were exaggerated in order to visually depict the elevation gradient.  
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 Figure 1. (Continued) 
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 Figure 1. (Continued) 
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Figure 1. (Continued) 
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Figure 1. (Continued)  
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Figure 2.  Principal components analysis biplot ordination of significant principal components including elevation and edaphic 
factors. 
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The Cape 
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Figure 2. (Continued) 
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CHAPTER 6 

Winter Survival and Life-History Characteristics of Green and False-Green Kyllinga. 

Abstract:  Experiments were conducted to assess the phenological characteristics of green 

and false-green kyllinga.  Research was conduted at the Sandhills Research Station, near 

Jackson Springs, NC in 2001-2002 and at the NC State Turfgrass Research Unit, Raleigh, 

NC, in 2002-2003.  Shoot weight, green or emerging shoot number, seedhead number, 

rhizome number, weight, and maximum length, and root weight were measured every five 

weeks for 40 weeks the first year and 50 weeks the second year.  Similar patterns were 

observed across both studies, but because of variation in start date, the trials were separated.   

Green kyllinga accumulated greater biomass, shoot number, and rhizome length, and at a 

faster rate than false-green kyllinga.  However, green kyllinga had minimal survival the 

following spring, whereas all false-green kyllinga survived at both locations.  False-green 

kyllinga produced more seedheads in the late summer-early fall compared to the spring and 

early summer for green kyllinga. 

Nomenclature:  Green kyllinga, Kyllinga brevifolia Rottb., KYLBR; false-green kyllinga, 

Kyllinga gracillima L., (no code). 

Additional index words:  Phenology, integrated weed management, turfgrass management. 
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INTRODUCTION 

Assessing the phenological characteristics of weed species is important to the 

development of integrated weed management strategies (Liebman et al. 2001).  

Understanding phenological characteristics, such as timing of flowering and seed 

development, and initiation and cessation of vegetative growth, is important for the 

application of weed management strategies or herbicides to prevent further temporal 

dispersal of seed propagules or perennial vegetative structures (Liebman et al. 2001).   

One of the first assessments of weed phenological characteristics for the purpose of 

improving weed management was conducted by Smith and Fick (1937) on purple nutsedge 

(Cyperus rotundus L.).  Smith and Fick (1937) identified a mechanism of apical dominance 

that allowed some tubers to lay dormant in the soil while other would sprout.  By severing 

the rhizomes of the tuber chains, which is usually done through tillage practices, the apical 

dominance is broken and the number of sprouting tubers increases.  Thus, tillage practices 

combined with effective herbicide treatments that prevent the formation of additional tubers 

can expedite the eradication of purple nutsedge from a given agricultural field.   

Information regarding the phenological characteristics, such as those found by Smith and 

Fick (1937) are invaluable in the search to develop more environmentally and ecological 

sustainable management practices for agricultural weeds.  Weeds found in turfgrass systems, 

however, have received less attention in terms of the importance of understanding weed 

phenology to improve weed management.  While information is available regarding the 

phenological characteristics of certain weeds of turfgrass systems (McCarty 2001), this 

information is largely based on personal observations, with little empirical evidence to 
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support these claims.  Thus, more empirical evidence of the phenology of turfgrass weeds is 

needed to improve turfgrass weed management practices. 

Green and false-green kyllinga are perennial sedge species found in managed turfgrass 

systems of the Southeastern United States.  Once established in turfgrass situations, both 

spread by rhizomes and under conditions of reduced turfgrass competition, e.g., elevated soil 

moisture, both species can come to dominate the desired turfgrass (Bryson et al. 1997; 

McElroy et al. 2004).  Further, the development of perennial rhizome increases the difficulty 

of controlling these species herbicidally, with multiple applications of MSMA, imazaquin, 

halosulfuron, or CGA-362622 required for complete eradication (McElroy et al. 2003; 

McElroy et al. 2004; Teuton et al. 2001).  Therefore, because of the invasiveness of green 

and false-green kyllinga in turfgrass systems and the difficulty involved with controlling 

them with herbicides, greater understanding of the phenological behavior of these weeds 

could aid in improving efforts to control these weeds.   

 

MATERIALS AND METHODS 
 

Studies were conducted to assess the growth characteristics of green and false-green 

kyllinga over the course of a growing season.  Studies were conducted at the Sandhills 

Research Station, near Jackson Springs, NC for the 2001-2002 growing season (year 1), 

while studies were conducted at the NC State University Turfgrass Research Facility in 

Raleigh, NC for the 2002-2003 growing season (year 2).  Soil type at the Sandhills Research 

Station was a Wakulla sand (sandy, siliceous, Thermic Psammentic Hapludults) with 24 mg 

g-1 organic matter and 6.1 pH, and at the NC State University Turfgrass Research Facility 
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was a mixed, thermic Typic Kanhapludults (Cecil Series) sandy loam with 29 mg g-1 organic 

matter and 5.6 pH.  The sites selected had no previous history of contamination by green or 

false-green kyllinga.  At each site, prior to establishment of green and false-green kyllinga 

plots, the research areas were treated twice with glyphosate at 2.2 kg/ha with the last 

application coming 10 to 14 d prior to establishment of green and false-green kyllinga plots.  

Approximately 7 d before plot establishment, the study areas were tilled eight to 12 inch 

depth and rolled with a cultipacker to firm the soil.  The study area was established using 62 

x 48 x 24 cm plastic tubs21.  Plastic tubs were buried with the tops flush with soil surface and 

back filled with the removed top soil. Before burying, plastic tubs were drilled with 15 1.2 

cm diameter holes on the bottom to allow for proper drainage through the tubs.   

Green and false-green kyllinga plants were generated from single node rhizome cuttings 

from maintain greenhouse grown stock plants previously collected from natural populations.  

In order to generate plants of a similar size, a rhizome cutting about 2 cm in length 

containing a single node and both root and shoot material was transplanted into a plastic pot 

(60 cm2 surface area and 600 ml volume), filled to capacity with soil medium. 

The soil medium used was a 1:1 v/v ratio of river-bottom sand and Norfolk loamy fine 

sand (thermic Typic Kandiudults) with a pH of 6.1 and 0.3% humic matter.  Transplanted 

plants were irrigated twice daily with overhead irrigation and fertilized biweekly with a 20-

20-20 soluble fertilizer22 at an approximate rate of 1.1 kg N ha-1.  After 10 wk of growth, a 

                                                 
21 Consolidated Plastics Company, Inc., 8181 Darrow Rd., Twinsburg, OH 44087. 
 
22 Peters Professional 20-20-20 Water-Soluble Fertilizer; Scotts-Sierra Horticultural Products 

Co., 14111 Scottslawn Rd., Marysville, OH 43041. 
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uniform population was selected for transplanting into prior established plastic tubs for 

further monitoring.  A single transplanted plant was planted in the center of each tub.  After 

planting was compelete, oxadiazon was applied at 3.3 kg ai ha-1 for preemergence control 

seedling grass and sedges, with additional oxadiazon applied every 90 d as a preventive 

measure.  Other weeds were removed by hand every 5 wk.  Transplanted plants were 

fertilized monthly with soluble fertilizer at the previously used greenhouse rates.   

Initiation of the starting dates varied between year 1 and 2.  In year 1, plants were 

transplanted on 2 October 2001, while year 2, plants were transplanted 31 July 2002.  Field 

transplanting date varied between years because no green kyllinga plants survived the winter 

in year 1, and it was hypothesized that an October planting date left little time for 

establishment before the onset of dormancy.   In both cases, plants were transplanted after 10 

wk of growth in the greenhouse in the center of each buried plastic tub.    

For both year 1 and year2, studies were conducted in a completely random fashion, with 

plants selected at random every 5 wk for harvest.  Four and three plants were excavated at 

each harvest interval, in year 1 and 2, respectively.  Plants were harvested by excavating the 

plastic tubs, and carefully removing plant from the tub with careful attention being taken not 

to damage buried roots and rhizomes.  Roots and rhizomes were washed free of soil with 

forced water.  Measurements included:  total shoot number (green or emerging shoots only), 

rhizome number, length of the longest rhizome, total seedhead number, excluding senescing 

seedheads, and dry weights of shoots, roots, and rhizomes.  Dry samples were achieved by 

dividing individual plants into shoots (green, emerging, and senescent leaves included), 
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rhizomes, and roots, freezing for at least 72 h, freeze drying, and storing at 20 +/-2 C in 

sealed plastic bags.   

Data were subjected to analysis of variance (P = 0.05).  Because differences in start dates 

and the duration of each study, no attempt was made to pool the data over years one and two; 

instead, the general trend of the data over the course of each study was assessed.   Data were 

subjected to analysis of variance (ANOVA) using mixed model methodology (SAS 1999), 

where study repetitions, Kyllinga spp., and harvest intervals were independent variables in 

the model.   In order to account for an increase in variance as the duration of the studies 

increased, a banded covariance structure was utilized in the ANOVA.  In the banded 

covariance structure, adjacent harvest intervals were compared (P = 0.05), excluding other 

harvest intervals, to evaluate the change in independent variables over time.  Means and 

standard errors of independent variables were computed and presented were appropriate.   

 
 

RESULTS AND DISCUSSION 
 

Similar pattern was observed across both years; however, differences were observed 

between green and false-green kyllinga in both years, as well as differences between harvest 

intervals.   In evaluating the late summer to fall harvests of 31-July to 3-November, initial 

growth of green kyllinga was greater than false-green kyllinga.  Green kyllinga shoot number 

increased to greater amounts over the first three harvests in each year, with a corresponding 

increase in shoot weight (Figure 1 & 5).  Maximum rhizome length, root weight, and rhizome 

weight displayed a similar pattern as shoot growth (Figure 2, 6, & 7).  However, false-green 

kyllinga accumulated a greater number of rhizomes at the second or third harvest in both 
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years.  Differences in maximum rhizome length and rhizome number indicate that green 

kyllinga develops longer (Figure 3), but fewer rhizomes, after planting, compared to more 

numerous, shorter rhizomes with false-green kyllinga.  Greater seedhead development was 

observed with green kyllinga between 31-July and 7-November, compared to false-green 

kyllinga (Figure 4). 

In evaluating the winter harvests of 12-December to 20-February, green shoot number of 

both species quickly declined during this period.  Due to the cessation of growth, all other 

variables fluctuated very little during this time-period (Figure 1).    

In evaluating the spring and summer harvests of 27-March to 10-July, green kyllinga did 

not resume growth during this period and a rapid decline in measured variables was 

observed.  Further, only one plant at the 1-May and 5-June harvests of year 2 were green 

kyllinga plants observed to have produced green shoots (Figure 1).   These data indicate that 

green kyllinga has minimal capability of surviving the winter conditions of the Piedmont 

region of North Carolina.       

In evaluating the growth parameters of false-green kyllinga during the spring-summer 

harvest intervals, false-green kyllinga was observed to begin to accumulate new green shoots 

at the 27-March harvest (Figure 1).  However, increases in shoot weight, rhizome number, 

and rhizome and root weight did not begin until the subsequent harvest at 1-May (Figure 3, 5, 

6, & 7).  While an increase in maximum rhizome length was observed from 27-March to 1-

May, rhizome length decreased either 5-June or 10-July.  This decrease in length is attributed 

to the production of new rhizomes from the previously buried rhizomes, however, old 
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rhizome senesced from the new rhizome and began to decay.   The greatest seedhead 

development was observed 7-Nov in year 1 and 3-Oct in year 2 (Figure 4). 

Implications for control 
 

These data indicate that green kyllinga has minimal ability to survive the winter 

conditions of the North Carolina piedmont region.  Green kyllinga should be managed in this 

region as an annual, by preventing temporal dispersal of seed propagules and applying 

herbicide to prevent germination of new plants or eliminate seedlings before seed formation.  

False-green kyllinga, on the other hand, has the ability to survive the winter conditions of the 

piedmont region of North Carolina.  False-green kyllinga should be managed by eliminating 

established perennial populations with postemergence herbicides and by preventing 

reestablishment of populations by preventing seed germination with preemergence 

herbicides.   
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Figure 1.  Green kyllinga (GK) and false-green kyllinga (FGK) shoot number, separated by year 1 and 2. 
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Figure 2.  Green kyllinga (GK) and false-green kyllinga (FGK) maximum rhizome length, separated by year 1 and 2. 

 

0

50

100

150

200

GK, Year 1
FGK, Year 1
GK, Year 2
FGK, Year 2

         

250

Maximum rhizome length 
(mm) 

31-July 29-Aug 3-Oct 7-Nov 12-Dec 16-Dec 20-Feb 27-Mar 1-May 5-Jun 10-July

 



 153
Figure 3.  Green kyllinga (GK) and false-green kyllinga (FGK) total rhizome number, separated by year 1 and 2. 
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Figure 4.  Green kyllinga (GK) and false-green kyllinga (FGK) total seedhead number, separated by year 1 and 2. 
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Figure 5.  Green kyllinga (GK) and false-green kyllinga (FGK) shoot weight, separated by year 1 and 2. 
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Figure 6.  Green kyllinga (GK) and false-green kyllinga (FGK) root weight, separated by year 1 and 2. 
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