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Abstract.--1NPM techni ques and procedures provide the

necessary information to assist

nursery managers in planning

the nost effective practices to produce quality seedlings. An
integrated programthat considers the following factors wll

m nimze | osses from di seases

insects, and weeds: site
sel ection, fum gation, crop rotation,
date, fertilization, irrigation,
chem cal and bi ol ogical contro

cover crops, Ssow ng

seedbed density, and
net hods.

| NTRODUCTI ON

Conservation reserve and other tree planting
progranms have caused an accelerated rate of refor-
estation in the United States, which has caused an
increase in seedling production. New state and
industry nurseries are being established, as wel
as ol d ones being expanded. Mdre than 80 industry,
state, and federal nurseries in the South produce
over 1 billion seedlings annually. This represents
over 75x of the total annual bare-root production
in the United States. Nurseries grow a wi de vari-
ety of both conifers and hardwood species

I ncreased production and tree species confront
nursery managers with a wider array of potentia
pest problems. The hi gh val ue of genetically
i mproved seedlings has significantly increased the
i mpact of pest problens.

Seedling quality represents the nost inportant
econom c aspect of forestation. However, seedling
cost will average less than 15% of total plantation
establ i shnent cost per acre. To neet future wood
demands, high quality and quantity of tree seed-
lings nmust continue to be available to the forest
manager

Maj or pest problens in the nursery are an
exception rather than the rule. \Wen ngjor
probl ems do occur, nursery nanagers can utilize
i ntegrated pest nanagenent practices.

1Paper presented at the Internountain
Nursery Associ ati on Meeting, Cklahoma City,
August | 0-14, 1987.

2Plant Pat hol ogi st, USDA Forest Service
Sout hern Forest Experinment Station, Stoneville,
M5, and Pl ant Pat hol ogi st, USDA Forest Service
Forest Pest Managenment, Region 8, Asheville, NC

The integration of suitable techniques and
procedures into one concerted, harmonious effort is
needed for effective, efficient control of nursery
pests.

Integrated Nursery Pest Managerment (INPM is
defined as the reduction of pest problenms in the
nursery by enpl oying decisions, plans, and a conbi-
nati on of nmanagenent procedures in a coordinated
pest mmnagenent program This system to be suc-
cessful, requires a systematic, interdisciplinary
approach from such rel ated disciplines as soi
science, silviculture, forest pathol ogy, entonol-
ogy, and weed science. Enphasis nust be placed on
pest prevention, containment, and excl usion

Nursery pest management practices are closely
related to and nust be harnoniously used with pre-
scribed cultural practices to be practical and
ef fective. The selection of the npst effective
practical, and environnentally safe comnbination of
I NPM practices for target pest problens is the key
to successful pest nmanagenent.

PREVENTI ON

An effective quarantine programw || prevent
the transfer and spread of pathogens, nematodes
insects, and weeds into nursery and field forest-
ation areas. These pests mny be present on seeds
seedl i ngs, soil, water, equipnment, or personnel
Preventive neasures represent the nost effective
and efficient pest nanagenent practice

PEST DETECTI ON, DI AGNCSI'S, AND EVALUATI ON

Early pest detection, combined with rapid
di agnosi s of problenms, is a prerequisite to suc-
cessful nursery pest managenent. Rapid di agnosis
will permit the selection and tinely application
of control procedures before the pest becones
unmanageabl e.



NURSERY SI TE SELECTI ON

Sel ection of the nursery site is the nost
important cultural practice for consideration in
the nursery pest managenment plan. Sel ect new
| ocations or expand existing nurseries only after
considering the following factors and their rel a-
tionship to pest managenent: soil types, texture,
pH, past | and use, presence of harnful pests, ade-
quate supply of clean water with proper pH The
soil type for nost tree species should be of a
coarse texture, primarily sand with sone silt and a
low clay content. The soil profile should not have
any i nmpermeabl e subsoil. This type of soil pro-
motes good tillage, fumigation, and drainage. Pre-
ener gence danpi ng-of f, caused by soil-borne fungi
is less severe in coarser soil with good drainage
The pH of soil and irrigation water can influence
the devel opnent of soil-borne diseases. Pre- and
post - emergence danpi ng-of f di seases often occur in
conifers when the soil pH exceeds 6.0.

CROP ROTATI ON

Crop rotation is used in | NPM prograns to
reduce seedling | osses fromfungi, insects, nena-
todes, and weeds. The pests often become serious
probl ens when conti nuous seedling production is
practiced without rotation. Alternating suscepti-
bl e and nonsuscepti ble crops in proper sequence
Wi ll mninmze seedling | osses. The alternation of
cover crops with seedling production is standard
practice in many forest tree nurseries

COVER CROPS

Cover crop species vary in their susceptibil -
ity to different root rot pests. Corn, peas, soy-
beans, and sorghum are susceptible cover crop hosts
for charcoal root rot of conifers (Seynmour and
Cordell 1979). Alfalfa, soybeans, and other
| egunes are susceptible to the Cylindrocl adi umroot
rot fungus of hardwoods (Cordell and Skilling
1975).

To allow for adequate deconposition, cover
crops shoul d be plowed under a m ni num of 2 nonths
before fum gation. Non-deconposed organic nmatter
wi || absorb large quantities of fum gants, thereby
reduci ng pest control. Organic matter anendnments
may reduce root pathogens because increased organic
matter pronotes hi gh popul ati ons of saprophytes and
soil organi sms that conpete with root pathogens.

ORGANI C VATTER AMENDMENTS

Annual applications of organic matter to nur -
sery beds help to inprove tilth, nutrient, water
retention, and soil aeration. However, precautions
are required concerning the type and conposition.
The addition of fresh sawdust or pine bark nmay have
adverse effects on tree seedling devel opnent by
changi ng the carbon/nitrogen ratio of the seedbed
M cro-organisns tie up the avail able nitrogen and
the seedlings suffer fromnitrogen deficiency.

SO L AND WATER PH

Soi |l pH, excessively high or low influences
the severity of diseases caused by soil - borne
fungi. The addition of elemental sulfur is usefu
to lower soil pH and reduce di sease | osses such as
danpi ng-of f on conifer and hardwood seedlings. The
addition of lime will increase the soil pHto nore
desirable levels. The pH of irrigation water can
be |l owered by netering sulfuric or phosphoric acid
into the irrigation system Desirable soil and
wat er pH | evel s range between 5.0 and 6.0.

SEEDBED SOW NG DATES

M ni nmi ze seedling |osses from soil -borne
pat hogens by sel ecting the proper planting date.
Cold, npist soils are conducive to growh and
devel opnent of Pythium and Phytophthora fungi that
cause pre- and post-energence danpi ng-off of seed-
lings (Filer and Peterson 1975). A delay in spring
seeding until soil tenperatures are favorable for
seed germ nation will often avoid | osses from
danpi ng- of f fungi

In the southern states, an equally serious
problemis high soil surface tenperature in late
spring, which causes sun scald of young seedlings.
Fall sowing is an alternative choice to avoid sun
scal d probl ens of several hardwood species

SEEDBED DENSI TY

The correct seedbed density will reduce cer-
tain pest problens. Seedbeds planted too dense
i ncreasing conpetition for the avail able soi
nutrients and water, will result in reduction in
seedling growt h and vigor. Poor seedling vigor
increases susceptibility to diseases and insects.
Hi gh seedbed density al so reduces air circul ation,
which results in nore foliage diseases. The
increased demand for seedlings to neet accel erated
reforestati on prograns suggests a possible trend to
denser nursery seedbeds.

MULCH FUM GATI ON

Mul ches, such as pine needles and grain straw,
shoul d be funm gated to elim nate pathogenic fungi
weed seeds, and nemat odes. Sanitation by fum ga-
tion prevents unnecessary introduction into the
seedbed of pathogenic fungi, insects, and other
pests. If pine needles, etc., are used for nulch,
fum gate under tarp with methyl bromnm de 98% -
chloropicrin 2% or nmethyl brom de 67%- chloro-
picrin 33%at the rat6 of 1 pound per cubic yard of
mul ch. Aerate the mulch at | east 48 hours before
it is applied to nursery beds.

FERTI LI ZATI ON

Fertilizer conposition, rate, timng, and
application nmethods can have adverse or beneficia
effects on disease problenms. , Sub-optinmal rates,

i nadequate fornul ati on, and inproper use of fer-



tilizer often results in seedling stunting, yel-

| owi ng, poor root devel opnent, and nortality.
Excess nitrogen application in early spring in
soils deficient in calcium and phosphorus may

i ncrease seedling damage by danpi ng-off fungi.
Excessive | evels of phosphorus (200 | bs. avail able
P 05 per acre) will inhibit both naturally
occurring and artificially inocul ated ecto- and
endonycorrhizae on conifer and hardwood seedlings.

SANI TATI ON

Sanitation is an inportant practice in nursery
pest managenent to prevent the spread of pest prob-
lems within the nursery and to field plantings.
The practice includes roguing di seased seedlings
and weed species in seedbeds. Existing susceptible
wi ndbreak species nmay require elimnation to avoid
build up of fungus inoculum and insects. Weed-free
riser lines and fence roads will help reduce the
spread of weed seeds, fungi, and insects into the
nursery bed.

SEEDLI NG GRADI NG AND CULLI NG

Gradi ng of seedlings before packing will mni-
m ze the transport of pest-infested seedlings to
the planting site. Conspicuous root, stem and
foliage di seased seedlings should be culled in the
packi ng shed. Particul ar seedling grading and
culling efforts should be afforded potentially sig-
ni fi cant pest problens, such as the root rots
(charcoal - Macrophom na phaseolina, cylindro-
cladium - Cylindrocl adium spp., and phytophthora -
Phyt opht hora spp.) and southern pine fusiformrust
(Cronartiumaquercuum f. sp. fusifornme) (Rowan,
Cordell, and Affeltranger 1980). Although it is
costly, nursery managers who have elim nated seed-
l'ing grading in packing sheds shoul d consider rein-
stating this practice when severe pest problens
appear.

Bl OLOGI CAL AGENTS

Bi ol ogi cal techni ques represent one of the
nost desirable | NPM practices, but effective pest
control procedures are very limted for nursery
production. Perhaps the best exanple of biological
application in nurseries involves the artificial
i nocul ati on and/ or managenent of sel ected nycor-
rhizal fungi to increase seedling quality (Cordell
and Webb 1980).

Most micro-organisns in the soil are either
saprophytic or nitrification agents. Sonme m cro-
organi sns are antagonistic or conpetitive with
soi | - borne pathogens. Wthout sufficient popul a
tions of these beneficial nmicroflora, organic
matt er deconposition and nutrient fixation are
greatly inpeded. Modst of the organisns are the
pi oneer col oni zers of recently fumigated soil.
Their presence is essential for the conversion of
ammoni a nitrogen to the nitrate form which can be
used by seedlings.

CHEM CAL TREATMENTS

Chemical treatnments involve a variety of pre-
and post -pl anting pesticide applications. Although
the use of pesticides is considered a significant
conponent of | NPM pesticides should be used only
when ot her | NPM procedures are not avail able or
have failed to give satisfactory control of
pests.

SO L FUM GATI ON

Soil fumigation is the nost effective chem cal
control technique for a variety of soil-borne nur-
sery pests, including soil fungi, insects, nema-
todes, and weeds. The nost effective soil fum -
gants are the nethyl brom de-chloropicrin formla-
tions. The nmethyl brom de 67% - chloropicrin 33%
formulation is nost effective in controlling root
pest problens and certain weeds and grasses, such
as nutsedge. Additional benefits fromthernal
energy can be obtained by allowing the tarp to
remain on the seedbed after fumigation for 10 to 14
days or until the beds are prepared for planting.

SEED TREATMENT

In southern nurseries, nost pine seeds are
coated with Thiramfungicide-latex sticker to
retard danpi ng-off and repel birds. Thiram at the
rate of 2 pounds per 100 pounds of seed is commonly
used. For the control of fusiformrust in southern
nurseries, the system c fungicide triadinmefon
(Bayl eton) is presently being used as either a
liquid seed soak or dry powder coating to protect
t he young pine seedlings during the first few weeks
followi ng energence (Rowan and Kelley 1983).

PROTECTI VE FOLI AGE SPRAYS

There is often a need for protective foliage
sprays to control foliage diseases and insects on
both coni fer and hardwood seedlings (Snyly and
Filer 1973). However, only a relatively few chemni -
cals are available for effective and practical
control of foliage pest problens. Effective con-
trol of foliage diseases requires conplete and con-
tinuous coverage of the susceptible foliage during
the fungus infection period when using a protective
contact fungicide. However, effective control of
fusiformrust can be obtained with reduced applica-
tions (i.e., 3to 4 well-.tinmed sprays) of the sys-
tem c fungicide triadi mefon (Rowan and Kel |l ey
1983) .
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