r

TURFGRASS
PESTS
Compiled by

•

A. D. AIi

•

Extension Ento mologist, University of Cali fornia, Riverside
and Clyde L. Elmore
Ex tension W eed Scientist, U niversity of Californ ia, Davis

C OO PERAT I VE

EXT E N S I O N

UNIVERSITY OF CA LI FORN IA
D I V I S I ON

AND

OF

AGR I CU LT U RE

NATU R AL

R ESOU RC E S

For information about ordering this publicMion
or about ordering companion Leaflet 2209,
Guide to Turfgrass Pest Co ntrol, wri te to:
Publications
Division o f Agr ic ulture and Natura l Resources

University of California
6701 San Pablo Avenue
Oakland , California 94608-1239
or telephone (41 5) 642-243 1
Publication 4053
ISBN 0-93 1876-86-9
Library of Congress Catalog Card Number: 88-83113
J989 by the Regents o f the University of California
Division of Agriculture and Nat ural Resources

All Rights reserved.
No part of this publication may be reproduced, stored in a
re trieva l system , o r trans mitted. in any form or by any
means, electronic, mechanical, photoco pying, recording, or
oth erwise, without the wri tte n permiss io n o f the publisher

and the authors.
Printed in the United States of America.
Production:

Jim Coats, Senior Editor;
Franz Baumhackl, Senior Artist.
Photography:
Jack Kelly Clark,
and the authors.
To simplify information, trade names of products have
been used. No endorsement of named products is intended,
no r is criticism implied o f similar produc ts that are
no't mentioned .

Contents
Preface . ....................................... v
1.

Safe and Effective Use of Pesticide Chemicals
j.

2.

BLAIR BAILEY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Measurements, Calculations, and Sprayer Preparation
jm-IN VAN DAM AND DAVID

3.

W.

CUDNEY

. . . . . . . . . . .

L

ELMORE,

W. 13. McHENRY,

ANn

DAVID W.

CUDNEY.

5.

D.

. .......... 49

RADEWALD AND BECKY

B.

WESTERDAHL

.............. 69

Fungal Diseases
ARTHUR

7.

. ..... 17

Nematode Diseases
JOHN

6.

7

Insect and Related Pests of Turfgrass
A. D. ALI . . . . . . . . . . . . . . . . . .

•

. .

Weed Control in Large Turf Areas
CLYDE

4.

1

H.

MCCAIN, ROBERT M. ENDO, AND HOWARD

D. OIllL . . . . . . . .

75

Rodents and Related Vertebrate Pests
................... 93

TERRELL SALMON . . . . . . . . . . . . .

Glossary

.......... 117

Preface
In

this second revised edition of Turfgrass Pests, University of California
farm advisors, specialists, and faculty again join forces to help professionals
and amateurs deal with the pests that invade turfgrass. Though greater in
scope and more up to date than the 1980 edition, the publication still emphasizes that "a chain is no stronger than its weakest link, and pest control
practices will be no more effective than the attention paid to the least detail."
Photographs, many in color, again help the user identify insect, disease,
weed, and vertebrate pests of turfgrass; the calendar of pest activity and treatment and the other tables provide quick and useful references. Considerable
information is provided on the best selection of pesticides, but the most important information may be in Chapter 1, Safe and Effective Use of Pesticide
Chemicals.

•

Most chapters have been revised and improved. A metric (51) conversion
table is included in Chapter 2 for your convenience.
This publication does not give specific chemical recommendations. Such
recommendations are made in the companion Guide to Turfgrass Pest Control,

Leafiet 2209, also published by the University of California's Division of Agriculture and Natural Resources. The leafiet is revised and reissued as needed.
Copies may be obtained from your county farm advisor's office or by mail
from the address printed on the back of the title page of this book.
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Safe and Effective Use
of Pesticide Chemicals
]. BLAIR BAILEY, EXTENSION ENTOMOLOGIST,
UNIVERSITY OF CALIFORNIA, RIVERSIDE

Pesticides are not only useful-in many cases they are absolutely necessary to the production of pest-free turfgrass. We can benefit from their proper
use, but if pesticides are misused through carelessness or ignorance, the results
can be expensive and dangerous. Before discussing the problems that can
result from misuse, let's first get a clear idea of what pesticides are and, in
general terms, how they work.

Wear protective gear-when specified on the pesticide label.

WHAT IS A PESTICIDE?
The term "pesticide"-defined legally as an "economic poison"-refers
to any chemical or mixture of chemicals intended to control pests. For example:
PESTICIDES USED

PESTS CONTROLLED

insecticides
fungicides
herbicides
nematicides
rodenticides

insects
fungi and bacteria
weeds
nematodes
rodents

In general, pesticides control both plant and animal pests by poisoning them, so all pesticides are in some degree toxic to plants, animals, or both.
Since we are animals, pesticides can poison us, too. If used incorrectly, some
pesticides can kill desirable plants such as ground cover and shrubs and desirable animals such as livestock, pets, fish, and honeybees.
Some pesticides are more toxic than others. Be especially careful with
Yoxic materials and take the precautions outlined here and on pesticide labels.

LEGAL CLASSIFICATIONS
Every pesticide is classified into one of two categories:
1.

2.

General Use-pesticides that can be purchased and applied by anyone
Restricted Use-pesticides that can be purchased only with a permit
from a County Agricultural Commissioner

To obtain a permit to purchase restricted-use pesticides, you must be licensed

by the California Department of Food and Agriculture as a pest control operator or otherwise certified as qualified to use such materials.

PRECAUTIONS
Follow recommendations carefully and exactly. Before handling any pesticide, read and understand all the information on the pesticide label. If you
need help, ask for it. Know what to do in case of an accident. The authors of
each chapter of this publication have given their recommendations for saldy
and effectively controlling specific pests. Follow those instructions.
2
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Use the correct chemicaL It is essential for your personal safety and for

the safety of others, as well as of beneficial plants and animals, that when a

!

specific chemical is recommended, you usc no other. These chemicals have

been tested and proved effective in controlling specific pests.
Use the correct amount. Use only the amount of chemical indicated on
the container label. Adding "a little extra" will not control the best any better,
and that extra amount may injure or burn the treated area or cause serious
drift or other contamination problems.

Use at the proper thue and temperature. When the directions say to

apply the chemical at a specific time of day, or within a given temperature
range, or at a certain stage of plant growth, they mean just that. Again, experiments and experience have shown that these specific application conditions

give the safest, best control of the pest.
Use the recommended form of the chemical. Use only the formulation
of the chemical recommended (wettable powder, dust, emulsifiable concentJ'ate, granular, or gas fumigant) for good pest control. Plant injury (phytotoxicity) may result from the use of a different formulation of the same chemical.
Use the proper method of application, Applying the chemical in the
!flo

prescribed manner is essential [or effective control and safety. For example, if
you arc applying a chemical with a tractor-powered unit and the directions say
to travel at a given speed, do just that. Increasing your speed will very likely
mean that not enough chemical will be applied to a given area, resulting in
poor or no pest control. If you travel slower than prescribed, you may deposit
too much chemical and "burn" the turfgrass, leaving enough chemical residue
to stunt plant growth. You could even prevent any further plant growth in the
treated soil for a long time.

Do not combine chemicals unless recommendations say it is safe. Mixing
certain chemicals can cause plant injury, reduced pest control, or clogged
application equipment. Mixtures sometimes even increase the toxicity of the

chemicals. Check the pesticide label or a compatibility chart before you combine pesticides.
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HOW TOXIC ARE THE PESTICIDES?
You don't have to be a chemist or a tOXicologist to understand approximately how toxic a pesticide is. Standard "signal words" appear in extra-large
print on pesticide labels to indicate relative degrees of toxicity. Toxicity is

classified as follows:
TOXICITY CLASS

SIGNAL WORD OR SYMBOL

APPROXIMATE TOXICITY

"Danger," "Poison," skull and crossbones

highly toxic

II

"Warning"

moderately toxic

111, IV

"Caution" .

slightly toxic

NOTE: Even though you may find no special signal words printed on the ]
label of the pesticide you plan to use, always treat the chemical as a
poison. Some pesticides with low toxicity ratings can accumulate to cause
toxic rcac.tions if used often and in large quantities.

SPLASHES AND SPILLS
As an applicator, you are unlikely to eat or drink a pesticide, except by
accident. You are more likely, however, to splash or spill the chemical accidentally onto your skin or into your eyes. This is by far the most common means
of poisoning [or those handling pesticides. Therefore, your greatest concern
should be to know how toxic the chemical will be to you if it gets on your skin
or in your eyeS-its "dermal toxicity." A pesticide's effects on you are deter-

mined mainly by
• how much gets on you
how long it stays on you

•
•
•
•

concentration
toxicity
formulation

A few drops of a highly toxic, highly concentrated liqUid formulation can
be very toxic to you if splashed or spilled onto your skin or into your eyes. )fa
pesticide splashes in your eyes, stop immediately and. rinse your eyes with
clean water for 10 to 15 minutes. If the chemical gets on your skin, wash
thoroughly with soap and water. Then call your doctor to say what happened,
4

giving the name of the chemical as printed on the package. R.emember, t.he
longer you leave the chemical on your skin the more it will hurt you. Liquid
formulations containing solvents such as xylene, oils, and other petroleum
hydrocarbons are absorbed by the eyes and skin much more rapidly than are
dusts, wettable powders, or granular formulations.
Use special caution when pouring and weighing concentrated materials.
They are most hazardous befi)fe dilution. However, even diluted chemicals can
accumulate on your skin, hair, clothing, and shoes, so wash and change your
clothing after application. If you are given a choice of chemicals to control
a pest, select the one that is least hazardous to you and that will still control
the pest.
Before handling any pesticide, put on clean protective clothing, a waterproof hat, boots, and a clear plastic face shield or goggles. Avoid breathing
chemicals, especially dust and gas formulations. Wear a clean, well-fitted
approved respirator when handling sprays and dusts. Wear an approved gas
mask when hatldlitlg fumigatlts. Check the label on the pesticide container for
these and other precautions be.{iJre you handle any pesticides. A list of approved
pesticide respirators and gas masks should be available from your safety equipment dealer.

~
f.l','

r~

II
I-m

•
•

NOTE: California regulations require that a closed pesticide mixing and
loading
system be used with all liquid Toxicity Class I pesticides .
L -__________________________________________________________

~

WHAT TO DO AFTER APPLICATION
1.

2.

3.

Clean your application equipment and put it back in good working
order.
Store your pesticides properly. Use the original, labeled container-never
store pesticides in or near food, feed, or drinking containers. Keep them
in a locked, well-marked storage cupboard or building, never where they
will get hot or freeze.
Dispose of used pesticide containers properly. Return 30- and 50-gallon
drums to the original supplier, or have a drum reconditioner pick them
up as soon as possible. Until you can get rid of them safely, store them in
a place where no unauthorized person can get to them. Wash all nonreturnable glass, metal, and plastic containers with soap and water, and
rinse well. Make sure you pour the rinse water in a place where it will not
contaminate water supplies or damage crops. Then break or puncture
the containers so they cannot be reused. If you are a commercial grower,
nursery operator, or applicator, you may be able to burn the containers.
5

Your local Air Pollution Control District can tell you whether burning is
allowed in your area, and what restrictions apply. Stand out of the smoke
fumes. Never burn containers that held hormone-type weed killer (e.g.,
2,4-])). The fumes [rom these can drift, injuring plants many miles away.

KEEP GOOD RECORDS OF ALL APPLICATIONS
Immediately after the application, before you forget the details, record
the pest treatment. Record the crop treated, the pest treated, the location and
area treated, the time of day, the date of application, the exact name of the
pesticide (including formulation), the amount used per gallon or unit of area
treated, and the weather conditions.

For more detailed information, refer to Pesticide Application and Safety
Training, Publication 4070. For ordering information, write ANR Publicitions, 6701 San Pablo Avenue, Oakland, CA 94608-1239, or telephone
(415) 642-2431.
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Measurements, Calculations,
and Sprayer Preparation
JOHN VAN DAM, TURFGRASS FARM ADVISOR, SAN BERNARDINO COUNTY

DAVID

W.

CUDNEY, EXTENSION WEED CONTROL SPECIALIST,

UNIVERSITY OF CALIFORNIA,

UJVEI~SIDE

L1C

VI

p

areas of turfgrass that require treatment arc generally much smaller
than those treated in general agriculture. Consequently, in order to avoid overuse of the material, your measurements must be as precise as possible when
you apply turfgrass pesticides. You must know how to calculate area measurements and how to determine pesticide applications for different-sized plots.
The rates given in these illustrations are examples, not recommendations.

Simple equipment required to measure areas and calculate quantities of pesticides.

7

Two determinations must be made before treating any given area: ( 1)
What is the s ize of the area to be treated? and (2) Precisely how much chemical
will be used? Frequently, unsatisfactory control is blamed on the pesticide
when , in fact, the fault lies with faulty calculations, either of the area to be
.
treated or of the amount of pes ticide to be applied , or both.
To ensure that measurements and calculations are as accurate as p OSS Ible, you will need some s imp le equipment:
1.
2.
3.
4.
5.
6.

an easily read, well-marked lOO -foot metal meas uring tape
an inexpensive pocket calculato r
a s mall scale that will weigh in ounces
one or more g lasses, or a transparent plastic measuring device with
appropriate divisions
a container of rinsing wa ter
s takes

EXAMPLES AND FORMULAE

•

Determ ining the s ize of a given area can be simplified by dividing it into
regular geometric s hapes and using the formulae given in this section. Generally, any area (A) can be considered as a square or a rectangle. Odd extremities
of the area can be visualized as measureable triangles or circles. For example,
the fairways o f a go lf course can be visualized as rectangles; its tees as squares;
and its greens, lakes, and water reservoirs as circles.

An irregular area reduced to simple geometric shapes.

8

SQUARE
Formula:
A = s X S, where
s = s ide

A

Example: s = 20 ft
A = 400 sq ft (20 X 20)

RECTANGLE
Formula:
A = b X Jr, where
b = base (o r length), and
h = heig ht (o r w idth )

•

A

Exa mple: b = 40 ft
h = 15 ft
A = 600sqft(40 X 15)

h

h

T RIANGLE
Where the geome tric shape rese mbles a triangle, the formu la is:

h Xb

A = - - or A = h X b X 0.5
2
In this formula, h is t he heig ht of the triangle and b is its base length. The
area A is calculated by mUltiplying the height o f th e triangle times its base and
dividing by 2, o r mUltiplying by 0.5 . T he fo llowing illustrates the calculati ons
fo r the area of a triangle:

Formu lae:

h

X

b

A = -2

or
A = h X b X 0.5, where
h = height, and
b = base length

,,

ih

Example: h = 20 ft
b = 30 ft
A = 300 sq ft (20 X 30 X 0.5)
b

The height measurement" of the triangle must be perpendicular (at
right angles) to the base h. A right angle (90°) is formed when any measurements having a ra tio of 3, 4, and 5 are used to form a triangle. The right angle
will be opposite the longest (5) side.
(JRClf

When the geometric shape is a ci rcle, the formula to determine its area
is 1T rl. Th e value of 1T is 3. 14, and r is th e radius o f th e circle. Another version
of th e same formula is being used increasingly: A = 0.785 X d X d. The
letter d represents th e diameter o f th e circl e.

d

Formulae:
I. A

•

=

TT

r2, where

1T

= 3. 14

r

= radius

Examples:
I. ,. = 8 ft
A = 200.96 sq ft
(3. 14 X 8 X 8)

FI

or
II. A = 0.785 X d X d, where
d = diameter
II. d = 16 ft
A = 200.96 sq ft
(0.785 X 16 X 16)

LlI'~F

If the geometric shape resembles an ellipse rather than a circle, the
fo rmula A = 0.785 X I, X I, is used, with I, representing the length of the
ell ipse and I, the sho rter length, or width.

Formula:

A = 0.785 X I, X I" where
I, = length of the ellipse, and
I,

= width

Example: I, = 15 ft
I, = 5 ft
A = 58.9 sq ft (0.785 X 15 X 5)
10
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IRREGULARLY SHAPED AREA

Method I. A very irregularly shaped area can be measured by establishing the longest line possible lengthwise through the center of the area. This
length is considered the base (b). Numerous regularl y spaced lines are then
established perpendicular to this center line. The total number o[ perpendicular
lines will depend upon how irregular the area's shape may be-the more irregular, the more lines it will require. The lengths o[ all these perpendicular lines
are averaged to determine the overall height, and the area is then calculated
as that of a rectangle .

•
1> -'--+--i------!------11---l---~--_i_-__:.--l__-+-4

•

10'

15'

Formula:
A = b X h, where
35'
b = base (length o[ the area),
and
h = average o[ all heights II , to h"

•

Example: h,
h,
h,
h,
h,
h,
h,
h,
h,
h"
Total

30'

23'

8'

20'

= 10 [t
=

14 ft

= 18 [t
= 35 [t
=

13 [t

= 30 [t
= 23 [t
= 20 ft

15 ft
= 8 ft
186 [t
=

b = 128 [t
h = 18.6 [t (186 + 10)
A = 2,380.8 sq [t (128 X 18.6)

11

Method II. Another method for determining the size of an irregularlyshaped area, a golf green, for example, is to establish a point as near to the
center o f the area as can be estimated. From this point, as with a compass,
measure distances at 10-degree increments to the edge of the irregularly shaped
green. Then average the 36 measurements. That average becomes the radius
of the circle. The diameter of the circle is found by multiplying its rad ius
by 2. Then, compute the formula fo r a circle.
10 '

-

90'

Formula:

• A = 0.785
d

X

d X d, where

= ave rage r X 2

Example:
Distance (ft):
Degrees
10 (r,)
20 (r,)
30 ( r)) . . .. . . .
40 (r,) .

ce nter to periphery

54.8
43.9
48.4
46.9
41.5
48.6
51.0
50.0

330 (r,,) .... . . , ..
340 (r,,). . . . .. . . . . .
350 (r,,).
. . .... .
360 (r)O ) . .... .. .
Total
r = 55 (l ,980 + 36)
d = 110 (r X 2)
A = 9,498.5 sq ft (0.785 X 110 X 110)

1,980.0

r
PESTICIDE CALCULATIONS
Turfgrass recommendations generally are quoted on a per-l,OOO-square-

feet basis. Label recommendations [or pesticides usually are given on a peracre basis, and the amounts of the pesticides to be applied are given in pints or

pounds. To reduce label recommendations to the convenient equivalent
amounts that are applicable to turfgrass applications you will have to make
some simple calculations. Unless it is absolutely necessary to use precise
amounts, you can convert the acreage figure by rounding ofl the square feet

per acre (43,560) to 44,000 and dividing by 44 to obtain the equivalent per
1,000 square feet. That equivalent can then be reeluced to its 100-square-feet
equivalent by dividing by 10.
For example, if a recommendation called for 4.4 pounds of a dry weight
material to be applied per acre, dividing that amount by 44 would give a figure
of 0.1 pound per 1,000 square feet. With 16 ounces in a pound, this is equivalent to 1.6 ounces. To treat an area of 500 square feet, one-half of that amount
would be needed. With 28.4 grams to an ounce, this is equivalent to 22.7
grams (28.4 g!oz X 0.8 oz), Several conversion tables are given below.
Recommendations also appear in terms of the active ingredient Cai) of a
formulated pesticide. (Other ingredients arc "inert," or nonactive.) Formula.., lions vary. For dry i()rmulations, the active ingredient is generally expressed as
a percentage; for liquid formulations, it is expressed as the number of pounds
of active ingredient per gallon of formulation .

•

To convert a recommendation given as pounds ai per acre (lb ailA) for

liquid formulations, calculate as follows:
Recommended rate (lb ai/A) .c·lb!gal (see label) = gal/A.
Convert to the amount per 1,000 sq ft.
Example: If a recommendation calls for 2 Ib ai/A of a 4 Ib!gal formulation,
• Calculat.e 2 Ib ai/A .;- 4 ll)!gal = 0.5 gal formulation! A.
• Then calculate 0.5 gal/A.;- 44 = 0.011 gal/l,OOO sq ft.
• Now, 0.011 gal/l,OOO sq ft X 128 oz!gal = 1.4 oz of formulation
required per 1,000 sq ft.
To convert a recommendation given as pounds ai per acre for dry formu-

lations, calculate as follows:
Recommended rate (lb ai/A) .;- (percentage ai in formulation .;- 100)

= Ib!A. Convert to the amount per 1,000 sq ft.
Example: If a recommendation calls for 3 Ib ai/A of a 75 percent wettable
powder,
• Calculate 3 Ib ai/A·~ 75/100 = 3!0.75 = 41b formulation!A.

13

• Then calculate 4 Ib [ormulation/ A + 44 = 0.09 Ib/l,OOO sq ft.
• Now, 0.09 X 16 oz/Ib = 1.44 oz offormulation required per
1,000 sq ft.

NOW PREPARE YOUR SPRAYER

All the care you've taken to determine the area to be treated and the
proper amount of material to apply is wasted unless you make sure to
1.

check the sprayer:
• Is the pump in working order (including seals, rollers, and the like)"?
• Are all the lines clear and in good shape?
• Is the agitation system sufficient for the job you have in mind? (Wet··
table powders require the most vigorous agitation.)
• Is the pressure regulator working properly to provide constant
pressure?

• Are all scale, dirt, and debris out of the system? Is the system clear?
• Are proper screens in place at nozzles and pump?

check the nozzles and sprayer output:

• Are the nozzles properly spaced on the boom?
• Are the nozzles of uniform size?
• Is the boom adjusted to proper height?
• Did you run the sprayer with clear water?
• Are the nozzle patterns and output uniform? (Check each nozzle's
output [or 1 minute; discard and replace nozzles that have poor pat·
terns or that vary widely in their output.)
3.

fill the tank with water, spray a known area at constant speed, and
measure the amount used:
Example: A 140· X 25·ft area is sprayed using 3.2 gaL
• 140 ft X 25 ft = 3,500 sq ft.
• 3.2 gal + 3,500 sq ft = 0.914 gall 1,000 sq ft.
• Using table 2, the spray volume would be slightly more than 40 gall A.

4.

14

make changes in the spray output in the following sequence:
a. Large changes. Change the nozzle size. Example: To change from
40 gal! A to 80 gallA, double the nozzle size.
b. Intermediate changes. Change the travel speed. Example: To change
from 40 gall A to 50 gallA, drive the rig slower.
c. Slight changes. Vary the pressure. Take care to avoid high pressures,
particularly with herbicides that pose drift hazards. (Most herbicide
spraying with flat·fan nozzles should be at or below 40 psL)

5.

add herbicide to the spray tank:
• Find the sprayer's output per 1,000 sq ft. In the example above, the
sprayer applied 0.914 gal per 1,000 sq ft.
• Add enough herbicide to treat J ,000 sq ft for each like amount of
water you add to the spray tank. In this example, enough herbicide
for 1,000 sq ft would be added with each 0.914 gal of water added to
the tank.
Example: If 2 oz of the formulation are to be applied per I ,000 sq ft,
and the tank holds 30 gal, a full 30-gal tank will spray 32,820 sq ft
(30 gal + 0.914 gal/I ,000 sq ft = 32.82), and 65.64 02 of£ormulation
should be added to the 30-gal tank when it is filled (2 oz X 32.82).

6.

check the sprayer periodically:
• Make sure the output remains constant.
• Do not vary the speed, spray height, or pressure once the sprayer is
properly calibrated.

CONVERSION TABLES

Table 1.

•

English and metric (5/) units

Linear measure

1 inch (in)

~1!l2tt

1 fOOl (ft)
1 yard (yd)

= 12 in
~

3ft

1 land mile (mi)

~

5,280 It

] centimeter (em)
1 meter (m)
1 kilometer (kIll)

::::: 0.0] meter

= 0.394 in

= 100 em
= 1,000 m

~

= 2.54 em
~

1/3 yd

== 0.305 m

=O.914m
== 1.609 kIll

= 1,760 yeI
3.281 It

~

1.094 yd

=0.621 mi

Weight

1 ounce (oz)
] pound Ob)

~ 1/161b
== 16 oz

1 milligram (mg)
1 gram (g)
] kilogram (kg)

= 1,000 mg
~ 1,000 g

~
~

28.350 g
453.592 g

: ;:;: 0.001 g

Volume to weight (liquid water at 20 D

= 0.035 oz
~ 2.2051b

e at sea level)

I pint (pl)

~1.0411b

~O.473kg

1 quart ('It)
1 gallon (gal)

~

= 0.946 kg

1 milliliter (ml)
1 liter (L)

I g
== 1 kg

~

2.0861b
8.330 Ib

~

--_._--------

= 3.785 kg
= 0.035 oz
~ 2.20511>
.------~-

.... - -
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Table 2.

Equivalent rates of discharge
--------------------------------

RECOMMENDED SPRAY
RATE PER ACRE

EQUIVALENT RATE PER 1.000 sQ FT

gal

gal

10
20
30
40
50

60
70
80
90
100

.

~-

Table 3.

.. ...--.-.-

.. ..

~

~

jI

0.227
0.455
0.682
0.909
1.136
1.364
1.591
1.818
2.045
2.273
~----

oz

L

29.1
58.2
87.3
116.4
145.5
174.5
203.6
232.7

0.861
1.722
2.584
3.445
4.307
5.165
6.027
6.888
7.749
8.611

261.8

290.9

..

I

!

Equivalents for liquid measure

.-.-.-.-...•

-.,-.-,~,~

... -,-.

EQUIVALENT'
Unit

•

gal

gallon (gal)

qt
4

pt

8
2

c

......- ...

16
4
2

teaspoon (tsp)

I
1/4
1/8
1/2
1/16
1/4
1/128 1!32
1/256 1/64
1/768 1/192

1/2
I!l6
1/32
1/96

1/8
1/16
1/48

milliliter (ml)
liter (L)

0.264

2.114

4.228

quart (qt)
pint (pt)
cup (c)

fluid ounce (£1 02)
tablespoon (tbs)

1.057

f1 oz
~,~

....

tbs

~,-,~.-

128
32
16
8

....-

~~

1

tsp

..-------

256

1/2
1/6

64
32
16
2
I
1/3

0.034

0.068

I

..-~

768
192
96
48
6
3

IllI

11
3.785
0.946
0.473
0.237

29.573
14.706
4.929

0.203

0.001
1.000

*Partial English units appear as split fractions, except where they convert to metric (51)
Partial metric (51) units appear as decimal fractions. Larger English units arc converted only

liters, and smaller units only to milliliters.
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Different turfs serve many purposes, so they have diflerent characteristics. Uniform texture is usually the most highly prized feature lor golf courses
and bowling green turf because of its good influence on the course of the ball.
A deep green color is also desirable. These qualities require the most intensive
management. However, where economy is an issue (in large areas such as
parks), even crabgrass, if it makes up most of the turf, provides a pleasing
enough overall appearance during the summer.
Irregular areas or patches of weeds that result from poor management
make a turf unattractive and reduce its utility. A thick, vigorous, and competitive turf will resist any invasion of weeds.
Overwatering or underwatering, mowing too low or too high, low fertility, excessive wear, disease or insect damage, soil compaction, excessive shadingeach one allows weeds to invade turf. Any condition that exposes the soil

surface to additional light will tip the balance in favor of weeds.
Frequent, light irrigations encourage the germination of seeds of shallowrooted weeds such as crabgrass and annual bluegrass. Such irrigation discourages deep-rooting turf and weakens its resistance to invasion. Mowing Kentucky

bluegrass too short (shorter than 1'/2 inches) weakens the turf and encourages
weed growth. Conversely, mowing bermudagrass too long (l to 2 inches)
decreases its competitiveness. Soil that is wet for long periods of time, often as

a result of poor drainage, favors red sorrel, curly dock, nutsedge, and annual
bluegrass.
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CONTROL MEASURES
Good management practices can go far in controlling the weed problem.
For instance, weeds recover more quickly from mowing than does turfgrass.

Unless mowed frequently, weedy turf areas will develop a patchy appearance
in just a few days. Annual bluegrass and ryegrass in the winter and tall fescue,
clallisgrass, and buckhorn plantain in the summer are all weeds that require
frequent mowing to prevent patchiness.
Efficient weed control can also be imposed with chemicals. Preplant

fumigation of a turf site can kill bennudagrass, nutsedge, and other perennials,
as well as all existing annual plants and many seeds. If weeds are already
present, herbicides can still be introduced as a management tool to provide a
decisive and rapid means of swinging the weed-grass competition in favor of
the turf species. It should be noted, however, that diligent management must
be maintained; otherwise, weeds will again encroach.
Consult leaflet 2589, Selecting the Best Turfgrass, for species adapted (,)r
your area; leaflet 2944, Efficient Lawn Irrigation Can Help You Save Water; leaUet
2587, Mowing Your Lawn; and leaflet 2586, Lawn Aeration and Thatch Control-all are published by the Division of Agriculture and Natural Resources, University of California, and are available from your local farm advisor, or from ANR
Publications.

ORGANIZE YOUR CAMPAIGN
Know the enemy!
Are your weeds1) monocots (narrowleaf) or dicots (broadlea£)?
2) annuals (summer or winter), biennials, or perennials?
Improve your management practices!

1) improve turf species
2) use the correct mowing height
3) improve drainage
4) aerate and reduce compaction
5) improve irrigation practices to optimize turf growth

6) discourage practices that allow weeds to encroach
Choose your herbicide well!
Should it be1) selective or nonselective?

2) foliage applied or soil applied (or a soil fumigant)?
3) translocation or contact?

KNOW YOUR WEEDS

If a plant, whether a grass or a broadleaf, is growing where its presence is
objectionable, it is a weed. Dichondra, a highly prized turf, may be considered
an unwelcome intruder-a weed-in grass turf. Tall fescue is well suited as turf
lor areas receiving high wear, such as playing fields. But when it appears in a

clump in Kentucky bluegrass or bennudagrass turf, destroying uniform texture, it becomes a weed.

The great majority of the 500 weed species in California are flowering
plants, the higher form of plant life that produces seed. Some of the weeds are
perennials, producing vegetative reproductive structures, too. For a wellcomposed weed control program, take into account the weed types that will
be encountered and all control measures available; then select the most appropriate measures.

WEED CHARACTERISTICS
Monocots or dicots. Botanists recognize two natural divisions among

plants, the monocotyledonae (monoeots) and dicotyledonae (dieots). Certain
weed killers are generally more effective against one or the other of these two
plant groups. Therefore, it is important that anyone conducting weed control
programs learn how to tell the diflerence. Your local county offke of the Uni-

•
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versity of California Cooperative Extension or Agricultural Commissioner's

office can help you identify weed species. The local nurseries, too, should be
acquainted with weeds common to your area.

Young seedlings emerge from the soil surface bearing small green seedling leaves (cotyledons) (fig. 1). The monocots have one seedling leaf, the
clieots two. Once true leaves form, veins can be seen in the leaves. In the

NMROWLEAF PLANT
(MONOCOTVLeDON)

SROA()LEAF PLANT
(I>ICOTYLEDON)

':~/~~~~~EL
\rwo

:seEO LEI\VE$
(COT"J'LEPOtJS)

-C"~>

WHtTE. CLovat

Fig. 1. Characteristics
distinguishing monocots
from dicots.
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monocots, these veins almost always are parallel, ex tending from the leaf base
to the tip. In dicots, the veins are "netted ," and branch in several directions.
Grasses, including Ken tucky bluegrass. bamboo, iris, nutsedge, and palms are

typical monocots. Maples, elms, oaks, chickweed, roses, and spotted spurge
belong to the dicot group.
Many monacots, particularly the grasses, have narrow leaves, while most

dicots have leaves that are mo re broad in relation to their length. Weed control
professionals often call them narrowleaf and broadleaf weeds, but you must
bear in mind that these terms are not literal and a l times they may be inaccu·

rate. For instance, buckhorn plantain, a clicot (broad leal) and a common turf
weed, has narrow leaves. Close inspectio n o f th e leaves s hows that the second ary veins arc netted, not parallel.
Annuals, biennials, and perennials. Plants arc also classed as annuals,
biennials, or perennials depending upon the number of years th ey li ve. Annu als grow from seeds, produce fl owers, produce new seeds, and die in 1 year or
less. There are summer annuals and winter annuals. Summer annuals germi-

nate in the spring, grow to maturity during the summer, and die by fall or

•
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w inter. Barnyardgrass, crabgrass, purs lane, kn o tweed, and goosegrass are summer annuals. In southern California's mUd climate, crabgrass sometimes lives
into a second year. Winter annua ls germinate in the fall o r earl y winter and
overwin ter in a vegetative state (without flowering). In the spring they flower,
mature a crop of seeds , and die. Examples of winter annua ls are California
burclover, commo n chickweed, common groundsel. and annual bluegrass.
Biennials have a life span o f 2 years. The firs t year's growth is vegeta tive,
usually as a rosette of leaves. During the second year a fl ower stalk arises and

prod uces seeds, and the plant dies. Bristly oxtongue and little mallow (cheeseweed ) are examples of biennial weeds.
Perennials live and produce seeds yea r after year. Many perennial plants,
such as bermudagrass, also reproduce by vegetative means-when stolons or

rhizomes break olT of the mother plant, each new unit develops roots and
leaves. Raking and pulling will not remove bermudagrass. You must remove or
kill all of the underground rhizomes to eliminate this plant.
Perennial species in the seedling stage are as readily destroyed as annuals
or biennials in the same stage. Less herbicide is required to kill perennials
when they are attacked in the seedling stage. Once perennials become established, however, they can be difficult to destroy no matter what management
practice yo u use.

Herbaceous perennials like nutsedge or bermudagrass have growing
points below the soil surface. A contact herbicide such as cacodylic acid will
completely destroy the aboveground shoots but will leave the underground,
protected buds undamaged to grow again .
Annuals are the easiest and perennials the hardest plants to destroy. All
plants are most vulnerable at the seedling stage, right after germination and
before they become established. A crabgrass seedling in a thick, vigorous growth
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of turfgrass will die because of insufficient sunlight to support its adequate

photosynthesis. In open, thin turf, crabgrass seedlings can be killed with appropriate herbicides.

KNOW YOUR HERBICIDES

The peculiar molecular structure of each herbicide makes it toxic to
plants. Because plants are living organisms, their life processes are complex.
Herbicides must hncl a way into plant tissues-via the roots or the shoot (the

aboveground part of a plant)-in order to disrupt the plant's normal life
processes.

When using any herbicide for the first time, apply it at the recommended
rate on a limited area to make sure it is successful under your local conditions.
If not used correctly, even selective herbicides can injure or kill desirable turf
or ornamental plants. For this reason, herbicide users must follow recommendations for application rate, application timing, and any restrictions connected

with drift.
Remember, plants are most susceptible to herbicidal action while in the

" seedling stage, but this susceptibility can apply to desirable plants as well as to
weeds. Seedling turfgrass can be seriously stunted or killed with 2,4-D and
other herbicides. Most soil-applied herbicides are used preemergence-before
&ermination. With few exceptions, herbicides should be used only on established turf. As a rule of thumb, a new turf can be considered sufficiently
established after it has grown enough to require its second mowing.

A single application of an appropriate preemergence, selective, soil-applied
herbicide such as bensulide (Betasan) or DCPA (Dacthal) will control crabgrass in turf for an entire growing season. Once the crabgrass has emerged, a
preemergent herbicide may not control it adequately or an excessive amount

(many times greater than normal) of soil-applied herbicide may be requiredso excessive that it may severely injure or kill the turf.
To control emerged crabgrass and preserve necessary selectivity, use a

compound like DSMA, which acts on the foliage but has little or no soil activity. Repeated applications of DSMA, applied 7 to 10 days apart, are often
required to rid the turf of crabgrass.
Another approach is to purchase a mixture of two crabgrass herbicides-a
preemergence, soil-applied herbicide and a postemergence, foliar compound

for use after crabgrass is established. The foliage-active ingredient kills the
crabgrass that is present, and the selective, soil-applied herbicide prevents
later-germinating crabgrass from becoming established.

Foliage-active herbicides like 2,4-D, triclopyr, or MSMA penetrate the
leaves and stems and move within the vessels of the plant's vascular system,
down to the roots and underground buds. This movement within the plant is
called translocation. Often, a respray will be necessary when new shoots form
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on perennials, in order to achieve translocation in a sufficient concentration to
destroy all the buds. A wetting agent (surfactant) is often added to foliar sprays
to help penetrate leaves. Certain herbicides, such as MSMA, are mainly eftective in destroying monocots; others, like 2,4-D, are more effective against
dicots. This preferential toxicity provides much of tlie selectivity that has made
herbicides so useful. There may be several herbicides for a specific weed problem, each differing in selectivity, weed toxicity, longevity of control, convenience of usc, and price.

Formulations. Herbicide recommendations suggested by the University
of California are given in units of active ingredient (aj.). This is necessary
because herbicides arc sold in many different concentrations. Herbicides, for
the most part, are marketed either as dry materials or as liqUids (table I).
With dry formulations, the strength of the active ingredient is given on
the label as a percentage. Dacthal (DCPA) as a wettable powder is 75 percent
active. If 15 pounds of active ingredient were called for, 20 pounds of commercial product would be required. Oxadiazon is a 2 percent dry granule formulation. If 2 pounds of active ingredient were called for, 100 pounds of the
commercial product would be needed. Pendimethalin may be purchascd as a
granule and spread on the turf or as a water dispersable granule (WDG) that is
mixed in water and sprayed on the turf. Always read the label for formulation,
mixing, and treatment directions.

Table I.

Herbicide rormulations and Application Methods
~~~

FORMULATION

EXAMPLE

APPLICATION METHOD

DRY
Soluble powder

DSMA

dissolve in water, and spray

Wettable powder

nCPA, diphenamid, napropamide

suspend in water by stirring, then
spray (requires agitation to prevent
settling out in a tank)

Water-dispersible
granule

pendimethalin

suspend in water by stirring,
then spray

Granule

benefin, nCPA, oxadiazon, benefin
plus oxadiazon, benefin plus triOuralin, benefin plus oryzalill

apply dry directly from the package
(should be applied with a drop
spreader or a rotating~disc spreader)

LlQUlD
Soluble concentrate Ouazifop, metham, MSMA,
sethoxydim
Emulsifiable
concentrate
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bensulide, 2,4-D ester,
bromoxynil, dicamba, mecoprop,
tridopyr, several combinations

dissolve in water, and spray
emulsify with water by vigorous
stirring, then spray (requires freqlWlll
agitation to prevent separation of waleI'
from concentrate)

The active ingredient in a liqUid formulation is expressed in pounds of
active ingredient per gallon. A gallon of 2,4-D amine usually contains 4 pounds
of active 2,4-D (expressed as the acid equivalent). To apply 1 pound of active
2,4-D per acre, !f4 gallon (1 quart) of the formulation would be needed.
Selective or nonselective. There are several ways to narrow down the
choice of herbicide for a particular weed problem. The most useful first step is
to determine which herbicides are selective and which are nonselective. The
herbicide 2,4-D will control many broadleaf weeds with little or no effect on
grass turf when used at recommended rates; it destroys weeds selectively.
However, application rates of 2,4-D that can be used selectively in Kentucky
bluegrass or bermudagrass turf may injure bentgrass turl; therefore, lower
rates must be used to preserve selectivity. The grass killer fluazifop will control
weedy grasses selectively in dichondra when used at recommended rates, but
is nonselective if applied on grass turf. The herbicide formulation, application
rate, stage of growth of desirable plantings to be preserved, temperature during and following application, and soil moisture status all affect selectivity in
varying degrees. Thus, again, selectivity is relative and depends upon the use
made of the herbicide. Table 2 shows that several herbicides can be used either
selectively or nonselectively.

•
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Foliage- or soil-applied. The next step is to determine whether the herbicide should be used as a foliage-spray or soil-applied treatment. Some of the
spray applied as a foliage treatment will, of course,
reach the soil; similarly,
.
soil-active sprays will wet the leaves. However, foliage-applied herbicides act
primarily upon the leaves or shoots of the plant. These herbicides must not be
washed from the leaves with water after application. Soil-applied herbicides
are taken up primarily by the roots and must bc carried into the root zone by
rain or irrigation in order to become effective. Soil fumigants such as metham
are in reality short-term soil-applied compounds that require special application techniques such as use under a vaporproof covering like polyethylene.
Translocation- or contact-type. The final step (if the herbicide is foliarapplied) is based on the action of the chemical on the plant. Translocation-type
herbicides penetrate the leaves and stems, move in the vascular system, and
eventually reach and kill the growing points in both the aboveground and
belowground parts. Herbicides that translocate include fluazifop, triclopyr,
glyphosate, and MSMA. Some translocated herbicides such as dicamba and
triclopyr also have some soil activity and can be taken up by roots. The less
mobile foliar herbicides like cacodylic acid kill only the plant tissues touched
by the spray. Movement within the plant beyond the point of contact is relatively limited. These are called contact herbicides.
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Table 2. Application and Action of Selective and Nonselective Turf Herbicides'
SELECTIVE

HERBICIDE
------

.............

NONSELECTIVE

FOLIAGE-APPLIED

FOLIAGE-APPLIED

TRANS·
SOIL.
CONTACT LOCATED APPLIED

TRANSSOIL
CONTACT LOCATED FUMIGANT

--~--~-----

,--------------~

.•....•...•

AMA (amilll' mcth:mcarsonatc)
Ammonium mcthylarsonatc
Bcncfin (Balan)
Bcnsnlide (Bctllsan, Prcsan)
Bcntazon (Basagran)
Bromoxynil
Ca('odyiit' add

Chlodluonmo\
CMA (cakiUJl1 mcthancarsonate)

---._-

Dazomct (Basamid)
DCPA (Dacthal)
Dkamba (Ballvcl)
Dichlol'prop
Diphcnamid (Enidc)

DSMA
Endothal (Endothai Turf Herbicide)

Fluazifop (Fusiladc 2000)
Glyphosatc
MN'OProp (Me)'»)

Mctham (Vapam, VPM)

MSMA
Napropamidc (Dcvrillol)
Oryzalin

Oxadiazoll (Ronstar G)
Pcndilllethalin

l'ronamidc (Kerb)
Scthoxydim (Poast)

Siduron
Triclopyr (Turflon)
*This lisling classifies avaHabi~ i;~rbicides based on the ways in which they are used. It does not llccessarily
conslitute i\ recommendation for such use.
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HERBICIDE APPLICATION
Care and accuracy in applying herbicides is very important in all weed
control jobs. Excessive herbicide rates are wasteful and may destroy or seri-

ously injure desirable plantings. Selectivity is relative; exceed the recommended
application rate, and you may lose that selectivity. Insufficient application, on
the other hand, usually results in failure or incomplete weed control. Don't
depend on makeshift spray equipment to apply herbicides accurately.
When using controlled droplet applicators (CDA), be sure to maintain
normal operating revolutions per minute. By increasing the revolutions per
minute, you will increase the number of Hne droplets and increase the chance
lor spray drift.
Spray rig pressures should be kept at a minimum, generally 30 pounds
or less per square inch (psi) to prevent drift and to confine the herbicide to the
immediate target area. The higher the pressure applied at the nozzles, the
smaller the spray droplet size. Small droplets remain airborne and can move or
drift over great distances and damage susceptible and expensive ornamentals.
All spray or granular applications should be done under calm air conditions to
reduce drift.
Various nozzle tips can be nsed on boom sprayers (fig. 2). With most
"herbicide applications, a flat-fan tip gives even distribution for soil-applied
sprays and can also be used for foliage-applied sprays. The solid-cone and
hollow-cone nozzle tips are used for spraying other pesticides, such as insecticrues or fungicides.
Figure 3 illustrates flat-fan nozzles spaced at proper intervals (A) with
the boom height adjusted to provide double coverage for uniform application
rates (zone 2). Each parallel spray swath should be overlapped to cover zones
1 and 3 at the ends of the boom. The same procedures should be used when
covering small areas with a Single flat-fan nozzle (B).

Fig. 2. Spray patterns available with different nozzles: solid cone (left), hollow cone
(center), and jIat Jan (right). An even distribution of the material over the area being
treated is necessary at aU times.
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Apply herbicides uniformly. Application rates are usually given as a certain weight (in dry formulations) or volume (in liquid formulations) per acre
or per 1,000 square feet. Such recommendations assume that every square foot
of ground or turf covered will receive a uniform amount. On extensive turf

areas, such as parks and golf courses, this is accomplished most effectively
with a powered sprayer equipped with evenly spaced nozzles on a boom
(fig. 4). Nearly all weed-control spraying uses nozzles that produce a flat-fan
spray pattern.
When applying spray by hand on a small area, walk at a uniform speed
and stop to pump up the sprayer as soon as you notice a change in the spray
pattern. If you allow the pressure to drop too fo..., the spray swath will narrow
and less material will be applied. Avoid hesitation; otherwise, unwanted spray
will be applied on clumps of weeds. Keep moving at a constant speed over
every square foot, whether you see weeds or not. To maintain a uniform
mixture, occasionally shake the tank vigorously if you are applying a wettable
powder or an emulsifiable formulation.

Some companies market granular herbicides-often formulated with
fertilizer-that can be applied conveniently and uniformly over a small area
direct from the package with a lawn spreader (fig. 5). However, granular formnlations are more expensive per pound of active herbicide. Whether applying the herbicide wet or dry, you can actually obtain more uniform application
by applying one-half of the required herbicide over the entire area to be treated

in one direction (say, north-to-south), and then completing the application by
applying the remaining half of the herbicide over the entire area in the perpendicular direction (east-ta-west).

Fig. 3. Flat-fan nozzles spaced at proper intervals (A) with the boom height adjusted to
provide double coverage for uniform application rate (zone 2). Each parallel spray

swath should be overlapped to cover zones I and 3 at the ends of the boom. The same
procedure should be used when covering small areas with a single flat-fan nozzle CB).
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Nonselective sprays can move to desirable turf. When spraying glyphosate
on weeds, a small amount may adhere to the rubber boots of application
personnel or on the hoses used during application. Take care to wash the
material off or to walk on soil before walking on or dragging hoses over
desirable turf. Care should also be taken in applying irrigation water after the
herbicide application. Do not overirrigate-the excess water funoff may move
the herbicide to an untreated area, resulting in damage to desirable turf.

Do not use 2,4-D, mecoprop, triclopyr, dicamba, or combinations of
these materials in spray equipment that is also used to apply insecticides or
fungicides to ornamentals. The very small amounts of these materials that
remain in the equipment, even after several washings, can injure or kill
ornamentals.

Spot-spraying individual weeds with herbicides is probably the most
useful method for very small plots. A foliage-applied herbicide such as 2,4-D is
mixed with water at the recommended concentration and applied in a short
burst of spray while holding the nozzle directly above the weed. Apply just
enough spray to thoroughly wet the leaves-but no more. Excessive drenching
can kill the turfgrass in the sprayed spot. Stoloniferous turfgrasses, particularly
bentgrass and bermudagrass, are easily injured by spot treatments. Unless the
weeds are widely scattered, it is safer and only slightly more expensive to spray
a .arger area with equipment that provides precise, uniform application.

Fig. 4. A powered sprayer is excellent
for applying herbicides to large areas such
as parks and golf courses.

Fig. 5. When using this type of granule
no ('ov('rage

overlap

applicator, bands of chemical mu.st meet
to prevent gaps or overapplied areas.
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Spot treatments are useful fo r nonselective. foliage-a pplied herbicides.
For example. glyphosate can be used to control individual clumps of taU fescue, ryegrass, o r bermudagrass in grass turf. Use a very low pressure to prevent excessive appJjca tion. Localized applications can be useful around sprinkler

heads. in sidewalk cracks. and along lawn edges. Use the same protective
clothing as yo u would use for a large-scale application.
You can apply spot treatmen ts of glyphosate for weedy grasses or of
2.4-D for broad leaf weeds using a paint brush or a small rag or sponge fi xed to
the end of a stick. daubing each individual weed. Use the sa me herbicide
and wetting agent concentration in water as is recommended for spray applications. This application technique will kill dandelions in dichondra. using
2.4-D. even though dichondra is very sensitive to broad leaf weed herbicides
such as 2,4 -0 . Some herbicides are packaged in convenient ready-to-use aerosol spray cans for spot applications in home turf.

Characteristics of Turfgrass Weeds. and Their
Annual Periods of Growth and Control
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Characteristics of Turfgrass Weeds,
continued

BROA DLEA F W EEDS
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NARROW LEAF WEEDS

ANNUAL BLUEGRASS

Poa annua L.
Amllwl; tufted, light gree'I,!onns
mal when alloweclto mature
witlJOut cU lling. Stems llreJllH(ened, and leaf blades are s hort
and smooth . Seeds co ntim~ e to
form even under extremely close
mowing. May roO( at th e lower
nodes. USlwliy found in cool,
frequently w(ttercel (trell .

BARNYARDGRASS

Echinochloa crusga lli.
(L.) Beauv.Amrual; stout stems, branching
at base, fonns mat or clumps
when mowed. Leaves are smooth
with prominent midrib. Seed
heads"hre panicles, and seeds are
about the size of millet (birdseed).
Normally found in poorly man aged lurf of low f ertilily_Commonly called "wa tergmss."

BENTGRASS

Agrostis spp_
Peremlial;Ji fl e-biaded, spread by
seed arid stolons. Roots easily
and forms stems at every node.
Develops derlse sod patclles,
normally much finer than other
turf Commonly used as a
turJgrass.
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BERMUDAGRASS
Cynodon dactylon (L.) PeTS
Pere,mial; willi rhizom es and

st.olons. St.olons (runners) are
many-jointed ancl foot allhe
nodes. Stems aye smooth and wiry.
Fine lCllves (lYC pohlled at til e end,
ami have a conspicuous tuft of
llair at til e base. Does not grow
well in shade. Seed heads resemble
those of crabg rass. Commonly
used as a Illyfgrass in south ern
amI central California. Details:
Middle: shoot leaf base, with
sparse llairs. Bottom: seed Il ead,
showing Single point of orig in.

~ r-------------------------------

__________________________

N ARROW LEAF WEEDS

LARGE CRABGRASS
(HA IRY CRABGRASS)

Digitaria sa nguinalis
(L.) Scop.
Annual; spread by seed, (md 1.0 a
minor extePlt by mating from
lower swollen nodes of stems. Has
low-bun ching leafy grass with
leaves that are larger and hairier
dian dIOse of smooth cra bgrass.
Light gree'l to yellowish green
iPl color. Often Il eavy in overwaLered Lurf

SMOOTH CRABGRASS

Digitaria ischaern urn
(Schreb.) Muhl.
•

11

A tHwal; similar 10 hairy crabgrass, except dlllt. tile leaves atld
leaf sheaths are smooth. Leaves
are lmlger and narrower thml
those of hai ry crabgrass. (Shown
IH!re in dichondra.)

DALLISGRASS

Paspalurn dilataturn Poir.
Perennial; bunch-type growth,
leafy at tile base. Rhizomes are
very closely jointed, appearing
almost scaly. Seel/ heads are
sparsely branched orl long stems.
Detail: seed head and circl(lm~
flat seeds.
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GERMAN
VELVETGRASS
Holcus mollis L.
Perennial; vigorous, slender
rhizomes. Leaves are velvety,
somewhat grayish. Purplish lines
at base of stems are common.
Visible as light velvety clumps in
turf Detail: leaJ base with many
short, fine hairs Ot! leaves and
leaf sheath.

GOOSEGRASS

Eleusine indica
(L.) Gaertn.
Annual; low rosette, mat-forming,
stems compressed. Appears as
silvery, pale green clump. Flower
slalhs are short, stout, and compressed. Seed heads are similar
to those of dallisgrass, but short
and stiff Normally found in compacted areas or areas of Ileavy
wear. Produces seed even under
dose mowing.

ITALIAN RYEGRASS
Lolium multiflorum Lam.
Annllal or short-lived perennial;
robust plant with long, narrow,
glossy leaf Spikes are long, with
spikelets attached on alternate
sides. Recognizable ill lawns by its
glossy appearance; forms clumps.
Often used in in expensive lawn
seed mixtures.

~N A~.~.O~W~L E~A~F~W~L'~E ·D~S~

______________________________________________________

KIKUYU GRASS

Penniseturn clan destin urn
Hochst.
Perennial; vigorous, thicl~ rhizomes and stolons. Seeding is vny
sparse, inconspi cuous. Mowing
stimulates seed production .
Leaves are pointed on the ends similar to Bennudagrass, except
coarser. Wiry, it is ofte'l mistallen
for st. Augustinegrass. Found in
south and centra l coast. Detail:
leaf base with hairs on leaves Wid

leaf sheath.

ST AUGUSTINEGRASS

Stenotaphrurn secundatum
(Walt.) Kuntze

P

Creeping perennial; lhidl,jlatlened swlmls, spreading leaves
have boat-shaped tips. Leaves and
stems are smooth and hairless.
Flower shoots are 4 to J2 inches
tall. Sometimes used as a t1lrfgrass.

TALL FESCUE

Festuca arundinacea
Schreb.
Perennial;forms dumps with upright leaves. Leafblades are wide,
coarse with rasplille margins,
and radiate from a central clump.
Flower stalks li e jlat during mowing, resulting in ragged-looking
tUyf Used foy tuyf in playgmunds
and parks. Meadow fescu e
(Festuca elatior L ) has similar
clumping characteristics; it is
included in some seed mixtures.
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WILD BARLEY
(COMMON FOXTA IL)

Hordeum leporil1um Link.
Amwal; occu rs as dumps, principa lly in newly seeded wrf The
leaves are smooth , dull ~reell .
Seed heads are s(Iui rrel- or
foxl.lIi /-sllllped, lurd often remain
lifter mowing.

YELLOW FOXTAIL

Setaria gl.auca (L.) Beauv.
Summer amllwl; erect, 1- to 2-foo t
stems. Leaves are Jlat , sante wiill
a spira l twist, and with long
hairs on th e upper surfilce near
th e base. Spilles are dense and
erect; spillelets Iw ve jive or more
s/erllier bristles. FOImd in turf,
culti vated fi elds, and roadsides.
Detail: seed head wit.h bristles
and seeds.

YELLOW NUTSEDGE

Cyperus esculel1tus L.
Perennial; spreading by seeds
mill tubers. LooilS IiIle gmss, but
with triang ula r stems. N utsedge
also has three tiers oj Iwves,
whereas grasses Iwve two tiers.
lwves are shiny, darll green, stiff,
and up right. Grows ftEster Own
twfgrasses. Umlergro utld tu bers
form from rh e sca ly rhizomes.
Nutlets have alm ond tas tc.
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BIRDSEYE PEARLWORT

Sagina procumbens L.
Perennial; stems prostrate. forms
mat. rooting at nodes. Commonly found in coas tal areas.
Loolls liIie moss.

BIRDSEYE SPEEDWELL
(BYZANTINE
SPEEDWELL)

" Veronica persica Pair.
Annual; stems 4 to 16 in ches tall.
leaves roundish or ova l. Has
sma ll. deep blue flowers with
"'white center on stallts 3/s tol inell
long. PIll11t is covered with IJairs.

BLACK MEDIC

Medicago lupulina L.
Annual or sometimes perennial;
four-angled stems are hai ry and
branch at the base. Branches are
prostrate and spreading. Flowers
are small and yellow, in long.
dense heads. Detail: leaflets and
fl ower head with sma ll yellow
]lowers.
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BRISTLY MALLOW

Modiola caroliniana
eL.) G. Don .
Low perennial ; spreading st.ems
6 to J 8 irl ches long. Leaves are
rmmd with coarse-cut marg ins
J to J 1/1 inches across. May looll
similar to cutleaf geranium.
Flowers are dull red, rDiwel, and
less than 1/1 irl ch wide it! summ er.
Found throughout most of
CalifonJia . Detail:flowerand leaf

BRISTLY OXTONGUE

Picris echioides L.
Coarse, rough biennial; 4 to 6
in ches tall in turf. Leaves are 2 to
6 inches long, 1/1 to jlh inches
wide, rough and hairy on upper
mid lower surfaces. Flower heads
are yellow, about 1/1 in ch broad,
and occur in clus ters near th e top
of the stem. Flowers appear from
Jun e to December. Detail: bristly
leaf surface.
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BROAD LEAF PLANTAIN

Plantago major L.
Perellt1ial; leaves are large, 3 to 6
inches long, arid smootlt Conspicuous flower sta lllS 3 to 6 inches
long. Roots are Jibrous and shallow. May be distingui.<; hedjrom
budlllOrtl "Iantaill by th e broader
leaJ alld shorter flower staUls.

BUCKHORN PLANTAIN

Plantago lanceolata L.

~

Peremlial; long, narrow leaves
with parallel veins, 3 to 12 inches
long, slig htly hairy, with browlI ish hairs surrounding the leaJ
base. Crowdl habit resembles dWI
oj broadleaJ plant.ain. Seed SW illS
are much longer than leaves.

CALIFORNIA
BURCLOVER

Medicago polymorpha L.
Annua l; smooth prostrate stems.
Leaflets have whitish and red
spots scattered over the surJace
wil en young. Small ]lowers are
yellow. Seed pod oj "bur" is twisted
spirally with spiny protrusions.
Stipules at the base oj leaflets
are deeply divided.
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CHICKWEED

Stellaria media (L.) Vill.
Annual; slender, many-branched
stems with line of white hairs
along one side. Leaves are smooth
and pOinted. Grows in cool
welHher Dr, in winter, ill sheltered
areas. Detail:flowers and pointed
leaves.

COMMON PURSLANE

Portulaca oleracea L.
A,lnual; prostra le, jles'IY ste ms,
flowers are pale yellow. Leaves are
fl eshy and sllcw lent.

C REEPING SPURGE

Chamaesyce serpens
H . B. K. (Small)
Pere nnial; smooth, prostrate,
spreading arid rooting from til e
nodes. Leaves are almost round,
reaching 1f.4 i,lch in length. Ligllt
green color, Witll no spots. Small
maroon glands are often mistaken
for seed pods. Ofter. found at turf
edge or in open grou nd in central
valleys and soutllCrn California.
Detail: ste ms, leaves, flowers, and
seed pods.

BROADlEAF WEEDS

CREEPING
WOODS ORRELL
(YELLOW OXALlS)

Oxalis corniculata L.
Perennial; with running root~
siodlS. PreJers shade. Leaves
resemble those of clover, green or
reddisll color with SO I{r taste.
Flowers are small and yellow.
Detail: purple leaJJorm with small
yellow}lower.

CUDWEED
(COTTON BATTING
PLANT)

• Gnaphalium chilense
Spreng.
Annual or biemlial; wllite, s ilh ~
.. hairy plant with long, narrow
leaves with round tips at base and
more pointed tips at the top oj
the plant. Small inconspicuous
flowers appear in clusters.

CURLY DOCK

Rumex crisp us L.
Perennial; growingJrom a large,
brownish taproot. Nonnally Jound
as a rosette in t.urf, but will grow
to 2 or 3 Jeet. Leaves are large,
reddish green hi color, curly, and
wavy along the margins.
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CUTLEAF GERANIUM

Geranium dissectum L.
Ant1ual;Jr'eely branched, remains
prnstrate in lurf Leaves are
dissected into narrow leaf divisions. Small, purple Jlowers are
conspicuous.

DANDELION

Taraxacum officinale
Weber
Perennial; stemless leave's at base.
Flower stallis arise from the base.
Has conspicuous yellow flowers.
Al matuf'ily, jlower becomes a
white fluffy ball of a seed head.
Tile plmlt grows from a single
brownisll taproot.

DICHONDRA

Dichondra micrantha Urb.
Perennial; low, creeping habit,
roots freely at nodes, and forms
dense mat. Leaves are kidneyshaped and from If4 to 11k inches
wide. Flowers are inconspicuous.

BROADLEAF WEEDS

ENGLISH DAISY

Bellis perennis L.
Perennial; low-growing, with oval
basal leaves. Has promi'le'll upright Jlower staills throughout
season with showy white or pinllish daisylille flowers.

FIELD BINDWEED

Convolvulus arvensis L.

•

Pere'H1ial; deep-rooted, with
prostrate or twining stems and
arrow-shaped leaves. Flowers are
white or pin'~ and conspicuous.
Plant can lalle many forms and
shapes.

FIELD MADDER

Sherardia arvensis L.
Annual; slender, square, hairy
stems, low-growing, Jorms mal.
Leaves grow in whorls and llave
a strong odor. Rowers are small
and blue or pinllish in clumps at
ends oj the stems. Detail: stems,
leaves, and flowers.

BROADLEAF WEEDS

HEALALL
(SELFHEAL)

Prunella vulgaris L.
Perennial; gray, Ilairy or smooth
green plant, with spreading rootstocks. It is usua lly found in
patdles. Tilere is also a silvery,
hairy form. Detail: flower head.

HENBIT

Lamium amplexicaule L.
Annual; seve ral Uprigll! fourangled stems, rooting at lower
nodes. Rounded, coarsely toothed
leaves are whorled up the stem.
Has an irregular purple }lower.
The lower lips of the }lower are
spot.led. A difficult weed to control.

LITTLE MALLOW
(CHEESEWEED)

Malva parviflora L.
Annual or very ofterl a biennial;
stems so mew hat low spreading.
Leaves are roundish and broad,
with a red spot at base of the
blade. Normally found in poorly
managed or new turf
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LOW AMARANTH

Amaranthus deflexus L.
AIHlual; low, prostrate, with til e
end of th e stem turtling upward.
St.ems are 12 to 18 indies long.
Leaves are short-petioled, oval,
1/4 to 1 in ch long and about 1/2 in ch
broad. Flowers are inconspiclwus,
dus ter dellSeiy at the stem ends,
and appear from May to November. AllOther pig weed, prostrate
pigweed, is very similar, except
dwt it form s a small. dellSe mal.

MOUSEEAR
CHICKWEED

Cerastium vulgatum L.
..., Perel1llial; prostrate, forms dense
patches, sticky-hairy stems and
leaves. leaves rounded on end.
Flowers are small, white, and in conspicuous. Detail: hairy leaves
and small, white }lower.

PENNYWORT

Hydrocotyle umbellata L.
Perennial; creeping, rooting at
nodes of slender rootstocks. A
troublesome weed in southern
CalifortJia . Round leaves are
approximately 1/2 inch in diam eter
with wavy margins that dis tirJguish it from dichondra.
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PROSTRATE
KNOTWEED
Polygonum aviculare L.
Annual; proslrale,jorms circular
mats, found in hard-worn turf
areas of high traffic. The slender,
wiry stems do not root at til e
nodes. Leaves are bluish green and
smooth, without the purple spottingfound on spotted spurge.
Flowers are while and incotlspicUous. Detail: stems, leaves, and

flowers.

RED SORREL
(SHEEP SORREL)
Rumex acetosella L.
Perennial; similar to curly doell,
arrow-shaped leaves. Root is a
slender running rootstodl, reddish
in color.

SCARLET PIMPERNEL

A nagallis arvensis L.
Annual; low-growing, branched,
with four-angled slems. Leaves
are opposite or in whorls of three.
Flowers are sa lmon-colored,
about 1/4 to 1/3 indl in diameter,
and opcn only muler a clear sky.

----

BROADLEAF WEEDS

SOUTHERN
BRASSBUTTONS
(AUSTRALIAN
BRASSBUTTONS)

Cotu ta australis (Sieber)

Hook. f.
Annual; stmng-scenled, lowgrowi ng. Resembles Soliva or
war·tcress. The flowers are small
and yellow, and tile leaves are
deeply tDolhed and covered Witll
fine hairs.

SPOTTED CATS EAR
(HAIRY CATSEAR)

Hypochoeris radicata L.

•

•

Perelmial; t11idl,fleslly taproot,
normally found as a roselle in turf
Leaves are lobed or sawtoothed,
with coarse yellow hairs on upper
llI1d lower surfaces. Flowers are
yellow, and each stem may have
severa l.

SPOTTED SPURGE

Euphorbia mawlata L.
Annual; prostrate, stems form
circular mal from a single taprool,
non rooting at the llOdes, aggressive. MiIIlY sap ill leaves, which
may be green or reddish, but are
eas ily identified by the red spot
on the upper center of tile leaflet.
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SPURWEED

Saliva sessilis R. &: P.
Annual; small, Witll dissected
leaves. Foliage is covered with fine
hairs. Seed, when form ed, ap ~
pears in a small, th,.ee~spin ed bur
that you ca n f eel readily when
you press a clump wit.1! your IJatld.
Detail : inconspiwous jlower
head itl the leaf ax il wilh small
spin es.

WARTCRESS

Caronapus didymus
(L.) Sm.
Annual; l o w~growing , s tol1 g~
sm ellitlg, closely resembles Soli va .
Seeds are borne ill two-lobed,
wrinkled pods. Detail: leaves,
jlowers, and seed pods.
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WHITE CLOVER

Trifolium repens L.
Perennial; low-growing, rooting
at the nodes. Has white, sometimes
pi'IIlislJ fl owers, trifoliate leaf
with distinctive white mark
Detail: leaflets wilh white,
crescent -s haped mark

WHITESTEM FILAREE

Erodium moschatum
• (L.) L'Her.
Annual; leaves form a low roselle.
Stems are genera lly whit ish.
i.eaves are up to J 0 inches long,
with severa l toothed leaflets.
Flowers are small, bluis h purple.
Seed pods form a StOrll'S bill.
Detail: leaf, fl ower, and seed

pods_

YARROW

Achillea millefolium L.
Perennial; hairy, with spreading
rootstocks. Leaves are something
Wle a carrot's. Flowers are while
or yellow irJ dense, flat clusters
at stem ends. Flowers arc nol
normally found in turf

4
Insect and Related
Pests of Turfgrass
A. D. Au , EXTENS I ON

M

EN TO M OLOG IST, UN IVERSITY

or

CALIFO RN I A, RI VE RSIDE

ost turfgrass injury from insect pests can be prevented by regular

inspec ti on of lawn areas and immediate remedial ac ti o n. Insects may cause

disorders such as die-back, stun ting, and distortions of growth , as well as
browning, yellowing, and bleaching of leaves. By detecting such sympto ms
early, you may be able to prevent the rapid buildup of insect populations
possible under favorable conditions. Some pests feed only at night, and, unless
yo u make a special elTort to look for them, they may go undetected for a long
time: The table at the end of this cha pter will help yo u ide ntify and treat a
variety of insect and related pests.
Good control depends on correct identification of the pest and some
knowledge of its behavior and biology-as well as on environmental factors
such as temperature, moisture, soil type, and location that affect population
buildup. Some pests thri ve where it is warm and dry; others prefer wet or
moist conditions. Some pests are influenced by cycles of d rought. The frit fly,
for example, is more prevalent during drought periods. Some locatio ns in turf

may be more susceptible to infestation than others. Often, pests are first found
in isolated spots rather than distributed evenly throughout the turf. Edge
effects are common, with the firs t infes tatio n occurring nea r the turf border.

Additionally, conditions of shade or sun, slope, and soil type can influence pest
establishment.

INSECT DETECTIO N
Cutworms, sod webwo rms, lucerne moth larvae, skip per larvae, and
vegetable weevil larvae can be detected with the pyrethrum test. Mix 1 tablespoonful of a commercial garden insecticide containing 1 to 2 percent pyrethrum in 1 gallon of water. Mark off 1 square ya rd oflawn area, including some

Y>
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damaged and some undamaged grass, and apply the entire gallon of mixture as
evenly as possible to that area with a sprinkling can. Pyrethrum is irritating to
many insects, and within 10 minutes they will come to the surface where they
may be seen. If no pyrethrum is available, similar results can be obtained by
flooding the area with water. Place the end of a garden hose on the area to be
checked and let the water run for 5 to 10 minutes. The insects present will
soon surface. Several areas of the turf should be checked to determine the
extent of an infestation.
Neither white grubs nor billbug larvae will respond to the pyrethrum
test or to flooding. Instead, carefully dig around the roots of grass. If infestations
are heavy, grass roots will be eaten away, and the grass can be rolled back like a
carpet. If more than 5 cutworms, 10 skipper larvae, or 15 sod webworms
appear on average per square yard, or more than one white grub or billbug
larva is found per square foot of established lawn, control measures should
be taken.
In large lawn areas such as parks, golf courses, and cemeteries, perform
pyrethrum tests or other pest inspections at several locations in order to determine the extent of an infestation. In some cases, the problem may be localized,
and ti'eatment of the entire turf area may be unnecessary.
No control measures will be necessary for many of the insects you will
find, since they are not pests; the accurate identification of insects in lawns is
essentiaL Furthermore, different pests require different chemical treatments
and application methods for effective controL

CULTURAL PRACTICES

Some of the symptoms discussed above may be caused by disease, unfavorable soil conditions, or poor cultural practices. Investigate these pOSSibilities before taking any pest control measures. In fact, the first line of defense
against turfgrass pests is a program combining good cultural practices (watering,
mowing, fertilization, aeration, and thatch control) and proper selection of the
right turfgrass for the specific area and use. Poorly kept turf shows pest injury
sooner and recovers more slowly than vigorous, well-kept turf.
Thatch, if allowed to accumulate and develop a thick layer of organic
maller on the soil surface, can greatly influence the amount of damage an
insect pest causes. Initially, thatch provides an ideal habitat and hiding place
{or insects, and their populations can increase. Also, insecticides become bound
to the organic matter in thatch and cannot get into the soil effiCiently. Thatch
buildup results in poor water penetration and aeration, weakening the grass
and making it more susceptible to insect damage. Even though damage can
occur where thatch is not a factor, many cases of severe damage are associated
with thatch buildup.

Good fertilization, watering, and aeration programs cannot be overemphasized. Healthy, vigorous turf can outgrow the effects of an infestation,
while poor growing conditions will result in more severe damage and slower
recovery. In addition, the healthier the turf is, the fewer insecticide treatments

will be required-if any are needed at all. Water-stressed turf stands a greater
chance of being damaged by chemicals applied lor pest control.
Turf is especially vulnerable to insect attacks when it is becoming established. To minimize the damage, closely monitor newly planted turf. Amend
the soil and keep it fertilized to enhance growth so the turf will be less susceptible to damage. Keep the turf weed-free. Insects may first be attracted to the
weeds in turf, and then move onto the turf itself. By eliminating unwanted
weeds, you can reduce some of your insect problems and have a better-looking
turf area.

INSECTICIDE APPLICATION

Lawns that require treatment to control pests that feed on grass leaves,
stems, and crowns generally should brst be irrigated well. As soon as the
plants dry, apply the insecticide, and then withhold further irrigation until
necessary to prevent wilting. This will allow the insecticide to remain on the
plants for the longest possible period, maximizing the effectiveness of the
tretltment. When lawns arc to be treated for pests such as white grubs or the
larvae of billbugs that feed belowground on the grass roots, follow the application with a heavy irrigation to carry the insecticide into the soil.
Do not apply insecticides to water-stressed dichondra, or when the temperature exceeds 90' F.
In general, sprays are preferable to other application methods for pests of
turfgrass and dichondra. Granular formulations, however, are also suitable for
control of white grubs, billbugs, chinch bugs, cutworms, skipper larvae, sad
webworms, slugs, and snails.
You can apply the required amount of insecticide indicated on the label
in any convenient amount of water, provided you use enough water to
thoroughly wet the grass or dichondra down to the ground. Many applicators
use about 25 gallons of spray per 1,000 square feet. Control of spider mites
may require a greater volume. (See chapter 2, Measurements, Calculations, and
Sprayer Preparation.)
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Insect and Related Pests of Turfgrass and Dichondra
I)EST AND DESCRIPTIO N

LI FE HISTORY AND HABITS

AUSTRALIAN SOD FLY, InolJUS rubriceps

Eggs laid in the soil halch after 2 weeks. Larvae
feed upo n the roots and may live up to 2 years.
(' upation occurs in the soil and laSI5 abo ut a
month . Adults live fo r a week, malc, lay eggs and
di e. Maj or adult Dight activity can be expected in
October. In some years, however, a minor Oight
may occur during May.

(Macquarl). Aduh males arc 1/4 inch lo ng, black,
with yello wis h legs. Females arc ~ inch
lo ng. black, with reddish legs and a red head.
L1rvae arc Ih inch lo ng. tan, with a dark head
lind dark, slifT sel ae.

•

nERM UDAGRASS MITE, Eriol,hes CYtlOdoniensis Sayed. Ex tremely small (can barely
be secn with a l Ox hand lens), while. wormlike mite. !-las two pairs of legs ncar head end.
Females lay spheric,a l, tmllsparent eggs singly
o r in groups. Also called Erio phyid mite or
stunt mite.

T his pest is tho ughl 10 o verwinter beneath leaf
s heaths in the cro wn of bemlUdagrass. I=e.ntales
begin laying eggs beneltlh leaf s heaths of new
growth in the spring. Ilreeding continues d uring
the wa rm part of the year, and several generations
occur during the season; a generatio n can be
completed in 5 to 10 days. The mites suck juices
from stems and w ithi n leaf sheaths.

BERM UDAGRASS SCALE, OdontlSlJiS rUlliae

8ermudagrass scale commonly infests bermudagrass in southern Caliro mia. It occurs primarily
on the stems, but Illay also be on leaves. It is
ntostlikcly to occur in lawn areas s haded by trees
or build ings and is favored by the develo pment
of a heavy th atch. Females lay eggs under their
waxy s hield. Crawlers hatch, dis perse for short
d istances, then become sessile and s tart feed ing.

Ka t. Ad ults arc abo ut 1/ 16 inch long and
covered with a whitish, clam-shaped, waxy
shield .

•

Adult Aus tr(lliafl sod

fly ( lnopus rubri ccps
IMacquartJ).

Turf damage Jrom
bennudagmss mit.e
(Eriophes cy nodonicnsis
Sayeil .).

SUSCEPTIBLE
i'LANTS

AU grasses.

DAMAGE

DETECTION

Larvae feed by extracting plant sap from
the roOiS. T he lawn becomes unthrifty,

Inspect the root zone. Look for the
tan, elonga ted larvae with dark

decl ines slowly, and is replaced by
broadlcavcd weeds over a long period
of time. Adults emerging in the fall arc

heads. Adults can be seen on the
grass from September through
November. In occasional years,
adults may also be seen in May.

a nuisance in lawns when numerous.
Th is insect has mainly been a pest of
turf in the San Francisco Bay Area.

Common and
hybrid
bermudagrasscs.

Shortening of stem internodes, r CSlIhing in s tunted, tufted, or roscttcd plant
appearance. With heavy infestations,

the grass turns brown and dies. When
infestations arc allowed to persist,
the grass may thin out, allowing the
growth of weeds.

,

Bermudagrass.

•

Bermudagrass scales suck juices from
the plants . Heavily infested grass takes
on a brown, dry appearance, and new
growt h is retarded .

Look for plants w ith s tunted,
rosetted or tufted appearance. Pull
leaf sheat hs away from s tems.
Examine the inside of leaf sheaths
and exposed s tems with lOx or 20x
hand lens or dissecting microscope.
Look fo r mites and spherical,
transparent eggs.
Close examination of infested grass
w ill reveal a whitish material on
the stems and crown that gives it a
"moldy" appearance. Even closer
exa mination with a hand lens or
m icroscope will reveal the c1am s haped shields of the scale insects.

Contillucd 011 " ext page.

Bermudagrass scale
(Odonaspis ruthac Kot.).

Insect and Related Pests oJ TuyJgrass and Dichondra-Continued
PEST AND DESCRIPTION

LIFE HISTORY AND HABITS

BILlBUGS, SpJlcnol,llOrUS pJIOCflicicflSis Chitto
and parvulus Gyllenhal, S. venatus vcslitus
Chitt oThe larvae of bill bugs are white, legless
grubs from 1/ 3 to inch lo ng when full grown.
The adults arc small black or brown weevils,
or "snout" beetles.

No males arc known for these species. Adult
females can be found throughout the year, and in
many areas larvae can also be found. Eggs are
laid singly in adult feeding holes in grass stems.
Larvae feed in the stem, crown, and roots, and
then pupate in the soil. Aduhs emerge to repeat
the cycle.

CLOVER MITE, Bryobia "metiosa Koch.
Adults arc about 1/30 inch in length, with long
front legs. Bodies are somewhat depressed
and reddish brown to greenish in color. The
legs arc amber to orange.

Eggs are laid on clover and most grasses. Feeding
and reproduction occur in the cool periods of
spring and fall. As temperatures rise, the mites
become less active. Summer is spent in the egg
stage. Several generations may occur during
spring, fall, and winter.

CUTWORMS AND ARMYWORMS. Agrotis
il)silml (Hurn.), Peridroma saucia (H ubner),
I'seudaletia uflipuncta (Haw.), Feltia subternmea (Fab.). Thick-bodied caterpillars
from 1 to 2 inc hes long when full grown.
Usually dull colored, green , gray, brown or
black; often with spots or longitudinal stripes.
Adults arc night-flying moths, dull or somber
colored and with a wing span of 11,4 to Ilh
inches.

Moths fly at night and lay eggs on leaves of
grasses, dichondra, or nearby plants. Larvae feed
at night and hide in holes, under debris, or in
mat of organic matter at the surface of the ground
during the day. Pupation occurs in the soil.
Breeding continues throughout the warm months
of the year and there may be several generations
per season with overlapping broods.

*

."

~

Billbug damage to lawn .
Detail: the I!untirlg billbug (Sphcnophorus
vcnatus vestitus).
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SUSCEPTIBLE
PLANTS

in

All grasses. Old
lawns in warn}
inland areas are
most suscept ible.

I'

DAMAGE

DETECTION

Young hilling larvae or grubs feed
inside the stems and crown. Older
larvae feed beneath the ground on the

Whitish sawdustlikc frass ca n be
found o n the ground as evidence of
feeding by the larvae. Examine the
soil around the grass roots. Dig
in the edges of brown areas ncar
green, healthy grass. If, 0 11 the
average, more than 1 grub is found
per square foot , the lawn should
be treated.

roots of grasses. Aboveground symptoms are brown and dying grass in
spots, or sometimes in large areas.

Clovers.
Most grasses.

Sucking out the plant j uices during fceding results in a silvery appearance to the
turf. Damage is most serious in areas
close to buildings or planter boxes.
Mites may invade houses looking for
sheh ers. No reports of mites biting
humans or pets are recorded. When
crushed, the mites leave a red stain.

Close examinat ion of the leaves
with a hand lens or a microscope.

Art' grasses.
Dichondra.

Cutworms feed on the leaves and crown
and may cut off plants near the soil
surface. O nly the larvae are injurious .

I'y rethrum test. Treat when, on the
average,S or more cutworms arc
found per square yard.

•
Is

•
COtllitlUed 011 lIext page.

Cutworm (Agrotis
ipsilon). Above: larva.
Below: adult.
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FLEA BEETLE. ChaetDcnema repens McCrea.
Adult flea beetles arc black and very small,
about I millimeter ( 1/15 inch) long with
extremely enlarged femora on the hind legs.
The larvae live in the soil and are not usually
seen.

Adults appear to be active from May through
October in warm areas. One generation is completed in about a month. Eggs arc laid on leaves
and stems. larvae develop on the roots of plants
and pupate in the soil. Adult beetles jump
readily when disturbed, hence the name "flea
beetle."

FRIT FLY, Oscinella jrjf (L.). Adult frit flies
arc slightly more than 1/16 inch long. shining
black with small yellow markings on the legs.
The eggs are pure white, 1/12 inch long. with
a finely ridged surface. Mature larvae arc

The winter is passed in the larval stage in the
stems of grasses. Pupation takes place in the
spring, and the first adults emerge about March.
Eggs are laid on the leaves and leaf sheaths of
grasses. Several larvae may occur in one plant.
There are at least three broods, the activity of
the last extending into October in warmer areas.

1M inch long, yellow, with black, curved mouth

hooks. Pupae are yellow at first, then tum dark
brown and arc slightly less than lis inch long.

Flea beetles
(Chactocncma repcns
McCrea) and damage
dotle to dichondra.

SUSCEPTIBLE
PLANTS

)e
I

p,h.
of

,I.
of
,..,.

DAMAGE

DETECTION

Dichondra.

Aduh flea beetles feed on upper leaf
surfaces, causing crescent-shaped
scars. When enough of the leaf is eaten
away, the leaf turns brown. Injury may
be localized or spotty, and damaged
areas are often assumed to have been
caused by lack of water or fertilizer
burn . larvae fceding on the roots
usually cause the most damage.

Close inspection of infested
dichondra will reveal the small,
shiny, black beetles sitting on the
leaves. Moving the open palm of
the hand slowly over the surface of
the plants will cause the beetles
to jump abollt and some will land
on the back of the hand or arm and
can thus be readily seen.

All grasses. Dem and blucgrasses
are most
susceptible to
injury.

The larvae tunnel in the stems ncar the
surface of the soil, causing the upper
portion of the plant to turn brown and
die. Damage is most common on golf
greens. Injury appears first on the collars of the greens and moves in toward
the center. The high or upper seclions
are usually the first to show the symploms. Greens with high organic matter
content appear to be most susceptible.

l ook for small, black adult fli es
hovering close to the grass from
mid to late morning. look for the
larvae in the stems ncar the ground
level. A hand lens or dissecting
microscope arc useful in finding the
very small larvae.

Continued on nex t pagc.

Bermudagrass damaged

by f.·it fly

faFva e

(Oscinella [rit [L]).
Detail: adult frit fli es.
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GROUN D PEA RLS. Margarodes mcridionales
Morr. T hese scale insects arc 1/ 16 to 1/8 inch
long. Females arc wingless, wilh a pearly while

Females lay eggs that hatch inJu ne or July.
Crawlers are slender and active. T hey settle on a
rootlet, inseT! their piercing mouthparts and
begin feeding. They may be found at depths of
8 to 12 inches. II is believed that 2 years arc
recluired to complete a generation.

o r yellow waxy coat. Eggs arc pink ish white,
laid in a sac which lIlay be au achcd to the
female's body. Reproductio n is us uall y parthenogenetic and males arc ra re.

LAWN MOTHS (SOD W EBWO RMS),
Crambus sI,crryellus KloiS and TeJwma
bonifu lclla (Hulsl). La rvae arc slcndcl'", grayish,
black-spoil ed caterpillars abo ut ¥4 inr.h long
when full grown , mlh er sluggish in their
acti vity except when disturbed. MOI hs arc
whitis h o r buff-colored w ilh a wingspan
slightly over 1 inch. C. sperrydl us has a while
or silver s tripe alo ng the margin of ils forewing. Wings fold close to body when at rest,
giving slender appearance.

•

Grout1l1 pearls ( Margarodes mcridionales
Morr. ) f eeding OPt
bermudag rass roots.

Moths hide during day in grass and s hrubbery,
Dy over grass at dusk, a nd drop their eggs on the
leaves. larvae haleh in a few days a nd begin to
feed. Th ey feed at night and hide during the day
in tunnels constructed of bits of grass and debris
and lined with s ilk (hence the name wcbworms).
They pupa te in the soil/ thatch layer. Moths begin
Dyi ng in April or May in wann areas a nd breed·
ing cont inues th rough October. C. sperryellus
is found in inland d ry areas and 1: bOllifarella in
coastal a reas. Up 10 .. generations per year may
occur in southern Ca lifornia .

,ry.
;o lhe
10

, day
jebris
,,".).

begin
",d-

~
la in

SUSCEPTIBLE
PLANTS

DAMAGE

DETECTION

8emlUdagrasses
in the internal
desert areas.
Other hosts re~
ported include 5t.
Augustinegrass,
centipedegrass,
and Zoysiagrass.

By feeding on plant juices in the root
zone, ground pearls cause the turf to
wilt and appear unthrifty in irregular
patches. Damage appears more in sandy
than clayey soils. Control is usually
not needed if proper fertilization and
management keep the tun in a vigorous
condition.

Soil core samples must be taken

All grasses.
White clover.
Bent~ and blue~
grasses are most
susceptible to
injury, especially
new lawns.
Dichondra is not
attacked.

Larvae feed on grass blades, growing
tips, and greener portions of crown,
but not on the roots. Damaged areas
appear as scattered, irregular, brown
patches in turf.

at depths of 4 to 12 inches.
Inspection of the soil and roots
will reveal the cystlike insects.

Pyrethrum test. Treat when an
average of 15 or more worms are
found per square yard. Preventive
treatments are suggested for newly
planted lawns.

. ay

•

Cont inued on next page .

Lawn moth larvae
(Tehama bonifatella
[Hu'st.]).

Lawn molh adult
(Tehama bonifatella
[Hu'st.]).

Insect and Related Pests of TUyfgrass and Dichondra-Continued
PEST AND DESCRIPTION

UFE HISTORY AND HABITS

LEAF BUGS, FLEA HOPPERS, etc. (Family
Miridac). A common species is the whitemarked flcahopper, SpaFlogmlicus albofasciatus (Rent.). Adults are abOllt 1/8 inch long,
blackish or grayish with white markings on
the wings, which arc fold ed flat over the back.
Their long antennae and white ma rkings
distinguish them from flea beetles.

little is known about the life cycle on turfgrasses,
but several generations per season arc thought
to occur in warm areas. Fleahoppers jump readily
or fly short distances when disturbed.

LEAFHOllI'ERS, Dracclllacep'lQla mil1erva
Ball, Ddtaccplwills sotlorus, Ball, and others.

Adult females insert eggs into tissues of the host
plant. Eggs hatch in a few days in warm areas.
Several generations may occur in a season, with
12 to 30 days required for each generation .

Small , active insects 1/8 to 1/.. inch long. Adults
whitish green, yellow, or brownis h gray. May
be speckled or mottled . Adults fly or jump
short distances when disturbed. Nymphs arc
various colors, as are adults, bUllack wings.
Nymphs have the characteristic habit of moving sideways or backward when disturbed.

p

LUCERNE MOTH, Nomophila t10ctuella
(D. and S.). Larvae are slender, spotted caterpillars similar in appearance to lawn moth
larvae, but larger. Full-grown caterpillars are
about I inch long with a tendency to wriggle
actively when disturbed. Adult moths with
wing span of an inch or slightly more. Hind
wings arc gray, forewings mottled gray-brown,
with two pairs of indistinct dark spots.

Moths fly at night and females lay eggs on dover
and other legumes as well as turfgrasses and
dichondra. Activity is greatest during the wann
months.

OXAUS MITE Tetratlydlitla harti (Ewing).
Adults arc bright red and apprOXimately the
size of the two-spotred spider mite, but with
conspicuously longer legs.

The mites live and feed on oxalis. No grasses arc
known to be affected.

Lucerne moth larvae
(Nomophila noctuella
ID. "lid S.)).
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SUSCEPTIBLE
PLANTS

All grasses.
Dichondra.

DAMAGE

DETECTION

Both adults and nymphs suck juices
trom the leaves and stems of grasses
or dichondra. Heavy infestations
retard growth and cause the grass to
die in Spots.

Look for fleahoppers by running
the open palm of the hand slowly
over the grass. If these insects are
present, they can be seen hopping
about. Some may hop onto the back

of the hand or onto sidewalks or
curbs where they are easy to see.

- - _....
AU grasses.

Both adults and nymphs suck juices
from the leaves and stems of grasses.

Symptoms afC the bleaching or dying
out of the grass.

•All grasses.
Clovers.

Dichondra.

Larvae feed on both leaves and stems,

which weakens plants and reduces
their photosynthetic ability. Damage
usually appears in late summer.

-------Oxalis.

..

_--_...

Examine areas in the lawn that
look bleached or dry, and the surrounding green areas. Look closely
for the small, wedge-shaped,
jumping or flying adults as you
walk. Also look closely on the
leaves and stems for the nymphs,
which move Sideways or backward
when disturbed .
Pyrethrum test. Control measures
arc seldom ne.eded.

_--_.•.. - - - - - - -

This mite sucks out the plant's juices
and turns the oxalis white.

Close examination of the leaves
with a hand lens or a microscope.

Continued on next page.
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RHODESG RASS MEALYBUG . A'lIonina

No ma les are known for this species. Females
give birth to li ve young. ImmalUres crawl
upwards, settle under leaf sheaths, and start
feeding. Several generations are thought to occur
per season, each requiring about 60 to 70 days
for completion.

grt,ntinis (Mask). This pest was known as the
Rhodesgrass scale. Adults are about '/ 16 inch
in diameter, globular, dark purplish-brown
in color, and with a white cottony covering.

SKII)PERS. HylelJhi/11 "lIy /eu5 (Drury), (Fiery
skipper). larv;IC about I inch long, and
brownish yellow ill color. First 2 body segments behind the head arc smaller than the
rest , giving the appearance of a "neck" Adults
arc s mall butlcrlHcs whh wing span of a Ii ltle
more than 1 inch. Males have orange-yellow
wi ngs spoiled with bl:lck; wings of the
females are dark brown , with orange-yellow
spots .

.. SNAILS AND SLUGS. Shiny molluscs with
protective s hells (snails) or without (slugs).

•

Shipper larva ( Hylep hila

phyleus IDrury».

Female butterfli es lay eggs s ingly on lUrfgrass
leaves, as well liS on other ornamental plants,
during the warm months. llIrvae feed in the thatch
layer and pupate near the soil surface. Adults
feed on nectar from various fl owers. Lantana is a
favorit e. There arc 3 to 5 gencrat ions per year.

Slugs and snails move on a s lime trail and are
morc active under moist conditions. They hide
under vegetati on or in dark places during the
day, coming out to feed at night .

SUSCEPTIBLE
PLANTS

Rhodesgrass.
Bennudagrasses.
St. Augustine-

DAMAGE

DETECTION

Rhodesgrass mealybug sucks juices
from the plant and reduces growth and

Rhodesgrass mealybug is detected
in the same manner as
bermudagrass scale-by close
examination of the grass.

vigor.

grass. TaU

fescue and
centipedcgrass.

AU grasses,
especially
bentgrasses.
Dichondra is not
usually attacked.

Dichondra.
ornaH
mental and
garden plants.
~veral

larvae feed on leaves and crown.

Damage is frequently more severe near

flower beds, ground cover areas,
shrubbery, or planter boxes where
slugs and snails hide during the day.
Prolonged fceding in these areas may
leave only bare stems or may completely kill the dichondra planting.

Pyrethrum test. Treat when an
average of 10 or morc larvae are
found per square yard.

Look for the slime trails, which
appear shiny in the sunlight. Slugs
and snails may also be seen in the
evening or night with the aid of a
flashlight, as they move onto lawn
areas from daytime hiding places.
Sprinkling water on suspected
infested areas activates these pests
and aids in detection.

Continued on next page.
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SOUTI-I ERN CHINCH BUG, 6lissIIs jnsularis
Barber. Adults are about 1/, inch lo ng, black

with nearly all-white wings, which are fo lded
flat over the body. There are both long- and
short -winged forms. T he young arc bright ted
but IUTIl black as Ihey approach adulthood.

•

•

There appear to be at least two generations a
year, with all stages present in any month. The
highest po pulations occur during the summer,
and al this lime development from egg to aduh
takes about 6 weeks.

SPIDER MITES, Tctranychidac. Adults are
about I/'JO inch lo ng; globular in s hape; and
redd ish , yellowish , or greenish in color. The
two-spotted mit e has a pronou nced dark spot
o n each side or lhe body.

Spider mites lay eggs on grasses, dicho ndra,
oxalis. or other plants in lawns. Some species
spin fine webbing that may entirely cover the
grass in spots, especially in protected areas ncar
curbs, walls, or planter boxes. Spider miles
breed throughout the warm mo nths of the year,
producing several generations per season.

VEGETABU :: W EEVIL, Lislrodert!s costiroslris
ob/iquus (Klug.). Larvae arc small , green ,
legless gntbs about 3fs inch long when fully
grown. Adults arc brownish or grayish weevils
or "snout" bcelles about 3fs inch long. Wing
covers arc very rough or punctatcd with
sparse, s hort setae or hairs. Each wing cover
has a short, pointed protuberance on the top
ncar the back end . The adulls do not Dy. Both
larvae and adults are very slow and s luggish
in movement.

Vegetable weevils arc active only during the
winter and spring months. No males arc present
and females produce young witho ut mat ing.
Both adults and larvae feed at night . Occasional
ad ults can be seen during the day, but usually
hide amo ng pl ant foliage or in other dark places.
Eggs are laid on plants or in soil during the
fa ll . Larvae hide in the soil beneat h the plants
during the day.

Southern ehi,l eh bugs
( Blissus insularis
Barber). Left to right:
lme-irlslar 'IY PllpllS and
winged adult.

TWO-SIJotted spider mites
(Tetranychus urti cae
Koch.).

SUSCEPTIBLE
PLANTS

,
11"

I,

jill

1'''

DAMAGE

DETECTION

Although
bcrmlldagrass
and zoysia may
be infested, only
St. Augustine
grass is seriously
damaged.

Yellowis h 10 brownish patches in lawn,
grass dries up and dies.

Close examination of the border
bel ween damaged and green arcas
wiII reveal adults and nymphs.
Flotation method or pyrethrulll
test also may be useful.

All grasses.
Dichondra.
Clovers.
Oxalis.

Mites feed by puncturing the leaves
a nd sucking o ul Ihe juices. First
symptoms of this injury appear as a
speckling or stippling of the leaves.
This is followed by a yellowing,
bronzing, or bleaching a nd d ryi ng of
the leaves.

Close examination of the leaves for
st ippling, speckling, yel lowing,
bronzing, bleaching, drying,
webbing, plus the presence of mites
and mite eggs. A hand lens o r
d issecting microscope may be
necessary to see the mites and eggs.

Dichondra.

Damage fi rst appears as small holes in
the leaves, but in heavy infestat ions
the leaves may be skeleton ized or
completely removed leaVing only the
ba re stems . Since the adults do nOI Oy,
infestation of new areas usually takes
place very slowly and damage is
usually localized or Spotty.

Pyrethrum test. Adult beetles often
crawl to nea rby lights at night.

,""
nt
~al

ICes.

•

Continued on next page.

Vegetable weevils
( listroderes costi rost ris
obliquus [Klltg.i).
Detail: larvae.
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WHITE GRUBS, Cydocephala spp. Larvae or
grubs aho ut 1 to I III inches 10llg when fully
grown, C-shaped when at rest, with many
folds or wrinkles in the front half of the body.
Rear end of body often slightly larger in
diameter than rest and may be bluish or
blackish in coloT. A white grub has a brown
head capsule and three pairs of conspicuous
legs. (Grubs of the billbug and vegetable
weev il, described elsewhere in this handbook,
arc legless.)

Common species of white grubs attacking turf
in California have a I -year life cycle. Adults
emerge from the ground in late May and in June.
and lay eggs in the grass root zone which hatch
into C-shaped grubs. After 2 molts, mature 3rd
instar grubs overwinter. They pupate in the
spring, and adults emerge to repeat the cycle.

Adults of white grubs are commonly called
May beetles, June beetles, or June bugs.
They are a little over 1/2 inch long and
yellowish brown with a dark brown head .

•

WJlile gFub larvae
(Cycloccphala 'PpJ

SUSCEPTIBLE
PLANTS

All grasses.
Bermudagrass
and ryegrass arc
most susceptible.

DAMAGE

DETECTION

White grubs feed beneath the soil surface on the roots of grasses. Aboveground symptoms are browning and
dying of the grass in localized Spots
or in large irregularly shaped areas.
Where infestations arc heavy, the grass
roots may be entirely eaten away so the
turf can be rolled back like a carpet.

Examine the soil around the grass
roots. Dig in brown areas near
the edge of green, healthy areas of
grass. If, on the average, more than
one grub is found per square foot
of area, the lawn should be treated.

Damage is usually most severe in September and October when grubs are
reaching maturity and growth of
bermudagrass is slow ing down . Little
feeding appears to take place during
the winter or early spring.

Bermudagrass damage
from white grubs
(Cyclocephala spp.).
Detail: adults.
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Activity and Treatment Periods for Turf Pests
PEST

JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT NOV. DEC.

Lawn moth
Cutworms
Skippers
Lucerne moth
Vegetable weevil
Flea beetles
Snails and slugs
Leafhoppers
Chinch bugs
Leaf bugs
Frit fly
Scale insects
Mites
White grubs
Billlmgs
_

Usual treatment period
Pest may be active

NOTE: The periods of pest activity indicated in the calendar arc only approximate. Actual pest
appearance will vary from area to area and even in the same areas from year to year, depending
upon temperature, rainfall, and other factors, both physical and biological.
Treatment periods indicated arc also only approximate. In most cases, insecticides should be applied
only when pests arc present in sufficient numbers to cause damage. An exception to this rule is
the application of preventive treatment for control of lawn moths in newly planted lawns.

I
I

I

5
Nematode Diseases
JOllN

D.

RADEWALD, EXTENSION NEMATOLOGIST,

UNIVERSITY OF CALIFORNIA, RIVERSJDE
BECKY

B.

WESTERDAHL, EXTENSION NEMATOLOGIST,

UNIVERSITY OF CALIFORNIA, DAVIS

h e parasites known to cause plant diseases are higher plants (mistletoe, dodder, broomrape) as well as insects, nematodes, fungi, bacteria, and
viruses. A parasite is a living organism that obtains its food from another living
organism; when it causes disease, it is pathogenic. Frequently, two or more

,pathogens act simultaneously on a plant in what is known as a "disease complex." However, simply to hnd anyone of these potentially parasitic, diseasecausing organisms within the root system of a given turf and assume guilt by
association-that is, assuming (1) that the turf is diseased and (2) that the
o;ganism is a pathogen-is to make a serious error. Such associations only
mean that turf disease may eventually occur, depending not only on the nematode, but also on the host and the environment. True pathogenicity can be
proved only by reliable scientihc methods, usually in the laboratory.
Some nematode species are injurious to turf in other parts of the United
States, but none of these nematodes are known to occur on turf in California.

Therefore, the turf grower in California has little information on which to base
a decision regarding a nematode control program. However, investigations on

this problem are underway.

WHAT IS A NEMATODE?
A nematode is a roundworm, sometimes called an eelworm or nema.

Most plant-parasitic nematodes are microscopic and can only be identified by
a trained technician using specialized equipment.
A nematode feeds by inserting its hollow spear (stylet) into the plant
cells and sucking out the cellular contents. Some nematodes inject substances
into the plant before they ked. The nematode's esophagus contains a median
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Life histories of nematode parasites of turf: A, dagger nematode; B, ring nematode;
C, stubby root nematode; D, lesion nematode; E, cyst nematode; F, ren~form nematode;
G, rootNkuot nematode.

bulb to aid in the ingestion of plant cell contents and glands to produce
digestive materials. The gut is a simple tube that terminates at the anus.

The female nematode lays eggs either singly or in egg masses, depending
on the species. A single female of some nematodes may lay 500 eggs or more. A
plant-parasitic nematode, being an obligate parasite, can complete its life cycle
only when the roots or other portions of a susceptible host plant are present
to feed upon.
Life histories, feeding habits, and methods of reproduction vary among
nematodes. Some nematodes (ectoparasites) are migratory and feed strictly
from the outside of the host plant. They deposit their eggs singly in the soil.
Other migratory nematodes, such as the lesion nematode, feed with their
bodies either inside or outside the root tissues, and deposit their eggs singly in

the soil or within the root. Still other nematodes only migrate when young and
become sedentary as adults. Their bodies may be outside the root or partially
or completely embedded within the root. These nematodes lay egg masses in
the soil. The eggs are surrounded by a gelatinous matrix. The egg mass of the
root-knot nematode may be found within the root tissue with the adult female,
or it may protrude from the root tissues into the soil. The female cyst nematode usually does not deposit her eggs, but retains them within her body.
When the female dies, her body wall forms a leathery cyst that protects the
eggs from adverse environmental conditions until they hatch.
When conSidering the application of a control chemical to established
turf, you mnst determine whether the nematode and its eggs or young are
located inside the root, outside the root, or in the soil. Nematodes and eggs
inside the root tissues are protected from chemicals that are drenched or
injected into the soil, unless the nematicide is systemic.

Nematode larvae molt four times. After the last molt, the nematode is an
adult, and may vary in shape ii'om the typical worm to a spherical female. The
time required for a nematode to complete its life cycle from egg to adult varies.
Under optimum conditions, most plant-parasitic nematodes complete this cycle

in 3 to 6 weeks. The life cycle may extend to several months during periods
of high or low temperatures or drought, or where hosts are poor.

•

A. Adult female nematode (actual length of nematode is 1/30 inch); B. Detail of head;

C. Detail of male tail.
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PARTS OF TURF PLANTS ATTAC KED

Nematodes are known to attack and damage most parts of the turf plant.
Some nematodes destroy the seeds, while others attack the stems and leaves.
The most frequently attacked portion of the turf plant is the root. There are no
abovegro und symptoms that exclusively indicate nematode damage to turf
roots. Nematode-diseased plants may appear stunted, chlorotic (yellowed),
and generally unthrifty. They also may wilt prematurely during the warmer
periods of the day, because the root system that supplies the plant with water
may be inadequate. The symptoms on the roots vary depending upon the
nematode species. The most easily recognized nematode symptom on roots
are the galls caused by the root-knot nematode, which are visible to the naked
eye. The root-knot nematode is of great economic importance in California
vegetable, field , and deciduous crops, and is commonly found on dichondra. In
1965, a new root-knot species, Meloidogyne naasi, was described. This nematode, found in two areas in California, is a proven pathogen of turfgrasses.
Unlike most root-knot species, M. naasi seems to prefer grasses to other hosts.
The lesion nematode, Praty lenchus sp., is often found associated with
tu;fgrasses, but is not a proven pathogen to turfgrasses in California. On other
hosts, the symptoms are root lesions of various sizes and shapes .

•

•

Root-fmOl

nematode (Meloidogyne naasi) on seaside bentgrass.

Other nematodes, such as the stubby root nematode, attack onl y the
growing root ti ps and stop their elongation. These root tips may appear swollen, discolored, or both, and growth of lateral roo ts is pronounced on some
hos ts. This nematode is commonly found around turf roots, but its impo rtance

on turf species in California is questionable. Other nematodes commonly found
in associatio n w ith tu rfgrasses in Ca lifo rnia includ e the ring ne matode,

Criconemoides sp.; the dagger nematode, Xiphinema sp.; and the pin nematode,
Paratylenchus sp. Their detrimental efTects to turf have not been studied in
s ufficient detail to determine their econo mic impo rtance to Califo rnia turf
species.

Rool-Imot nematode
(Meloidogyne in cognita)
on didlOndra.

DETECTI NG PLANT PARASITIC NEMATOD ES

The only way to detect a potential nematode disease of turf roo ts is by
properly processing a soil and root sample. A sample consists of several soil
cores, 1 to 2 inches in diameter and 6 to 8 inches in depth, taken in the area
where the nematode problem is suspected. Include the turf roots with the soil.
Place all soil cores from the suspect area in a single plas tic bag and sea l it to
prevent drying. Take similar samples in adjacent apparently problem-free turf
so you will be able to compare the nematodes found in the two areas. Label the
sample bags carefully to maintain the identity of each individual sample. Keep
the samples cool and transport them to a diagnos tic laboratory as Soon as
possible, preferably the same day the samples are taken. Remember, keep the
samples cool and don't allow them to dry out.
Your local farm advisor can give you a list o f commercial laboratories in
California that will test for and identify nematodes. Most laboratories provide
a quantitative measure of th e plant parasitic genera in each sample.

CONTROL
Plant-pathogenic nematodes on turfgrasses are controlled by the same
methods used for their control on most other crops: quarantine and preplant
or postplant measures.
Quarantine. Nematodes move very slowly in soil, possibly only a foot or
two a year under their own power. Humans are the major disseminators of
nematodes. In a turf nursery or landscaped area, nematodes spread easily with
cultivation, watering, and the transfer of contaminated plants within a landscaped area. The first precaution, therefore, is to avoid introducing nematodes
into uncontaminated areas. The turf grower may employ a self-imposed quarantine to avoid introducing nematode-infested soil or rootings into areas free
of the pest. This self-imposed quarantine by the turf grower, landscape gardener, or homeowner is the simplest and most economical means of controlling potential nematode problems, provided the land is free of the pest.

•

•

Preplant control. When a IUrf nursery is to be established in barren soil
or when the soil around a newly constructed home is infested with nematodes
that are pathogenic to turf, a preplant nematode control program may be used .
The compounds listed in Leaflet 2209 (Guide to Turfgrass Pest Control) will
control nematodes. Some compounds will control other potential pests as well,
including weeds, fungi, bacteria, and insects. When considering the large investment required to establish a turfgrass nursery or planting turf around a home,
the most practical approach would be to control all potential pests possible
before introducing the desired plant species, even though the initial cost of
treatment may be high. The labor costs for weeding alone, as an example, in a
newly established turfgrass nursery or home lawn can easily offset the initial
cost of a broad-spectrum biocide such as those listed in Leaflet 2209. If nematodes are your only concern, a specific nematicide may be used for a reduced
cost.
Postplant control. Some states make postplant recommendations for
the control of various nematode diseases of turf. However, because research
data in California are incomplete, no University recommendations can be made
for postplant turf treatments for nematode control. If nematodes are detected
in an established IUrf and the grower wishes to attempt a postplant control
program, small areas may be treated with registered chemicals and compared
with nontreated areas for plant response and actual nematode controL Your
local farm advisor, University of California Cooperative Extension nematology
specialist, or Experiment Station nematologist can suggest compounds for
control measures and provide assistance in evaluating the experimental
treatments.
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6
Fungal Diseases
ARTHUR H. MCCAIN, EXTENSION PLANT PATHOLOGIST,
UNIVERSITY OF CALIFORNIA, BERKELEY
ROBERT

M.

EN DO, PROFESSOR OF PLANT PATHOLOGY,

UNIVERSITY OF CALIFORNIA, RIVERSIDE
HOWARD

D. Orm,

EXTENSION PLANT PATHOl.OGIST,

UNIVERSITY OF CALIFORNIA, RIVERSIDE

Most of the serious turigrass diseases in California result from infection by microscopic fungi. Fungi are low forms of plant life. Threadlike, devoid
of chlorbphyll, and incapable of manufacturing their own food, they live oil
,dead or living plant or animal matter. Most fungi produce spores (seedlike
bodies) and other structures resistant to adverse conditions. For example,
sclerotia may be spread by wind, water, mechanical means such as mowers, or

infected plant material such as grass clippings .
• Spores, sclerotia, and vegetative threads (hyphae) require moisture and a
favorable temperature to form new fungus threads, which grow over the surface of the plant or within it. These requirements mean that fungal diseases of
grasses are most common during the rainy season and when irrigation moisture or dew remains on the leaves for long periods. Since fungi cannot develop
without moisture, proper irrigation is the key to controL water early in the
morning rather than late in the evening; deep, infrequent watering is better
than shallow, frequent watering. Some diseases are favored by high temperatures, while others are most destructive during the cooler months.
Most turfgrass diseases are easier to prevent than to cure. To minimize
the possibility of disease, plant the right kinds of grasses for your particular
climatic zone. Weakened, ill-adapted grasses are susceptible to certain fungi
and to stresses such as drought and hot, dry winds.
Recommended cultural practices such as mowing, fertilization, irrigation, aerification, and the like will help prevent diseases by maintaining a
vigoronsly growing turf. A properly maintained turf generally sustains less
severe damage from diseases and is able to recover more qUickly than one that
is poorly managed.
One cultural practice that is closely tied to disease prevention is fertilization-specifically, the amount of nitrogen applied. Too much nitrogen can
result in soft, lush growth of the grass, a condition favorable to some diseases.
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On the other hand, turf that has insufficient nitrogen will be susceptible to
certain other diseases.
When you cannot obtain disease control by cultural methods, certain
fungicides are recommended. Fungicides are usually most effective if applied
before the disease becomes severe; later treatments will require higher rates
and more frequent applications.
Every year, new and improved products become available. Therefore, we
mention no specific fungicides here. Certain recommendations for chemical
control of specific turfgrass diseases can be obtained from the University of
California farm advisor in your area and from ue Division of Agriculture and
Natural Resources Leaflet 2209 (Guide to TUlfgrass Pest Control).
ANTHRACNOSE
Symptoms. Irregular patches of diseased turf 2 to 12 inches in diameter.
Leaf blotches are brown, fading to light tan. Fungus forms minute black fruiting
structures (acervuli) on elead grass blades. All turfgrasses are susceptible.

•

·Cause. Anthracnose is caused by Colletotrichum graminicola. It" is most
severe under high temperatures (80 0 to 90°F), wet conditions, and low soil
fertility.

Control. Apply adequate, balanced nutrients. Reduce irrigation frequency,
• consistent with vigorous growth. Several fungicides may be helpful when the
disease is particularly severe.
DOLLAR SPOT

SymptonlS. Small, circular areas of turf about 2 inches in diameter are
affected. Spots may merge to form large, irregular areas. Leaves are watersoaked at first, later turn brown and, finally, straw-colored. Fine, white, cobwebby fungus threads may be seen in early morning on the infected grass.
Cause. Sc/erolinia homoeocarpa, a fungus that survives in the soil by
means of sclerotia, is the causal agent. The disease is common near or along
the foggy coast, especially on bentgrass. Moderate temperatures (60° to 800F),
excess moisture, and excess mat and thatch favor dollar spot. Nitrogen-deficient
turf deVelops more dollar spot tban adequately fertilized turf.

Control. Keep thatch to a minimum. Water only when needed and to a
depth of 4 to 6 inches. Apply adequate nitrogen. Fungicides are usually necessary to control this disease, especially on closely clipped grass such as golf
greens. The fungicides are most e1kctive if applied in the early spring and fall
bei'lre disease deVelops.
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Dollar spot damage to
bentgrass (Agrostis spp.).
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FAIRY RING
Symptoms. A dark green band of turf develops in a circle or semicircle;
mushrooms mayor may not be present. Frequently, just behind the dark green
band is an area of sparse, brown, dying grass, caused by lack of water penetration. Weed invasion is common. All turfgrasses can be affected by fairy ring,

but the effects may be less on grass species with long stolons.
Cause. Several species of mushroom-forming fungi cause fairy ring. In
northern and central California, the predominant fungus is Marasmius arcades;

in southern California, Lepiota spp. Fairy ring develops most frequently in soil
that is high in organic matter, such as undecomposed thatch.

Control. Apply adequate nitrogen. Remove thatch periodically. Aerate
soil to improve water penetration and apply water heavily in holes every day
for 3 to 10 days. It is possible to eliminate fairy ring fungus from soil by
removing turf and fumigating the soil with volatile fumigants. However, this is

a dangerous, expensive, and involved process and should be done only by a
licensed speCialist. Surfactants (wetting agents) may help water penetrate
through the area affected by fairy ring .

I
r

•

•

FUSARIUM BLIGHT COMPLEX

Symptoms. The disease symptoms appear in hot weather during summer and early fall as small, circular areas of a few inches to a foot in diameter in

which all or nearly all the plants within the circle have a root rot. The crown or
basal area of the dead stems appears brown or black, and this tissue is hard
and tough. The dead foliage becomes bleached in appearance. The disease
principally attacks certain bluegrass cultivars, including Poa annua.
Cause. The fungus Fusarium roseum f cerealis survives in the soil and
turf as resting spores (chlamydospores). It is spread in infected clippings or as
spores on contaminated equipment. Hot, dry, Windy weather is especially favorable for expression of the new disease because infected stem bases do not

allow moisture to reach the upper portions of the plant. The disease occurs in
areas that have been stressed for moisture and areas in full sun, and is also
favored by excessive nitrogen fertilization.

Control. Irrigate frequently in summer and early fall to avoid moisture
stress in the plants. Avoid heavy nitrogen applications. Use resistant varieties.

No complete control with fungicides has been attained in Calilornia.
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Fairy ring symptoms.

Fusarium blight on
annual bluegrass (Poa
annua): circular spots of
diseased turf

Fusarium bligllt on
annual bluegrass (Poa
annua): dose-up of a
diseased spot. Detail:
crown rot stage

FUSARIUM PATC H

Symptoms. This disease appears as roughly circular, dead patches 1 to 2
inches in diameter, w hich may enlarge to 12 inches. Leaves first become water-

soaked and then turn redd ish brown, then bleached. Minute, white or pinkish,
ge latinous spore masses occaSionally are seen on dead leaves. Fungus threads,
also white o r pinkish, may be seen in early mo rning. The disease is common
on annual bluegrass, Poa annua, and bluegrass. Ryegrass, bentgrasses, and
fescues are also s usceptible.

Cause. The fungus, Fusarium "ivale, probably survives the hot, dry summer months as resistant hyp hae in the tu rfgrass debris. Cold (32° to 60°F),
moist conditions such as prolonged rainy periods in winter favor the disease,
which usually appears first on shaded plants. The disease is common in northern and central California in the winter, but is rare in southern California.

Control. Reduce shade and improve soil aeration and water drainage.
Avoid excess nitrogen fertili zation , especially in the fall. Fungicides are more

effective if applied late in the fall, before the disease develops .

•

Fusarium patell damage
to bentgrass
(Agrostis spr.).
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LEAF BLOTCH (BERMUDAGRASS)
Symptoms. Tiny, purplish to reddish spots occur on leaf blades and lea f
sheaths. Seedlings are very susceptible, but growing plants rapidly become
resistant. Affected seedlings wither, turn brown, and die. Roots and crown may
develop small lesions. Only bermudagrasses are susceptible.
Cause. The fungus Helminthosporium cynodontis is sim ilar to H. vagans
and H. soro/linianum. It probably survives in infected bermudagrass plants and
debris as hyphae and as spores, though it may be seed borne.
Control. Leaf blotch damages yo ung seedlings or adult plants that have
been weakened by excessive thatch, defici ent nitrogen, and unfavorable condi-

tions. Remove thatch and thin the turf at regular intervals. Apply adequate
nitrogen.

LOOSE SMUT
Symptoms. In this disease of common bermudagrass, the flower heads

are replaced by masses of dark spores.
Ca~e. The fungus, Ustilago cynodontis, remains in infected plants the
yea r round. Spores infect germinating seeds and young stolons but show symp-

to ms prinCipally at flowering. The disease is most prevalent in warm weather

and under conditions that promote flower ing.
Control. Keep grass growing vigorously and remove flower heads by
mowing before spores are produced. Because fungus spores may cling to seeds
or occur in soil, seed treatment with suitable fungicides will prevent infection

from seed borne or soilborne spores.

MELTING OUT (BLUEGRASSES)
Symptoms. Circular to elongated, purplish or brownish spots with strawcolored or brown centers occur on leaf blades, leaf sheaths, and stems. Leaf
spots are general, indicating spread by wind borne spores. Frequently, crown
and roots are attacked. Crown-infected plants weaken, and many die during
hot, dry, windy weather, resulting in a thinning out of the turf in scattered
areas. Although common Kentucky bluegrass is very susceptib le, several
improved cultivars are resis tant.

Cause. Melting out is caused by Helminthosporium vagans, which probably survives in infected plants or debris as fungus threads and as spores. It also
may be seedborne. Cool (50" to 70°F), moist conditions favor the disease,
which first appears on shaded plants and is most severe on closely clipped turf.
Sometimes it is found on plants growing on compacted soils. This disease is
common in the wet winter months, especially in coastal northern and central

California.
Control. Reduce shade and improve soil aeration and water drainage.
Avoid driving heavy equipment on soils. Do not mow bluegrass lower than 11/2
inches. Several fungicides are helpful in controlling melting out if applied
when the disease first appears. It is important to reduce the crown infections

that are responsible for the death of the plants.

MELTING OUT (OTHER GRASSES)

Symptoms. Melting out of bentgrasses, fescues, ryegrasses, and bermudagrasses is caused by Helminthosporium sorohinianum (= H. sativum), which
also attacks bluegrasses. The symptoms are similar to those of melting out
caused by H. vagans, except leaf spots usually show brown rather than strawcolored centers, and borders of spots are purplish to dark brown.

•

Cause. High temperatures (70 0 to 90°F), dew, and high humidity favor
the disease, which first appears on plants stressed for moisture and in areas of

full sun. The disease causes more damage on closely clipped turf, espeCially in
the spring and summer in southern California. Plants die of crown infection,
usually during hot, dry, windy weather.
Control. Control is the same as for H. vagans. Mow grass to recommended
heights. Do not allow plants to become stressed for moisture.

POWDERY MILDEW

Symptoms. Grey-white, cobwebby growth appears on upper leaf surface, at first in isolated patches, and spreads to give a grey-white appearance to
leaves. In advanced stages, leaf blades may turn pale yellow. All turfgrasses are
susceptible, but the disease is most severe on Kentucky bluegrass.
Cause. Powdery mildew is caused by Erysiphe graminis. It is most severe
in shady areas with bigh humidity and poor air circulation and with air temperatures of about 65°F.
Control. Improve air circulation and reduce shading.
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Melling out disease on
Kentucky bluegrass
(Poa pratensis).

Powdery m i'dew on
Kentucky bluegrass (Poa
pratensis): uninfected
area corltrasted to sur~
rounding infected area.

Close~up of KentudlY
bluegrass (Poa pratensis)
lea ves infected with
powdery mildew.

•
PYTHIUM BLIGHT (GREASE SPOT)

Symptoms. In advanced steps, the turf is killed in small, roughly circular spots (2 to 6 inches) that tend to run together. Blackened leaf blades wither
rapidly and turn reddish brown. Leaf blades tend to lie flat, stick together, and
appear greasy. Roots may be stunted and brown, especially at the tips. In mild
stages, plants may be weakened and more susceptible to other diseases. All
turfgrasses are subject to attack by the fungi that cause grease spot.
Cause. The fungi that canse grease spot are called "water molds" because
the excessive free water essential [or fungal development may weaken the
plants, favoring severe disease development. Several species of Pythium may be
involved, especially P aphanidermanlum. The causal fungi produce thick-walled
sexual spores that survive lor long periods in the soil. Because the fungus
depends on excessive free moisture, grease spot usually appears in low spots
that remain wet. It is also more common on heavy soils. Pythium aphanidermanlum can spread very rapidly at high temperatures (80° to 100°F) and
cause severe damage; other species of Pythium may cause damage during madera.tely wann weather.
Control. Reduce shading and improve soil aeration and water drainage.
Water, when needed, to a depth of 4 to 6 inches. Several fungicides are available.

RED THREAD

Symptoms. Turf is usually affected in patches 2 to 15 inches in diameter,
but the disease may appear generally over a large area. Pink webs of fungal
threads bind leaves together and pink, gelatinous fungal crusts If4 to 3/4 inch
long may be seen projecting fi'om leaves. Plants usually are not killed. Bentgrasses, bluegrasses, fescues, and ryegrasses are susceptible.
Cause. Red thread is caused by Laefisaria fuciformis, which overseasons
as pink or red, gelatinous crusts of fungal threads. Disease commonly occurs
along the coast of northern and central California, but rarely in southern
California. Red thread usually appears on plants deficient in nitrogen and
during periods of prolonged, cool, wet weather.
Control. Apply adequate nitrogen and reduce shading. Fungicides, if
applied at the earliest stages of the disease, will prevent further development.
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Pythium grea_~e spot on
anrwa l bluegrass (Poa
ann ua): infected spots
surrou nded by healthy
grass.

Close-up of turf damaged
by pythium grease spot.

Red thread (close- up).

RHIZOCTONIA BLIGHT (BROWN PATCH)

Symptoms. Areas of turf affected with brown patch consist of irregular
brown areas that may range from a few inches to many feet in diameter. The
center of a spot may recover, resulting in a ring of diseased grass. Leaves and

sheaths turn olive-green, wilt, become light brown, and then die. Stems, crowns,
and roots may also be infected. In light attacks, roots and crown usually are not
involved and plants recover. All lawn grasses are susceptible.
Cause. Brown patch is caused by the soil-inhabiting fungus Rhizoctonia
solani and other Rhizoctonia species. The fungi are active as fine threads (hyphae)
that survive in the soil or in and on the turf. Resting structures (sclerotia)
composed of hard masses of fungus threads resist adverse conditions and are

difficult to control with fungicides. The disease is favored by excess thatch and
mat, high temperatures (75° to 90°F), high humidity (99 to 100%), and the
soft, lush growth caused by excess nitrogen. The disease is most common in

summer and in warm, inland areas. A cold (40° to 60°F), wet-weather form of
the disease is more rare.
Control. Reduce shading and improve soil aeration and water drainage.

" Water, when needed, to a depth of 4 to 6 inches if possible. Check this with a
soil probe, since excess turf debris may keep water from penetrating, as may

an unfavorable soil type or too rapid an application of water. Avoid excessive
"l1itrogen fertilization, since it encourages soft growth of tlie foliage. Fungicides
are more effective as preventive applications, but will also stop the disease in

progress.

RUST

Symptoms. Elongated, reddish brown to orange pustules containing
spores appear on the stems, leaves, and leaf sheatlis. Reddish brown to orange
spores adhere to fingers wlien pustules are rubbed. Some bluegrass varieties
are particularly susceptible, thougli ryegrass is commonly infected.
Cause. Puccinia striijormis, P. gram in is, and P. coronata overseason in
infected grasses. The airborne spores may be carried long distances. Cool to
moderately warm, moist weather favors rust development. Condensed mois-

ture, even dew, for 10 to 12 liours is sufficient to allow spores to infect plants.
Control. Keep plants growing rapidly by applying nitrogen fertilization
and irrigating. Most of the infected portions of leaves are removed by weekly
mowing, and the spores trapped inside tlie mowed leaves die out rapidly.
Removal of grass clippings from tlie turf may lielp.
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RhizoClOtlia blight
(brow,1 patdl).

Rust on bluegrass.

SEED ROT, DAMPING-OFF, AND ROOT ROT
Symptoms. Seed may rot in the soil or the young grass seedlings may be
killed (damp-off) before or after emergence. Seed rot is not mushy but rather
finn. In damping-off, seedlings at first are water-soaked; then they blacken,
shrivel, and turn brown. Many affected seedlings are not killed but appear
yellow and stunted, with markedly reduced root systems. All types of grasses
are subject to seed rot and damping-ofr.
Cause. Seed rot, damping-ofr, and root rot are caused by several species
of l'yl.hium, by Rhizoctonia solani, and by Helminthosporium species. They are
favored by excessive moisture, excessive nitrogen, seeds sown too deeply, and

seeds of low Viability sown above the recommended rates, especially during
periods unfavorable for seed germination and growth.
Control. Improve soil aeration and water drainage. Do not overwater.
Sow only fresh, healthy seed at recommended rates and seasons. Do not allow
a soil crust to {arm. Additional fertilizer should not be applied until after the
grass seedlings are established. Treat seed with one of several fungicides. Have
a qualified expert fumigate the soil with a volatile fumigant before planting.
Soil fumigation also kills weed seeds, insects, and nematodes .

•
SOUTHERN BLIGHT
Symptoms. Circular areas and rings of dead grass up to 9 feet in diameter occur in turf that usually is heavily thatched. These rings result hum the
outward growth of the causal fungus and the grass that recovers in the center

(much like fairy ring). Inspecting the base of an affected grass plant within the
ring while the fungus is active will reveal abundant white mycelial growth and
small ('In- to ';',,-inch) spherical, light to dark brown sclerotia resembling
mustard seeds. During late stages of the disease, only the brown sclerotia may
be seen on the thatch. Because dead rings of grass can be caused by other
fungi, the sclerotia are diagnostic.

I

Cause. Southern blight of turf is caused by the fungus Sclerotium rolfsii.
In California, this fungus is known to attack ryegrasses, fescues, bentgrasses,
and bluegrasses. Sclerotium rolfsii has a wide host range. It also attacks dichondra and many [()od crop plants. Formerly, it attacked only dichondra lawns,
but, in recent years the fungus has been {ound attacking turfgrasses.
Control. Southern blight is becoming Widespread in the central and
southern regions of California and is favored by warm or hot weather, by
moisture, and especially by thatch accumulation. The fungus is inactive in cold
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Southern blight on mixed
grasses: characteristic
ri ngs of dead grass.

Sclerotia of the ca usal
fungus of southern blight,
Sclerotium rolfsii.

weather. Because the sclerotia can act as "seeds" to spread and lllltlate the
disease, take care to prevent their movement or the movement of infected
plant parts. Effects of the disease may be reduced by good cultural practices.
Thatch should be kept to a minimum by verticutting. However, aerating and
verticutting equipment can spread sclerotia and infected plant parts.

SPRING DEAD SPOT

Symptoms. Circular areas of dead grass 6 to 12 inches in diameter occur
as the turf resumes growth in the spring. Spots may coalesce to form large
areas. The fungus survives in debris as hyphae and sclerotia, and is spread by
sclerotia and infected plant parts. All bermudagrasses are susceptible but the
disease is more severe on the hybrids.
Cause. Spring dead spot is caused by Leptosphaeria horrae. It is most
severe during the winter when bermudagrass is dormant.
Control. Maintain healthy turf to speed recovery. Aerating and verticutting can spread the fungus .

•
STRIPE SMUT

Symptoms. Infected plants are often pale green and stunted, with long,
black stripes consisting of fungal spore pustules in the leaves. Infected leaves
curl, become shredded, and die. The disease is lavored by moderate temperatures and is prevalent in the spring and fall. Infected plants may die in hot, dry
weather. Although common on some bluegrass varieties, the disease also affects
bentgrasses.
Cause. Spores of Ustilago striiformis from the leaves frequently contaminate seeds; germinating spores may infect seedlings and young tillers. The
fungus stays in a diseased plant from year to year.
Control. Some resistant bluegrass varieties have been developed. Seed
treatment with selected fungicides will control the seedborne phase. A systemic fungicide is available.
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Spring dead spot on a
home lawn. Detail:
close ~ up of infected plant.

Stripe smut: infected

bluegmss.

•

Stripe smut: infected
bennudagrass.

TAKE-ALL PArCH
Symptoms. Circular or ring-shaped dead areas range from a few inches
to 3 feet or more in diameter. Dying bentgrass at the advancing margins has a

purplish tinge. The roots of diseased plants are rotted. Black strands of mycelimn are visible on the surface of roots. Large black perithecia visible with a
hand lens may occur on dead tissue. This is principally a disease of bentgrass.
Cause. The fungus Gaeumannomyces graminis var. avenae survives in
grass debris and living grass plants. In California, take-all patch mainly occurs
in the late fall and winter. Soil conditions that favor the disease include light
texture, low organic matter, low or unbalanced fertility, and high pH. The
disease is also favored by high moisture conditions.

Control. Improve growing conditions, drainage, pH, and fertility to limit
the disease. Replant with less susceptible grasses .

•

Take-all patch

surrounded by healthy
turf
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7
Rodents and Related
Vertebrate Pests
TERRELL S ALMON , EXT ENS ION WILDLIFE S PECIALIST,

UN IVE RSITY OF CALIFORNIA , DAVIS

In

many situations, wildlife species are welcomed. However, they can be
an economic threat in turf and landscape areas, and in these situations they
must be controlled.
Rodent and related pests of turfgrass eat the above- and below-ground
paris of grasses, plants, and trees. Their burrowing and mounding, particularly
that of pocket gophers, disrupt maintenance operations, and in some cases
actually cause damage to mowing equipment. Mounds also cover and kill
nearb¥ plants. Burrowing can damage structures, roads, and pathways as well.
Not only is this damage expensive to repair, it may result in human injury (e.g.,
turning an ankle on a rodent burrow).

POPULATION CONTROL
When pest population control is necessary, develop an integrated approach based on knowledge of the animal's ecology and behavior as well as
information on all available control techniques. This type of integrated pest
management (IPM) program will result in an enVironmentally and economically acceptable approach that will Significantly reduce damage to turfgrass.
Some people would institute control measures whenever pests occur. While
this is appropriate for some wildlife pests in certain situations, a good IPM
program is based on monitoring the pest to determine when control is necessary. When the population denSity reaches the threshold level- the level at
which control is economically justified-control should be undertaken. Unfortunately, no threshold levels for rodent and other vertebrate pests in turf areas
have been determined. Because of the nature of their damage to these areas,
the tolerable level is very low, in some cases, zero.
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The timing of a control program, as well as the methods and materials to
use, depend on (1) the pest species, (2) how the area is managed, and (3) the
availability of equipment and labor, as well as other factors. For specific information on pesticide solutions to problems caused by these animals, see
UC Division of Agriculture and Natural Resources Leaflet 2209 (Guide to Turfgrass Pest Control).
Legal restraints. Ground squirrels, meadow voles, moles, and pocket
gophers are classified as nongame mammals by the California Fish and Game
Code. If you find them injuring or threatening your crops or other property,
you may take them in any manner. You must satisfy special provisions of the
California Fish and Game Code if you wish to use leg-hold, steel-jawed traps.
These traps are not recommended for small rodents or rabbits.
Jackrabbits are game mammals according to the California Fish and
Game Code. If they injure growing crops or other property, they may be taken
at any time or in any manner by the owner or tenant of the premises. Cotton-

•

tail (brush) rabbits are also game mammals, and may be taken by the owner or
tenant of the land, or by auy other person authorized in writing by such owner
or tenant, when the rabbits are damaging crops or forage. Any person other
than the owner or tenant of the land must be carrying written authority from
the owner or tenant at the time rabbits are transported from the property.
The rabbits cannot be sold.
The California Fish and Game Code lists skunks as nongame mammals
and raccoons as furbearing mammals. Waterfowl are migratory game birds.
Check with the local fish and game warden if you need to control any of these
animals.

GROUND SQUIRRELS
The California ground squirrel (Spermophilus beecheyi) inhabits most
cultural and rural areas of California. Ground squirrels damage many foodbearing and oruamental plants. They damage young shrubs, vines, and trees
by gnawing bark, girdling trunks, eating twigs and leaves, and burrowing
around roots. Squirrels also gnaw surface-type plastic irrigation pipe.
Burrowing is probably the most destructive aspect of ground sqUirrel damage to turfgrass. In the process of digging burrows, ground sqUirrels heap up
large mounds of soil and rock that may bury and kill grass or other small plants.
Burrows make the turf difficult to mow and present hazards to machinery.
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Gro und squirrels frequently burrow around trees and shrubs, damaging the
root systems and sometimes killing plan ts. Burrows beneath buildings and
o ther s tructures can also cause damage.

Ground squirrels can transmit diseases such as tularemia and plague to
humans, particula rly when squirrel populations are dense. Do not handle dead
squirrels. If you notice an unusual number of dead squirrels, notify public
health offi cials.
Ground squirrels live in a wide variety of habitats, but populations may
be particularly dense in areas dis turbed by humans, such as road or ditch
banks, fence rows, near buildings, and in or near many crops. They usually
avoid thick chaparral, dense woods, and wet areas, and they live in colonies of
2 to 20 or more animals, spending much of their time in underground burrows.
Ground squirrels are active during the day and are easy to spot, especially in warm weather, fro m spring to fall. During winter, most ground squirrels hi bernate, but some young squirrels remain active, especially where wi nters
are not severe. Most adults go into a summer "hibernation" (estiva tion) during
the hottest times of the yea r.
Ground squirrels reproduce once a yea r in early spring. Litter sizes va ry,
but seven to eight young a re average. The yo ung remain in the burrow for
about 6 weeks before they emerge.
•
Ground squirrels are primarily vegetarians. During early spring, they
consume green grasses and forbs. When the vegetation begins to dry, squirrels
eat seeds, grains, and nuts .

•
CONTROL
When ground squirrels cause damage, you can institute a control program suitable for the situation and time of year. Figure 1 shows the activity
cycle of ground squirrels, and indicates when control measures are appropriate. Such a program should result in Significant reductions in your area's
squirrel population.
Fumigation. You can kill ground squirrels in their burrows with seve ral
types of toxic gas, some of which require special permits from your Coun ty
Agricultural Commissioner. Fumigation should not be used beneath buildings.
It is most effective in the spring or at other times when soil moisture is high.
The soil moisture contains the gas within the burrow system and prohibits its
diffusion into the sm all cracks often present in dry soil.
Ground sqUirrels have large burrows that can have several entrances.
Treat all entrances and then seal them. Re-treat any newly opened burrows.
Fumigation is ineffective during periods of hibernation and estivation, because
at those times squirrels plug their burrows with soil. The plug is not obvious to
a person examining th e burrow entrance.
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Fig. 1. Many control methods

are effective against ground
squirrels only at certain times
of the year. This chart shows
the yearly activities of the
California ground squirrel, and
favorable times for baiting,
trapping, and fumigating.

Green Forage
Seeds
BEST TIME fOR CONTROL

fumlgallOn

Trappmg

Gases emitted from some fumigants occasionally ignite, creating a fire
danger. Do not use such fumigants where a significant fire hazard existsunder buildings or near dry grass or other flammable materials.
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Toxic baits (rodenticides). Some toxic baits are available over the counter, and others require a permit h'om your County Agricultural Commissioner.
When you use toxic baits or any other rodent control materials, follow label
instructions carefully.
Anticoagulant baits are recommended for control of ground squirrels
because they are both effective against the pest and relatively safe to humans
and pets. Anticoagulants interfere with an animal's blood-dotting mechanism,
eventually leading to death. They are effective only when consumed in several
feedings over a period of 5 or more days. Effectiveness is greatly reduced if 48
hours or more elapse between feedings. These features, as well as an effective
antidote (vitamin K,), make the use of anticoagulant baits relatively safe.
Anticoagulant baits can be used in either of two ways: in bait boxes or by
repeated broadcast baiting. Bait boxes are small structures that the squirrel
must enter in order to eat the bait (fig. 2). A box contains sufficient bait for
repeated feedings, and helps keep children and pets from reaching the bait.
The bait box is the preferred baiting method around homes and in other areaS
where children, pets, and poultry are present. Follow the product label regarding construction and placement of bait boxes.
There are several things you should consider when you are designing a
bait box for ground squirrels. The entrance hole(s) should be about 4 inches
across to allow access to squirrels but keep out larger animals. Construct a lip
to prevent bait from spilling out of the box when squirrels exit. Provide a lock
on the box or devise some other method that will make it difficult for children
to open the box. The bait box should be secured so that it cannot be turned
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over or easily removed. A self-feeding arrangement will ensure that the pest
gets a continuous supply of bait.
Place bait boxes in areas frequented by ground squirrels (near runways
or burrows, for example). If ground squirrels are noticeable throughout the
area, space the boxes at intervals of 100 to 200 feet. Initially, inspect bait
stations daily and add bait if all is eaten overnight. Fresh bait is important. It
may take several days before squirrels become accustomed to and enter the
bait box. Anticoagulant bait generally takes 2 to 4 weeks or more to be effective. It does not immediately affect feeding habits of squirrels. Continue baiting
until all feeding ceases and you observe no squirrels. Pick up unused bait and
s tore it according to label ins tructions upon completion orthe control program.

Repeated spot baiting (without a bait box) with anticoagulant bait can be
effective in controlling ground squirrels. Follow label instructions. Generally,
three o r more treatments are necessary. If spo t or broadcast baiting is not
specified on the product label, do not use this baiting method.
Anticoagulant baits have the same effects on nearl y all warm-blooded
animals, including birds. Cereal baits are attractive to some dogs as well as to
other nontarget animals, so take care to prevent their access to the bait. Danger

to children ane! pets can be reduced by placing bait out of their reach in a bait
~ox. Dead ground squirrels should be buried or put in plastic bags in the trash.
Single-feeding baits are also available for controlling ground squirrels.
They are effective after only one feeding. Control is usually achieved in 1 to 3
days. Apply Single-feeding baits by hand or with a mechanical broadcaster.
Phi'ce the bait near the ground squirrel burrow or at places where the squirrels
are feeding. Ground squirrels are good foragers and can easily fine! the broadcast grain. Do not pile bait, as this will increase the hazards to nontarget
animals. As with all pesticides, follow label instructions carefully.

~ __________

WOOdenbox ___________ F::~~::::~

approximate dimensions
12 in x 18 in x 12 in
entrance

,,

Fig. 2. A simple ground squirrel bait stationJor anticoagulant baits.
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Trapping. Traps are practical devices for control of gronnd squirrels in
small areas where the squirrels are few. Live-catch traps are effective but pose

a problem: How to dispose of the animal? Because ground squirrels carry
diseases and are agricultural pests, it is illegal to release them without a permit
from the California Department of Fish and Game.
Several types of traps kill ground squirrels. Most work best if you place
them on the ground near squirrel burrows or runways. Walnuts, almonds,
oats, barley, and melon rinds are attractive trap baits. The bait should be well
behind the trigger or tied to it. Bait the traps, but do not set them for several
days so the squirrels will become accustomed to them. Rebait when the squirrels begin taking the bait, and this time set the traps.
A box-type squirrel trap (fig. 3) kills ground squirrels qUickly. This trap
is available commercially or can be constructed from a gopher box trap. To
modify a gopher trap, lengthen the trigger slot with a rat-tail file or pocket
knife so the trigger can swing unhindered and the squirrel can pass beneath
the swinging loop of the uuset trap. Remove the back of the trap and replace it
with hardware cloth. This allows the animal to see the bait from both ends but
prevents it from entering the trap from the back. For a dual-assembly trap,
place two box traps back-to-back and secure them to a board (fig. 4) .

•

•

Fig. 3. Box-type squirrel trap.

l/2.-in hardware cloth

baiting area

Fig. 4. Multiple-catch box-type ground squirrel trap.
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Fig. 5. Conibear trap set

in a burrow entrance.
Secure the trap with a
starlc.

The Conibear trap is also an effective kill trap for ground squirrels. The
wire trigger permits the trap to be used either with or, more commonly, with• out bait. Place the trap so the squirrel will pass through it, tripping the trigger.
The best places to set the Conibear trap are directly in the burrow opening or
where physical restrictions in the squirrel runway will direct the animal through
tye trap (fig. 5). Do not place it where pets or other nontarget animals are likely
to pass. Wlien you use a Coni bear trap, leaVing the trap baited but unset will
have little effect on trapping success.
Other ground squirrel traps are available in some areas. With all traps,
take precautions to reduce the hazard of trapping nontarget wildlife, pets, and
poultry.
Natural control. As with all animals, natural constraints such as iuadequate food and shelter, predators, disease, and bad weather limit ground squirrel populations. Experience has shown, however, that in most environments

altered by humans, the point at which squirrel populations level off naturally
is intolerably high.
Ground squirrels generally are found in open areas, although they usually need some cover in order to survive. Removing brushpiles and debris not
only makes an area less desirable to ground squirrels, it also makes detection
of sqUirrels and their burrows easier, aids in monitoring the population, and
improves access during control operations.

Many predators-including hawks, eagles, rattlesnakes, gopher snakes,
and coyotes-eat ground squirrels. In most cases, predators are unable to keep
ground squirrel populations below the level at which they become pests. Predators sometimes can prevent ground squirrels from invading marginal habitats
where cover is not abundant.
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MONITORING GUIDELINES

Once you have controlled ground squirrel damage, establish a system to
monitor the area lor reinfestation. Observe from an isolated structure or automobile during the morning hours when squirrels are most active. Ground
squirrels may move in from other areas and cause new damage within a short
time. Experience has shown that it is easier, less expensive, and less time
consuming to control a population before it builds up to the point where it can
cause excessive damage.

MEADOW VOLES
Also known as meadow or field mice, meadow voles (Microtus californicus)
damage a wide range of plants, feeding and gnawing on trunks, roots, stems,
leaves, and seeds. They are common in rangelands and in many agricultural
crops, and sometimes invade turfgrass.

•

Meadow voles are small rodents with heavy bodies, short legs and tails,
and small, rounded ears. Their long, coarse fur is blackish brown to grayish
brown. When fully grown, a meadow vole is 4 to 5 inches long.
Meadow voles are active all year and are normally found in areas dense
with ground cover. They dig short, shallow burrows and make underground
nests of grass, stems, and leaves. The peak breeding period comes in spring,
with a second, shorter breeding period in falL Utters average four young.
Meadow vole numbers fluctuate from year to year; under favorable conditions,
populations increase rapidly. Most problems around turfgrass occur during
such times.

CONTROL

Preventing meadow vole damage usually requires a management program that restricts the population in the area. You can usually achieve this by
removing or redUcing the vegetative cover to make the area unsuitable [or

voles. By removing cover, you also make the voles easier to detect. These
animals can cause severe damage and they have a rapid reproductive rate, so
effective control depends on initiating a program of habitat modification or
population reduction before their numbers explode around or on turfgrass.
100

Habitat modification. A particularly effective way to deter voles is to
modify the habitat. Weeds, heavy mulch, and dense vegetative cover encourage meadow voles by providing food as well as protection from predators and
other environmental stresses. If you remove the protective cover, the area will
be much less hospitable for voles. By clearing dense grassy areas adjacent to
tudgrass sites, you can help prevent damage and reduce the base area from
which voles invade. Weed-free strips can also serve as buffers around protected
areas. The wider the cleared strip, the less apt meadow voles will be to cross
over and become established. A minimum strip width of 15 feet is recommended, but even that can be ineffective when vole numbers are high. Buffer
strips are most useful around young trees or shrubs, or in other areas where

the voles will have to remain in the open to feed.
Wire or metal barriers at least 12 inches high and with a mesh size of
0.25 inch or less will exclude meadow voles from turf areas (fig. 6). Meadow
voles rarely climb such fences, but they may dig beneath them. To prevent
digging, bury the bottom edge 6 to 10 inches deep .

•

Fig. 6. Small~me5h wire
attached to the bottom of a

fence will exclude meadow
voles.

Toxic baits (rodenticides). When meadow voles are numerous or when
damage occurs over large areas, you may need to use a toxic bait. Take care to

ensure the safety of children, pets, and nontarget animals. Follow product label
instructions carefully.
Anticoagulant baits are slow acting and must be consumed over a period
of 5 or more days to be effective. They are, therefore, probably the safest type

of rodent bait for use around developed areas. Many types and brands of
anticoagulant baits are available.

Because the pest must feed on most anticoagulant baits over a period of 5
days, the bait must be available until the vole population is controlled. Bait
placement is very important. Place it in runways or next to burrows so voles

will find it during their normal travel (fig. 7). Usually, baiting every other day
for 5 days will be sufficient. Be sure to broadcast the bait evenly over an
infested area if that application method is specified on the label.
If so stated on the product label, paraflln bait blocks can be used in
high-moisture areas. Place them in runways or near burrow openings, or both.
Replace them as they are eaten and remove those that remain when feeding

stops. Bait blocks should not be used where children or pets might find them
or pick them up.
Baits that require only one feeding are called single-feeding baits. They
• are particularly useful where vole populations are spread over large areas.
Place the bait in runways or next to burrows according to label instructions. A
potential problem with these baits is "bait shyness," a condition that results
)Vhen voles eat only enough bait to make them sick. If this happens, the voles
will not eat the bait again for 6 months or more. To prevent this, use the bait
according to label directions and do not treat with Single-feeding baits more
often than every 6 months.

Fig. Z Place bait in a
meadow vole runway or next
to a burrow opening.
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Fig. 8. Set snap trap
perpendicular to meadow
vole runway.

•

Single-feeding baits act qUickly. You may find dead voles withiu 12 hours
of baiting. Dispose of all dead voles by burying them or placing them in plastic
bags and putting them in the trash. Do not handle the dead voles with your
"bare hands.
Trapping. Trapping is seldom used for control of meadow voles in turf
areas. Sometimes, trapping can help you determine what species of animal is
present, however (fig. 8).
Natural control. As with all animals, natural population constraints limit
meadow vole numbers. Because populations will not increase indefinitely, one
control alternative is to do nothing, letting the voles limit themselves. Experience
has shown, however, that the natural population peak is often too high to
prevent damage.
Predators, especially raptorial birds, eat meadow voles. However, in most
cases, predators are unable to keep vole populations below damaging levels.

MONITORING GUIDELINES

To detect the presence of voles, look for fresh trails in the grass, as well as
burrows, droppings, and evidence of feeding. Routine monitoring of the surrounding area is important Pay particular attention to adjacent areas with
heavy vegetation, because such areas encourage population buildups.
]01
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MOLES
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Moles (Scapanus spp.) are small, insect-eating mammals, not rodents. In
California, moles inhabit the Sierra Nevada and Coast Ranges and their foothills, as well as the entire coastal zone. They are not generally found in the
Central Valley or in dry southeastern areas of the state. Moles live almost
entirely underground in networks of interconnecting tunnels 3 to 30 inches
deep. They feed mainly on worms, insects, and other invertebrates, but also eat
some roots, bulbs, and seeds. Their burrowing sometimes dislodges plants and
damages roots. Their mounds and ridges can be annoying in turfgrass areas.
Moles have cylindrical bodies with slender, pointed snouts and short,
bare or sparsely-haired tails. Their limbs are short and spadelike. Their eyes
are poorly developed and their ears are not visible. They have short, dense,
velvety fur. A mole bears one litter of three or four young early in spring.
The mounds formed by moles are pushed up from an open center hole.
The soil may be in chunks, and Single mounds often appear in a line over the
runway connecting them. Main runways are usually less than 2 inches in
diameter and may be 16 to 18 inches below the surface. Surface-breeding
• burrows appear as ridges that the mole pushes up by forcing, not digging, its
way through the soil just below ground level. Moles are active throughout'the
year, although surface activity slows during periods of extreme cold, heat, or
drought.

CONTROL
Moles are difficult to control. Of the various techniques available, you
may need to use a combination to control the pests.

Trapping. The most effective tool for mole control is the trap. Several
different mole traps are available at hardware stores, nurseries, or direct from
the factories.

By understanding the mole's behavior you can improve your trap set.
When its sensitive snout encounters something strange in the burrow, the

mole is likely to plug off that area and dig around or under the object. For this
reason, a trap generally straddles or encircles the runway, or is suspended
above it. Most mole traps operate on the theory that a mole will push its way
through soil that blocks its tunnel as it would in the case of a natural cave-in.
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The trap springs in response to pressure from the mole's body or the soil
pushed against a triggering plate.
Moles are active th roughout the year and can be trapped at any time.
Before setting mole traps, determine which runways are in current lise. M oles

dig a system of deep tunnels as well as a network of surface runs. Many of the
surface tunnels are used onl y temporarily in search of food. Trapping is most
successful in the deeper tunnels.
To determine where moles are active, look for the freshest mounds. You
can locate deeper tunnels by probing between, or next to , a fresh mole hill with
a pointed stick, slender metal rod, or standard gopher probe (fig. 9). When the
earth suddenly gives way to your probe, the probe has probably broken through
the burrow. Another method is to stamp down short sectio ns of surface runways. Observe these areas daily and restamp any raised sectio ns, remembering

the areas of activity. The selection of a frequently used surface runway is very
important if you plan to set traps in it.
Several types of mole trap are available in California. The SCissor-jaw type
(fig. 10) and the harpoon type (fig. 11) are the most often used. Moles have

Fig. 9. Probe between or near mole

mounds to firld the main runway.

7

the portion of th e tunnel under trap's

Fig. 11. Set the harpoon Irap so its
supportirlg sta Jl£s straddle tile runway.
This trap mily also be set in til e main
runway lihe the scisso r-jaw traJ' in

trigger

jigure 10.

Fig.

roo Set the scissor-jaw trap so it

straddles the runway. Remember to fill
Witll

loose soil.
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also been caught with gopher traps set in mole runways. Most trap manufacturers provide detailed instructions that you should follow carefully.
Set the scissor-jaw trap in the mole's main underground tunnel, usually 6
to 10 inches deep. Using a garden trowel or small shovel, remove a section of
soil slightly larger than the trap width (about 6 inches). Wedge the set trap,
with safety catch in place, firmly around the opened burrow. Take care that the
opened trap jaws do not protrude into the open ends of the mole's tunnel lest
the animal become suspicious. Now sift loose dirt onto the set trap to about
the level of the coil spring to exclude light from the opened burrow and make
the mole less suspicious of the plugged tunnel. Release the safety catch, and the
trap is set.

The harpoon trap will work in the deeper tunnels if you set it as described
for the scissor-jaw trap, filling the hole with fine soil. It can also be set on the
surface over an active runway ridge that has been pressed down under the

trigger pan.
Toxic baits (rodenticides). Because the mole's main diet consists of earthworms and insects, poisoning with toxic baits is rarely effective, However,

where a mole population covers a large area, poison baits may reduce the
population to some degree. If you choose this technique, you will probably
.need to follow it with trapping.
Other methods. People have tried Hooding or fumigating mole burrows
with various gases and chemicals, but with little success. If moles are deprived
of their toad supply, they will move to other areas to find food. Therefore, an
insect control program may indirectly result in reduced mole populations.
A number of other methods have been suggested to solve mole problems. These include placing irritating materials such as broken glass, razor
blades, rose branches, bleach, mothballs, lye, and even human hair in the
burrow, or using frightening devices such as mole wheels, vibrating windmills,
and whistling bottles. Another reported method is the use of repelling plants,
such as the gopher or mole plant (Euphorbia lathyris). None of these approaches
has proven successful in stopping mole damage or in driving moles from an
infested area,

MONITORING

GUIDELINE~

Once you have controlled damage, establish a system to monitor for
reinfestation. Mounds and surface runways are easy to detect, and either one
indicates reinfestation. Because mole damage is unSightly, the number of moles

that can be tolerated in turfgrass is usually quite low, sometimes nil. As soon
as you see an active mound or surface runway, initiate appropriate control.
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POCKET GOPHERS
Pocket gophers (Thornornys spp.) are stout-bodied, short-legged rodents,
well adapted for burrowing. They live Singly in extensive underground burrow
systems that can cover several hundred square feet. These burrows are about 2
to 3 inches in diameter, and usually run fro m 6 to 12 inches deep. Pocket
gophers often invade turf areas, ornamental plantings, and agricultural crops.
They eat a wide variety of roots, bulbs, tubers, grasses, and seeds, and sometimes even the bark of trees. Their feeding and burrowing can damage lawns,
ornamental plants, vegetables, forbs, vines, and trees. In addition, they may
damage plas tiC water lines and lawn sprinkler sytems; their tunnels can divert
and carry o ff irrigation wa ter and lead to soil erosion.
A pocket gopher can range in length from 6 to 12 inches. It has a thick
body with little evidence of a neck, and its eyes and ears are small. Its good
sense of smell helps it to locate food. The common name is derived from the
fur-lined external cheek pouches, or pockets, used to carry food and nesting
mateJ ials. The pocket gopher's lips can be closed behind its four large incisor
teeth, keeping dirt out of its mouth when it uses its teeth for digging.
Pocket gophers seldom travel above ground. You can sometimes see
them feeding, pushing dirt out of their burrow systems, or moving to new
areas. The mounds of fresh soil that result from burrow excavation indicate
their presence. Such mounds are usually crescent-shaped and are located at
the ends of short lateral tunnels branching fro m a main burrow system. One
go pher may create several mounds in a day.

CONTROL
Because of the nature of pocket gopher damage, a successful control
program depends on early detection and pro mptly applied measures appropriate to the location and situation. Most people control go phers in turfgrass
areas with traps or poison baits. A program incorporating these methods
should significantly reduce pocket gopher damage in your area.
Successful trapping or hand-baiting depends on finding the gopher's
main burrow. The crescent-shaped mounds visible above ground are connected to the burrow by lateral tunnels. Because the gopher plugs its lateral
tunnels, yo u will have little success trapping and baiting there.
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Fig. 12. A probe for locating pocket gopher tunnels can be built at home. The shaft may
be one piece or divided by a pipe coupling for convenient carrying.

To locate the main burrow, use a gopher probe. You can purchase a
gopher probe commercially or construct one from pipe, wooden dowel, or
stick. An example is shown in hgure 12. Look for the freshest mounds, since
they indicate recent gopher activity. You will usually see a small circle or
depression representing the plugged lateral tunneL This plug is generally
bordered on one side by soil, forming the mound into a crescent shape. Begin
probing 8 to 12 inches from the plugged side of the mound. When the probe
penetrates the gopher's burrow, it should drop suddenly about 2 inches. Often,
the main burrow will lie between two mounds. To locate the gopher's main
burrow, you will probably have to probe repeatedly, but your skill will improve
with experience.
Trapping. You can control pocket gophers with traps. Several types and
brands of gopher trap are available. The most common is a two-pronged
pincher trap (fig. 13) that triggers when the gopher pushes against a flat
• vertical pan. Another popular version is the squeeze-type box trap.
After you have located the gopher's main tunnel, open it with a shovel or
garden trowel and set traps in pairs facing opposite directions. This placement
will intercept a gopher coming from either direction. The box trap is somewhat easier to set but requires more excavation because of its size. Box traps
are useful when the diameter of the gopher's main burrow is small (less than 3
inches), because small burrows must be enlarged to accommodate wire traps.
All traps should be wired to stakes so you won't lose track of them. After
setting the traps, exclude light from the burrow by covering the opening with
dirt, sad, cardboard, or some other materiaL Fine soil can be sifted around the
edges to ensure a light-tight seaL If light enters, the gopher may plug the
burrow with soil, filling the traps and making them ineffective. Check traps
often and reset them when necessary. If no gopher is caught within 3 days,
reset the traps in a different location.
Toxic baits (rodenticides). Several pocket gopher baits are available.
Most are Single-feeding baits, such as strychnine and are generally effective
with one application, whether by hand or by mechanical applicator. Baits
containing anticoagulants are also available for hand baiting. They require
multiple treatments or one large treatment to be effective. All gopher bait is
poisonous and sl:. Alld be used with caution. Read and follow product label
instructions carefully.
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Fig. 13. To set the Macabee trap: (a) Iiold the tmp exactly as shown in the illustration;
be silre your jndex finger holds the trigger (arrow) up through the imp fram e; (b) press your
thumbs down to sprelld Ihe sharp jaws; use your index finger La guide the trigger hooll
(arrow) over til e end oj the trap fram e; (c) still holding the fram e down, place the olher erld
of tile trigger into th e small hole (ar row) in die plate; (d) place the set trap, sharp jaws
first , in to the gopher burrow.
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Hand baiting. Always place pocket gopher bait in the underground tunnel. After locating the main gopher burrow with a probe (fig. 14), enlarge the
opening by rotating the probe or inserting a larger rod or stick. Then place the
bait carefully in the opening, taking care not to spill any on the ground surface
(fig. 15). A funnel is useful for preventing spillage. Close the probe hole with
sad, rock, or some other material to exclude light and prevent dirt from falling

on the bait. Tamp down existing mounds so you can distinguish new activity.

If mound building continues for more than 2 days after treatment with a
Single-feeding bait, or for more than 7 to 10 days with an anticoagulant bait,
you will need to re-treat the burrow or use another control method.

Fig. 14. Use your probe to place pocket
gopher baits. When the probe suddenly
drops about 2 inches, you have located a

main tunnel. Enlarge the probe hole
enough to insert IJoisoned bait.

•
Mechanical baiting. The mechanical bait applicator (fig. 16) offers an
excellent way of controlling gophers over large areas with a once-over operation. This tractor-drawn device constructs an artificial underground burrow

and depOSits poison grain bait in it at preset intervals and quantities. The
artificial burrow will intercept most of the natural gopher burrow systems.
Gophers readily explore these artificial tunnels and will consume the bait. The
percentage of active ingredient in the bait is usually higher for machine baiting
than for hand baiting.
In turfgrass, the machine will cut the sad and leave a ridge. The machine
can be useful for controlling gophers in areas surrounding turf and in rough
areas where the ridge is not objectionable. With high gopher populations, the
machine may do less damage than a large gopher population. Soil moisture is
critical when you use the machine. If the soil is too wet, the tractor will bog
down. If too dry, the artificial tunnel will cave in, resulting in poor control. In
unirrigated areas, use the machine in late winter or early spring when natural

moisture is high. Even in turf, soil is often too dry unless the area is heavily
irrigated. For specifics on the machine and its use, consult University of California Division of Agriculture and Natural Resources Leaflet 2699 (Pocket Gopher
Control with Mechanical Bait Applicator), available from your local farm advisor's office or from Agriculture and Natural Resources Publications.
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Fig. 15. To probe and hand- baitfor pochetgophers: (a) use y our probe to find tlu~ gopher
burrow; (b) after youIeel a noticeable give, use the probe shaft t.o enlarge tile hole;
(c) insert afwUl el i'I LO the hole and slowly pour bait down the /unfl e' into the burrow;
(d) remove the fwm el and place a clod of di,-t over the hole to Modi any liglilfrom efllering
the tunnel.
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Fig. 16. The mechanical bait applicator mounts on a tractor's three~point hitch. When
lowered, the hollow shanr~ simultaneously forms a burrow {md deposits poisoned bait.

•

•

Other methods. Pocket gophers can easily withstand normal irrigation,
but flooding sometimes forces them out of their burrows where they become
vulnerable to predation (usually human). Fumigation with smoke or gas cartridges is usually ineffective since gophers quickly seal off their burrows when
they detect smoke or gas. Other fumigants may be effective, but little or no
published information is available on their use in California.
No repellents currently available will successfully protect turfgrass from
pocket gophers. The gopher plant (Euphorbia lathyris) has been suggested as a
repellent, but there is no conclusive evidence to prove its effectiveness. Attempts

to frighten gophers with sounds, vibrations, or other means are ineffective.
Predators, especially owls, eat pocket gophers, but in most cases they are
unable to keep pocket gopher populations below levels that cause problems in
turfgrass areas.

MONITORING GUIDELINES

Once pocket gopher damage has been controlled, establish a system to
monitor the area for gopher reinfestation. Level all existing mounds after the
control program and clean away weeds and debris so fresh mounds can easily
be seen. A monitoring program is important because pocket gophers can move
in [rom other areas, bringing new damage within a short time. Experience has
shown that gophers are easier, less expensive, and less time consuming to

control before they build up to populations that can do excessive damage.
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RABBITS
Rabbits can be destructive in turf and landscaped areas, especially when
their populations are high. Rabbits eat a wide variety of plants, including
grasses, grains, alfalfa , vegetables, fruit trees, vin es, and many ornamentals.

They also damage plastic irrigation systems.
Three rabbit species are common to California: the jackrabbit (lepus
calijornieus), the cotto ntail (5ylvilagus audubollii ), and the brush rabbit (5.
baehmalli). Because it is larger and more abundant, the jackrabbit is the most
destructive of the three.
A jackrabbit is about as large as a house cat. It has long ears, short [ra nt
legs, and long hind legs. Jackrabbits typically occupy open or semi-open lands
in Califon,ia valleys and foothills. They do not build nests but make depressions in the soil beneath bushes or other vegetation. When born , young jackrabbits are fully haired and their eyes are open. Within a few days, they can
move about quite rapidl y.
• Cottontail and brush rabbits are smaller and have shorter ears. They
generally inhabit places with dense cover, such as brushy areas, wooded areas
with some underbrush, or areas with piles of rocks or debris. Their young are
born naked and blind, and remain in the nest for several weeks.

CONTROL
A number of methods can be used to reduce rabbit damage. Physical exclusion, trapping, and poison baits are recommended for protecting turfgrass.
Exclusion. If properly built, fences can be very effective in keeping rabbits out of an area. A 30 - to 36-inch-high wire fence of a mesh no larger than 1
inch, the bottom of which is turned outward and buried 6 inches in the
ground, will exclude rabbits (fig. 17). The fence must include tight-fitting gates
with sills to keep rabbits from digging below the bottom rails. Keep gates
closed as much as possible, since rabbits can be active day or night. Inspect the
fence regularly to make sure rabbits or other animals have not dug under.
Poultry netting supported by light stakes is adequate for rabbit control, but
larger animals (especially livestock) can easily damage it. Cottontail and brush
rabbits will not jump a 2-foot fence. Jackrabbits ordinarily will not jump a
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Fig. 17. Rabbit fences must be attached securely into the ground. Burying the wire base

will help prevent rabbits from digging under.

fence this high unless chased by dogs or otherwise frightened. Discourage
jumping by increasing the aboveground height to 3 feet. Remember, once a
rabbit gets into the fenced area it may not be able to get out.
Toxic baits (rodenticides). Both single- and multiple-feeding poison grain
baits are available for jackrabbit control. Bait acceptance is often difficult, so
take care in developing and conducting the baiting program.
Place the bait in areas frequented by rabbits (near trails and resting and
feeding areas). Place bait according to label instructions for the particular
material selected. Single-feeding baits require prebaiting with unpoisoned bait.
This is extremely important because it conditions the rabbits to eat the bait
and also to feed regularly at the baiting site.
Trapping. Trapping is ineffective for jackrabbits because of their reluctance to enter a trap. Trapping with a box or similar trap can be effective for
cottontail and brush rabbits if their numbers are not great. Another simple
way to trap rabbits is to construct a small corral along a rabbit-tight fence
surrounding the protected area. Construct a short strip of fence at a diagonal
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to the main fence, funn eling the rabbits through a one-way gate into the corral.
Inspect the corral daily. Because rabbits can carry certain diseases and are

considered agricultural pests, it is illegal to release them in other areas.
Other methods. Guns or dogs can be effective in eliminating small numbers of rabbits. Best results are achieved in the earl y morning or in th e evening,
when rabb its are most active. Check loca l regulatio ns for any res trictions o n
shooting in you r area.

Natural control. Predators, especially hawks and coyotes, eat rabbits.
However, in most cases, these predato rs are unable to keep rabbit populations
below damaging levels.

MONITORING GU IDELIN ES

Rabbits are large and easily seen, but because they frequently feed in
darkness, you may have to examine the feeding area at night with a flashlight.
Additionally; look for such signs as droppings, trails, and feeding damage.
Gellerally, if rabbits are feeding in an area, droppings can be found nearby.
Rabbits observed nearby are likely to invade the turfgrass area when the
plantings become desirable to them. Therefore, consider exclusion methods or
poss i~ly an area-wide control program before damage actually occurs.

OTHER RELATED PESTS
Other vertebrate pests can and do cause problems on turfgrass areas.
Skunks and raccoons often feed on grubs and other insects in turf. While
feeding, they dig up the sod in search of food. Though no chemical repellents
or toxicants are regis tered to eliminate or reduce this problem, severa l

approaches may be helpful. Exclusion with fences can be effective, but is
impractical for large areas. Insect control to reduce the food supply in turf can
sometimes prompt skunks or raccoons to move on to areas where food is more

plentiful. Another option is to contact governmental or private contractors
who control these animals.
Coots, geese, and other waterfowl graze on turf and can cause significant
damage and inconvenience. As with s kunks and raccoons, no repellents or

toxic baits are registered to reduce or eliminate the problems caused by these
birds. Your local California Department of Fish and Game Office, County Agricultural Commissioner, or farm advisor should be able to direct you to agencies or individuals who specialize in controlling these pests.
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Glossary
A. E. Acid equivalent; the expression for the active ingredient in a liquid
herbicide formulation .
Aeration. The act of suppl ying or impregnating soil with ail'.
A. I. Active ingredient; the killing component in a pesticide formulation.
Annual. A plant that completes its life cycle from seed in one year.

Bait box. A small structure in which anticoagulant bait is placed. The target
animal must enter to take the bait.

Biennial. A plant that completes its life cycle from seed in two yea rs. The first
year, it produces leaves and stores food ; the second year, it produces nowers

and seeds .

•

Broadcast application. Application of a material over an entire area.

Broadleaf weed. The popular term for a plant in the dicotyledon (clicot) group;
e.g., dandelion, knotweed, or plantain.
Broad-spectrum biocide. A pes ticide that is effective aga inst many insects or
microorganisms.

Burrow. An underground excavation used by some rodent and related pests
for shelter, food storage, and rearing of young.
Chlorophyll. The green photosynthetic coloring matter of plants found in
chloroplasts and made up chieUy of a blue-blac k ester and a dark green ester.
Compatability. The quali ty showed by two or more chemicals or products
that can be mixed without affecting each other's performance.
Contact herbicicle. A herbicide that kills only the plant tissue contacted, with
little or no translocatio n.

Contact insecticicle. An insecticide that kills its intended victim when the
victim touches or is touched by it.
Control. Regulation o r restraint of th e population of a s pecies that has become
a pes t.
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Culm. The erect stem of a grass.
Cultivar. A crop of a kind originating and persistent under cultivation.

Dichoudra. Any species of a genus of chiefly tropical perennial herbs related
to the morningglory, including some plants used for ground cover and as a
substitute for lawn grasses in warmer parts of the United States.

Dicotyledonae (dicot). The botanical subclass in which dicotyledon (broadleaf) plants are grouped.
Emulsion. A suspension of one liquid in another, as distinguished from a
solution, in which the two liquids combine completely and become one.
Estivation (aestivation). A state of dormancy in an animal's activity cycle that
occurs during the summer.

Exclusion. The prevention of one or more animals' or species' entry to an
area.

Flower stalk. The stem bearing a flower on a plant.
Foliage-applied herbicide. A herbicide whose primary action is on or through
the foliage.
Forb. Any small, broadleaf flowering plant.
Formulation. A manufactured blend of a pesticide and other ingredients available as a liquid, wettable powder, or granule for pest control.
Fumigant. A substance that produces toxic or suffocating gases.
Fumigation. The use of a chemical that is put into the soil as a gas or in a form
that will turn into gas to destroy unwanted plants (weeds), insects, nematodes,
or disease-causing elements.

Game mammal. A mammal, as specified by the California Fish and Game
Code, to be hunted for food or sport.
Habitat modification. The alteration of the environment where an animal
species is found. In wildlife pest control, this sometimes consists of making the
habitat less favorable for the pest species.
Herbicide. A chemical used for killing or inhibiting the growth of plants.
Hibernation. A state of dormancy in an animal's activity cycle that occurs
during the winter.
Inert ingredient. An inactive component of the pesticide formulation.
Internode. The part of a stem between two successive nodes.
Leg-hold trap. A device for trapping and holding or restraining an animal by
the leg.
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Metrics (5.1.). An international system of measurement based on the meter,
liter, and gram.
Midrib. The middle or main vein of a leaf.
Monocotyledonae (monocot). The botanical subclass in which monocotyledon (narrowlea£) plants are grouped.
Multiple-feeding bait. A poisonous bait that requires a sustained dosage over
a period of time to produce death; e.g., an anticoagulant.
Mycelia. The filamentous vegetative structures of fungi.
Narrowleaf weed. The popular term for a plant in the monocotyledon (monocot) group; e.g., all grasses, nutsedge.
Natural control. The regulation or restraint of an animal population in a man-

ner consistent with nature; e.g., by predators, diseases, or lack of food or cover.
Node. A joint, as in a stem; the point where buds and leaves occur.
Nongame mammal. Any mammal not commonly hunted, as specified by the
California Fish and Game Code.
Nonselective herbicide. A weed control chemical that kills plants in general,
without regard to species.
Nontarget species. Any species that is not the object of the pest control
application.
Obligate. An organism that is restricted to one particularly characteristic mode
of life.
Ornamental. A plant that is cultivated for its aesthetic value.
Panicle. The many-branched flower head, with flowers at the end of each
branch, found in many grasses; e.g., annual bluegrass.
Perennial. A plant that lives for more than 2 years.
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Photosynthesis. The formation of carbohydrates in the chlorophyll-containing
tissues of plants exposed to light.
Phytotoxicity. The quality of being injurious and sometimes lethal to plants.
Postemergence. The period after a plant's germination and emergence from
the soil.
Prebaiting. The practice of placing nontoxic bait at a feeding site to condition
the pest to eat it before you apply toxic bait, or of placing bait in an unset trap
so the pest will become accustomed to the trap before it is set.
Predator. Any animal that survives by regularly killing other animals for food .
Preemergence. The period before a plant'S germination and emergence from
the soil.

Preplant. Any time before a crop is planted.
Prostrate. The general term for plants tending to grow flat on the ground.
Rhizome. An underground stem with nodes and internodes, usually producing roots and stems or leaves from the nodes. See Stolon.
Rootstock. In turfgrass, a term often used interchangeably with rhizome.
Rosette. A cluster of closely crowded leaves arising from a very short stem
near the surface of the ground.
Runway. The path commonly traveled by an animal or animals.
Sclerotia. The compact mass of hardened mycelium stored with reserve food
material that in some higher fungi becomes detached and remains dormant
until a favorable opportunity for growth occurs.
Seedling. An infant plant grown from seed.
Selective herbicide. A weed control chemical that will kill some plant species
when applied to a mixed population, without causing serious injury to other
species. Excessive herbicide application rates may reduce or eliminate the
desired selectivity.
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Shoot. A young, aboveground branch or growth.
Single-feeding bait. A toxic bait that produces death from one dose. Also
called acute toxic bait.
Sad. A large section of turf. The term is usually used in the context of turf
production for vegetative propagation.
Soil-applied herbicide. A chemical that is taken up by plants principally from
the soil.
Soil fumigant. A material used to control a broad range of organisms, usually
a vapor or gas that diffuses through the soil and has a relatively short life in
the soil. See fumigation.
Spike. An inflorescence (flower head) with spikelets (flowers) attached directly
to an unbranched stem.
Spikelet. One of a small group of grass flowers composing a spike.
Spot baiting. Placing bait by hand at selected sites.
Spot spraying.. The application of a herbicide concentration to individual
weeds, applying no more spray than is required to wet the foliage.
Stolon. A stem that grows horizontally along the ground, usually rooting at
the nodes. A new plant may be formed from each section of stolon that roots.
See Rhizome.

120

Summer annual. A plant that germinates in the spring, grows to maturity
during the summer, develops seeds, and dies during the fall or winter.
Surfactant. A material that improves the emulsifying, dispersing, spreading,
wetting, or other surface- modifying properties of an herbicide formulation. Its
action is similar to that o f a de te rge nt.

Systemic. A pesticide that is absorbed into and distributed throughou t a plant.
Taproot. A stout, ve rtical root giving off small lateral roots.
Thatch. The layer of undecomposed or partially decomposed stems and leaves
at the soil surface.
Translocation. The movement of a herbicide within a plant from the point of
entry to other areas; e.g., from the leaves to th e roots .

Untreated bait. Bait that is free of toxic or repellent substances; used for
prebaiting.
Vascular system. The tra nspo rt avenues in plant ti ssue, s uc h as th e lea f veins.
Ve in . A conduc tor o r transport unit o f a plant's vascular sys te m .

Verticutting. The ac t of cutting with blades that move perpendicularly to the
soir surface. The purposes are to thin turf, control grain, and aid in control and
elimination of thatch.
ViabUity. The quality of being alive and capable of germinating and growing;
generally applied to seed.
Weed control. The process of limiting a weed infestation so that desired plants
ca n be grow n.

Weed eradication. The complete elimination of all live plants, plant parts, and
seeds from an area.

Wetting agent. A compound that, when added to a spray solution , causes it to
contact plant surfaces more thoro ughly. See Surfactant.
Wildlife pest. Any species of wild animal, in any area, that becomes a health
hazard. causes economic damage, or is a general nuisance to o ne or more
pe rsons.

Winter annual. A plant tha t germinates in the fall or winter, lives th rough the
w inter in the vege tati ve stage (often a low rosette), flowers and seeds in the
spring, and dies in the summer.
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WARNING ON THE USE OF CHEMICALS
Pesticides are poisonous. Always read and carefully follow all precautions and safety recommendations
given on the container label. Store all chemicals in their original labeled containers in a locked cabinet or
shed, away from food or feeds, and out of the reach of children, unauthorized persons, pets, and livestock.
Recommendations are based on the best information currently available, and treatments based on them
should not leave residues exceeding the tolerance established for any particular chemicaL Confine
chemicals to the area being treated. THE GROWER IS LEGALLY RESPONSIBLE for residues on the
grower's crops as well as for problems caused by drift from the grower's property to other properties or
crops
Consult your County Agricultural Commissioner for correct methods of disposing of leftover spray material
and empty containers. Never burn pesticide containers.

PHYTOTOXICITY: Certain chemicals may cause plant injury if used at the wrong stage of plant development Of
when temperatures are too high. Injury may also result from excessive amounts or the wrong formulation or from
mixing incompatible materials. Inert ingredients, such as wetters, spreaders, emulsifiers. diluents, and solvents,
can cause plant injury. Since formulations are often changed by manufacturers, it is possible that plant injury may
occur, even though no injury was noted in previous seasons .

•

The University of California, in compliance with Titles VI and vn of the Civil Rights Act of 1964, Title IX of
the Education Amendments of 1972, Sections 503 and 504 of the Rehabilitation Act of 1973, and the Age
Discrimination Act of 1975, does not discriminate on the basis of race, religion, color, national origin, sex,
mental or physical handiCap, or age in any of its programs or activities, or with respect to any of its employment policies, rractices, or procedures. Nor does the UniverSity of California discriminate on the basis
of ancestry, sexua orientation, marital status, citizenship, medical condItion (as defined in Section 12926
of the California Government Code) or because individuals are special disabled veterans or Vietnam era
veterans (as defined by the Vietnam Era Veterans Readjustment Act of 1974 and SectIon 12940 of the
California Government Code). Inquiries regarding this policy may be addressed to the Affirmative Action
Director, University of California, Agriculture and Natural Resources, 300 Lakeside Drive, 6th Floor, Oakland, CA 94612-3560. (415) 987-0097.

5m-rev-2/89-WJC/FB

