Management of the Top Blight Disease Complex.

Al an Kanaski e?

Abstract. --The "top blight disease conplex" refers to five
separate but related di seases affecting above-ground portions

of bareroot Douglas-fir seedlings.

Di sease | osses can be

reduced by altering cultural practices or applying fungicides®
The follow ng paper provides practical approaches and techni ques

for reducing losses fromtop blight.

| NTRODUCTI ON

The top blight disease conplex refers to
di seases of above-ground portions of bareroot
Dougl as-fir seedlings. They are described
el sewhere in these proceedings by P. Ham Five
di stinct diseases conprise the conpl ex (Hansen
and Ham 1985):

1. Fusarium hypocotyl rot. Caused by
Fusarium oxysporum_  Affects hypocotyl
'region and above during suner of the 1-0
year;

2. Upper stem canker. Caused by Phoma
eupyrena and Fusarium roseum Affects md
to upper steminlate summer and early
fall of the 1-0 year;

3. Lower stem canker. Caused by Fusarium
roseum and Phorma eupy rena. Affects | ower
stemnear soil level fromw nter through
flush of new growh on 2-0 seedlings;

4. Phonopsis canker. Caused by Phonopsis
sp.. Affects new growth of seedlings during
summer of the 2-0 year;
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5. Botrytis canker. Caused by Botrytis
cinerea. Affects new shoots during
sunmer of the 2-0 year.

Losses to top blight can be substantial.
Mortality exceedi ng 30% of the crop has been
caused by both hypocotyl rot and | ower stem
canker .

Di sease occurrence varies w dely anong
nurseries. Sone nurseries nay experience
recurrent epidem cs of one disease only, while
others may suffer fromall five. D sease
severity also varies highly fromyear to year,
and appears practically unpredictable. In a
given nursery, a top blight disease nay be
epi dem ¢ one year and absent the next.

Factors influencing occurrence and
severity of top blight are poorly
under st ood. Consequently, disease
prediction is difficult. Fortunately,
research by Oregon State University, the
USDA Forest Service, and Wyer haeuser
Conpany, has greatly inproved our
under st andi ng of these di seases and of
techni ques for controlling them The
purpose of this paper is to present
managenent strategies, based on current
know edge, that should reduce | osses to
di seases of the top blight conpl ex.

APPROACH TO DI SEASE MANAGEMENT

Cccurrence and severity of top blight
di seases apparently are governed by a conpl ex
of factors including weather, sow ng date,
pat hogen popul ations, soil noisture, etc. - in
short, anything that affects the seedling or
the pathogens likely affects disease. |In plant
pat hol ogy jargon this concept is called the
"di sease triangle", which states that disease



results fromthe interaction of the plant
(host) and pathogen as regul ated by the
environnment. This is the basis for

under st andi ng di sease devel opnent and shoul d
al so formthe basis for control strategies.

Nursery cultural practices alter the
envi ronment, the seedling, and even the
pat hogen. However, no single practice stands
out as the trigger to an epidenm c. Fum gation
and fungi ci des can reduce di sease in many
cases, but even the nost intense chenical
regi me does not guarantee a disease-free crop.
Infact, sone of the npbst severe top blight
| osses have occurred in nurseries despite
fum gation and fungicide treatnents.

The suggested approach to disease
managenment is to consider the probable effects
of nursery practices on di sease devel oprent
and, whenever possible, adjust themin a way
that shoul d reduce di sease severity. Even
though a single cultural practice may have
little apparent effect on disease incidence,
the cunul ative ef fect of adjusting several
di fferent practices should reduce | osses.

The remai nder of the paper presents

several opportunities for reducing di sease

| osses. Many recommendations, particularly
fungicide treatnents, are based on several
years of data from Oregon, Washington, and
California. Oher suggestions, concerning soil
spl ash and soil moisture conditions, rely on
observations over several grow ng seasons.
Finally, sone recomrendations are unproven

| ogi cal deductions. Suggestions may change as
under st andi ng of di sease dynam cs i nproves.

THE FI RST STEP - RECOGN ZI NG THE PRCBLEM

The nost inportant step in disease
management i s recognizing and identifying the
problemin your nursery. Few nurseries will
have all diseases, and the sane di sease nmay
behave differently in one nursery than in
another. To assune that all diseases are
present could result in wasting resources to
control insignificant diseases. Accurate
identification allows a focused and efficient
control effort.

Pat hol ogi sts, and nmany nursery personnel,
are adept at disease identification, but
identification is only part of the issue.
Under st andi ng di sease devel opnent over tine in
your nursery is critical. This can be
acconpl i shed by

assi gni ng di sease responsibility to someone (a
consul tant or nursery enpl oyee are | ogical

choi ces) who provides nursery-specific

moni toring and understandi ng of di seases over
time. This person also could maintain |iaison
wi t h pat hol ogi sts from universities and

gover nnment agenci es.

DI SEASE MANAGEMENT BEFORE SOW NG

Cover Crops

Cover crops are used commonly in forest
nurseries to protect soil, replenish
nutrients, and maintain organic matter
content. They may increase or decrease di sease
occurrence, or they may have no effect.

In the pacific northwest, prelimnary
data indicate that cover crops of beans,
peas, oats, and sudan grass result in higher
popul ati ons of soil-borne Fusarium than in
bare fallow areas®. Bare falloww th frequent
tillage has reduced pathogen and nemat ode
levels in British Colunbia forest nurseries .
However, the correl ation between soil pathogen
popul ati ons and di sease incidence has not
been establ i shed.

H gh soil pathogen popul ations |ikely
i ncrease probability of disease occurrence,
particularly for hypocotyl rot. Nurseries
t hat experience chronic | osses from hypocotyl
rot could reduce Fusariumlevels by bare
fallowi ng rather than cover cropping.

Moni t ori ng Popul ati ons of
Soi | - Bor ne Pat hogens

The nost inportant pathogens of the top
bl i ght conpl ex, Fusarium and Phoma, occur in
the soil. Fusarium popul ati ons can be
quantified by assaying soil sanples on culture
media that allow only Fusariumand a few
other fungi to grow. Abundant Fusariumin
the soil appears to increase
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probability of Fusariumcaused disease®.
Techni ques for sel ective isolation of Phoma
fromsoil are unavailable, and the inportance
of Phoma popul ations are unknown.

Rel i abl e correl ati ons between soil
pat hogen counts and anpbunt of disease have
been difficult to establish. It is thought
that soil popul ations could formthe basis for
di sease prediction. Consideration of soil
pat hogen counts with disease history, crop
hi story, and other factors has enabl ed crude
di sease prediction in several nurseries.
British Col unbi a, Washi ngton Departnment of
Natural Resources, and private consultants
successfully use soil counts as input to pest
managenent deci sions (MEl roy 1984).

How much Fausariumis too nuch? Should |
fum gate if | have 1,500 propagul es of
Fusarium per gramof soil? It is doubtful tat
anyone can give an answer that will apply to
all nurseries. However, after nonitoring soil
pat hogen counts and di sease levels for a few
seasons, a nursery should be able to address
these questions with sone confidence. It is
certainly an i nprovenent over conplete
guesswor k. Soil pathogen assays are avail abl e
fromcertain consulting firms. Sonme nurseries
chose to do their own assays.

Fum gating Nursery Soils

Fumi gation can effectively reduce soil
pat hogen popul ati ons and i nprove conifer
seedling yield and quality (Bl oonberg 1965,
Sinclair et al 1975). Methyl Bromn de/
chloropicrin is nost widely used and is highly
effective. Efficacy of other chemcals is
di scussed el sewhere in these proceedings by F.
McEl roy and by Y. Tanaka.

Despite denponstrated effectiveness for
di sease control at many nurseries,
fum gation does not guarantee a di sease-free
crop. Conversely, nurseries have produced
excel l ent crops w thout fumi gation. Pathogens
can recol onize fum gated soils during the
tine between fum gation and sow ng, and
al though they nay not attain | evels as high
as those before fum gation, they nay be high
enough to initiate serious disease. It has
al so been specul ated that fum gation alters
t he
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bal ance of microflora in a way that gives
advant age to pat hogens grow ng anong reduced
popul ati ons of antagonistic organi sns.

Fum gation is an expensive treatnment, so
the question often becomes "is it worth it?"
Rel i abl e di sease prediction would hel p answer
that question. Other benefits such as weed
control, as well as pesticide use regul ations
and economi cs nmust be wei ghed along with
di sease control benefits. Soil assays and
continual evaluation of fumgation
ef fectiveness can be used to deci de whether or
not fum gation is necessary.

Seed Treatnents

The occurrence of Fusariumcaused di sease
in 1-0 beds that have been fum gated pronpts
questions about the source of Fusarium
Fusari umspores can blow into a field on dust
or debris particles or they can recol oni ze
upward from soil beneath the |evel of
fum gation (Marois et al 1983). Fusarium
occurs in and on Dougl as-fir seed (Bl oonberg
1966), and seed- borne Fusarium can cause
seedling di sease (Graham and Li ndernman 1983,
James 1985). However, the inportance of
Fusarium on seed in bareroot nurseries is poor
under st ood.

It seens reasonable to assune that
Fusarium on seed could contribute to increased
di sease. Many seedlots will have little or no
Fusari um Those that do can be detected by
assayi ng seed sanples on culture nedia
selective for Fusarium (the sanme nedia is used
for the soil assays mentioned earlier).

Moni tori ng di sease levels in seedlots with

di fferent pathogen levels will add another bit
of information to nursery-specific

under st andi ng of di sease behavi or.

Treating seeds with fungicides has had
vari abl e success, and often has reduced seed
viability (Sutherland 1984). Rinsing seed
for up to 48 hours in running water should
renove nuch of the surface Fusarium’. Strong
recomendat i ons about see(Ttreatnment will be
possible only after additional research and
nursery field studies.

’James, Robert. 1986.  Personal
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MANAG NG SPECI FI C TCP- BLI GHT DI SEASES

Fusari um Hypocotyl Rot Seed treatnent.

Fusariumon seed can cause hypocotyl rot
in Douglas-fir seedlings. The effectiveness
of treating seeds with fungicides needs
clarification through research. |f Fusarium
seedl ot assays reveal abundant Fusarium
rinsing seeds in running tapwater for 48 hours
shoul d reduce probability of hypocotyl rot.

Sow seed early.

Cbservations strongly suggest that sow ng
as early as possible reduces ambunt of
hypocotyl rot. Early sowi ng has al so been
recommended to reduce hypocotyl rot severity
in sugar pine seedlings (Brownell and
Schnei der 1985). Early sow ng nay all ow
seedlings to attain |arge size and devel op
resi stance to hypocotyl rot before the
envi ronment of the nursery bed favors disease
devel oprent .

Fertilization.

Sinclair et al (1975) reported that
fertilization with urea increased severity of
Fusari umroot rot of bareroot Douglas-fir
seedlings. Sunmer nortality, which may have
been partly due to hypocotyl rot, was hi ghest
in seedlings receiving pre-sow urea. A "best
guess" recommendation at this tine is to avoid
urea fertilization during the first 8 weeks
follow ng sowing. Effects of formof nitrogen
fertilization and timng of its application
are being studied in several northwest
nurseries during 1986°.

Irrigation.

Irrigation regines, particularly those
used for cooling during sunmer, appear to
af fect hypocotyl rot severity. Elsewhere
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in these proceedi ngs, Ken Russell discusses a
strategy of deep watering (as opposed to
frequent shallow watering) to reduce hypocotyl
rot | osses.

During 1986 at the Oregon State Forest
Nursery, uneven irrigation affected hypocotyl
rot occurrence. Portions of beds within 10
feet of sprinkler heads renai ned wet | onger
than areas between 10 and 15 feet of sprinkler
heads, indicating that nore water was
deposited at the heads than between them In
parts of the nursery where hypocotyl rot
occurred, disease severity in the dry areas was
nearly doubl e that occurring in wet areas (35%
versus 20% respectively). Drier soils may
have pernitted hi gher tenperatures near ground
| evel which stressed seedlings and favored
di sease devel opnent (Brownell and Schnei der
1985) .

Fungi ci des.

Anmong fungicides tested in Pacific
Nor t hwest nurseries from 1983- 1985, Benl at €,
Daconi| 2787 and Chi pco 26019 (Chi pco not
regi stered for forestry use) appeared nost
effective, but effectiveness was highly
vari abl e (Cool ey and Kanaskie 1986). O her
factors such as weather and cul tural
practices appear capabl e of overriding the
ef fects of fungi cid s applied as often as
twice per week . If fungicide treatnents are
used, begin treatnments at full emergence and
follow | abel rates. Tank m xes and
alternating chenicals are recomended.

Prelimnnary studi es suggest that Bayl eton
may reduce incidence of hypocotyl rot?®
Further testing of this naterial is
reconmended.

Upper Stem Canker

Cul tural practices.

Upper stem canker appears nost severe in
seedl i ngs whose growth is prol onged through
|ate sumer into early fall, and in seedlings
grown at very high densities (50-75 trees per
square foot). Infections often are associ ated
with splits in the stemwhich may result from
rapid seedling dianeter growmh in | ate summer.
Di sease

Kanaskie, A 1986. Unpublished data on
file at Oregon State Departnent of Forestry,
Sal em Oregon.



ri sk shoul d decrease if cultural practices
such as fertilization and irrigation are used
to limt rapid dianmeter growh and to prevent
succul ence fromcontinuing into fall. If
upper stem canker is a serious concern in
your nursery, consider inducing bud-set
earlier than normal.

Fungi ci des.

Chi pco 26019, Daconil 2787, Difolatan, and
Benlate were nost effective in Pacific
Nort hwest nurseries, but only Daconil 2787 and
Benl ate are regi stered (Cool ey and Kanaski e
1986). Treatnment should continue through
budset of the 1-0 year. Tank m xing and
alternating chemcals are reconmended.
Coverage of the seedling stem (not foliage) is
i nportant; spreaderstickers should enhance
performance. Tine applications so irrigation
or rain will not wash materials off before they
dry.

Lower Stem Canker
Avoi d creating areas of poor drainage.

During eval uati ons of fungicides, |ower
st em canker occurrence appeared nore strongly
related to wet areas in the beds than to
fungi cide treatments (Cool ey and Kanaski e
1986) . Increased di sease has al so been
observed i n beds receiving heavy tractor
traffic during winter months . Ripping tractor
paths, elimnating | ow spots during |and-
planning, and limting tractor traffic on wet
fields should hel p reduce occurrence of | ower
st em canker .

Soi | splash on seedling stens.

The accunul ation of rain- or irrigation-
spl ashed soil on |ower foliage and stens of
seedlings, called "soil cones" or "soil
collars", is strongly associated with | ower
stem canker (Hansen and Hanm 1985, Kl i ej unas
et al 1985, Mdrgan 1983). Soil accumnul ation
usual |y begins during summer of the 1-0 year
and continues through winter. Soil collars
put the soil-borne pathogen in close contact
wi th seedlings and nay provide an environment
conduci ve to di sease devel opnent.

MLittke, Wllis. 1986. Personal
conver sation. Weyer haeuser Conpany
For estry Research Center, Centrali a,
Washi ngt on.

Prevention of soil collar fornmation can
reduce | osses to | ower stem canker. The
addi tion of redwood mul ch or shade |ath reduced
soi | cone formation and Phoma blight incidence
on fir and Douglas fir in
a northern California nursery (Kleijunas et al
1985). At a Washington nursery during 1983,
fewer seedlings had | ower stemcankers in
noss- covered beds (no soil collars) than in
noss-free beds (abundant
soil collars)*

Establ i shing a thick carpet of nbss
appears to be the sinplest and nbst econom cal
met hod of preventing soil collars, but this
approach will only work in nurseries with
natural | y-abundant noss. Mbsses are often
elimnated fromnursery beds w th herbicide
treatnents. However, choosing herbicides that
do not kill nobsses will allow nbss to devel op
during the 1-0 year.

O the shade lath and nul ch treatnents,
the latter is nmobst practical. Oher types of
mul ch may be effective and should be field-
tested. Aliquid latex acrylic seal ant was
tested in northern California, but it was
ineffective® Milch treatnments nust be applied
bef ore soil buil dup occurs.

Fungi ci des.

Field trials indicate generally poor
control with fungicides. Fungicide
i neffectiveness for preventing | ower stem
canker probably occurs because: 1) fungicides
may not penetrate soil collars, and; 2)
weat her can prevent tinely applications during
the likely period of infection (winter). O
materials tested, Daconil 2787 was nost
effective; Benlate and Difol atan (Difol atan
not registered) had variabl e effectiveness
(Cool ey and Kanaski e 1986). Exact tinme of
infection is unknown, so fungicides may need
to be applied frombudset through shoot
emer gence in spring.

2Kanaski e, Al an. 1984. Unpublished data.
Weyer haeuser (onpany Centralia Forestry
Research Center, Centralia, Wshington.
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Franci sco, California.



Botrytis Canker

Qul tural practices.

Reduci ng seedi ng density inproves air
flow and | owers hum dity, providing
condi ti ons unfavorable for disease
devel opnent. Avoid seedling injury: anything
that injures seedlings - machinery, frost,
excessive fertilization, herbicides -
increases the risk of Botrytis-caused | osses.
Cipped seedling tops follow ng top-now ng may
al so encourage Botrytis buil dup.

Fungi ci des.

Benl ate, Daconil 2787, and vinclozolin
(Ronilan, Ornalin) are anong chem cal s
registered for Botrytis in bareroot conifer
nurseries. Daconi Tappeared nost effective in
northwest nurseries, and Benl ate yiel ded
variabl e results (Cool ey and Kanaskie 1986).

Fungi ci de applications, if necessary,
shoul d begi n when di sease appears. Apply with
techniques that put the chem cal on the
target, i.e., use rollers to bend seedlings
during spraying, or use high tank pressures or
atom zi ng nozzl es. Reduce |ikelihood of
devel opi ng fungici de resi stance by appl yi ng
m nimum effective rates and alternating (not
tank m xing) chemcals with different nodes of
action. In nmany cases, fungicide treatnments
for other top blight diseases may provide
adequate Botrytis control.

Phormopsi s Canker

Phonopsi s canker usually is not severe
enough to warrant specific fungicide
treatnments. Information on fungicide
effectiveness is linted, but protective
treatnents during the flush of growth shoul d
be effective, and should be tested.

COWMENTS ON FUNG CI DE USE

Fungi cide treatnments can be cost-effective

in bareroot nurseries, particularly for

di seases that cause nortality. Because

fungi ci de application costs tend to be small,
even slight increases in disease-free
seedlings may pay for treatment costs (Cool ey
and Kanaski e 1986). However, applying

fungi ci des only when necessary will inprove

econom ¢ returns and may prevent devel oprment of

fungi ci de-resi stant pathogens.

Most fungicide testing has yiel ded
variable results within and among nurseries.
Fungi ci de eval uati ons shoul d be ongoi ng and
nursery specific - it may take several years
to determine the nost effective naterials.

Ef f ecti veness can only be evaluated if treated
areas are conpared to untreated areas; |eaving
a fewsmall areas untreated whenever applying
fungicides will provide a wealth of

i nformati on.
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