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Diseases Associated With
Containerized Seedling Soil Mixes

R. L. James

Plant pathologist, USDA Forest Service, Northern
Region, Cooperative Forestry and Pest Manage-
ment, Missoula, MT

Although most peat-vermic-
ulite mixes are relatively patho-
gen free, disease organisms can
be introduced into containers on
seed and plant debris or in
irrigation water. Major root path-
ogens of containerized conifers
include species of Fusarium,
Pythium, and Phytophthora. Fus-
arium spp. are the most common
and produce several different
signs of disease, including stunt-
ing, chlorosis, and needle tip
dieback, and well as killing some
seedlings. Composted tree bark
included in the medium will
suppress many pathogenic fungi.

Production of containerized
conifer seedlings by northern
Rocky Mountain nurseries is
increasing, and as it does so,
associated disease problems have
become more important. The
most serious diseases of contain-
erized seedlings are foliage and
stem blights (24). Foliage patho-
gens spread rapidly, and environ-
mental conditions within
greenhouses are often ideal for
infection and buildup of patho-
gens (2, 25).

Damping-off and root diseases
may also be important in con-
tainer operations. Most root
pathogens are probably intro-
duced either on contaminated
seed or from infected plant
debris within or adjacent to
greenhouses (1, 9, 14, 17). In
general. most container soil

mixes are relatively pathogen
free (25). However, some grow-
ers have used soil mixes contain-
ing sufficient pathogen
populations to cause disease.

Most soil mixes for container-
ized conifers contain vermiculite
or perlite incorporated with
sphagnum peat. This type of mix
is usually well drained and acidic,
two factors that help reduce
diseases (11, 20). Peat-vermiculite
mixes are also lightweight, uni-
form in composition, relatively
inexpensive, and readily avail-
able; they have high water-
holding capacity and their acidic
nature is conducive to growing
conifers (20). Soil mixes with a
pH of 4.5 to 6.0 are best for
proper growth of seedlings and
reduced incidence of disease (16).

Diseases

Major groups of pathogens
associated with root diseases of
containerized seedlings are spe-
cies of Fusarium and water molds
such as Pythium and Phyloph-
thor« (18). Although water molds
may be seed borne (10), they are
more often introduced into con-
tainer nurseries through contam-
inated irrigation water (17). These
fungi cause disease on very
young seedlings and are favored
by poorly drained soil mixes and
prolonged wet conditions within
greenhouses.

Root diseases associated with
Fusarium are usually more COIll-

mon than those as,>oci,ltt'd with

Pythium or Phytophthora. These
fungi may colonize seeds (7, 9,
19), either causing damping-off
shortly after seedlings emerge or
killing older seedlings. Several
species of Fusarium are impor-
tant causes of root disease of
containerized conifers. These
include F. oxysporum Schlecht.
(7, 9), F. solani (Mart.) Sacc (7),
and F. moniliforme Sheld. (17).
These pathogens may cause chlo-
rosis (11), stunting (22,25), and
needle tip dieback (8), as well as
seedling mortality. Fusarium
often produces spores on struc-
tures called sporodochia at the
base of infected seedlings (22).
These spores may spread to
nearby seedlings and cause
infection during watering (19).
Fusarium may occur within peat-
vermiculite mixes (8), but dis-
ease development is usually
restricted if the mix is acidic (pH
less than 6.0).

Disease Control

Root diseases in containerized
conifer nurseries are usually spo-
radic. cause little damage, and
do not require specific control
measures. However. if disease
levels are high. several proce-
dures can help reduce losses.

Seeds should be as free of
pathogens as possible. Seeds col-
lected directly from rho trr-e are
usually less coru.uninatr-d than
s('ed, collected from the ground
or vquir rcl c.lc\ws (24). S('('ds c.rn
e,lsily he tr(,.lted Iwfol(' sowing
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to remove surface-contaminating
fungi. A continuous tap water
rinse for 48 hours is usually
effective in removing most seed-
coat fungi (7,20). Seeds can also
be treated with hydrogen perox-
ide or fungicides, although some
effects on germination may
occur (7, 24, 25).

Greenhouses should be kept
clean to reduce damage from all
diseases. Plant debris should be
removed periodically, and
benches and walls sterilized
between crops (25). Diseased
seedlings should be removed as
soon as they are discovered (11).
A noncontaminated water supply
is also important (9, 17).

Soil mixes suspected of con-
taining high populations of patho-
gens should be treated to
reduce or eliminate these patho-
gens. Chemicals used to sterilize
soil mixes include formaldehyde,
chloropicrin, methyl bromide,
and met ham (Vapam) (20). The
most widely used system of soil
mix sterilization is heating with
steam to about 82°C (180 OF)for
30 minutes (2, 4). This will kill
most harmful bacteria, fungi,
nematodes, insects, and weed
seeds. Fusarium species are killed
at even lower temperatures (57°C
or 135 OF)(4). The treated soil
mix should be placed in contain-
ers and handled as little as
possible to reduce chances for
reinfestation by pathogens (2).

Fungicides applied after root
disease symptoms appear may
not always be effective (24). Fun-
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gicides added to soil mixes may
retard seedling growth (25). If
fungicides are to be used, they
should be applied as a drench
immediately after sowing (19).
Benomyl may control Fusarium
and ETMT (Truban) may control
Pythium. However, because of
their uncertain effectiveness,
fungicides should only be used
when other control measures
fail.

Another approach to control-
ling root diseases of container-
ized plants is to use com posted
tree bark in the soil mix. Com-
posted bark has replaced peat in
soil mixes for several ornamental
species grown in containers (5).
One of the major advantages of
composted tree bark is that it
suppresses several important
plant pathogens, including Phy-
tophthora (6, 22, 23), Fusarium
(21), and Rhizoctonia (12, 13).

Composting is a process of
partially decomposing conifer or
hardwood bark to produce a
more absorptive, uniform mate-
rial. The process includes a ther-
mophilic phase, during which
high temperatures (40 to 80°C)
kill most organisms, and a stabili-
zation phase, during which the
rate of decomposition decreases,
temperatures decline, and
microorganisms, some of which
are antagonistic to plant patho-
gens, recolonize the compost (5).
Most growers use a 4:1 (v/v)
mixture of bark and peat as the
organic component of the soil
mix. This ratio results in almost

complete suppression of root
diseases without the need for
sterilizing the soil mix or apply-
ing fungicide.

There are three major mecha-
nisms of root pathogen suppres-
sion from composted bark. Bark
particles are generally coarser
than peat, resulting in improved
aeration, which is less conducive
to disease occurrence (5). Com-
posted bark supports high levels
of antagonistic organisms, where-
as peat does not (13). Also, water
extracts from composted bark
have fungicidal properties (6, 12).
Composted tree bark has been
used effectively in soil mixes to
control plant pathogens in sev-
eral ornamental plant industries.
This approach should also be
considered in containerized
conifer seedling operations.

Literature Cited

1. Armson, K.A.; Sadrieka, V. Forest
tree nursery soil management and
related practices. Toronto: Ontario
Ministry of Natural Resources; 1974.
143 p.

2. Baker, K.F.; Olsen, S.M. Soil steam-
ing. California State Florist Associa-
tion Bulletin 8(9): 1-10; 1959.

3. Chef, D.G. Suppression of Fusarium
wilt of chrysanthemum in composted
hardwood bark. M.S. Thesis. Colum-
bus: Ohio State University; 1977. 38
p.

4. Hartmann, H.T.; Kester, D.E. Plant
propagation. 3d ed. Englewood Cliffs,
NJ: Prentice-Hall; 1959. 648 p.

5. Hoitink, H.A.J. Composted bark, a
lightweight growth medium with fun-
gicidal properties. Plant Disease 64:
142-147; 1980.

Ld &_LL . SSEL a8at



III" 'Smm 7 ' 1st' If 55' mttO'wWMlI.tstttMH Untreen 'w' n •• s.,,·: r en err rm,ntrn.rtt«w. 'me ·tm,mmwssmrnn

Spring 1985/5

6. Hoitink, H.A.J.; Van Doren, D.M., [r.:
Schmitthenner, A.F. Suppression of
Phyrophrhora cinnamomi in com-
posted hardwood bark potting
medium. Phytopathology 67: 561-565;
1977.

7. James, R.L. Fusarium root disease of
containerized seedlings at the Mon-
tana State Nursery, Missoula. Mis-
soula, MT: U.S. Department of
Agriculture, Forest Service, Northern
Region; 1983. 9 p.

8. James, R,L. Needle tip dieback of
containerized Douglas-fir seedlings at
the Coeur d' Alene Nursery, Idaho,
Missoula, MT: U.S. Department of
Agriculture, Forest Service, Northern
Region; 1983; 9 p.

9. James, R.L. Occurrence of Fusarium
on Douglas-fir seed from the Coeur
d' Alene Nursery, Missoula, MT: U.S,
Department of Agriculture, Forest
Service, Northern Region; 1983, 11 p.

10, James, R,L.; Genz, D. Evaluation of
fungal populations on ponderosa
pine seed. Rep. 82-22, Missoula, MT:
US Department of Agriculture,
Forest Service, Northern Region;
1982, 21 p.

11. Landis, T.D, Fusarium root disease
of containerized tree seedlings-
Colorado State Forest Service
Nursery, Biol. EvaL R2-76-16. Lake-
wood, CO: U.S. Department of Agri-
culture, Forest Service, Rocky
Mountain Region; 1976, 6 p.

12, Nelson, E.B.; Hoitink, H,A.J. Factors
affecting suppression of Rhizocronia
solani in container medium, Phytopa-
thology 72: 275-279; 1982,

13. Nelson, E.B.; Hoitink, H.A.J. The
role of microorganisms in the sup-
pression of Rhizoc/onia solani in
container media amended with com-
posted hardwood bark. Phytopathol-
ogy 73: 274-278; 1983,

14. Pawuk, W.H, Damping-off of
container-grown longleaf pine seed-
lings by seedborne fusaria. Plant
Disease Reporter 62: 82-84; 1978.

15. Pawuk, W,H, Fungicide coverings
affect the germination of southern
pine seeds. Tree Planters' Notes
30(1): 3-4: 1979,

16, Pawuk, W.H, Potting media affect
growth and disease development of
container-grown southern pines, Res,
Note 50-268. Atlanta, GA: U,S.
Department of Agriculture, Forest
Service; 1981 4 p.

17. Pawuk, W,H. Diseases of container-
grown southern pine seedlings and
their control, In: Guldin, R.W,; Bar-
nett, J,P. (eds.). Proceedings, South-
ern Containerized Forest Tree
Seedling Conference; 1981; Savan-
nah, GA. Gen. Tech. Rep. 50-37,
Atlanta: US Department of Agricul-
ture, Forest Service; 1982: 47-50.

18. Pawuk, W.H.; Barnett, J.P, Root rot
and damping-off of container-grown
southern pine seedlings. In: Tinus,
R.W.; Stein, W.!.; Balmer, W.E. (eds.).
Proceedings, North American con-
tainerized forest tree seedling sympo-
sium; 1974; Denver, CO: Great Plains
Agricultural Council PubL 68, Wash-
ington, DC: U.S, Government Print-
ing Office; 1974: 173-176.

19, Peterson, G.W. Disease problems in
the production of containerized
forest tree seedlings in North Amer-
ica, In: Tinus, R.W.; Stein, W.!.;
Balmer, W.E. (eds.]. Proceedings,
North American containerized forest
tree seedling symposium; 1974;
Denver, CO: Great Plains Agricultural
Council PubL 68, Washington, DC:
U.S, Government Printing Office;
1974: 170-172.

20. Phipps, H,M, Growing media affect
size of container-grown red pine.
Res. Note NC-165. St. Paul, MN: U,S,
Department of Agriculture, Forest
Service, North Central Forest Experi-
ment Station; 1974. 4 p,

21. Sekiguchi, A, Control of Fusarium
wilt on Chinese yam, Annu. Rep.,
Department of Plant Pathology and
Entomology, Nagano Vegetable and
Floriculture Experiment Station,
Nagano, Japan, 1: 10-11,1977.

22. Spencer,S.; Benson, D.M. Root rot
of Aucuba japonica caused by Phy-
rophthora cinnamomi and P. citricoie
and suppressed with bark media.
Plant Disease 65: 918-921; 1981.

23, Spencer, S.; Benson, D,M. Pine
bark, hardwood bark compost, and
peat amendment effects on develop-
ment of Phy/ophrhora spp, and
lupine root rot, Phytopathology 72;
346-351, 1982.

24. Sutherland, J,R,; Lock, W.; Benson,
L.E. Diseases and insects and their
management in container nurseries.
In: Scarratt, R., [r.: Glerum, C;
Phexman, CA. (eds.). Proceedings,
Canadian containerized tree seedling
symposium; 1981; Toronto. Canadian-
Ontario Joint Forestry Research Com-
mittee Symposium Proceedings O-P-
10, Sault Ste. Marie, ON: Canadian
Forest Service, Department of the
Environment, Great Lakes Forest
Research Center; 1982: 215-223.

25, Tinus, R,W.; McDonald, s.L How to
grow tree seedlings in containers in
greenhouses. Gen. Tech, Rep. RM-60.
Lakewood, CO: U.S, Department of
Agriculture, Forest Service, Rocky
Mountain Forest and Range Experi-
ment Station; 1979, 256 p.

___ _~ __ •••.•• It.... ~ •.•..•..>-. ~.~ .•. - ••• ~ ••.• ~- --~ •• , .-~. -~- -,. ~-" .,. - •• ~- ."


