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Abstract

Zoysiagrass4oysiaspp.)is more heat and drought resistand requires fewer cultural
inputs than coeseason (C3) turfgrasses; howeverwidespread use may be limited by an
extended period of wintelormancy, the diseagthizoctonidarge patchRhizoctonia solani
Kihn AG-2-2 LP), and lack oftold hardiness. Objectives of these 2?14 field studies were
to evaluate: Lurfgrass colorantandoverseedindor color enhancemeng) three colorant
application volumes on color persistenceg8jorants applied at two volumes, once or
sequentially, on buffalogragBuchloé dactyloidgsand zoysiagrass; 4)e impact ohitrogen
source and applicatiaiming on large patch severjtgnd 5) winter hardiss and turf quality of
newexperimental linesThe colorants Ultradwarf Super and Green Lawnger provided acceptable
lawnrh e i g ht 06zGykiagsassoldr ford to Sand 19 to 24 weeks after treatment (WAT),
respectivelyChisholmreceiving a sguentialapplicationof either producin mid-winter (14
WAT) maintained amacceptable color levalfter that pointntil mid-May (28 WAT).

Overseeding with annual ryegrass did not provide acceptable color for more than 4 weeks.
Evaluation of the colorants Greeawnger, Endurant, and Wintergre Plus showed that
acceptable Chishololor at lawnrheight occurred fo to 14 WATat 80 gallons per acre

(GPA) and 16 to 26 WAT at 240 GPBuffalograss at lawsmeight receiving a single autumn
colorant application haccaeptable color foB to 12 WAT at 100 GPA or 8 to 14 WAT 550
GPAOMeyer 6 zoysiagrass maintained at a 0.5 1inc
application had acceptable color ®to 18 WAT at 100 GPA or 14 to 18 WAT H0 GPA No
differences in large patch occurred between spring and fall applications of ammonium sulfate
and calcium nitrate, nor between those treatments and suappked urea. Applying fertilizer

in spring when soils reached 2C increased green covaen some rating dascompared to
applications in &ll when soil temperatures fell to 20 but differences were minimalOut of

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

evaluation for cold hardiness, large patch rescgaand turf quality.
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Chapter 1-Evaluation of Col orants on Dor mae

Zoysiagrass

This chapter has been prepared using style guidelines for the jdynpisdd Turfgrass Science



ABSTRACT

Zoysiagrass is a wanseason turfgrass that requires less water and fewaratunputs
than coolseason grassedlevertheless, some homeowneray notuse zoysiagrass because
they find its brown color during dormancy between October and May to be objecticdhéibld.
study was conducted in Manhattan, KS and Haysville, Kid foxtober 2012 to May 2013 on
dor mant 6Chi shol md zoysiagrass tooevaluate tw
sequentiallyn autumn and midvinter, and annual ryegrass overseegdiagtheir potential to
enhance coloVisual turf color was rated onlato 9 scale where 1 = straw brown; 6 =
acceptable green coltwr a home lawnand 9 = dark greenThe colorant Green Lawnger
applied once imutumn provided acceptable color uetlrly April, and adding a sequential mid
winter applicatiomprovidedthe best turf color throughout the study single autumn application
of Ultradwarf Super provided an acceptabbgsiagrassolor rating untilmid-Decemberand
turf receiving asequential miewinter application returned to acceptable coldevel until mid-
May. Annual ryegrass overseeding provided acceptable coluoweeks in Manhattan, but
not in Haysville. Enhancing theppearancef dormant zoysiagrass with colorants may make
this waterconserving species more attractive to homeowners and commhieartmanagern

the transition zone.



INTRODUCTION

Water isa limited resource and its use to irrigate landscapes is under increasing scrutiny.
In some case#centives are provided to replace turfgrass with other landscape plants that
require less irrigationIn general, coeseasor{C3) turfgrasses have higher water requirements
when compared with warseasor{C4) species, but will provide green color late into the fall
and early in the spring. In contrast, waseason grasségginto turn brown at the onset of
dormancyfollowing the first autumn frost.
Zoysiajaponica(Steud.), a warrseasorurfgrassis the most widely usedoysia
species in the United StategShtistians, 200) It is uniquely adapted to the transition zahesto
relatively good cold hardiness of cultivars within this speareslow water and cultural
requirements compared to ces#ason grasses (Fry et al., 2008uch of the popularity of
zoysiagrass in the transiti emwagreleagedin®52due t o
Since thenMeyerhas been the predominant cultivar used in the transition zone due to its
excellent cold tolerancé>@tton and Reiche2007; Fry et. al., 2008). ResearcherKatsas
State have worked with thoseTaxas A&M AgiLife Researchsince 2004 to develop and
evaluate zoysiagrasses with higher quality than Meyer for adaptation in the transition zone.
Through this col |l abor Ztjapmmiod, breédihp codedAUZONH2 z oy si a
was released in 201Chandraet al., 201%. 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-strawn color of dormancy in
October andyreensup in mid to late April (Okeyo et al, 2011 The five to six months of straw
brown dormant color can be unappealing to homeowaspgcially when coedeason grasses,
which retain color longer in autumn and green up sooner in spring, are grown in the same
vicinity.
Use d turf colorants habecome popular on golf course fairways and putting greens in
the South to provide green color during winter dormagewluation of twelvesolorantsapplied
at 80 gallons per acre (GPA)n 6 Di zoysiagrad$doysiamatrella(L.) Merr] in North
Carolina demonstrated thaté€&n Lawngewas 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 Pl ay o6Ul tradwarf Super 6 (Brisooeetdle2l0Oaccept ab

These findings lead us to examine the two previously mentioned colorants on lawn height



zoysiagrass in the transition zondeluse of turf colorants could provide another option for
homeowners wanting textend color fromate autimn through early spring whileenefitting
from the reduced water and maintenance requirements affordexyfiggrass.

Winter overseeding is another solution for enhancing color of dormant-ssason
lawns in the southern United States. However,smasting procedures can be costly, disruptive
to the existing turfgrass stand, delay spring gn@gnand extend water usage through winter. A
wide variety of cockeason turfgrasses have proven to be successful in winter overseeding
(Hurley et al., 1989)Annual ryegrassLlium multiflorumLam.) 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 théoc@f lawn heightChisholm zoysiagrass between October and
May in the transition zone.

MATERIALS AND METHODS

StudySites

This experiment was conducted at the Rocky Ford Turfgrass Research Center in
Manhattan, Kansas and the John C. Pair Research Cehlaysuille, Kansas. Turf was
Chisholm zoysiagrass maintained &-imch height. Soil at Rocky Ford was a Chase silty clay
loam and turf received 1 Ib. of nitrogen (N) per 1,000 saqnfitually At the Pair Center, soil
was aCanadiaAWaldeck fine sandjpamand turf received 1 Ib. of N per 1,000 sg. ft. annually.

Plots measuring ft. x 5 ft. and were aanged in a randomized compldtidck desjn
with four replications. The seven treatments includeduntieated; 2) owseeding with annual
ryegrass3) Green LawngefBecker Underwood, Ames, 1A) applied once in autumn; 4) Green
Lawnger applied in autumn and minter; 5) Match Pl ay o6Ultradwarf
At hl eti cs, Clevel and, OH) applied oncenin aut

autumn and migvinter; and 7) tall fescueHestuca arundinace&chreh).

Overseeding Procedure
Plots to be overseeded with annual ryegrass were vertically mowed with a Billy Goat®
Power Rake/ Overseeder (Billy Gowddirectondwitht ri es,
1.5inch knife spacing oa no.4 settingresulting in a %2 inch soil cutting depthiter raking



plant material that had been removexn the study areglots were seeded in two directions

with annual ryegrass at 10 Ibs/1000fsgon 28 Sept. 2012 in Manhattan and 11 Oct. 2012 in
Haysville using a hantleld shaker bottle. Overseeded plots were watered by hand 1 to 2 times
daily the first week after seeding, and as needed theremitbalate-fall application of 0.5 Ib. of

N per10Q0 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 thieezzle, CQ-pressurized sprayer with 8004VS
nozzles calibrated to deliver 131 gallons per afrgpray solution at 30 psi. Turf colorants were
applied at the same rate/dilution of 1.6 (colorant:water) inderpendiculadirections to
provide uniform coverag®r a total rate of 262 GPAhe first colorant application was applied
to predominantlydormant zoysiagrass on 20 Oct. 2012 in Manhdfidn 10% green color
remaining based on visual evaluatiamd 31 Oct. 2012 in Haysvill&5% green color
remaining based on visual evaluatio@n 23 Jan. 2013 in Manhattan and 5 Feb. 2013 in
Haysville 14 weeks after theitial treatment (WAT), a sequential applicationGfeen Lawnger

and Ultradwarf Suparvas made to designated treatmdfigures 1-1 and 12).

Data Collection and Analysis
At both sitesweeklyturf color was ratedisuallyon a 1 td scale where 1 = straw

brown; 6 = acceptable green cofor a home lawnand 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
guality, and 9 = optimum color, unifornyit and densityMorris and Shearman, 1999)

A digital photograph was takemith a Nkon D5000digital cameraNikon Inc., Tokyo,
Japan)f each plotat Rocky Fordbn 7 Nov. and 11 Dec. 2013 and Jdh, 13 Feb., 14 March,
25 April, 20 May, 7 June 2014king a lighted camera box (20 in. x 24 in. x 22.iftje camera
was adjusted to the following manual settingstdp 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,Chi cago, 1L) wusing the 0Tu(Karchéram Righardsenp macr
2005). The macrthreshold settings were adjustechue = 50 to 107 and saturate®to 10Q
These threshold g@tgs allowed for estimation gifixels (expressedsgercentageshat

represented green turf col@lative tonongreen (dormant) turf. After images were analyzed,



dark green color index value (on a zero to one scale) was calculated for each image using the
following equationDGCI value g(Hue- 60)/60 + (1 - Saturation) + (1 - Brightnes}|/3
(Karcher and Richardson, 2003)

Starting28 March 2013 weekly soil temperatures at a 1.25 inch depth within each plot
were monitoredbetween 1200 and 1400 central daylight time on cloudlesswdtya digital T
bar thermometer (Argus Realcold Pty Ltd, Coopers Plains, Austratiag Bbcky Ford
Turfgrass Research Center.

Residual normality was tested with thestatistic of the Shapir@Vilk test using the
UNIVARIATE procedure of Statistical Analysis System SAstitute Inc., Cary, NC) (Shapiro
and Wilk, 1965) Dataweresubjected to analysis of variance (ANOVA) using the GLM
procedure of SAS 9. 2. Treatment differences
significant difference tesP(00.05).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 highef visual color ratings than application of
Ultradwarf Super or annual ryegrass overseeding in Manhattan and Haf/&aflles 11 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 weekquntil 4 April) (Table 11). Zoysiagrass receiving
sequentiamid-winter Green Lawnger applicatioon 23 Jan. 201Maintained acceptable color
throughout the duration of the experiment. Three weeks prior to colorant application, tall fescue
hadsuperior colocompared t@oysiagrassAfter application, color of tall fescue and Green
Lawngertreated zoysiagrass were similar until 13 Dec. 200&/48T). Thereafter, starting 20
Dec. 2012, theolor of zoysiagrass receiving one or two applicatidnSreen Lawngewas
superiorin color compared to that tdll fescuefor 15 weeks until 12 April 2013 when tall
fescue again had acceptable color.

Zoysiagrass treated with Ultradwarf Super in Manhattzatacceptable coldior 9 WAT
(20 Dec. 2012) (Tablg-1). A sequential miewinter Ultradwarf Super application on 23
Januaryresulted in acceptable zoysiagrass color through the remainder of the experiment. When



tall fescue was actively growing in autunits,color was generalluperiorto zoysiagrass
treated with Ultradwarf Super. Beginning at 12 WAT (15 Jan. 20iE3)olor of zoysiagrass
treated withasingle applicatiorUltradwarf Supemwassuperiorcompared tahat of tall fescue,
and thiscontinuedfor 11 weeksuntil the 28 March 2013 rating whéall fescuehadresumed
active growth Zoysiagrass receivingsequential mieinter application ofUltradwarf Supeon
23 Januaryadsuperiorcolor thantall fescuefrom 15 Januaryntil 12 April 2013 (13 weeks)
(Figuresl-1 and 12).

In Haysville, appication ofGreen Lawngeon 31 October resulted in actabple
zoysiagrass color for 19 WAT (until 20 March) (Tab#2)1 A sequential midwinter Green
Lawngerapplication on 5 Februaipaintainedacceptable zoysiagrass color through the
experimen{Figure1-3). Tall fescue color waewer thanthat ofzoysiagrassreated with a
single application of &en Lawnger until 22 WAT (April 2013). Zoysiagrass receivirilge
sequentiamid-winter application of Geen Lawngeon 5 Februarjadsuperiorcolor ratings
thantall fescueuntil 25 WAT (25 April 2013).

Zoysiagrass treated with a single applicatiotfadwarf Supem Haysville hal
acceptable color for 7 WAT (21 De2013)(Table 12). Turf receiving asequential mievinter
application ofUltradwarf Superon 5 February had acceptable green color throughout the
experiment. Cdalr of zoysiagrass treated with Ultradwarf Supe@snot significantly different
than that otall fescueuntil 18 Jan. 2013. Beginning on 18 Jan. 2013, the single application of
Ultradwarf Super providesguperiorcolor comparedo tall fescue for 9 weeks until 20 March
2013. Similar to results from Manhattan, zoysiagrass receivaegaential midvinter
application ofUltradwarf Super on 5 Feb. had bettefor thantall fescuefor total of 13 weeks
(from 18 Jan. until 16 April 2013).

Visual color ratings of zoysiagrass treated with eittidorant declined over tim&urf
treated with Green Lawnger maintained an acceptable level of color for 105 days longer than
Ultradwarf Sugr in Manhattan and 84 days longer in Haysville.

Zoysiagrass overseeded with annual ryegrass in Manhattan had acceptable color for 4
weeks; howewve color of overseeded turf waggherthanuntreated turf for 10 weeks (10 Oct.
2012 until 20 Dec. 2013)able t1). Zoysiagrass overseeded with annual ryegrass in Haysville
never had acceptable color, although its color sugeeriorcompared tahat ofuntreated turf for
3 weeks (31 Oct. 2012 until 14 Nov. 2012) (Tabl®)1 Preparation of the seedbed for



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 thatwaseverd ed i nt o o6Lanyin ||
(Z. japonicg at 1.5 inch mowing heiglesulted in unacceptable uniformity during winter

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

was 1.9, whereas that of untreagdots 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 Lavngerprovideda darker greergnd longer duration of aeptablecolor
compared to Ultradwarf Super, which waghter 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. Darkrgoeéor indexs calculated from digital
photographsinder a constant light sour@dimageanalysis software has proven touseful
in determining a consistent measure of green color (Briscoe et al., 2010; Karcher and
Richardson, 2003)Green Lawngeransistently had a significantly higher value of DGCI than
Ultradwarf Super throughua the study (Appendix Table-A). Preference for color obviously
varies from person to person. Some homeowners may prefer a lighter green than darker green

color.

Tempentures

In addition to enhancing color, turf colorants may result in earlier spring-greb
influencing soil surface temperatures (Whitlark, 2012y et al. (2007) found that dormant
colorantt r eat ed O Ti f e iCgnlododadiyifl.jnRed. X §.transvaalensis
Burtt-Davy] putting greens had higher canopy and soil temperatures than untreataddurf,
earlierspring green ughan untreated turf in South Carolirgoil under liffalograsgBuchloe
dactyloidegNutt.) Engelmitreatedn Decemler with Lesco Greein Nebraska was warmer,
and turfinitiated spring green up about two weeks earlier than untreated turf (Shearman et al.,
2005). However,in the current study, no differencescurredn soil temperatures or spring

green up between caolnttreated zoysiagrass and untreated turf in this experirGahdrants



likely had less of an impact on soil temperatudes to thedense turf canopy of Chisholm and

higher mowing heightAppendix Table A2).

Conclusion

Turfgrass colorants provide he@wmwners and commercial lawn care operators with an
option for providing green turf color during zoysiagrass dormaitwe costs of these colorant
products on averagd the time of this studgre from $50 t&®0 per gallon, or less if bought bulk.
At theseprices, the ragdting costs would range froml® per 1,000 sq. fiwhen applied at a low
rate of80 GPA to $5 per 1,000 sq. ftvhen applied at the ratesed in this studgf 262 GPA.
The poential for enhancing dormanirf color may make homeownersone amenable to
planting zoysiagrass, which will ultimately reduce water useageeguirements foother

cultural inputs.
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Figurel-1. Study area after th@econdapplication of Ultradwarf Super and Green Lawnger at
the John C. Pair ResearCentein Haysville, Kan. orb Feb.2013. Front row, from left to
right: Ultradwarf Super (2 applicatioiis31 Oct 31, 2012 and Feh, 2013), Green Lawrey (2
applicationg 31 Oct.2012 andb Feb.2013),Green Lawnger (1 applicatidn31 Oct.2012),

Ultradwarf Super (1 application31 Oct.2012), untreated, and overseeded with annual ryegrass
on1l Oct.2012.
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Figurel-2. Differences in Chisholm zoysiagrass appearance r&fteivinga sequetial mid-

winter applicationon 5 Feb. 2013ince the first autumn applicatiom 31 Oct. 31, 2018f
Green Lawnger (left) and Ultradwarf Super (right) at Haysville, KS.
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Figurel-3. Appearance foChisholm 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
apdied 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.
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