Endophytes:
insurance
against insects

Though insect-resistant endophytes are
not confined to perennial ryegrass
cultivars any more, none have been found
in bluegrass—yet.

by Richard Hurley, Ph.D.

B Cenetically-improved turfgrasses containing endophytes help
us as landscape managers to enhance the environment, reduce
maintenance costs, and conserve and improve soil and water
resources.

Here are some advantages to turfgrass containing endophytes:

1) Frequent, dramatic enhanced resistance to many insect
pests that feed on plant leaves.

2) Improvements in stress tolerance.

3) Superior performance of some turfgrasses during moisture
deficits.

During 1990, an estimated 13 million pounds of elite, endo-
phyte-containing perennial ryegrass seed was used throughout
the world.

Efforts are being made to find or develop and use desirable
endophytes in Kentucky bluegrass, strong creeping red fescue,
blue fescue and various bentgrasses.

The discovery of a relationship between an endophytic fungus,
Acremonium lolii, and resistance to the Argentine stem weevil
has led to perennial ryegrass, tall fescue, chewings fescue and
hard fescue with endophyte-enhanced insect resistance and
improved stress tolerance.

No researchers have reported any adverse effects of endophytes
on turf performance.

Endophytes might be considered similar to insurance: of little
value when conditions are favorable, but of substantial value
when turf is under certain biological or environmental stresses.

Endophytes enhance resistance to many insects, including sod
webworms, billbugs and chinch bugs. Modest, but often meaning-
ful, white grub resistance is being studied in Kentucky and Rhode

Table 1

ENDO@EHVIELEVELS FOIR
PERENNIALLRYESRASS

% ENDOPHYTE CONTENT IN SEED*

Variety

Mod. Hi | Mod. Lo

Yorktown 1l
Palmer Il
Gen-90
Express
Advent
Seville

Manhattan Il
Prelude 1l
Repell lI
Assure
Pleasure
Target
Riviera
Gettysburg
Pennant
Legacy

4 Del. Dwarf
Pinnacle
Repell

SR 4200
Commander
Regal
Saturn

Competitor
Accolade
Equal
Calypso

Citation Il
Stallion
Caliente
Premier
Entrar
Prestige
Derby
Lindsay
Charger
Envy
Rodeo Il

upreme

Essence
Fiesta Il
Cowboy I
Danilo
Ovation
Loretta
Aliegro
Gator
Danaro
Pennfine

(Zero endophyte in other varieties)

* NOTE: This data from Rutgers University was obtained from seed
lots submitted to the National Turfgrass Evaluation Program. Seed
lots may contain lower percentages of seeds with viable endophytes
because of loss of viability during seed storage.

Source: Dr. Hurley
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Island. In addition, reduced
numbers of spiral nematodes
and stubby root nematodes were
found on tall fescue containing
an endophyte.

David Huff of Rutgers
University is studying the mech-
anism, genetic or endophytic, of
resistance to dollar spot
observed in a strong creeping
red fescue plant. But with this
possible exception, we are not
aware of convincing examples of
successful disease suppression
by endophytes under field con-
ditions.

Acremonium endophytes can
produce superior performance of
some turfgrass genotypes.
Instances of better summer sur-
vival, enhanced fall recovery and
reduced weed invasion were
observed in high-endophyte
perennial ryegrass, tall fescue,
hard fescue and chewings fescue.

We have observed larger,
more competitive tall fescue
plants infected by an Acre-
monium endophyte.

Perennial ryegrass—
Dramatic progress has occurred
in genetically improving peren-
nial ryegrass for turf. Useful
endophytes are being incorpo-
rated into many new perennial
ryegrass cultivars. An estimated
13 million pounds of turf-type
perennial ryegrass seed contain-
ing a high percentage of endo-
phyte were harvested in 1990,

Turfgrass managers desiring
the benefits of endophyte-
enhanced performance must
carefully select this seed.
Endophyte viability declines dur-
ing seed storage, especially

under hot, humid conditions. Seed harvest-
ed in June or July should maintain a high
level of viable endophyte if harvested prop-
erly, stored under cool, dry conditions and
used before or during the following spring.

Tall fescue—Most, but not all, seed
lots and plantings of Kentucky 31 tall fes-
cue have a high percentage of seed or
plants infected with an endophyte.

Beginning with the release of Rebel tall
fescue in 1980, there has been continued,
dramatic genetic improvements in tall fes-
cue for turf use. However, only a few of the
newer cultivars have high percentages of

Table 2

ENDOPHYIE LEVEILS EOR
FINE FESCUE

% ENDOPHYTE CONTENT IN SEED*
| Mod. Hi | Mod. Lo |

Variety

| Hi

Lo

ings fescue is associated with
resistance to chinch bugs.
Further studies with three
species of aphids and fall army-
worms have confirmed this asso-
ciation with insect resistance.

Jamestown ||
Reliant
Warwick
Southport
SR 5000

Rainbow
Valda
Bridgeport

Table 3

(Zero endophyte in other varieties)

47
26

ENDOPHYIE LEVELSEOR
TALL FESCUE

% ENDOPHYTE CONTENT IN SEED*

Variety

Hi

Mod. Hi

Mod. Lo

Resistance levels in endo-
phyte-enhanced fine fescues
are dramatic. Endophyte infec-
tion in strong creeping red fes-
cue, hard fescue, chewings fes-
cue and blue fescue are associ-
ated with significant difference
in insect survival and prefer-
ence. No greenbugs survive
after 72 hours on endophyte-
enhanced hard, blue and chew-
ings fescues. No fall army-
worms survive to pupation
when feeding on hard and
chewings fescue that contain
endophytes.

Titan
Shenandoah

Arid
Normark 99
Rebel Jr.

Trident
Rebel Il
Winchester
Taurus

che
Finelawn |
Sundance

bred

Murietta
Bonanza
Chieftain
Hubbard 87
Finelawn 5GL

98
86

plants containing endophytes.
The limited use of endophytes in turf-
type tall fescues is due to:
1) the potential misuse of cultivars for
pastures, where they have deleterious
effects on livestock:
2) concerns about grazing seed fields
and use of forage produced as a by-product
in seed production; and
3) lack of identification of the most
desirable endophytes for use in best
enhancing turf performance.

Fine fescue—Recent research indicates
that endophyte infection in hard and chew-

Bentgrass—Bentgrass
plants collected from old turfs
of the Mid-Atlantic region of
the U.S. appear to be relatively
free from endophytes, based on
recent work at Rutgers
University. No evidence of
endophytes was found in more
than 500 bentgrass samples
examined.

It is likely that endophyte-
containing bentgrasses would
be more abundant in Europe,
where bentgrass strains origi-
nated. Endophyte viability can
be lost rather quickly in seed,
especially when stored under
warm, humid conditions.
Therefore, many introduced
seed lots would be expected to
lose endophyte viability prior
to planting.

Kentucky bluegrass—At
Rutgers University, we have examined more
than 800 plants of Kentucky bluegrass col-
lected primarily from old turfs of the eastern
U.S. without finding an endophyte.

We are unaware of a successful inocula-
tion of an Acremonium endophyte from
other grass genera into Kentucky blue-
grass. We are currently attempting to
transfer an endophyte (A. typhinum) from
big bluegrass (P. ampla Merr.) into
Kentucky bluegrass by hybridization and
inoculation.

Other grasses—Endophytes have
been discovered in many other grasses
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used for turf and soil protection. We exam
ined more than 800 herbarium specimens
in 93 grass genera: Agrostis, Bromus, TALL FESCUE SEED CONTAINING VIABLE ENDOPHYTE AS RELATED TO
Cinna, Elymus, Festuca, Lolium, Melica, STORAGE ENVIRONMENT AND DURATION OF STORAGE

Poa, Sitanion and Stripa. Many of these
endophyte-containing species were native STORAGE TEMP, ms IN_STORAGE

to the U.S., but much work is needed on ENVIRONMENT F° 3 7 11 15 19 27

the role of endophvtes in these and many
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following papers: “Importance of Acre

monium lf:‘\iuphxh\ in Turfgrass SEED STORAGE RM. 50 90 100 80 75 45
Breeding and Management” by C.R. Funk ROOM TEHP. 70 Q95 55 0 0 0
and 1.P. Breen of Rutgers University and
R.H. White of Texas A&M University; SEED WAREHOUSE 70-95 95 60 0 U
‘Endophyte Content of Cultivars and
Selections in the 1990 National Perennial M.C. JOHNSON 1984

Ryegrass Test” by Suichang Sun, Nancy

90

This article was developed by editing the REFRIGERATOR 43 100 9 8 9% 95 90
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Januszka, Kelly Hollowood, Maribeth | and lab assistant at Rutgers University and The author is director of research at
Wheeler, Carolyn Garvey and Jennifer M. lab assistants and research associate at the Lofts Seed Inc. and an adjunct professor
Johnson-Cicalese, senior lab technician | University of Rhode Island. at Rutgers University.

- - - lock, oak and white pine. A more recent

on.torl “g c orl ne accident occurred in southern Nevada (see
related story).

Chlorides have a herbicide-like effect

amage o p an s on plants. Even small emissions can cause

Severe \i.)HlAl,“\' to |‘i.x!‘n'\ near the leak.

Plant damage is generally measured at

tree-of-heaven, apple, cherry, maple, bass about 4-1/2 feet above the ground, or at

Even small emissions of v o el R ST i

wood, dogwood, elm, ash, sweetgum, hem the upper limit of vegetation.
chlorides can cause severe Table 1
damage to plants near the TYPES OF DAMAGE FROM CHLORINE
leak, as observed in New sellect Blonis
York and Nevada. leaf and _Howér ;jrop

bronzing
chilorosis

by Dr. Robert LI. Morris and Karen marginal and interveinal necrosis

Lawson-Dyka, University of Nevada mottling and chlorotic flecking

2 bleached tissue
orange-brown necrosis
: . dieback
nd mi --"'\\}!"1‘ payv ar .
B Landscape manager: . n.\I pa LH!?I\ stem and leaf wilting
ular attention to any plant damage that blazing on leaf underside (not noted in Nevada, but reported in literature)

may be caused by chlorine gas or hvdrogen

chloride. Such problems have been associ

ated with the gases escaping from indus Conifers
trial sources during the manufacturing needle tip burn
process or from accidental leak § candle distortion (not in literature, but found in multiple
pr \\‘.\ W ITOom acq \IL.x ta u.m.\.l ) Nevada locations)
(Chlorine and hydrogen chloride are | reddish-brown necrosis
used to produce pesticides and synthetic dieback

materials such as plastics and disinfec

tants. Emissions of chlorine have occurred

around potash works, from pickling

g baths

leaf tip burn
marginal leaf burn
combustion of PVC-containing wastes. chlorosis
i twisted blades (not in literature, but found in multiple
Nevada locations)

of hot-dip galvanizing plants, and in the

Accidental emissions have occurred near
swimming pools, sanitation plants and fac

tories.)

I'wice in Yonkers, N.Y., emissions have

damaged 30 species of plants, including



