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Abstract 

Zoysiagrass (Zoysia spp.) is more heat and drought resistant and requires fewer cultural 

inputs than cool-season (C3) turfgrasses; however, its widespread use may be limited by an 

extended period of winter dormancy, the disease Rhizoctonia large patch (Rhizoctonia solani 

Kühn AG-2-2 LP), and lack of cold hardiness.  Objectives of these 2012-2014 field studies were 

to evaluate: 1) turfgrass colorants and overseeding for color enhancement; 2) three colorant 

application volumes on color persistence; 3) colorants applied at two volumes, once or 

sequentially, on buffalograss (Buchloë dactyloides) and zoysiagrass; 4) the impact of nitrogen 

source and application timing on large patch severity; and 5) winter hardiness and turf quality of 

new experimental lines. The colorants Ultradwarf Super and Green Lawnger provided acceptable 

lawn-height óChisholmô zoysiagrass color for 7 to 9 and 19 to 24 weeks after treatment (WAT), 

respectively. Chisholm receiving a sequential application of either product in mid-winter (14 

WAT) maintained an acceptable color level after that point until mid-May (28 WAT). 

Overseeding with annual ryegrass did not provide acceptable color for more than 4 weeks.  

Evaluation of the colorants Green Lawnger, Endurant, and Wintergreen Plus showed that 

acceptable Chisholm color at lawn-height occurred for 8 to 14 WAT at 80 gallons per acre 

(GPA) and 16 to 26 WAT at 240 GPA. Buffalograss at lawn-height receiving a single autumn 

colorant application had acceptable color for 8 to 12 WAT at 100 GPA or 8 to 14 WAT at 160 

GPA. óMeyerô zoysiagrass maintained at a 0.5 inch height receiving a single autumn colorant 

application had acceptable color for 8 to 18 WAT at 100 GPA or 14 to 18 WAT at 160 GPA.  No 

differences in large patch occurred between spring and fall applications of ammonium sulfate 

and calcium nitrate, nor between those treatments and summer-applied urea. Applying fertilizer 

in spring when soils reached 21 ºC increased green cover on some rating dates compared to 

applications in fall when soil temperatures fell to 21 ºC but differences were minimal.  Out of 

985 experimental zoysiagrass lines planted in the field, about 25 were identified for further 

evaluation for cold hardiness, large patch resistance, and turf quality. 
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Chapter 1 - Evaluation of Colorants on Dormant óChisholmô 

Zoysiagrass 

 

This chapter has been prepared using style guidelines for the journal Applied Turfgrass Science 
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 ABSTRACT 

Zoysiagrass is a warm-season turfgrass that requires less water and fewer cultural inputs 

than cool-season grasses.  Nevertheless, some homeowners may not use zoysiagrass because 

they find its brown color during dormancy between October and May to be objectionable. A field 

study was conducted in Manhattan, KS and Haysville, KS from October 2012 to May 2013 on 

dormant óChisholmô zoysiagrass to evaluate two colorants, applied once in autumn or 

sequentially in autumn and mid-winter, and annual ryegrass overseeding, for their potential to 

enhance color. Visual turf color was rated on a 1 to 9 scale where 1 = straw brown; 6 = 

acceptable green color for a home lawn, and 9 = dark green.  The colorant Green Lawnger 

applied once in autumn provided acceptable color until early April, and adding a sequential mid-

winter application provided the best turf color throughout the study. A single autumn application 

of Ultradwarf Super provided an acceptable zoysiagrass color rating until mid-December, and 

turf receiving a sequential mid-winter application returned to an acceptable color level until mid-

May. Annual ryegrass overseeding provided acceptable color for four weeks in Manhattan, but 

not in Haysville.  Enhancing the appearance of dormant zoysiagrass with colorants may make 

this water-conserving species more attractive to homeowners and commercial turf managers in 

the transition zone. 
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 INTRODUCTION  

Water is a limited resource and its use to irrigate landscapes is under increasing scrutiny.  

In some cases, incentives are provided to replace turfgrass with other landscape plants that 

require less irrigation.  In general, cool-season (C3) turfgrasses have higher water requirements 

when compared with warm-season (C4) species, but will provide green color late into the fall 

and early in the spring.  In contrast, warm-season grasses begin to turn brown at the onset of 

dormancy following the first autumn frost.  

 Zoysia japonica (Steud.), a warm-season turfgrass, is the most widely used Zoysia 

species in the United States (Christians, 2007). It is uniquely adapted to the transition zone due to 

relatively good cold hardiness of cultivars within this species and low water and cultural 

requirements compared to cool-season grasses (Fry et al., 2008).  Much of the popularity of 

zoysiagrass in the transition zone is due to the cultivar óMeyerô, which was released in 1952.  

Since then, Meyer has been the predominant cultivar used in the transition zone due to its 

excellent cold tolerance (Patton and Reicher, 2007; Fry et. al., 2008).  Researchers at Kansas 

State have worked with those at Texas A&M AgriLife Research since 2004 to develop and 

evaluate zoysiagrasses with higher quality than Meyer for adaptation in the transition zone. 

Through this collaboration, óChisholmô zoysiagrass (Z. japonica), breeding code DALZ 0102, 

was released in 2011 (Chandra et al., 2014). Chisholm is a suitable turfgrass for residential and 

commercial lawns, parks, and golf courses in the transition zone.   

In Kansas, Chisholm zoysiagrass usually takes on a straw-brown color of dormancy in 

October and greens up in mid- to late April (Okeyo et al, 2011). The five to six months of straw-

brown dormant color can be unappealing to homeowners, especially when cool-season grasses, 

which retain color longer in autumn and green up sooner in spring, are grown in the same 

vicinity. 

Use of turf colorants has become popular on golf course fairways and putting greens in 

the South to provide green color during winter dormancy. Evaluation of twelve colorants applied 

at 80 gallons per acre (GPA) on óDiamondô zoysiagrass [Zoysia matrella (L.) Merr] in North 

Carolina demonstrated that Green Lawnger was one of only two products that provided 

acceptable color 8 WAT, when colorants were applied at a rate of 160 GPA, Green Lawnger and 

Match Play óUltradwarf Superô provided acceptable color and quality (Briscoe et al., 2010). 

These findings lead us to examine the two previously mentioned colorants on lawn height 
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zoysiagrass in the transition zone. The use of turf colorants could provide another option for 

homeowners wanting to extend color from late autumn through early spring while benefitting 

from the reduced water and maintenance requirements afforded by zoysiagrass.    

Winter overseeding is another solution for enhancing color of dormant warm-season 

lawns in the southern United States.  However, overseeding procedures can be costly, disruptive 

to the existing turfgrass stand, delay spring green-up, and extend water usage through winter.  A 

wide variety of cool-season turfgrasses have proven to be successful in winter overseeding 

(Hurley et al., 1989). Annual ryegrass (Lolium multiflorum Lam.) is one species commonly used 

in the South to overseed home lawns (Trenholm and Unruh, 2010).  

The objective of this experiment was to determine if turfgrass colorants or overseeding 

could be used to enhance the color of lawn height Chisholm zoysiagrass between October and 

May in the transition zone. 

 MATERIALS AND METHODS  

 Study Sites 

This experiment was conducted at the Rocky Ford Turfgrass Research Center in 

Manhattan, Kansas and the John C. Pair Research Center in Haysville, Kansas. Turf was 

Chisholm zoysiagrass maintained at a 3-inch height.  Soil at Rocky Ford was a Chase silty clay 

loam and turf received 1 lb. of nitrogen (N) per 1,000 sq. ft. annually. At the Pair Center, soil 

was a Canadian-Waldeck fine sandy loam and turf received 1 lb. of N per 1,000 sq. ft. annually.   

Plots measuring 5 ft. x 5 ft. and were arranged in a randomized complete-block design 

with four replications. The seven treatments included:  1) untreated; 2) overseeding with annual 

ryegrass; 3) Green Lawnger (Becker Underwood, Ames, IA) applied once in autumn; 4) Green 

Lawnger applied in autumn and mid-winter; 5) Match Play óUltradwarf Superô (Pioneer 

Athletics, Cleveland, OH) applied once in autumn; 6) Match Play óUltradwarf Superô applied in 

autumn and mid-winter; and 7) tall fescue (Festuca arundinacea Schreb.). 

 Overseeding Procedure 

Plots to be overseeded with annual ryegrass were vertically mowed with a Billy Goat® 

Power Rake/Overseeder (Billy Goat Industries, Inc., Leeôs Summit, MO) in two directions with 

1.5 inch knife spacing on a no. 4 setting, resulting in a ½ inch soil cutting depth. After raking 
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plant material that had been removed from the study area, plots were seeded in two directions 

with annual ryegrass at 10 lbs/1000 sq. ft. on 28 Sept. 2012 in Manhattan and 11 Oct. 2012 in 

Haysville using a hand-held shaker bottle. Overseeded plots were watered by hand 1 to 2 times 

daily the first week after seeding, and as needed thereafter, and a late-fall application of 0.5 lb. of 

N per 1000 sq. ft. from urea was applied with a shaker bottle in two directions on 31 Oct. 2012 in 

Manhattan.  

 Colorant Application  

Colorants were applied using a three-nozzle, CO2-pressurized sprayer with 8004VS 

nozzles calibrated to deliver 131 gallons per acre of spray solution at 30 psi. Turf colorants were 

applied at the same rate/dilution of 1:6 (colorant:water) in two perpendicular directions to 

provide uniform coverage for a total rate of 262 GPA. The first colorant application was applied 

to predominantly dormant zoysiagrass on 20 Oct. 2012 in Manhattan (5 to 10% green color 

remaining based on visual evaluation) and 31 Oct. 2012 in Haysville (<5% green color 

remaining based on visual evaluation).  On 23 Jan. 2013 in Manhattan and 5 Feb. 2013 in 

Haysville, 14 weeks after the initial treatment (WAT), a sequential application of Green Lawnger 

and Ultradwarf Super was made to designated treatments (Figures 1-1 and 1-2).   

 Data Collection and Analysis 

 At both sites, weekly turf color was rated visually on a 1 to 9 scale where 1 = straw 

brown; 6 = acceptable green color for a home lawn, and 9 = dark green. Turf quality was rated 

once a month on a 1 to 9 scale where 1 = poorest color, uniformity, and density; 6 = acceptable 

quality; and 9 = optimum color, uniformity, and density (Morris and Shearman, 1999). 

   A digital photograph was taken with a Nikon D5000 digital camera (Nikon Inc., Tokyo, 

Japan) of each plot at Rocky Ford on 7 Nov. and 11 Dec. 2013 and 10 Jan., 13 Feb., 14 March, 

25 April, 20 May, 7 June 2014 using a lighted camera box (20 in. x 24 in. x 22 in.). The camera 

was adjusted to the following manual settings: f-stop of 5.6, 1/125 sec exposure time, and 800 

ISO-speed.  Images were analyzed with SigmaScan Pro 5.0 (ver. 5.0, SPSS Science Marketing 

Dept., Chicago, IL) using the ñTurf Analysisò macro for batch analysis (Karcher and Richardson, 

2005). The macro threshold settings were adjusted to hue = 50 to 107 and saturation = 0 to 100. 

These threshold settings allowed for estimation of pixels (expressed as percentages) that 

represented green turf color relative to non-green (dormant) turf. After images were analyzed, a 
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dark green color index value (on a zero to one scale) was calculated for each image using the 

following equation: DGCI value = [(Hue - 60)/60 + (1 - Saturation) + (1 - Brightness)]/3 

(Karcher and Richardson, 2003). 

Starting 28 March 2013, weekly soil temperatures at a 1.25 inch depth within each plot 

were monitored between 1200 and 1400 central daylight time on cloudless days with a digital T-

bar thermometer (Argus Realcold Pty Ltd, Coopers Plains, Australia) at the Rocky Ford 

Turfgrass Research Center.  

Residual normality was tested with the w statistic of the Shapiro-Wilk test using the 

UNIVARIATE procedure of Statistical Analysis System (SAS Institute Inc., Cary, NC) (Shapiro 

and Wilk, 1965). Data were subjected to analysis of variance (ANOVA) using the GLM 

procedure of SAS 9.2.  Treatment differences were separated using Fisherôs protected least 

significant difference test (P Ò 0.05). A Homogeneity of Variance Test for location by treatment 

effect was significant for the study sites, therefore results will be presented separately for each 

site 

 RESULTS AND DISCUSSION 

 Turf Color 

Green Lawnger application resulted in higher turf visual color ratings than application of 

Ultradwarf Super or annual ryegrass overseeding in Manhattan and Haysville (Tables 1-1 and 1-

2). In Manhattan, a single application of Green Lawnger on 20 October resulted in acceptable 

color (i.e., a rating > 6) for 24 weeks (until 4 April) (Table 1-1). Zoysiagrass receiving a 

sequential mid-winter Green Lawnger application on 23 Jan. 2013 maintained acceptable color 

throughout the duration of the experiment. Three weeks prior to colorant application, tall fescue 

had superior color compared to zoysiagrass.  After application, color of tall fescue and Green 

Lawnger-treated zoysiagrass were similar until 13 Dec. 2012 (8 WAT). Thereafter, starting 20 

Dec. 2012, the color of zoysiagrass receiving one or two applications of Green Lawnger was 

superior in color compared to that of tall fescue for 15 weeks until 12 April 2013 when tall 

fescue again had acceptable color.  

Zoysiagrass treated with Ultradwarf Super in Manhattan had acceptable color for 9 WAT 

(20 Dec. 2012) (Table 1-1).  A sequential mid-winter Ultradwarf Super application on 23 

January resulted in acceptable zoysiagrass color through the remainder of the experiment.  When 
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tall fescue was actively growing in autumn, its color was generally superior to zoysiagrass 

treated with Ultradwarf Super.  Beginning at 12 WAT (15 Jan. 2013) the color of zoysiagrass 

treated with a single application Ultradwarf Super was superior compared to that of tall fescue, 

and this continued for 11 weeks until the 28 March 2013 rating when tall fescue had resumed 

active growth. Zoysiagrass receiving a sequential mid-winter application of Ultradwarf Super on 

23 January had superior color than tall fescue from 15 January until 12 April 2013 (13 weeks) 

(Figures 1-1 and 1-2).  

In Haysville, application of Green Lawnger on 31 October resulted in acceptable 

zoysiagrass color for 19 WAT (until 20 March) (Table 1-2).  A sequential mid-winter Green 

Lawnger application on 5 February maintained acceptable zoysiagrass color through the 

experiment (Figure 1-3).  Tall fescue color was lower than that of zoysiagrass treated with a 

single application of Green Lawnger until 22 WAT (4 April 2013).  Zoysiagrass receiving the 

sequential mid-winter application of Green Lawnger on 5 February had superior color ratings 

than tall fescue until 25 WAT (25 April 2013).   

Zoysiagrass treated with a single application of Ultradwarf Super in Haysville had 

acceptable color for 7 WAT (21 Dec. 2013) (Table 1-2).  Turf receiving a sequential mid-winter 

application of Ultradwarf Super on 5 February had acceptable green color throughout the 

experiment.  Color of zoysiagrass treated with Ultradwarf Super was not significantly different 

than that of tall fescue until 18 Jan. 2013. Beginning on 18 Jan. 2013, the single application of 

Ultradwarf Super provided superior color compared to tall fescue for 9 weeks until 20 March 

2013. Similar to results from Manhattan, zoysiagrass receiving a sequential mid-winter 

application of Ultradwarf Super on 5 Feb. had better color than tall fescue for total of 13 weeks 

(from 18 Jan. until 16 April 2013).   

Visual color ratings of zoysiagrass treated with either colorant declined over time. Turf 

treated with Green Lawnger maintained an acceptable level of color for 105 days longer than 

Ultradwarf Super in Manhattan and 84 days longer in Haysville.    

Zoysiagrass overseeded with annual ryegrass in Manhattan had acceptable color for 4 

weeks; however, color of overseeded turf was higher than untreated turf for 10 weeks (10 Oct. 

2012 until 20 Dec. 2013) (Table 1-1).  Zoysiagrass overseeded with annual ryegrass in Haysville 

never had acceptable color, although its color was superior compared to that of untreated turf for 

3 weeks (31 Oct. 2012 until 14 Nov. 2012) (Table 1-2).  Preparation of the seedbed for 
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overseeding resulted in a decline in turf quality in overseeded plots compared to untreated plots 

throughout the duration of this experiment. In southern China, researchers found the light green 

color and fine leaf texture of annual ryegrass that was overseeded into óLanyin IIIô zoysiagrass 

(Z. japonica) at 1.5 inch mowing height resulted in unacceptable uniformity during winter 

(Zhang et al., 2008). Average quality of overseeded plots for the duration of the current study 

was 1.9, whereas that of untreated plots was 3.8 (data not shown).  At Manhattan and Haysville, 

both colorants provided superior quality compared to overseeded or untreated turf throughout the 

study.  

 Dark Green Color Index  

Green Lawnger provided a darker green, and longer duration of acceptable color 

compared to Ultradwarf Super, which was lighter green. (Figure 1-3). These differences in green 

color were clearly visible from the dark green color index (DGCI) results of monthly digital 

photographs under a light box at Manhattan. Dark green color index is calculated from digital 

photographs under a constant light source, and image-analysis software has proven to be useful 

in determining a consistent measure of green color (Briscoe et al., 2010; Karcher and 

Richardson, 2003). Green Lawnger consistently had a significantly higher value of DGCI than 

Ultradwarf Super throughout the study (Appendix Table A-1). Preference for color obviously 

varies from person to person.  Some homeowners may prefer a lighter green than darker green 

color.   

 Temperatures 

In addition to enhancing color, turf colorants may result in earlier spring green-up by 

influencing soil surface temperatures (Whitlark, 2012).  Liu et al. (2007) found that dormant 

colorant-treated óTifeagleô bermudagrass [Cynodon dactylon (L.) Pers. X C. transvaalensis 

Burtt-Davy] putting greens had higher canopy and soil temperatures than untreated turf, and 

earlier spring green up than untreated turf in South Carolina. Soil under buffalograss [Buchloe 

dactyloides (Nutt.) Engelm] treated in December with Lesco Green in Nebraska was warmer, 

and turf initiated spring green up about two weeks earlier than untreated turf (Shearman et al., 

2005).  However, in the current study, no differences occurred in soil temperatures or spring 

green up between colorant-treated zoysiagrass and untreated turf in this experiment. Colorants 
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likely had less of an impact on soil temperatures due to the dense turf canopy of Chisholm and 

higher mowing height (Appendix Table A-2).   

 Conclusion 

Turfgrass colorants provide homeowners and commercial lawn care operators with an 

option for providing green turf color during zoysiagrass dormancy.  The costs of these colorant 

products on average at the time of this study are from $50 to 60 per gallon, or less if bought bulk. 

At these prices, the resulting costs would range from $17 per 1,000 sq. ft. when applied at a low 

rate of 80 GPA to $55 per 1,000 sq. ft. when applied at the rate used in this study of 262 GPA.   

The potential for enhancing dormant turf color may make homeowners more amenable to 

planting zoysiagrass, which will ultimately reduce water useage and requirements for other 

cultural inputs. 
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Figure 1-1. Study area after the second application of Ultradwarf Super and Green Lawnger at 

the John C. Pair Research Center in Haysville, Kan. on 5 Feb. 2013.  Front row, from left to 

right: Ultradwarf Super (2 applications ï 31 Oct. 31, 2012 and 5 Feb., 2013), Green Lawnger (2 

applications ï 31 Oct. 2012 and 5 Feb. 2013), Green Lawnger (1 application ï 31 Oct. 2012), 

Ultradwarf Super (1 application ï 31 Oct. 2012), untreated, and overseeded with annual ryegrass 

on 11 Oct. 2012.  
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Figure 1-2. Differences in Chisholm zoysiagrass appearance after receiving a sequential mid-

winter application on 5 Feb. 2013 since the first autumn application on 31 Oct. 31, 2012 of 

Green Lawnger (left) and Ultradwarf Super (right) at Haysville, KS.    
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Figure 1-3. Appearance of Chisholm zoysiagrass treated with colorants on 5 Feb. 2013 at John C 

Pair Research Center in Haysville, KS.  A) tall fescue; B) annual ryegrass overseed on 11 Oct. 

2012; C) untreated; D) Ultradwarf Super applied once on 31 Oct. 2012; E) Green Lawnger 

applied once on 31 Oct. 2012; F) Green Lawnger applied on 31 Oct. 2012 and 5 Feb. 2013; G) 

Ultradwarf Super applied on 31 Oct. 2012 and 5 Feb. 2013.   




















































































































































































































