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EXECUTIVE SUMMARY

Executive Summary
Areas covered by turfgrass can provide environmental benefits and enhance the quality of
life for people who play on them or enjoy their visual appeal. In addition to providing recreation
areas for local people, well-maintained and attractive turf areas are important to the critical
visitor industries of both Hawai‘i and Guam. It is important to note that golf courses and other
recreational facilities in both island entities are open 365 days, every year, unless severe weather
conditions or other emergencies force closure of a facility. This situation greatly impacts pest
management and other maintenance strategies. The economic impact of turfgrass maintenance in
Hawai‘i and Guam, and turfgrass production in Hawai‘i are not available.
Hawai‘i has fewer turfgrass pests than the continental US, but there are a diversity of pests
and pest management practices.
Weed control is the single most challenging problem of turf managers in Hawai‘i and on
Guam; Brosnan and Hollyer (2008) reported that weed management was the number one
challenge facing golf course superintendents in Hawai‘i.
Weed infestations are a sign of a weakened turfgrass stand. Insects, diseases, nematodes,
poor soil conditions, inadequate fertility, improper mowing, and insufficient watering can all
weaken a turfgrass, reducing density and vigor. Reductions in turfgrass density create voids in
the canopy in which weeds can become established.
Therefore, the best approach to minimizing pest problems is to employ appropriate strategies
to maintain a healthy, dense turf.
A work group consisting of turf managers, sod producers, university extension agents and
specialists, and other technical experts from Hawai‘i Island, Kaua‘i, Maui, Lāna‘i, O‘ahu and
Guam met on May 30 - 31, 2007 in ‘Aiea, Hawai‘i and July 11, 2008 in Kāne‘ohe, Hawai‘i to
identify the needs of turf management and production across the State of Hawai‘i and on Guam.
This exercise resulted in the following Pest Management Strategic Plan (PMSP), including
critical needs, general conclusions, and tables listing efficacies and toxicities of various
management tools for specific pests.
Top pest management priorities were identified and categorized as research, regulatory or
education needs. Research priorities were to: find controls for various grassy weeds and weeds
which have been managed using the cancelled herbicide, MSMA (registration status now
pending scientific peer review); find pest-resistant varieties of turfgrasses; determine the effects
of nutrient management on pest occurrence; determine pest management tactics, specifically for
use in seashore paspalum and ultradwarf bermudagrass; find controls for snails and aquatic pests;
and, find new insect control strategies—especially non-chemical controls—particularly for ants
and other newly-introduced insects.
Regulatory priorities were to: license quinclorac for use in Hawai‘i; secure an exemption
from the Jones Act to reduce costs of shipping and inputs; research salt as a potential herbicide;
and, streamline the process for importation of new turfgrass cultivars into Hawai‘i. Education
priorities were to: disseminate current information about turfgrass management and new
technologies; fund extension specialists to work with various aspects of turfgrass production and
maintenance; hire (replace) a turfgrass specialist at the University of Hawai‘i (see update, page 8,
below); better educate workers and supervisors about health and safety in the workplace in
appropriate languages; provide more information about Integrated Pest Management (IPM); and,
increase awareness of the Landscape Industry Council of Hawai‘i’s (LICH) Certified Landscape
Technician (CLT) program.
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WORK GROUP AND CONTRIBUTORS

Work Group and Contributors
A work group consisting of turf managers, sod producers, university extension agents and
specialists, and other technical experts from Hawai‘i Island, Kaua‘i, Maui, Lāna‘i, O‘ahu and
Guam met on May 30 - 31, 2007 in ‘Aiea, Hawai‘i and July 11, 2008 in Kāne‘ohe, Hawai‘i to
identify the needs of turf management and production across the State of Hawai‘i and on Guam.
This exercise resulted in the following document, including critical needs, general conclusions,
and tables listing typical activities and efficacies of various management tools for specific pests.
Workshop Participants
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Superintendent West Loch Golf Course, ‘Ewa Beach, O‘ahu
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Specialist Emeritus, University of Hawai‘i at Mānoa, Honolulu,
O‘ahu
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O‘ahu (now Assistant Professor, University of Tennessee)
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Farm Manager, Ameri-Turf, Kahuku, O‘ahu
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Reggie Hasegawa
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Associate Director, Western Integrated Pest Management Center,
University of California, Davis
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Entomologist, Department of Agriculture Honolulu, O‘ahu

Jim Hollyer

Workshop facilitator, Agriculture Development in the American
Pacific Project, University of Hawai‘i at Mānoa, Honolulu, O‘ahu
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O‘ahu
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Public Information Officer, O‘ahu Invasive Species Committee, Pearl
City, O‘ahu
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Associate Dean, Office of Cooperative Extension, University of
Hawai‘i at Mānoa, Honolulu, O‘ahu
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Workshop Recorder, University of Hawai‘i at Mānoa, Honolulu,
O‘ahu
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TOP PEST MANAGEMENT PRIORITIES IN HAWAI‘I & GUAM TURFGRASS PRODUCTION & MAINTENANCE

Top Pest Management Priorities in
Hawai‘i & Guam
for Turfgrass Production & Maintenance
(not listed in order of importance)
Research


Evaluate and determine efficacy of herbicides to control annual grassy weeds, in
particular: lovegrass, goosegrass/wiregrass, crabgrasses, and smutgrass



Evaluate and determine efficacy of herbicides to control kikuyugrass in bermudagrass

*

Evaluate and determine efficacy of herbicides to replace MSMA (cancellation pending)1



Evaluate and determine efficacy of herbicides to control torpedograss and crabgrass



Evaluate and determine the performance of pest-resistant/tolerant varieties of turfgrasses



Conduct research for turf nutrient management and its impact on pest occurrence



Improve pest management strategies for seashore paspalum



Improve pest management strategies for ultradwarf bermudagrass



Evaluate and determine efficacy of molluscicides for snail and their control



Evaluate improved management practices for aquatic pests



Develop and evaluate nonchemical strategies to control insect pests



Develop and evaluate controls ants and newly-introduced insect pests



Develop and evaluate controls for torpedograss and crabgrass.



Research use of salt as a herbicide

Regulatory


Obtain an exemption from the Jones Act (to lower costs of inputs and shipping from the
continental U.S.). (The Merchant Marine Act of 1920 (P.L. 66-261), also known as the
“Jones Act,” is a United States federal statute which, among other purposes, regulates
maritime commerce in U.S. waters and between U.S. ports. Section 27 of the Jones Act,
deals with coastal shipping and requires that all goods transported by water between U.S.
ports be carried on U.S.-flag ships, constructed in the U.S., owned by U.S. citizens, and
crewed by U.S. citizens and U.S. permanent residents.)



Allow salt to be used as a tool for grassy weed management in seashore paspalum.



Register quinclorac (Drive) for use in Hawai‘i



Easier process to get new turfgrass cultivars into the state
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TOP PEST MANAGEMENT PRIORITIES IN HAWAI‘I & GUAM TURFGRASS PRODUCTION & MAINTENANCE
Education


Obtain, organize, and disseminate up-to-date information about turfgrasses and
management technologies



Develop sustained funding for UH turfgrass researchers and/or specialists

*

Immediately hire a UH turfgrass researcher and/or specialist2



Provide education opportunities for workers, superintendents, and supervisors about
health and safety in the workplace and in appropriate languages



Provide education about IPM tactics and strategies for turf management



Expand awareness of the Landscape Industry Council of Hawai‘i’s (LICH) Certified
Landscape Technician (CLT) program

* Updates
1

Registrations for uses of MSMA on turfgrass (golf courses, sod farms and highway rightsof-way) had been cancelled, effective December 31, 2012 (with use of existing stocks
permitted for these turf uses until December 13, 2013). A portion of the voluntary
cancellation request was conditional upon the convening of a public scientific peer review
process that would address the mode of action for carcinogenic effects of inorganic arsenic.
Because the peer review process has not yet occurred, the cancellations of the sod farm, golf
course, and highway rights-of-way uses were improperly finalized. Therefore, these uses
remain registered and registrants have submitted labeling removing the restrictive statement
prohibiting use of the product on sod farms, golf courses, and highway rights-of-way after
December 31, 2013. The U.S. Environmental Protection Agency (EPA) and the MSMA
registrants agreed to include the National Academy of Sciences (NAS) as the peer review
body. The report from NAS is scheduled for completion in late 2015. EPA has postponed
any decision regarding the phase-out of the turf uses of MSMA until the NAS review is
complete and EPA has analyzed and responded to the NAS report.

2

The University of Hawai‘i at Mānoa hired Zhiqiang Cheng as Assistant Specialist in Turf &
Landscape Pest Management in May 2013.

~ ~ ~ ~ ~ ~ ~ ~ ~ ~
* These changes have occurred since the workshop was held in July 2008.
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General Hawai‘i and Guam Turf Information
In addition to their visual appeal, grass covers provide environmental benefits such as preventing soil erosion, releasing oxygen into and removing pollutants from the atmosphere and
muffling sound. Turf also cushions the surfaces of playgrounds and athletic fields. Extensive
lawns, golf courses, and other recreation areas represent important investments in land management and development. Appropriate pest management practices help protect these areas and the
investments they represent, and sustain them as places in which it is pleasant to work, reside or
relax.
Data describing the economic impact of the turfgrass maintenance industry in Hawai‘i are
not available. The turfgrass maintenance industry, which includes golf courses, hotels, playgrounds, parks, government agencies, cemeteries, and other areas, comprises a relatively
important segment of the landscape industry, whose value is also difficult to track. In 2003, Cox
estimated that the total gross sales for landscape service firms and total expenses for in-house
landscape services (golf courses, resorts, government agencies) was nearly $500 million. Inhouse landscape services for golf courses were estimated to be $49.88 million in 2002, slightly
less than what the hotel industry spent ($53.79 million) on in-house landscape services. Today’s
value would certainly be higher if only because there are more golf courses and hotels now than
in 2002. In 2008, Brosnan and Hollyer reported that there were 9,537 acres of golf course turf in
Hawai‘i, almost twice the acreage that was reported for 1987 (5,719 acres).
Guam is a small island with nine golf courses and approximately 20 hotels, including several
large resort hotels. Because of its proximity to Asia, the visitor industry is important to Guam’s
economy, and golf courses and attractive accommodations are important contributors to Guam’s
tourism.
In 1992, Brennan et al. reported that, in Hawai‘i, most turfgrass pesticides were applied to
greens and tees on golf courses. This use pattern was confirmed by the participants at the 2007
workshop for this PMSP. Greens and tees are of particular concern because of potential pesticide
exposure to golfers. However, these areas represent a small fraction of the total acreage of any
golf course. Chemicals applied to fairways and roughs are also of concern because of potential
exposure to residents who live adjacent to golf courses.
Hawai‘i also has an important turf production industry. The National Agricultural Statistics
Service (NASS) does not track sod production in Hawai‘i as a separate industry. However, the
landscape plant and sod production sub-category has been increasing its contribution to
Hawai‘i’s floriculture and nursery plant production sector, growing from 19% in 2003 to 30% in
2010-2012. (However, overall sales of Hawai‘i’s floriculture and nursery products have been in
decline for the fifth straight year, after reaching a record high in 2007.) Hawai‘i produces sod for
local use and for export to Guam.
Production and maintenance of high-quality turfgrasses by Hawai‘i’s landscape and horticultural industries require an effective pest management program. It is interesting to note that
Hawai‘i has fewer pests of turfgrass than the continental U.S. Nevertheless, the wide variety of
pesticide products used on Hawai‘i’s golf courses is indicative of a correspondingly diverse
group of pests and pest management practices. It is important to note that golf courses and other
recreational facilities in Hawai‘i and Guam are open 365 days, every year, unless severe weather
conditions or other emergencies force closure of a facility. This situation greatly impacts pest
management and other maintenance strategies.
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Growing Regions

Relative Locations of Hawai‘i and Guam
Hawai‘i
Hawai‘i’s recreational facilities are available for use every day of the year because the state
is in the tropics, where the length of day and temperature are relatively uniform throughout the
year. The characteristic features of Hawai‘i’s climate include year-round mild temperatures,
moderate humidity, persistence of 9.4-18.6 mi/h northeasterly trade winds, significant differences in rainfall within short distances, and infrequent severe storms. For most of Hawai‘i, there
are only two seasons: "summer," between May and October, and "winter," between October and
April. Hawai‘i’s warmest months are August and September. Its coolest months are February
and March.
General characteristics notwithstanding, Hawai‘i’s daily conditions, including pest pressures,
are highly localized and more influenced by the variety of micro-climates found throughout the
islands. Rainfall, solar radiation, temperature, humidity, and wind all exhibit wide variations
over short distances.
Over the ocean around the Hawaiian Islands, rainfall averages between 25 and 30 inches per
year. The islands receive as much as 15 times that amount in some places and less than one third
of that in others. The differences between mean rainfall over short distances are dramatic. These
climatic differences would not exist if the islands were flat and the same size. Hawai‘i’s mountains significantly influence every aspect of its weather and climate. The endless variety of
peaks, valleys, ridges, and broad slopes gives Hawai‘i a climate that is very different from the
surrounding ocean, as well as climatic variety within the islands. The mountains obstruct,
deflect, and accelerate the flow of air. As a result, most of the islands have distinct windward and
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leeward systems of rainfall. When warm, tradewind air moistened by the ocean rises over
windward coasts, steep slopes and high terrain of the islands, clouds and orographic (mountain)
rains form. Orographic rainfall is effective throughout the year and supplies the bulk of
Hawai‘i’s water resources. Leeward areas, where the air descends after releasing its moisture,
tend to be sunny and dry. The leeward and other dry areas obtain their rainfall mainly from a few
winter storms. Therefore, these areas have clearly defined summers (dry) and winters (wet). In
the wetter windward regions, where rainfall comes from both winter storms and trade wind
showers, seasonal differences are much smaller. Additionally, in places sheltered by terrain, local
air movements are significantly different from winds in exposed localities.
Over areas at lower elevations, the average rainfall distribution resembles closely the topographic contours. Amounts are greatest over upper slopes and crests and least in the leeward
lowlands. On the higher mountains, the belt of maximum rainfall lies between 2,000 to 3,000
feet and amounts decrease rapidly with further elevation.
Another source of rainfall is the towering cumulus clouds that build up over the mountains
and interiors on sunny, calm afternoons. Such convective showers may be intense, but they are
usually brief and localized.
Hawai‘i's heaviest rains come from winter storms between October and April. While the
effects of terrain on storm rainfall are not as great as on trade-wind showers, large differences
over small distances do occur, because of topography and the location of the rain clouds.
Differences vary with each storm.
Frequently, the heaviest storm rains do not occur in areas with the greatest average rainfall.
Relatively dry areas may receive, within a day or a few hours, totals exceeding half of their
average annual rainfall.
At the opposite extreme, drought is not unknown in Hawai‘i, although it rarely affects an
entire island at one time. Drought may occur when there are either no winter storms or no trade
winds. If there are no winter storms, the normally dry leeward areas are hardest hit. A dry winter,
followed by a normally dry summer and another dry winter, can have serious effects. The
absence of trade winds affects mostly the windward and upland regions, which receive a smaller
proportion of their rain from winter storms.
Thus, it is the significant amount of variability of weather conditions that makes Hawai‘i a
state of micro-climates. Conditions may vary within small areas and within single entities such
as a golf course or a large recreational facility. These variations impact pest occurrence and
severity and applications of pest management strategies. In general, however, each facility is
located in an area that can be broadly characterized as either warm and dry or cool and moist.
Also, while not regions per se, the amount of resources available to individual pest managers,
the different uses, and the types of activity at a facility all affect pest management decisions. The
availability of resources determines the selection of turf species and pest management strategies,
both of which, in turn may impact pest pressures as well. Additionally, facilities such as high-end
resorts and private golf clubs may have less tolerance for pest damage than at facilities such as
municipal playgrounds, where the potential for exposure to users, especially children, is a critical
factor in selecting a pest management tactic and the determination of the threshold for applying a
pest control. Public recreation facilities or sports complexes may have less tolerance for pest
damage when they are hosting an important tournament.

PMSP FOR TURFGRASS IN HAWAI‘I AND GUAM ■ PAGE 11

GENERAL HAWAI‘I AND GUAM TURF INFORMATION: GROWING REGIONS

Lanai

Sod production
Hot and dry areas
Cool and moist areas

Hawai‘i’s golf, recreation and turf production areas.
Hawai‘i Island (the “Big Island”)
Hawai‘i Island was formed by the coalescence of five volcanoes: Kohala, Mauna Kea,
Hualālai, Mauna Loa and Kīlauea. Larger than all of the other Hawaiian Islands combined,
and, with higher elevations, the Big Island has more distinctive climatic zones and ecosystems
than its sister islands.
West Hawai‘i (Kona and South Kohala districts)
Warm and dry. The western side of the Big Island lies in the lee of Mauna Loa (elev.
13,678 ft, measured from sea level), the largest volcano on earth, when measured from the sea
floor. The leeward climate is very dry with 10 inches of annual rainfall and minimal stream
erosion. The growth in the Big Island’s tourism sector has largely been close to the coastline
in the Kona and South Kohala districts of West Hawai‘i. This area is home to several luxury
resorts and their associated golf courses.
East Hawai‘i Island (Hilo and Honoka‘a)
Cool and moist. The orographic effect of three large shield volcanoes—Mauna Loa,
Mauna Kea (elev. 13,796 ft) and Kohala (elev. 5,480 ft)—creates a lush region on the
northeast side of the island where annual rainfall is 60-160 inches.
Kaua‘i
Kaua‘i’s microclimates include temperate regions, dry sand dune complexes and lush
river valleys. Mt. Wai‘ale‘ale (elev. 5,148 ft) and Kawaikini (elev. 5,243 ft) mark the highest
points on the plateau of Kaua‘i which rises sharply above precipitous cliffs and is directly
exposed to trade winds. Moisture from the prevailing trade winds is trapped, creating vast
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amounts of rainfall and surface runoff which have carved deep canyons (such as Waimea
Canyon) and knife-edge ridges and steep-sided valleys into the island and the rugged cliffs
(such as the Nā Pali coast) which characterize some parts of Kaua‘i’s coastline. Much of Mt.
Wai‘ale‘ale’s average 444 inches of annual rainfall drains northwest to the Alaka‘i swamp,
one of the wettest places on earth. Kaua‘i is home to about 5% of the population of the state
and in 2010 almost 15% of Hawai‘i’s tourists visited Kaua‘i. There are some turf-based
recreation facilities which are located in areas which are closer to the coast and receive
considerably less rainfall, but, generally, are cool and moist. Along Kaua‘i’s north shore area
(not very far from the nearly inaccessible ocean cliffs of the Nā Pali Coast) is the popular
Princeville golf resort and residential area. The southern part of the eastern coast of Kaua‘i,
also cool and moist supports a resort and a few golf courses. Along the southern coast of the
island, the resort area of Po‘ipū, which features a championship golf course, is sunny and dry.
(The Po‘ipū area bore the brunt of Hurricane Iniki, the most devastating hurricane in the
recorded history of Hawai‘i, in 1992. Visitor arrivals for Kaua‘i did not return to pre-Iniki
levels until 2007.) The dry extensive Mānā Plain on the western coast of the island is not well
populated.
Lāna‘i
Hot and dry. Lāna‘i is a small island of 140.6 square miles which is hidden from the trade
winds by the West Maui Mountains, across the ‘Au‘au Channel on the nearby island of Maui.
The highest point of Lāna‘i is the summit of Lāna‘ihale (elev. 5,788 ft), where the annual
rainfall is 30-40 inches. However, this is a dry island. Over much of the rest of Lāna‘i, rainfall
is considerably less: 10-20 inches annually. Formerly known as the “Pineapple Island,” Lāna‘i
was once the home of a 16,000-acre pineapple plantation. The plantation closed in 1992.
Today, Lāna‘i is the site of two luxury resorts and their associated golf courses. One is located
in Lāna‘i City. Situated at nearly 1,700 ft, the average monthly temperature in Lāna‘i City
only reaches 72oF. The other is located on the southern shore of the island, which experiences
higher temperatures (approximately 10 oF) than Lāna‘i City.
Maui
Hot and dry. Maui was formed by two volcanoes, the West Maui Mountains and
Haleakalā, and the central Maui isthmus that bridges them. Maui also has a great diversity of
micro-climates. The highest point in the West Maui Mountains, at 5,788 ft, is Pu‘u Kukui that
rivals Kaua‘i’s Wai‘ale‘ale as one of the wettest spots on earth. Development, however, has
been concentrated in the hot and dry leeward (and more accessible) areas of the LahainaKā‘anapali region of the West Maui Coast and the Kīhei-Mākena area along the “South
Maui” coast.
Maui is the home of five sod farms, which produce seashore paspalum, St. Augustinegrass
and zoysia grasses. All are located in dry areas, but three are at higher elevations and,
therefore experience cooler year-round temperatures.
Moloka‘i
The commercial golf course on Moloka‘i has closed.
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O‘ahu
The Ko‘olau and Wai‘anae Mountains are the eroded remnants of two shield volcanoes.
These mountain ranges are aligned perpendicular to the prevailing trade winds and, therefore,
produce two distinctive windward and leeward climate regimes on O‘ahu. Annual rainfall
exceeds 250 inches annually on the crest of the Ko‘olaus. While leeward coastal areas receive
less than 20 inches of rainfall per year. A broad plain extends along the southern coast of the
island, from Diamond Head, past Pearl Harbor to ‘Ewa and Kalaeloa (Barber’s Point).
Between the two mountain ranges, in central O‘ahu, lies the Leilehua Plateau. The Leilehua
Plateau and ‘Ewa were once sites of sugarcane and pineapple plantations. Today, housing
developments and their associated golf courses and recreational facilities occupy (or are
planned to occupy) much of those lands. (One pineapple operation remains in central O‘ahu.)
According to the 2010 Census, 70% of the state’s population lives on O‘ahu. The Hawai‘i
Tourism Authority reported that, in 2010, 62% of all visitors to the state spent at least part of
their stay on O‘ahu. Therefore, O‘ahu is also the site of many recreation facilities. Many of
these are located in the hot and dry areas of Honolulu, ‘Ewa, central O‘ahu and leeward areas.
But some are also in the cool, moist areas including windward locations.
Five sod production operations are located on O‘ahu.
Guam
Guam is the southernmost, farthest east and largest island of the 15 islands in the Marianas
archipelago. The island is the westernmost territory of the United States (across the International
Date Line and 15 hours ahead of Eastern Standard Time). It is approximately 3,800 miles southwest of Honolulu and 6,000 miles from San Francisco, but only about 1,500 miles south of
Tokyo. Located at 13°38’ N. latitude, Guam is only 900 miles north of the equator.
Guam has a tropical marine climate, characterized by a relatively uniform daytime high
temperature of approximately 81°F at sea level. The daytime temperature rarely exceeds 89°F
and the nighttime low rarely falls below 71°F. The average monthly humidity is near 76%, but
the humidity ranges from 65-100%, commonly exceeding 84% at night throughout the year.
There are two distinct seasons on Guam: a dry season from January to April and a rainy
season from July to November; May, June and December are transitional months. Rainfall can
vary widely from year to year. The mean annual rainfall varies from about 80 inches in the
central and coastal lowlands up to 110 inches on the uplands of the southern part of the island.
Easterly trade winds, usually between 4 and 12 mph are the dominant winds on Guam. From
November to April, they blow from the northeast at approximately 70 degrees. From May to
October, the winds are out of the southeast at approximately 95 degrees. During the rainy season
there is often a breakdown of the trade winds, due to westerly-moving storm systems which
result in winds coming out of the northwest at approximately 290 degrees. Except during major
tropical storms or typhoons, winds rarely exceed 24 mph. Small-scale storms, or squalls, can
occur year-round and with little warning. Typhoons are most common during September through
December, but they can occur at any time of the year.
The Mariana Islands all have a volcanic core, upon and around which limestone has been
deposited. Guam was formed by the union of the remaining peaks of two largely sunken volcanoes. The lava remains of the southern volcano fused with the older northern crater. Thus,
southern Guam is made up of volcanic hills that rise to a maximum elevation of 1,334 feet above
sea level. The central and northern sections of the island consist of a limestone plateau as high as
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600 feet with steep cliffs that drop to a narrow coastal shelf. Guam is 212 square miles and about
30 miles long and 8.5 miles wide at the widest in the northern part of the island and 11.5 miles at
the widest in the south. Much of Guam’s lush agricultural lands are in the southern part of the
island.

Golf Courses in
Northern Guam
Golf Courses in
Central Guam
Golf Courses in
Southern Guam

Locations of golf courses on Guam
Guam has three broad landform categories, each with their own set of soil parent materials.
The limestone and coral sand soils are generally high in calcium and neutral to moderately
alkaline in reactivity, whereas the volcanic soils are acidic to strongly acidic. The bottom-lands
soils derived from alluvium of volcanic and marine sediments material deposited are generally
slightly acidic to neutral in pH.
Northern Guam is composed of relatively flat limestone upland soils which are subject to
micronutrient deficiencies. It is mainly alkaline, shallow, and composed of well-drained cobbly
clay loam. Special management is needed to make these soils productive year round. Central
Guam is composed of rolling limestone hills and plateaus. Southern Guam is mainly acidic clay
soils in mountainous uplands that are deeply dissected by numberous rivers. Many plants do well
in these soils. Virtually all of the farming soils in the south are clay soils and are limited by
wetness during the wet season.
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In summary, Guam's soils are highly weathered, resulting in soils low in organic matter and
with minerals that have a low ability to hold nutrients. Nutrient cycling has put most of the soil
nutrients in the topsoil. Subsoils are often barriers to roots, low in fertility, and high in aluminum
toxicity. The majority of Guam's soils in the north are thin and have low resistance to
disturbance.

Turfgrasses for Hawai‘i and Guam
There are two major groups of species of turfgrasses: warm-season and cool-season grasses.
Warm-season grasses are adapted to day temperatures in the mid-80s to high 90s. Warm-season
grasses are C4 plants, in which photosynthesis is much more efficient than in C3 temperateclimate plants. Also, C4 plants use only one-third to one-half as much water to produce the same
amount of dry matter and, generally, they thrive in hot conditions. Warm-season grasses become
dormant when the soil temperature falls below 50°F, losing their chlorophyll and remaining
yellow or brown until the temperature returns to 50°F or higher. Thus, in essence, tropical
grasses are warm-season grasses that never become dormant and often manifest little tolerance
for cold stress.
Not surprisingly, most of the turfgrasses used in Hawai‘i and Guam are warm-season
turfgrasses. Only warm-season grasses are adapted at elevations below 3,281 feet in Hawai‘i.
However, there are some cool and moist or higher elevation areas in Hawai‘i, where cool-season
turf may be selected. Paspalum, zoysia, and Bermudagrass are the primary turfgrasses used on
golf courses in Guam.
In tropical settings such as Hawai‘i and Guam, establishment vigor is an important characteristic to consider when selecting a turf species. Species that establish quickly are desired because
competitive weeds may invade when turf establishes itself slowly.
Hawai‘i’s sod producers provide sod for turf installations in Hawai‘i and on Guam. Turf may
also be imported from the U.S. mainland or other countries. However, some cultivars of
turfgrasses are not available in Hawai‘i because quarantine restrictions prohibit them from being
imported into the state.
BERMUDAGRASS
Bermudagrass is one of the most widely used turfgrasses in tropical and subtropical regions.
These species produce a vigorous, low-growing turfgrass stand with high density and deep root
systems. All bermudagrasses tolerate a wide range of soil types, but they perform best in welldrained soils with pH between 6 and 7. Bermudagrasses grow best in full-sun conditions, and
most are intolerant of shade. Air temperatures between 85-100°F and soil temperatures between
75-95°F are conditions under which bermudagrass grows best. The minimum air temperature
required for growth is 55°F. Also, despite the relatively small (compared to temperate regions)
seasonal variations in weather conditions, these variations—especially in daily solar radiation
and temperature—may not be insignificant; there is a definite deleterious winter effect on
bermudagrass growth in Hawai‘i. At higher elevations in Hawai‘i, where temperatures below
55°F are found, bermudagrass may become dormant. For optimum appearance and turf health,
bermudagrass should be mowed at one inch or less using reel mowers. Mowing at heights above
1.5 inches using rotary mowers tends to create a thin turf prone to invasion by grassy weeds such
as Eragrostis spp.
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As of January 2008, not all common and hybrid bermudagrass cultivars are available in
Hawai‘i. However, in succeeding years, more should become available.
Common bermudagrass (Cynodon dactylon)
Common bermudagrass, overall, is a tough turfgrass. This species tolerates traffic and
drought stress; saline, alkaline and moderately acid soil; and many herbicides. But is prone to
thatch build up. Unlike hybrid bermudagrass, common bermudagrasses can be propagated by
seed, which is less expensive than vegetative propagation. Common bermudagrasses are
often used for home lawns, athletic fields, golf course roughs, and other utility areas. It is the
most commonly used turfgrass on athletic fields in Hawai‘i. Nitrogen is the nutrient that has
the greatest effect on bermudagrass quality.
The vigorous rhizomes of common bermudagrass, however, can invade areas where
bermudagrass is not wanted. Thus, bermudagrass may become a weed where different turf
species are desired.
Common bermudagrasses are also susceptible to some lawn insects, such as grass
webworm and lawn armyworm.
Common bermudagrass is produced in Hawai‘i.
‘No-Mow’ bermudagrass (‘Green Velvet’) (Cynodon dactylon)
As its name implies, this cultivar requires less mowing than other bermudagrass
cultivars. It resists some wear and tolerates saline and alkaline soil, some soil compaction
and drought. However, it is slow to establish and builds thatch. It also is susceptible to
several insect species and diseases.
Hybrid bermudagrasses
Hybrid bermudagrasses are the products of interspecific crosses of Cynodon dactylon and
Cynodon transvaalensis. These hybrids do not produce viable seed and must be propagated
by sprigs, stolons or sodding. Hybrid bermudagrasses offer improved levels of quality, density and color, as well as improved tolerances to the stresses of traffic, heat, and drought.
However, hybrids are more expensive to establish and have higher maintenance requirements.
Some bermudagrass hybrids are produced in Hawai‘i.
‘Celebration’ bermudagrass (Cynodon dactylon)
An Australian variety introduced into the U.S. Dark blue-green color, good strength
and wearability, drought and shade tolerant.
‘Sunturf’ bermudagrass (C. magennisii [C. dactylon x transvaalensis])
The first hybrid bermudagrass used in Hawai‘i was ‘Sunturf’, introduced in 1962.
This is a naturally occurring hybrid of C. dactylon and C. transvaalensis. It gained wide
acceptance and quickly replaced common bermudagrass in many situations. ‘Sunturf’ is
highly tolerant of salinity and exposure to salt spray, which makes it suitable for locations
near beaches. Since 1962, other new hybrid bermudagrass cultivars have been introduced
and are replacing ‘Sunturf’.
‘Tifway’ bermudagrass (Tifton 419) (C. dactylon x transvaalensis)
‘Tifway’ is the foundation of the “Tif” series of bermudagrass hybrids developed at
the USDA research station in Tifton, Georgia. It is a high quality turf that is extremely
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traffic-tolerant, recovers very rapidly, and requires moderate maintenance. ‘Tifway’ is
susceptible to insects and builds heavy thatch. It is best utilized on golf course fairways
and tees and on well-maintained athletic fields and lawns. This cultivar spreads faster and
is more resistant to sod webworms than ‘Tifgreen’.
‘Tifgreen’ bermudagrass (Tifton 328) (C. dactylon x transvaalensis)
‘Tifgreen’ is often used on golf courses and athletic fields. A grass that requires high
levels of maintenance, ‘Tifgreen’, when under proper management, can produce a beautiful lawn. It grows vigorously, resists wear, and tolerates saline and alkaline soils and can
withstand moderate acidity. However, ‘Tifgreen’ is very susceptible to some insects and
to sting nematodes, builds thatch and is vulnerable to injury by some herbicides.
‘Tifdwarf’ bermudagrass (C. dactylon x transvaalensis)
‘Tifdwarf’ is used regularly on golf course putting greens because of its dark green
color, high shoot density, and tolerance to low mowing heights (<1/8 inch). It is similar
to ‘Tifgreen’ but is darker, has denser sod and requires less frequent mowing. ‘Tifdwarf’
resists wear and tolerates saline, alkaline and moderately acid soils. It is susceptible to
grass webworms and other insects and diseases, builds thatch and is slow to recover.
‘Tifdwarf’ is a very high-maintenance grass.
‘Tifeagle’ bermudagrass (mutation derived from irradiating ‘Tifway II’ stolons)
‘Tifeagle’ is a high quality turf that can be maintained at 0.188 inch or less. The
characteristics of this turf are: good color under cooler conditions; good tolerance to
verticutting; a growth habit that is more rhizomatous than stoloniferous; excellent root
systems; and is genetically stable and not prone to off-types (mutations). Establishment
and maintenance are similar to ‘Tifdwarf’, but with more attention paid to thatch prevention. Thatch is managed with topdressing, verticutting, grooming and appropriate
nitrogen fertilization.
‘Miniverde’ bermudagrass (C. dactylon x transvaalensis)
A possible mutant of ‘Tifdwarf’; ‘Miniverde’ has very fine leaves, a rapid lateral
growth rate, improved stand density and uniform green color.
‘Champion’ bermudagrass (C. dactylon x transvaalensis)
A vegetative selection from Tifdwarf collected in Texas, ‘Champion’ often produces
greater root mass than ‘Tifeagle,’ has relatively low N requirement and thatch
accumulation comparable to ‘Tifeagle.’
‘Tifgrand’ bermudagrass (C. dactylon x transvaalensis)
‘Tifgrand’ is fine textured, has excellent shade and good drought tolerance, withstands traffic and recovers quickly.
ZOYSIAGRASS
Three different Zoysia species are produced in Hawai‘i: Z. matrella, Z. japonica, and Z.
tenuifolia.
Native to temperate regions of East Asia and the South Pacific, zoysiagrass cultivars have
been spread into subtropical regions and are commonly used in home lawns, golf course fairways, and other landscaped areas throughout Hawai‘i. Zoysiagrasses have a slow rate of
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establishment and growth compared to other warm-season turfgrasses, such as bermudagrass and
seashore paspalum. All zoysiagrasses tolerate stresses from shade and wear.
Zoysiagrasses are among the most drought-and heat-resistant of the warm-season turfgrasses.
The deep root system of a well-established zoysiagrass lawn allows watering to be conducted on
an “as-needed” basis. Zoysiagrass lawns are deeply irrigated (with consistent amounts of water)
when leaf blades show signs of wilt and not watered again until signs of wilt are apparent.
If maintained at heights greater than 2 inches, most zoysiagrasses will form a puffy, tufted,
dense turf with a deep thatch layer. This type of lawn is very difficult to mow, and, consequently,
can be “scalped” (mowed too low) very easily. Mowing with dull blades causes tearing and
bruising of leaf tissues, conditions which are associated with increased disease incidence.
Zoysiagrasses should be mowed with a reel mower at heights less than 1.5 inches. Thatching and
invasion by weeds is likely in zoysia turf maintained at high mowing heights. Usage of rotary
mowers is not recommended due to the need for a low mowing height and the fibrous nature of
the turf.
A mature zoysiagrass stand that is not mowed will form a spongy, dense, multi-tufted carpet
6-10 inches thick, depending on the cultivar. This type of growth can be very useful in low maintenance areas such as median strips and for groundcover in ornamental gardens.
Periodic removal of thatch with a vertical mower is necessary to properly maintain a healthy
zoysiagrass stand. Vertical mower blades penetrate into the surface, removing thatch buildup at
the soil-turfgrass interface. Debris (thatch) brought to the surface after vertical mowing can be
raked, vacuumed, or blown off, but its removal is essential.
Dethatching results in major damage to the turf (ripping, tearing, and scalping). Therefore, to
limit the period of recovery after dethatching, it should be done only when the turf is most
actively growing, during spring and mid-summer.
While a select number of Z. japonica cultivars can be established from seed, the majority of
zoysiagrass cultivars are propagated vegetatively by sodding, sprigging or plugging. Sprigging
zoysiagrass can be difficult because the stolons of some cultivars can be difficult to harvest, and
many do not contain enough vegetative nodes to be viable. Plugging is the most common
establishment used in Hawai‘i. After planting, the plugs are lightly rolled to minimize mounding
and thoroughly irrigated. Inadequate irrigation is the most common cause of failed establishment.
Light, frequent irrigation (four to six times daily) is recommended until roots become
established.
Webworm is an important pest of this species, and there may be several webworm
infestations in one year.
Manilagrass (Zoysia matrella)
The various cultivars of manilagrass tolerate salinity and mild soil acidity. They are
tolerant of most herbicides and, when established, resist weeds. Manilagrass is prone to
attack by billbugs and rust fungi. It is slow to establish, builds thatch and forms some
mounds. This grass requires a heavy-duty mower to maintain. All Z. matrella species must be
vegetatively cultivated. Manilagrass requires good drainage.
‘Emerald’ zoysiagrass (Z. japonica x tenuifolia ‘Emerald’)
This cross was intended to combine the color, texture, and density of a Z. tenuifolia
parent found on Guam with the cold hardiness and aggressive growth rate of a Z. japonica
parent found in Korea. The growth rate of ‘Emerald’ is greater than most Z. matrella
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cultivars and it forms some mounds. ‘Emerald’ tolerates salinity, mild soil acidity and most
herbicides. It requires good drainage. ‘Emerald’ is susceptible to billbugs, dollar spot and
brown patch and, possibly, rust fungus. When well established, ‘Emerald’ will out-compete
weeds. The excessive thatch production of this cultivar will increase disease susceptibility if
it is not properly maintained. A reel mower is required for ‘Emerald’ maintenance. ‘Emerald’
can be purchased from Hawai‘i’s sod producers.
‘Meyer Z-52’ zoysiagrass (Z. japonica ‘Meyer’)
‘Meyer’ was developed in 1951 as an improved selection of Z. japonica. As the first of
the improved vegetatively propagated cultivars, ‘Meyer’ has been referred to as the
“standard” zoysiagrass. This cultivar produces no mounds, and tolerates salinity and mild soil
acidity, and most herbicides. When well established, ‘Meyer’ keeps out weeds. However,
‘Meyer’ is susceptible to billbugs, other insects, nematodes and diseases. ‘Meyer’ does not
thrive on poorly drained soils and requires good drainage. A heavy-duty mower is required to
maintain ‘Meyer’ properly. With proper management, ‘Meyer’ produces a quality turf.
‘El Toro’ zoysiagrass (Z .japonica ‘El Toro’)
‘El Toro’ is one of the products of Hawai‘i’s sod farms.
‘El Toro’ is commonly used in home lawns throughout Hawai‘i. The establishment rate
of ‘El Toro’ is two to three times faster than other cultivars. However, ‘El Toro’ does not
tolerate excessive traffic, recovering slowly. ‘El Toro’ tolerates salinity and has improved
shade and, with its deep root system, drought tolerance compared to ‘Meyer’. ‘El Toro’ may
have some issues with fungal disease; this turf should not be watered at night. Dollar spot can
be a problem on ‘El Toro’ under conditions of low nitrogen/potassium fertility and excessive
moisture.
‘Z-3’ zoysiagrass (Zoysia matrella x japonica)
‘Z-3’ is a hybrid that was selected in Hawai‘i. It is not used extensively on the continental
U.S. The growth rate of ‘Z-3’ is slower than that of ‘El Toro’ but faster than ‘Emerald’ and
most other zoysiagrasses. ‘Z-3’ forms a dense stand and produces a quality turf with proper
management. ‘Z-3’ can invade other plantings and forms some thatch.
ST. AUGUSTINEGRASS (STENOTAPHRUM SECUNDATUM)
St. Augustinegrass is one of the products of Hawai‘i’s sod production industry.
Native to the coastal regions of both the Gulf of Mexico and Mediterranean Sea,
St. Augustinegrass is well adapted to both tropical and subtropical regions. In Hawai‘i, because it
is adapted to such a wide range of soils and environmental conditions, St. Augustinegrass is
commonly used in home lawns and other landscaped areas. The species tends to be shallowrooted and, therefore, does not withstand drought conditions as well as some other turfgrasses.
St. Augustinegrass is best used in shady areas protected from intense sun and heat.
St. Augustinegrass maintained in hot, dry and sunny situations is highly susceptible to attack by
chinch bug. It is prone to excessive thatch buildup when given large amounts of nitrogen
fertilizer and frequent watering. St. Augustinegrass has poor tolerance of wear, but is very shade
tolerant.
Pest problems with St. Augustinegrass can be significant. The major pest of this turfgrass in
Hawai‘i is the chinch bug. Other insects also attack St. Augustinegrass in Hawai‘i. This grass is
susceptible to various turfgrass pathogens and is sensitive to many postemergence herbicides.
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This low maintenance turf species is easy to establish vegetatively by sodding, sprigging (a
modification of traditional stolonizing), or plugging (the most common method in Hawai‘i).
St. Augustinegrass performs better in well-drained, fertile soils. Established St. Augustinegrass
should be irrigated on an “as-needed” basis, when leaf blades show signs of slight wilt. At this
time, they are irrigated heavily and not watered again until signs of wilt are apparent. Deep,
infrequent irrigation with consistent amounts of water helps the plant develop a deeper root
system and encourages greater resistance to pests and environmental stress. This grass produces
thick thatch and requires a heavy-duty mower. Unless the St. Augustinegrass cultivar is one of
the new ultradwarf varieties, it should not be mowed lower than 3 inches. Low mowing damages
the stolons and root system, opening the turf to invasion by weeds, eventually causing failure of
the turf. Low mowing contributes to thatch formation by killing stolons and forcing the grass to
regenerate amongst the dead material.
‘Floratine’
‘Floratine’ is, apparently, the most common variety grown in Hawai’i. This variety
was released from Florida Agricultural Experiment Station and has deep green color and
excellent shade tolerance.
CENTIPEDEGRASS (HUNANGRASS) (EREMOCHLOA OPHIUROIDES)
Centipedegrass is produced by Hawai’i sod production industry.
Centipedegrass is a common turfgrass in the southeastern U.S. mainland and Hawai‘i. It is
slow growing and adapted to low-fertility conditions. However, it has poor drought tolerance
and, although often confused with St. Augustinegrass, it has less shade tolerance than
St. Augustinegrass. Its slow recuperative potential and limited traffic tolerance make centipedegrass a poor choice for heavily used turfgrass areas such as sports fields and turfed walkways.
Centipedegrass also has poor salt tolerance and, therefore, should not be used in areas subjected
to salt spray, such as areas near beaches. This grass species is better adapted to heavy soils than
most of the other turfgrasses which are grown in Hawai‘i and performs well in moist, acidic,
coarse-textured (or moderately heavy) soils of low fertility. Centipedegrass performs poorly in
alkaline soils—incidences of iron chlorosis are common in soils with high pH. Centipedegrass is
sensitive to many herbicides, especially 2,4-D and arsenical-type ingredients such as MSMA.
Because of its low maintenance requirements, centipedegrass may be a good selection for
reduced-maintenance sites that have the appropriate environment. The cost to establish
centipedegrass may be fairly high. Seeding is the most common and least expensive method of
centipedegrass establishment. Centipedegrass seed is expensive and seed germination is generally low. However, the cost to establish a centipedegrass lawn is quickly offset by reduced
maintenance expenditures. Centipedegrass is also well suited for use in home lawns.
SEASHORE PASPALUM (PASPALUM VAGINATUM)
Hawai‘i’s sod industry produces seashore paspalum.
Seashore paspalum is a prostrate, perennial turfgrass indigenous to tropical and coastal areas
worldwide. It is highly tolerant of various environmental stresses. Morphologically, it is similar
to bermudagrass. However, compared to bermudagrass, seashore paspalum can form a higher
quality turf under reduced light conditions, in soils ranging in pH from 3.6 to 10.2, in waterlogged soils, in soils of varying texture and aeration and with fewer applications of nitrogen
fertilizer. It tolerates soil salinity levels as high as 54 dSm-1, a level at which most horticultural
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crops cannot survive. Seashore paspalum should be selected for coastal areas of Hawai‘i that are
affected by ocean spray.
Diversity within this species is significant: both coarse-textured (used for roadsides) and finetextured (used for golf courses and other landscapes) exist. Breeding efforts begun in the late
1990s at the University of Georgia have led to the development of improved cultivars for use on
golf courses, athletic fields, and other landscape areas.
Most warm-season turfgrasses can provide acceptable turf quality when irrigated with nonpotable water of appropriate quality. (This water is usually secondary-treated, filtered, and chlorinated effluent, called “R1” effluent water.) Nevertheless, restrictions on the use of potable
water for turfgrass maintenance are becoming more common. Consequently, the popularity and
use of seashore paspalum has increased throughout Hawai‘i. The improved salinity tolerance of
seashore paspalum compared to other warm season turfgrasses allows it to be irrigated with nonpotable water sources. As restrictions on potable water use increase, seashore paspalum use will
also increase. It is important to note that, in situations where non-potable sources of irrigation
water are used, increased vigilance by pest managers is required. Soil chemical properties need
to be monitored carefully and scouting for diseases, algae and other pests must be increased.
While not recommended, seashore paspalum cultivars can be irrigated with ocean water;
however, turfgrass quality will be lower than if the same cultivar was irrigated with potable
water.
Seashore paspalum cultivars are usually established by sprigging or stolonizing. Sprigging
utilizes both the underground rhizomes and aboveground stolons as vegetative sources of plant
material, while stolonizing uses only aboveground vegetative propagules. Establishment with
freshly harvested sprigs or stolons will enhance survival. Ideally, sprigs and stolons should be
planted within 48 hours after being harvested. Complete turfgrass cover is normally reached
within 2-4 months, depending on climatic conditions. Finer-textured ecotypes reach establishment faster than coarser ecotypes because of a greater node-to-volume ratio.
Seashore paspalum can be affected by various turfgrass pathogens. Different cultivars have
been observed to have different susceptibility to dollar spot. Susceptibility to leaf spot diseases
(Helminthosporium spp., Bipolaris spp., Drechslera spp.) and fairy ring has been observed in
Hawai‘i. It is also susceptible to decline syndromes similar in pathology to bermudagrass
decline. Insect damage from mole crickets, sod webworms, spittlebugs, white grubs, billbugs,
cutworms and fall armyworm has also been reported on seashore paspalum golf courses and
home lawns.
Seashore paspalum is very sensitive to many herbicides.
‘Seadwarf’
‘Seadwarf’ is a fine-textured, bright green cultivar with high shoot density used on golf
course tees, fairways, roughs, and greens, as well as on athletic fields and other landscaped
areas. This cultivar can be maintained at mowing heights of < 5⁄32 inch on greens.
‘Seadwarf’ is less susceptible to dollar spot than many other cultivars.
‘Seastar’
Like ‘Seadwarf’, ‘Seastar’ may be used from tees to fairways to roughs to greens, as well
as on athletic fields and other landscaped areas. ‘Seastar’ has upright blades. This cultivar
was released from the University of Georgia.
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‘Seaspray’
Like ‘Seadwarf’, ‘Seaspray’ may be used from tees to fairways to roughs to greens, as
well as on athletic fields and other landscaped areas. Ths is the only proprietary cultivar that
can be established from seed, but requires fresh (not salty) water for high-percentage
germination. ‘Seaspray’ is less susceptible to dollar spot than many other cultivars. This
cultivar is slow to establish.
‘Aloha’
‘Aloha’ was developed by the University of Florida. ‘Aloha’ is coarser (mediumtextured) than ‘Seadwarf’ and suitable for golf courses, athletic fields and other landscaped
areas. It is good for fairways at mowing heights of <0.5 inch.
‘Salam’
‘Salam’ is a very popular seashore paspalum cultivar in Hawai‘i. Released in the early
1990s, ‘Salam’ is a fine-textured, dark-green variety with high shoot density, suitable for golf
courses, athletic fields and other landscaped areas. It has increased susceptibility to dollar
spot. ‘Salam’ is typically mistaken for the “wild type” or “legacy” seashore paspalum present
in Hawai’i since in the mid-1970s.
‘Sea Isle 1’
Released by the University of Georgia in 1999, ‘Sea Isle 1’is fine-texturedand and
suitable for golf course fairways, athletic fields and other landscaped areas. ‘Sea Isle 1’ has
increased susceptibility to dollar spot in Hawai’i. ‘Sea Isle 1’ has good drought tolerance.
‘Sea Isle 2000’
‘Sea Isle 2000’ is suitable for golf course greens and tees, athletic fields and other
landscaped areas. This cultivar is fine-textured. It can be maintained at mowing heights of
<5⁄32 inch on greens. ‘Sea Isle 2000’ has increased tolerance to dollar spot.

Integrated Pest Management (IPM)
Until relatively recently, IPM was not widely used in turf management. Because of the
effectiveness of chemical pest controls and the relatively high value of certain types of
turfgrasses—especially golf course turf—turf managers had relied on pesticides. In response to
mounting evidence and growing concerns about environmental effects of pesticide chemicals,
turf managers increasingly employ IPM and communicate IPM practices used in their operations.
Properly utilized in turfgrass management, an IPM program will result in increased effectiveness
of pest control tactics, reduced use of chemicals, and, therefore, reduced risk of environmental
harm. Additionally, many turf managers in Hawai‘i have few resources and many are responsible
for recreational facilities where the public is in daily contact with the turf. For such managers,
expensive chemicals are unaffordable or present unacceptable risks to the public. IPM enables
them to better manage their pest problems, while maintaining turf that is visually appealing and
which provides a surface on which athletes and the general public can enjoy competitive sports
and recreational activities.

PMSP FOR TURFGRASS IN HAWAI‘I AND GUAM ■ PAGE 23

GENERAL HAWAI‘I AND GUAM TURF INFORMATION: INTEGRATED PEST MANAGEMENT
Turf managers are mindful of these tenets of IPM:
1.
The most effective pest control is a dense, vigorous, healthy turf. Weed invasion is
much less likely if the turf provides a dense, impenetrable cover. Many serious
turfgrass diseases only attack turf that is in a weakened condition. Although some
fungi and many insects are able to attack healthy turf, recovery from such attacks is
more rapid and complete than if the turf had been weakened prior to the attack.
2.
IPM is a containment strategy, not an eradication program. Particularly for insect pests,
the presence of potentially harmful species in the ecosystem is not only natural, but
low levels of pest populations—which do little or no observable damage—in many
situations have beneficial effects. Such benefits include serving as hosts for beneficial
organisms (parasites and predators) that attack them. This is not the situation for weed
pests.
3.
IPM maximizes natural control factors (physical and biological) by reducing
indiscriminate use of pesticides and environmental manipulations.
4.
Turfgrass managers must accept a certain level of loss or damage since pests are
managed in an economical threshold range.
5.
IPM does not eliminate the use of pesticides as a pest management tactic. Rather, the
objective of IPM is to use chemicals more wisely, which can mean less often and/or in
lower quantities.
Turf managers who practice IPM follow these steps:
1.
Define the management unit. The boundaries of the management unit are
characterized by patterns and movements of key pests and the local cropping system.
For example, the management unit may be a soccer field, picnic area, tee, green, rough,
fairway or the entire park or golf course.
2.
Identification of pest species and beneficial organisms. Positive, accurate identification of organisms in the management unit is necessary to maximize the probability of
securing biological, ecological, distribution, biological control, and pesticide resistance
information. Some of the organisms may be beneficial (parasites and predators) while
others may be pests or migrants through the area. An organism should be proven to be
a pest before it is identified as a pest. An organism may be a pest under some conditions in a particular area but not in other situations. (This is particularly true in turf
management, where one turf species may be the desired species at one site and a weed
pest in another, even a neighboring, site.) Pests interact with one another in the environment and these interactions may mitigate or exacerbate their effects on turfgrass.
Pests may be categorized by the magnitude of their importance. Identification of pest
status must be coupled with the action level (economic threshold).
Key pests are the perennially persistent species that require some pest management
action every season. In the absence of control, they frequently occur above the
management level. Usually, there are only a few key pests.
Occasional pests are relatively minor pests whose populations may increase enough to
cause significant damage to turfgrass at certain times or in specific areas. Their flareups are often due to disruptions in natural control, abnormal weather conditions or
mismanagement. IPM aims to prevent these occasional outbreaks.
Potential pests include the vast majority of invertebrate pests in an area. These
organisms do not cause significant damage or loss to turfgrass under prevailing
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3.

4.

5.

6.
7.

management practices. Care must be taken in the management of key and occasional
pests to avoid altering conditions so that potential pest populations do not explode and
become serious pest problems.
Migrant pests are highly mobile, non-residents that may migrate in and infest turfgrass
for short periods of time, often causing considerable economic damage. Locusts,
armyworms and birds can be migrant pests. Migrant pests are rare in Hawai‘i.
Non-pest organisms have no potential for becoming injurious to turfgrass. The effects
of these organisms are often beneficial in the turfgrass ecosystem by controlling pests,
recycling nutrients, pollinating crops, providing shelter and food for parasites.
(Approximately 99% of the insects and mites in turfgrass are non-pests.)
Develop a reliable monitoring system. Turf managers must design a sampling
method that is simple, accurate, and not time-consuming or overly labor-intensive. The
samples should be randomly selected and representative and should not interfere with
normal turfgrass management practices. The sample is the basis for the development of
the economic threshold or action level. As techniques for sampling and monitoring
pest populations become more accurate and reliable, understanding of the effect of
weather conditions, and interrelationships between the turfgrass in the management
unit and its pests increases.
Sampling procedures vary with the pest and turfgrass situation. Time, labor and other
economic factors make it necessary to develop practical sampling techniques for each
pest and unit involved. The high value of some turfgrass situations requires monitoring
of the areas frequently (at least every 10 days, but possibly more frequently, especially
if pest populations are observed to be increasing rapidly). Monitoring schedules may
need to be more frequent at facilities that use non-potable water for irrigation.
Action levels (economic thresholds). The action level is the density or population of a
pest at which an artificial control measure must be applied to prevent an economic loss
or excessive loss of aesthetic value of the turfgrass. Action levels are not static. Action
levels may vary with: the time of year; the stage of turfgrass development; the area
within a facility (for example, on a golf course, lower for greens than on fairways); or
planned activity level (lower right before a big event such as a tournament). Action
levels may be revised when there are new pests, new turf varieties, new management
practices or other changes.
Because many action levels have not been determined, there is a need to develop
action levels for many of the pests of turfgrass in Hawai‘i.
Utilizing natural control agents. Within a turfgrass cropping system, there are natural
control factors that are physical (temperature, humidity, air movement, exposure, soil
pH, etc.) or biological (host suitability, specificity, food quality, parasites, predators,
pathogens, etc.). These natural factors keep the vast majority of the pests under control.
Less maintained areas, such as roughs at golf courses may act as reservoirs for the
beneficial parasites and predators of the turfgrass pests.
Pesticide management. Judicious use of pesticide chemicals is the hallmark of IPM.
Prediction of risk and loss. Implementation of IPM is an educational process.
Prediction of loss and risk is based on data obtained by monitoring and cumulative
experience.
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8.
9.

Decision-making and action. Data obtained via monitoring, the existing conditions
and experience will guide the decision process that determines the action to take—or
not to take—to respond to a pest situation.
Evaluation and follow-up. Follow-up is necessary to evaluate the effectives of any
decision. This will assist in making better decision when similar conditions arise.
Records should always be made of the conditions, the actions taken and the results of a
pest management program. With experience, monitoring methods can be refined and
more appropriate decisions made.

Cultivar selection. The selection of the proper turf cultivar is a critical decision to produce
healthy turf. Many factors must be considered in order to select the correct turfgrass. The most
important factors are: type of use (ornamental lawn, golf course, sports field, playground, etc.);
location characteristics (sunny or shady, soil properties); desired appearance of the turf; and
characteristics and requirements of different turf cultivars. Characteristics of turf species to be
considered when making selection decisions are: level of maintenance required; establishment
vigor; leaf texture; appropriate mowing height; fertility requirements; wear resistance and
recuperative capacity; drought resistance; shade tolerance; traffic tolerance; tolerance of salt
stress; tolerance of soil acidity; heat tolerance; and pest resistance.
Bermudagrasses are frequently used on golf courses and athletic fields in Hawai‘i. Common
bermudagrass and the various bermudagrass hybrids each have characteristics which makes each
one of them better suited for different parts of a golf course or athletic fields.
Seashore paspalum should be selected over bermudagrass for coastal areas of Hawai‘i that
are affected by salt spray. Selection of seashore paspalum may also be indicated in areas where
there are restrictions on use of potable water for turfgrass maintenance. Zoysiagrasses are among
the most wear-tolerant of the warm-season turfgrasses, but they have poor recuperative potential
and, therefore, in the tropics, are not often used on high-traffic areas like athletic fields.
St. Augustinegrass, best suited for shady areas that receive little use and little maintenance, is
commonly used for home lawns and other landscaped areas. Centipedegrass is sometimes called
“the lazy man’s grass” and is increasing in popularity as a lawn and utility turf in Hawai‘i
because of its low maintenance requirements. Centipedegrass even seems to thrive with minimal
care in favorable environments.
Facilities such as golf courses may select different cultivars for different parts of the
facilities, depending on the type and level of activity and maintenance requirements in each area.
Sometimes different cultivars may be selected in adjacent areas, such as a primary rough (the
rough immediately surrounding the fairways, tees, greens, etc.) and a fairway of a golf course. In
such situations, encroachment of one turf onto the other can be a pest invasion and require the
use of an herbicide to remedy. The decision may be made to use the same turf in both areas to
eliminate the possibility of the encroachment by the invading turf, and, therefore, reduce the
need for herbicide applications.
Proper turf establishment and maintenance procedures are also needed to produce stands
of healthy turf. Specific details of these procedures vary with the cultivar and environment of
each facility, and often with different micro-environments within each facility. The activities of
site preparation, turf establishment and maintenance are discussed in the “Crop Stages”
section, below.
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Crop Stages
TURF PRODUCTION
Almost all warm-season turfgrasses can be sodded. Hawai‘i’s sod producers grow bermudagrass, bermudagrass hybrids, centipedegrass, St. Augustinegrass, seashore paspalum and
zoysiagrasses. Some producers also market stolons.
Pre-plant (Site preparation)
One of the goals of the preparation of a turfgrass production site is to avoid difficulties at
harvesting time.
If a farm grows more than one turfgrass cultivar, the different cultivars must be grown in
areas of the operation that are separated to prevent contamination of one cultivar by
another from an adjacent area. In the absence of a barrier such as a drainage ditch, a
minimum of eight feet of tilled or bare soil is required between grasses. A non-selective
herbicide such as glyphosate may be used to maintain bare soil.
With this goal in mind, site preparation activities proceed as for “recreational turf”,
below.
Planting (establishment)
With the obvious exception of establishment by sodding, the steps involved in planting
for turfgrass production are similar to those described in the “installation” section for
“recreational turf”, below. Turfgrass may be established either from seed or sprigs or
stolons.
For turfgrass production, where establishment is done using seed, it is critical to use
certified seed to ensure variety characteristics, good germination and to prevent the
introduction of weeds (including other turf species).
Growing
Irrigating/Watering
Proper water management is critical to turfgrass production, as it is to the maintenance of a stand of turf. Practices are similar; refer to the “irrigation/watering” section
on “maintenance of established turf” under “recreational turf”, below.
Mowing
Mowing may be the second most important cultural practice, after water management, for sod producers. Mowing helps control turfgrass growth and can assist in
management of broadleaf weeds. Sod fields are mowed on a schedule similar to that
of any well-maintained lawn. More details are in the discussion of mowing in the
section on “maintenance of established turf” under “recreational turf”, below.
Fertilizing / applying amendments
Fertilizing for turfgrass production serves to meet the needs of the plants for growth
following planting or after cutting of the prior crop. Nitrogen is the most important
nutrient for this growth. In general, higher rates and frequencies of nitrogen application reduce production time for a crop. However, excessive nitrogen application
results in excessive production of the leaves at the expense of the roots, thus reducing
the strength of the sod.
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Production economics also factor into fertilization practices. The appropriate balance
needs to be maintained between all the major and minor elements because the lack of
any nutrient may hamper production. Fields should be tested before planting and at
least yearly to regulate pH and nutrient levels to suit the particular turfgrass being
grown. Also, if there is a need or an anticipated need to fill many orders, fertilization
should be more aggressive to minimize production time. If sales are anticipated to be
slow, the sod should be fertilized less to minimize the fertilizer cost itself as well as
maintenance expenses such as mowing and watering.
Pest control
After the turfgrass has become established, pest management is done by nutrition
management and other cultural practices to promote healthy, competitive turf.
Practices include proper mowing and the application—generally limited to spot
treatments—of pesticides. Frequent mowing can provide adequate control of some
upright-growing broadleaf weeds that are intolerant of close mowing. Mowing should
be done prior to the seed head emergence of these weeds to prevent reinfestation from
seeds. Other broadleaf weeds, grassy weeds and sedges can be problems for turf production and may require applications of herbicides. Insecticide and disease treatments
should be limited to spot treatment on a curative basis.
Harvesting
Most turfgrasses have plentiful roots. A small patch of turfgrass may be made up of
thousands of individual plants. Each plant has its own fibrous root system intertwined
with hundreds of root systems from neighboring plants. Together, all these roots form a
dense mat that may be much thicker and stronger than the aboveground portion of the
turf. In general, the layer that is harvested, at approximately ¾ inches thick, is as thin as it
can be and still hold together with a minimum of soil adhering when cut. The thickness of
the soil removed during harvesting varies with turfgrass species. Thinner pieces of sod
are easier to handle, less expensive to transport and knit more quickly than thicker sod.
However, thin-cut sod is more susceptible to drought injury.
The most efficient sod harvests remove the smallest amount of soil. Soil conservation is
critical to ensure long-term productivity of the farm’s soil.
Some sod farms also harvest stolons (the aboveground vegetative propagules of grass
plants). Stolons are harvested from mature turf with a vertical mower. Stolons should be
kept moist after harvesting. Stolons are light, easily transported, and if refrigerated
remain viable for 2-3 weeks. However, most stolons are planted within a day of harvest.
Establishment with freshly harvested stolons will enhance survival. Ideally, stolons
should be planted within 48 hours of being harvested.
Postharvest
Field work (re-establishment)
For turfgrasses such as centipedegrass and St. Augustinegrass, which are to be reestablished from stolons, typically, a two-inch strip of grass is left between harvested
strips. After harvesting, the strips should be lightly incorporated into the soil by
rototilling and rolling to smooth the soil surface. This prevents the strip from forming
a bump that would interfere with mowing and other equipment.
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Delivery/export
After being cut, the sod should be transported to its destination and laid down as
quickly as possible. In tropical environments, sod that has been stacked for as little as
2-3 days dries out, turns pale green or yellow and loses its vigor. After 5-6 days,
stored sod usually is not useable, even if watered.
It is important to promote airflow through the harvested material to prevent the
buildup of heat. It is recommended that stockpiles be regularly turned (rotated) to
promote airflow and that the sod be stored in shady, moist conditions.
RECREATIONAL TURF (INCLUDES GOLF COURSES AND SPORTS/RECREATIONAL FIELDS)
Pre-plant (Site preparation)
Properly preparing the planting site is an important IPM process. Planning and
construction, which are appropriate for the intended activities of the facilities, are critical
to the success of the IPM programs, which are executed during the maintenance of the
facility.
Weed control
Weeds such as nutsedge with extensive systems of tubers and rhizomes are hard to
control and should be eliminated before turf establishment. At this stage, chemical
control with non-selective herbicides or fumigants is necessary. More than one
herbicide application may be necessary for complete weed control. Many herbicides
may be more effective when they are combined with mechanical control. Cultivation
such as plowing or disking should be followed by irrigation to allow weeds to
germinate. Then, herbicide is applied to eliminate the emerged weeds. Additional
rounds of this cycle may be repeated to deplete the reservoir of weed seeds and
propagules in the soil. If possible, to avoid bringing any more weed seeds to the
surface, the soil should not be disturbed prior to planting. Fumigants are more
effective than herbicides and eliminate not only weeds, but insects, diseases and
nematodes as well. Fumigants are extremely hazardous and applications must be done
by trained and certified individuals. New, more restrictive requirements are in place
for fumigant applications. Fumigants are used only for large installations.
Removal of rocks and rubble
Large rocks and other buried debris can interfere with turf growth and should be
removed from the root zone before establishing turf. In general, a few small rocks
(smaller than golf ball sized) will not negatively impact turf performance or maintenance and such small rocks can be left in place. However, for special projects, like
recreational or sports fields where specialized turf machinery is used, even a few
small rocks must be removed before planting.
Rough grading
A relatively smooth, firm surface for turf establishment is required for adequate
drainage of surface water and desired for aesthetic reasons. Where the natural terrain
is uneven, larger turf areas such as parks or athletic fields often require rough grading.
Golf courses almost always require rough grading. In rough grading, the topsoil is
usually removed, stockpiled, then redistributed over the newly finished grade. The
final contours of a turfgrass area should be both visually pleasing and functional, and
allow for the rapid removal of excess water. Golf course putting greens are a special
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situation. Greens have a subgrade that provides a firm base. The upper surface of the
subgrade should conform to the contours of the finished grade to provide a uniformly
thick root zone for the turf on the green. Tile drain lines are then installed, followed
by gravel and coarse sand layers. Finally, a customized root zone mix is applied. The
amendments are incorporated into the root zone mix before it is spread on the green
site.
Drainage installation
Effective surface and, sometimes, subsurface drainage rapidly removes water from
the root zone and can prevent many potential problems in turfgrass culture and
maintenance. Properly done, the site establishment phase includes planning and
constructing areas that will be highly utilized such as putting greens or tees, so that
water to these areas can be precisely managed. Where it is required, subsurface
drainage is installed prior to installing an irrigation system. Drainage is especially
important to golf course putting greens, where excess water must drain away rapidly,
so that play can resume quickly after a heavy rain. Disease development and soil
compaction are among the problems that occur if soil saturation happens during times
of intense play. However, golf greens must also be able to retain sufficient levels of
moisture and nutrients to avoid the need—and the expense—for continuous
application of water and fertilizers. The growth of algae and the development of black
layer (caused by anaerobic bacteria) are problems in poorly drained turf areas.
Soil modification
Soil provides moisture, air and nutrients to the turfgrass roots as well as physical
support for the plants. Agricultural crops are usually grown in the natural soil of the
location. Before planting turf, however, soil should be cultivated and, if necessary,
modified. Often, the soils under areas of turfgrass are artificial, built from material
brought from elsewhere. If the topsoil of the site is of poor quality—with poor texture
or very little organic matter—high-quality topsoil from another site should be brought
in. This new topsoil is spread over the surface and in a layer at least 4 – 6 inches
thick. After topsoil is modified or returned from rough grading, it should be left
undisturbed and allowed to settle for 1-2 weeks. (Any underground irrigation should
be installed prior to distributing or modifying of the topsoil.)
Again, golf course putting greens are a special case. Greens receive heavy traffic and
daily mowing and this combination of activities means that there is a high probably of
compaction if ordinary soil is used to construct greens.
Application of fertilizer and lime
Some soils in the tropics may be very acidic and require liming before turfgrass can
be established. A soil test determines pH and lime and nutrient requirements. If
needed, lime and phosphorous are applied and mixed into the soil before planting.
Potassium is also usually applied at this stage, although the timing is less critical than
for the other two amendments. Nitrogen should be applied only 1 or 2 days before
planting. Nitrogen which is applied earlier can be lost via leaching or volatilization
and can promote growth of competitive weeds.
Final soil preparation
In order to prepare the best possible environment for new turfgrass plants, the final
soil preparation should take place one day before planting. A forecast of strong rains
or monsoons (on Guam) dictates postponing the final soil preparation. The seedbed
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should be firm, moist but not wet, and free of clods, stones and other rubble. It should
be lightly tilled less than 24 hours before planting. If more time has passed since the
last tillage and weeds have germinated, young weed seedlings can be controlled by a
light application (25% of the label rate) of glyphosate, which can be applied as little
as a few hours before planting the turf.
Installation (establishment and grow-in)
The establishment phase of turfgrasses is perhaps one of the most critical phases. Proper
establishment minimizes the time required to achieve a satisfactory level of turfgrass
cover and quality. Failure to follow good establishment practices may make it impossible
to achieve adequate turfgrass quality later, which, in turn, will increase pest management
and turf maintenance problems.
After cultivation, turfgrass should be established as quickly as possible. Bare soil is
subject to erosion and general degradation, especially if heavy rainfall is experienced.
Additionally, thin, open areas, which result from failure of the turfgrass to establish,
provide avenues for encroachment of weeds.
Seeding
Most warm-season turfgrasses are propagated vegetatively. However, common
bermudagrass, centipedegrass and some types of zoysiagrass can be seeded. In the
tropics, the most important characteristic of turf seeds is germination rate, which for
practical reasons, can be negatively affected by the methods of shipping and storage.
Storage temperatures are critical in the tropics where, when exposed to the sun,
internal temperatures in metal containers, reach 140° F, high enough to destroy turf
seeds.
In Hawai‘i and Guam, seeding can be done at any time of the year, avoiding periods
of heavy rains and very dry weather unless reliable irrigation is available.
Seeding can be done by hand for very small areas, but various spreaders are used for
larger installations. Spreaders used for seeding are the same as those used for fertilizers and must be calibrated before use. In Hawai‘i, seeds are often sown with a rotary
spreader.
The germination rate of turfgrass seeds varies with the species and cultivar. Even
though germination rates of centipedegrass are low, seeding is the least expensive
and, so, the most common method of centipedegrass establishment. To establish
common bermudagrass, seeding is also cheaper than vegetative propagation. However, many seeded bermudagrasses do not provide the same level of quality as hybrid
bermudagrass cultivars. The germination rate for zoysiagrass is generally very poor.
However, seeds of many recently developed, proprietary cultivars are chemically
treated to produce an acceptable, uniform rate of germination. Significantly longer
germination and establishments rates for seeded zoysiagrass cultivars have been
observed in Hawai‘i than on the continental U.S.
It is desirable to obtain uniform coverage when seeding. The seeds of warm-season
grasses, in general, are very small, often slippery and usually dark in color, making
them invisible against the soil background. These characteristics make seeding warmseason grasses more difficult than seeding cool-season grasses. Any imperfections in
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the spreader’s gate opening can result in the loss of a large amount of expensive seed
before the problem is noticed. The solution is to thoroughly mix the seeds with dry,
preferably white, silica sand. Coral sands should not be used. The spreader should be
calibrated for the seed-sand mixture.
Turfgrass seeds should be planted very shallow. After seeding, the area is lightly
rolled or raked to promote seed-to-soil contact and a light (<1/4 inch) layer of
topdressing (e.g., soil, mulch, compost or hydromulch). Zoysiagrass seeds are
extremely sensitive to light and should not be completely covered with soil.
Seeds need moisture to germinate and should be kept moist until established. After
germination, seedlings that have begun to root but have not yet developed a root
system require consistent moisture or the entire planting may be lost. During the
establishment of seeded turf, light, frequent irrigation (four to six times daily) is
recommended in Hawai‘i. This irrigation regime is required until the root system
develops to the extent that water can be obtained from the underlying soil, at least two
to three weeks. The duration of time when this irrigation schedule is required varies
with the species of turf. After that time, irrigation should gradually increase in
volume, but decrease in frequency.
When establishing turf vegetatively and from seed, weed control will most likely be
needed.
Birds eating seeds may be a pest management problem.
Vegetative establishment
The vegetative means to establish turfgrasses are: sodding, stolonizing, sprigging and
plugging.
Sodding is the process of laying rectangles or long strips of established turf with
roots and a thin layer of soil attached. The sod is harvested, usually from a specialty
sod-production farm, for transplanting to another site. Sod is laid out in a brick-like
pattern. Gaps between sod pieces should be as small as possible to minimize opportunities for weeds to invade. Sod should be well watered immediately after being
installed and light watering continued until rooting is obvious, usually for approximately two weeks. The soil under new sod should be kept moist but not excessively
wet. Soil moisture can be monitored by curling back the corners of selected pieces of
sod. Nitrogen fertilizer is applied about 2-3 weeks after sodding. After about 4-5
weeks sodded turf can receive the same maintenance as mature turf.
Sodding is the most expensive method of installing turf, but it provides almost instant
turf that requires only daily watering during the early weeks of establishment.
Stolonizing is the process of spreading stolons instead of seeds. Many warm-season
turfgrasses do not produce viable seeds. For these grasses, stolonizing is the primary
method of turf establishment. Stolons are broadcast over the site. Light rolling is
recommended to improve the plant-to-soil contact. Then, a thin layer (<1/4 in) of
topdressing (soil, mulch, compost, hydromulch or sand) is applied to protect the
stolons from desiccation and being blown by wind. Approximately 15-25% of each
stolon should protrude above the soil; stolons must not be buried completely. The
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stolonized area should be watered and maintained in a similar way to that for seeded
areas.
Sprigging utilizes both stolons and rhizomes (underground lateral stems) as vegetative sources of plant material. The plant material is evenly broadcast over the area and
pressed into moist soil with a roller. The sprigged area should be watered and maintained in a similar way to that for seeded areas.
Plugging is the planting of small (2-4 inches in diameter or across) circular or square
plugs of sod. Small holes are punched in moist soil on a grid pattern of 6-14 inches. A
plug is placed in each hole and pressed or rolled down. The plugged area should be
watered and maintained in a similar way to that for seeded areas.
Specialized mechanical plugging equipment is available for use on large areas. For
smaller projects, plugging can be labor-intensive.
Disadvantages of plugging are slow establishment and the possibility of weed invasion before the grass grows to fill in the spaces between plugs.
Weed control
In tropical climates, weeds may be serious invaders of establishing turf. During both
seeded and vegetative establishment, control of broadleaf and grassy weeds and
sedges will probably be needed, especially for slow-growing species like zoysiagrass,
Maintenance of established turf
Irrigating/Watering
Irrigation management (the amount of water to apply, when to apply it and how much
to apply at once) is one of the most critical aspects of turf management. Proper water
management has a very strong influence on all aspects of turf growth and quality.
Irrigation requirements will vary, not only with weather conditions, but with soil type
as well. Moisture in the soil originates from natural precipitation or irrigation and is
held in the pore spaces between solid mineral and organic matter particles. The goal
of irrigation is to maintain sufficient soil capillary forces to prevent water drainage,
but not so much that it counteracts root water-absorption forces resulting in water
stress.
Over-watering is one of the most common problems encountered on golf courses in
Hawai‘i. Over-watering has many detrimental effects on turfgrass growth. Excess
water causes waterlogging of soils and reduces the soil oxygen necessary for root
growth and metabolism, increases soil compaction, leaches mobile nutrients (especially nitrogen) from the soil, increases the potential for pesticide leaching, and
results in soft, succulent turf growth which is susceptible to diseases and environmental stresses. Under-watering results in reduced growth and vigor, and, if the plants
are under moisture stress for too long, death of the plants. It is therefore extremely
important that good irrigation management be practiced.
Watering should be done in the early morning hours. This schedule will limit the
amount of time leaf tissue remains moist, and reduces the likelihood of disease
development.
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Water use rate will vary greatly from one area to another in a large operation, like a
golf course or a large recreation center, and the amount of water applied to individual
areas will have to be adjusted for environmental differences, such as slope, temperature, soil moisture holding capacity, the rooting depth of the turf, and the amount of
sunlight, wind and relative humidity. Only an experienced turfgrass manager who
closely observes all areas covered by the irrigation system is able to make the proper
adjustments to the system. The observation process and the resulting adjustments
must be continual practices because sprinkler output often changes due to nozzle
wear, changes in water pressure or other factors related to the quality of the irrigation
water.
Not all turf facilities or all parts of a single facility require irrigating. However, in the
hot, dry areas of Hawai‘i, irrigation is required for entire golf courses.
Irrigation water quality is an important concern for turf managers. The necessity to
conserve water resources in Hawai‘i means that very few facilities can use potable
water for irrigating and watering. Instead, they use “R-1” recycled water. R-1 water is
the highest quality recycled water that is oxidized, filtered, and then undergoes disinfection processes so that there is a significant reduction in microbial pathogens.
Nevertheless, use of R-1 water for irrigating turf does create or aggravate pest problems, particularly algae and diseases.
R-1 water may fluctuate in pH, salt and nutrient levels. Use of brackish or other nonpotable irrigation water may require that additional water, beyond the need of the turf
be applied in order to leach salts out of the root zone.
If irrigating with recycled water, quality tests must be conducted regularly. Frequency
of testing will depend on the uniformity of the water source. Water quality tests
should monitor the levels of carbonate/bicarbonate, pH, and heavy metals in the
irrigation water. When using recycled irrigation water, scheduling and subsequent
management should be done on a site-specific basis. Soil chemical properties also
need to be monitored carefully. The use of recycled water during establishment is not
recommended.
Seashore paspalum cultivars can be irrigated with ocean water; however, turfgrass
quality will be lower than if the same cultivar was irrigated with potable water.
Irrigating with ocean water is not recommended and should be done on a site-specific
basis. If ocean water is chosen as the source of irrigation water, multiple cultural
practices will be required in order to manage the turfgrass root zone appropriately. It
is important to irrigate with high volumes of water and regularly apply sulfur plus
lime or gypsum in order to keep salts from building up in the soil profile. Nitrogen
fertilization should be reduced, as the plants will utilize dissolved nitrates in the
irrigation water. Also, irrigating with large volumes of ocean water can cause nutrient
imbalances throughout the root zone.
In situations where non-potable sources of irrigation water are used, it is important to
increase scouting for diseases, algae and other pests.
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Fertilizing/applying amendments
The different turfgrass species have different fertilizer requirements. Over-fertilizing
of some species may even result in serious weed and insect problems.
The soil type plays a role in determining the frequency that fertilizing is required; turf
on more sandy soils require more frequent fertilizer applications than turf on clay
loam soils.
Soil pH has a great impact on the availability of many individual nutrients with each
nutrient being maximally available at its own optimum pH range. At other pH values,
the availability of the particular nutrient decreases and a deficiency of that nutrient
can be the result. On alkaline, coral soils or sodium-rich soils often found on tropical
islands, iron deficiency can be a common problem. The balance between soil pH and
nutrient availability can be very fine and, so, soil pH should be tested periodically and
maintained within the optimum range.
Because maintaining healthy turf is an important tool in turf IPM, nutrient management is discussed further, below.
Weed control
Weed control is practiced even in the parts of a facility that are less-manicured such
as the “primary rough,” the small area of rough surrounding the landing areas of
fairways. This is because weeds in this area may provide a seed source for weeds that
invade the fairways or more highly maintained turf areas. The action level for weed
control in areas such as roughs will be higher than other parts of the golf course.
Insect/Invertebrate and disease control
Insecticide treatments should be limited to spot treatment on a curative basis.
Insecticide applications may also be necessary in less maintained neighboring areas
such as a golf course primary rough to control severe insect outbreaks that may
spread to adjacent fairways or other more maintained areas.
Vertebrate pest control
Goats, feral pigs and mongoose may become pests of turf and recreation facilities
because they damage turf. These animals are controlled by physical removal.
Mowing
Smooth turf with an attractive appearance is the result of cutting the leaves of the
grass plants off at a uniform height. Turf which has been properly mowed with the
appropriate well-maintained equipment is usually denser; better able to access and
utilize water, nutrients and light; more resistant to invasion by weeds, diseases and
insect pests; more resistant to traffic damage and other stresses; and generally more
vigorous than turf which is mowed less frequently. Mowing is a very important factor
that affects turf appearance as well as its health.
Mowing, however, is stressful for turfgrasses, disrupting physiological processes and
producing wounds via which pathogens and other organisms can enter the plant. An
interesting ability of turfgrasses is that, unlike the world’s thousands of species of
wild and forage grasses, turfgrasses respond to the loss of leaf tissue by increasing
their density below the mowing height: when the stems (stolons, rhizomes and tillers)
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of the grass plants are cut; the cut stems produce more stems which produce more
roots of their own to draw water and nutrients from the soil to produce more plants.
For these turfgrasses, mowing is stressful, but not damaging if excessive leaf area is
not removed and the turf is maintained at a consistent mowing height. A dense turf is
the result.
Mowing requirements depend on a number of factors including use, cultivar, level of
maintenance, environmental factors such a light levels and growth rate. Turf on
putting greens is often mowed to a low height. In Hawai‘i’s golf industry as a whole,
there has been a demand for faster putting greens. Faster green speeds require lower
mowing heights; lower mowing heights tend to increase stress on the turf.
Variation in mowing requirements between cultivars within a species can be
considerable. Each turfgrass cultivar produces the best quality turf at a particular
mowing height. The proper mowing height and frequency are those that optimally
balanced between the desired appearance of the turf and the ability of the cultivar to
withstand mowing stress. A general rule for mowing frequency is to consider the
growth rate of the turf and to never remove more than one-third the height of the
grass during a single mowing. This prevents “scalping,” the removal of too much of
the green portion of the leaves, which can cause a significant decrease in turf density.
Proper mowing height is directly correlated with growth of the root system. Because
lower mowing heights decrease the leaf area available for photosynthesis, the plants
must rely on stored food reserves for some of their regrowth. As their food reserves
are depleted, growth, vigor and competitiveness decrease. Consequently, turf managers must increase maintenance activities such as irrigation frequency, fertilization and
attention to disease management.
Higher mowing height promotes greater root mass and greater rooting depth. Even a
small increase in mowing height can significantly increase total leaf area and the
photosynthetic capacity of the turf. More leaf-blade tissue also results in denser
shading of the soil, thus reducing heating of the root zone. Reduced soil heating
reduces root loss as well as the severity of root diseases. Increasing the amount of
leaf-blade tissue in the canopy also improves resistance to the mechanical stresses of
mowing and traffic.
However, if turf is mowed too high, fewer stems are cut. Fewer cut stems result in
less branching and the plant puts more of its energy into vertical growth. Turf density
then decreases. If this continues, bare soil becomes exposed. Low turf density is not
just an aesthetic issue. Bare soil is a favorable condition for the germination of weed
seeds and the development of a serious weed invasion problem.
Turfgrass which is not mowed frequently enough grows so tall that any subsequent
mowing removes too much of the leaves. The plants then must divert its carbohydrate
reserves from its roots to repair the damage and re-build leaf tissue to restore
photosynthesis as quickly as possible. This situation is stressful for the plants, and,
moreover, accumulates excess clippings that provide favorable conditions for disease
development and can harbor insect pests.
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Mowing frequency is dependent on growth rate. Growth rate is affected by weather
conditions, moisture, soil fertility and the natural growth characteristics of the
specific turf. The growth rate, combined with the general principle to remove no more
than about one-third of the leaf area, determine the proper mowing frequency.
Under hot and sunny conditions, with adequate moisture, tropical turfgrasses achieve
high rates of photosynthesis (the sunlight-powered conversion of carbon dioxide and
water to glucose, water and oxygen). However, warm-season turfgrasses are less
efficient at photosynthesis under low-light conditions than cool-season grasses.
During rainy periods, when increased cloud cover reduces light exposure, turf
managers must increase the mowing height to retain sufficient leaf surface area to
maintain an adequate rate of photosynthesis and prevent the roots from starving.
Further, high temperatures increase respiration (the breakdown of glucose which
releases water, carbon dioxide and energy, reversing the process of photosynthesis).
Therefore, a combination of warm and cloudy weather and excessive mowing can
result in depleted carbohydrate reserves and root death. This situation can occur in
tropical areas during the rainy season and is sometimes considered to be the biggest
challenge for tropical turf managers.
On Hawai‘i’s golf course fairways and other facilities, mowing is done early in the
morning to keep ahead of play. Clippings are returned to the turf. Mowing of wet turf
should be avoided if possible to reduce rutting and skidding of mowers that result in
bare areas.
Thatch control
Thatch is the layer of partially decomposed organic material, intermingled with living
grass stems and roots that accumulates between the soil surface and the green portion
of the turf. The presence of thatch indicates an imbalance between the amount of
organic matter produced by the turfgrass and the rate of decomposition. Thatch development is influenced by the turf species (some produce more thatch than others) and
the maintenance practices of the area.
A certain amount of thatch is desirable in most turf settings. A moderate thatch layer
decreases damage to turf where there is a great deal of traffic. Athletic fields where
soccer or football is played may benefit from thatch, which also serves as a shock
absorber when players fall on the turf surface.
On the other hand, excessive thatch is undesirable. Thatch interferes with water and
air movement into and throughout the soil, and provides a favorable environment for
certain insect and disease organisms. If thatch becomes dry, it may be very difficult to
rewet and actually sheds water like a thatched roof (the source of the name thatch).
Since thatch is the result of plant material being produced at a rate exceeding its
decay, cultural practices are the best method of thatch control. Thatch decay happens
primarily as the result of the activity of soil-borne microbes and earthworms. Practices that increase the activity of these organisms accelerate thatch decomposition.
Therefore, maintaining proper soil pH (neutral) for optimum soil organism activity,
good soil aeration and moisture (via moderate irrigation), and avoiding excessive
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posing fungi, are cultural practices which increase the rate of thatch decay. Practices
that reduce thatch production include moderate fertilization (particularly nitrogen
fertilization), moderate irrigation rates, irrigating deeply and less frequently, and soil
cultivation1, especially core aerification.
Vertical mowing, or verticutting, (using special mowers in which the blades operate
in a vertical plane to thin the turf and remove some of the dead organic matter) in
combination with core aerification and topdressing (topdressing is usually only
practiced on greens and tees) is the most effective method of correcting a thatch
problem once it is present. The process of vertical mowing places considerable stress
on the existing turf canopy. Thatch correction should be done when the turf is
actively growing so that recovery is rapid. Vertical mowing can expose weed seeds,
and application of a preemergence herbicide within a week of vertical mowing should
be considered.
Compaction correction
Soil compaction is a reduction in soil volume that occurs when soil particles are
pressed closer together and the soil increases in density. Compressing forces such as
vehicular and foot traffic create soil compaction. Compaction reduces pore volume
and redistributes pore sizes in the soil. These changes affect many other physical
properties of the soil such as aeration, water retention, drainage and physical impedance to root growth. The moisture content of compacted soil may be higher, but the
water may be held so tightly that its availability to the roots is restricted. Smaller pore
sizes are often accompanied by a loss of pore continuity, thus decreasing rates of
water infiltration and percolation, and oxygen diffusion. The results are a restricted
root system due to oxygen deficiency in the root zone, a shallow-rooted, unthrifty
turf, reduced turfgrass density and increased susceptibility to environmental stress
and diseases.
Compaction increases soil strength, especially when the soil is dry. The mechanical
resistance of compacted soil also significantly limits the growth of deep roots and
reduces turf drought-resistance.
Soil compaction resulting from motorized golf carts and/or turf maintenance
equipment can become a problem on fine-textured soils with high clay content.
Compaction tendency increases on wet soils.
Soil compaction can be reduced by proper management practices. On golf courses,
restrictions can be placed on the use of motorized golf carts. Mowing equipment and
golf carts should be kept off turf surfaces when they are wet. Maintaining proper
mowing height will encourage adequate shoot growth to cushion traffic. Irrigation
should be done infrequently enough to allow the soil surface to dry between
waterings. Installation of adequate drainage will facilitate the removal of excess
water.
1

Wiecko (2006) explains that “cultivation,” when used in the context of turf management, refers to activities beyond
tilling of soil. Turf management cultivation practices indicate mechanical processes to loosen the soil, break up
undesired soil layers, remove thatch, and simulate root growth as well as to modify the soil surface. Cultivation
includes such techniques as coring, slicing, spiking, forking, water injection, verticutting, top-dressing and rolling.
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Soil compaction is alleviated, in part, by core and deep-tine aerification or slicing
equipment. Some of these operations can be disruptive to the surface of the turf. The
frequency of aerification is determined by the turf use patterns as well as environmental variables such as moisture and soil type.
Soil compaction is also affected by soil chemistry. Calcium, magnesium, and sodium
levels/ratios have an effect on soil particle aggregation and response to mechanical
compaction forces. Deleterious conditions frequently revealed by soil chemical
analysis include low calcium levels, high magnesium levels and high sodium levels.
Correction of these soil conditions frequently improves soil texture and response to
mechanical interventions such as core aeration.
Replant/Renovation
Turf renovation or replacement is sometimes necessary at an existing facility. Mismanaged turf may have reached a poor condition such that routine cultural practices
would not be expected to improve it. Sometimes the decision is made to change
turfgrass species.
First, the existing turf and weeds in the area are killed, usually with a non-selective
herbicide such as glyphosate. If tough weeds such as nutsedge are present, multiple
applications of herbicide may be required, starting approximately 2 to 3 weeks
following the first application.
Specific herbicides for nutsedge control are labeled and recommended in addition to
glyphosate treatments being applied for renovation purposes. It should also be understood that certain grassy, as well as broadleaved weeds are less susceptible to being
killed by glyphosate applications and additional herbicides should be co-applied to
effect a more complete removal of existing weeds.
The normal establishment procedures are then followed.
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* New Research Project:
Light Exclusion for Weed/Pest Control and Turf Renovation
Turfgrass weed control in Hawai‘i is challenging. Many weed species traditionally
classified as “annual” act as perennials in Hawai‘i, competing with turfgrass throughout
the year for water, nutrients and light, and growing larger, more robust plants with
succeeding years. As a result, sometimes turf restoration/renovation is necessary.
Traditional turf restoration usually uses a non-selective herbicide (such as glyphosate) to
kill the existing weeds and turf. However, in some sensitive turf areas such as highprofile golf courses, public school fields, public parks, and private residences, nonchemical means of turf renovation are gradually gaining attention.
One of the non-chemical methods to restore turf and control weeds employs light
exclusion. Light is required by all plants to survive, and high light intensity is necessary
for germination of many common turf weeds in Hawai‘i such as crabgrass and
goosegrass. The light exclusion method works best in areas with high temperatures,
making it a feasible approach in Hawai‘i. When properly done, the top several inches of
the soil will heat up, which may kill most weeds, as well as some insects, nematodes and
soil pathogens in the top layer of soil. The high temperature and moisture under the
covering materials may also facilitate the decomposition of dead plant materials. This
project will provide research-based data to evaluate the application of this non-chemical
turf restoration and weed/pest control approach.
Existing turf areas heavily infested with weeds in the Magoon Research Station
(University of Hawai‘i, Mānoa) will be used for this research. A brief summary of the
major steps of this test of light exclusion weed/pest and turf renovation approach is
provided:
1. Cover existing weedy turf area for a certain period of time to kill off all above ground
portions.
2. Remove cover, and then remove dead weeds and turf (and re-establish the desired site
grade if necessary).
3. Fertilize to stimulate weed seed germination.
4. Allow for maximum weed seed germination and growth with overhead irrigation.
5. Cover the site a second time to kill newly emerged young weeds.
6. Remove the cover for second time and re-plant new turfgrass.
The specific objectives of this research are to:
1. Determine the best combination of factors to kill existing weeds and old turf (Step 1,
above).
2. Determine the most important combination of factors affecting weed seed
germination (Steps 3 and 4, above).
3. Evaluate the new turf for coverage and biomass accumulation, and weed pressure and
other pest incidences (overall project results).

~ ~ ~ ~ ~ ~ ~ ~ ~ ~

* This research project was initiated since the workshop was held in July 2008.
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Nutrition Management
Maintenance of healthy turf is key to efficient pest management. Properly nourished turf
develops a strong and healthy root system. A strong root system anchors the plants in the soil
and, very efficiently, absorbs water and nutrients that move from the surface. This indicates that
the most important pest management tool is nutrition management.
Fertilizer requirements vary with the cultivar of grass, the soil type, soil cation exchange
capacity, amount of rainfall and/or irrigation received, growing conditions, amount and type of
activity that happens on the turf, and the desired quality of the turf. Sufficient nitrogen (N) must
be applied to maintain turfgrass density, recuperative potential and color. Some sites, such as
bermudagrass fairways receive N fertilization throughout the year in Hawai‘i, although the
frequency and rate may be reduced in winter months (October through March) when the growth
rate slows because of cool, cloudy weather. The rate and frequency of N application depend
largely on the desired level of appearance and the source of nitrogen in the fertilizer. Slow
release N forms are more desirable than soluble N forms because the slow release forms reduce
the potential for leaching of nitrate to groundwater. Slow-release N forms also maintain a
steadier rate of turf growth because they do not produce large amounts of available N soon after
fertilization. Slow-release N products do not always behave in a predictable manner in a tropical
climate. For high-quality turf, consideration should be given to more frequent applications of low
rates of N. The source of soluble N can have an effect on soil pH as well. Ammonium-N tends to
acidify soil, while nitrate-N tends to alkalize soils. Lush, succulent growth of turfgrass that
results from excessive N fertilization is more susceptible to drought stress, wear stress and attack
by disease organisms. Turf managers should avoid excessive N fertilization.
The need for phosphorous (P) and potassium (K) fertilizer is generally less than for N. If soil
deficiencies of P and K are corrected at the time of turf establishment, and fertilizer with the
appropriate N-P-K ratio is used, then the P and K requirements should be met. Periodic soil
testing (annually or once every two years) should be done to determine the need for additional P
and K applications. P is an immobile nutrient that most turfgrasses have a lower need for compared to other crops. Excessive P can create problems with micronutrient deficiencies. High
analysis P fertilizers should not be used on a routine basis unless soil testing indicates a need.
Excessive P also pollutes waterways and bodies of water. Excessive P and K fertilization may
also increase weed encroachment into the turf.
On golf course putting greens, high quality, uniform smooth surfaces are required. This is
achieved by extremely close and frequent mowing which places severe stress on the turfgrass.
Rooting depth, carbohydrate reserves, wear resistance, ability to recover from injury, resistance
to diseases and resistance to environmental stressors are all adversely affected by close mowing.
Therefore, frequency of fertilization is generally higher for putting greens than for other areas of
a golf course or of any managed turf areas. Also, because putting greens, as well as tees, are
constructed of sand or mixtures dominated by sand, nutrient holding capacity on greens is usually low. The frequent irrigation generally practiced on putting greens results in leaching of
nutrients that move readily with water (particularly nitrogen). In Hawai‘i, because silica sand
must be imported, the sand used for putting green construction is usually coral sand which results
in putting green soils with high pH and creates conditions of reduced availability of certain minor elements, especially iron. Iron, the most commonly applied micronutrient to putting greens,
is very important in the formation of chlorophyll. Reducing the amount of N fertilization—while
maintaining sufficient N to support adequate recuperative growth—and increasing the frequency
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of iron applications enable the maintenance of an attractive green turf color without producing a
soft, succulent type of growth. The high soil pH situation also exists in Guam, so P is essentially
immobile. The remedy is to make sure lots of P fertilizer is mixed with the soil before planting,
depleting it over the years. Low P tends to reduce seed-head production, so Guam’s golf course
superintendents tend to favor low P levels.
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Pest Pressures and Control Measures
The remainder of this document is a pest-by-pest analysis of pest management in turfgrass
production and maintenance in Hawai‘i and on Guam. Key management practices and their
alternatives (current and potential) are discussed. Differences between regions and scenarios
throughout the islands are discussed where appropriate. Within each category, pests are ordered,
roughly, by economic importance, with the pests causing the most economic damage listed first.
Managers should report any unknown invertebrate pests to their local departments of agriculture
or extension agents.

Invertebrate Pests
Armyworms (Spodoptera mauritia)
The lawn armyworm (LAW) is found on all the major Hawaiian Islands and on Guam.
S. mauritia is a native of Southeast Asia, Indo-Australia, and the South Pacific. There are no
reports that this particular species of armyworm has been established in the continental U.S.
During the 1960s the armyworm was considered Hawai‘i’s most severe lawn pest, but
recently its populations have stabilized, possibly held in check by various parasites and predators. Armyworms feed on grass shoots and may cause extensive injury and remain one of the
most serious problems on bermudagrass lawns and athletic fields in Hawai‘i. Seashore paspalum
and zoysiagrass lawns are also particularly vulnerable to armyworm feeding. However, all of
Hawaii’s turfgrasses are susceptible to attack by this pest, which also feeds on sedges and
sugarcane seedlings.
Severe armyworm damage is characterized by a completely bare circular area, sharply defined by a front of undamaged turf. If there is a large population of actively feeding larvae, this
area of destruction may advance by about one foot in one night.
The larvae cause all of the damage to turf, and, therefore, are the primary target of armyworm pest management programs. The larvae go through several instars, in which its size, color,
and markings may change drastically. This part of the life cycle lasts for several weeks, with the
length of the life cycle depending mainly on temperature. In Hawai‘i, the lifecycles of these
insects are accelerated because of consistently warm temperatures. They are capable of completing at least five or six life cycles per year and are active year-round. On Guam, armyworms are
more active during the rainy season (July through December). In Hawai‘i, armyworms are especially active immediately after construction of a facility.
Armyworm overview
 Found on all Hawaiian islands and Guam.
 Active in Hawai‘i year round, especially soon after installation of new turf
 Most active on Guam July through December (rainy season).
 In Hawai‘i, the lawn armyworm is a serious problem mainly on bermudagrass, but it will
also feed on seashore paspalum and zoysiagrass.
 Severe damage characterized by a completely denuded circular area sharply defined by a
front of undamaged turf.
 With heavy populations of actively feeding larvae, this destruction may advance about 1
foot each night.
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Control measures (e.g., insecticides) are applied just after installation and during
maintenance.

Armyworm management practices
 On Guam, controls are applied when there are more than eight armyworms per 6 ft2.
However, this threshold has not been scientifically validated.
 There has been no threshold developed for armyworms in Hawai‘i. Control measures
(e.g., insecticides) are applied when physical damage is observed in the turf. Thresholds
can vary based on the level of turfgrass quality desired.
Cultural control (not stand-alone):
 Avoid thatch build up
Biological control:
Numerous natural enemies, including parasites and predators, occur in Hawai‘i. Often these
control agents naturally occur in sufficient numbers to effectively keep populations of turf
insect pests under control. With the exception of Steinernema carpocapsae (Millenium),
none of these controls are applied or intentionally released.
 Parasitic nematodes
o Steinernema carpocapsae (Millenium), an entomopathogenic nematode, is available in
Hawai‘i and can control pests such as armyworms and cutworms.
 Microorganisms
o A polyhedrosis virus (Borrelinavirus sp.) has been reported to attack LAW. The virus
has been observed in both young (second to fourth instar) and older larvae but was
more pathogenic to younger than older larvae. This virus was presumed to have been
introduced along with the host insect.
o A microsporidian, Nosema spp., was found in LAW eggs. It was highly infectious but
its impact on LAW populations has not been determined. (A fungus and a bacterial
disease of LAW have been reported in Australia and Sri Lanka. Neither of these two
microorganisms has been reported in Hawai‘i. Some of these microorganisms may
show promise as biocontrol agents of LAW.)
 Egg parasites. Two species of parasitic wasps (Telenomus nawai and Trichogramma
minutum) parasitize LAW eggs. Parasitism of eggs range from 20 to 80 percent. LAW
eggs are deposited in flat masses that are covered with light brown hairs from the tips of
the female’s abdomen. Each egg mass consists of several layers and may contain 600-700
or more eggs. It is thought that the hair covering and layers of eggs hinder parasitism.
 Egg-larval parasitoid. The braconid wasp, Chelonus texanum, was observed ovipositing
in LAW eggs. This parasitoid was introduced into Hawai‘i from Texas to control the
armyworm, Laphygma exempta. The wasp larva emerges from fifth or sixth instar LAW
larvae and pupates in a silken cocoon in ground litter.
 Larval parasites
o Larval parasitoids. One of the most important parasites of LAW larvae is the braconid
wasp, Apantales marginiventris. The parasitoid larva emerges from the host’s fourth
instar caterpillar and forms a white cocoon, which can usually be found on grass
blades. LAW caterpillars attacked by braconid wasps are usually killed before they are
half-grown.
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o Three species of tachinid flies, Chaetogaedia monticola, Achaetoneura archippivora
and Eucelatoria armigera, have been found parasitizing LAW larvae. When parasitized by one of these flies, the host is killed in the pupal or last larval stage. Because
the LAW is killed at a later stage in its life cycle, substantial damage to the turf may
have occurred before the LAW dies.
Predators
o Two species of ants, Monomorium floricola and the big-headed ant, Pheidole
megacephala, attack LAW egg masses. Big-headed ants also attack LAW larvae.
o Three species of coccinellid (ladybird) beetles, larvae and adults of Orcus chalybeus
and adults only of Cryptolaemus montrouzieri and Scymnus roepkei, have been
observed feeding on eggs of LAW.
o Although evidence is lacking, other insects, such as lacewing larvae and wasps may
also attack LAW larvae in turf.
o The giant toad, Bufo marinus, is believed to be a valuable predator of LAW because
its nocturnal feeding habits coincide with those of mature LAW larvae.
o Birds. The Indian mynah bird is a major vertebrate predator of LAW. For some
recreational scenarios, birds (e.g., feral chickens) are encouraged on established turf.
In other parts of the world, ducks, storks, cranes, herons, egrets, chickens and crows
have been reported to be effective predators of LAW. (For example, in Hawai‘i, birds
were found to suppress caterpillar numbers, thereby reducing the level of plant
damage on broccoli.)

Chemical control:
 Carbaryl (Sevin)
 Bifenthrin (Talstar, Wisdom, ProSect, Maxxthor, Baseline, Brigade, Capture, Onyx,
Onyxpro, Bisect, Menace, Up-Star, Bug Blaster, Masterline)
 Spinosad (Conserve, Entrust, Seduce, Come and Get It!)
 Bifenthrin + Imidacloprid (Allectus, Bithor, Atera)
 Bifenthrin + Clothianidin (Aloft)
 Cyhalothrin (Scimitar, Cyzmic, Surrender, Equil, Lambdastar, Demand, Patrol,
Lambda-CY, Optimate)
 Deltamethrin (DeltaGuard, D-fense, Suspend)
 Chlorpyrifos (Dursban, Lorsban, Insecticide III, Vulcan, Warhawk)
 Bacillus thuringiensis (Dipel, Crymax, Xentari)
 Trichlorfon (Dylox)
Webworms (Herpeto-gramma)
The grass webworm (GWW) is a major turf insect pest in Hawai‘i and on Guam. It is found
on all of the major Hawaiian Islands. It prefers bermudagrass lawns and kikuyugrass pastures but
has 13 other host grasses including seashore paspalum, centipedegrass and St. Augustinegrass.
GWW feeding injury spreads more rapidly on fine textured grasses than coarse textured ones.
Common bermudagrass and ‘Tifway’ bermudagrass are more resistant to its infestation than the
other host turfs. The grass webworm is not a serious problem on zoysiagrass in Hawai‘i.
The damage caused by the webworm is often mistaken for drought stress. Webworms eat the
grass blades and leave the veins, making turf appear scalped. The resulting turf thinning is often
accompanied by weed infestation.
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Webworms prefer sunny areas and are often found on south-facing or steep slopes where
conditions are warm and moist, with well-drained soil. Temperatures affect the life cycle of
GWW. At 76°F, the span from egg hatching to adult emergence averages 21.7 days. However, at
86°F, the period was shortened to 16 days. It is estimated that the optimum temperature for
development of GWW is above 88°F.
Webworm overview
 Found on all Hawaiian Islands and Guam.
 A particular problem during October/November for the wet sides of islands in Hawai‘i
and O’ahu.
 Occurs year-round in Guam.
 Consumes interveinal leaf area, making turf appear scalped.
 Often appears on sun-exposed slopes and embankments more often.
Webworm management practices
 Controls are applied just after turf installation, during grow-in and maintenance.
 Controls applied when feeding damage is evident.
Cultural control (not stand-alone)
 Nutrition management produces healthy turfgrass which allows turf better recovery from
webworm damage.
Biological control
Numerous natural enemies, including parasites and predators, occur in Hawai‘i. Often these
biocontrol agents naturally occur in sufficient numbers to effectively keep populations of turf
insect pests under control. None of these controls are applied or intentionally released. There
is very little data on the impact of vertebrate predators or the larval and pupal parasites.
 Parasitic nematodes
o Steinernema carpocapsae (Millenium), an entomopathogenic nematode, is available in
Hawai‘i and can control pests such as webworms.
 Insect parasites
o A small wasp, Trichogramma sp., an accidentally introduced species has been
observed parasitizing eggs of GWW in Hawai‘i. An average of two parasites per egg
has been observed in up to 96% of GWW eggs found between sea level and 2,000ft.
o Three parasitic wasps and one fly have been recorded attacking GWW larvae. Adult
tachinid flies, Eucalarotia arnigera, have been observed in a wide range of field
conditions, to be an effective parasite. The ichneumonid wasp, Cremastus flavororbitalis also ranked high in parasite emergence. The two other parasitic wasps are
Casinaria infesta and Metoeorus laphyginae.
o A single chalcid wasp has been reported parasitizing GWW pupa.
 Predators
o The big-headed ant (Pheidole megacephala) is the most common of the insect predators recorded feeding on GWW larvae.
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o Birds. In appropriate settings, turf managers may encourage birds on established turf
(e.g., feral chickens, mynah birds, cattle egrets, Brazilian cardinals, and the Pacific
golden plover [kōlea]).
Note: Mynah birds can damage greens when they forage for grubs; this problem
typically occurs from May to August in west Hawai’i Island.
o Head capsules of GWW have been found in the droppings of the giant toad, Bufo
marinus.
Chemical controls
 Carbaryl (Sevin)
 Imidacloprid (Merit, Bandit, Criterion, Hunter, Submerge, Touchstone, Zenith, Garant,
Dominion, Turfthor, Prothor, Turfthor, Malice, Mallet, Imidipro, Lada, ImiGold)
 Clothianidin (Arena)
 Chlorpyrifos (Dursban, Lorsban, Insecticide III, Warhawk, Govern)
 Spinosad (Conserve, Entrust, Come and Get It!)
 Bifenthrin + Imidacloprid (Allectus, Bithor, Atera)
 Bacillus thuringiensis (Dipel, Crymax, Xentari)
 Deltamethrin (Deltagard, Suspend, D-fense)
 Trichlorfon (Dylox)
 Cyhalothrin (Scimitar, Cyzmic, Surrender, Equil, Lambdastar, Demand, Patrol,
Lambda-CY, Optimate)
Frit fly (Oscinella frit)
Frit fly affects both common and hybrid bermudagrass. Frit flies can inflict serious damage
to turf. The larvae feed at the base of the succulent young leaves, causing the tips to yellow and
wilt. The older leaves, however, remain green. As the larvae continue to feed, the stem is
severed, causing the tip to wither giving the turf canopy a “witches broom” type appearance. For
golfers, it is often considered as a nuisance, because the adult flies hover over golf tees, greens,
and fairways and are attracted to white objects such as golf balls, towels, shirts, and golf carts. In
Hawai‘i, the warm climate conditions will likely produce more than the three to four generations
a year that have been reported in temperate areas. Frit fly damage has not been reported on
Guam.
This problem is most prevalent when the grass is actively growing (April to October); also,
when nitrogen is present, e.g., after a rain or fertilizing. To minimize this problem, fertilizers are
applied judiciously and using slow-release formulations.
Frit fly overview
 Found on all Hawaiian islands.
 Frit fly is a significant pest because it thins the grass canopy, making it easier for weeds
to invade those areas. Some feel that this is the number one pest on golf courses with
bermudagrass. The frit fly is also a pest in landscaped areas with bermudagrass. If left
unchecked, the damaged areas will quickly be invaded by weeds. This pest is expensive
to control. It appears that they tend to infest the same areas year after year.
 Problems are more severe on the dry side of the islands.
 A seasonal problem from March through October.
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Not known to be a problem on Guam.
Turf appears brown and dry, therefore can be confused for other stresses.

Frit fly management practices
 Controls are applied during maintenance.
 Insecticides are typically applied after adults appear.
Cultural control (not stand-alone)
 Mow grass as low as possible (0.5 inch or less).
 Avoid coarse textured, tall grasses in waste areas and borders.
 Optimize nutrition status of the turf.
 Monitor and adjust irrigation to make the environmental conditions undesirable to the frit
fly.
 Select a turf species that is undesirable to the frit fly.
 Trap crop with highly desirable turfgrass and treat with insecticides to reduce the
population.
Biological control
 None identified.
Chemical controls
 Imidacloprid (Merit, Bandit, Criterion, Hunter, Submerge, Touchstone, Zenith, Garant,
Dominion, Turfthor, Prothor, Turfthor, Malice, Mallet, Imidipro, Lada, ImiGold)
 Bifenthrin + Imidacloprid (Allectus, Bithor, Atera)
 Bifenthrin (Talstar, Wisdom, ProSect, Maxxthor, Baseline, Brigade, Capture, Onyx,
Onyxpro, Bisect, Menace, Up-Star, Bug Blaster, Masterline)
 Acephate (Orthene)
 Chlorpyrifos (Dursban, Lorsban, Insecticide III, Warhawk, Govern)
 Cyfluthrin (Tempo)
 Cyhalothrin (Scimitar, Cyzmic, Surrender, Equil, Lambdastar, Demand, Patrol,
Lambda-CY, Optimate)
Ants: big-headed ant (Pheidole megacephala); tropical fire ant (Solenopsis geminata)
Hawai‘i has no native ants. All species of ants are introduced to Hawai‘i and many cause
severe problems. They may ruin the appearance of lawns, golf courses, and parks with their
unsightly nests. They steal seeds from seedbeds and injure or defoliate plants. Also, they may
protect and spread other injurious insects, such as aphids, scales, and mealybugs. Two species of
ants that should be of special concern because of the intensity of their stings are little fire ant
(Wasmannia auropunctata) and red imported fire ant (Solenopsis invicta). Little fire ant is
established on the east side of Hawai‘i Island and has recently been discovered on Guam and
O‘ahu and Maui. (See “New ant pest: little fire ant” section, below). Red imported fire ant is
established in the southeastern United States. Both Hawai‘i and Guam are at risk for receiving
red imported fire ant in shipments of goods. Other species of ants already established in Hawai‘i
are especially annoying to humans when they bite and sting.
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The most common ant species causing damage to turfgrasses in Hawaii are the bigheaded ant
(Pheidole megacephala) and the common fire ant (Solenopsis geminata), known in Hawai‘i as
the “red ant.” Sweet-loving ants are also pests in parks and playground areas where park goers
leave attractants (e.g., soft drinks).
Ant overview
 Found on all Hawaiian islands and on Guam.
 Nuisance pest (i.e., produce mounds on golf course putting greens or bite humans).
 Cause problems year-round.
 On golf courses, ants like putting greens and tees, irrigation boxes, bunkers, and
fairways; essentially anywhere and everywhere.
 Ants also occur on recreational fields and parks.
 Harmful to ornamental landscape plants because they can farm other insects.
 Damage has not been reported on Guam.
 Two species of special concern due to ability to outcompete other ant species, completely
dominate lawns and golf courses, and deliver very painful stings are the red imported fire
ant and little fire ant. These species should be reported to local departments of agriculture
and extension agents immediately.
Ant management practices
 Controls are applied when people are bit, or when the ants start making mounds.
 Controls are applied in high priority areas.
 Control measures are applied during the maintenance stage.
 Monitoring and surveillance to detect the introduction or prevent the spread of red
imported fire ant and little fire ant. Managers should report suspected infestations of
either of these species to local extension agents and specialists or Hawai’i Department of
Agriculture specialists. Managers should not begin control until agriculture authorities
have been alerted. Both these species are high-priority species and resources for their
eradication can be made available.
Cultural control (not stand-alone)
 Remove decaying organic matter.
 Manage symbionts such as aphids, mealybugs and soft scales. (These insects secrete
honeydew on which ants feed. They may not be direct pests of turf and may occur in
adjacent landscape areas.)
 Sanitation: manage food sources/attractants of ants (e.g., soft drinks).
Biological control
 None identified.
Chemical controls
 Chemicals applied to manage other problems may have secondary benefits of managing
ants.
 Chlorpyrifos (Dursban, Lorsban, Insecticide III, Warhawk, Govern)
 Abamectin (Optigard, Award, Abathor, Advance, Ascend)
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Fipronil (Firestar, Maxforce)
Hydramethylnon (Amdro, Maxforce)
Hydramethylnon + S-Methoprene (Extinguish Plus, Amdro FireStrike)
Bifenthrin (Talstar, Wisdom, ProSect, Maxxthor, Baseline, Brigade, Capture, Onyx,
Onyxpro, Bisect, Menace, Up-Star, Bug Blaster, Masterline)

EMERGING PESTS: Since the workshop in 2008, these two ants pests have been first

reported in Hawai‘i (rover ant) or, as of the compiling of this document, have not become
important turf pests. It is anticipated that both ant species will become more important
pests in turf settings and may require application of controls.

~ ~ ~ ~ ~ ~ ~ ~ ~ ~
New ant pest: little fire ant (Wasmannia auropunctata)
The little fire ant (LFA) was first reported in Hawai‘i in 1999, and it has since
invaded a variety of agricultural sites, including nurseries, orchards, pastures, and
residential areas. Surveys for this species of ants are conducted periodically on a limited
basis, and the public has been asked to participate.
LFA are small (1/16 inch), slow moving, orange-red ants that have a burning sting
that may raise bumps that last for several weeks. It is an agricultural pest that is easily
dislodged during harvest or other work, which makes retaining agricultural workers in
areas infested with LFA difficult. LFA also nurture and protect populations of homoptera,
e.g., scales, aphids, mealybugs, etc. in exchange for their honeydew (food). LFA are
known to have negative impacts on many animals, including vertebrates (pets and
livestock) and invertebrates. LFA, in large numbers, may sting the eyes of pet cats and
other animals, resulting in blindness.
Control options are limited, and none exist at this time for control in organic plantations. Conventional ant baits that may be effective against LFA outside of Hawai’i may
not be effective under Hawai‘i’s humid conditions. The biology of this ant makes chemical control difficult. LFA forms supercolonies that may exceed 90 million ants per acre,
and each nest contains multiple queens. LFA can nest on the ground, in leaf litter, in tree
cavities or under bark, and in the canopy.
New ant pest: rover ant (Brachymyrmex sp.)
The rover ant alate swarms have been a seasonal nuisance at some of Hawaii’s golf
courses for the past several years, especially at Hualālai Golf Course/Resort on Hawai‘i
Island. Colonies are mainly formed in soil underneath turfgrass, bases of trees, and in leaf
litter. Alate swarms usually occur from May to August throughout the warm summer
months. The swarming ants are attracted to bright-colored objects such as white or yellow
shirts, and oftentimes drive golfers off the course. Standard treatments (e.g. neonicotinoids, chlorpyrifos, or bifenthrin) have not been very effective in previous trials
conducted by UH scientists.
On-going research at UH Mānoa is testing several new ant baits in the lab and field in
collaboration with Hualālai Golf Course to identify effective control methods of this
nuisance ant pest.
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White grubs/billbugs: hunting billbug (Sphenophorus venatus vestitus) and others
Root-feeding insects such as grubs and billbugs are direct threats to a turfgrass community.
(Grubs are beetle larvae, typically gray in color and c-shaped.) The hunting billbug
(Sphenophorus venatus vestitus) (HBB), a weevil, can cause visible damage in lawns, turfgrasses
and pasture grasses in Hawai‘i. Adults and larvae damage turfgrass. Young larvae feed on the
stolons, crowns and new leaf buds; older larvae attack the roots and runners to a depth of three
inches or more. Mature larvae may be found in the crown, just below the thatch or just below the
soil surface to a depth of three inches. Adults lay eggs at the crown.
Zoysiagrass and bermudagrass cultivars are the most impacted by billbugs. Large infestations
have occurred in bermudagrass greens and tees. St. Augustinegrass, centipedegrass and seashore
paspalum are also hosts of HBB. White grub damage has been reported on seashore paspalum.
Grub and billbug overview
 Adults and larvae damage turfgrass.
 Zoysiagrass and bermudagrass cultivars are the most impacted by billbugs.
Grub and billbug management practices
 Mating disruption
 Chemical controls are more effective with subsurface injection or when drenched in
thoroughly. Soil-applied insecticides are generally used in anticipation of egg laying.
Therefore, knowing the life cycle of these pests is critical to their control, and monitoring
for adult beetles using light traps will aid in deciding when to implement specific control
practices. Pitfall traps may be used for monitoring billbug adults.
 If one or more HBB larvae per square foot are found, the turf should be treated with an
insecticide.
Cultural control (not stand-alone)
 Monitoring with pheromone traps.
 Monitoring with black light traps.
 Avoid use of organic fertilizers.
 Remove adult food source (i.e. flowers on nearby palm trees).
 Avoid excessively wet areas in the turf.
Biological control
 Entomopathogenic nematodes
o Steinernema carpocapsae (Millenium), an entomopathogenic nematode, is available in
Hawai‘i and can control pests such as billbugs.
 Viruses and fungi
Chemical controls
Because of the cryptic habits of HBB, if one or more larvae per square foot are found, the
turf should be treated. Insecticide applications are indicated because of the lack of known
effective biological controls of HBB. For control to be effective, the chemical must reach the
larvae that are located in or below the thatch or under the surface of the soil. Pre-treatment
wetting or irrigation of the area will allow better penetration of the chemical to the depth of
the roots and the zone where adult and larval HBB exist. Spot treatment may be sufficient.
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Imidacloprid (Merit, Bandit, Criterion, Hunter, Submerge, Touchstone, Zenith, Garant,
Dominion, Turfthor, Prothor, Turfthor, Malice, Mallet, Imidipro, Lada, ImiGold)
Halofenozide (Mach 2)
Trichlorfon (Dylox)
Clothianidin (Arena)

Mites: bermudagrass mite (Eriophyes cynodoniensis) and zoysiagrass mite (Eriophyes
zoysiae)
Bermudagrass and zoysiagrass mites are eriophyid mites. Bermudagrass mite multiplies very
rapidly and requires only about 7 days to complete its life cycle.
Because mites are very small and remain hidden beneath the leaf sheath, they are identified
primarily by the symptoms of their damage. They cause characteristic damage in which the grass
blades turn light green or yellow and curl abnormally. The internodes shorten, the tissues swell,
and the grass becomes tufted so that small clumps appear (“witches’ brooms”). The grass loses
vigor, thins, and may die. Injury is more pronounced when the grass is stressed due to dry
weather or poor maintenance. Mites are attracted to stressed plants, and come in huge numbers.
Bermudagrass mite is sometimes a serious pest of bermudagrass lawns. The most severe
damage usually occurs to coarser varieties like common bermudagrass and various bermudagrass
hybrids. Zoysiagrass mites are more prevalent on finer textured zoysiagrasses (Zoysia matrella
and tenuifolia).
Mites are more prevalent in Hawai‘i than on Guam.
Mite overview
 More prevalent in Hawai‘i than Guam.
 Bermudagrass mite more damaging to coarser bermudagrass varieties.
 Zoysiagrass mites more prevalent on finer textured Zoysia (Zoysia matrella and
tenuifolia).
 Stunted yellow grass (Witches’ broom and rolled leaf blades).
 Can be confused with other stresses.
 Does not respond to fertilization or irrigation.
 Significant problem with ornamental landscape.
 Damage is worse in hot, dry, dusty weather.
 Can be spread from ornamental plants on to turf.
 Use of broad spectrum insecticide may cause mite populations to flare, because loss of
beneficial species.
Cultural control (not stand-alone)
 Keep plants healthy with proper cultural techniques, because mites favor stressed plants.
 Scalping to remove affected tissue.
 Replanting (sod production)
 Heavily water turf with a pressurized hose that will drown the mites, done on a regular
schedule (not allowing those that survived to recoup).
 Collect and destroy grass clippings from affected areas.
 Sanitization practices
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Biological control
 Predatory mites. (Avoid using broad spectrum insecticides.)
Chemical controls
 Bifenthrin (Talstar, Wisdom, ProSect, Maxxthor, Brigade, Onyxpro, Bisect, Menace,
Up Star, Bug Blaster II, Attain)
 Sulfur (Microthiol Disperss and fungicide products)
 Abamectin (Optigard, Abathor, Advance, Ascend)
Critical needs for invertebrate pest management
 Research
o Evaluate pheromones and traps for monitoring armyworm populations
o Seek biological controls for grass webworms and frit fly
o Evaluate different trapping methods for grass webworm
o Research and determine economic thresholds for grass webworms
o Evaluate efficacy of additional chemical control products for frit fly control, e.g.,
pheromones, insecticides
o Evaluate alternative trap crops for the frit fly
o Research and evaluate host preferences of the frit fly, e.g., new species and cultivars of
grasses susceptible to the frit fly
o Evaluate trapping techniques for frit fly control
o Survey ant species in Guam
o Research on alternative methods for controlling ants.
o Research on the sugar-loving ants.


Regulatory
o Red imported fire ant (Solenopsis invicta) mitigation plan if found/detected in Hawai’i



Education
o Educate clients about ants
o Develop and disseminate extension publications on biology, identification, and control
of the frit fly
o Develop and disseminate extension publications on biology, identification, and control
of webworms, grubs, and billbugs

INVERTEBRATE PEST MANAGEMENT OPTIONS
Analyses of chemical insect pest controls for turf production and maintenance in Hawai‘i and on
Guam. Key chemical tools (current and potential) are discussed. Differences between
regions/scenarios throughout the different islands are discussed where appropriate.

Chemical Controls
Note: only the chemical controls that are actually used, or for which relevant information has
been provided, are specifically discussed below. For all chemical invertebrate controls labeled
for use on turfgrass in Hawai‘i, see Appendix 1 and Efficacy Table, Appendix 2.
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Abamectin (Optigard, Award II, Abathor, Advance, Ascend)
 Efficacy
o Good against ants
 Resistance issues
o None observed
o Effective component to rotation program for ants
 IPM issues
o Broad spectrum
o May be hazardous to wildlife
 Other considerations
o Odorless
o Granular bait, easily applied
o Cost effective
o Can be washed away in heavy rains
o Not for immediate control
o Not labeled and registered for mite control on turfgrass
Acephate (Orthene, Pinpoint, Precise)
 Efficacy
o Good against frit fly
o Effective against armyworm and webworm (efficacy rate not specified)
o Effective against chinch bug (efficacy rate not specified)
 Resistance issues
o None observed
 IPM issues
o Good for rotation with pyrethroids and neonicotinoids (i.e., different MOA)
 Other considerations
o Must be used with proper water pH
o Strong odor
o Less toxic to fish and aquatic invertebrates
Bacillus thuringiensis (Dipel, Crymax, Xentari)
 Efficacy
o Excellent against armyworm in Hawai‘i
o Good against armyworm on Guam
o Effective against webworm (efficacy rate not specified)
 Resistance issues
o None observed
o Effective component to rotation program for armyworm
 IPM issues
o Target specific
o Low mammalian toxicity
o Replacement for high risk compounds
 Other considerations
o Reasonable cost
o Safe for applicator
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o Easily washed off
o Slow curative
o Possible photo degradation

Bifenthrin (Talstar, Wisdom, ProSect, Maxxthor, Baseline, Brigade, Capture, Onyx, Onyxpro,
Bisect, Menace, Up-Star, Bug Blaster, Masterline)
 Efficacy
o Good against armyworm on Guam; efficacy unknown against armyworm in Hawai‘i
o Good against frit fly
o Good against ants in Hawai‘i.
 Resistance issues
o None observed.
 IPM issues
o Non-selective
 Other considerations
o Some products are Restricted-use pesticides (RUP)
Carbaryl (Sevin)
 Efficacy
o Excellent against webworm
o Good against armyworm
o Good against grubs/billbug
o Good against chinch bug
o Good against ants
 Resistance issues
o Anecdotal evidence suggests there may be some armyworm resistance.
o Effective component to rotation program for armyworm
 IPM issues
o Non-selective; broad spectrum
o Kills beneficial insects
o Kills earthworms
 Other considerations
o Need to test/modify pH of water for spray solution (reduced efficacy against
armyworm, if pH is above 7)
o Inexpensive
o Curative
Chlorpyrifos Chlorpyrifos (Dursban, Lorsban, Insecticide III, Warhawk, Govern)
 Efficacy
o Excellent against armyworm
o Excellent against webworm on Guam
o Excellent against frit fly
o Excellent against ants
o Effective against Ruth’s grass scale, when mixed with iron and surfactant (iron lowers
the pH of the spray solution) (efficacy rate not specified)
o Used for webworm in Hawai‘i (efficacy rate not specified)
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Resistance issues
o None observed
o Effective component to rotation program for armyworm
IPM issues
o Non-selective; broad spectrum
o Kills beneficial insects
Other considerations
o Fast acting
o Cost effective
o Restricted Use Pesticide (RUP)
o Strong odor
o More possible hazards to applicator

Cyfluthrin (Tempo)
 Efficacy
o Good against frit fly
o Good against ants
o Good against sod webworm
o Good against armyworm
o Good against chinch bug
 Resistance issues
o None identified
 IPM issues
o toxic to fish and aquatic organisms
o non-selective
 Other considerations
o Restricted Use Pesticide (RUP)
lambda-Cyhalothrin & gamma-Cyhalothrion (Scimitar, Cyzmic, Surrender, Equil,
Lambdastar, Demand, Patrol, Lambda-CY, Optimate)
 Efficacy
o Good against frit fly
 Resistance issues
o None identified
 IPM issues
o toxic to fish and aquatic organisms
o non-selective
 Other considerations
o Some products are Restricted Use Pesticides (RUP)
Deltamethrin (Deltagard, Suspend, D-fense)
 Efficacy
o Good against sod webworm
o Good against army worm
o Good against chinch bug
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Resistance issues
o None identified
IPM issues
o toxic to fish and aquatic organisms
Other considerations
o Some products are Restricted Use Pesticides (RUP)

Fipronil (Firestar, Maxforce)
 Efficacy
o Good against ants
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Selective
Halofenozide (Mach 2)
 Efficacy
o Effective treatment of grubs (efficacy rate not specified)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Phytotoxicity possibility when sprayed on turf
o Effective component to rotation program but may conflict with maintenance of an
existing insecticide rotation
o Treatment efficacy is time sensitive – must be applied prior to first instar
Hydramethylnon (Amdro, Maxforce)
 Efficacy
o Excellent against ants
 Resistance issues
o None observed
o Effective component inrotation program for ants
 IPM issues
o Selective—species specific
o May be hazardous to wildlife
 Other considerations
o Low to no odor
o Granular bait, easily applied
o Cost effective
o More effective if used in bait containers
o May be washed away in heavy rains
o Photodegradable
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o Variable control time
o Owing to particle size, not effective where mowing clippings are removed

Hydramethylnon + S-Methoprene (Extinguish Plus, Amdro FireStrike)
 Efficacy
o Excellent against ants in Hawai‘i
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Selective
o Add powdered sugar to Extinguish Plus to enhance attractancy.
Imidacloprid Imidacloprid (Merit, Bandit, Criterion, Hunter, Submerge, Touchstone, Zenith,
Garant, Dominion, Turfthor, Prothor, Turfthor, Malice, Mallet, Imidipro, Lada, ImiGold)
 Efficacy
o Good against webworm in Hawai‘i
o Good against frit fly
o Good against Ruth’s grass scale
o Good against sugarcane scale
o Good against grubs
o Good against billbug
o Good against chinch bug
 Resistance issues
o Putative resistance in frit fly observed
o Effective component to rotation program
 IPM issues
o Low mammalian toxicity
o Replacement for high risk compounds
o Non-selective
 Other considerations
o Safe for applicator
o Systemic
o Expensive
o Maximum yearly application rate
Imidacloprid + Bifenthrin (Allectus, Bithor, Atera)
 Efficacy
o Excellent against frit fly
o Effective against armyworm (efficacy rate not specified)
o Effective against webworm (efficacy rate not specified)
 Resistance issues
o None observed
o Effective component to rotation program for armyworm
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IPM issues
o Non-selective; broad spectrum
o Kills beneficial insects
Other considerations
o Granular form requires restricted use permit (RUP).
o Fast acting
o Curative
o Expensive

Permethrin (Covert, Prelude, Astro, Dragnet, Perm-up)
 Efficacy
o Good against sod webworm
o Good against army worm
o Good against ants
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Some products are Restricted Use Pesticides (RUP)
o Toxic to fish and aquatic organisms
Potassium salts of fatty acids (M-Pede)
 Efficacy
o Efficacious against scales and mealy bugs (efficacy rate not specified)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o None identified
Pyriproxyfen (Distance)
 Efficacy
o Excellent against scales and mealy bugs in landscaped areas.
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o None identified
Spinosad (Conserve, Entrust, Come and Get It!)
 Efficacy
o Poor against armyworm on Guam
o Good against sod webworm on Guam
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Resistance issues
o None observed
IPM issues
o Non-selective
o Low mammalian toxicity
o Replacement for high risk compounds
Other considerations
o Safer for applicator
o Low to no odor
o Expensive

Trichlorfon (Dylox)
 Efficacy
o Good against webworm
o Good against army worm
o Good against grubs
o Good against chinch bug
 Resistance issues
o None observed
 IPM issues
o Excellent for use in rotation; not related to commonly used chemistries
 Other considerations
o Sensitive to high pH water
o May be less effective in high pH soils
o Label instructions concerning post-application irrigation must be followed for
maximum efficacy
o Toxic to aquatic organisms
o Limits on usage on golf courses
Potential invertebrate pest management tools and unregistered/new chemistries:
None identified.
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Vertebrate Pests
Rats
Chewing by rats damages electrical wires; a major cost to replace.
Feral pigs
Feral pigs rip or dig up the turf while foraging for food. To repair the damage caused by pigs
requires extra labor (sometimes more than hundreds of hours per month).
Birds
Mynah birds damage greens when searching for grubs to eat. Doves will eat seeds and
disturb newly vegetatively planted areas.
Goats
Goats walk through bunkers and eat landscape plants. They are found throughout the golf
course and resort area. They are transient, but not usually difficult to control.
Mongoose
Mongoose damage turf while foraging for grubs.
Chemical control:
 None.
Biological control
 None identified.
Other pest management aids:
 Physical removal (trapping) for rat control
 Physical removal (hunting or trapping and relocating) for pig and goat control
 Physical removal (trapping and relocating) for goat control
 Scare tactics for birds
Potential pest management tools and unregistered/new chemistries:
 None
Critical Needs for Management of Vertebrate Pests:
 Research
o None identified.


Regulatory
o None identified.



Education
o None identified.
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Diseases
Biotic diseases are caused by living organisms such as viruses, fungi, bacteria, phytoplasma,
and nematodes. Development of biotic disease requires a susceptible host, an infectious agent,
and suitable environmental conditions. Diseases can be reduced or eliminated if any of these
three factors are changed. For example, turfgrass managers should select grasses that are not
susceptible to certain diseases. They may also be able to manipulate shade, drainage, or wind to
create environmental conditions that are less favorable to disease outbreaks. Chemicals may be
used to stop the development of some infectious diseases; however, because healthy turfgrass
provides a less conducive environment for pathogen growth than weak turf, nutrition management to maintain healthy turfgrass is the key step in preventing infectious disease.
In the tropics, humidity within the turfgrass canopy is an important factor in disease promotion. (This is in contrast to temperate climates, where temperature, which affects the growth rate
of fungi, is a more important factor in development of disease.) After sunset, moisture within the
turf canopy increases and tiny water droplets may form on the leaves and remain until sunrise or
later. When canopy humidity is high and the rate of morning evaporation is slow, the span of
time when conditions are favorable for fungal growth is lengthened. Periods of wetness longer
than 12 hours are required for most fungal pathogens to grow and infect plant tissue. If actively
growing fungal structures are dried rapidly before the fungus has penetrated the plant surface, the
life cycle of the fungus is disrupted and disease does not develop. Therefore, management practices that shorten the period of leaf wetness reduce development of diseases; and those which
increase periods of leaf wetness can increase disease development. Turf managers should water
early enough in the day so that leaf surfaces will be dry before darkness. Additionally, air movement can be improved by measures such as spacing and pruning of nearby shrubs and trees.
Diseases of turf in Hawai‘i have presented chronic problems over the years. Inaccurately
diagnosing a disease may result in poor to no control of disease problems. Proper diagnosis of a
disease is necessary in order to apply the correct remedy. Some diseases are not easily distinguishable because symptoms of different diseases overlap. Also, symptoms associated with a
given causal agent can vary in different seasons of the year.
Diseases may be responsible for poor turf quality, but may not be the only cause; other
sources including insects, drought, excessive water, fertilizers or herbicides can cause problems
that resemble disease symptoms.
General Disease Control Tactics
While it is important to identify the pathogen that is causing a disease problem, there are
common practices that prevent outbreaks or limit, control or mitigate disease damage. The
practices listed in this section should be employed regardless of the specific disease of concern.




Nutrition management to maintain healthy turfgrass is the key step in preventing
infectious disease.
Consistently apply other good maintenance practices (mowing, watering, etc.) throughout
the year.
Designate equipment (e.g., mowers) for use in infected areas to reduce spread of
pathogens. (Not applicable for fairy ring control.)

Tactics that target specific diseases or their pathogens are discussed in the sections on each
specific disease, below.
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Specific Diseases
Dollar Spot (Sclerotinia homeocarpa)
The initial turf symptom of dollar spot is small circular areas about 2 inches in diameter that
may merge to form large, irregular necrotic patches. The spots usually occur over the entire
turfgrass stand. Turfgrass leaves appear water-soaked at first, later turn brown, and finally
become straw-colored. Fine, white, cobwebby hyphae may be seen in the early morning.
Conditions favoring the fungus include moderate air temperatures (60–80ºF), excessive
moisture, and an excess of thatch. This species of Sclerotinia produces a matrix of vegetative
hyphae (called stroma) that can survive for long periods of time in grass clippings, thatch or soil.
Thatch should be kept at a minimum to prevent disease outbreaks. Thatch can be removed by
vertical mowing and topdressing with sand or soil. Controlling thatch can improve drainage,
reduce drought and nutrient stress as well as remove sources of Sclerotinia inoculum.
Turf deficient in nitrogen tends to develop more dollar spot than turf adequately fertilized
with nitrogen.
Dollar spot overview
 Found on all Hawaiian islands and on Guam.
 A significant issue: occurs very frequently.
 Is a problem year-round, but appears to be more prevalent during winter months, or after
a rain, or during the seasonal transition period from wet to dry or dry to wet.
 Dollar spot is especially prevalent in seashore paspalum and creeping bentgrass (a coolseason turf which is rarely used in Hawai‘i).
Dollar spot management
 Control when visible symptoms appear.
 Control during maintenance stage.
 On golf courses, control measures are limited to putting greens and tees and high
visibility areas (e.g., clubhouse lawn).
 Maintain adequate fertility levels.
Biological control
 None identified.
Cultural control (not stand-alone)
 Species/Cultivar selection prior to planting
 Verticutting and top dressing.
 Deep, infrequent irrigation
 Minimize thatch buildup
 Remove morning dew
 Timing of irrigation of affected areas
 Clipping removal
 Supplemental nitrogen application as a curative
 Rolling greens
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Chemical controls
 Chlorothalonil (Daconil, CLT, CTN, Ensign, Initiate, Mainsail, Docket)
 Flutolanil (Prostar)
 Iprodione (26GT, 26019, Ipro, Tazz)
 Boscalid (Emerald)
 Thiophanate-methyl (3336, 26/36, 6672, TM, T-methyl, T-Storm, Allban, FungoFlo,
Transom, Incognito)
 Propiconazole (Banner Maxx, Colony, Dorado Procon-z, Propizol, Fathom, Fitness,
ProPensity, Strider)
 Propiconazole + azoxystrobin (Headway)
 Myclobutanil (Eagle, F-Stop)
 Vinclozolin (Curalan, Touché)
 Pyraclostrobin (Insignia)
 Mancozeb (Dithane, Fore, Manzate, Pentathlon, Protect, Roper)
 Triadimefon (Bayleton)
 Hydrogen peroxide (ZeroTol)
Critical needs for dollar spot management
 Research
o Develop a long-lasting soil amendment product impregnated with fungicide that can go
into aerification holes.
o Identification of specific pathogen species.
o Research nitrogen relationships in our climate.


Regulatory
o None identified.



Education
o Promote non-chemical cultural practices to reduce outbreaks.
o Educate end user of nitrogen efficiency.
o Thatch management

Fairy Ring (Lepiota morgani and other species)
Fairy ring may be caused by several species of Basidiomycete fungi (mushrooms or
puffballs); Lepiota morgani is the predominant species in Hawai‘i. A dark-green band of turf
develops in a circle or semicircle. Mushrooms need not be present but may occur during wet
periods following seasonal drought.
Fairy ring is usually considered among the diseases of turf, however, the effect on the turf is
indirect, rather than direct. These fungi obtain their nutrition from decaying organic matter such
as thatch. Fairy ring develops most frequently in soils high in undecomposed organic matter. The
fungi can cause the soil inside the band to become hydrophobic, consequently leading to the
development of an area of sparse, brown, dying grass, behind the band. Weed invasion is
common in these instances.
All turfgrass species are susceptible to fairy ring outbreaks.
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Fairy ring overview
 Found on all Hawaiian islands and on Guam, but different locations may have different
species.
 A significant issue: occurs very frequently and is hard to control.
 In Hawai‘i, fairy ring occurs during cool, wet weather.
 On Guam, occurs when weather changes from wet to dry and dry to wet.
Fairy ring control practices
 Control when visible (i.e., mushrooms or rings).
 Spot treating with wetting agents.
 Control during maintenance stage.
 Reduce organic matter.
Biological control
 None identified.
Cultural control (not stand-alone)
 Reduce irrigation.
 Calcium nitrate applications
 Humic acids
 Micronutrient program
 Wetting agents
 Aerate soil for better water infiltration.
 Verticut and other cultural practices to keep the turf healthy and vigorous
Chemical controls
Fungicides usually should be watered-in or applied in large volumes of water for better
results.
 Azoxystrobin (Heritage, Mika, Disease Control Pro)
 Flutolanil (Prostar)
o Applied at aerification along with wetting agents and watered in
Critical needs for fairy ring management
 Research
o Research soil drenching techniques (for Prostar applications)
o Biology of fungus
o Effectiveness of humic acid
o Rototill method of control
o Research into alternative control methods
o Research additional fungicides, e.g., orange oil


Regulatory
o Expedite label amendments for azoxystrobin (granular formulation) and flutolanil (in

water-soluble packaging) to reduce the amount of water used for irrigating greens or
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required for application. (See sections on azoxystrobin and flutolanil in “Registered
chemical disease controls,” below, for details.)


Education
o Organic matter management

Brown patch (Rhizoctonia solani)
This fungus, Rhizoctonia solani, lives in the soil. Brown patch appears as localized, irregular
brown areas of turf that start small but may grow to many feet in diameter. Grass leaves and leaf
sheaths turn olive-green, wilt, become light brown, and die. Portions of leaves may be yellow.
Stems, crowns, and roots may also be infected. In less severe attacks, the roots usually are not
infected, and the plants recover. Conditions favoring this disease are excessive thatch and mat
development, high temperatures (75–95ºF), high humidity, and soft, lush growth due to excessive nitrogen fertilizer. Prolonged periods of leaf wetness are necessary for severe damage to
occur.
Soil contaminated with these pathogens can be carried from one facility to another or from
one part of a facility to another part of that facility on shoes or equipment.
Rhizoctonia solani is principal pathogen, however R. zeae has also been found in Hawai‘i.
Brown patch overview
 Found on all Hawaiian islands and Guam.
 A problem on St. Augustinegrass.
 More of a problem during warm months in Hawai‘i and during the rainy season (July
through December) on Guam.
 Can be an issue on bentgrass (a cool-season grass which is used on a very small number
of facilities in Hawai‘i.).
Brown patch management practices
Biological control
 None identified.
Cultural control (not stand-alone)
 Manage fertility levels (avoid excessive nitrogen fertilizer applications).
 Avoid over watering.
 Improve soil aeration and water drainage.
 Reduce shading.
 Remove clippings(from putting greens).
 Remove dew.
 Irrigation scheduling (i.e. irrigate close to morning mowing)
 Increase drainage.
 Raise mowing height.
Chemical controls
 Chlorothalonil (Daconil, CLT, CTN, Ensign, Initiate, Mainsail, Docket)
 Mancozeb (Fore)—used on Guam
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Thiophanate-methyl (Cleary’s 3336)—used on Guam

Critical needs for brown patch management
 Research
o Understanding the susceptibility of new cultivars to Rhizoctonia outbreaks
 Regulatory
o None identified.
 Education
o None identified.
Pythium blight and root rot (Pythium aphanidermatum, P. splendens and others)
There are various names associated with Pythium diseases that indicate the different stages or
forms that these diseases can assume. Pythium root rot (also called “grease spot”) is the disease
that probably causes the most concern for golf course superintendents. This is because of the
short time span for the disease to reach epidemic proportions. Severe outbreaks, however, do not
occur very frequently (perhaps not even once in 2-5 years). Minor disease incidents may occur
more frequently.
Pythium blight results in rapid decline in shoot and root tissue. The disease damages the
crowns of the turf and tissues can have a dark (water-soaked, greasy, or oily) appearance.
Cottony mycelium may also be present.
Root rot associated with Pythium spp. occurs more frequently than the leaf blight phase.
Symptoms of root rot are almost indistinguishable from those of many other causes, both infectious and non-infectious.
Pythium prefers high moisture environments. The disease is easily spread through water
movement or mechanical practices. Large areas can become affected when drainage water from
surrounding areas run over or flood nearby areas. In such cases, whole greens, for example, can
be lost in just a few days.
Pythium overview
 Pythium spp. cause turf diseases with a variety of names, forms and symptoms.
 Root rots are the most common form and cause the most concerns.
 Severe outbreaks are uncommon.
 High moisture environments are conducive to Pythium.
 Pythium is easily spread via water movement or mechanical practices.
Pythium management practices
Biological control
 None identified.
Cultural control (not stand-alone)
 Reduce shading.
 Improve soil aeration.
 Improve soil drainage.
 Implement a deep, infrequent irrigation strategy.
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Improve air circulation.
Avoid excessive nitrogen or over-watering.
Highly susceptible to movement on equipment; disinfect equipment.
Irrigate near time of morning mowing.
Remove dew in susceptible areas.

Chemical controls
 Fosetyl-Al (Signature, Aliette)
 Mefenoxam (Subdue, Apron, Ariel)
 Propamocarb hydrochloride (Banol, Proplant)
Critical needs for Pythium management
 Research
o Identification on warm season turfgrasses like seashore paspalum


Regulatory
o None identified.



Education
o Identification on paspalum

Drechslera/Bipolaris/Curvularia leaf spots
Diseases caused by these pathogens cause similar symptoms. These symptoms can involve
leaf spots, blotches, eye spots and crown and root rots. Initial spots begin as a pin-point, purplish,
somewhat water-soaked spot. As spots enlarge the center becomes necrotic then turns brown, tan
or grayish. Leaf blotches occur when a spot enlarge or two or more spots coalesce. Often the first
symptom observed is a decline that results in thinning of the turf.
Fungal spores need high humidity and a fine film of water on the leaf surface in order to
germinate and infect. High humidity is not necessary for disease development in the leaf; however, high humidity is essential for production of more spores. Leaf sheaths can become severely
affected either because spores germinate in a droplet of water that collects in the axis of the leaf
and infects the leaf or when a droplet of water is held by surface tension between a leaf and an
adjacent leaf sheath.
Disease may develop slowly or may progress rather rapidly, depending on the environmental
conditions. Any condition that prolongs leaf wetness, such as low light intensity (shade, cloudy
weather, etc.) makes turf more susceptible to disease. If, after initial infection of a given area, the
environmental conditions turn unfavorable for continued disease development, a static period
occurs. Upon the onset of favorable conditions for disease resumption, the outbreak will seem as
though it occurred over-night. In severe outbreaks, crowns and roots of the whole plant become
infected, turn brown and rot.
Bipolaris cynodontis is the species that causes diseases mainly among the bermudagrasses.
(Other species of Bipolaris have a wider host range.) B. cynodontis infects leaves of bermudagrasses primarily from late autumn to spring during cool, wet periods. Root and crown rots occur
in summer and early fall during warm dry periods.
Curvularia spp. are variable in their ability to cause disease, but they are not considered to be
strong pathogens. However, their effect on turfgrass can become serious under conditions of
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stress or when the plant tissue is weakened by other diseases. If predisposing factors are not
adequately addressed, Curvularia will take on a major role in the decline of the turf. Bipolaris is
considered to be a stronger pathogen than Curvularia and Bipolaris does not require the higher
temperatures to predispose the plants to disease.
Lower temperatures are required for its activity and, so, Dreschlera diseases are found at
elevations above 2,000 ft in Hawai‘i. This fungus sporulates at temperatures between 38-81ºF,
with an optimum of 59-64ºF. Infection of bermudagrass usually occurs during the winter when
cool temperatures slow the growth of the turf.
Fungal leaf spot overview
 Issue on seashore paspalum and bermudagrasses
 Rapid decline
 Small circular necrotic regions on leaves
 Three genera of pathogens are often associated together as a group
 Apparent during Kona (southeasterly) wind conditions
Fungal leaf spot management practices
Biological control
 None identified.
Cultural control (not stand-alone)
 Reduce leaf moisture.
 Avoid excessive nitrogen application.
 Reduce thatch and soil compaction.
 Maintain adequate potassium fertility levels.
 Raise mowing height during disease outbreak.
 Improve air circulation.
Chemical controls
 Chlorothalonil (Daconil, CLT, CTN, Ensign, Initiate, Mainsail, Docket)
 Iprodione (26GT, 26019, Ipro, Tazz)
 Mancozeb (Dithane, Fore, Manzate, Pentathlon, Protect, Roper)
 Propiconazole (Banner Maxx, Colony, Dorado Procon-z, Propizol, Fathom, Fitness,
ProPensity, Strider)
Critical needs for fungal leaf spot management
 Research
o Identify symptoms of Dreschlera Bipolaris, and Curvularia.
o Differences of efficacy of fungicides


Regulatory
o None identified.



Education
o Identify symptoms of Dreschlera Bipolaris, and Curvularia.
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Bermudagrass Decline/ Take-all Patch (Gaeumannomyces graminis)
Bermudagrass decline is observed when temperatures are above 75-80° F with high humidity
and frequent rainfall. It is primarily a problem on putting greens because of the stress imposed by
the low mowing height. Initial symptoms are yellow (chlorotic) patches. This is a root-rot disease
and, by the time above-ground symptoms appear, the pathogens have been active on the roots for
at least a few weeks and possibly months. Eventually, irregular thinning develops as whole
plants die. If uncontrolled, bare patches may develop.
Bermudagrass decline overview
 Severe problem throughout Hawai‘i.
 Prevalent during and after periods of heavy rainfall (October through March).
Bermudagrass decline management practices
 Controls applied when damage becomes visible.
 Controls applied during maintenance stage.
Biological control
 None identified.
Cultural control (not stand-alone)
 Raise the mowing height.
 Choose different species on greens.
 Minimize thatch build-up.
 Frequent aeration
 Reduce verticutting when disease is prevalent.
 Frequent, light topdressing on greens exhibiting symptoms
 Desired pH level 5.5 to 6.0; avoid high pH applications
 The best curative and preventative method for controlling bermudagrass decline is to
raise the height of the grass.
Chemical controls
 Azoxystrobin (Heritage, Mika, Disease Control Pro)
 Fenarimol (Rubigan) for take-all patch only
 Thiophanate-methyl (3336, 26/36, 6672, TM, T-methyl, T-Storm, Allban, FungoFlo,
Transom, Incognito)
 Systemic DMI fungicides are ineffective and may prolong the recovery period.
Critical needs for bermudagrass decline/take-all patch management
 Research
o Research additional chemical controls.
 Regulatory
o None identified.
 Education
o None identified.
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Critical needs for overall disease management
Research
o Evaluate seashore paspalum cultivars for tolerance/susceptibility to various turfgrass
diseases.
o Fungicide resistance management
o Advocate funding for turfgrass research and education.
o Research on label rates and maximum annual use for Hawai‘i where the growing
season is much longer than in other U.S. States
o More information on spring dead spot (Leptosphaeria spp.)
o More information on the fungal disease, Waitea patch
Regulatory
o For fairy ring control, expedite label amendments (for azoxystrobin and flutonanil) to
reduce the amount of water used to irrigate greens or required for application. (See
sections on azoxystrobin and flutolanil in “Registered chemical disease controls,”
below for details.)
Education
o More information on the value of the green industry in Hawaii

Registered chemical disease controls
Note: only the chemical controls that are actually used, or for which relevant information has
been provided, are specifically discussed below. For all chemical disease controls labeled for use
on turfgrass in Hawai‘i, see Appendix 1 and Efficacy Table, Appendix 3.
Demethylation inhibitor (DMI) fungicides are single-mode-of-action fungicides, and, thus,
diseases are likely to develop resistance to the members of this class of chemical. DMI
fungicides also can function as growth regulators, significantly thinning even healthy turf during
hot weather. .
Azoxystrobin (Heritage, Mika, Disease Control Pro)
 Efficacy
o Fair against fairy ring in Hawai‘i
o Can be excellent against fairy ring on Guam (but degree of control varies)
o Effective against bermudagrass decline/take-all patch (efficacy rate not specified)
 Resistance issues
o None observed
o Effective component of a fungicide rotation program
 IPM issues
o Non-selective; broad spectrum
 Other considerations
o Expensive
o Granular formulation label directions require irrigation with 0.5 inches of water within
24 hours after application. This amount of water is considered impractical. (See
regulatory critical need, above.)
o Fungicides usually should be watered-in or applied in large volumes of water for better
control of fairy ring.
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Boscalid (Emerald)
 Efficacy
o Excellent for dollar spot in Hawai‘i
 Resistance issues
o None observed
o Effective component to a fungicide rotation program
 IPM issues
o Specific to dollar spot; not broad spectrum
 Other considerations
o Environmentally compatible
o Strong preventative control
o Expensive
o Poor curative
o Golf courses only
Chlorothalonil (Daconil, CLT, CTN, Ensign, Initiate, Mainsail, Docket)
 Efficacy
o Good for dollar spot
o Good for Rhizoctonia brown patch
 Resistance issues
o Resistance has been observed in Hawai‘i
o Effective component to a rotation program
 IPM issues
o Non-selective—too broad spectrum
 Other considerations
o Limit on how much can be used a year on the same acreage
o Used both as a preventative and a curative for brown patch and fungal leaf spots
o Quick control of fungal leaf spots
o Inexpensive
o Use prohibited on certain sites
Fenarimol (Rubigan)
 Efficacy
o Effective for take-all patch (efficacy rate not specified)
 Resistance issues
o Effective component of a fungicide rotation program
 IPM issues
o Broad spectrum
 Other considerations
o Curative
o Expensive
o Potential phytotoxicity issues (DMI fungicide)
o Can act as a growth regulator (DMI fungicide)
o Product cancelled 7/31/2013
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Flutolanil (ProStar)
 Efficacy
o Good against for fairy ring
o Poor against dollar spot
 Resistance issues
o Yes--Efficacy against fairy ring is observed to be decreasing in both Hawai‘i and
Guam
o Effective component to a rotation program
 IPM issues
o Broad spectrum
 Other considerations
o Used as both a preventative and a curative
o Systemic
o Expensive
o Label directions for fairy ring management for ProStar in water-soluble packaging
require application in 10 to 50 gallons of water per 1,000 square feet.This amount of
water is considered impractical. (See regulatory critical need, above.) Update (since
2008): another product, ProStar 70 WG, has been licensed for sale in Hawai‘i. Label
directions for fairy ring management for this packaging require application in 2 to 5
gallons of water per 1,000 square feet.
o Fungicides usually should be watered-in or applied in large volumes of water for better
control of fairy ring.
Fosetyl-Al (Aliette, Signature)
 Efficacy
o Good for bermudagrass decline in Hawai‘i when used with chlorothalonil
 Resistance issues
o None observed
o Effective component of a fungicide rotation program
 IPM issues
o Broad spectrum
 Other considerations
o Used as both a preventative and a curative
o Expensive
o Systemic
Hydrogen peroxide (ZeroTol)
 Efficacy
o Effective for dollar spot (efficacy rate not specified)
 Resistance issues
o Effective component of a fungicide rotation program
 IPM issues
o Broad spectrum
 Other considerations
o Cost effective
o Curative
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o Absolutely no residual activity
o Product discontinued after 12/31/2015

Iprodione (26GT, 26019, Ipro, Tazz)
 Efficacy
o Good for dollar spot
o Effective for fungal leaf spots (efficacy not specified)
 Resistance issues
o None observed
o Effective component of a fungicide rotation program
 IPM issues
o Broad spectrum
 Other considerations
o Combination of contact (curative) and systemic (preventative)
o Costly
Mancozeb (Dithane, Fore, Manzate, Pentathlon, Protect, Roper)
 Efficacy
o Good for Rhizoctonia brown patch on Guam
o Effective for dollar spot (efficacy rate not specified)
o Effective for fungal leaf spots (efficacy rate not specified)
 Resistance issues
o None observed
o Effective component to a rotation program
 IPM issues
o Broad spectrum
 Other considerations
o Cost effective
o Contact fungicide: immediate response
o Turf appearance after application can be a negative
o Abrasive, hard on equipment
o Does not mix well
o Used both as a preventative and a curative for brown patch
o Use prohibited on key sites
Mefenoxam (Subdue, Apron, Ariel)
 Efficacy
o Effective for Pythium (efficacy rate not specified)
 Resistance issues
o Effective component of a fungicide rotation program
 IPM issues
o None identified
 Other considerations
o Used as both a preventative and a curative
o Affordable
o Systemic
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Myclobutanil (Eagle, F-Stop)
 Efficacy
o Good for dollar spot in Hawai‘i
 Resistance issues
o None observed
o Effective component to a rotation program
 IPM issues
o Broad spectrum
 Other considerations
o In Hawai‘i, slight phytotoxicity observed to bermudagrass when Eagle is used
o Can act as a growth regulator
o Expensive
o Not easily tank mixed
o Potential phytotoxicity issues (DMI fungicide)
o Can act as a growth regulator (DMI fungicide)
Propamocarb hydrochloride (Banol, Proplant)
 Efficacy
o Effective against Pythium blight (efficacy rate not specified)
 Resistance issues
o Effective component of a fungicide rotation program
 IPM issues
o None identified
 Other considerations
o Used as a preventative and a curative
o Expensive
o Systemic
Propiconazole (Banner Maxx, Colony, Dorado Procon-z, Propizol, Fathom, Fitness, ProPensity,
Strider)
 Efficacy
o Good for dollar spot in Hawai‘i
o Effective for fungal leaf spots (efficacy rate not specified)
 Resistance issues
o None observed
o Effective component of a fungicide rotation program
 IPM issues
o Broad spectrum
 Other considerations
o In Hawai‘i, some phytotoxicity to bermudagrass and seashore paspalum has been
observed when Banner is applied at the high label rates
o Easily tank mixed
o Can act as a growth regulator
o Expensive
o Used as both a preventative and a curative for fungal leaf spots
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o Systemic
o Potential phytotoxicity issues (DMI fungicide)
o Can act as a growth regulator (DMI fungicide)

Pyraclostrobin (Insignia)
 Efficacy
o Effective suppressant for dollar spot
o Good against bermudagrass decline (Take-All)
o Good against brown patch
 Resistance issues
o Yes. (pathogens not specified)
o Effective component of a fungicide rotation program
 IPM issues
o Broad spectrum
 Other considerations
o Not curative
o Expensive
Thiophanate-methyl (3336, 26/36, 6672, TM, T-methyl, T-Storm, Allban, FungoFlo, Transom,
Incognito)
 Efficacy
o Good for dollar spot in Hawai‘i
o Good for Rhizoctonia brown patch on Guam
 Resistance issues
o None observed
o Effective component to a rotation program
 IPM issues
o Non-selective; broad spectrum
 Other considerations
o Expensive
o Used both as a preventative and a curative for brown patch
o Not effective against all Rhizoctonia species—specific to R. zeae
o Was useful for bermudagrass decline management prior to the new rate and annual
maximum use limits; this significantly limits its effectiveness in warm season areas
Triadimefon (Bayleton)
 Efficacy
o Excellent for dollar spot
o Keeps fairy ring in check, i.e., suppression.
 Resistance issues
o Effective component of a fungicide rotation program
o Rotate with chlorothalonil (Daconil) for resistance management.
 IPM issues
o Broad spectrum
 Other considerations
o Used both as a preventative and a curative
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o Systemic
o In Hawai‘i, slight phytotoxicity observed to bermudagrass when Bayleton is used to

control dollar spot
o Potential phytotoxicity issues (DMI fungicide)
o Can act as a growth regulator (DMI fungicide)
Yeast extract of Saccharomyces cerevisiae (Keyplex)
 Efficacy
o None specified
 Resistance issues
o Effective component of a fungicide rotation program
 IPM issues
o None identified
 Other considerations
o None identified
Products canceled between 2008 and 2014
Vinclozolin (Curalan, Touché)
 Efficacy
o Effective for dollar spot (efficacy not specified)
 Resistance issues
o Effective component of a fungicide rotation program
 IPM issues
o Relatively broad spectrum
 Other considerations
o Long preventative control (up to 28 days)
o Products cancelled (cancellation order: Sep. 24, 2014)

Nematodes
Root knot nematodes (Meloidogyne spp.) lesion nematodes (Pratylenchus spp.), spiral
nematodes (Helicotylenchus spp.), stubby root nematodes (Trichodorus app.) and ring
nematodes (Criconemoides spp.)
Aboveground symptoms typical of nematode injury include wilting under moderate moisture
stress, slow recovery of wilted areas after watering and thinning or gradual decline of turf.
Nematodes are seldom distributed evenly in turf; rather they occur in patches. Additionally,
because their primary feeding activities are at the roots, below the surface of the soil, their visible
effect appears as scattered spots on the turf surface. However, the aboveground symptoms of
nematode injury can also be the result of root stress from other causes, such as pathogenic microorganisms, insects, herbicide residues, soil compaction or improper watering. It is advisable to
ascertain that symptoms are not due to a factor other than nematode activity. When improved
culture or application of fungicides does not mitigate symptoms of growth decline, another
source of the problems, such as nematodes, should be considered.
Cultural practices that encourage good turfgrass growth can compensate for feeding damage
of nematodes to a certain extent.
PMSP FOR TURFGRASS IN HAWAI‘I AND GUAM ■ PAGE 77

PEST PRESSURES AND CONTROL MEASURES: NEMATODES
The effects of high populations of nematodes on turf have not been established in Hawai‘i.
Nematode management practices
Biological control
 None identified.
Chemical control (preplant only):
 Abamectin (refer to insect chemical controls)
 Dazomet (Basamid) prior to planting only
 Metam sodium (Vapam, Sectagon) prior to planting only
Other pest management aids:
 None identified
Potential pest management tools and unregistered/new chemistries:
 None
Critical Needs for Management of Root-Knot Nematodes:
 Research
o None identified.


Regulatory
o None identified.



Education
o None identified.

Registered chemical nematode controls
Note: no chemicals for nematode controls were specifically discussed by the workgroup. For all
chemical nematode controls labeled for use on turfgrass in Hawai‘i, see Appendix 1 and Efficacy
Table, Appendix 3.

Algae (Oedogonium and Ulothrix spp.)
Algae probably do not parasitize plants; they obtain their nutrition from the breakdown
products of decay near the soil surface. These small, single-celled green or blue-green primitive
plants have their own chlorophyll and do not require green plant tissue as a food source. Algae
grow where grass is thinning or sparse, appearing as a thick, dark-green scum on the soil surface.
When the scum dries, a crust which is impervious to water penetration can be formed and gas
exchange between the soil and atmosphere is impaired. When conditions are highly favorable for
algal growth, algae can also be found on the green leaves. All turf varieties are vulnerable.
Algae growth is favored by poorly growing grass and periods of wet, cloudy weather or
under shaded conditions. Abundant growth is encouraged by application of organic nitrogen
fertilizers.
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Areas that have healthy, vigorous turf by mid-fall will not have an algal problem if good
growth conditions are maintained through the winter months. Turf aerification should be made
prior to winter to assure good soil drainage. Adequate light penetration and good drainage are
critical. Heavy applications of organic nitrogen fertilizers should be avoided. Attention should be
given to timely management of diseases (such as grease spot) and insects, which may thin the
turf.
The problem of algal scum in Hawai‘i is widespread.
Algae may also occur in ponds, water hazards or other bodies of water in recreation facilities.
Algae overview
 Found on all Hawaiian islands and on Guam.
 Prevalent in poorly drained thin turf areas.
 Likely to develop after application of herbicides.
 Most noticeable on closely mowed grass (i.e., golf course greens).
 Prevalent in low light, wet conditions.
 Poor quality (i.e. high pH, SAR, bicarbonate, EC) irrigation water increase algae
appearance.
Algae management practices
 Control when visible symptoms appear
Biological control
 None identified.
Cultural control (not stand-alone)
 Species/Cultivar selection prior to planting
 Apply hydrated lime for nutrient supplementation; appears to be not conducive for algal
growth.
 Apply Copper Sulfate (as a fertilizer).
 Apply Humic Acid.
 Avoid excessive soil moisture.
 Frequent aeration
 Reduce shade.
 Improve turf density.
 Raise mowing height.
 Monitor nutrient levels.
 Improve water quality.
 Top dressing
Chemical control
 Chlorothalonil (Daconil, CLT, CTN, Ensign, Initiate, Mainsail, Docket)
 Chlorothalonil combination products (Daconil action, Renown, Disarm C, Concert II,
Encartis, Spectro, Reserve)
 Hydrogen peroxide (ZeroTol)
 Mancozeb (Dithane, Fore, Manzate, Pentathlon, Protect)
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Thiram (Defiant, Spotrete)
Basic copper sulfate (Cuproxat, Cuprofix Ultra 40 Disperss)
Copper (from mixed copper ethanolamine complexes) (Cutrine, Clearigate, Nautique)
Copper sulfate pentahydrate (Radiance, Formula F-30, Quimag Quimicos Aquila,
Phyton, SeClear)

Critical needs for algae management
 Research
o None identified.


Regulatory
o None identified.



Education
o None identified.

Registered chemical algae controls
Note: only the chemical controls that are actually used, or for which relevant information has
been provided, are specifically discussed below. For all chemical algae controls labeled for use
on turfgrass in Hawai‘i, see Appendix 1 and Efficacy Table, Appendix 3.
Hydrogen peroxide (ZeroTol)
 Efficacy
o Appears good against algae
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o May be used for disease control
Mancozeb (Dithane, Fore, Manzate, Pentathlon, Protect)
 Efficacy
o Not specified
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Appearance of turf after application
o Abrasive, hard on equipment
o Doesn’t mix well
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WEEDS
Turfgrass weed control in Hawai‘i and on Guam is challenging. Climatic conditions on these
islands favor the year-round growth of weed populations. Winter weather does not eliminate
weed populations like it does on the continental U.S. Thus, many species traditionally classified
as “annual” act as perennials in Hawai‘i and on Guam, competing throughout the year for water,
nutrients and light and growing tougher stems with succeeding years. Brosnan and Hollyer
(2008) reported that weed management was the number one challenge facing golf course superintendents in Hawai‘i and that the amount of money spent to control weeds on golf courses in
Hawai‘i has been reported to be approximately 150% greater than the amount that has been
reported for other states on the continental U.S.
Weeds increase maintenance costs, may act as alternate hosts for insects and diseases, and
may cause discomfort to man and animals through the production of allergy-causing pollen, skin
irritants, toxic substances, and spines or burrs. The most obvious impact of weeds in turfgrass is
a general lack of aesthetic quality. The variable leaf width, color, and growth habit of weeds
disrupt the uniformity of texture associated with high-quality turf.
Weed infestations are a sign of a weakened turfgrass stand. Insects, diseases, nematodes,
poor soil conditions, inadequate fertility, improper mowing, and insufficient watering can all
weaken a turfgrass, reducing density and vigor. Reductions in turfgrass density create voids in
the canopy in which weeds can become established. Herbicides may temporarily remove these
weeds, but failure to correct the factors leading to weed encroachment will ensure that the weeds
will return and continue to be a problem. The best approach to minimizing weed problems is to
maintain a healthy, dense turf. Dense turfgrass reduces weed seed germination and propagule
establishment by reducing light and minimizing soil temperature fluctuation; any seeds that
germinate or propagules that sprout may not be able to become established because they cannot
penetrate the dense turf cover. Thus, all practices that promote dense, vigorous turf assist in weed
management. There are a few cases in which special cultural control practices may aid in the
control of certain weed species. These are mentioned in the appropriate weed section, below.
The level of weed invasion that would trigger the application of control depends on many
factors, such as activity (e.g., playground, sports turf, golf course, or ornamental), locale (golf
course greens, tees, fairways, roughs), type of weed species, environment of the site being
maintained and management or user tolerance. In general, the action level for weeds on golf
course greens should be anything above zero, because weed growth substantially alters the
smooth roll of the ball and the normal grain of the green. However, the level of tolerance of
weeds on greens depends on the playing members and a few weeds are often found even on
exclusive golf clubs in Hawai‘i. Higher, but differing, actions levels are typically applied to other
areas of golf courses, playgrounds, athletic fields or landscape areas.
Sod farms have zero weed tolerance.
While biological control is important for certain weeds in Hawai‘i, none of the important
weeds of turf are significantly affected by biological control. For turf weeds, there is little to no
significant predation by insects nor are there pathogenic microorganisms. Weed control is made
more difficult by the ability of many mature weeds to produce large amounts of seeds or vegetative propagules by which they reproduce themselves.
There are three basic types of turfgrass weeds: grassy weeds, broadleaf weeds, and sedges.
For all types of weeds, the best management strategy is to maintain a vigorous, dense,
healthy turfgrass stand.
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Weed Management Priorities
*A critical, immediate need for turf managers in Hawai‘i and on Guam is research into control
measures for grassy weeds, especially crabgrass, lovegrass, goosegrass and smutgrass. This
research is needed to prepare for the possible cancellation of the registrations of MSMA as a turf
herbicide.
*Another priority expressed by the turf managers of Hawai‘i and Guam is research into the use
of various salts (sodium, potassium, etc.) as an alternative to conventional chemical herbicides
for control of grassy weeds in seashore paspalum.
*Successful research into the use of salt as a grassy weed management tool necessitates a
regulatory priority to establish a regulatory framework to allow salt to be used to control weeds
in turf.

Grassy Weeds
Grassy weeds are botanically related to turfgrasses. In many cases, grassy weeds have somewhat similar appearances and growth habits to the turfgrasses they invade, and have similar
tolerances to different herbicides, making their control difficult.
Discussed in detail below are the important grassy weeds in Hawai‘i and on Guam: crabgrass
(Digitaria spp.), goosegrass (Eleusine indica), smutgrass (Sporobolus poiretti) and lovegrass
(Eragrostis spp.). Other weeds found in Hawai‘i and on Guam include dallisgrass (Paspalum
dilatatum), Hilo grass (Paspalum conjugatum), sourgrass (Digitaria insularis), crowfootgrass
(Dactyloctenium aegyptium), orchardgrass (Dactylis glomerata), sandbur (Cenchrus longspinus)
and kikuyugrass (Pennisetum clandestinum).
Another important grassy weed problem in turf is the presence of an undesirable turf species
when it encroaches on the dominant or desired turfgrass. For example, turf managers may wish
to control seashore paspalum (Paspalum vaginatum), which is commonly a contaminant in
bermudagrass (Cynodon spp.) or other turf.
Crabgrass (Digitaria spp.)
Crabgrasses (Digitaria spp.) are annual species that act as perennials in the tropical and subtropical climates of Hawai‘i and Guam. Crabgrasses have a stoloniferous growth habit, rolled
vernation, and a flattened sheath. They are easily recognized by the seed heads, which consist of
several slender spikes that spread out like the fingers of a hand.
Several species of Digitaria are established in Hawaii: include D. ciliaris (southern, Henry’s
or tropical crabgrass), D. sanguinalis (large crabgrass), D. violascens (purple crabgrass), D.
setigera, and D. adscendens. The large crabgrass (D. sanguinalis) has densely hairy leaves and
branching stems that root at the nodes. Smooth crabgrass (D. ischaemum) is similar in appearance but lacks hair on the leaf blade and sheath.
Vigorous weed competitors such as crabgrass should have a lower action threshold than other
weeds.
Crabgrass overview
 An important weed throughout both Hawai‘i and Guam.
 It is present year-round and requires year-round control strategies and tactics.
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Crabgrass management practices
 Control is required at all stages of site preparation and maintenance of highly maintained
turf.
 Controls are typically implemented when crabgrass is visible, although some managers
will use preemergence herbicides.
Cultural control (not stand-alone)
 Hand weed
 Maintain vigorous turfgrass stand
Biological control
 None identified.
Chemical control
Preemergence
 Atrazine (Aatrex)
 Benfluralin + oryzalin (Surflan XL 2G)
 Benfluralin + trifluralin (Team 2G)
 DCPA (Dacthal)
 Napropamide (Devrinol)
 Oryzalin (Surflan AS, Surflan WDG)
 Oxadiazon (Ronstar)
 Pendimethalin (Corral, Pendulum, ProPendi, Pre-M)
 Prodiamine (Barricade, Cavalcade, ProClipse, Resolute, Stonewall, Evade, Endurance)
 Dithiopyr (Dimension)
 Indaziflam (Specticle), early postemergence, <1 tiller
 Dimethenamid (Tower)
Postemergence
These products have some efficacy against crabgrass, but often fail to provide 100%
control. In many cases multiple applications or tank mixes are needed.
 MSMA (Weed-Hoe, Target 6, Turf Max; no multiple ingredient products remain
licensed in Hawai‘i)
 Metribuzin (Sencor, TriCor)
 Sethoxydim [not selective for crabgrass in turf]
 Glyphosate (Roundup, etc.) [not selective for crabgrass in turf]
 Fluazifop (Fusilade, Ornamec) [not selective for crabgrass in turf]
 Fenoxaprop (Acclaim Extra)
 Mesotrione (Tenacity)
 Iodosulfuron+thiencarbazone+dicamba (Celsius WG)
Goosegrass, Wiregrass (Eleusine indica)
Goosegrass, is a tough, clumped summer annual found on golf courses, athletic fields, and
other landscaped areas. Due to Hawai’i’s and Guam’s mild year-round climate, this weed perPMSP FOR TURFGRASS IN HAWAI‘I AND GUAM ■ PAGE 83
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sists like a perennial. This species thrives in compacted, poorly drained soils. Goosegrass has a
“whitish to silverish” coloration at the center of the plant. The leaf blade is smooth on both
surfaces; however, occasionally a few hairs are present near the base. Goosegrass has a short,
membranous, toothed ligule at the base of the leaf blade. Goosegrass propagates by seed;
spikelets are in two rows on anywhere from two to 13 fingers.
Goosegrass overview
 Goosegrass is a significant weed throughout both Hawai‘i and Guam.
 It is present year-round and requires year-round control strategies and tactics.
Goosegrass management practices
 Goosegrass requires control year-round.
 Controls are implemented when goosegrass is visible, although some managers will use
preemergence herbicides.
 Controls are necessary at all stages of site preparation and maintenance of highly
maintained turf.
Biological control
 None identified.
Cultural control (not stand-alone)
 Hand weed.
 Bushcut (weed whacking—trim to the soil surface) (Guam practice)
 Lower mowing height (scalping)
 Reduce soil compaction.
 Aerify turf.
 Pure salt used to kill goosegrass; poured directly over weeds
Chemical control
Preemergence
 Oxadiazon (Ronstar)
 Prodiamine (Barricade, Cavalcade, ProClipse, Resolute, Stonewall, Evade, Endurance)
 Atrazine (Aatrex)
 Benfluralin + oryzalin (Surflan XL 2G)
 Benfluralin + trifluralin (Team 2G)
 DCPA (Dacthal)
 Dithiopyr (Dimension)
 Napropamide (Devrinol)
 Oryzalin (Surflan AS, Surflan WDG)
 Pendimethalin (Corral, Pendulum, ProPendi, Pre-M)
 Simazine (Princep)
 Indaziflam (Specticle)
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Postemergence
These products have some efficacy against goosegrass, but often fail to provide 100%
control. In many cases multiple applications or tank mixes are needed.
 Metribuzin (Sencor, TriCor)
 MSMA (Weed-Hoe, Target 6, Turf Max)
 Foramsulfuron (Revolver)
 Glyphosate (Roundup, etc.) [not selective for goosegrass in turf]
 Sethoxydim [not selective for goosegrass in turf]
 Atrazine (Aatrex)
 Diclofop (Illoxan)
 Fluazifop (Fusilade, Ornamec) [not selective for goosegrass in turf]
 Thiencarbazone+foramsulfuron+halosulfuron (Tribute Total)
 Fenoxaprop (Acclaim Extra)
 Mesotrione (Tenacity)
 Sulfentrazone (Dismiss)
Smutgrass (Sporobolus poiretti)
Smutgrass is a perennial weed of warm-season turfgrass. It is an erect, bunch-type grass that
can easily be identified by its seed head. The spike-like panicle seed head of smutgrass is very
narrow and is characterized by a black fungus (smut) that affects the seeds. On golf courses, seed
heads tend to be simply rolled over by reel mowers rather than mowed off, which further exacerbates infestations.
Smutgrass overview
 Significant pest throughout Hawai‘i.
 It is present year-round and requires year-round control strategies and tactics.
 Mostly a problem in areas with compacted soils.
Smutgrass management practices
 Postemergence controls applied when smutgrass becomes visible.
 Controls required at all stages.
Cultural controls (not stand-alone)
 Hand weed.
 Reduce soil compaction.
Biological control
 None identified.
Chemical control
These products have some efficacy against smutgrass, but often fail to provide 100% control.
In many cases multiple applications or tank mixes are needed.
Preemergence
 Oxadiazon (Ronstar)
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Benfluralin + oryzalin (Surflan XL 2G)
Benfluralin + oxadiazon (Goosegrass/Crabgrass control)
Dithiopyr (Dimension)
Oryzalin (Surflan AS, Surflan WDG)
Pendimethalin (Corral, Pendulum, ProPendi, Pre-M)
Prodiamine (Barricade, Cavalcade, ProClipse, Resolute, Stonewall, Evade, Endurance)
Indaziflam (Specticle)
Dimethenamid (Tower)

Postemergence
 Atrazine (Aatrex)
 Metribuzin (Sencor, TriCor)
 MSMA (Weed-Hoe, Target 6, Turf Max)
 Simazine (Princep)
 Thiencarbazone+iodosulfuron+dicamba (Celsius WG)
 Thiencarbazone+foramsulfuron+halosulfuron (Tribute Total)
 Fenoxaprop (Acclaim Extra)
 Mesotrione (Tenacity)
Lovegrass (Eragrostis spp.)
Lovegrasses are common weeds found on golf courses, athletic fields, and residential landscapes throughout Hawai‘i and Guam. These erect, bunch-type grasses that are often used as
ornamentals in the U.S. mainland have a rolled venation and narrow leaves that are smooth and
soft to the touch. Often a tuft of hair is present at the margins of the collar, and at ligule is a
fringe of hairs. The inflorescence produced by these grasses is an open panicle. Two species are
commonly found in Hawai‘i, tufted lovegrass (Eragrostis pectinacea), and India lovegrass
(Eragrostis pilosa).
Lovegrass produces very large amounts of seeds. On golf courses, seed heads tend to be
simply rolled over by reel mowers rather than mowed off, which further exacerbates infestations.
However, mowing at a lowered height is considered a measure to cosmetically manage, but not
control, lovegrass. In combination with an herbicide program to suppress lovegrass, mowing
with reel mowers will enhance its control.
Lovegrass has a shallow root system, so, hand weeding is a viable control option.
Lovegrass overview
 A significant weed throughout Hawai‘i.
 It is present year-round and requires year-round control strategies and tactics.
 A problem in areas with compacted soils.
Lovegrass management practices
 Controls applied when lovegrass becomes visible.
 On athletic fields, controls are often applied when the bunch-type growth of lovegrass
deflects the general direction of soccer balls, baseballs, and softballs.
 Controls required in all stages.
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Biological control
 None identified.
Cultural controls (not stand-alone)
 Hand weed.
 Reduce soil compaction.
Chemical control
These products have some efficacy against lovegrass, but often fail to provide 100% control.
In many cases multiple applications or tank mixes are needed.
Preemergence
 Oxadiazon (Ronstar)
 Prodiamine (Barricade, Cavalcade, ProClipse, Resolute, Stonewall, Evade, Endurance)
 Atrazine (Aatrex)
 Benfluralin + oryzalin (Surflan XL 2G)
 Benfluralin + trifluralin (Team 2G)
 DCPA (Dacthal)
 Dithiopyr (Dimension)
 Napropamide (Devrinol)
 Oryzalin (Surflan AS, Surflan WDG)
 Pendimethalin (Corral, Pendulum, ProPendi, Pre-M)
 Simazine (Princep)
 Indaziflam (Specticle)
Postemergence
 Glyphosate (Roundup, etc.) [not selective for lovegrass in turf]
 Thiencarbazone+iodosulfuron+dicamba (Celsius WG)
 Thiencarbazone+foramsulfuron+halosulfuron (Tribute Total)
 Metribuzin (Sencor, TriCor)
 Foramsulfuron (Revolver)
Undesirable turf species
 Bermudagrass
 St. Augustinegrass
 Seashore paspalum
Cool-season turfgrass stands are often made up of blends of different cultivars of the same
turf species or mixtures of two or more different turf species. Mixed or blended turfgrasses
should have similar leaf textures, growth habits, growth habits, color, shoot density and growth
vigor. Warm-season (tropical) turfgrasses do not often meet these criteria. So, mixtures are rarely
used and monostands of a single turf species or cultivar are common in Hawai‘i and Guam.
Therefore, when one species—or even variety—occurs in a monostand of another species, it can
disrupt the consistent appearance of the turf and become an undesirable weed. For example, turf
managers frequently wish to control St. Augustinegrass in a bermudagrass turf, or common
bermudagrass may be present as a contaminant in an area of hybrid bermudagrass.
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It is possible, in some situations, to selectively control the undesirable or weedy turf species
by proper management.
In tropical environments, turfgrass species encroaching on areas of other turfgrasses are
among the most challenging weed control problems. Often, cultural controls provide ineffective
control and chemical control is required. In some situations even chemical control is inadequate
and, in extreme circumstances, the entire turf area must be renovated or the invaded turf species
must be replaced.
Contamination of turf seed can result in problems with undesired turf species.
The presence of an undesired turf species can be a particular problem for sod production.
Different grasses have different requirements (i.e., fertility, water requirements, etc.) that may
cause undesired turf species to proliferate if requirements of the desired grass are not met. One
maintenance program for a given desired grass is not necessarily the same for all other grasses
produced on the sod farm.
Description
 Bermudagrass
Common bermudagrass establishes a deep root system and produces long and vigorous
rhizomes and stolons. It is these rhizomes that make it a troublesome weed in areas where it is
not wanted. Bermudagrass rhizomes can pass under cement curbs or other barriers and emerge
on the other side. Its hardiness, long rhizomes and stolons, and relative resistance to a number of
herbicides contribute to the difficulty of controlling common bermudagrass. Stolons can invade
and take over less competitive turf cultivars.
 St. Augustinegrass
St. Augustinegrass produces large and fast-spreading stolons, but no rhizomes. The stolons
are relatively easy to trim around flower beds and, so early incursions are relatively easy to stop.
The sensitivity of this species to many postemergence herbicides may facilitate its removal from
areas where it is not desired. It is a very coarse-textured grass, which makes it undesirable when
growing among medium- or fine-texture grasses.
 Seashore paspalum
Seashore paspalum can overrun an area that had been planted with bermudagrass. Seashore
paspalum is a highly resilient turfgrass that can be difficult to control. Bermudagrass greens
invaded by seashore paspalum have patches of distinct color differences, and inconsistent speed
and smoothness due to different growth habits and plant characteristics. Areas where conditions
are suboptimal for bermudagrass growth can be taken over by seashore paspalum if it is growing
in that area.
Undesirable turf species management practices
Biological control
 None identified.
Cultural control (not stand-alone)
 Maintain clean equipment (e.g., especially after vertical mowing) when using them over
different grasses, or have separate, dedicated equipment for each specific grass.
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Designate specific areas to deposit aerification cores.
Lower mowing height discourages centipedegrass and St. Augustine encroachment.
Higher mowing height discourages bermudagrass encroachment into centipedegrass and
St. Augustinegrass.

Chemical control
Preemergence
 None.
Postemergence
 Depends on the turf species and grass species requiring removal.
 Bermudagrass and other encroaching turf species may be suppressed in zoysia using
sequential applications of fluazifop (Fusilade II, Ornamec) + triclopyr (Turflon Ester).
 Centipedegrass is suppressed by foramsulfuron (Revolver).
 Seashore paspalum may be suppressed by iodosulfuron+thiencarbazone+dicamba
(Celsius WG), foramsulfuron (Revolver), trifloxysulfuron (Monument) in turfgrass
tolerant of those herbicides.
 Ethofumesate (Prograss, PoaConstrictor) may suppress contaminating turf species in
St. Augustinegrass.
Critical needs for grassy weed management
Research
 Find a replacement for MSMA for postemergence control of grassy weeds (especially
crabgrass, lovegrass, goosegrass, and smutgrass).
 Explore the use of various salts (sodium, potassium, etc.) as an alternative to herbicides
for control of crabgrass and goosegrass in seashore paspalum.
 Refine foramsulfuron re-application intervals for goosegrass control.
 Develop methods to reduce goosegrass survival (e.g., inhibit rooting at the nodes).
 Investigate control strategies and tactics of kikuyugrass.
 Identify and study biotypes of smutgrass and other weeds.
 Evaluate imazapic (Plateau) for management of smutgrass.
 Herbicide resistance management, in general, and with specific emphasis for research on
goosegrass herbicide resistance management.
 Investigate improved herbicide application methods.
 Determine the economic value of plant growth regulators (PGRs) as herbicides.
 Explore integrating cultural practices to improve herbicide efficacy.
 Research to control grassy weeds, in general, especially using herbicides with PRE and
early-POST activity (eg., Dimension, and Specticle) to manage crabgrass and
torpedograss (Panicum repens).
 Research salt as a tool for grassy weed management in seashore paspalum.
 Develop data to support labeling additional chemicals for use on seashore paspalum.
Regulatory
 Allow salt to be used as a tool for grassy weed management in seashore paspalum.
 Include preemergence application of metribuzin for management of goosegrass.
 Allow spot spraying of metribuzin for management of goosegrass.
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Education
 Provide educational opportunities to demonstrate the importance of integrating cultural
practices with chemical control.
 Provide educational opportunities to demonstrate how to optimize the effectiveness of
currently available herbicides.
 Provide educational opportunities to demonstrate the benefits of cleaning maintenance
equipment, especially to control undesirable turfgrass species.
 Provide educational opportunities to learn about resistance management strategies (e.g.,
for MSMA, Sencor, Revolver, and other ALS-inhibiting herbicides).
 Develop a reference for smutgrass identification in turf.
 Provide educational opportunities on how to best use preemergence herbicides.
 Provide educational opportunities on how to best use adjuvants, e.g., spreader-stickers,
pH adjusters, surfactants, etc.
 Provide educational opportunities on proper nozzle selection.
 Determine sources of funding for discipline specialists (e.g., entomology, plant
pathology, weed science, etc.) with turfgrass responsibilities.
 Immediately seek and hire a turfgrass specialist replacement. (Update: The University of
Hawai‘i at Mānoa hired Zhiqiang Cheng as Assistant Specialist in Turf & Landscape Pest
Management in May, 2013.)
 Provide educational opportunities for improved training of workers (e.g., health and
safety) in appropriate languages.
 Provide educational opportunities to describe pertinent Integrated Pest Management
practices in turf and how to implement them.
 Promote the Landscape Industry Council of Hawai‘i’s (LICH), Certified Landscape
Technician (CLT) programs.

Broadleaf Weeds (single or combination)
Broadleaf weeds are easy to separate from grasses due to their leaf structure and habits of
growth. Their presence causes a visual and physical change in the overall texture of a turfgrass.
The cultural practice of frequent mowing removes leaves, stems, and growing points of some
broadleaf weeds. Frequent mowing may weaken these weeds to the point when they can eventually be out-competed by the existing turfgrass. However, many broadleaf weeds can adapt to the
close mowing practices of the turf and continue to be a problem. Such weeds can morphologically appear quite different from the pictures and descriptions given of mature specimens in
identification guides.
Important broadleaf weeds found in turf in Hawai‘i and Guam include:
 Chickweed (Stellaria media)
 Yellow woodsorrel (Oxalis stricta)
 Spurges (Euphorbia spp.)
 Pennywort (Hydrocotyl spp.)
 Single-leaf clover (Alysicarpus vaginalis)
 Cupid’s Shaving Bush (Emilia fosbergii)
 Daisy Fleabane (Erigeron strigosus)
 Coat Buttons (Tridax procumbens)
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Wedelia (Wedelia trilobata)
Virginia Pepperweed (Lepidium virginicum)
Creeping Beggarweed (Desmodium canum)
Creeping Indigo (Indigofera spicata)
Common Lespedeza (Kummerowia striata)
Mimosa vine (Mimosa strigillosa)
Red spiderling (Boerhavia diffusa)

Broadleaf weed overview
 Significant pests found throughout all the Hawaiian islands and Guam.
 They are present year-round and requires year-round control strategies and tactics.
 Commonly prevalent in wetter areas
Broadleaf weed management practices
 Controls applied when weeds become visible.
 Control tactics and strategies necessary in all stages.
Biological control
 None identified.
Cultural control (not stand-alone)
 Hand weed.
 Mowing
 Optimize irrigation systems to eliminate leaks and avoid wet areas.
Chemical control
These products have some efficacy against broadleaf weeds, but often fail to provide 100%
control. In many cases multiple applications or tank mixes are needed.
Preemergence
 Isoxaben (Gallery)
 Indaziflam (Specticle)
Postemergence
 Metsulfuron (Manor, Blade, Mansion, MSM)
 2,4-D, Mecoprop-p, Dicamba + Carfentrazone-ethyl (Speed Zone)
 2,4-D, Mecoprop-p + Dicamba (Trimec, Triplet, MEC Amine-D, 3-D, Vessel)
 MSMA
 Triclopyr (Turflon Ester)
 Triclopyr + Chlopyralid (Confront, 2-D)
 Glyphosate (Roundup, etc.)
 Sulfentrazone (Dismiss)
 Thiencarbazone+iodosulfuron+dicamba (Celsius WG)
 Thiencarbazone+foramsulfuron+halosulfuron (Tribute Total)
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 Trifloxysulfuron (Monument)
 Flazasulfuron (Katana)
Critical needs for broadleaf management
Research
 Sulfosulfuron (Certainty) for broadleaf control
Regulatory
 None identified.
Education
 Proper weed identification to determine appropriate weed control tactics and strategies
 Educate superintendents, managers, and workers about herbicide-resistant weeds and
resistance management.

Sedges and Kyllinga
These important “grasslike” weeds of turf are not true grasses but are characterized by a
solid, triangular stem with leaves extending from each side in three directions. The predominant,
difficult-to-control sedge is purple nutsedge (Cyperus rotundus). (Yellow nutsedge [Cyperus
esculentus] is difficult to control, but is primarily found in the Hāmākua coast area on the Island
of Hawai‘i, and it is not a commonly occurring weed throughout the state.) Rhizomes radiate
from the plant and bear a single bulb or tuber at the end, which may produce new plants.
Purple nutsedge (Cyperus rotundus)
Purple nutsedge, commonly known as nutgrass in Hawai‘i, is a common weed in both turf
and ornamental areas. The plant is found in locations receiving full sunlight that provide enough
water and nutrients to sustain its growth. Its growth is severely restricted by shade.
The plant has slender leaves that are connected to a network of underground stems
(rhizomes), roots, and tubers. Although purple nutsedge flowers profusely if not mowed, very
few seeds are formed, and few of them can reproduce. Thus seeds are not often the source of new
purple nutsedge plants. The underground “tuber chains” and corms (the “nuts” or “nutlets”) are
the primary source of purple nutsedge infestations. Some tubers are linked to aboveground
growth, but other tubers may not be connected to leaves aboveground. Left undisturbed, purple
nutsedge will spread by growing laterally underground, spreading several yards each year.
Once tubers form, they can remain viable in soils for at least two years if they retain moisture. They can survive even when soils are very dry for short periods. Tuber dormancy is perhaps
the most important adaptation that enables purple nutsedge to persist in turf. Dormancy prevents
tubers in the soil from sprouting all at once, so a potential reservoir for new plants is maintained.
This is the reason purple nutsedge will emerge after herbicide applications or hand weeding.
Green kyllinga (Kyllinga brevifolia) and White kyllinga (Kyllinga nemoralis)
Kyllingas are perennial sedges native to the tropics; they spread both by seeds and creeping,
underground stems. Both species have flower stems surrounded by one to four leaves, and they
may have three to four narrow, leafy bracts at the top. Kyllingas are bothersome weeds in open
spaces such as pastures, rangelands, and lawns. Kyllingas are common in poorly drained, wet
soils.
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Sedge and Kyllinga overview
 Found throughout the Hawaiian islands and Guam.
 Significant weed problems in turf.
 They are present year-round and requires year-round control strategies and tactics.
Sedge and Kyllinga management practices
 Controls applied when weeds become visible.
 Controls applied during all stages.
Biological control
 None identified.
Cultural control (not stand-alone)
 Hand weed.
 Manage irrigation systems and reduce wet areas in turf.
Chemical control
Preemergence
 Dimethenamid-P (Tower)
 S-metolachlor (Pennant Magnum) (no products licensed)
Postemergence
 Trifloxysulfuron (Monument)
 Halosulfuron (SedgeHammer, Prosedge, Sandea)
 Sulfosulfuron (Certainty)
 Imazaquin (Image)
 Flazasulfuron (Katana)
 Sulfentrazone (Dismiss)
 Thiencarbazone+foramsulfuron+halosulfuron (Tribute Total)
Critical needs for sedge and kyllinga species management


Research
o Be aware of any new sedges that may appear.
o Irrigation regimes that favor sedge infestation.
o Determine optimum timing of herbicide applications during the year.



Regulatory
o None identified.



Education
o Provide educational references or opportunities for sedge identification for application
of appropriate control strategies and tactics.
o Educate superintendents, managers, and workers about herbicide-resistant weeds and
resistance management.
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Registered chemical weed controls
Note: only the chemical controls that are actually used, or for which relevant information has
been provided, are specifically discussed below. For all chemical weed controls labeled for use
on turfgrass in Hawai‘i, see Appendix 1 and Efficacy Table, Appendix 4.
Pre-emergence and early postemergence (PRE)
Atrazine (Aatrex)
 Efficacy
o Fair against crabgrass
o Fair against goosegrass
o Poor against lovegrass
 Resistance issues
o Well documented resistance to PSII inhibitors on US mainland
 IPM issues
o Leaches to groundwater
o Less residual activity in tropical climate
 Other considerations
o Restricted Use Pesticide (RUP)
Benfluralin + Oryzalin (Surflan XL 2G)
 Efficacy
o Excellent against crabgrass
o Excellent against goosegrass
o Used against smutgrass (efficacy rate not specified)
o Used against lovegrass (efficacy rate not specified)
 Resistance issues
o Dinitroanliline resistance has been documented
 IPM issues
o None identified
 Other considerations
o Must be irrigated with 0.25-0.5 in water within 24-48 hours after treatment
o Re-establishment restrictions after treatment
Benfluralin + Trifluralin (Team 2G)
 Efficacy
o Excellent against crabgrass
o Excellent against goosegrass
 Resistance issues
o Dinitroanliline resistance has been documented
 IPM issues
o None identified
 Other considerations
o Must be irrigated with 0.25-0.50 inch water within 24-48 hours after treatment
o Re-establishment restrictions after treatment
o Product discontinued 12/31/16
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Bensulide + Oxadiazon (Goosegrass/crabgrass control)
 Efficacy
o Excellent against crabgrass
o Excellent against goosegrass
o Used against smutgrass (efficacy rate not specified)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Must be irrigated with 0.25-0.50 inches water within 24-48 hours after treatment
o For annual bluegrass control on creeping bentgrass greens on the U.S. mainland
DCPA (Dacthal)
 Efficacy
o Used against goosegrass (efficacy rate not reported)
o Used against lovegrass (efficacy rate not reported)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o None identified
Dimethenamid-P (Tower)
 Efficacy
o Fair on goosegrass
o Used on smutgrass (efficacy rate not specified)
o Does have activity on sedges and small-seeded broadleaves (efficacy rate not specified)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Must be irrigated with 0.25-0.50 inch water within 24-48 hours after treatment
o Short-lived residual activity. Higher efficacy when tank-mixed or applied after another
PRE herbicide (pendimethalin or similar)
o Re-establishment restrictions after treatment
Dithiopyr (Dimension)
 Efficacy
o Fair for crabgrass in Hawai‘i (small weeds only)
o Excellent against goosegrass
o Used against smutgrass (efficacy rate not specified)
o Used against lovegrass (efficacy rate not specified)
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o Used against small-seeded broadleaves (efficacy rate not specified)





Resistance issues
o Cross resistance documented with dinitroaniline herbicides
IPM issues
o Can be used PRE and early-POST for crabgrass control
Other considerations
o Selective
o Must be irrigated with 0.25-0.50 inches water within 24-48 hours after treatment
o Re-establishment restrictions after treatment

Ethofumesate (Prograss, PoaConstrictor)
 Efficacy
o May suppress undesirable turf species contaminating St. Augustinegrass
o Good against annual bluegrass
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Not labeled for use on actively growing warm-season turfgrass
o Research in HI has shown activity for bermudagrass suppression in seashore paspalum
turf
o Labeled for crabgrass (PRE)
Indaziflam (Specticle)
 Efficacy
o Good against goosegrass in Hawai‘i (PRE)
o Good against crabgrass (PRE) and early-POST (<1 tiller)
o Good against small-seeded broadleaves
o Excellent against annual bluegrass
o Used against smutgrass (PRE) (efficacy rate not specified)
o Used against lovegrass (PRE) (efficacy rate not specified)
 Resistance issues
o Cellulose biosynthesis inhibitors (CBI) have the fewest cases of resistance reported of
all herbicides
o Celsius combination good in rotation with MSMA for resistance management. (Note:
MSMA registration cancellation pending scientific peer review.)
 IPM issues:
o Injury to seashore paspalum and bermudagrass has been reported in coarse textured
soils with low organic matter content. New research suggests injury could be due to
reduced translocation of nutrients from soil solution to apical meristems in foliage.
o Phytotoxic to paspalum; causes thinning.
 Other considerations:
o Do not use on shallow-rooted turf
o Do not use on coarse-textured soil
o Not labeled for use on seashore paspalum as of spring 2012
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o Not labeled for use on golf course tees
o Must be irrigated with 0.25-0.50 inches water within 24-48 hours after treatment
o Re-establishment restrictions after treatment

Isoxaben (Gallery)
 Efficacy
o Excellent for broadleaf weed control
 Resistance issues
o Cellulose biosynthesis inhibitors (CBI) have the fewest cases of resistance reported of
all herbicides
 IPM issues
o None identified
 Other considerations
o Must be irrigated with 0.25-0.50 inches water within 24-48 hours after treatment
Napropamide (Devrinol)
 Efficacy
o Used against goosegrass (efficacy rate not reported)
o Used against lovegrass (efficacy rate not reported)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o None identified
Oryzalin (Surflan AS, Surflan WDG)
 Efficacy
o Excellent against crabgrass
o Excellent against goosegrass
o Used against smutgrass (efficacy rate not specified)
o Used against lovegrass (efficacy rate not specified)
 Resistance issues
o Dinitroaniline (DNA) resistance has been documented
 IPM issues
o None identified
 Other considerations
o Must be irrigated with 0.25-0.50 inches water within 24-48 hours after treatment
o Also labeled against broadleaf weeds
Oxadiazon (Ronstar)
 Efficacy
o Good - excellent against crabgrass
o Excellent against goosegrass in Hawai‘i and Guam
o Good against smutgrass in Hawai‘i
o Used against lovegrass (efficacy rate not specified)
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Resistance issues
o Apparently yes, with increased use; but, this has not yet been documented in the
literature
IPM issues
o Can be used during vegetative establishment of warm-season turfgrasses
Other considerations
o Cannot be applied to actively growing warm-season turfgrasses in a sprayable
formulation

Pendimethalin (Corral, Pendulum, ProPendi, Pre-M)
 Efficacy
o Good - excellent against crabgrass
o Fair - excellent- against goosegrass.
o Excellent against annual bluegrass
o Used against smutgrass (efficacy rate not specified)
o Used against lovegrass (efficacy rate not specified)
o Activity against small-seeded broadleaves (efficacy rate not specified)
 Resistance issues
o DNA resistance has been documented
 IPM issues
o None identified
 Other considerations
o Must be irrigated with 0.25-0.50 inches water within 24-48 hours after treatment
Pendimethalin + Dimethenamid-P (Freehand)
 Efficacy
o Excellent against crabgrass
o Excellent against goosegrass
o Activity on sedges and small-seeded broadleaves (efficacy rate not specified)
 Resistance issues
o DNA resistance has been documented
 IPM issues
o None identified
 Other considerations
o Must be irrigated with 0.25-0.50 inches water within 24-48 hours after treatment
Prodiamine (Barricade, Cavalcade, ProClipse, Resolute, Stonewall, Evade, Endurance)
 Efficacy
o Good – excellent against crabgrass.
o Excellent against goosegrass in Hawai‘i
o Excellent against annual bluegrass
o Used against smutgrass (efficacy rate not specified)
o Used against lovegrass (efficacy rate not specified)
o Activity on small-seeded broadleaves (efficacy rate not specified)
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Resistance issues
o DNA resistance has been documented in the literature, particularly prodiamine
resistance
IPM issues
o Cannot be applied to newly established turf from stolons
o Can cause reduced potassium levels in leaf tissue after application
Other considerations
o Selective
o Must be irrigated with 0.25-0.50 inches water within 24-48 hours after treatment

Simazine (Princep)
 Efficacy
o Fair against goosegrass
o Good against crabgrass
o Excellent against annual bluegrass
o Used against lovegrass (efficacy rate not specified)
 Resistance issues
o Resistance to PSII inhibitors is well documented
 IPM issues
o None identified
 Other considerations
o Restricted Use Pesticide (RUP)
o Also labeled for control of small-seeded broadleaves

Postemergence (POST)
2,4-D + Mecoprop-P + Dicamba (Trimec, Triplet, MEC Amine-D, 3-D, Vessel)
 Efficacy
o Good against broadleaf weeds
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Selective
2,4-d, Mecoprop-p, Dicamba + Carfentrazone-ethyl (Speed Zone)
 Efficacy
o Good against broadleaf weeds
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Selective
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2,4-D + Triclopyr (Chaser 2)
 Efficacy
o Not specified.
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Turf tolerance is very poor for warm season grasses with the exception of zoysia
2,4-D + Triclopyr BEE + Dicamba + Sulfentrazone (TZone)
 Efficacy
o Not specified.
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Turf tolerance is very poor for warm season grasses with the exception of zoysia
Atrazine (Aatrex)
 Efficacy
o Used on smutgrass (efficacy rate not specified)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Ground and surface water concerns
Bentazon (Basagran, Bentazon)
 Efficacy
o Good contact kill of Kyllinga spp. Should be applied with systemic herbicides for longterm control
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o None identified
Bromoxynil (Buctril, Connect)
 Efficacy
o Not specified.
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Resistance issues
o None observed
IPM issues
o None identified
Other considerations
o Limited to golf course and industrial turf only. Not for use on residential or public
areas

Carfentrazone (Quicksilver)
 Efficacy
o Poor against goosegrass
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o None identified
Dicamba + Thiencarbazone-methyl + Iodosulfuron-methyl-sodium (Celsius)
 Efficacy
o Good against grassy weeds in combination with foramsulfuron in Hawai‘i
o Suppresses undesirable seashore paspalum contaminating tolerant turfgrass species
o Used against broadleaf weeds (efficacy rate not reported)
 Resistance issues
o In combination with indaziflam and in rotation with MSMA: good for resistance
management
 IPM issues
o None identified
 Other considerations:
o Split doses with indaziflam are used (not for paspalum)
Diclofop (Illoxan)
 Efficacy
o Used against goosegrass (efficacy not specified)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Restricted Use Pesticide (RUP)
Fenoxaprop-p-ethyl (Acclaim Extra)
 Efficacy
o Used against crabgrass (efficacy rate not specified)
o Used against goosegrass (efficacy rate not specified)
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o Used against smutgrass (efficacy rate not specified)





Resistance issues
o None observed
IPM issues
o None identified
Other considerations
o None identified

Flazasulfuron (Katana)
 Efficacy
o Good against sedges and kyllinga.
o Used against broadleaf weeds (efficacy rate not specified)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o None identified
Fluazifop (Fusilade, Ornamec)
 Efficacy
o Effective for suppression of grassy weeds in zoysia when used in combination with
triclopyr (Turflon Ester) to minimize phytotoxicity
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Low margin of safety to zoysia when used without triclopyr
o Accurate broadcast application is essential, can be damaging if spot sprayed
o Not selective for crabgrass, goosegrass in turf
Foramsulfuron (Revolver)
 Efficacy
o Good against goosegrass on Guam
o Excellent against for goosegrass in Hawai‘i
o Good against grassy weeds in combination with Celsius in Hawai‘i
o Suppresses undesirable centipedegrass
o Suppresses undesirable seashore paspalum contaminating tolerant grass species
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o None identified
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Glyphosate (Roundup, etc.)
 Efficacy
o Excellent for crabgrass, goosegrass and lovegrass in Hawai‘i
o Used against broadleaf weeds (efficacy rate not specified)
 Resistance issues
o Yes. there is tolerance in some weed populations
 IPM issues
o Non-selective
 Other considerations
o Will kill desirable turf
o Some products can be used for spot treatment in existing turfgrass
o not selective for crabgrass in turf
Halosulfuron (SedgeHammer, Prosedge, Sandea)
 Efficacy
o Good against sedges and kyllinga on Guam
o Fair against sedges in Hawai‘i
o Poor against kyllinga in Hawai‘i
o Used against smutgrass (efficacy rate not specified)
 Resistance issues
o Some observed on Guam
 IPM issues
o None identified
 Other considerations
o Selective
Halosulfuron + foramsulfuron + thiencarbazone-methyl (Tribute Total)
 Efficacy
o Used against goosegrass (efficacy not specified)
o Used against lovegrass (efficacy rate not specified)
o Used against broadleaf weeds (efficacy rate not specified)
o Used against sedges and kyllinga (efficacy rate not specified)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o None identified
Imazaquin (Image)
 Efficacy
o Used against sedges and kyllinga (efficacy rate not specified)
 Resistance issues
o None observed
 IPM issues
o None identified
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Other considerations
o None identified

MCPA + Mecoprop-p + Dicamba + Carfentrazone-ethyl (Power Zone)
 Efficacy
o Excellent against pennywort.
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o None identified
Mesotrione (Tenacity)
 Efficacy
o Used against crabgrass (efficacy rate not specified)
o Used against goosegrass (efficacy rate not specified)
o Used agaomst smutgrass (efficacy rate not specified)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o None identified
Metribuzin (Sencor, TriCor)
 Efficacy
o Good against crabgrass on Guam
o Good against goosegrass on Guam
o Poor when used alone against goosegrass in Hawai‘i; but, more effective at higher
labeled rates
o Good against crabgrass and goosegrass when used with MSMA in Hawai‘i
o Can be highly effective for goosegrass and lovegrass control when applied in sequence
with foramsulfuron (Revolver)
o Used aginst smutgrass (efficacy rate not specified)
o Used aginst lovegrass (efficacy rate not specified)
 Resistance issues
o Goosegrass will become resistant with continued use
 IPM issues
o None identified
 Other considerations
o Use in established bermudagrass turf
o Metribuzin products would be more useful if labels allowed pre-emergent applications.
(See Critical Needs for Grassy Weed Management, p. 88.)
o Metribuziin products would be more useful if labels allowed spot spraying. (See
Critical Needs for Weed Management, p. 88.)
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Metsulfuron (Manor, Mansion, MSM, Blade)
 Efficacy
o Good against spurges in Hawai‘i
o Will control most broadleaf weeds in Hawai’i (efficacy rate not specified)
o Will suppress crabgrass and Paspalum conjugatum in Hawaii
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Selective
o Excellent tolerance to labeled turf
o Seashore paspalum is tolerant of low rates
o Highly active compound. Desirable vegetation should be protected from drift,
leaching, or runoff. Small amounts of residue are phytotoxic
MSMA (Weed-Hoe, Turf Max, Target 6, Trimec Plus)
 Efficacy
o Good against goosegrass on Guam; fair against goosegrass in Hawai‘i
o Good against goosegrass when applied with metribuzin in Hawai‘i
o Good against crabgrass on Guam; fair against crabgrass in Hawai‘i
o Used against smutgrass (efficacy rate not specified)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Selective
o Registration decision pending scientific review (Registration previously had been
cancelled effective December 31, 2012.)
Pronamide (Kerb)
 Efficacy
o Good against Poa spp.
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Restricted Use Pesticide (RUP)
o Spray when temperatures are cool (“cool temperature” not specified).
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Sethoxydim
 Efficacy
o Good for goosegrass in Hawai‘i
o Good for crabgrass in Hawai‘i (in centipedegrass)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Selective; however, not selective for crabgrass, goosegrass in turf
Simazine (Princep)
 Efficacy
o Fair against goosegrass (PRE)
o Good against crabgrass (PRE)
o Excellent against annual bluegrass (PRE)
o Used against smutgrass (POST) (efficacy rate not specified)
 Resistance issues
o Resistance to PSII inhibitors is well documented
 IPM issues
o None identified
 Other considerations
o Restricted Use Pesticide (RUP)
o Also labeled for control of small-seeded broadleaves
Sulfentrazone (Dismiss)
 Efficacy
o Effective against many labeled weeds in Hawai’i (efficacy rate not specified)
o Used against goosegrass (efficacy not specified)
o Good for augmenting action of slower-acting systemic herbicides if used at the lowest
rates. Usage of high rates can damage leaf tissue before systemic herbicides have
translocated
o Effective against sedges and kyllinga in Hawai’i when sequential applications are made
totaling the maximum annual usage rates.
o Used against broadleaf weeds (efficacy rate not specified)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o None identified
Sulfosulfuron (Certainty)
 Efficacy
o Good against spurges
o Good against sedges and kyllinga in Hawai‘i
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Resistance issues
o There is potential for resistance development; none observed yet
IPM issues
o None identified
Other considerations
o Selective

Triclopyr (Turflon Ester)
 Efficacy
o Suppresses undesirable seashore paspalum contaminating tolerant turfgrass species
o Used against broadleaf weeds (efficacy rate not specified)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Selective
o Zoysia is tolerant in of triclopyr in Hawai’i. All other warm season grasses are
severely injured by triclopyr.
Triclopyr + clopyralid (Confront, 2-D)
 Efficacy
o Good against spurges
o Used against broadleaf weeds (efficacy rate not specified)
o Used against sedges and kyllinga (efficacy rate not specified)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Selective
Trifloxysulfuron (Monument)
 Efficacy
o Good against sedges and kyllinga
o Good against torpedograss in Hawai‘i
o Suppresses undesirable seashore paspalum contaminating tolerant turfgrass species
o Used against broadleaf weeds (efficacy rate not reported)
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Selective
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Plant Growth Regulators
Mefluidide (Embark)
 Efficacy
o Good for suppression of annual bluegrass seed heads
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o Often tank-mixed with iron to mask discoloration
Paclobutrazol (Trimmit, Tide Paclo 2SC, Clarelle)
 Efficacy
o Fair against annual bluegrass in sequential applications over multiple years
 Resistance issues
o None observed
 IPM issues
o None identified
 Other considerations
o None identified
Trinexapac-ethyl (Primo, Game Up, T-NEX, Podium, Provair, T-Pac)
 Efficacy
o Not specified.
 Resistance issues
o None observed
 IPM issues
o Can increase bermudagrass traffic tolerance and density…thus making it less
susceptible to weed invasion
 Other considerations
o None identified
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AQUATIC PESTS: SNAILS AND BRYOZOANS
Organisms which are not direct pests of turf can cause problems for turf managers. In
Hawai‘i, facilities which use R1 water experience infestations of small snails (Melanoides
tuberculata) or bryozoans, which clog irrigation lines and sprinkler heads. Often mistaken for
algae or moss, bryozoans are also known as “moss animals”. These tiny animals form colonies or
networks of individuals, which cling to submerged surfaces such as the inner walls of pipes.
There, they thrive on algae or other microscopic particles that are carried by the water flowing
through the system.
Snails present a particular problem because killing of snail populations may not end the turf
manager’s problems; the snails’ empty shells remain, and can still clog the lines.
Aquatic Pest overview
 Pests are small snails and bryozoans in Hawai‘i
 Problems for facilities that use R-1 water
Aquatic pest management practices
 None identified
Cultural controls (not stand-alone)
 None identified
Chemical control
 Copper sulfate for bryozoans
Critical needs for aquatic pest management
 Research
o None identified.


Regulatory
o None identified.



Education
o None identified.

Registered chemical aquatic pest controls
Note: chemical controls for aquatic pests that affect turfgrasses were not specifically discussed.
Following is an example of chemical controls whose labels allow applications for some aquatic
pests. For all pesticides labeled for use on turfgrass in Hawai‘i, see Appendix 1 and Efficacy
Tables, Appendices 2 - 4.
 Copper sulfate pentahydrate (F-30, Copper sulfate crystals, Radiance, Earthtec, Quimag
Quimicos Aguila, SeClear)
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Overall Critical Needs for Turfgrass
Production and Management in Hawai‘i and on Guam
In addition to identifying their critical pest management needs, the work group took the
opportunity presented at the workshop to articulate and record general needs of the industry,
which may not directly relate to pest management:
Pest Management Research
 Tactics to control snails
 Management practices to control aquatic pests
 Non-chemical ways to manage insect pests
 Tactics to control insect pests
 Tactics to control ants
 Identification and readiness to control newly-introduced insect pests
 Industry survey of chemical use and other inputs per acre on various turf locations (e.g.,
greens, fairways, parks, landscapes)
 Economic/thresholds for pests
 Development of an assertive IPM program
 Properties of new turfgrass cultivars
 Efficacy and use of new pest management chemicals
 Replacement for MSMA for control of grassy weeds (especially lovegrass, wiregrass, and
smutgrass)
 Pest resistant varieties of turfgrass
 Nutrient management and its impact on pest pressures
 Pest management in seashore paspalum
 Pest management in ultra-dwarf bermudagrass
 Control of kikuyugrass in bermudagrass
 Identification of biotypes of weeds
Regulatory
 License quinclorac (Drive) for use in Hawai‘i
 Registration of salt as a herbicide
 Simplify process to allow new turfgrass cultivars into Hawai‘i
 Registration of new pest control chemicals
Education
 Current information on turfgrasses and technologies
 Funding for UH specialists with turf expertise and responsibilities
* Replacement of UH Extension Turf Specialist
 Better education of workers, superintendents and supervisors about health and safety
issues in appropriate languages
 Integrated Pest Management
 More awareness of the Landscape Industry Council of Hawai‘i’s (LICH), Certified
Landscape Technician (CLT) program
 Weed ID book/poster with photos of weeds in turf, before and after they are cut
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OVERALL CRITICAL NEEDS




Educate legislators and other decision and policy makers about the industry needs
Promotion of the Golf Course Superintendents Association of America’s (GSCAA) Best
Management Practices
Maintain alliances with vendors and other professionals to keep abreast of changes and
developments in pest management

Overall Research
 Industry survey of the acreages and uses of different turf species
 Industry survey of the economic cost of design, installation and maintenance of turfgrass
facilities
 Properties of new turfgrass cultivars
 Chemical use per acres/areas (greens, fairways, roadsides, parks, around buildings) and
other inputs
 Sampling/Survey of pest management problems and tactics of public park and recreation
areas, where use of chemical controls are very limited because of exposure to the general
public
Overall Regulatory
 Secure an exemption from the Jones Act
 Simplify process to allow new turfgrass cultivars into Hawai‘i
Overall Education
 Educate legislators and other decision and policy makers about the industry needs and its
importance to the state’s economy
Overall Industry Need
 Control of costs of inputs (shipping).
* Update
The University of Hawai‘i at Mānoa hired Zhiqiang Cheng as Assistant Specialist in Turf &
Landscape Pest Management in May 2013.

~ ~ ~ ~ ~ ~ ~ ~ ~ ~
* This change has occurred since the workshop was held in July 2008.
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Appendix 1. Registered Pesticides for Turfgrass in Hawai‘i
Active Ingredient

Trade name

Company

INSECTICIDES and ACARICIDES

Abamectin

Acephate

Azadirachtin

Bacillus thuringiensis

Advance
Advance 375A
Ascend

BASF Corporation

Abathor

Ensystex IV, Inc.

Award II

Syngenta Crop Protection, LLC

Advance
Advance 375A
Ascend

Whitmire Micro-Gen Research Laboratories,
Inc.

Acephate 90 WDG

Loveland Products, Inc.

Orthene Turf, Tree & Ornamental WSP
Orthene Turf, Tree & Ornamental 97 Spray

Amvac Chemical Corp.

Acephate 97Up

United Phosphorus, Inc.

Azaguard

Biosafe Systems LLC

Molt-X

Bioworks, Inc.

Neemix 4.5

Certis USA, L.L.C.

Azatin O
Azatin XL

OHP, Inc.

Azamax AG 0.6

Parry America Inc.

Ornazin

SePRO Corporation

Azasol (8770.2)

SoluNeem Inc.

Dipel Pro DF
Xentari Dry Flowable

Valent Biosciences Corporation, ESD

Crymax

Certis USA, LLC
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APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade name

Company

INSECTICIDES and ACARICIDES

Bifenthrin

Bifenthrin + zeta-Cypermethrin

Wisdom Flowable *
Wisdom GC Granular *
Wisdom TC
Wisdom EZ Golf Course *
Wisdom EZ
Wisdom Lawn Granular

Amvac Chemical Corp.

0.15G ProSect

The Andersons Lawn Fertilizer Division, Inc.

Bifen I/T
Bifen XTS
Maxxthor SC
Maxxthor SG
Baseline
Brigade 2EC *
Capture LFR
Onyx
Onyxpro *
Ortho Max Pro
Talstar S Select*
TalstarOne (Disc.)
Bisect G *
Sniper *
Bifenthrin Golf & Nursery 7.9F *
Bifenthrin I/T/ 7.9F (8275.47)

Control Solutions, Inc.
ENSYSTEX II, Inc.

FMC Corp.

Loveland Products, Inc.
Makhteshim-Agan of North America, Inc.
DBA ADAMA

Bifen 25% EC *

Tacoma Ag, LLC

Menace GC 7.9%* (9805.81)

Nufarm Americas Inc.

Bifenture EC * (8026.22)
Up-Star Easy Spread Granular (8026.55)
Up Star GC Granular * (8026.31)
Up-Star Gold (8026.17)
Up-Star Gold Granular (8026.30)
Up-Star SC Lawn & Nursery * (8026.18)

United Phosphorus, Inc.

Masterline Bifenthtin 7.9 (8307.4)

Univar Environmental Sciences

Talstar Xtral GC Granular *
Talstar Xtra Granular *

FMC Corporation
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APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade name

Company

INSECTICIDES and ACARICIDES
Boric acid

Carbaryl

Chlorpyrifos

Clothianidin
Clothianidin + Bifenthrin
Cyfluthrin

Borathor

Ensystex II, Inc.

Niban Granular Bait

Nisus Corporation

Intice 10

Rockwell Laboratories, Inc.

Sevin 80s (fire ants & mosquitoes)
Sevin 80 WSP (fire ants & mosquitoes)
Sevin RP2 (9529.51)
Sevin RP4 (fire ants & mosquitoes)
Sevin 80 WSP (Disc.)
Sevin SL

Bayer CropScience LP
Bayer Environmental Science

Carbaryl 4L

Drexel Chemical Co.

Carbaryl 4L

Loveland Products, Inc.

Sevin SL

Prokoz Inc.

8% Granular Insecticide with Carbaryl

The Andersons Lawn Fertilizer Division, Inc.

Lorsban 4E *
Lorsban Advanced *
Dursban 50W in Water Soluble Packets *

Dow AgroSciences, LLC

Chlorpyrifos 4E *

FarmSaver.com LLC

Chlorpyrifos 4E *
Chlorpyrifos 4E AG *
Vulcan *

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Warhawk *

Loveland Products, Inc.

Chlorpyrifos SPC 4 *

Nufarm Americas Inc.

Arena 0.25 G
Arena 50 WDG
Aloft GC SC *
Aloft GC G *
Aloft LC G
Aloft LC SC
Tempo 20WP Golf Course Insecticide in Water
Soluble Packets *

Valent U.S.A. Corporation
Arysta Lifescience North America, LLC
Bayer Environmental Science
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APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade name

Company

INSECTICIDES and ACARICIDES
Beta-Cyfluthrin

Tempo SC Ultra
Tempo Ultra WSP
Tempo Ultra GC *

Bayer Environmental Science

Gamma-cyhalothrin

Optimate CD

Control Solutions, Inc.

Cyzmic
Surrender

Control Solutions, Inc.

Equil Lambda 9.7 CS

Envincio. LLC

Lambdastar 9.7% CS

LG International (America), Inc.

Lambda Cyhalothrin

Deltamethrin

Dinotefuran
Esfenvalerate
Fenoxycarb
Fipronil
Halofenozide

Demand
Patrol
Scimitar CS
Scimitar GC *
Lambda-CY EC
Lambda-CY EC *
Deltagard G (9346.177)
Deltagard GC T&O 5 SC (Disc.)
Deltagard GC 5 SC *
Deltagard GC Granular *
Deltagard T&O
Suspend

Syngenta Crop Protection, Inc.
United Phosphorous, Inc.

Bayer Environmental Science

D-fense SC

Control Solutions, Inc.

Zylam 20 SG

PBI/Gordon Corp.

Fenvastar Ecocap

LG International (America), Inc.

Onslaught

McLaughlin Gormley King Co. (MGK)

Award Fire Ant Bait (Disc.)

Syngenta Crop Protection, LLC.

Firestar (Disc.)
Maxforce FC
Mach 2 1.15G (Disc.)
Mach 2 2SC (Disc.)

Bayer Environmental Science
Dow AgroSciences, LLC
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APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade name

Company

INSECTICIDES and ACARICIDES

Hydramethylnon

Hydramethylnon + S-Methoprene

Imidacloprid

Amdro Pro

Ambrands

Amdro Pro

BASF Corp.

Maxforce
Maxforce Complete
Maxforce Granular

Bayer Environmental Science

Amdro Firestrike

Ambrands

Extinguish Plus

Wellmark International

Fertilizer with 0.2% Merit

The Andersons Lawn Fertilizer Division, Inc.

Merit 0.5G
Merit 2F
Merit 75 WP
Merit 75 WSP
Lesco Bandit 0.5G
Lesco Bandit 2F
Lesco Bandit 75 WSP
Criterion 0.5G
Criterion 2F
Criterion 75 WSP
Hunter 0.5G (Disc.)
Hunter 2F (Disc.)
Hunter 75 WSP (Disc.)
Submerge 0.5G
Submerge 2F (Disc.)
Touchstone 0.5G (Disc.)
Touchstone 2F (Disc.)
Prokoz Zenith 0.5G
Prokoz Zenith 2F
Prokoz Zenith 75 WSP

Bayer Environmental Science

Garant T & O 2FGarant T & O 75 WSP

Cheminova, Inc.

Dominion 2L

Control Solutions, Inc.

Turfthor WSP

ENSYSTEX III, Inc.
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Active Ingredient

Trade name

Company

INSECTICIDES and ACARICIDES
Prothor SC 2
Turfthor 0.5 G
Imidacloprid 0.5G
Imidacloprid 2F
Imidacloprid 75WSB
Primaeraone Imidacloprid 2F (Disc.)
Quali-Pro Imidacloprid 0.5G
Quali-Pro Imidacloprid 2F
Quali-Pro Imidacloprid 75 WSB
Malice 0.5G
Malice 2F
Malice 75 WSP
Widow
Mallet 0.5G
Mallet 2F
Mallet 2F T&O
Mallet 7.1 PF
Mallet 75 WSP

Imidacloprid (continued)

Lada 2F
ImiGold 0.5G
ImiGold 2F
ImiGold 70DF
Allectus G
Allectus GC * (Disc.)
Allectuc DC SC * (Disc.)
Allectus SC (Disc.)

Imidacloprid + Bifenthrin

Bithor SC

Imidacloprid + Bifenthrin + Zeta-cypermethrin

Atera 2+1 SC
Atera GC 2+1 SC * (cancelled)
Triple Crown
Triple Crown Golf *

ENSYSTEX IV, Inc.
Farmsaver.com LLC
Makhteshim-Agan of North America, Inc.
DBA ADAMA

Loveland Products, Inc.

Nufarm Americas, Inc.

Rotam North American, Inc.
United Phosphorous, Inc.

Bayer Environmental Science
ENSYSTEX IV, Inc.
Nufarm Americas, Inc.
FMC Corporation
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Active Ingredient

Trade name

Company

INSECTICIDES and ACARICIDES
Advion Fire Ant Bait
Advion Mole Cricket Bait (Disc.)
Provaunt
Advion
Provaunt

Indoxacarb

Metaflumizone

Siesta

Methomyl

Lannate LV *
Lannate SP *
Nudrin LV *
Nudrin SP *
M1 LV *
M1SP *
Corrida 29 SL *
Corrida 90 WSP *

E.I. Dupont De Nemours & Co., Inc.
Syngenta Crop Protection
BASF Corporation
E.I. Dupont De Nemours & Co., Inc.
Rotam North America, Inc.
Agsurf Corporation
Sinon USA, Inc.

S-Methoprene

Extinguish Professional

Wellmark International

MGK 264 + Piperonyl butoxide + Pyrethrins

Pyronyl UL-100

Prentiss LLC

Prelude

Amvac Chemical Corp.

Astro
Dragnet SFR

FMC Corporation.

Covert (Disc.)

Loveland Products, Inc.

Perm-up *

United Phosphorus, Inc.

Petroleum oils

Civitas

Petro-Canada

Phosphoric acid + Spinosad

Bug-N-Sluggo

Certis USA, L.L.C.

Piperonyl butoxide + Pyrethrins

Exciter

Prentiss LLC.

Piperonyl butoxide + Esfenvalerate + Prallethrin

Onslaught Fastcap

McLaughlin Gormley King Company (MGK)

Potassium salts of fatty acids (insecticidal soap)

M-pede

Gowan Company

Potassium silicate

Sil-matrix

PQ Corp.

Pyriproxyfen

Distance

Valent U.S.A. Corporation

Permethrin
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APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade name

Company

INSECTICIDES and ACARICIDES
Spinosad

Trichlorfon

Seduce

Certis USA, L.L.C.

Conserve SC
Entrust SC

Dow AgroSciences, LLC

Come and Get It!

Voluntary Purchasing Groups, Inc.

Dylox 6.2
Dylox 80 (Disc.)
Dylox 420SL

Bayer Environmental Science

Millenium

Becker Underwood, Inc.

Unregistered materials

Steinernema carpocapsae

MOLLUSCICIDES (terrestrial)
Note: terrestrial mollusk pests are not discussed in the document

Borathor

Ensystex II, Inc.

BugBait (Disc.)
Niban Granular Bait

Nisus Corporation

Sluggo

Certis USA, L.L.C.

Sluggo

Loveland Products, Inc.

Iron phosphate + Spinosad

Bug-n-sluggo

Certis USA, L.L.C.

Metaldehyde

Deadline M-PS Mini Pellets
Metaldehyde Granules 3.5
Metaldehyde Granules 7.5
Slug-fest (Disc.)
Snail & slug bait (Disc.)

Boric acid

Iron phosphate

Sodium ferric EDTA

Amvac Chemical Corp.
Or-Cal, Inc.

IronFist

Engage Agro USA, LLC

Ferroxx

W. Neudorff GMBH KG

* Restricted Use Pesticide (RUP)
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APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade name

Company

FUNGICIDES and NEMATICIDES
Quaternary ammonium chlorides

Physan 20

Maril Products, Inc.

Azoxystrobin

Disease Control Pro
Heritage G
Heritage TL
Mika Liquid
Mika WG

Syngenta Crop Protection, LLC

Azoxystrobin + Difenoconazole

Briskway

Syngenta Crop Protection, LLC

Double Nickel 55
Double Nickel LC
Nortica
Nortica 10 WP

Bacillus amyloliquefaciens strain D747
Bacillus firmus strain I-1582

Certis USA, L.L.C.
Bayer Environmental Science

Bacillus licheniformis + Indolebutyric acid

EcoGuard

Novozymes Biologicals, Inc.

Bacillus subtilis GB03

Companion

Growth Products, Ltd.

Rhapsody

AgraQuest, Inc.

Rhapsody

Bayer CropScience LP

Borax

Prev-Am (golf course only)

Oro Agri, Inc.

Boscalid

Emerald (golf course turf)

BASF Corporation

Captan

Captan 50
Captan 80 WDG

Arysta Lifescience North America, a LLC

Captan 50W

Drexel Chemical Company

5% Daconil

Andersons Lawn Fertilizer Division, Inc.

Chlorothalonil 720
Chlorothalonil 82.5% WDG

Arysta Lifescience North America, LLC

Bacillus subtilis, QST 713 strain

Chlorothalonil
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APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade name

Company

FUNGICIDES and NEMATICIDES
Chlorothalonil 500 ZN
Primaeraone Chlorothalonil 720 SFT (Disc.)
Quali-Pro Chlorothalonil 720 SFT
Quali-Pro Chlorothalonil DF
Primaeraone Chlorothalonil DF (Disc.)
Armor Tech CLT 720
CLT 825
Ensign 82.5%
Ensign 720
Initiate 720 Flowable
Mainsail 6.0 F
Mainsail WDG
Daconil Ultrex
Daconil Weather Stik
Docket DF
Docket WS
Daconil ZN

Chlorothalonil (continued)

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Loveland Products, Inc.
Prokoz Inc.

Syngenta Crop Protection, LLC

Chlorothalonil + Acibenzolar

Daconil Action

Syngenta Crop Protection, LLC

Chlorothalonil + azoxystrobin

Renown

Syngenta Crop Protection, LLC

Chlorothalonil + boscalid

Encartis

BASF Corporation

Chlorothalonil + Fluoxastrobin

Disarm C

Arysta Lifescience North America, a LLC

Chlorothalonil + Propiconazole

Concert
Concert II

Syngenta Crop Protection, LLC

Spectro 90 WDG

Cleary Chemicals, LLC

TM/C WDG (Disc.)

Makhteshim-Agan of North America, Inc.
DBA ADAMA

TM+CTN SPC 66.6 WDG

Nufarm Americas Inc.

Chlorothalonil + Triticonazole

Reserve

Bayer Environmental Science

Chlorothalonil + Iprodione + Thiophanate-methyl
+ Tebuconazole

Enclave

Control Solutions, Inc.

Copper hydroxide + mancozeb

Junction
Junction WSP

SePRO Corporation

Chlorothalonil + Thiophanate-methyl
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Active Ingredient

Trade name

Company

FUNGICIDES and NEMATICIDES
Segway

FMC Corporation

Segway SC

PBI/Gordon Corp

Basamid G *

Amvac Chemical Corp.

Basamid G *

Certis USA, L.L.C.

Truban 30 WP

Everris NA, Inc.

Terrazole 35% Wettable Powder

Macdermid Agricultural Solutions, Inc.

Terrazole L

OHP, Inc.

Fenamiphos (cancelled; use of existing stocks
until 10/6/2017)

Nemacur 10% * (Disc.) supplemental label for
sod farms only

Bayer Environmental Science

Fenarimol

Rubigan (cancelled 7/31/2013)

Gowan Company

Fludioxonil + Mefenoxam

Maxim XL (seed treatment)

Syngenta Crop Protection, LLC

Fluxapyroxad

Xzemplar

BASF Corporation

Fluoxastrobin

Disarm 480 SC
Disarm G

Arysta Lifescience North America, LLC

Fluoxastrobin + Myclobutanil

Disarm G

Arysta Lifescience North America, LLC

Cyazofamid

Dazomet

Etridiazole

Flutolanil

Fosetyl-Al

Prostar 70 WDG
Prostar 70 WG
Prostar 70 WP
Aliette
Signature

Bayer Environmental Science
Bayer Environmental Science

Fosetyl-Al 80 WDG

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Furfural

Multiguard Protect

Agriguard Company

Harpin alpha beta protein

Employ H&T (nematode suppression)
(Cancelled; all uses prohibited after 10/4/2014)

Plant Health Care Inc.

Hydrogen peroxide

ZeroTol (Disc.)

Biosafe Systems LLC

Hydrogen peroxide + Peroxyacetic acid

ZeroTol 2

Biosafe Systems LLC
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Active Ingredient

Trade name

Company

FUNGICIDES and NEMATICIDES
Iprodione Pro 2SE (Disc.)

Iprodione

Iprodione + Thiophanate-methyl

26019
26019 Flo
26GT
Ipro 2SE
Iprodione 2SE

Mancozeb

Makhteshim-Agan of North America, Inc.
DBA ADAMA
Nufarm Americas Inc.

Tazz

United Phosphorus, Inc.

26/36

Cleary Chemicals, LLC

26/36
Interface
Interface Stressguard
Dithane 75DF Rainshield
Dithane DF Rainshield
Dithane F-45 Rainshield
Dithane WF Rainshield
Fore 80WP Rainshield

Nufarm Americas Inc.
Bayer Environmental Science

Dow AgroSciences, LLC

Protect DF

Cleary Chemicals, LLC

Manzate 75DF (Disc.)
Manzate Flowable

Griffin, LLC

Roper DF Rainshield

Loveland Products, Inc.

Manzate Flowable
Manzate Max
Manzate Pro-Stick T&O

United Phosphorus, Inc.

Pentathlon LF
Pentathlon DF
Mancozeb + Phosphorous acid

Bayer Environmental Science

Iprodione SPC

TM+IP SPC
Iprodione + Trifloxystrobin

BASF Corporation

Manco-phite

SePRO Corporation
Plant Protectants, LLC
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Active Ingredient

Trade name

Company

FUNGICIDES and NEMATICIDES
Zyban WSB

Everris NA, Inc/

Zyban WSB

Scotts-Sierra Crop Protection Co.

Apron XL
Ariel
Subdue GR
Subdue Maxx
Subdue WSP

Syngenta Crop Protection, LLC

Mefenoxam 2 AQ

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Allegiance FL (seed treatment)

Bayer CropScience LP

Metastar 2E

LG International (America), Inc.

Dyna-Shield (seed treatment)

Loveland Products, Inc.

Vapam HL *

Amvac Chemical Corp.

Sectagon *

Tessenderlo Kerley, Inc.

Metconazole (DMI)

Tourney

Valent U.S.A. Corporation

Methyl bromide + Chloropicrin

Terr-O-Gas 98 *

Great Lakes Chemical Corp.

(preplant)

MBC *

Trical, Inc.

Myclobutanil

Eagle 20EW
Eagle 40 WP (Disc.)

Dow AgroSciences, LLC

F-Stop

Voluntary Purchasing Groups, Inc.

Myclobutanil + fluoxastrobin

Disarm M

Arysta Lifescience North America, LLC

Pentachloronitrobenzene (PCNB)

Turfcide 10% Granular
Turfcide 10G
Turfcide 400

Amvac Chemical Corp.

Penthiopyrad

Velista

E.I. Dupont De Nemours & Co., Inc.

Mancozeb + Thiophanate-methyl

Mefenoxam

Metalaxyl

Metam sodium
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Active Ingredient

Trade name

Company

FUNGICIDES and NEMATICIDES

Phosphorous acid

Polyoxin D zinc salt

Potassium bicarbonate
Potassium phosphate + Phosphorous acid
Propamocarb hydrochloride

Propiconazole

Fiata

Bayer Environmental Science

Alude

Cleary Chemicals, LLC

Fosphite

JH Biotech, Inc.

Agri-Fos

Liquid Fertiliser Pty. Ltd.

Rampart

Loveland Products, Inc.

Alude
Phostrol

Nufarm Americas, Inc.

Fungi-Phite

Plant Protectants, LLC

Appear

Syngenta Crop Protection, LLC

Endorse

Arysta Lifescience North America, LLC

Endorse

Cleary Chemicals, LLC

Affirm WDG

Cleary Chemicals, LLC

Armicarb O

Helena Chemical Co.

Kaligreen

Otsuka Agritechno Co., Ltd.

Phorcephite

Loveland Products, Inc.

Banol

Bayer Environmental Science

Proplant

Agriphar S.A.

Propiconazole 41.8%

Amtide LLC

Propizol

Arborjet, Inc.

Banner Maxx
Banner Maxx II)
Colony
Dorado

Syngenta Crop Protection, LLC

Fathom 14.3 MEC

Prokoz Inc.
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Active Ingredient

Trade name

Company

FUNGICIDES and NEMATICIDES

Propiconazole (continued)

Fitness
Procon Z
Propiconazole SPC 14.3 MEC
Strider
Primeraone Propiconazole 14.3
Quali-Pro Propiconazole 14.3
ProPensity 1.3ME

Propiconazole + Azoxystrobin
Pyraclostrobin
Pyraclostrobin + Boscalid

Headway
Headway G
Insignia
Insignia SC
Honor
Honor Intrinsic

Loveland Products, Inc.
Nufarm Americas Inc.
Makhteshim-Agan of North America, Inc.
DBA ADAMA
Sipcam Agro USA, Inc.
Syngenta Crop Protection, LLC
BASF Corporation
BASF Corporation

Pyraclostrobin + Fluxapyroxad

Lexicon Intrinsic

BASF Corporation

Quillaja saponaria, saponins of

Brandt Nema-Q

Brandt Consolidated

Streptomyces lydicus

Actinovate SP

Natural Industries, Inc.

Kumulus

Arysta Lifescience North America, LLC

Micro Sulf

Nufarm Americas, Inc.

Acoidal
Defend DF

Quimetal Industrial S.A.

Cosavet-DF

Sulphur Mills Limited

Microthiol Disperss

United Phosphorus, Inc.

Tebuconazole 3.6F

Albaugh, Inc.

Mirage Stressgard

Bayer Environmental Science

Torque

Cleary Chemicals, LLC

Monsoon Turf

Loveland Products, Inc.

Sulfur

Tebuconazole
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Active Ingredient

Trade name

Company

FUNGICIDES and NEMATICIDES
Tebuconazole (continued)

Thiophanate-methyl

Tebuconazole 3.6F

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Offset 3.6F

Rotam North America, Inc.

3336 DG Lite
3336 EG
3336 G
3336 F
3336 GC
3336 Plus
3336 WP
26/36
6672 4.5 F
6672 50 WP 9836.46)
Incognito 85 WDG
TM 4.5
TM 85 WDG
Incognito 85 WDG
TM 4.5
TM 85 WDG
T-Storm
T-methyl SPC 4.5 F
T-methyl SPC Granular
T-methyl SPC 50 WSB
T-methyl 4.5

Cleary Chemicals, LLC

OHP, Inc.
Makhteshim-Agan of North America, Inc.
DBA ADAMA
Makhteshim-Agan of North America, Inc.
DBA ADAMA
Nufarm Americas, Inc.
PrimeraTurf, Inc.

Transom 4.5 F
Transom 50 WSB
Allban 50 WSB
Allban Flo
4.5 (not for sod production)
FungoFlo
Thiophanate-methyl + Propiconazole

Protocol

Prokoz Inc.
Scotts-Sierra Crop Protection Co.
United Phosphorus, Inc.
Loveland Products, Inc.
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Active Ingredient

Trade name

Company

FUNGICIDES and NEMATICIDES
Thiram

Defiant

Taminco, Inc.

Spotrete F

Cleary Chemicals, LLC

Bayleton Bayleton 50
Bayleton 50 WP
Bayleton 50 WSP (Disc.)
Bayleton Flo
Armada
Tartan

Triadimefon
Triadimefon + Trifloxystrobin
Triticonazole
Triticonazole + Pyraclostrobin
Yeast extract from Saccharomyces cerevisiae

Bayer Environmental Science
Bayer Environmental Science

Trinity

BASF Corporation

Triton Flo

Bayer Environmental Science

Pillar G
Pillar G Intrinsic
Keyplex 350
Keyplex 350 OR

BASF Corporation
Keyplex

Unregistered materials

Maneb: all registrations cancelled

Manex (Disc.) (Cancelled April 16, 2010)

E. I. Dupont de Nemours & Co., Inc.

Vinclozolin: all registrations for the active
ingredient vinclozolin will be phased out

Curalan (cancelled: Sep. 24, 2014)
Touché. (cancelled: Sep. 24, 2014)

BASF Corporation

* Restricted Use Pesticide (RUP)
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Active Ingredient

Trade name

Company

ALGAECIDES

Chlorothalonil

5% Daconil

Andersons Lawn Fertilizer Division, Inc.

Chlorothalonil 82.5% WDG
Chlorothalonil 720

Arysta Lifescience North America, LLC

CTN SPC 720 (Disc.)

Nufarm Americas Inc.

Ensign 82.5%
Ensign 720
Initiate 720 Flowable
Armor Tech CLT 720
Chlorothalonil 500 ZN
CLT 825
Primaeraone Chlorothalonil 720 SFT (Disc.)
Primaeraone Chlorothalonil DF (Disc.)
Quali-Pro Chlorothalonil 720 SFT
Quali-Pro Chlorothalonil DF
Mainsail 6.0 F
Mainsail WDG
Daconil Ultrex
Daconil Weather Stik
Daconil ZN
Docket DF
Docket WS

Loveland Products, Inc.

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Prokoz Inc.

Syngenta Crop Protection, LLC

CLT 825 DF

United Turf Alliance, LLC

Chlorothalonil + Acibenzolar

Daconil Action

Syngenta Crop Protection, LLC

Chlorothalonil + Azoxystrobin

Renown

Syngenta Crop Protection, LLC

Chlorothalonil + Boscalid

Encartis

BASF Corporation

Chlorothalonil + Fluoxastrobin

Disarm C

Arysta Lifescience North America, LLC

Chlorothalonil + Propiconazole

Concert II

Syngenta Crop Protection, LLC

Chlorothalonil + Thiophanate-methyl

Spectro 90 WDG

Cleary Chemicals, LLC
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Active Ingredient

Trade name

Company

ALGAECIDES
Chlorothalonil + Triticonazole

Reserve (9346.347)

Bayer Environmental Science

Nu-Cop 3L (Disc.)
Nu-Cop HB
Nu-Cop 50 DF (Disc.)
Nu-Cop 50WP (Disc.)

Albaugh, Inc.

Champ WG

Nufarm Americas, Inc.

Junction
Junction WSP

SePRO Corporation

Cuproxat

Nufarm Limited

Cuprofix Ultra 40 Disperss

United Phosphorus, Inc.

Clearigate
Cutrine Ultra

Applied Biochemists

Mizzen

Lake Restoration, Inc.

K-Tea
Nautique

SePRO Corporation

Copper Sulfate Crystals

Chem One Ltd.

Formula F-30

Diversified Waterscapes, Inc.

Radiance

Earth Science Laboratories

Quimag Quimicos Aguila

Fabrica de Sulfato el Aquila, S.A de C.V.

SeClear

SePRO Corporation

Hydrogen peroxide

ZeroTol (Disc.)

BioSafe Systems LLC

Hydrogen peroxide + peroxyacetic acid

ZeroTol 2.0

BioSafe Systems LLC

Copper hydroxide

Copper hydroxide + Mancozeb
Basic copper sulfate

Copper (from triethanolamine)
(for use in lakes, ponds, irrigation, etc.)

Copper sulfate pentahydrate
(for use in lakes, ponds, irrigation systems, etc.)
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Active Ingredient

Trade name

Company

ALGAECIDES

Mancozeb

Dithane 75DF Rainshield
Dithane DF Rainshield
Dithane F-45 Rainshield
Dithane WF Rainshield
Fore 80WP Rainshield

Dow AgroSciences, LLC

Protect DF

Cleary Chemicals, LLC

Manzate 75DF (Disc.)
Manzate Flowable (Disc.)

Griffin, LLC

Roper DF Rainshield

Loveland Products, Inc.

Manzate Flowable
Manzate Max T&O
Manzate Pro-Stick T&O
Pentathlon LF
Pentathlon DF
Sodium percarbonate

United Phosphorus, Inc.
SePRO Corporation

Phycomycin-SCP

Applied Biochemists, Inc.

GreenClean Pro
GreenClean Pro Granular (Disc.)

Biosafe Systems LLC

* Restricted Use Pesticide (RUP)
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Active Ingredient

Trade Name

Company

HERBICIDES
Preemergence & early postemergence
Atrazine 4L *

Loveland Products, Inc.

Atrazine 4L *
Atrazine 90DF *

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Atrazine 90DF *

Sipcam Agro USA, Inc.

Aatrex 4L *
Aatrex Nine-O *

Syngenta Crop Protection, Inc.

Benfluralin + Oryzalin

Surflan XL 2G

United Phosphorus, Inc.

Benfluralin + Trifluralin

Team 2G (Disc.)

Dow AgroSciences LLC

Bensulide + Oxadiazon

Goosegrass/Crabgrass Control

Anderson’s Lawn Fertilizer Division, Inc.

DCPA

Dacthal Flowable

Amvac Chemical Corp.

Dimethenamid-P

Tower

BASF Corporation

Dithiopyr 40

Alligare, LLC

Dithiopyr 2L

Control Solutions, Inc.

Dimension EC
Dimension 2EW
Dimension Ultra 40WP

Dow AgroSciences LLC

Dimension 0.25G
Fertilizer 25-5-10 with Dimension
Fertilizer with 0.25% Dimension 19-0-19
Fertilizer with 0.25% Dimension 21-0-10
Fertilizer with 0.164% Dimension 24-0-12

Anderson’s Lawn Fertilizer Division, Inc.

Atrazine

Dithiopyr
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Active Ingredient

Trade Name

Company

HERBICIDES
Preemergence & early postemergence (continued)

Dithiopyr (continued)

Ethofumesate

Indaziflam

Isoxaben

Napropamide

Crabgrass Preventer2

Green Light Company

Dimension 270

Knox Fertilizer Company

Proscape Fertilizer with Dimension.13% (Disc.)

Lebanon Seaboard Corporation

Dimension 0.15% Plus Fertilizer
Dimension 0.19% Plus Fertilizer

Loveland Products, Inc.

Best 16-8-8 (with 0.20% Dimension)
Best 19-4-12 with 0.20% Dimension
Dimension 270G Specialty
EverGreen 18-5-0 Minis + 5% Iron with 0.20%
Dimension

J. R. Simplot Co.

Prograss
Prograss SC

Bayer Environmental Science

PoaConstrictor

United Phosphorus, Inc.

Specticle 20 WSP
Specticle Flo
Specticle G

Bayer Environmental Science

Gallery 75 Dry Flowable
Gallery SC

Dow AgroSciences LLC

Isoxaben 75 WG

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Devrinol 2G (Disc.)
Devrinol 50DF (8026.16)

United Phosphorus, Inc.
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Active Ingredient

Trade Name

Company

HERBICIDES
Preemergence & early postemergence (continued)

Oryzalin

Oxadiazon

Oxadiazon + Dithiopyr

Surflan AS
Surflan WDG

United Phosphorus, Inc.

Oryzalin 4 Pro

Farmsaver.com LLC

Oryzalin Coated Granules

Loveland Products, Inc.

Oryzalin 4

Makhteshim-Agan of North America, Inc.
DBA ADAMA

8-4-24 with 1.38% Ronstar
15-5-10 Fertilizer Plus 1.0% Ronstar
22-0-10 with Ronstar
22-4-11 with Ronstar
SFT Fertilizer with 1% Ronstar (Disc.)

Anderson’s Lawn Fertilizer Division, Inc.

Ronstar 50 WSP
Ronstar Flo
Ronstar G

Bayer Environmental Science

Turf Food Crabgrass Control Ronstar 100

Knox Fertilizer Company

Proscape with Ronstar 1%
Proscape with Ronstar 1.5%

Lebanon Seaboard Corporation

Ronstar 0.95%

Lesco, Inc.

Fertilizer with 1% Oxadiazon

Loveland Products, Inc.

Oxadiazon 2G
Oxadiazon 50 WSB
Oxadiazon SC

Makhteshim-Agan of North America, Inc.
DBA ADAMA

22-0-16 with Dimension & Ronstar

Anderson’s Lawn Fertilizer Division, Inc.
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Active Ingredient

Trade Name

Company

HERBICIDES
Preemergence & early postemergence (continued)

Pendimethalin

Pendimethalin + Dimethenamid-P

Prodiamine

Corral 2.68G

The Scotts Company

13-3-7 Fertilizer with ProPendi (Disc.)
14-0-14 Plus Turf Weedgrass Control
22-0-6 Fertilizer with ProPendi
22-0-6 Plus Preemergent Weed Control

Anderson’s Lawn Fertilizer Division, Inc.

Pendulum 2G
Pendulum 3.3 EC
Pendulum Aquacap

BASF Corporation

Corral 2.68G

Everris NA, Inc.

Pre-M 0.86%

Lesco, Inc.

Freehand 1.75G

BASF Corporation

0.48% Barricade on DG Pro
19-0-19 with Barricade

Anderson’s Lawn Fertilizer Division, Inc.

Shaw’s Turf Food/Crabgrass Control Barricade
28
Shaw’s Turf Food/Crabgrass Control Barricade
38

Knox Fertilizer Company

Proscape with Barricade .38% (Disc.)

Lebanon Seaboard Corporation

Stonewall 0.43%

Lesco, Inc.

Prodiamine 4L
Primeraone Prodiamine 65 WDG
Quali-Pro Prodiamine 65 WDG

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Cavalcade 65 WDG

Sipcam Agro USA, Inc.
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Active Ingredient

Trade Name

Company

HERBICIDES
Preemergence & early postemergence (continued)

Prodiamine(continued)

Simazine

ProClipse 4F
ProClipse 65 WDG

Nufarm Americas Inc.

18-5-0 Minis + 5% Iron with 0.40% Barricade
Mini Pro 12-8-16 with .40% Barricade
Mini Turf 16-8-8 with .40% Barricade

J. R. Simplot Co.

Barricade 4FL
Barricade 65WG
Endurance
Resolute 4FL
Resolute 65WG

Syngenta Crop Protection, Inc.

Evade 4 FL
Evade Crabgrass Preventer.375% Plus
Evade Crabgrass Preventer.295 Plus

Loveland Products, Inc.

Princep Liquid *

Syngenta Crop Protection, Inc.

Simazine 4L *
Simazine 90DF *

Drexel Chemical Company

Confront

Dow AgroSciences LLC

2-D

Makhteshim-Agan of North America, Inc.
DBA ADAMA

2,4-D Amine 6

Albaugh, Inc.

DMA 4 IVM

Dow AgroSciences LLC

Hardball

Helena Chemical Co.

Triclopyr + Clopyralid

Postemergence

2,4-D
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Active Ingredient

Trade Name

Company

HERBICIDES
Postemergence (continued))
Amine 4
Amine 6
Clean Amine
Low Vol 4 Ester
Low Vol 6 Ester
Saber
Salvo
Savage
Whiteout

Loveland Products, Inc.

Defy Amine 4
Defy LV-4
Devy LV-6

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Formula 40
Weedar 64
Weedestroy AM-40

Nufarm Americas Inc.

Weedone 638

Nufarm, Inc.

Farm Pasture Pro
LV 400

PBI/Gordon Corp.

2,4-D Amine 4
2,4-D Ester 4
2,4-D Ester 6

Tacoma Ag, LLC

Base Camp Amine 4

Wilbur-Ellis Company

2,4-D + Dicamba + Clopyralid

Millenium Ultra2

Nufarm Americas Inc.

2,4-D + Dithiopyr + Mecoprop-P + Dicamba

One Shot

J. R. Simplot Co.

2,4-D + Fluroxypyr meptyl + Dicamba

Escalade2

Nufarm Americas Inc.

2,4-D (continued)
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Active Ingredient

Trade Name

Company

HERBICIDES
Postemergence (continued))
Triplet Low Odor
Triplet SF

Nufarm Americas Inc.

Trimec
Trimec 1000
Trimec Classic
Trimec Southern

PBI/Gordon

MEC Amine-D

Loveland Products, Inc.

3-D (8275.65)

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Vessel

Prokoz Inc.

2,4-D + Dithiopyr + Mecoprop-P + Dicamba

One Shot

J. R. Simplot Co.

2,4-D + Fluroxypyr meptyl + Dicamba

Escalade2

Nufarm Americas Inc.

2,4-D + Mecoprop-P + Dicamba +
Carfentrazone-ethyl

Speed Zone

2,4-D + Mecoprop-p + Dicamba

PBI/Gordon Corp.

Speed Zone Southern

2,4-D + Mecoprop-p + Dicamba + Sulfentrazone

Surge

PBI/Gordon Corp.

2,4-D + Mecoprop-p, + Dichlorprop-p

PrimeTime
Spoiler

Nufarm Americas Inc.

Turflon D

Dow AgroSciences LLC

Chaser 2 Amine

Loveland Products, Inc.

TZone
TZone SE

PBI/Gordon Corp.

2,4-D + Triclopyr
2,4-D + Triclopyr BEE + Dicamba +
Sulfentrazone
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Active Ingredient

Trade Name

Company

HERBICIDES
Postemergence (continued))
Asulox XP

Bayer CropScience LP

Asulox
Asulox XP (Disc.)

United Phosphorus, Inc.

Atrazine 4L *

Loveland Products, Inc.

Atrazine 4L *
Atrazine 90DF *

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Atrazine 90DF *

Sipcam Agro USA, Inc.

Aatrex 4L *
Aatrex Nine-O *

Syngenta Crop Protection, Inc.

Basagran T&O
Basagran T/O (Disc.)

BASF Corporation

Bentazon 4

Redeagle International LLC

Bispyribac-sodium

Velocity SG
Velocity SP

Valent U.S.A. Corporation

Bromoxynil

Buctril
Bucril 4EC
Connect (cancelled)

Bayer CropScience LP

Carfentrazone

Quicksilver

FMC Corporation

Lontrel

Dow AgroSciences LLC

Clean Slate

Nufarm Americas Inc.

Asulam

Atrazine

Bentazon

Clopyralid
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APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade Name

Company

HERBICIDES
Postemergence (continued))
Cruise Control

Alligare, LLC

Banvel

Arysta Life Science North America, LLC

Clarity

BASF Corporation

Rifle
Strut

Loveland Products, Inc.

M1691

Monsanto Company

Topeka

Rotam North America, Inc.

Dicamba 4 DMA

Tacoma Ag, LLC

Dicamba + Halosulfuron-methyl

Yukon

Gowan Company

Dicamba + Thiencarbazone-methyl +
Iodosulfuron-methyl-sodium

Celsius WG

Bayer Environmental Science

Diclofop

Illoxan *

Bayer Environmental Science

Harvester

Applied Biochemists, Inc.

Diquat SPC 2L Landscape and Aquatic

Nufarm Americas Inc.

Reward
Tribune

Syngenta Crop Protection LLC

Prograss
Prograss SC

Bayer Environmental Science

PoaConstrictor

United Phosphorus, Inc.

Acclaim Extra

Bayer Environmental Science

Dicamba

Diquat dibromide (renovation)

Ethofumesate

Fenoxaprop

PMSP FOR TURFGRASS IN HAWAI‘I AND GUAM ■ PAGE 144

APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade Name

Company

HERBICIDES
Postemergence (continued))
Flazasulfuron
Fluazifop-P-butyl

Foramsulfuron

Glyphosate (preplant or renovation)

Katana

PBI/Gordon Corporation

Ornamec

PBI/Gordon Corporation

Fusilade II

Syngenta Crop Protection LLC

Revolver

Bayer Environmental Science

Gly Star Original (Disc.)

Albaugh, Inc.

Glyphosate 4 Plus

Alligare, LLC

Misty Glypho Kill 18

Amrep, Inc.

Shoreklear

Applied Biochemists, Inc.

Glyfos
Glyfos X-tra

Cheminova, Inc.

Glyphosate 41% Plus

Consus Chemicals, Inc.

Accord XRT II
Duramax
Durango DMA
Glypro Plus

Dow AgroSciences LLC

Cinco
Four Power Plus
Makaze
Kleenup Pro
Mad Dog

Loveland Products, Inc.

Glyphogan
Glyphosate T&O

Makhteshim-Agan of North America, Inc.
DBA ADAMA
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APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade Name

Company

HERBICIDES
Postemergence (continued))

Glyphosate (preplant or renovation)
(continued)

Aquamaster
Mon 866
Quickpro
Ranger Pro
Roundup Custom
Roundup Pro
Roundup Pro Concentrate
Roundup ProMax
Roundup Powermax
Roundup Ultramax
Roundup WeatherMax

Monsanto Company

Aquaneat
Credit 41
Credit 41 Extra
Credit Extra
Primera Razor Pro
Razor Pro

Nufarm Americas Inc.

Glyphomate 41
PondMaster
Groundwork
Pronto Fast-Acting Brush Killer

PBI/Gordon Corp.

Glyphosate Pro 4

Prokoz Inc.

41% Glyphosate Plus

Ragan & Massey, Inc.

Departure
Prosecutor
Refuge
Touchdown Pro (Disc.)

Syngenta Crop Protection, Inc.

Glyphosate Plus (Disc.)

Tacoma Ag, LLC

Buccaneer (Disc.)

Tenkoz Inc.
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APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade Name

Company

HERBICIDES
Postemergence (continued))
Glypho 41

United Phosphorus, Inc.

Kill-zall II

Voluntary Purchasing Groups

Cornerstone 5 Plus

Winfield Solutions, LLC

Enforcer Weed Defeat Concentrate

Zep Commercial Sales & Service

Weed Defeat III

Zep Inc.

Quickpro
Roundup Quickpro

Monsanto Company

Razor Burn

Nufarm Americas Inc.

Profine 75

Aceto Agricultural Chemicals Corp.

Sandea
SedgeHammer
SedgeHammer+

Gowan Company

Prosedge

Nufarm Americas Inc.

Halosulfuron-methyl + Foramsulfuron +
Thiencarbazone

Tribute Total

Bayer Environmental Science

Imazapic

Plateau

BASF Corporation

Imazaquin

Image 70DG

BASF Corporation

Imazosulfuron

Celero

Valent U.S.A. Corporation

MCP Amine 4

Loveland Products, Inc.

MCPA-4 Amine

Nufarm Americas Inc.

Glyphosate (preplant or renovation)
(continued)

Glyphosate + diquat dibromide
(preplant or renovation)

Halosulfuron-methyl

MCPA
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APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade Name

Company

HERBICIDES
Postemergence (continued))
MCPA + Dichlorprop-p + Fluroxypyr

Chaser Ultra2

Loveland Products, Inc.

MCPA + Fluroxypyr + Dicamba

Change Up

Nufarm Americas Inc.

MCPA + Mecoprop-p + Dicamba

Tri-Power

Nufarm Americas Inc.

MCPA + Mecoprop-p + Dicamba +
Carfentrazone-ethyl

Power Zone

PBI/Gordon Corp.

MCPA + Triclopyr + Dicamba

Horsepower

Nufarm Americas Inc.

Mesotrione

Tenacity

Syngenta Crop Protection, Inc.

Sencor 75%

Bayer Environmental Science

TriCor DF

United Phosphorus, Inc.

Manor
Mansion

Nufarm Americas Inc.

MSM Turf

Farmsaver.com LLC

MSM Turf

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Blade

PBI/Gordon Corp.

Metsulfuron-methyl + Pyraflufen-ethyl

Caliente

SePRO Corporation

Metsulfuron-methyl + Rimsulfuron

Negate 37WG

Control Solutions, Inc.

MSMA
(MSMA Cancellation pending scientific review;
all MSMA-combination products cancelled)

MSMA 6 (9181.8)

Drexel Chemical Company

Target 6 Plus (8040.3)

Luxembourg-Pamol, Inc.

Metribuzin

Metsulfuron-methyl
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APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade Name

Company

HERBICIDES
Postemergence (continued))
Pelargonic acid (site preparation)

Scythe

Gowan Company

Pronamide

Kerb 50WP *
Kerb SC T&O *
Kerb WSP *

Dow AgroSciences LLC

Pyraflufen-ethyl

Octane

SePRO Corporation

Rimsulfuron 25 DF

Makhteshim-Agan of North America, Inc.
DBA ADAMA

TranXit

E.I. Dupont De Nemours & Co., Inc.

Sethoxydim

Sethoxydim SPC

Nufarm Americas Inc.

Princep Liquid *

Syngenta Crop Protection, Inc.

Simazine

Simazine 4L *
Simazine 90DF *

Drexel Chemical Company

Sulfentrazone

Dismiss

FMC Corporation

Sulfentrazone + Imazethapyr

Dismiss South

FMC Corporation

Sulfentrazone + Metsulfuron-methyl

Blindside

FMC Corporation

Sulfosulfuron

Certainty

Monsanto Company

Topramezone

Pylex

BASF Corporation

Turflon Ester
Turflon Ester Ultra

Dow AgroSciences, LLC

Triclopyr 4

Alligare, LLC

Turflon Ester Ultra

Voluntary Purchasing Groups, Inc.

Rimsulfuron

Triclopyr

PMSP FOR TURFGRASS IN HAWAI‘I AND GUAM ■ PAGE 149

APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade Name

Company

HERBICIDES
Postemergence (continued))
Confront

Dow AgroSciences LLC

2-D

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Monument 75WG

Syngenta Crop Protection, Inc.

Trade name

Company

Triclopyr + clopyralid

Trifloxysulfuron

* Restricted Use Pesticide (RUP)

Active Ingredient

PLANT GROWTH REGULATORS

Cytokinin
Cytokinin + Gibberellic acid +
Indole-3-butyric acid

Stimplex (Disc.)

Acadian Seaplants Ltd.

Foliar Triggrr
Soil Triggrr

Westbridge Ag Products

Validate

Loveland Products, Inc.

Stimulate

Stoller Enterprises, Inc.

Ethephon 2

Arysta Lifescience North America, LLC

Proxy

Bayer Environmental Science

Ethephon 2 SL

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Verve

Nufarm Americas Inc.

Cutless 50W
Cutless MEC

SePRO Corporation

Ethephon

Flurprimidol
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APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade name

Company

PLANT GROWTH REGULATORS
Flurprimidol + Paclobutrazol + Trinexapac-ethyl

Musketeer

SePRO Corporation

Flurprimidol + Trinexapac-ethyl

Edgeless
Legacy

SePRO Corporation

N-Large
N-Large Premier

Stoller Enterprises, Inc.

ProGibb T & O
Ryzup (supplemental label)

Valent Biosciences Corporation, ESD

Indole-3-butyric acid + Cytokinin

Radiate

Loveland Products, Inc.

Mefluidide

Embark
Embark 2S

PBI/Gordon Corp.

Clarelle
Trimmit

Syngenta Crop Protection, Inc.

Pac 223

United Turf Alliance

Tide Paclo 2SC

Zhejiang Tide Cropscience Co., Ltd.

Governor

Anderson’s Lawn Fertilizer Division, Inc.

GameUp

Loveland Products, Inc.

T-NEX 1 AQ
Trinexapac-Ethyl 1 AQ

Makhteshim-Agan of North America, Inc.
DBA ADAMA

Provair PGR

Prokoz Inc.

T-Pac SPC MEC

Nufarm Americas Inc.

Podium
Primo Maxx

Syngenta Crop Protection, Inc.

PGR 113 MC

United Turf Alliance, LLC

Gibberellic acid

Paclobutrazol

Trinexapac-ethyl

* Restricted Use Pesticide (RUP)
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APPENDIX 1: REGISTERED PESTICIDES FOR TURFGRASS IN HAWAI‘I AND GUAM

Active Ingredient

Trade Name

Company

AQUATIC PEST CONTROLS

Copper sulfate pentahydrate
(irrigation systems)

Active Ingredient

Copper Sulfate Crystals

Chem One Ltd.

F-30

Diversified Waterscapes, Inc.

Radiance
Earthtec

Earth Science Laboratories, Inc.

Quimag Quimicos Aguila

Fabrica De Sulfato El Aguila, S.A. De C.V.

SeClear

SePRO Corporation

Trade Name

Company

FUMIGANTS (preplant or renovation)
Dazomet

Metam potassium
Metam sodium

Basamid G *

Amvac Chemical Corp.

Basamid G * (Disc.)

Certis USA, L.L.C.

Sectagon K54 *

Tessenderlo Kerley, Inc.

Vapam HL *

Amvac Chemical Corp.

Sectagon 42 *

Tessenderlo Kerley, Inc.

* Restricted Use Pesticide (RUP)
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Appendix 2: Efficacy of Pest Management Tools for Control of
Insects and Other Invertebrate Pests on Turfgrass in Hawai‘i and Guam

Ants

Armyworms

Frit Fly

Grubs/Billbugs

Webworms

Other Insects

Mites

Pest

Abamectin

G

-

-

-

-

-

?

Acephate

F

-

G

-

F

F

-

Considered effective; rate not
.
specified
1
.
Chinch bug

-

-

-

-

-

-

+

-

-

?

Some products are RUP
RUP

G

E

G1

-

F

-

-

-

Management Tool:

Comments

Registered Pesticides
+

Azadirachtin

+

HI

Bacillus thuringiensis

NA

Bifenthrin

GHI

Bifenthrin + zeta-Cypermethrin
Boric acid
Carbaryl

E
GGU
GGU
?HI

-

-

G

G

G

-

+

F+

Chlorpyrifos

E

E

E

-

EGU
F+HI

Clothianidin

-

-

-

?

?

+1

Considered effective; rate not
.
specified

1
+

+2
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.

Chinch bug

Considered effective; rate not
.
specified
2
Ruth’s grass scale

APPENDIX 2: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
INSECTS AND OTHER INVERTEBRATE PESTS ON TURFGRASS IN HAWAI‘I AND GUAM

-

Cyfluthrin

G

G

G

Beta-Cyfluthrin

-

-

G

?

G

?

G

G

-

-

-

G

G1

?

-

G

G1

-

-

Mites

-

Other Insects

Frit Fly

-

Webworms

Armyworms

Clothianidin + Bifenthrin

Management Tool:

Grubs/Billbugs

Ants

Pest

Comments

Registered Pesticides (continued)

Gamma-Cyhalothrin
Lambda-Cyhalothrin
Deltamethrin
Dinotefuran
Esfenvalerate
Fenoxycarb
Fipronil

G

Halofenozide

-

Hydramethylnon

E

Hydramethylnon + S-Methoprene

EHI

-

F+

-

?
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-

.

1

Chinch bug

1

Chinch bug

+

.

Considered effective; rate not
.
specified
- For lipophilic ants
- No efficacy against sweet- or
protein-loving ants.

APPENDIX 2: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
INSECTS AND OTHER INVERTEBRATE PESTS ON TURFGRASS IN HAWAI‘I AND GUAM

Mites

Other Insects

Webworms

Grubs/Billbugs

Frit Fly

Management Tool:

Armyworms

Ants

Pest

Comments

Registered Pesticides (continued)
1

Imidacloprid

-

-

G

G

GHI

G1,3

-

Imidacloprid + Bifenthrin

-

F+

E

F+

-

Permethrin

G

G

Petroleum oils

-

-

-

-

-

-

Imidacloprid + Bifenthrin + Zeta-cypermethrin
Indoxacarb
Metaflumizone
Methomyl
S-Methoprene
MGK 264 + Piperonyl butoxide + Pyrethrins

Phosphoric acid + Spinosad
Piperonyl butoxide + Pyrethrins
Piperonyl butoxide + Esfenvalerate +
Prallethrin

G

-
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.

Chinch bug
3
Sugarcane scale, Ruth’s grass
.
scale
+
Considered effective; rate not
.
specified

Sod farms only; RUP

Some products are RUP

APPENDIX 2: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
INSECTS AND OTHER INVERTEBRATE PESTS ON TURFGRASS IN HAWAI‘I AND GUAM

Mites

Other Insects

Webworms

Grubs/Billbugs

Frit Fly

Management Tool:

Armyworms

Ants

Pest

Comments

Registered Pesticides (continued)
+

Potassium salts of fatty acids

-

-

-

-

-

Potassium silicate

-

-

-

-

-

Pyriproxyfen
Spinosad
Sulfur (fungicide products)
Trichlorfon

PGU

G

G

+4, 5

-

-

-

F

4, 5

E

-

-

?

G

G1

-

GGU

SLN Registered Materials
None

Unregistered Materials
None
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Considered effective; rate not
.
specified
4
Mealybugs
5
.
Scales

4

Mealybugs
.
Scales
- in landscaped areas
5

1

.

Chinch bug
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Armyworms

Frit Fly

Grubs/Billbugs

Webworms

Other Insects

Mites

Management Tool:

Ants

Pest

-

-

-

F?

-

-

-

-

-

?

-

?

Comments

Potential Pest Management Tools
None

Biological Controls
Steinernema carpocapsae (Millenium)

?

.

some control of bill bugs

Biological Controls (naturally occurring)
1

Parasitic nematodes

-

?

Egg parasites: parasitic wasps (Telenomus
nawai and Trichogramma minutum)

?

Larval parasitoids: braconid wasp (Apantales
marginiventris), and others

-

?

-

Larval parasitoids: tachinid flies
(Chaetogaedia monticola, Achaetoneura
archippivora and Eucelatoria armigera)

-

?

-

-

-

-

Egg-larval parasitoid: braconid wasp
(Chelonus texanum)

Parasitic wasp (Trichogramma sp.)
Larval parasites: tachinid fly (Eucalarotia
arnigera)

1

?

-

-

-

-

-

-

-

-

-

-

-

-

-

1

?

PMSP FOR TURFGRASS IN HAWAI‘I AND GUAM ■ PAGE 157

Presumed to be present in
sufficient numbers to aid in control
of armyworms and webworms.
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INSECTS AND OTHER INVERTEBRATE PESTS ON TURFGRASS IN HAWAI‘I AND GUAM

Webworms

Other Insects

Mites

-

-

?

-

-

-

-

-

-

?

-

-

Frit Fly

-

Armyworms

-

Ants

Management Tool:

Grubs/Billbugs

Pest

Comments

Biological Controls (naturally occurring) (continued)
Larval parasites: ichneumonid wasp
(Cremastus flavor-orbitalis) and wasps
(Casinaria infesta and Metoeorus
laphyginae)
Chalcid wasp
Feral birds (chickens, mynah birds, etc.)
Borrelinavirus sp.
Nosema spp.
Viruses and fungi
Predators: ants (Monomorium floricola and
the big-headed ant, [Pheidole megacephala])
Predators: ladybird beetles (Orcus
chalybeus, Cryptolaemus montrouzieri and
Scymnus roepkei)
Predators: other insects
Predatory mites
Giant toad (Bufo marinus)
Lacewings
Wasps

?
?
?

?
?
?

?
?
?

?

-

?

?

?

-

?1

-
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Not appropriate for all turf settings.

1

Avoid broad-spectrum insecticides
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Mites

*
*
*

Other Insects

Grubs/Billbugs

*
*
*
*
*
*
-

Webworms

Frit Fly

Armyworms

Management Tool:

Ants

Pest

Comments

Cultural/Nonchemical Controls (not stand-alone)
Nutrition management/Maintain healthy
plants
Avoid thatch build-up
Low mowing height

Water
management

Monitor & adjust irrigation
to make environment
undesirable .
Avoid excessively wet
areas

Turf species/cultivar selection
Avoid using coarse, tall grasses in unmaintained areas and borders
Trap cropping
Remove decaying organic matter
Manage symbionts
Field sanitation
Remove and destroy grass clippings from
infested areas
Remove adult food source

*
*
*
-

*
*
-

ǂ

-

*
-
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*
*
*
-

ǂNot a control, but to promote
healthy turfgrass which allows
better turf recovery
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INSECTS AND OTHER INVERTEBRATE PESTS ON TURFGRASS IN HAWAI‘I AND GUAM

Webworms

Other Insects

Mites

Grubs/Billbugs

Frit Fly

Armyworms

Management Tool:

Ants

Pest

*
-

-

*
*
-

Comments

Cultural/Nonchemical Controls (not stand-alone) (continued)
Sanitation: Manage food sources/attractants
of ants (i.e., soft drinks)
Avoid use of organic fertilizers
Scalping
Replanting
Monitoring with pheromone or black light
traps

*
-

-

-

*

HI = rating for use in Hawai‘i; GU= rating for use on Guam
Pest control Efficacy Ratings:

E = excellent (90–100% control); G = good (80–90% control);
F = fair (70–80% control); P = poor (<70% control);
? = no data, more research needed; - = not applicable or not used;
+ = no data, but successful on other related organisms; * = used, but not a stand-along management tool.
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Appendix 3: Efficacy of Pest Management Tools for Control of
Diseases, Nematodes, Algae and Aquatic Pests on Turfgrass in Hawai‘i and Guam

Algae

Aquatic Pests
(snails & bryozoans)

-

Nematodes

-

Leaf spots
(Drechslera/Bipolaris/
Curvularia )
Pythium diseases
(blight, root rot and
others)

Dollar spot

-

Fairy ring

Brown patch

Management Tool:

Bermudagrass
decline/take-all patch

Pest

-

-

Comments

Registered Pesticides
Abamectin

Quaternary ammonium chlorides

Azoxystrobin

Azoxystrobin + Difenoconazole
Bacillus amyloliquefaciens strain D747
Bacillus firmus strain I-1582
Bacillus licheniformis + Indolebutyric acid
Bacillus subtilis GB03
Bacillus subtilis, QST 713 strain
Borax

F+

-

-

-

-

-

?

FHI
?EGU

-

-

-

?

-

+

-

-

-

-

-

-

-

-

-

-
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Considered effective; rate
.
not specified

On Guam, efficacy against
fairy ring is variable

APPENDIX 3: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
DISEASES, NEMATODES, ALGAE & AQUATIC PESTS ON TURFGRASS IN HAWAI‘I AND GUAM

Aquatic Pests
(snails & bryozoans)

Algae

Nematodes

Leaf spots
(Drechslera/Bipolaris/
Curvularia )
Pythium diseases
(blight, root rot and
others)

Fairy ring

Dollar spot

Management Tool:

Brown patch

Bermudagrass
decline/take-all patch

Pest

Registered Pesticides (continued)
Boscalid
Captan
Chlorothalonil
Chlorothalonil + Acibenzolar
Chlorothalonil + Azoxystrobin
Chlorothalonil + Boscalid
Chlorothalonil + Fluoxastrobin
Chlorothalonil + Propiconazole
Chlorothalonil + Thiophanate-methyl
Chlorothalonil + Triticonazole
Copper hydroxide
Copper hydroxide + Mancozeb
Basic copper sulfate

-

-

EHI

G

G

-

-

-

-

?

-

-

-
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?
?
?
?
?
?
?
?

-

-

?

?

?

-

Comments

APPENDIX 3: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
DISEASES, NEMATODES, ALGAE & AQUATIC PESTS ON TURFGRASS IN HAWAI‘I AND GUAM

-

Aquatic Pests
(snails & bryozoans)

-

Algae

Fairy ring

-

Nematodes

Dollar spot

-

Leaf spots
(Drechslera/Bipolaris/
Curvularia )
Pythium diseases
(blight, root rot and
others)

Brown patch

Management Tool:

Bermudagrass
decline/take-all patch

Pest

?

?

?

?

Water treatment and snail
control

-

-

Cancelled; all uses
prohibited after 10/4/2014

Comments

Registered Pesticides (continued)
Copper (from copper ethanolamine)
Copper sulfate pentahydrate
Cyazofamid
Dazomet
Etridiazole
Fenamiphos
Fenarimol
Fludioxonil + Mefenoxam
Fluoxastrobin
Fluoxastrobin
Fluoxastrobin + Myclobutanil
Flutolanil

F

+T

-

-

-

?

-

-

-

-

-

-

-

-

-

-

-

-

P

G

-

-

-

-

-
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DMI fungicide;
T
for take-all patch only;
+
Considered effective; rate
not specified
Seed treatment

APPENDIX 3: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
DISEASES, NEMATODES, ALGAE & AQUATIC PESTS ON TURFGRASS IN HAWAI‘I AND GUAM

Aquatic Pests
(snails & bryozoans)

-

Algae

-

Nematodes

Fairy ring

-

Leaf spots
(Drechslera/Bipolaris/
Curvularia )
Pythium diseases
(blight, root rot and
others)

Dollar spot

Management Tool:

Brown patch

Bermudagrass
decline/take-all patch

Pest

-

-

-

Comments

Registered Pesticides (continued)
Fosetyl-Al
Furfural
Harpin alpha beta protein

GHI*

-

-

?

-

Hydrogen peroxide

-

-

F+

-

-

-

-

G?

-

Hydrogen peroxide + Peroxyacetic acid

-

-

-

-

-

-

-

-

-

Iprodione
Iprodione + Thiophanate-methyl
Iprodione + Trifloxystrobin
Mancozeb
Mancozeb + Phosphorous acid
Mancozeb + Thiophanate-methyl

G

-

GGU

F+

-

-

F+

F+

-
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?

-

*When used with
chlorothalonil

Product discontinued
12/31/15;
+
Considered effective; rate
not specified
?
Appears to be good; more
research needed

+

Considered effective; rate
not specified

+

Considered effective; rate
not specified

APPENDIX 3: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
DISEASES, NEMATODES, ALGAE & AQUATIC PESTS ON TURFGRASS IN HAWAI‘I AND GUAM

Algae

Aquatic Pests
(snails & bryozoans)

Nematodes

Leaf spots
(Drechslera/Bipolaris/
Curvularia )
Pythium diseases
(blight, root rot and
others)

-

Fairy ring

-

Dollar spot

Brown patch

Management Tool:

Bermudagrass
decline/take-all patch

Pest

-

-

Comments

Registered Pesticides (continued)
Mefenoxam
Metam sodium
Metalaxyl
Metconazole
Myclobutanil
Myclobutanil + Fluoxastrobin
Pentachloronitrobenzene (PCNB)
Penthiopyrad
Phosphorous acid
Polyoxin D zinc salt
Potassium bicarbonate
Potassium phosphate +
Phosphorous acid
Propamocarb hydrochloride

GHI

-

-

-

F+

-

-

?

F+

-
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+

Considered effective; rate
not specified

DMI fungicide
DMI fungicide
DMI fungicide

+

Considered effective; rate
not specified
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DISEASES, NEMATODES, ALGAE & AQUATIC PESTS ON TURFGRASS IN HAWAI‘I AND GUAM

G

F

Pyraclostrobin + Boscalid

-

-

-

Aquatic Pests
(snails & bryozoans)

G

Algae

Pyraclostrobin

Nematodes

G

Leaf spots
(Drechslera/Bipolaris/
Curvularia )
Pythium diseases
(blight, root rot and
others)

-

Fairy ring

Brown patch

-

Management Tool:

Dollar spot

Bermudagrass
decline/take-all patch

Pest

Comments

Registered Pesticides (continued)
Propiconazole
Propiconazole + Azoxystrobin

Pyraclostrobin + Fluxapyroxad
Quillaja saponaria, saponins of
Sodium percarbonate
Streptomyces lydicus
Sulfur
Tebuconazole

HI

?
S

-

F

+

-

-

-

?

-

-

- DMI fungicide
+
Considered effective; rate
not specified
Propiconazole is a DMI
fungicide
S

Considered effective as a
suppressant; rate not
specified
Golf courses only

* Had been useful prior to

Thiophanate-methyl

P*

GGU,R GHI

-

-

-

-
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-

-

the new rate and annual
maximum use limits
R
Specific to Rhizoctonia
zeae
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FS

-

-

Aquatic Pests
(snails & bryozoans)

E

Algae

-

Nematodes

Fairy ring

-

Leaf spots
(Drechslera/Bipolaris/
Curvularia )
Pythium diseases
(blight, root rot and
others)

Dollar spot

Management Tool:

Brown patch

Bermudagrass
decline/take-all patch

Pest

Comments

Registered Pesticides (continued)
Thiophanate-methyl + Propiconazole
Thiram

-

Triadimefon

?

Triadimefon + Trifloxystrobin

-

Triticonazole
Triticonazole + Pyraclostrobin
Yeast extract of
Saccharomyces cerevisiae

-

-

-

-

SLN Registered Materials
None
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?

-

-

- DMI fungicide
S
Considered effective as a
suppressant
DMI fungicide
DMI fungicide
DMI fungicide
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-

Aquatic Pests
(snails & bryozoans)

-

Algae

Fairy ring

-

Nematodes

Dollar spot

-

Leaf spots
(Drechslera/Bipolaris/
Curvularia )
Pythium diseases
(blight, root rot and
others)

Brown patch

Management Tool:

Bermudagrass
decline/take-all patch

Pest

-

-

-

Comments

Unregistered Materials
Maneb

-

Vinclozolin

-

F+

-

-

-

-

Potential Pest Management Tools
None

Biological Controls
None
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-

All registrations
cancelled; Manex
cancelled 4/16/2010

-

- All registrations being
phased out; products
cancelled 9/24/2014
+
Considered effective; rate
not specified
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Nematodes

Algae

Aquatic Pests
(snails & bryozoans)

Leaf spots
(Drechslera/Bipolaris/
Curvularia )
Pythium diseases
(blight, root rot and
others)

Fairy ring

Dollar spot

Brown patch

Management Tool:

Bermudagrass
decline/take-all patch

Pest

*
*
*
*
*

*
*
*
*

-

*
-

-

*

*
-

-

*
-

-

Comments

Cultural/Nonchemical Controls (not stand-alone)
Nutrition management (overall)/
Avoid excess nitrogen
Avoid excess nitrogen
Supplemental nitrogen
Micronutrient program
Calcium nitrate applications
Maintain adequate potassium levels
Consistent application of other good
maintenance practices
Designation of equipment for use in
infected areas or disinfect equipment

*
*
*

Species/cultivar selection

*

Verticutting and top dressing

*

Deep, infrequent irrigation
Minimize thatch buildup

G

*
*
*
*

*
*
*
*

*
*
*
*
-

-

*
*
*
*

-
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Curative

G

Select different species for
greens
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Nematodes

Algae

Aquatic Pests
(snails & bryozoans)

Leaf spots
(Drechslera/Bipolaris/
Curvularia )
Pythium diseases
(blight, root rot and
others)

Fairy ring

Dollar spot

Brown patch

Management Tool:

Bermudagrass
decline/take-all patch

Pest

-

*
*
*
*
*

-

Comments

Cultural/Nonchemical Controls (not stand-alone) (continued)
Remove morning dew /
Reduce leaf moisture
Clipping removal
Rolling greens
Reduce irrigation
Humic acids
Wetting agents
Aerate soil to improve water
drainage/infiltration
Verticutting
Avoid over watering or excessive soil
moisture
Reduce shading
Irrigation scheduling
Raise mowing height

*
*

*
*
*
*
*
*

1

*

*
*
*
*
-

*
*
*
*
*
-

*
*

*
*
*
*
*

1

-
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1

irrigate close to morning
mowing
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Nematodes

Algae

Aquatic Pests
(snails & bryozoans)

Leaf spots
(Drechslera/Bipolaris/
Curvularia )
Pythium diseases
(blight, root rot and
others)

Fairy ring

Dollar spot

Brown patch

Management Tool:

Bermudagrass
decline/take-all patch

Pest

-

*
*
*
*
*

*

Comments

Cultural/Nonchemical Controls (not stand-alone) (continued)
Reduce verticutting

*

Increase drainage

*
-

Improve air circulation
Reduce soil compaction
Maintain optimum pH level
Apply hydrated lime for nutrient
supplementation
Apply copper sulfate as fertilizer
Improve turf density
Top dressing

1

1

*

-

Improve water quality

*
-

-

-

*
*
-

*
*
-

1

when disease is present

1

frequent &light, on greens
when symptoms are evident

HI = rating for use in Hawai‘i; GU= rating for use on Guam
Pest control Efficacy Ratings:

E = excellent (90–100% control); G = good (80–90% control);
F = fair (70–80% control); P = poor (<70% control);
? = no data, more research needed; - = not applicable or not used;
+ = no data, but successful on other related organisms; * = used, but not a stand-along management tool.
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Appendix 4: Efficacy of Pest Management Tools for Control of
Weeds on Turfgrass in Hawai‘i and Guam
Pest

Other grassy
weds

Undesirable turf
species

Broadleaves

Sedges and
Kyllinga

Lovegrass

Smutgrass

Goosegrass

Management Tool:

Crabgrass

Grassy weeds

-

-

-

-

Comments

Registered Pesticides
Pre-emergence & early post-emergence
Atrazine

F

F

-

P

Benfluralin + Oryzalin

E

E

?M

?M

Benfluralin + Trifluralin

E

E

-

?M

Bensulide + Oxadiazon

E

E

?M

-

DCPA

?

?

-

?M

M

may require multiple applications or tank mixes

M

may require multiple applications or tank mixes

M

may require multiple applications or tank mixes

M

may require multiple applications or tank mixes

M

Dimethenamid-P

Dithiopyr

?

F

?

-

-

-

?

?

FHI

E

?M

?M

-

-

?E

-

C

M

E

S

may require multiple applications or tank mixes
small-seeded broadleaves
S
sedges
C
Crabgrass, against small weeds only;
M
may require multiple applications or tank mixes
E
small-seeded broadleaves
E
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APPENDIX 4: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
WEEDS ON TURFGRASS IN HAWAI‘I AND GUAM

Pest

Sedges and
Kyllinga

Broadleaves

Undesirable turf
species

Other grassy
weds

Lovegrass

Smutgrass

Crabgrass

Management Tool:

Goosegrass

Grassy weeds

Comments

Registered Pesticides (pre-emergence) (continued)
Ethofumesate

-

?

-

G

B

?

A

-

-

B

annual bluegrass

A

may suppress undesirable turf in St. Augustinegrass

* Split doses with Celsius are used
Indaziflam *

G

C

G

HI

M

?

M

?

B

E

-

E

G
G

-

-

-

-

-

-

Napropamide

?

?

-

?M

Oryzalin

E

E

?M

?M

G-E

E

GHI

?M

-

-

-

-

-

-

Isoxaben

Oxadiazon
Oxadiazon + Dithiopyr

Pendimethalin

Pendimethalin + Dimethenamid-P

G-E
E

F-E
E

M

?

-

M

?

-

B

E

-

-

HI

R

EO

-

-

?

-

?E

E

C

Crabgrass, also early postemergence

M

may require multiple applications or tank mixes

E

small-seeded broadleaves

R

-

common chickweed, spurges, dandelion, henbit, mallow
and plantain
O
other broadleaves
M

may require multiple applications or tank mixes

M

may require multiple applications or tank mixes

M

may require multiple applications or tank mixes

M

may require multiple applications or tank mixes

-

B

annual bluegrass

E

small-seeded broadleaves

?

E

small-seeded broadleaves
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APPENDIX 4: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
WEEDS ON TURFGRASS IN HAWAI‘I AND GUAM

Pest

Sedges and
Kyllinga

Broadleaves

Undesirable turf
species

Other grassy
weds

Lovegrass

Smutgrass

Goosegrass

Management Tool:

Crabgrass

Grassy weeds

Comments

Registered Pesticides (pre-emergence) (continued)
G
Prodiamine

G-E

EHI

?M

?M

EB

-

-

?M

EB

-

-

-

-

Pronamide

-

-

Simazine

G

F

Triclopyr + Clopyralid

-

-

-

-

-

-

-

HI

R

?E

-

-

-

-

-

-

-

M

may require multiple applications or tank mixes

B

annual bluegrass

R

common chickweed, spurges, dandelion, knotweed,
mallow, mouse-ear chickweed, plantain
E
small-seeded broadleaves

M

may require multiple applications or tank mixes

B

annual bluegrass

Postemergence
2,4-D
2,4-D + Dicamba + Clopyralid
2,4-D + Dithiopyr + Mecoprop-P +
Dicamba
2,4-D + Fluroxypyr meptyl +
Dicamba

PMSP FOR TURFGRASS IN HAWAI‘I AND GUAM ■ PAGE 174

APPENDIX 4: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
WEEDS ON TURFGRASS IN HAWAI‘I AND GUAM

Pest

-

Sedges and
Kyllinga

Undesirable turf
species

-

Broadleaves

Other grassy
weds

Lovegrass

Smutgrass

Goosegrass

Management Tool:

Crabgrass

Grassy weeds

G

-

Comments

Registered Pesticides (postemergence) (continued)
2,4-D + Mecoprop-P + Dicamba
(Trimec)
2,4-D + Mecoprop-P + Dicamba +
Carfentrazone-ethyl
(Speed Zone)
2,4-D + Mecoprop-P + Dicamba +
Sulfentrazone (Surge)
2,4-D + Mecoprop-p +
Dichlorprop-p
2,4-D + Triclopyr
2,4-D + Triclopyr BEE + Dicamba
+ Sulfentrazone
Asulam
Atrazine
Bentazon
Bispyribac-sodium
Bromoxynil

-

-

-

?M

?M

-

-

-

G

-

GK

M

may require multiple applications or tank mixes

K

Kyllinga spp; should be used with systemc herbicides for
long-term control

-
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APPENDIX 4: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
WEEDS ON TURFGRASS IN HAWAI‘I AND GUAM

Pest

Other grassy
weds

Undesirable turf
species

Broadleaves

Sedges and
Kyllinga

Lovegrass

Smutgrass

Crabgrass

Management Tool:

Goosegrass

Grassy weeds

-

-

-

-

Comments

Registered Pesticides (postemergence) (continued)
Carfentrazone
Clopyralid
Dicamba
Dicamba + Halosulfuron-methyl

Dicamba + Thiencarbazonemethyl + Iodosulfuron-methylsodium (Celsius) *

-

P

-

Diquat dibromide
Ethofumesate
Fenoxaprop
Flazasulfuron

-

* Split doses with indaziflam are sometimes used

GHI,

1

1

M

M

?
Diclofop

-

?

-

?M

-

-

?M

?M

?M

-

-

-

?P

?M

-

M

?

-

-

?A

-

when used in combination with foramsulfuron (grassy
weeds in general)

P

suppresses seashore paspalum in tolerant turf species

M

may require multiple applications or tank mixes

-

-

M

may require multiple applications or tank mixes

A

may suppress contaminating turf in St. Augustinegrass

M

may require multiple applications or tank mixes

?M

G

M

may require multiple applications or tank mixes
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APPENDIX 4: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
WEEDS ON TURFGRASS IN HAWAI‘I AND GUAM

Pest

Sedges and
Kyllinga

Broadleaves

Undesirable turf
species

Other grassy
weds

Lovegrass

Smutgrass

Goosegrass

Management Tool:

Crabgrass

Grassy weeds

Comments

Registered Pesticides (postemergence) (continued)
+Z

F+D

F+Z

Fluazifop-P-butyl

?M

-

?M
GGU
EHI

Foramsulfuron

-

?M

F
+E,P

GHI

-

-

Glyphosate + Diquat dibromide

EHI

EHI

-

-

-

M

may require multiple applications or tank mixes

M

may require multiple applications or tank mixes

2

Used in combination with Celsius for grassy weed control
suppreses centipedegrass & seashore paspalum

+E,P

2

Glyphosate

in zoysia, considered effective for suppression of
grassy weeds (rate not specified) when used with triclopyr
+D
considered effective for suppression (rate not
specified) of bermudagrass in zoyssia when used with
triclopyr

EHI

-

-

-

?M

-

-

- For use prior to planting or renovation, or spot treatment
M

may require multiple applications or tank mixes

For use prior to planting or renovation, or spot treatment

GGU
Halosulfuron-methyl

-

-

?

-

-

-

-

FHI,
S
S

PHI,

K

sedges; kyllinga

K
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APPENDIX 4: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
WEEDS ON TURFGRASS IN HAWAI‘I AND GUAM

Pest

-

Sedges and
Kyllinga

Undesirable turf
species

-

Broadleaves

Other grassy
weds

Lovegrass

Smutgrass

Goosegrass

Management Tool:

Crabgrass

Grassy weeds

?M

?

-

-

Comments

Registered Pesticides (postemergence) (continued)
Halosulfuron-methyl +
Foramsulfuron + Thiencarbazone
(Tribute Total)
Imazapic
Imazaquin
Imazosulfuron
MCPA
MCPA + Dichlorprop-p +
Fluroxypyr
MCPA + Fluroxypyr + Dicamba
MCPA + Mecoprop-P + Dicamba
MCPA + Mecoprop-P + Dicamba
+ Carfentrazone-ethyl
(Power Zone)
MCPA + Triclopyr + Dicamba
Mesotrione

-

?M

?M

?M

-

-

?M

?M

?M

-

EW

-

M

may require multiple applications or tank mixes

W

pennywort

M

may require multiple applications or tank mixes

?

-
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APPENDIX 4: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
WEEDS ON TURFGRASS IN HAWAI‘I AND GUAM

Pest

Sedges and
Kyllinga

Broadleaves

Undesirable turf
species

Other grassy
weds

Lovegrass

Smutgrass

Goosegrass

Management Tool:

Crabgrass

Grassy weeds

Comments

Registered Pesticides (postemergence) (continued)
G

GU

GGU
PHI,

M
M

?

2

Metribuzin

GHI,

GHI,

-

?M

1

G

1

-

-

-

+F

Metsulfuron-methyl

F

C

-

-

-

Metsulfuron-methyl + Rimsulfuron
MSMA
(MSMA Cancellation pending
scientific review; all MSMAcombination products cancelled)

-

-

GGU

GGU

FHI

FGHI,
1

Pelargonic acid

-

-

-

-

C

U

crabgrass & Paspalum conjugatum

U

spurges

?HI,

-

-

-

-

M

-

-

-

M

-

-

-

-

when used with MSMA

GHI,

?

1

can be highly effective when used in sequence with
formasulfuron

-

O

Metsulfuron-methyl +
Pyraflufen-ethyl

when used alone and at low rates (more effective at
higher rates);

+F

G +F
HI,

may require multiple applications or tank mixes

2

?

-

O

other broadleaves; may require multiple applications or
tank mixes

-

1

when applied with metribuzin

M

may require multiple applications or tank mixes

-
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APPENDIX 4: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
WEEDS ON TURFGRASS IN HAWAI‘I AND GUAM

Pest

Broadleaves

Sedges and
Kyllinga

Undesirable turf
species

Other grassy
weds

Lovegrass

Smutgrass

Goosegrass

Management Tool:

Crabgrass

Grassy weeds

-

-

Comments

Registered Pesticides (postemergence) (continued)
Pronamide
Pyraflufen-ethyl
Rimsulfuron
Sethoxydim
Simazine

-

-

?M

G HI

-

?M

-

-

GX

-

GHI,
C

-

X

Poa spp.

M

may require multiple applications or tank mixes

C

crabgrass in centipedegrass

M

may require multiple applications or tank mixes

M

may require multiple applications or tank mixes
Considered effective (rate not specified); sequential
applications to annual maximum rate

Sulfentrazone

-

?M

-

-

-

-

?M

F+HI

Sulfentrazone + Imazethapyr

-

-

-

-

-

-

-

-

GU

G HI

U

-

-

+P

Sulfentrazone + Metsulfuronmethyl
Sulfosulfuron
Topramezone
Triclopyr

F+P

?M

+

M

spurges

suppresses seashore paspalum
may require multiple applications or tank mixes
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APPENDIX 4: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
WEEDS ON TURFGRASS IN HAWAI‘I AND GUAM

Pest

Sedges and
Kyllinga

Broadleaves

Undesirable turf
species

Other grassy
weds

Lovegrass

Smutgrass

Goosegrass

Management Tool:

Crabgrass

Grassy weeds

Comments

Registered Pesticides (postemergence) (continued)
Triclopyr + Clopyralid

Trifloxysulfuron

-

-

-

-

-

-

-

-

-

-

-

-

GHI,
T

-

GU

?

O

U

?

spurges
other broadleaves; multiple applications or tank mixes
may be needed
O

T

F+P

?M

G

torpedograss
suppresses seashore paspalum

+P

M

may require multiple applications or tank mixes

Plant Growth Regulators
Cytokinin
Cytokinin + Gibberellic acid +
Indole-3-butyric acid
Ethephon
Flurprimidol
Flurprimidol + Paclobutrazol +
Trinexapac-ethyl
Flurprimidol + Trinexapac-ethyl

-

-

-

-
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APPENDIX 4: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
WEEDS ON TURFGRASS IN HAWAI‘I AND GUAM

Pest

Broadleaves

Sedges and
Kyllinga

Undesirable turf
species

Other grassy
weds

-

-

?

Lovegrass

-

Smutgrass

-

-

-

-

-

GB

P

-

-

-

-

-

-

Crabgrass

Management Tool:

Goosegrass

Grassy weeds

Comments

Plant Growth Regulators (continued)
Gibberellic acid
Indole-3-butyric acid + Cytokinin
Mefluidide
Paclobutrazol
Trinexapac-ethyl (Primo)

-

FB

B

suppression of annual bluegrass seed heads

B

annual bluegrass, sequential applications over multiple
years

SLN Registered Materials
None

Unregistered Materials
s-Metolachlor

Not licensed in Hawaii
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APPENDIX 4: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
WEEDS ON TURFGRASS IN HAWAI‘I AND GUAM

Pest

Lovegrass

Other grassy
weds

Undesirable turf
species

Broadleaves

Sedges and
Kyllinga

-

?

-

-

-

-

-

-

Light exclusion

?

?

?

?

?

?

?

?

-

-

-

-

Goosegrass

Salt (NaCl)

Management Tool:

Crabgrass

Smutgrass

Grassy weeds

Comments

Potential Pest Management Tools

For renovation; current research

Biological Controls
None identified

Cultural/Nonchemical Controls (not stand-alone)
Maintain vigorous turfgrass stand
Hand weed
Drain wet spots
“Bushcut”
Mowing

*
*

-

-

-

*

*

*

P1

-

-

*

-

-

-

Guam practice
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APPENDIX 4: EFFICACY OF PEST MANAGEMENT TOOLS FOR CONTROL OF
WEEDS ON TURFGRASS IN HAWAI‘I AND GUAM

Pest

Broadleaves

Sedges and
Kyllinga

Undesirable turf
species

Other grassy
weds

Lovegrass

Smutgrass

Goosegrass

Management Tool:

Crabgrass

Grassy weeds

-

-

Comments

Cultural/Nonchemical Controls (not stand-alone) (continued)
Reduce mowing height (scalping)

*

-

-

-

Minimize soil compaction

-

*

*

*

Aerification

*

-

-

-

Cultivar selection
Fertility

-

-

-

HI = rating for use in Hawai‘i; GU= rating for use on Guam
Pest control Efficacy Ratings:

E = excellent (90–100% control); G = good (80–90% control);
F = fair (70–80% control); P = poor (<70% control);
? = no data, more research needed; - = not applicable or not used;
+ = no data, but successful on other related organisms; * = used, but not a stand-along management tool.
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Appendix 5. Toxicity of Pest Management Tools to Beneficials in Turfgrass in Hawai‘i and Guam

Other insect
parasites

Other
predatory
insects

Predatory
mites

Parasitic
nematodes

Nosema spp.
microsporidian
for LAW

Giant toad
(Bufo Marinus)

Birds

Borrelinavirus
sp.

Other parasites

Other
predators

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Acephate

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Azadirachtin

1

?

?

?

?

?

?

1

?

?

?

?

?

?

?

Bacillus thuringiensis

0

?

?

?

?

?

?

0

?

?

?

?

?

?

?

Bifenthrin

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Bifenthrin + zetacypermethrin

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Boric acid

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Carbaryl

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Chlorpyrifos

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Clothianidin

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Coccinellid
(ladybird)
beetles

?

Predator ants

Abamectin

Management
Tool:

Parasitic flies

Lacewings

Parasitic wasps

Beneficial

Registered Materials
Insecticides/Miticides and Molluscicides (terrestrial)
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APPENDIX 5: TOXICITY OF PEST MANAGEMENT TOOLS TO BENEFICIALS IN TURFGRASS IN HAWAI‘I AND GUAM

Predatory
mites

Parasitic
nematodes

Nosema spp.
microsporidian
for LAW

Giant toad
(Bufo Marinus)

Birds

Borrelinavirus
sp.

Other parasites

Other
predators

?

?

?

?

?

?

?

?

?

?

?

?

Cyfluthrin

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Beta-Cyfluthrin

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Gamma-cyhalothrin

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Lambda Cyhalothrin

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Deltamethrin

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Dinotefuran

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Esfenvalerate

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Fenoxycarb

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Fipronil

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Halofenozide

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Hydramethylnon

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Hydramethylnon + smethoprene

?

4

?

3

3

?

?

?

?

?

?

?

?

?

?

Other insect
parasites

?

Lacewings

?

Coccinellid
(ladybird)
beetles

?

Predator ants

Clothianidin + bifenthrin

Management
Tool:

Parasitic flies

Other
predatory
insects

Parasitic wasps

Beneficial

Insecticides/Miticides and Molluscicides (terrestrial) (continued)
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APPENDIX 5: TOXICITY OF PEST MANAGEMENT TOOLS TO BENEFICIALS IN TURFGRASS IN HAWAI‘I AND GUAM

Predatory
mites

Parasitic
nematodes

Nosema spp.
microsporidian
for LAW

Giant toad
(Bufo Marinus)

Birds

Borrelinavirus
sp.

Other parasites

Other
predators

1

1

?

?

3

?

?

?

?

?

?

?

Imidacloprid + bifenthrin

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Imidacloprid + bifenthrin +
zeta-cypermethrin

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Indoxacarb

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Iron phosphate

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Iron phosphate + spinosad

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Metaflumizone

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Metaldehyde

1

1

?

1

1

?

?

?

?

?

?

?

?

?

?

Methomyl

4

?

?

4

4

?

?

?

?

?

?

?

?

?

?

S-Methoprene

?

4

?

3

?

?

?

?

?

?

?

?

?

?

?

MGK + piperonyl butoxide
+ pyrethrins

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Permethrin

4

4

?

5

5

?

?

3

?

?

?

?

?

?

?

Petroleum oils

1

0

?

0

1

?

?

1

?

?

?

?

?

?

?

Other insect
parasites

?

Lacewings

1

Coccinellid
(ladybird)
beetles

1

Predator ants

Imidacloprid

Management
Tool:

Parasitic flies

Other
predatory
insects

Parasitic wasps

Beneficial

Insecticides/Miticides and Molluscicides (terrestrial) (continued)
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APPENDIX 5: TOXICITY OF PEST MANAGEMENT TOOLS TO BENEFICIALS IN TURFGRASS IN HAWAI‘I AND GUAM

Predatory
mites

Parasitic
nematodes

Nosema spp.
microsporidian
for LAW

Giant toad
(Bufo Marinus)

Birds

Borrelinavirus
sp.

Other parasites

Other
predators

?

?

?

?

?

?

?

?

?

?

?

3

3

?

3

3

?

?

3

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

1

1

?

1

1

?

?

1

?

?

?

?

?

?

?

Potassium silicate

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Pyriproxyfen

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Sodium Ferric EDTA

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Spinosad

3

3

?

3

3

?

?

1

?

?

?

?

?

?

?

Sulfur (fungicide use)

2

2

?

3

?

?

?

3

?

?

?

?

?

?

?

Trichlorfon

4

5

?

4

4

?

?

?

?

?

?

?

?

?

?

Other insect
parasites

?

Lacewings

?

Coccinellid
(ladybird)
beetles

?

Predator ants

?

Management
Tool:

Parasitic flies

Other
predatory
insects

Parasitic wasps

Beneficial

Insecticides/Miticides and Molluscicides (terrestrial) (continued)
Phosphoric acid +
spinosad
Piperonyl butoxide +
pyrethrins
Piperonyl butoxide +
esfenvalerate + prallethrin
Potassium salts of fatty
acids (insecticidal soap)
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APPENDIX 5: TOXICITY OF PEST MANAGEMENT TOOLS TO BENEFICIALS IN TURFGRASS IN HAWAI‘I AND GUAM

Parasitic flies

Predator ants

Coccinellid
(ladybird)
beetles

Lacewings

Other insect
parasites

Other
predatory
insects

Predatory
mites

Parasitic
nematodes

Nosema spp.
microsporidian
for LAW

Giant toad
(Bufo Marinus)

Birds

Borrelinavirus
sp.

Other parasites

Other
predators

Management
Tool:

Parasitic wasps

Beneficial

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

Unregistered material
Steinernema
carpocapsae

Fungicides, Nematicides, Algaecides, Herbicides, Plant Growth Regulators, and Cultural/Nonchemical Controls
Note: no data about toxicity to beneficial speces were provided for fungicides (except sulfur, see above), nematicides, algaecides and herbicides.

Rating Scale:

0 = no impact
1 = low impact to 5 = severe impact;
? = no data, more research needed

Disclaimer: Information in this report does not constitute a pesticide label replacement or a recommendation. Before applying any pesticide, applicators must determine if the
product under consideration is correct for the intended use site. Users are responsible to read the product labeling to determine if the intended use site is included on the label and
to follow all label directions. Mention of a trade or product name does not imply approval or recommendation of the product to the exclusion of others that may also be suitable.
The University of Hawai‘i, the Western Integrated Pest Management Center, the United States Department of Agriculture, the authors and contributors shall not be liable for any
damages resulting from the use of or reliance on the information contained here, or from any omissions to this publication
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