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Wetting agent: “Any compound 
that causes a liquid to spread 
more easily across or pene- 

trate into the surface of a solid by 
reducing the surface tension of the 
liquid.” 

Today’s golf course superintendent 
has a dizzying array of wetting agent 
products available to purchase. As a 
general class of turf care products, 
wetting agents are one of the more 
frequently used on golf courses. Com- 
mon sense would suggest that not 
every surfactant or wetting agent is the 
same. Ironically, all of our turf care 
fungicides, herbicides, and insecticides 
are organized into their own classifica-
tions, i.e., the DMI fungicides, the 
strobilurins, the phosphites, etc. 
Wouldn’t it be nice if we could also 
group wetting agents and surfactants 
into the appropriate category of the 
different chemistries from which they 
are derived? That is the purpose of this 
article. 

Over the years, there has been a 
gradual change in the type of soils 
used for golf course construction and 
maintenance. We have evolved from 
using the old, blended topsoils of years 
ago (typical manufactured topsoils 
were 1-1-1 by volume mixes of sand, 
soil, and peat) to near straight sand 
soils used today. Sandier soils are 
used for the construction of greens 
and tees and even sand capping of 
fairways. The same sandier soils are 
used for topdressing of these areas as 
well. Sands have replaced soils. That’s 
the bottom line. Sandy soils tend to 
naturally be, or become, hydrophobic 
(water repelling) in contrast to topsoils, 
which are less so inclined. 

One of the most frequently asked 
questions of USGA Green Section 
agronomists is, “Which is the best 
wetting agent product to use?” In a 
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Diagnosing localized dry spot and hydrophobic dry patch in the field can be 
relatively straightforward, especially when noting dew patterns on the grass. 
Where dew exists, there is good soil moisture. By contrast, only a few inches 
away, there is no dew on the turf. It is time to test the areas using a soil probe.  
See next image. The grass is “talking to you.”

Areas without dew are powder 
dry (on left) whereas samples 
taken in the adjacent area with 
dew shows good soil moisture. 
The powdery dry soil is 
hydrophobic, or water repelling. 
No amount of water will rewet 
the dry area. A wetting agent is 
needed, preferably in 
combination with some form of 
surface aeration, to rewet the 
soil, control turf wilt (and 
decline), to save labor in hand 
watering, and to improve turf 
appearance and playability.

Understanding The Di!erent 
Wetting Agent Chemistries
A surfactant is a wetting agent but a wetting agent may not be a surfactant. surprised?
BY STANLEY J. ZONTEK AND DR. STANLEY J. KOSTKA
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word, it “depends.” Specifically, it 
depends upon what you want that 
product to accomplish. Is it to rewet  
a dry, water-repelling soil as the result 
of isolated dry spot development? Is  
it to prevent isolated dry spots from 
developing in the first place? Is it to 
make, “water wetter” as an injectable 
material into your golf course’s irri-
gation system to try to move water 
through the soil? Is it to improve irri- 
gation efficiency and turf performance 
using less water? Is it to use wetting 
agents (rightly or wrongly) as a spray 
adjuvant when applying herbicides, 
insecticides, growth regulators, or 
fungicides? Is it to improve rootzone 
placement of soil-directed pesticides 
and fertilizers or to reduce their leach- 
ing? These are not easy questions to 
answer because, again, there are so 
many different wetting agent/soil 
surfactant chemistries available to our 
industry. Note: While a wetting agent is 
a surfactant, it only wets. A surfactant 
can do more than just wet a dry soil.

SOIL SURFACTANTS - 101
Soil surfactant products are made with 
several different classes of surfactant 
chemistries. These classes of chem-
istry have molecules with different 
structures and therefore they have 

different modes of action in how they 
interact with water and soil. This article 
will discuss the different classes of 
surfactant chemistries and their vary- 
ing molecular structures. By defining 
the capability of each class of surfac-
tant chemistry and defining which class 
or classes of surfactant chemistry 
each particular soil surfactant product 
contains, golf course superintendents 
will better understand the best product 
to use to address their particular 
management problem. 

Note: This article is not intended to 
recommend one product over another. 
All wetting agents/surfactants have 
specific uses. The goal is to provide 
information to better understand these 
products, which allows the end users, 
golf course superintendents, to decide 
which product best fits their needs. 

SURFACTANT CHEMISTRIES
In no special order of priority.

1. Anionic and Blends with 
Anionics. Anionic wetting agents are 
negatively charged surfactants. They 
can offer fast wetting but, depending 
upon application rate, can be phytotoxic 
to turf. Because of their negative ionic 
charge, anionics can cause dispersion 
of clay particles, which can negatively 

impact soil structure in fine-textured 
native soils. In the agricultural chemical 
industry, these compounds are often 
used to aid in the dispersion of clays in 
flowable or suspension concentrate 
formulations. Sometimes referred to  
as “old chemistries,” anionic wetting 
agents were introduced into the turf 
care market in the 1950s. 

Commercially available anionic 
blends include: AquaAid, Naiad, 
Penterra, and Prevade.

2. Nonionic Surfactants.

2-1. Polyoxyethylene (POE) 
Surfactants. A POE (also referred to 
as alkylphenol ethoxylate, or APE) are 
also “old chemistry” wetting agents. 
The original AquaGro contained a 
POE. Like the anionic group of surfac-
tants, POEs also can be phytotoxic to 
fine turf when used in some situations. 
POEs were originally developed to 
correct localized dry areas, so they do 
help treat water repellency, but not 
nearly as well as newer chemistry 
wetting agents that were developed 
and introduced in the 1990s. This 
class of chemistry can enhance water 
movement into the soil. The original 
products in this category were intro-
duced as turf management tools in 
1954.
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(Left) Note the dew pattern on this wetting agent and soil surfactant test area. While a wetting agent is a surfactant, it only 
wets. A surfactant can do more than just rewet the soil. (Right) Dry spots and uneven wetting can be a problem on any area of 
the golf course, including greens, tees, roughs, and, in this case, a fairway. While all soil types can become hydrophobic, 
sandier soils (which inherently hold less water anyway) seem to have the most severe problems. While there is a trend 
towards “firm, dry, and fast,” there are situations where turf suffers permanent wilt. Turf loss is the result, especially when golf 
carts drive through wilting grass. Wetting agents and soil surfactants can be used to rewet the area, allow for more even soil 
wetting over time, and keep the problem from reoccurring in the future.
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Commercially available POEs 
wetting agents include: APSA-80, 
E-ZWet, FloThru, Hydro-Wet, Injector, 
Lesco Wet, Mizer, One Putt, PenMaxx, 
Surfside, Water-in, and Wet-Sol.

2-2. Block Co-Polymer Surfactants. 
This class of wetting agent chemistry 
is the most commonly used in the turf 
care market today. These compounds 
are significantly safer to fine turf than 
POEs and are very effective in reduc-
ing soil water repellency and improving 
soil water content and plant-available 
water. Two basic chemical structures 
are used: 

Straight Block Co-Polymers. Field 
observations show enhanced water 
movement in the soil and can be 
helpful in leaching programs.

Commercially available straight 
block co-polymers include: Brilliance, 
Capacity, Cascade Plus, Conduit 90, 

LescoFlo Ultra, Remain, and Sixteen90. 
Injectable formulations of Straight 
Block Co-Polymer wetting agents 
include: Drench, Duplex, Fairway ISP, 
InfilTRx, IrriCure, Syringe, UniWet,  
and UniWet 25.

Reverse Block Co-Polymers. Field 
observations show enhanced moisture 
retention in the rootzone, which can be 
particularly helpful in soils that do not 
hold much water. Some companies 
have referred to the compounds as 
“retention-type surfactants.” These 
materials were introduced into our 
industry in 1995.

Commercially available reverse 
block co-polymers include: Primer 
Select, Magnus, ReLoad, Rely II, 
Respond 3, Retain, Tournament 
Ready, TriCure AD, and TriCure Micro.

Blends of Straight and Reverse 
Block Co-Polymers. Industry scientists 
have attempted to find ways to exploit 

the characteristics of the respective 
surfactant chemistries. Research con- 
ducted by Aquatrols on the blended 
block co-polymer product Aqueduct 
showed that the blend was more effec- 
tive in correcting localized dry spots 
and improving turf quality than either 
the straight or reverse block co-
polymer used alone. To date, this 
blend remains the standard by which 
all experimental formulations are 
compared in Aquatrols internal 
research.

Commercially available products 
based on blends of these two block 
co-polymer categories include: 
Aqueduct, Resurge, and ReWet. 

Note: “Field blends” of different wet- 
ting agent chemistries are becoming 
more commonly used. That is, two 
wetting agents/soil surfactants are 
tankmixed to try to achieve rewetting, 
retention, and moving excess water 
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A wilt and dew pattern on a sand-based tee. With sandier soils, water management always is a challenge, especially during 
hot and dry weather.
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through the soil profile. Such blends 
are typically recommended by 
company technical advisors.

2-3. Alkyl Polyglucoside Surfactants 
are made from a sugar molecule 
reacted with a fatty acid and are con- 
sidered naturally derived surfactants 
(but not to be confused with organic). 
Like many surfactants, alkyl polygluco-
sides can reduce soil water repellency. 
However, when blended with a block 
co-polymer surfactant, these formula-
tions have been shown to increase 
infiltration more than either wetting 
agent component alone. This phenome- 
non of synergistic surfactant wetting 
activity, the first such activity reported 
for soil wetting agents, has resulted in 

patents being granted on this tech-
nology in the U.S. and globally. This 
blend of wetting agent chemistries 
improves water penetration rates 
through the soil compared to straight 
block co-polymer products. These 
materials seem to improve water 
availability in the rootzone for better 
growing conditions and enhanced 
irrigation efficiency. Independent 
university research has demonstrated 
that treatment resulted in improved 
plant-available water and turf quality 
even when irrigation inputs were 
reduced to less than 50% evapotranspi- 
ration (ET) replacement. This chemistry 
was introduced in 2000.

Commercially available alkyl 
polyglucoside and straight block 

co-polymers include: Dispatch 
Injectable and Dispatch Sprayable.

2-4. Modified Methyl Capped Block 
Co-Polymer. This class of wetting 
agent is a patented variation of the 
block co-polymer class. The structure 
of the molecule was modified by 
replacing -OH terminal groups with 
-CH3 (methyl) caps. This small change 
in molecule structure modified the 
hydophilicity of the terminal groups. 
The -OH groups are hydrophilic, or 
water loving, while the CH3 (methyl 
groups) are hydrophobic, or water 
repelling. As a result, the methyl 
groups impart a small hydrophobic 
characteristic to the terminal groups. 
This modification changes how the 
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“Firm, dry, and fast” conditions are good for golf, but it is a challenge for the golf course superintendent to find ways to use 
water as efficiently and effectively as possible while avoiding excessive dryness, which can damage the turf, especially under 
cart traffic, as this image clearly shows. Wetting agents and soil surfactants can be important management tools to achieve 
this goal, whether they are sprayed onto the turf or injected into irrigation systems.
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surfactant attaches with the hydro-
phobic coatings that cause water 
repellency. This results in thinner, more 
continuous films of water around soil 
particles and surfaces of organic 
matter, which balances air-to-water 
ratios in the soil for (hopefully) a better 
growing environment in the soil. Field 
testing has demonstrated a diversity of 
benefits in soil water availability, turf 
performance, and turf stress tolerance. 
This chemistry, granted patents in the 
U.S. and globally, was introduced into 
our industry in 2004.

The sole commercially available 
modified methyl capped block co-
polymer wetting agent is sold under 
the brand name Revolution.

2-5. Humic Substance Redistribu-
tion Molecules. This class of wetting 
aids was patented by Milliken & Co. 
and introduced to the turf industry by 
Aqua-Aid in 2003. These molecules 
allow water penetration through the 
soil profile by disrupting the hydro-
phobic supramolecular humic associ-
ations, most prevalent in the top one to 
two centimeters (0.40 to 0.80 of an 
inch) of the soil, which led to localized 
dry spots. Reduction in size of the 
large hydrophobic associations into 
smaller, more soluble conformations 
results in increased water penetration 
and allows for redistribution of these 
“smaller compounds” from the surface, 
where they cause water management 

issues, through the soil profile, where 
they may be beneficial to moisture 
control. 

Examples of these compounds are 
found in the OARS® product line.

2-6. Multibranched Regenerating 
Wetting Agents. These molecules 
differ from the traditional linear co-
polymer molecules in that they are 
much higher in molecular weight and 
have multiple interactive sites, such 
that each branch is essentially a wet- 
ting agent in itself. Branching, coupled 
with higher molecule weight, not only 
increases the interaction between the 
wetting agent and the soil, but also 
affects the biodegradation profile. As 
one branch is removed via biodegrada-
tion, a new lower molecular weight 
surface active species is regenerated 
to continue to manage the water in the 
soil profile.The use of these molecules 
on turfgrass was patented in 2005 by 
Milliken & Co. Examples of these 
compounds are found in PBS-150® 
and the OARS® product line.

3. Cationic Surfactants. This group 
of surfactants is not commonly used 
as soil wetting agents due to their 
strong biocidal activity. Many of these 
compounds are effective disinfectants 
and may be particularly aggressive to 
plant tissues, resulting in severe plant 
damage when applied at rates effective 
for water repellency mitigation. As a 

positively charged molecule, they 
tightly bind to soil particles and have 
been reported to cause treated soils to 
become more water repellent when 
used repeatedly. To the best of our 
knowledge, no cationic surfac tants are 
sold as soil wetting agents in our 
industry.

4. New Chemistries. There will no 
doubt be new wetting agents/surfac-
tants and blends available to our 
industry in the future. The ability to 
modify and manage water more effi- 
ciently and more effectively continues 
to be a long-term goal. Equally, new 
products will no doubt be developed 
that will allow for more even wetting of 
the soil and more efficient use of water 
in that soil, while better managing 
ongoing problems with fairy rings, 
isolated dry spots, and poor soils.  
Stay current.

MANAGEMENT
One major management topic not 
discussed in this article has been how 
wetting agents and soil surfactants are 
managed and used. Oftentimes, these 
products are added as spray adjuvants, 
“just because.” This creates a whole 
new set of interactions that are difficult 
to measure. For instance, does a little 
extra wetting agent in the tank aid in 
fungicide placement or compromise 
fungicide effectiveness? These are all 
good topics to discuss with your com- 
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(Left) Turf loss due to localized dry spots, or LDS. The solution is a wetting agent or soil surfactant program that allows the 
grass to recover and to keep the problem from reoccurring in the future. See next image. (Right) Complete recovery. LDS has 
not reoccurred due to adjustments in the way the turf is managed using wetting agents and soil surfactants.
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pany technical representative, supplier, 
and USGA agronomists. 

How best to manage irrigation is 
another important management topic. 
Specifically, if your goal is to rewet a 
dry, hydrophobic soil, it is best to 
prepare the area with some form of 
surface aeration, pre-wet the area, 
apply the wetting agent or soil 
surfactant, and water it into the soil 
profile. For maximum efficiency and 
effectiveness in this case, it is best not 
to let the wetting agent dry. Rather, 
water it in rapidly and liberally. The 
addition of other products could there- 
fore compromise the action of those 
materials either by too much water or 
compromise the wetting agent/surfac- 
tant product by not using enough 
water. Again, when in doubt, ask for 
advice.

In preparing this article, almost 
every contributor made the following 
point: With the wetting agent options 
we have today, you either treat the 
water or treat the soil. There are 
different wetting agent chemistries to 
solve whatever problem you may have. 
Also, the wetting agents and soil 
surfactants available today are much 
more sophisticated than the products 
used years ago. In the “good old days” 
of turfgrass management, we used to 
add a quart of wetting agents to every 
spray tank. We have come a long way 
since then. 

Wetting agent and soil surfactant 
products are used in many ways and 
for many different reasons on golf 
courses today. It is important to think 
about what you are trying to accom-
plish when applying any turf care 
products, including wetting agents and 
soil surfactants. READ THE LABEL.  
If your questions are not answered, 
contact the company. It is a call or 
email worth making to ensure the 
product you are using is being properly 
applied.

FINAL THOUGHTS
Still awake? As you can see, this 
article is technical in nature. Most of us 
are not chemists. We rely on research 
results from our state universities 
along with field trials of side-by-side 
product comparisons, testimonials from 
fellow golf course superintendents who 

have used these products, and product 
information from technical representa-
tives of the companies who formulate, 
develop, produce, and sell wetting 
agents and soil surfactants. This 
information (hopefully) allows all of us 
to make informed decisions on which 
wetting agent chemistry helps solve 
the problems you have, as it pertains 
to soil water repellency, enhanced soil 
moisture retention (or not), the preven-
tion of isolated dry spots, or the treat- 
ment of dry patch and fairy ring once 
they develop. One key thing to remem-
ber is to ask your sales representative 
for research reports on field evaluations 
of the product. That third-party con-
firmatory testing is the only way to 
ensure you can count on a product  
to do what is claimed.

In summary, there are many 
different wetting agent and surfactant 
compounds and chemistries available. 
Hopefully, by knowing some of the 
strengths and weaknesses of the 
various commercially available 
products, the right choice can be made 
by you, the consumer, on which 
product to purchase and use.

DISCLAIMER
All the information contained in this 
article comes from the best possible 

knowledge available at the time of 
writing. We apologize if a product was 
not mentioned, if a product is mis-
categorized, or if a product is no longer 
available. At least the superintendent 
will know which question to ask the 
next time a representative tries to sell 
a wetting agent or surfactant. You can 
ask, “Is it a straight or reverse block 
co-polymer? A modified methyl 
capped co-polymer? An APE or a 
POE? By the way, are your wetting 
agents anionic or cationic?”

STANLEY J. KOSTKA has spent 
nearly 20 years working in the area of 
understanding how surfactants can be 
used to manage soil water repellency 
and improve water use and produc-
tivity in turfgrass, ornamentals, and 
agricultural crops. He holds 13 patents 
relating to novel surfactant technologies 
and agrichemical formulations. Stan 
received his Ph.D. in plant pathology 
from the University of Massachusetts, 
an M.S. in plant science from the 
University of Connecticut, and a B.A. 
in biology from the College of the Holy 
Cross (Mass.).

RANDY D. PETREA, contributing 
author, is a senior chemist at Milliken 
Chemical with over 23 years of experi- 
ence in surfactant design, synthesis, 
and formulation of new products for 
various industry segments. He holds 
10 patents, six of which relate to the 
use of novel soil surfactants for 
moisture management. He received an 
M.S. in analytical chemistry from the 
University of Tennessee - Knoxville 
and a B.S. in chemistry from Pfeiffer 
College (N.C.). We thank Randy for his 
input.

STANLEY J. ZONTEK is the director of 
the USGA’s Mid-Atlantic Region. He 
formerly served as director of the 
North-Central and Northeastern 
Regions during his tenure with the 
USGA Green Section. Stanley joined 
the Green Section in February 1971 
and is a graduate of Penn State 
University. He is the USGA’s longest 
tenured employee. He is old enough to 
remember the earliest wetting agent 
chemistries, which are no longer 
available!
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A stylized view of what a branched 
wetting agent molecule looks like. 
Surprised? There is a whole lot more 
to selecting a wetting agent or 
surfactant than the average person 
might know. It is a complicated 
science. (Image courtesy of  
Milliken & Co.)
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Broadleaf Weeds1 1 This fact sheet was first prepared for
the 2012 IGU Greenkeeper Education
Programme. Dr. Brosnan is the head
of the turfgrass weed science research
and extension program at the Univer-
sity of Tennessee and is co-Director of
the University of Tennessee Center for
Athletic Field Safety.

Jim Brosnan, Ph.D. | University of Tennessee
September 2012

An array of different broadleaf weeds can be problematic
on golf courses throughout India. Infestations of weeds such as
prostrate knotweed (Polygonum aviculture), creeping beggarweed
(Desmodium canum), spurge (Euphorbia spp.), and clover species (Tri-
folium spp.) can negatively affect turf aesthetic and functional qual-
ity. The following publication will describe morphology of select
broadleaf weeds found on golf courses throughout India, discuss
environmental conditions that favor broadleaf weed infestation, and
outline options to eradicate broadleaf weeds from desirable turf.

Morphology

Proper identification is a critical component to managing broadleaf
weed infestations. The following paragraphs present morphological
information useful in identifying select broadleaf weeds found
throughout India.

• Prostrate knotweed is a low-growing summer annual weed that
thrives in compacted soils; thus, it is often found in areas of
high foot or vehicular traffic (Figure 1). Leaves have an oblong
shape, pinnate venation, and are arranged alternately (Figure 2).
A distinctive feature of prostrate knotweed is that leaves are
joined to the stem by a sheathing membrane called an ocrea (Fig-
ure 3). The plant produces diminutive white flowers. Prostrate
knotweed is often the first summer annual weed to germinate.
New seedlings are often mistaken for turfgrasses.

Figure 1: Prostrate knotweed infesting
compacted soil on a highly trafficked
sports field

Figure 2: Prostrate knotweed (Poly-
gonum aviculture)
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Figure 3: Distinctive ocrea of prostrate
knotweed

• Creeping beggarweed develops from a taproot and spreads
via hairy, branched stolons that root at the nodes. Trifoliate
leaves have three leaflets that are elliptic, pinnately venated,
and have a characteristic white watermark along the midrib (Fig-
ure 4). Flowers are pink to rose in color. Several members of the
Desmodium genus are found throughout India.

Figure 4: White watermark of creeping
beggarweed

• Prostrate spurge is low growing summer annual weed with
reddish or green stems that do not root at the nodes (Figure 5)
Leaves are arranged opposite, are oval to elliptic in shape, and
small serrations along the margin. Stems of plants within the Eu-
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phorbia genus exude a white, milky sap when broken (Figure 6).
Several other members of the Euphorbia genus can be found
throughout India.

Figure 5: Prostrate spurge (Euphorbia
maculata)

Figure 6: White, milky sap from
broken stem of prostrate spurge

• Clover species are perennial weeds commonly found in soils
with low levels of available nitrogen. Leaves are trifoliate, con-
taining three oval-to-elliptic shaped leaflets (Figure 7). White
clover (Trifolium repens) often has a white watermark partly en-
circling the base. Small serrations are often present along leaf
margins of clover species. Leaves and stem of red clover (Tri-
folium pratense) are prominently hairy. Flower colors vary among
species.

Managing Turf to Prevent Broadleaf Weed Infestation

The best method of preventing infestations of broadleaf weeds is
to maintain a healthy, dense turf. Implementing the proper cul-
tural practices required to maintain desirable turf will reduce the
likelihood of broadleaf weed encroachment. For new constructions
or renovations, selecting the turf species best adapted to local cli-
matic conditions will prevent infestations of troublesome broadleaf
weeds. The following list contains some tactics that can be taken to
discourage broadleaf weed encroachment and spread in desirable
turf.

• Sanitation: Inspect all soil, compost, plant material, and seed
brought onto a property to be sure they are free of broadleaf
weed seed or vegetative structures. Be sure to inspect and clean
all equipment, especially to prevent broadleaf weed seed or
vegetative structures from being moved from an infested to a
non-infested site.
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Figure 7: White clover (Trifolium repens)

• Maintain turf density: Voids in the turf canopy are required
for broadleaf weed establishment. Sunlight must reach the soil
surface for broadleaf weed seeds to germinate. Thus, it is criti-
cal that desirable turfgrasses receive macro- and micronutrients
in quantities sufficient for optimizing turf growth and vigor.
This is especially true in regards nitrogen, as no other nutrient
affects the growth of warm-season turfgrasses more than nitro-
gen. Leguminous weed species such as Trifolium and Desmodium
species have the ability to fix nitrogen from the atmosphere and
can persist vigorously in sites where nitrogen has not been sup-
plied in quantities to sustain turf growth and vigor. They are
indicators that turf needs to be supplied greater quantities of
nitrogen.

• Nutrition: Multiple researchers have reported that applying
nutrients in quantities that exceed turfgrass sufficiency levels will
encourage broadleaf weed encroachment into non-infested sites.
This is especially true with regards to potassium as 17 to 20%
increase in dandelion (Taraxacum officinale) have been associated
with excessive potassium fertilization3. 3 Busey, P. 2003. Cultural management

of weeds: a review. Crop Sci. 43:1899-
191• Increase mowing height: Increasing canopy height will improve

turf rooting and photosynthesis, resulting in a healthier stand
that is less susceptible to encroachment from broadleaf weeds.3 3

• Manage stress: Any abiotic or biotic stress that reduces turf
growth and vigor will make a broadleaf weed infestation more
likely. Factors such as shade, soil compaction, soil drainage,
thatch buildup, etc. must be managed correctly in order to pre-
vent establishment of broadleaf weeds. Many of the preceding
items in this list fall into the category of managing the stresses
placed on desirable turf.
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Controlling Existing Infestations of Broadleaf Weeds

Managers can rely on either physical removal or spot treating with
a non-selective herbicide such as glyphosate (i.e., Roundup, other
trade names) to control existing broadleaf weed populations. It is
recommended that these measures be implemented when plants
are smaller in size to facilitate physical removal of shoot and root
tissue and minimize the size of the spot created by a non-selective
herbicide. Additionally, applications made before inflorescence
formation will reduce the amount of seed deposited in the soil
profile.

Few herbicides in India are labeled for selective control of
broadleaf weeds in desirable warm-season turfgrass. Applications
of 2,4-D can be used to control or suppress an array of different
broadleaf weed species at 0.84 to 1.12 kg ai/ha. Use of a non-ionic
surfactant at 0.25% v/v is recommended to improve efficacy. Do
not apply these materials if air temperature is expected to exceed
30 C to avoid potentially for off-target movement. Use of amine
formulations will reduce potential for volatility compared to ester
formulations. When applied to sensitive species, 2,4-D will result
and twisting and curling of plant tissue; a phenomenon known
as epinasty (Figure 8). Before applying any herbicide, be sure to
consult the label for more information on turfgrass tolerance, appli-
cation rate, and additional use directions.

Figure 8: Leaf epinasty following 2,4-D
treatment

Conclusion

Broadleaf weeds can be problematic weed on golf course turf
throughout India. Therefore, turf managers are encouraged to
implement proper cultural practices to discourage broadleaf weed
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infestation. Trying to eradicate existing populations with spot ap-
plications of non-selective herbicides or by physical removal is a
long, arduous process. Few herbicides are available for selective
control of broadleaf weeds in India. If a complete renovation is
warranted, be sure that proper sanitation practices are followed
to minimize the introduction of broadleaf weeds to the new site.
Additionally, selecting the turf species best adapted to local cli-
matic conditions will prevent infestations of troublesome broadleaf
weeds.

For more information on broadleaf weed identification and con-
trol, please visit the University of Tennessee’s Turfgrass Weed Sci-
ence Website, http://tennesseeturfgrassweeds.org. Additional
information can also be accessed at the India Greenkeeper Educa-
tion Programme website, http://www.in.asianturfgrass.com/.
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Bermudagrass2
is a commonly used warm-season turfgrass

2 Cynodon dactylon L. Pers.
throughout much of India. However, when bermudagrass becomes

infested in other desirable species, such as seashore paspalum (Pas-
palum vaginatum) or zoysiagrass (Zoysia spp.), it can be a prob-

lematic and troublesome weed. Bermudagrass infestations can be

found on putting greens, tees, and fairways throughout India (Fig-

ure 1). The following publication will describe bermudagrass mor-

phology, discuss environmental conditions that favor bermudagrass

infestation, and outline both chemical and non-chemical options to

eradicate bermudagrass from desirable turf.

Figure 1: Bermudagrass stolons infest-

ing a Zoysia matrella tee box

Figure 2: Hairy ligule of bermudagrass

Morphology

Proper identification is a critical component to managing bermuda-

grass infestations. Plants are characterized by their hairy ligule

(Figure 2) and folded vernation. Bermudagrass inflorescences (Fig-

ure 3) have three to seven spikelets, which can be 25 to 50 mm long.

Additionally, bermudagrass is a mat-forming perennial grassy

weed that aggressively spreads by both rhizomes and stolons. This

extensive network of below- (i.e., rhizomes) and aboveground (i.e.,

stolons) vegetative propagules makes bermudagrass extremely dif-

ficult to control (Figure 4). In many instances, bermudagrass can be

eradicated to the soil surface by physical removal or a herbicide ap-

plication only to regenerate from belowground rhizomes over time.

Additionally, aggressive aboveground growth from stolons allows
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bermudagrass to creep into areas of desirable turf. Bermudagrass

retains morning dew longer than other warm-season turfgrasses

(Figure 5). Thus, the best time time to scout for bermudagrass con-

tamination is during the early morning hours.

Figure 3: Bermudagrass inflorescence

Figure 4: Bermudagrass rhizomes

Figure 5: Dew present on areas of

bermudagrass infestation into a

seashore paspalum turf during early

morning hours

Managing Turf to Prevent Bermudagrass

The best method of preventing bermudagrass infestation is to

maintain a healthy, dense turf. Implementing the proper cultural

practices required to maintain species such as seashore paspalum

and zoysiagrass will reduce the likelihood of bermudagrass en-

croachment. For new constructions or renovations, selecting the

turf species best adapted to local climatic conditions will prevent

infestations of troublesome weeds such as bermudagrass. The fol-

lowing list contains some tactics that can be taken to discourage

bermudagrass encroachment and spread in desirable turf.

• Sanitation: Inspect all soil, compost, plant material, and seed

brought onto a property to be sure they are free of bermuda-

grass. Pay special attention to ensure that no vegetative struc-

tures (i.e., rhizomes, stolons) are present. Additionally, inspect

and clean all mowing and maintenance equipment to remove

bermudagrass vegetative structures collected during use.

• Increase mowing height: Increasing canopy height will improve

turf rooting and photosynthesis, resulting in a healthier stand

that is less susceptible to bermudagrass encroachment. Addition-

ally, the taller canopy will shade any bermudagrass present in

the stand, which will reduce its ability to spread.

Figure 6: Bermudagrass contamination

in elevated, drier areas of a seashore

paspalum fairway

• Proper nutrition: Species such as seashore paspalum and zoysi-

agrass have lower nutrient requirements than bermudagrass;

especially with regards to nitrogen. Applying fertilizers with
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calibrated equipment at proper rates will maintain adequate den-

sity (reducing the likelihood of bermudagrass encroachment)

and discourage the spread of any bermudagrass present in the

stand. Supplying excessive amounts of nitrogen will favor the

bermudagrass, essentially worsening the problem.

• Manage soil moisture: Species such as bermudagrass and

seashore paspalum require different amounts of irrigation for

maximum growth and vigor. A marsh grass, seashore pas-

palum thrives under moist conditions and will be less aggres-

sive against bermudagrass infestation when water is limited

(Figure 6).

• Landscape areas: Pay attention to flower beds and other land-

scaped areas. Keep these areas free of bermudagrass contami-

nation. Use heavy mulch or deep edging to keep bermudagrass

from establishing. Edging material would need to be at least 15
cm into the soil.

• Manage stress: Any abiotic or biotic stress that reduces turf

growth and vigor will make the likelihood of bermudagrass

infestation more likely. Many of the preceding items in this list

fall into the category of managing turf stress.

Figure 7: Physical removal of

bermudagrass sod from seashore

paspalum

Controlling Existing Bermudagrass Infestations

Managers often rely on either physical removal or spot treating

with a non-selective herbicide such as glyphosate (i.e., Roundup,

other trade names) to control existing bermudagrass populations in

desirable turf. If electing to control bermudagrass by physical re-

moval, ensure that all above and belowground vegetative structures
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are removed; otherwise re-growth will occur. This is often accom-

plished by removing pieces of bermudagrass sod from desirable

turf stands (Figure 7). Spot treating with non-selective herbicides

can be effective; however, the process will reduce overall turfgrass

quality by creating a spotted appearance across the turf.

Complete renovation may be required when bermudagrass in-

festations are severe. In these cases, be sure to eradicate as much of

the existing population as possible before planting new turf. Multi-

ple applications of non-selective herbicides should be applied along

with a soil sterilant (e.g., methyl bromide, dazomet, etc.) if possible.

Be sure to follow all label directions when applying these materials.

Additionally, inspect new plant material for bermudagrass vege-

tative structures before establishment. When establishing new turf

from sprigs or sod, visit the farm growing this plant material before

it arrives on site and inspect fields for bermudagrass contamination.

Figure 8: Bermudagrass control in

seashore paspalum with two applica-

tions of Prograss 1.5EC at 7.1 L/ha

These quality control steps are critical considering that few

herbicides are available for selective bermudagrass removal from

desirable turf worldwide. Research conducted at the 2011 Turf-

grass Management in Asia Conference in Pattaya, Thailand demon-

strated that applications of ethofumesate (sold in the U.S. under the

trade name Prograss 1.5EC) can selectively control bermudagrass in

seashore paspalum turf (Figure 8). While this herbicide effectively

suppressed the existing bermduagrass stand at rates ranging from

4.7 to 9.4 L/ha, multiple applications will be needed over time to

eradicate the entire population in addition to implementing cul-

tural practices to promote seashore paspalum growth into the voids

remaining in the turf canopy after bermudagrass removal. An ad-

ditional conclusion of this research was that salt applications were

not an effective means of controlling bermudagrass in seashore

paspalum turf.

In Zoysia japonica, applications of fluazifop + triclopyr and

fenoxaprop + triclopyr have been found to effectively control



bermudagrass 5

bermudagrass infestations without resulting in turf injury.
3

Studies 3
Lewis, D.F., J.S. McElroy,

J.C.Sorochan, T.C. Mueller, T.J. Sam-

ples, and G.K. Breeden. 2010. Efficacy

and safening of aryloxyphenoxypro-

pionate herbicides when tank-mixed

with triclopyr for bermudagrass con-

trol in zoysiagrass turf. Weed Technol.

24:489-494

have shown that bermudagrass is more sensitive to these treat-

ments when transitioning into or out of periods of reduced growth

compared to those made under optimal growing conditions
4

Turf

4
Brosnan, J.T., G.K. Breeden, M.T.

Elmore, and J.M. Zidek. 2011. Appli-

cation timing affects bermudagrass

suppression with mixtures of flu-

azifop and triclopyr. Weed Technol.

25:591-597

managers wishing to control bermudagrass with these materials

are recommended to make sequential applications at these optimal

timings.

Conclusion

Bermudagrass is a problematic weed of golf course turf through-

out India. Trying to eradicate existing populations with spot ap-

plications of non-selective herbicides or by physical removal is a

long, arduous process. Few herbicides are available for selective

bermudagrass control worldwide. Therefore, turf managers are

encouraged to implement proper cultural practices to discourage

bermudagrass encroachment. If a complete renovation is war-

ranted, be sure that proper sanitation practices are followed to

minimize the introduction of bermudagrass contamination to the

new site. Additionally, selecting the turf species best adapted to

local climatic conditions will prevent infestations of troublesome

weeds such as bermudagrass.

For more information on bermudagrass identification and con-

trol, please visit the University of Tennessee’s Turfgrass Weed Sci-

ence Website, http://tennesseeturfgrassweeds.org. Additional

information can also be accessed at the India Greenkeeper Educa-

tion Programme website, http://www.in.asianturfgrass.com/.
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Goosegrass2 is a problematic weed of warm-season turfgrass.
2 Eleusine indica L. Gaertn.Infestations can be found on putting greens, tees, and fairways

throughout India. The following publication will describe gooseg-
rass morphology, discuss environmental conditions that favor
goosegrass infestation, and outline both chemical and non-chemical
options to eradicate goosegrass from desirable turf.

Morphology

Many turfgrass managers identify goosegrass by its distinctive
inflorescence. This species produces seedheads from a common
point with 3 to 7 spikes (i.e., racemes) at the tip of the stem. Seeds
are arranged in a distinctive herringbone pattern along each spike
(Figure 1). Seed production affects the prevalence of goosegrass as
a weed in golf course turfgrass. A single plant can produce up to
50,000 seeds. As a result, failure to control goosegrass can increase
the quantity of goosegrass seed in the soil seedbank; thus ensuring
that goosegrass will be a problematic weed year-after-year.

When mature, goosegrass grows in clumps from a central tap
root that has a fibrous root system. Leaves are a distinct white or
silver color at the base, folded or flattened in shape, and smooth
to the touch; very few hairs are present on the foliage (Figure 2).
Goosegrass also has a membranous ligule with jagged edges. The
prostrate growing nature of goosegrass gives it the ability to toler-
ate mowing heights as low as 3 mm (Figure 3). Figure 1: Goosegrass inflorescence

Figure 2: Mature, multi-tiller, gooseg-
rass plant
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Figure 3: Goosegrass infesting an
ultradwarf bermudagrass putting
green

Growing Environment

Goosegrass infestations commonly occur in high traffic areas as this
species grows vigorously under compacted soil conditions. Thus,
goosegrass can be problematic on putting greens and tees due
to the concentrated foot traffic in these areas. On putting greens,
goosegrass can be especially problematic in that the clump-type
growth of this weed disrupts ball roll.

Research3 has shown that goosegrass is more competitive with

3 Arrieta, C., P. Busey, and S.H.
Daroub. 2009. Goosegrass and
bermudagrass competition under
compaction. Agron. J. 101:11-16.

bermudagrass (Cynodon dactylon) when soil bulk density increases
to the point at which turf cover is reduced. Additionally, emergence
of new goosegrass seedlings was reduced 58% by mowing at 2.5 cm
compared to 1.3 cm. Additional studies4 have shown that gooseg-

4 Nishimoto, R.K. and L.B. McCarty.
1997. Fluctuating temperature and
light influence seed germination of
goosegrass (Eleusine indica). Weed Sci.
45:426-429.

rass seed germination is favored by fluctuating temperature.

Managing Turf to Prevent Goosegrass

A critical component in preventing goosegrass infestation is to max-
imize cover of desirable turf. Supplying desirable turfgrass with
sufficient levels of macro- and micronutrients will maintain canopy
cover as will preventing external stresses such as shade or foot traf-
fic (Figure 4). Often goosegrass invades sites where soils have been
compacted to the extent that desirable turf cover is lost. Its presence
is an indicator that soil conditions need to be improved to favor
the growth of desirable turfgrasses; otherwise infestations will con-
tinue year-after-year. In addition to altering foot (e.g., from golfers
and caddies) or golf cart traffic patterns, it is recommend that areas
infested with goosegrass are aerified regularly. Not only will this
practice relieve compaction to an extent, it will also increase gas
exchange between the turfgrass rootzone and the atmosphere.

Figure 4: Shade on an ultradwarf
putting green

Lastly, increasing height of cut will discourage goosegrass germi-
nation from seed. Sunlight is required for goosegrass seed germi-
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nation (Figure 5). Increasing canopy height by raising the height of
cut will decrease the quantity of light reaching soil and thus limit
germination of new seedlings.

Figure 5: Goosegrass seedlings

Controlling Existing Goosegrass

There are very few herbicides available in India that will control an
existing goosegrass population in desirable turf. Managers should
rely on either physical removal or spot treating with a non-selective
herbicide such as glyphosate (i.e., Roundup, other trade names) to
control existing populations. If electing to control goosegrass by
physical removal, ensure that the plant’s root system is removed;
otherwise re-growth will occur. If plants are larger than 50 mm in
diameter a knife, hoe, or other physical implement will be needed
to remove the tap root. Physical removal can be effective but is a
labor intensive process.

Spot treating with non-selective herbicides can effectively con-
trol goosegrass but this process will hamper turf quality (Figure 6).
Managers with seashore paspalum turf have attempted to con-
trol goosegrass with applications of liquid and granular sodium
chloride salts; however, research has found these strategies to be
ineffective in providing long-term control.5. Golf course superinten-

5 Brosnan, J.T., J. DeFrank, M.S. Woods,
and G.K. Breeden. 2009. Efficacy
of sodium chloride applications for
control of goosegrass (Eleusine indica)
in seashore paspalum turf. Weed
Technol. 23:179-183.

dents controlling goosegrass with spot applications of non-selective
herbicides must take precautions to prevent the spray solution from
contacting desirable turf; otherwise, undesirable turf injury will
occur.

Figure 6: Spot treatments with
glyphosate to control goosegrass
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Conclusion

Goosegrass is a problematic weed of golf course turf throughout
India. Long-term control requires that turfgrass maintenance prac-
tices be adjusted to maximize cover of desirable turf. Physical re-
moval and spot applications of non-selective herbicides can control
existing populations.

For more information on goosegrass identification and control,
please visit the University of Tennessee’s Turfgrass Weed Science
Website, http://tennesseeturfgrassweeds.org. Additional infor-
mation can also be accessed at the India Greenkeeper Education
Programme website, http://www.in.asianturfgrass.com/.
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Annual bluegrass2
is a problematic weed of golf courses in

2 Poa annua L.
northern India. Reduced tolerance to several environmental stres-

sors, bunch-type growth, and copious seed production result in

annual bluegrass infestations negatively affecting turf aesthetic and

functional quality. The following publication will describe annual

bluegrass morphology, discuss environmental conditions that favor

annual bluegrass infestation, and outline options to eradicate this

weed from desirable turf.

Figure 1: Annual bluegrass infesting

a dormant bermudagrass greens

complex

Morphology

Proper identification is a critical component to managing annual

bluegrass infestations. Annual bluegrass has a bunch-type growth

habit and plants often form distinct patches or clumps in desirable

turf. Plants have a folded leaf vernation (Figure 2); leaf blades have

a boat-shaped tip (Figure 3), can be rippled or slightly wrinkled,

and have a long, membranous, slightly pointed ligule. Plants pro-

duce a panicle-type inflorescence that is triangular in shape with

spikelets bunched toward the ends (Figure 4). Seedheads start to

emerge in the spring and viable seed can be produced in just a few

days after pollination. This feature allows for the production of

viable seed, even in frequently mowed turf. Thus, proliferance of

annual bluegrass seed in the soil profile results in problems occur-

ring year-after-year. Annual bluegrass inflorescence development

is especially problematic on putting greens as these structures can

disrupt ball roll speed and uniformity (Figure 5)

Figure 2: Folded vernation of annual

bluegrass

Figure 3: Annual bluegrass boat-

shaped leaf tip
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Figure 4: Annual bluegrass inflores-

cence

Figure 5: Annual bluegrass inflores-

cence at putting green height



annual bluegrass 3

Managing Turf to Prevent Annual Bluegrass Infestation

The best method of preventing infestations of annual bluegrass is

to maintain a healthy, dense turf. Implementing the proper cultural

practices required to maintain desirable turf will reduce the likeli-

hood of annual bluegrass encroachment. For new constructions or

renovations, selecting the turf species best adapted to local climatic

conditions will prevent infestations of troublesome weeds such as

annual bluegrass. The following list contains some tactics that can

be taken to discourage annual bluegrass encroachment and spread

in desirable turf.

• Sanitation: Inspect all soil, compost, plant material, and seed

brought onto a property to be sure they are free of annual blue-

grass seed. Be sure to inspect and clean all equipment, especially

to prevent annual bluegrass seed from being moved from an in-

fested to a non-infested site (Figure 6). A prolific seed producer,

annual bluegrass seeds germinate under temperatures ranging

from 7 to 29°C.
3 3

McElroy, J. S., R. H. Walker, G. R.

Wehtje, and E. van Santen. 2004. An-

nual bluegrass (Poa annua) populations

exhibit variation in germination re-

sponse to temperature, photoperiod,

and fenarimol. Weed Sci. 52:47-52.

Figure 6: Annual bluegrass seed on the

sole of a golf shoe

• Maintain turf density: Voids in the turf canopy are required for

annual bluegrass establishment. Sunlight must reach the soil sur-

face for annual bluegrass seeds to germinate. Thus, it is critical

that desirable turfgrasses receive macro- and micronutrients in

quantities sufficient for optimizing turf growth and vigor. This

is especially true in regards nitrogen, as no other nutrient affects

the growth of warm-season turfgrasses more than nitrogen.

• Limit phosphorus: Multiple researchers have reported that ap-

plying phosphorus in quantities that exceed turfgrass sufficiency

levels will encourage annual bluegrass encroachment into non-

infested sites
4
. 4

Raley, R.B., P.J. Landschoot, and J.T.

Brosnan. 2013. Influence of phospho-

rus and nitrogen on annual bluegrass

encroachment in a creeping bentgrass

putting green. Int. Turf. Soc. Res. J. (In
press)

• Increase mowing height: Increasing canopy height will improve

turf rooting and photosynthesis, resulting in a healthier stand

that is less susceptible to encroachment from annual bluegrass.

Researchers have reported conflicting results with regards to

clipping collection and annual bluegrass encroachment.

• Manage soil moisture: Annual bluegrass is a shallow rooted turf

(Figure 7) that prefers elevated levels of soil moisture. Irrigating

turf excessively can encourage infestations of annual bluegrass.

Similarly, compromised internal or surface drainage will further

perpetuate problems.

Figure 7: Shallow roots of annual

bluegrass (left) compared to the deeper

rooted Poa pratensis (right)

• Manage stress: Any abiotic or biotic stress that reduces turf

growth and vigor will make a annual bluegrass infestation more

likely. Factors such as shade, soil compaction, soil drainage,

thatch buildup, etc. must be managed correctly in order to pre-

vent establishment of weed species such as annual bluegrass.

Many of the preceding items in this list fall under the category of

managing the stresses placed on desirable turf.
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Controlling Existing Infestations of Annual Bluegrass

Managers can rely on either physical removal or spot treating with

a non-selective herbicide such as glyphosate (i.e., Roundup, other

trade names) to control existing annual bluegrass populations. It

is recommended that these measures be implemented when plants

are smaller in size to facilitate physical removal of shoot and root

tissue and minimize the size of the spot created by a non-selective

herbicide. Additionally, applications made before inflorescence

formation will reduce the amount of seed deposited in the soil

profile.

Before applying any herbicide, be sure to consult the label for

more information on turfgrass tolerance, application rate, and addi-

tional use directions.

Conclusion

Annual bluegrass is a problematic weed of golf course turf through-

out northern India. Therefore, turf managers are encouraged to

implement proper cultural practices to discourage annual blue-

grass infestation. If a complete renovation is warranted, be sure that

proper sanitation practices are followed to minimize the introduc-

tion of annual bluegrass to the new site. Additionally, selecting the

turf species best adapted to local climatic conditions will prevent

infestations of troublesome weeds.

Trying to eradicate existing populations with spot applications of

non-selective herbicides or by physical removal is a long, arduous

process. No herbicides are available for selective control of annual

bluegrass in India.

For more information on annual bluegrass identification and

control, please visit the University of Tennessee’s Turfgrass Weed

Science Website, http://tennesseeturfgrassweeds.org. Additional

information can also be accessed at the India Greenkeeper Educa-

tion Programme website, http://www.in.asianturfgrass.com/.
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Sedges (Cyperus spp.) and kyllingas (Kyllinga spp.) are weed
species that are not only similar in appearance but also share the
unique trait of being classified as neither a broadleaf nor grassy
plant. Yellow nutsedge (Cyperus esculentus), purple nutsedge (Cype-
rus rotundus), and green kyllinga (Kyllinga brevifolia) are common
weeds of golf course turf throughout India. The following publi-
cation will describe sedge and kyllinga morphology, discuss envi-
ronmental conditions that favor infestations of sedge and kyllinga
species, and outline options to eradicate these weeds from desirable
turf.

Morphology

Proper identification is a critical component to managing infesta-
tions of sedge and kyllinga species. Sedges are most easily iden-
tified by their triangular stem (Figure 1). Unlike grasses, they are
devoid of hairs, auricles, collars, and ligules. Leaves are slender and
their waxy cuticle gives them a shiny appearance. Plants arise from
tubers (i.e., nuts, nutlets) which in some species are connected by
underground rhizomes. A single purple nutsedge plant can pro-
duce 174 to 554 tubers if left undisturbed.2. These tubers are often

2 Summerlin, J. R., Jr., H. D. Coble,
and F. H. Yelverton. 2000. Effect of
mowing on perennial sedges. Weed
Sci. 45:501-507

the source of new infestation as a single tuber can gave rise to 1,900
clonal plants and nearly 6,900 additional tubers in single calendar
year. 3

3 Tumbleson, M. E. and T. Kommedahl.
1961. Reproductive potential of Cype-
rus esculentus by tubers. Weeds 9:646-
653

Figure 1: Triangular stem of yellow
nutsedge

Yellow nutsedge leaves are light green to yellow, while purple
nutsedge leaves are dark green. Yellow nutsedge leaf tips are ta-
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pered to a point while purple nutsedge leaf tips have a more direct
point. Inflorescences also aid in nutsedge identification; yellow
nutsedge produces a yellow inflorescence (Figure 2), while pur-
ple nutsedge produces a purple inflorescence (Figure 3). Yellow
nutsedge is more prevalent at higher elevations and in northern
India as it is more cold tolerant than purple nutsedge.

Figure 2: Yellow nutsedge inflores-
cence

Figure 3: Purple nutsedge inflores-
cence

Kyllingas have leaves that are smaller and less erect than those of
yellow nutsedge, but similar in shape and color. Kyllingas can per-
sist under low mowing heights (< 6 mm) and thus can be problem-
atic on golf course putting greens and collars. Research has found
that low mowing heights (2.5 cm) increase kyllinga infestation 2 to
5-fold in bermudagrass compared to mowing at higher heights of
cut (5 cm).4 Unlike yellow and purple nutsedge, kyllingas produce 4 Busey, P. 2003. Cultural management

of weeds: a review. Crop Sci. 43:1899-
191

flowers even under regular mowing (Figure 4). Spreading through
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short rhizomes, kyllinga infestations can form dense mats in a turf-
grass stand.

Figure 4: Green kyllinga inflorescence

Managing Turf to Prevent Sedge and Kyllinga Infestations

The best method of preventing infestations of sedge and kyllinga
species is to maintain a healthy, dense turf. Implementing the
proper cultural practices required to maintain desirable turf will
reduce the likelihood of sedge and kyllinga infestations. For new
constructions or renovations, selecting the turf species best adapted
to local climatic conditions will prevent infestations of trouble-
some weeds such as yellow and purple nutsedge. The following
list contains some tactics that can be taken to discourage sedge and
kyllinga encroachment and spread in desirable turf.

• Sanitation: Inspect all soil, compost, plant material, and seed
brought onto a property to be sure they are free of nutsedge
tubers. Be sure to inspect and clean all equipment as well

• Manage tuber dormancy: Nutsedge tubers can remain dormant
in soil preventing flushes of emergence from occurring all at
once; thus, a reservoir of potential new plants is present the
soil profile for an extended period of time. This dynamic often
prevents hand weeding or a single herbicide application from
providing long-term control. Turning soil and exposing tubers to
sunlight will dehydrate them to a point where they will not be
viable.

• Manage soil moisture: Sedge and kyllinga species are shallow
rooted plants that prefer elevated levels of soil moisture. Irri-
gating turf excessively can encourage infestations of sedge and
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kyllinga species. Similarly, compromised internal or surface
drainage will increase problems with these weeds. Tubers can
remain viable for more than three years if soil remains moist, but
survival in dry soil only lasts for a short period of time.5

5 Stoller, E. W. and R. D. Sweet. 1987.
Biology and life cycle of purple and
yellow nutsedges (Cyperus rotundus
and Cyperus esculentus). Weed Technol.
1:66-73.

• Mow regularly: Regular mowing has been reported to suppress
purple nutsedge growth and improve the efficacy of herbicide
applications for nutsedge control.6. This is not true for kyllinga

6 Summerlin, J. R., Jr., H. D. Coble,
and F. H. Yelverton. 2000. Effect of
mowing on perennial sedges. Weed
Sci. 45:501-507

Brecke, B. J., D. O. Stephenson IV,
and J. B. Unruh. 2005. Control of
purple nutsedge (Cyperus rotundus)
with herbicides and mowing. Weed
Technol. 19:809-814

species that tolerate mowing at heights < 6mm.

Controlling Existing Infestations of Sedge and Kyllinga Species

If electing to control infestations of sedge and kyllinga species by
physical removal, be sure to remove both aboveground foliage and
the tuber from which this foliage arises. Simply removing foliage
will not be effective. The abundance of dormant tubers in soil often
renders physical removal ineffective as a few missed tubers can
generate new growth that will maintain the infestation.

Spot treatments with non-selective herbicides can be used to
control sedge and kyllinga species. However, these applications
should only be made when plants have matured to the point that
inflorescences are present. Herbicide applied before this stage of
growth will not translocate to underground tubers; thus, ensuring
that sedge and kyllinga infestations continue to be problematic.
This process will likely need to be repeated multiple times to con-
trol dormant tubers in the soil profile as well as those not connected
to aboveground foliage.

Few herbicides in India are labeled for selective control of sedge
and kyllinga species in desirable warm-season turfgrass. Imazaquin
(sold in the U.S. under the trade name Image) has good efficacy
against sedge and kyllinga species when applied at 560 g ai/ha
with a nonionic surfactant at 0.25% v/v. Monosodium methanear-
sonate (MSMA) also is active on sedge species at 2240 g ai/ha.
Before applying either of these materials, be sure to consult the la-
bel for more information on turfgrass tolerance, application rate,
and additional use directions.

Conclusion

Sedge and kyllinga species are problematic weeds of golf course
turf throughout India. Trying to eradicate existing populations
with spot applications of non-selective herbicides or by physical
removal is a long, arduous process. Few herbicides are available
for selective control of these weeds in India. Therefore, turf man-
agers are encouraged to implement proper cultural practices to
discourage sedge and kyllinga infestation, particularly those that
promote ongoing viability of tubers in soil. If a complete renovation
is warranted, be sure that proper sanitation practices are followed
to minimize the introduction of sedge and kyllinga species to the
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new site. Additionally, selecting the turf species best adapted to
local climatic conditions will prevent infestations of troublesome
weeds.

For more information on sedge and kyllinga identification and
control, please visit the University of Tennessee’s Turfgrass Weed
Science Website, http://tennesseeturfgrassweeds.org. Additional
information can also be accessed at the India Greenkeeper Educa-
tion Programme website, http://www.in.asianturfgrass.com/.
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Seashore paspalum2 is a commonly used warm-season turfgrass
2 Paspalum vaginatum Swartz.throughout much of India. However, when seashore paspalum be-

comes infested in other desirable species, such as bermudagrass
(Cynodon dactylon), it can be a problematic and troublesome weed.
Seashore paspalum infestations can be found on putting greens,
tees, and fairways throughout India (Figure 1). The following pub-
lication will describe seashore paspalum morphology, discuss envi-
ronmental conditions that favor seashore paspalum infestation, and
outline options to eradicate seashore paspalum from desirable turf.

Figure 1: Seashore paspalum infesting
a bermudagrass green

Morphology

Proper identification is a critical component to managing seashore
paspalum infestations. Plants are characterized by their membra-
nous ligule and folded vernation3. Seashore pasplaum inflores- 3 Green, T.O., J.C. Dunne, and J.N.

Rogers III. 2012. A clarification of
seashore paspalum vernation de-
scription. Online. Applied Turfgrass
Science doi:10.1094/ATS-2012-0419-01-
BR

cences have a distinctive "V" shape (Figure 2). Seashore paspalum is
a mat-forming perennial grassy weed that aggressively spreads by
both rhizomes and stolons. This extensive network of below- (i.e.,
rhizomes) and aboveground (i.e., stolons) vegetative propagules
makes seashore paspalum extremely difficult to control (Figure 3).
In many instances, seashore paspalum can be eradicated to the
soil surface by physical removal or a herbicide application only to
regenerate from belowground rhizomes over time.
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Managing Turf to Prevent Seashore Paspalum

The best method of preventing seashore paspalum infestations is
to maintain a healthy, dense turf. Implementing the proper cultural
practices required to maintain species such as bermudagrass will
reduce the likelihood of seashore paspalum encroachment. For
new constructions or renovations, selecting the turf species best
adapted to local climatic conditions will prevent infestations of
troublesome weeds such as seashore paspalum. The following
list contains some tactics that can be taken to discourage seashore
paspalum encroachment and spread in desirable turf.

Figure 2: Seashore paspalum inflores-
cence

Figure 3: Seashore paspalum rhizomes

• Sanitation: Inspect all soil, compost, plant material, and seed
brought onto a property to be sure they are free of seashore
paspalum. Pay special attention to ensure that no vegetative
structures (rhizomes, stolons) are present. Additionally, inspect
and clean all mowing and maintenance equipment to remove
seashore paspalum vegetative structures collected during use.

• Maintain proper fertility: Species such as bermudagrass have
higher nutrient requirements than seashore paspalum; especially
with regards to nitrogen. Applying fertilizers with calibrated
equipment at proper rates will maintain adequate bermudagrass
density (reducing the likelihood of seashore paspalum encroach-
ment) and discourage the spread of any seashore paspalum
present in the stand. Supplying insufficient quantities of nitrogen
will favor seashore paspalum, essentially worsening the problem.

• Manage soil moisture: Species such as bermudagrass and
seashore paspalum require different amounts of irrigation for
maximum growth and vigor. A marsh grass, seashore paspalum
thrives under moist conditions and will be more aggressive
than bermudagrass when turf is watered excessively or when
drainage is comprised. On fairways, seashore paspalum infes-
tations are commonly found in low areas that collect surface
water (Figure 4). Water quality will also affect the likelihood of
seashore paspalum infestation. Considering that seashore pas-
palum can tolerate tolerate salinity levels as high as 54 dSm-1,
irrigating with saline water will render bermudagrass turfs more
susceptible to seashore paspalum encroachment

Figure 4: Seashore paspalum con-
tamination in lower, wetter areas of a
bermudagrass fairway

• Manage stress: Any abiotic or biotic stress that reduces bermuda-
grass growth and vigor will make the likelihood of seashore
paspalum infestation more likely. For example, differential tol-
erances to low light conditions will make seashore paspalum
infestations more likely on bermudagrass greens subjected to
shaded conditions (Figure 5). Many of the preceding items in
this list can be categorized as managing the stresses placed on
bermudagrass.
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Figure 5: Shaded bermudagrass
putting green

Controlling Existing Seashore Paspalum Infestations

Managers often rely on either physical removal or spot treating
with non-selective herbicides such as glyphosate (i.e., Roundup,
other trade names) to control existing seashore paspalum popu-
lations in desirable turf. However, research conducted at the Uni-
versity of Hawaii found that glyphosate did not effectively control
’Seadwarf’ seashore paspalum.4 4 Brosnan, J.T. and G.K. Breeden. 2009.

Surface applications of dazomet pro-
vide non-selective control of seashore
paspalum (Paspalum vaginatum) turf.
Weed Technol. 23:270-273.

If electing to control seashore paspalum by physical removal,
ensure that all above- and belowground vegetative structures are re-
moved; otherwise re-growth will occur. This is often accomplished
by removing pieces of seashore paspalum sod from desirable turf
stands.

Complete renovation may be required when seashore paspalum
infestations are severe. In these cases, be sure to eradicate as much
of the existing population as possible before planting new turf.
Multiple applications of non-selective herbicides should be applied
along with a soil sterilant (e.g., methyl bromide, dazomet, etc.). Be
sure to follow all label directions when applying these materials.
Additionally, managers renovating turf should inspect new plant
material for seashore paspalum vegetative structures before estab-
lishment. When establishing desirable turf from sprigs or sod, visit
the farm growing this plant material before it arrives on site and
inspect fields for seashore paspalum contamination.

These quality control steps are critical considering that few her-
bicides are available for selective seashore paspalum removal from
desirable turf worldwide. Research conducted at the 2011 Turfgrass
Management in Asia Conference in Pattaya, Thailand demonstrated
that applications of thiencarbazone + iodosulfuron + dicamba (sold
in the U.S. under the trade name Celsius 68WG) can offer some
suppression of seashore paspalum in bermudagrass turf at 369
g/ha. Additionally, applications of monosodium methanearsonate
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(MSMA), foramsulfuron, and metribuzin are injurious to seashore
paspalum and offer some level of suppression when applied to
populations growing in bermudagrass turf (Figure 6). However,
multiple applications of any herbicide will be needed over time to
eradicate the entire population in addition to implementing cultural
practices to promote bermudagrass growth into the voids remain-
ing in the turf canopy after seashore paspalum removal.

Figure 6: MSMA injury on seashore
paspalum turf

Conclusion

Seashore paspalum is a problematic weed of golf course turf
throughout India. Trying to eradicate existing populations with
spot applications of non-selective herbicides or by physical removal
is a long, arduous process. Few herbicides are available for selective
seashore paspalum control worldwide. Therefore, turf managers
are encouraged to implement proper cultural practices to discour-
age seashore paspalum encroachment. If a complete renovation is
warranted, be sure that proper sanitation practices are followed to
minimize the introduction of seashore paspalum contamination to
the new site. Additionally, selecting the turf species best adapted
to local climatic conditions will prevent infestations of troublesome
weeds such as seashore paspalum.

For more information on seashore paspalum identification and
control, please visit the University of Tennessee’s Turfgrass Weed
Science Website, http://tennesseeturfgrassweeds.org. Additional
information can also be accessed at the India Greenkeeper Educa-
tion Programme website, http://www.in.asianturfgrass.com/.
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Golf course turfs throughout India are invaded by several
different grasses within the genus Digitaria. Often referred to as
"crabgrass" in certain parts of the world, these grassy weeds reduce
aesthetic and functional turf quality. Digitaria species are annual
weeds that act as perennials in areas where environmental condi-
tions allow for mature plants to be present throughout the year. The
following publication will describe Digitaria morphology, discuss
environmental conditions that favor infestations of Digitaria, and
outline options to eradicate these weeds from desirable turf.

Figure 1: Digitaria sanguinalis

Morphology

Proper identification is a critical component to managing infesta-
tions of Digitaria species. Common weeds of warm-season turfgrass
throughout India include Digitaria sanguinalis (i.e., hairy crabgrass),
Digitaria ciliaris (i.e., southern crabgrass), as well as Digitaria is-
chaemum (i.e., smooth crabgrass) in northern regions of the country.
All of these species are stoloniferous grassy weeds with a rolled
vernation. Plants have leaves roughly 3 to 10 mm in width and
raceme seedheads with 2 to 9 fingerlike branches (Figure 2).

Figure 2: Digitaria ischaemum inflores-
cence
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Figure 3: Hairs present on leaf and
sheath of Digitaria sanguinalis

Figure 4: Red sheath of mature Digi-
taria sanguinalis

Digitaria sanguinalis is easily identified by the hairs that cover
both the adaxial (i.e., upper) and abaxial (i.e., lower) leaf surfaces,
as well as the leaf sheath (Figure 3). Sheaths of Digitaria sanguinalis
and Digitaria ischaemum may turn dark red with age (Figure 4). Dig-
itaria ischaemum is similar in appearance to Digitaria sanguinalis but
is devoid of hairs on leaf and sheath surfaces (Figure 5). Digitaria
ciliaris only has long hairs along the leaf margin and lower sheath.
Additionally, the ligule of Digitaria ciliaris is a fringe of hairs while
both Digitaria sanguinalis and Digitaria ischaemum have membranous
ligules that are devoid of hairs.

Figure 5: Digitaria ischaemum sheath
devoid of hairs

Managing Turf to Prevent Digitaria Infestations

The best method of preventing infestations of Digitaria is to main-
tain a healthy, dense turf. Implementing the proper cultural prac-
tices required to maintain desirable turf will reduce the likelihood
of Digitaria encroachment. For new constructions or renovations, se-
lecting the turf species best adapted to local climatic conditions will
prevent infestations of troublesome weeds such as members of the
genus Digitaria. The following list contains some tactics that can be
taken to discourage Digitaria encroachment and spread in desirable
turf.

• Sanitation: Inspect all soil, compost, plant material, and seed
brought onto a property to be sure they are free of vegetative
Digitaria progagules (i.e., stolons) or seed. Be sure to inspect and
clean all equipment, especially to prevent Digitaria seed from
being moved from an infested to a non-infested site.



digitaria species 3

• Maintain turf density: Voids in the turf canopy are required
for Digitaria establishment. Sunlight must reach the soil surface
for Digitaria seeds to germinate (Figure 6). Thus, it is critical
that desirable turfgrasses receive macro- and micronutrients in
quantities sufficient for optimizing turf growth and vigor. This
is especially true in regards nitrogen, as no other nutrient affects
the growth of warm-season turfgrasses more than nitrogen.
Preliminary findings of a recent research project at the University
of Tennessee have found increases in Digitaria infestation when
macro- and micronutrients (other than nature) are supplied in
quantities that exceed the needs of the turf.

Figure 6: Digitaria seedlings germinat-
ing in voids within a turf canopy

• Increase mowing height: Increasing canopy height will improve
turf rooting and photosynthesis, resulting in a healthier stand
that is less susceptible to encroachment from Digitaria species.
Research has found that a taller turf canopy will reduce Digitaria
cover2. The taller canopy will shade the soil surface reducing

2 Voigt, T.B., T.W. Fermanian, and J.E.
Haley. 2001. Influence of mowing and
nitrogen fertility on tall fescue turf. Int.
Turfgrass Soc. Res. J. 9:953-956.

the ability of new Digitaria seedlings to germinate and become
established

• Manage stress: Any abiotic or biotic stress that reduces turf
growth and vigor will make a Digitaria infestation more likely.
Factors such as shade, soil compaction, soil drainage, thatch
buildup, etc. must be managed correctly in order to prevent
establishment of weed species such as Digitaria. Many of the
preceding items in this list are in the category of managing the
stresses placed on desirable turf.

Controlling Existing Infestations of Digitaria

Managers can rely on either physical removal or spot treating with
a non-selective herbicide such as glyphosate (i.e., Roundup, other
trade names) to control existing Digitaria populations. It is rec-
ommended that these measures be implemented when plants are
smaller in size to facilitate physical removal of shoot and root tis-
sue and minimize the size of the spot created by a non-selective
herbicide. The stoloniferous growth of these weed species can
make physical removal of shoot an root tissue difficult; addition-
ally, stoloniferous growth can result in large, irregular shaped areas
of necrotic plant material developing after a non-selective herbicide
application.

Few herbicides in India are labeled for selective control of Digi-
taria species in desirable warm-season turfgrass. In bermudagrass,
monosodium methanearsonate (MSMA) will control crabgrass at
2240 g ai/ha. Applications will be more effective on plants that are
less mature (i.e, fewer tillers) than those that have been established
for an extended period. Sequential applications may be required
to completely remove mature Digitaria from the turf stand. This
treatment will injure seashore paspalum (Paspalum vaginatum, cen-
tipedegrass (Eremochloa ophiuroides) and carpetgrass (Axonopus
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compressus).
Before applying any herbicide, be sure to consult the label for

more information on turfgrass tolerance, application rate, and addi-
tional use directions.

Conclusion

Digitaria species are problematic weeds of golf course turf through-
out India. Therefore, turf managers are encouraged to implement
proper cultural practices to discourage Digitaria infestation. If a
complete renovation is warranted, be sure that proper sanitation
practices are followed to minimize the introduction of Digitaria to
the new site. Additionally, selecting the turf species best adapted
to local climatic conditions will prevent infestations of troublesome
weeds.

Trying to eradicate existing populations with spot applications
of non-selective herbicides or by physical removal is a long, ardu-
ous process. Few herbicides are available for selective control of
Digitaria in India.

For more information on Digitaria identification and control,
please visit the University of Tennessee’s Turfgrass Weed Science
Website, http://tennesseeturfgrassweeds.org. Additional infor-
mation can also be accessed at the India Greenkeeper Education
Programme website, http://www.in.asianturfgrass.com/.


