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Abstract.--Forest tree nursery and field outplanting results 
continue to be encour dg inq fo r the effective practical application 
of P.t. ectomycorrhizae for custom seedling production. The use 
of thTs unique biological tool in container and bareroot nurseries, 
field forestati on, and r ec lamati on s ites is progressing rapidly. 
Severa l alternative types of P.t. inocu lum are available along with 
effective pract ical techniques f or nursery seedbed inoculations. 
Major empha~is is being placed on the production of P.t. "tailored" 
seedlings for specific sites , selected tree species,-and related, 
high-value forest products. 
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For se vera l years, forestry agencies and firms have been interested in 
custom-grown ectomycorrhizal seed lings . Such seed li ngs may grow better than 
other seedlings when used to recla im adverse sites . Better stands of specif ic 
tree species may also result, as well as hi gh -va lue forest products . With 
these object ives, the national P.t. ectomycorrh izae program has developed 
techniques and procedures for use-in container and bareroot tree nur ser ies 
(Cordell and Webb , 1980; Marx and others, 1982; Marx and others, 1983). Thi s 
effort has been great ly enhanced by t he commerc i al production of P.t. vegeta­
tive inoculum, production of P.t. spore-encapsulated seed and, more-recen tly, 
by the deve lopment and commercTal product ion of an ectomycorrhi za 1 i nocu 1 um 
applicator - bareroot nursery seeder. 

OPERATIONAL P.T. ECTOMYCORRHIZAE APPLICATIONS 

Commercial Inoculum Availability 

Mycelium inoculum.- -During 1982, commercial P.t. mycelium inoculum 
(MycoRh1z) was ava1lable fr om Abbott Laboratori es~Lhicago, Ill., on a custom 
order basis. The cost was $16 per liter (about 1 quart) and was marketed with 
a moneyback guarantee. About 750 to 1,000 conifer seedlings (25 to 30 per 
square foot) were inoculated per liter of inoculum. Based on a tree plantation 
spacing of 6 x 10 feet , with 726 trees per acre, t he use of treated seedlings 
r aises plantation establishment costs by $11 to $15 per acre. 

1/ National Mycorrhizae Applications Coordinator , Forest Pest Management 
Staff~ Sou ther n Region, Ashevill e, NC; and Director, Institute for Mycorrhizal 
Research and Devel opment, Southeastern Forest Experiment Station, Ath ens , GA. 
Both are with the USDA Forest Serv i ce . 
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The future availability of MycoRhiz P.t. inoculum from Abbott Laboratories 
i s quest ionable, primarily because of recurrent inoculum production problems 
and adverse economic condition s. The company i s evaluating this issue and will 
soon decide on future plans. The Fores t Service is now exploring other sources 
of commerc i a l P. t. inoculum. Plans are in progress for cooperative nursery 
fi eld tests of-the Butler County Mushroom Farms' P.t . inoculum by that company 
and the Forest Service's Southeastern Forest Experiment Station and the 
So uther n Region in 1983 . 

Spore-encapsulated seed.--An alternative P.t. nursery inoculation tech­
nique 1nvolves the spore-encapsulated seed treatment available on a custom 
order basis from International Tree Seed Co . , Birmingham, Ala. This technique 
was developed in cooperat ion with the Institute for Mycorrhizal Research and 
Development (IMRD), USDA Forest Service , Athens, Ga. Results obtained from 
se vera l P.t . spore-encapsulated seed nursery field tests conducted by IMRD 
during tne-past three years show considerable promi se for the use of this 
technique in certain bareroot nurseries. The Edwards State Nursery in North 
Carolina has 300,000+ eas tern white, loblolly, and Virginia pines custom 
inoc ul ated with the P.t. spore-encapsulated seed treatment by International 
Tree Seed Co. for the "C"rescent Land and Timber Corp. International Tree Seed 
Co. a lso produces a P.t. spore pellet that is being field tested by IMRD as yet 
another technique. --

Ectomycorrhizal Inocu lum Applicator - Nursery Seeder 

The applicator gave good results on several pine seedling species during 
the past 3 year s (Conn, Corde ll, and ~-iarx, 1980; Cordell and others, 1981) . 
Thi s unique machine has produced practical, operational, bareroot nursery 
seedbed inoculations us ing commercial P.t. vegetative inoculum. A commercial 
P.t. inoculum applicator is available from R. A. Whitfield Forestry Manufactur­
Tng Co., Mableton, Ga . The applicator costs $4,500 and is designed either for 
separate or simultaneous use with conventional nursery seeders. During the 
spring of 1982, operational P.t. machine inoculations were made in 12 nurseries 
on six speci es of pines and over 1 million seedlings. These P.t. custom­
tailored seed l ings will be used on specific fie ld planting sites, such as mine 
land reclama t i on and se lected problem site forestation. 

Future Applications 

Reclamation sites . --The potentia l use of P.t. ectomycorrhizae in mine land 
reclamat 1on has rece1v ed accelerated interest and effort during the past 2 
year s (Wolf , Corde ll, and Keller, 1982). Two nurseries in Vallonia, Ind., and 
Mari et t a, Ohio have scheduled more than 333,000 P.t. inoculated seedlings for 
reclamation site outplantings in southern Ohio. -PTne species include Virginia 
(Pinus virgini an a), eas tern white (P . strobus), red (P. resinosa), and pitlolly 
(p1tch- P. ng1da X loblolly- P. taeda hybrid). Outplant1ngs were estab­
li shed on-ei~ht abandoned coal mTne s1tes in southern Ohio during the spring of 
1982. Virginia pine survival varied among the sites, and was severely affected 
by adverse environmental factors (post -planting extended drought) and grass 
compet ition . Results obtained from four outplanting sites established by the 
Ohio Division of Mine Land Rec lamati on showed an average survival increase of 
24 percent for P.t. inoculated Virginia pine seedlings over uninoculated seed­
lings after 1 month in the field (unpublished data). 
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Forestati on sites. -~ During the past 2 tc J ye,rs consi derab le interest 
has been expressed by 2, :l~!mber of pt'i vate ndustr i es and others about the use 
of P. t . ectomycor rhizae on selected fiel d orestat ion si t es in the southern and 
central United States. For example, 10 of t he 12 operational P. t . ec tomycorr­
hizal inoculations es t ablished \·;ith either P.t. mycelium inoculum or spore­
encapsulated seed treatments in 10 southern-nurseries in 1982 were scheduled 
for forestati on plantings. In ternational Paper Co., Union Camp Corp., Champion 
International Corp., ar1d ~:rm,;n Ze1lerbach Co. recent1y made substant ial commit­
ment s to the P.t. ectomycorrhizae applications program. In add iti on, the 
Wayne -Hoosier-National Fo r est in Ohio and Indiana and t he Savann ah River Forest 
Station in South Carolinas along with the Georgia Forestry Commi ss ion and Ohi o 
Divisi on of Forestry, have made similar commi tments. 

Over 50 P.t . ectomycorrhiza 1 outplan tings have been estab li shed with over 
12 species of-conifers in some 20 States. Most of these outpl anti ngs have been 
established si nce 1979 and, consequently, tree surviva l and growth results are 
preliminary . However, outplantings with several conifer species in widespread 
locat ions show significant increases in tree surv i va l and ear ly growth on P.t. 
nursery- inoculated trees, compared to uninoculated check trees. A significant 
increase (25+ percent) in surviva l or growth is al so st ill being observed on 
eastern white, loblolly, and Vi'tg inia pines after 8 years in western North 
Carolina. These results are very encouraging and further emphasize the 
potential forestation benefits and app li cation of the previous res ults reported 
by Marx and others (1977). Simi l ar outplantings wi t h pine seedlings ob tained 
from the 1982 operational nursery inoculations are schedu l ed for the 1982-83 
pl anting season. All outplanti ngs are scheduled for a 10-year duration . 

DISCUSSION 

Forest tree nurser·y and field ·planting results continue to be encouraging 
f or the effective , pr actica~ use of P.t. ectomycorrhizae for custom seedling 
production . Nursery seedbed o.rd cor.toTne l~ inoculations with thi s in oc ulum have 
repeatedly provided significant increases in seedl i ng quali ty (nursery cull 
reduction), along with increased tree surviva l and growth in field plantings . 

The need for quality. ta i lored nursery seedlings for successfu l field 
forestation and d·isturbed sHe reclamation by Federal, State, industry , and 
private f ore st !and managers ~s becoming increasingly apparent . Although 
seed l ihg costs represent a minor portion of forestation expense , seedling 
quality is perhaps the most signi fi cant f actor in successful forestation. 
Consequently, a cost --be ·n2f~i~ analysis of produc ing P.t. ec tomycor r hizal seed­
lings for selected fo•~estation and reclamation sitesmay be favorabl e in many 
cases when considering the Leta! forestation and reclamation site ex penses and 
the probable tree sur v1 val and growth benefits derived f rom t hese higher­
quality, tailored seed 1 i~gs. The re:ent emphasis on forestation nationwide, 
spec if ical ly in the South, to meet anticipated wood product demands in the 
future also place<:, added atten'cion 011 nurser>y seed ling qua lity, as well as 
quantity. Certai n ectonJyc o~' · r· fri za '! funqi have also demonstrated protec ti on 
against some root dise~~2 f ungi on southern pine seedling hosts in control l ed 
research stud ie s (Marx, 1973). 
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CONCLUSIONS 

The operati onal use of P.t. ectomycorrhizae in container and bareroot tree 
nurseries , field forestation~and reclamation sites is progress ing rapidly. 
Several alternative types of P. t. inoculum are availabl e , al ong with effective, 
practi cal techniques for nursery seedbed inoculations . Major emphasi s is on 
the production of P.t . tailored seedlings f or specific si t es, sel ected tree 
species, and related-high-value forest product s . Artificial nursery seedbed 
and container P.t. inoculati ons represent another potent ia l ly effective and 
practical nursery management tool. 
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