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Abstract . --Di eback of container
caused by a m nor root pathogen.

Dougl as-fir germinants is

The incidence and severity of

di eback are strongly influenced by (1) germinant susceptibility to the
pat hogen, highest the first few weeks after germnation, and by (2) the
grow ng environnent, particularly noisture content, tenperature and pH of

the grow ng mx.

I NTRODUCTI ON

For the past five years, nursery growers have
observed a growth problem terned needl e di eback, in
cont ai ner-grown Dougl as--fir seedlings. Dieback occurs
in patches throughout Douglas-fir seedlots and nmay
result in cull |osses of 0-25% dependi ng upon the
nursery, sowi ng date and year. Dieback synptons
i ncl udi ng stunted shoot growth, needl e chlorosis, and
dieback of needles fromthe tips to the bases. These
synptons are first noticed when the seedlings are a
few centinetres tall. The root systens of dieback
seedl i ngs appear normal, exhibiting none of the external
synptons associ ated with root di seases.

This poster summarizes the results of Dougl asfir
di eback research funded by the Canada-British Col unbi a Forest
Resour ce Devel opnent Agreerent. For nore information, a file
report is available fromDr. J. Sutherland, Pacific Forestry
Centre, Canadi an Forestry Service, Victoria, B.C.,
Canada.

RESULTS

Dougl as-fir dieback is caused by a mnor root
pat hogen. However, the incidence and severity of
di eback danmage depends on the grow ng environment and the
susceptibility of Douglas-fir germnants to the pathogen

(fig. 1).

M nor Root Pat hogen

A m nor root pathogen, probably Pythium
ul tinun8, causes dieback in Douglas-fir

lPposter presented at the Conbined Western
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Associ ation Meeting (Vernon, B.C, Canada, August 8-
11, 1988).
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Figure 1.--Douglas-fir dieback as a m nor root
pat hogen x host x environnment interaction.

germ nants. This conclusion is based on the
foll owi ng observati ons.

(1) Autoclaving growi ng medium or drenching it
with a system c fungicide, fosetyl
aluminum elimnates or significantly
reduces the incidence of dieback.

(2) Pythium has been isolated consistently from

surface-sterilized roots of dieback
seedl i ngs.

(3) Pythium oospores isolated from di eback
seedling roots were cultured and used to
inoculate sterile Douglas-fir seeds sown
into autoclaved peat:vermculite (PV)
growi ng m x. Pythiuminocul ated seedlings
devel oped di eback synptons. No di eback
synpt ons devel oped on control seedlings
whi ch were inoculated with heat-killed
Pyt hi um cul tures. M croscopi c exani nation
of Pyt hium oospores isolated from
inocul at ed di eback seedlings showed that
they were simlar to those of the original
inocul um cul tures.



(4) There are nunerous reports of subclinical
damage caused by a variety of PythiuM
speci es (Hodges 1985, Horshman 1986,

Kobri ger and Hagedorn 1984). Subcli nical
damage is characterized by stunting and
growth losses in plants which have nornal -
appearing roots with no external synptons
of root rot.

M nor root pathogens, such as Pythium, are
generally restricted to juvenile root tissues such
as root hairs, root tips or cortical cells (Salt
1979). In Dougl as-fir germinants, Pythium seriously
reduces root hair developnent (figs. 2 and 3).
Damage to root hairs is easily overlooked and nmay
be of a tenporary nature because root hairs may live
only a few hours, days or weeks (Kraner and
Kozl owski 1979). However, root hairs can conprise 50% of
the total root surface area of a seedling (Kozlowski
and Scholtes 1948) and therefore, contribute
significantly to water and nutrient absorption.

Envi ronment and Host Susceptibility

The degree of damage caused by m nor root
pat hogens typically depends on the grow ng
envi ronnent and host plant vigor (Salt 1979).
Seedling age, growing mx tenperature, noisture content
and acidity (pH) are inportant factors influencing
the incidence of Douglas-fir dieback i n container
nurseries.

Seedl i ng Age

Percent germination is not affected by the
presence of the di eback pathogen. Dieback synptons
appear two to three weeks after germination.
Susceptibility to dieback decreases as seedlings
age. One-week-old germ nants transplanted into
grow ng nedi um contai ni ng the di eback pathogen are
very susceptible to the disease; 80-90%wi || exhibit
di eback synpt ons.

In contrast, eight-week--old seedlings transpl anted

Figure 2. --Mcrographs of root hair devel opnent in a
heal t hy Dougl as-fir germ nant.

Fgure 3.--Mcrographs of root hair devel opnent in a
di eback Dougl as-fir germ nant.

into growing mx containing the di eback pathogen do not
devel op di eback synptons.

Growing Mx Tenperature and Moisture

Mbi sture stress and high root-zone tenperatures
appeared to influence the incidence and severity of
di eback in container nurseries. In order to
determ ne the effects of growi ng m x tenperature and
noi sture on di eback incidence, Douglas-fir germnants were
transplanted into sterilized PV or sterilized PV
inocul ated with the di eback pathogen. The germ nants
were grown at two root-zone tenperatures (20 and
30°C) and at three levels of npisture stress: (1)
none [noisture content (M) of nedium575%, (2) light (MC
of medium 375%, and (3) noderate (MC of nedium
1409 .

Three weeks after germ nation, all seedlings
grown in the sterilized PV with no inoculum appeared
healthy. In the sterilized PV containing the dieback
pat hogen, the incidence of dieback increased with grow ng mx
tenperature and noisture stress (figs. 4 and 5). Root-
zone tenperature al so affected the severity of di eback
synptons. At 2000, dieback seedlings were stunted
and had needl e di eback; at 30°C, nobst dieback
seedl i ngs died.

Growi ng M x pH

Dougl as-fir seed was sown into 3:1 mxtures of
peat:vermculite adjusted with dolt cite line to initial
pH values of 4.0, 5.0, or 6.0. During the six week
experinment, pH rose 0.8 to 1.0 units in each m x.
Al'l m xes contained micronutrients. The devel opnent of
di eback synptons was strongly i nfluenced by the initial
pH of the growi ng m x. Mean dieback incidences (three
replicates) for pH4.0, 5.0 and 6.0 were 94% 10% and
4% respectively.



70
20°0 mEDIUM

60

DIEBACK
30

20

/0

DIEBACK

%Ml

NONE LIGHT
MOISTURE STRESS

MODERATE

7o|
NO MOISTURE STRESS

éo

50

30

20

20°c s8a°c
GROWING MiX TEMPERATURE

Figure 4.--Effects of growing mx tenperature and noisture
content on the incidence of Douglas-fir dieback.

In B.C. nurseries, a growing mx pHof 4.0 is
not unusual during the first few weeks after sowi ng*
Low pH is associated with low cal ciumavailability.
Either of these factors may increase dieback incidence by
(1) decreasing host vigor, or (2) decreasing bacterial

conpetition for nutrients. Had and Chet (1987) reported that the

presence of bacteria along the roots of susceptible host plants
reduced the establishment of Pythium along the roots;
the bacteria appear to conpete successfully wi th Pythium for
nutrients. Low availability of calciummy also favor
the germnation of Pythium spores (Kao and Ko 1986,

Q an and Johnson 1987).
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