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IPM Strategies for New Warm-Season Cultivars Charles H. Peacock NC State University



IPM programs rely on six basic components for plant and environmental protection



—  Genetic - selecting improved grasses which



perform well in specific areas and show a resistance to environmental stress and pest problems



IPM programs rely on six basic components for plant and environmental protection



—  Regulatory - using certified seed and sod to



prevent unwanted weed contamination and guaranteeing true-to-type seed, sod and sprigs of the best adapted turfgrass species and cultivars



IPM —  Cultural - following recommendations made for proper cultural practices which will maintain the turf in the most healthy condition and influence its susceptibility and recovery from pest problems. Proper application of practices such as proper mowing techniques, good nutrient management, sound irrigation management, aerification, vertical mowing, and topdressing should produce a high quality turf



IPM —  Physical - mechanical removal of pests (i.e. hand



weeding in selected areas) and cleaning equipment to prevent spreading of diseases and weeds from infected areas



IPM —  Biological - for a limited number of pest problems



biological control can be used whereby natural enemies are favored or introduced to effectively compete with the pest; biological control can also include developing habitat to favor natural predation such as installing bird and bat houses thus favoring an increase in populations which feed on insects



IPM —  Chemical - pesticides are a necessary and beneficial



approach to turf pest problems, but use can be restricted in many cases to curative rather then preventive applications, thus reducing environmental exposure.



Native or Naturalized? —  Native – indigenous Based on what criteria? Were here before humans arrived? Were here before colonization?



—  Naturalized – introduced, becomes established, persists without direct human inputs



Summary of native and naturalized categories of 25 turfgrasses found in North America —  Native – based on biogeographical, phenotypic, and phylogenetic studies



—  Native – based on phenotypic and genetic assessment



—  Red fescue, hard fescue, sheep fescue



—  Broadleaf carpetgrass, common



carpetgrass, sideoats gramagrass, blue gramagrass, American buffalograss, seashore paspalum, St.Augustinegrass



—  Colonial bentgrass, creeping bentgrass, velvet bentgrass, Kentucky bluegrass



—  Possible native – based on



phenotypic assessments and allied species biogeographical, phylogenetic studies



Summary of native and naturalized categories of 25 turfgrasses found in North America —  Possible naturalized –



following anthropological introduction



—  Centipedegrass, tall fescue,



annual ryegrass, perennial ryegrass, rough bluegrass, Japanese zoysiagrass, manila zoysiagrass, mascarenegrass



—  Dactylon bermudagrass, —  Undocumented – needs research



annual bluegrass



Characteristics



What is Bermudagrass? —  Medium  to  ﬁne  textured   —  Spreads  by  stolons  and  rhizomes   —  Excellent  heat,  drought,  salt  tolerance   —  Very  wear  resistant/rapid  recovery   —  Lacks  shade  tolerance  –  are  excepBons   —  Few  disease  problems   —  Insect  problems  can  be  controlled  



What is Bermudagrass? —  Cynodon dactylon Common bermudagrass —  Cynodon transvaalensis African bermudagrass —  Cynodon dactylon x C. transvaalensis Hybrid



Zoysiagrass – More than one species! —  Zoysia japonica – Japanese Lawngrass —  Zoysia matrella – Manilagrass —  Zoysia pacifica – Korean velvetgrass/Mascarenegrass —  Introduced to the US around 1900 —  First cultivars released early 1940s —  First successful widely used cultivars ‘Meyer’ (1951) and ‘Emerald’ [Zoysia japonica x Z. pacifica] (1955)



Commercially Available Zoysia Cultivars Certified Sod – NC and SC —  Atlantic – Z. japonica —  Cavalier – Z. matrella —  Diamond – Z. matrella —  El Toro – Z. japonica —  Emerald – Z. japonica x Z. pacifica —  Empire – Z. japonica —  Jamur – Z. japonica



Seashore Paspalum —  Botanists do not agree upon the center of origin for



Paspalum vaginatum. Some individuals consider it native to Asia, Africa, and Europe, while other botanists consider it indigenous to the New World (Americas), and then later adapted to the Asia, Africa, and Europe. Some support the theory that South Africa is the center of origin, as their studies show that accessions from this country have the most genetic diversity. Seashore paspalum was introduced throughout the world as a result of its use as bedding on ships used during the slave trade between the Americas and African countries in the eighteenth and early nineteenth centuries. It has also spread due to its ability to reclaim salt-affected areas in other parts of the world.



NCSU Variety Evaluation Program Establishment rate Data: Tifway (Plugged) 7 Weeks After Planting



NCSU Variety Evaluation Program Establishment rate Data: NorthBridge - OKC 1134 (Plugged) 7 Weeks After Planting



NTEP Bermudagrass Trials Seeded vs. Vegetative Entries 45 40 35 30 25



Vegetative



20



Seeded



15 10 5 0 1986



1992



1997



2002



2007



Zoysiagrass – Many cultivars 16 14 12 10 8 6 4 2 0 1950s



1960s



1970s



1980s



1990s



2000s



Summary —  Several new cultivars which are now commercially available showed exceptional performance in this region.



—  Zoysiagrass and Seashore Paspalum NTEP trials were limited in scope for this region.



—  Bermudagrass varieties developed through



breeding programs in the US show strong germplasm linkages to common or early bred hybrids.



New Cultivar Performance Characteristics and Cultural Requirements —  Establishment —  Cultural Requirements —  Abiotic Stress —  Traffic, Displacement, Recovery



Growth rate increases



LIMITING FACTORS IN TURF GROWTH



Limiting factor



Growth rate increases



LIMITING FACTORS IN TURF GROWTH



Light Limiting factor



Growth rate increases



LIMITING FACTORS IN TURF GROWTH



Temperature Light Limiting factor



Growth rate increases



LIMITING FACTORS IN TURF GROWTH



Moisture Temperature Light Limiting factor



Growth rate increases



LIMITING FACTORS IN TURF GROWTH



Mineral Nutrients Moisture Temperature Light Limiting factor



Growth rate increases



LIMITING FACTORS IN TURF GROWTH Pest problems Oxygen Mineral Nutrients Moisture Temperature Light Limiting factor



Establishment



Establishment



Seeding Dates



Establishment



Seeding Dates



Seeding Dates



Seeded Cultivars



Seeded Cultivars



Seeded Cultivars



Seeded Cultivars



Seeded Cultivars



Seeded Cultivars



Miniverde and Diamond Establishment Rates



Miniverde and Diamond Establishment Rates



Miniverde and Diamond Establishment Rates



Spring Greenup



Growth Characteristics



Growth Characteristics



Growth Characteristics



Growth Characteristics



Growth Characteristics



Cultural Management



Cultural Management



Cultural Management



Cultural Management Their conclusions:



—  Optimum N fertilization rate of 10 lbs./1000 ft2/year —  Frequent light vertical mowing was advantageous during the first year, but was detrimental to mature stands when disease was active



—  Topdressing treatments they used did not adequately control



thatch —  0.02 inch bi-weekly May through Sep; 0.20 inch at overseeding —  0.15 inch June; 0.20 inch at overseeding



—  Thatch depth >0.5 inch occurred at MAP of 42 (Tifdwarf), 30



(Champion), 42 (Floradwarf), 38 (Miniverde) and 38 (TifEagle)



Cultural Management



Cultural Management



Cultural Management



Cultural Management



Cultural Management



Cultural Management



Cultural Management



Cultural Management



Cultural Management



Cultural Management



Cultural Management Their conclusions:



—  Fine-textured sports-type bermudagrasses required the least supplemental irrigation



—  The medium-textured amenity bermudagrasses and Zoysia



japonica cultivars required similar but somewhat greater irrigation requirements than the fine-textured bermudagrasses.



—  Z. matrella required the highest supplemental irrigation —  Mowing height did not consistently affect irrigation requirements for the bermudagrasses



—  Mowing height did affect irrigation requirements for Zoysia —  Tall mowing height reduced irrigation requirements in Z. japonica —  Tall mowing height increased irrigation requirements in Z. matrella



Zoysiagrass   cul-vars  



    Fine  texture:     Emerald,  Cavalier,  Zorro,   Zeon,  Diamond  (golf  use)       Medium  texture:   Meyer,  El  Toro,  Crowne,   JaMur,  Palisades,  Empire     Seeded:  Zenith,  Companion  



Zoysiagrass Limitations • 



Environmental Stress •  •  •  • 



Cold tolerance Drought tolerance Salinity tolerance Shade tolerance



Zoysiagrass Limitations •  •  •  • 



Recovery from Wear Insect Resistance Disease Resistance Nematode Resistance



Zoysiagrass Evaluations NC State 1.  Zoysiagrass fertility and mowing height study conducted in Raleigh – 9 “new” cultivars. 2.  Cultivars were established from sod in the summer of 2007 3.  Cultivars of both Zoysia japonica and Zoysia matrella were used



Low Rate Fertilizers 2# N per 1000 ft2 per yr JaMur



Zeon Ultimate



Palisades



Cavalier



Pristine Empire



Zorro



JaMur   29  days   36  days   50  days   57  days   71  days   85  days  



Z. japonica Palisades   Empire  



UlNmate  



Pristine 29 days 36 days 50 days 57 days 71 days 85 days



Z. matrella Zeon Cavalier



Zorro



Establishment  Rates  –  NC  State  



Establishment  Rates  –  NC  State  



Establishment  Costs  



JaMur and Palisades Mowed at 2” JaMur



Palisades



Empire and Ultimate Mowed at 2” Empire



Ultimate



Pristine and Zeon Mowed at 0.5” Pristine



Zeon



Cavalier and Diamond Mowed at 0.5” Cavalier



Diamond



Summary —  Seeding date plays a major role in winter survival of seeded cultivars of both bermudagrass and zoysiagrass regardless of their inherent cold tolerance.



—  New vegetative cultivars show faster establishment times compared to the standard Tifway.



—  In a comparative study, late seeding of zoysiagrass versus bermudagrass showed a much lower percent coverage due to the slower growth rate.



—  Germination percentage and rate varies widely among the seeded bermudagrass cultivars.



—  Seedling vigor does not equate to turf performance over multi-year periods for bermudagrass cultivars.



—  The more cold tolerant cultivars exhibited a greater density of rhizomes. —  A planting date later than Aug for even the most cold tolerant bermudagrass cultivars meant lower winter survival.



Summary —  Nitrogen rates and climatic effects influenced establishment rates of Miniverde and Diamond cultivars.



—  Spring greenup of bermudagrass is influenced by both cultivar and climatic conditions.



—  Growth characteristics and golf ball lie depend on both species and cultivar.



—  Early cultural recommendations for ultradwarf bermudagrass management impacted turf performance negatively.



—  Brushing plus vibratory rolling enhances topdressing incorporation on ultradwarf bermudagrass putting greens.



—  Root mass varies greatly among species and cultivars under irrigation restrictions.



—  Establishment rates and nitrogen requirements vary for zoysiagrass cultivars.



Abiotic Stress and Mechanical Damage and Recovery



Salinity



Salinity



Salinity



Cold Tolerance —  Zoysia > Bermuda > Seashore Paspalum —  Cultivar variables —  Cultural variables —  Climatic variable



Cold Tolerance



Cold Tolerance



Cold Tolerance



Cold Tolerance



Cold Tolerance



Cold Tolerance



Cold Tolerance



Cold Tolerance



Cold Tolerance



Cold Tolerance



Cold  hardiness  trials:   2-‐year  average  LT50  values   30



28



27



25



23



21



*  



*  



19



18



16



14



12



10



Cold  hardiness  trials:   seasonal  diﬀerences  



Cold  hardiness  trials:   seasonal  diﬀerences  in  LT50   Cul;var  



Winter  run  



Spring  run  



JaMur  



13.6  a  



23.7  b  



Palisades  



14.7  a  



24.4  ab  



Empire  



13.1  a  



24.4  ab  



Ul:mate  



14.4  a  



25.0  a  



Pris:ne  



21.9  b  



25.7  a  



Zeon  



14.5  a  



25.3  a  



Cavalier  



14.4  a  



25.2  a  



Diamond  



21.0  b  



25.7  a  



Zorro  



14.5  a  



24.8  a  



Z.  japonica  



Z.  Matrella  



Cold Tolerance



Cold Tolerance



Cold Tolerance



Drought  Tolerance  



Drought Tolerance



Drought  Tolerance  Texas  A&M  



Drought  Tolerance  -‐  Florida  



Drought  Tolerance  -‐  Florida  



Drought Tolerance



However!! —  Arkansas study reported in 2012 Celebration had the best ranking for drought performance!!



Drought Tolerance



Drought Tolerance



Shade  Tolerance  -‐  Texas  



Shade Tolerance



Shade Tolerance



Shade Tolerance —  Clemson Study on bermudagrass Celebration, Transcontinental – best Aussie Green, MS-Choice, Princess 77 – intermediate AZ common, GN-1, Patriot – most sensitive



Shade Tolerance —  Clemson Study – Species under different light



conditions: Control; blue, yellow, red, black shade at 65% light reduction



Diamond > Celebration = Sea Isle 2000 > Tifway



Shade Tolerance



Shade Problems



TifGrand



TifGrand



Wear Tolerance



Wear Tolerance



Wear tolerance —  Auburn study reported in 2012 found: TifGrand and TifSport = Excellent Tifway and Patriot = Good Celebration = Fair



—  Arkansas study reported in 2011 found: Barbados, Celebration, Contessa and Premier were top ranked in both summer and fall



Wear tolerance —  KY study on seeded cultivars in 2014 found: Riviera and Princess 77 to perform best Also found an interaction on fall turf performance under wear with Primo



Wear tolerance



Wear tolerance



Traffic - Williams



Divot Recovery



Divot Recovery



Divot Recovery



Divot Recovery Days to 90% divot cover



Cultivar JaMur



Low mowing Low fertility



High mowing Low fertility



93 abc



82 d



Palisades



101 ab



107 a



Empire



100 ab



Ultimate



104 a



105 ab



Pristine



86 c



81 d



Zeon



88 c



80 d



91 bcd



Cavalier



103 ab



92 a-d



Diamond



91 bc



101 abc



Zorro



97 abc



89 cd



Summary —  Zoysiagrass was more affected by salinity than bermudagrass and seashore paspalum.



—  Mowing height affected the response to increased salinity.



—  Seashore paspalum exhibited increased rooting in response to increased salinity.



—  Cold tolerance of species found Zoysia > Bermuda > Seashore paspalum. This was influenced by cultivar, cultural practices and climatic conditions.



—  Laboratory/greenhouse studies did not always correlate with field observations.



Summary —  Drought tolerance varies by species and cultivar with the



bermudagrasses exhibiting leaf-firing at a much longer period without irrigation than zoysiagrass. Seashore paspalum cultivars varied in their irrigation requirement to maintain acceptable turf quality correlated with their rooting depth.



—  Shade tolerance of zoysiagrass cultivars varied based on shade



percentage and climatic conditions. Bermudagrass rating for shade tolerance found Celebration and Transcontinental to be the best with Aussie Green, MS-Choice and Princess 77 intermediate and AZ common, GN-1 and Patriot to be the most sensitive. Under different light conditions Diamond > Celebration = Sea Isle 2000 > Tifway in shade tolerance. Bermudagrass cultivars vary in their spring greenup under shaded conditions.



—  Wear tolerance and surface hardness varies by species and cultivar.



—  Divot recovery is a factor the type of divot, species of turf and cultivar.



Pest Problems



Diseases



Diseases



Bipolaris and Curvularia



Bipolaris and Curvularia



Leaf Spot



Disease Problems •  Bermudagrass •  spring dead spot, dollar spot



•  Zoysiagrass •  large patch, dollar spot, spring dead spot



Dollar Spot •  Caused by Sclerotinia homeocarpa



Dollar Spot •  Night temperatures exceed 50°F •  Extended periods of leaf wetness, 10 to 12 continuous hours. •  Extended periods of wet, overcast weather. •  Dollar spot remains active throughout the summer but disease activity slows when temperatures exceed 90°F. Turfgrasses that are deficient in nitrogen, are more prone to dollar spot and recover from damage more slowly. •  Disease is also encouraged by drought stress, low mowing, excessive thatch accumulation, frequent irrigation, and low air movement.



Dollar Spot



Large Patch on Zoysia •  Caused by Rhizoctonia solani AG 2-2 LP



Large Patch on Zoysia •  Large patch begins to develop when soil temperatures decline to 70°F in the fall. •  The symptoms of large patch are most evident during periods of cool, wet weather in the fall and spring. In many cases, symptoms may not become evident until early spring when the warm season grasses are greening up. •  Large patch is favored by excessive nitrogen in the fall and spring, poor soil drainage, over-irrigation, excessive thatch accumulations, and low mowing heights.



Large Patch on Zoysia •  Chemical Control •  Fungicides must be applied on a preventative basis. •  Applications in the fall when soil temperatures decline to 70°F. •  One or two well-timed applications provide seasonlong control of large patch in many situations. In severely affected sites, repeat applications should be made on 4 to 6 week intervals as long as soil temperatures are between 40°F and 70°F.



Large Patch on Zoysia



Large Patch Zoysia Cultivar Susceptibility – Texas 1995 Ranking as Highly Susceptible, Moderately Susceptible or Moderately Resistant: Cavalier – MR Crowne – HS Diamond – MS El Toro – HS Emerald – HS Marquis - MS Meyer – MR Palisades – HS Zorro - MR



Large Patch Zoysia Cultivar Susceptibility – Florida 2011 Greenhouse Study ranking from highest (>80% infection; mean 48%): Zorro Emerald Pristine ShadowTurf ----------------Empire JaMur El Toro



Spring Dead Spot •  Caused by Ophiosphaerella korrae & Ophiosphaerella herpotricha]



Spring Dead Spot •  Spring dead spot is most evident on intensely managed turfgrass. •  Spring dead spot does not decline in severity as the turf matures. It becomes more severe if left unmanaged.



Spring Dead Spot •  The spring dead spot fungus attacks the roots, rhizomes, and stolons of during the fall and winter. This activity does not directly kill the plant, but instead makes the grass more susceptible to freezing injury. As a result, spring dead spot is most severe in the northern range of turfgrass adaptation and is usually more severe after extremely cold winters.



Spring Dead Spot •  Any factor that restricts root growth or increases its susceptibility to winter injury will also enhance the disease. Excessive nitrogen, potassium deficiencies, poor soil drainage, over-irrigation, excessive thatch accumulation, and soil compaction have been shown to encourage disease development. The impact of soil pH on spring dead spot development is not well understood.



Spring Dead Spot •  Do not apply excessive rates of nitrogen. •  Do not apply nitrogen within 6 weeks of winter dormancy. •  Reduce thatch buildup and relieve soil compaction.



Spring Dead Spot •  Fungicides are available for spring dead spot control, but they must be applied preventatively in the fall. •  Fenarimol and tebuconazole have been the most effective and consistent fungicides for spring dead spot control. Applications are most effective when soil temperatures are between 60 and 80°F.



Spring Dead Spot •  To move the fungicide into the root zone, apply in a high volume of water (5 gallons per 1,000 square feet) or water in with ¼” of irrigation immediately after application. •  Repeat applications at high label rates may be necessary in severely affected areas. Affected areas should be mapped in the spring for treatment in the fall to reduce fungicide expenditures.



Spring Dead Spot



Spring Dead Spot



Spring Dead Spot



Spring Dead Spot



Spring Dead Spot



Diseases



CULTURAL DISEASE CONTROL Bermudagrass Decline Preventative ●  Raise mowing heights ●  Aerify greens ●  Topdress ●  Balance N with K ●  Do not lime if pH may approach 7.0



CULTURAL DISEASE CONTROL Bermudagrass Decline Curative ●  Raise mowing heights ●  Topdress ●  Balance N with K ●  Do not lime if pH may approach 7.0



EFFECTS OF SYSTEMIC FUNGICIDES ON A BERMUDAGRASS PUTTING GREEN INFESTED WITH Gaeumannomyces graminis var. graminis Dr. Monica Elliott



fenarimol, myclobutanil, propiconazole, terbuconazole, thiophanatemethyl, triadimefon ●  None increased turf quality over the untreated turf, whether used curatively or preventatively ● 



EFFECTS OF SYSTEMIC FUNGICIDES ON A BERMUDAGRASS PUTTING GREEN INFESTED WITH Gaeumannomyces graminis var. graminis Dr. Monica Elliott



●  A



significant decline in TQ, when compare to the untreated turf was often associated with repeated use of the DMI fungicides fenarimol, myclobutanil, propiconazole and triadimefon, but not with the use of tebuconazole or thiophanate-methyl



Insects



Insects •  •  •  •  • 



Hunting Billbug Sugar Cane Beetle Fall Armyworm Chinch Bug Mole Cricket



Hunting Billbug Sphenophorus venatus vestitus



Billbugs •  Not a true white grub •  Legless larva •  Feeds on stems, crowns and rhizomes •  Leaves sawdust-like frass •  Adults appear mid-May to mid-June •  Adults active 4-6 weeks



UN-L



UGA



NYSAES



Hunting Billbug •  Control adult populations in spring when adults emerge from their overwintering sites, but before they lay their eggs. •  Treat no later than 3 weeks after adults become active. •  The use of insecticides for adult control includes bifenthrin , deltamethrin, lambda-cyhalothrin, or imidacloprid.



Hunting Billbug •  Insecticides for larval control include clothianidin or thiamethoxam. •  Insecticides for both adults and larval control include chlorantraniliprole, clothianidin + bifenthrin, or imidacloprid + bifenthrin. •  Applications in the spring are preventative and should only be made on sites with a history of hunting billbugs.



Hunting Billbug •  To control larval populations apply insecticides 6 weeks after the adults become active. At this point the larvae are in the root zone and are the most vulnerable. Be sure to water the insecticide in after application to insure insecticide movement through the thatch.



Fall Armyworms



• http://bugguide.net/node/view/5360



The Sugarcane Beetle (Euetheola humilis) Discovers Turfgrass



Description •  Dull black and ½ inch long •  Forelegs modified for digging –  Resemble carrot/rice beetles



•  White grub –  1 ¼ inch long with red head capsule



•  Nocturnal –  Attracted to lights –  Some on surface during day



• Tibia



Injury •  Turf damage related to fall population of adults –  Turfgrass going into dormancy –  Beetles preparing to overwinter



•  Possible structural pest –  Roofs, caulking of cars, windows or doors, brickwork, foam or insulation



Zoysiagrass



Sugar Cane Beetle control •  Adults are active during April and May and again in August through October. •  Synthetic pyrethroids such as bifenthrin, lambda-cyhalothrin, deltamethrin, cyfluthrin and others do kill the adults and reduce their abundance. Application late in the day is probably most effective given their night time feeding habits.



Bermudagrass Mites



Bermudagrass Mites



Bermudagrass Mites



Nematodes



Nematode Resistance



Nematode Resistance



Nematode Resistance



Nematode Resistance



Nematode Resistance



Nematode Resistance



Nematode Resistance



Nematode Tolerance



Herbicides



Herbicides



Herbicides



Herbicides



Herbicides



Herbicides



Herbicides



Herbicides



Herbicides



Zoysia Tolerance To aminocyclopyrachlor



—  Cavalier, Meyer, and Zorro are the most tolerant —  Emerald and Empire are intermediate —  All zoysiagrass cultivars had sufficient tolerance at the labeled rate



PGRs



PGRs



PGRs



PGRs



PGRs



PGRs



PGRs



PGRs



PGRs



Summary —  Bipolaris and Curvularia disease on bermudagrass is affected by temperature and cultivar susceptibility.



—  Spring dead spot incidence is highly variable among cultivars and yearly occurrence.



—  For some disease problems, preventative and curative controls are the same.



—  Zoysia cultivars vary in damage from hunting billbugs. —  Species and cultivar susceptibility varies in damage from fall armyworms.



—  Sugar cane beetle damage has been noted on zoysiagrass.



Summary —  Nematode resistance between species and among cultivars is highly variable and dependent on cultural and climatic factors.



—  Preemergence herbicide selection can impact



spring greenup on ultradwarf bermudagrasses.



—  Tolerance to postemergence herbicides varies by species and cultivar.



—  Selective PGRs can be effectively used on both ultradwarf bermudagrass and zoysiagrass cultivars.
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