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ABSTRACT

Cont ai neri zed Sitka spruce, [Picea sitchensis (Bong.)

Carr.] were inoculated at sowing with pure cultures of
either Pisolithus tinctorius (Pers.) Coker & Couch,
Laccaria laccata (Scop, ex Fr.) Berk. & Br., Astraeus
pteridis (Shear) Feller, Amanita pantherina (D. C. ex Fr. )
Schunm , or Cenococcum geophi lum Fr. Seedlings were grown

in 66-cubic centineter cells for 6 nmonths in greenhouses
at Corvallis, Oregon, and Petersburg, Al aska, and environ-
mental growth chanbers at Juneau, Alaska. At Corvallis,
Pet er sburg, and Juneau, respectively, 100, 85, and 100
percent of the seedlings inoculated with L. laccata and
100, 80, and 98 percent, of those inoculated with C

geophi l um formed mycorrhi zae. Percentage of short roots
on col oni zed seedlings that were nycorrhizal at Corvallis,
Juneau, and Petersburg, respectively, were 92, 38, and 77
for L. laccata, and 91, 7, and 12 for C. geophilum Positive
mycorrhizal formation by the other test fungi could not be
confirned at any | ocation.

KEYWORDS: Mycorrhi zal inocul ation, container nursery
stock, Sitka spruce, Picea sitchensis.
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INTRODUCTION

Over 100 000 hectares of ol d-growth

Sitka spruce-western heml ock, Picea
sitchensis (Bong.) Carr. - Tsuga
heterophylla (Raf.) Sarg., forest

have been clearcut on the Tongass
Nati onal Forest in southeast Al aska.
Usual |y, natural regeneration of
both spruce and hem ock has been
dense and thrifty on these areas
with little need for supplenentary
planting. Wth increasingly inten-
sive managenent, however, areas with
i nadequat e regenerati on have becone
nore apparent and the establishnment
of conifers thereon nore desirable.

To supply seedlings for planting on
these sites, Region 10 (USDA Forest
Service) is developing a greenhouse
nursery at Petersburg, Al aska. The
facility is scheduled for conpletion
by 1981 and has a projected yearly
out put of 1,000,000 to 1,500,000
containerized seedlings, largely
Sitka spruce. Wth an abundant
supply of planting stock avail abl e,
sone reforestation will also be
conducted on routine sites as well
as problem sites.

In recent years, production of con-
tainerized seedlings has increased
rapidly (Tinus et al. 1974). Typi-
cally, the potting mxture used to
grow these seedlings |acks inoculum
of nycorrhizal fungi (Trappe 1977).
Mycorrhi zae are generally required
for woody plants to survive and grow
in soil not artificially enriched
with nutrients (Marks and Kozl owski
1973, Zak 1977). A lack of nycor-
rhi zae on nursery seedlings nay
prevent their establishment on
nycorrhi zae-deficient forest sites
or delay establishnment until nycor-
rhizae can formin soils that do
not contain natural inocula of
nycorrhizal fungi. A cursory

exanmi nation of containerized Sitka
spruce seedlings in the greenhouse
nursery at Petersburg showed no
devel opnent of nycorrhizae.

Techni ques are now being refined
for inoculating potting m xtures
used for growi ng containerized
seedlings with pure cultures of
nmycorrhizal fungi (Marx and Barnett
1974, Ruehle and Marx 1977, Mdlina
1979). Such procedures use specific
mycorrhizal fungi that may aid
establ i shment and survival of out-
pl anted seedlings on both normal
and "problemt reforestation sites
(Marx 1977) .

Literature dealing with nycorrhizae
on Sitka spruce is limted (Trappe
1964, Levi sohn 1965, Al exander 1971,
Guadray 1973, Thomas and Jackson
1979), and reports no previous
attenpts to artificially establish
nmycorrhizal fungi on the roots of
cont ai ner-grown seedlings. The
objective of this study was to
determine if fungi known to form
nycorrhi zae could be established on
containerized Sitka spruce seedlings
through controlled inocul ations.



METHCDS

Sitka spruce were grown in 66-cn?
Ray Leach® Cells' in greenhouses

at Corvallis, Oegon, and Peters-
burg, Al aska, and environnental
growt h chanbers at Juneau, Al aska.
The cells were inoculated at sow ng
with pure cultures of either
Pisolithus tinctorius (Pers.) Coker
& Couch (S-216)2 Laccaria |laccata
(Scop, ex Fr.) Berk. & Br. (S-238),
Astraeus pteridis (Shear) Feller
(S-237), Amanita pantherina (D C
ex Fr.) Schumm (S-331), or
Cenococcum geophi lum Fr. (A-176).
Control seedlings received no
fungus inoculum The isolate of C
geophi | um was obtained in Al aska
while the others were from O egon.
The ability of all fungus species
to form ectomycorrhizae with Sitka
spruce had been confirned pre-
viously by pure culture synthesis
(Mol ina, unpublished).

Fungus inocula were prepared at the
Forestry Sciences Laboratory in
Corval lis, Oregon, by procedures
simlar to those described by Marx
and Bryan (1975) and Molina (1979) .
After |eaching, inocula for use in
Al aska were placed in plastic bags,
cooled to 5°C, air-freighted in

an ice chest to Juneau, and stored
at 5°C until use (up to 3 weeks).

The use of trade, firm or
corporation nanes does not con-
stitute an official endorsenment by
U.S. Departnment of Agriculture.

’Ref erence nunbers for the
PNW cul ture col |l ection naintained
at the Forestry Sciences
Laboratory, Corvallis.

A nonsterilized peat-vernmiculite

m x (approximately 1:1) was used as
a potting nedium |nocul um was
thoroughly nmixed with the potting
mediumat a ratio of 1:7. Planting
cells were filled firmwth the

nmedi um each sown with three strati-
fied Sitka spruce seed from Juneau,
and covered with perlite. Seeds
were sown in late May at Corvallis
and Petersburg and early June in
Juneau. Al cells were later thinned
to one seedling each. Corvallis and
Pet ersburg seedlings were harvested
in late Decenber and Juneau in early
January, 6 nmonths after planting.

In Petersburg and Corvallis six
treatnments (five fungi and control)
were planted in a randonized bl ock
design, 20 trees per treatnent with
four replications (480 total seed-
lings) . In Juneau 30 trees were

pl anted per treatnent with two
replications, one in each environ-
nmental chanber (360 total

seedl i ngs) .

In Petersburg seedlings were grown
under natural 1ight supplenmented
with "grow lites" during three
intervals of 6 minutes duration
every hour. Air tenperature varied
from 15° to 27°C. Trees were

wat ered by hand each or every ot her
day. A comercial preparation of
sol ubl e 20-20-20 (NPK) fertilizer
amended with trace el ements was
applied every 2d or 3d day after
the 1st nonth at a nominal rate of
0.2 g/liter of water for each

2 nt of bench area. This was
approxi matel y one-half the standard
fertilization rate then in use for
Sitka spruce at the Petersburg
nursery.



In Corvallis seedlings were reared
under a 16-hour photoperiod wth

air tenperatures varying from 15°
to 27°C. They were watered with

an automatic misting systemand fer-
tilized by hand with approximately
3.1 ng of solubilized 20-19-18

(NPK) per seedling, tw ce nonthly.

In Juneau, seedlings were reared
under a 16- to 18-hour photoperiod
of approximately 1 000 lux with air
temperatures varying from 15° to
27°C. The same fertilizer as

used in Petersburg was mxed at

0.1 g/liter of water and applied to
each 0.28-nf chamber area once a
week after the 1st nonth.

At all three locations iron chelate
was also applied at roughly one-
half the fertilization rate, and
wat er, tenperature, and lighting
were reduced in late Cctober to

i nduce bud set.

After harvest, roots were gently
washed free of the potting mx and
each root system was exam ned

m croscopically for mycorrhizae.
Ten seedlings show ng successfu

i nocul ation and no contam nant
nycorrhi zae were selected at random
from each treatment-replication

The degree of mycorrhizal formation
was calculated by renmoving three to

four large lateral roots and cl assi -
fying each short root thereon as
nycorrhizal or nonnycorrhizal. One
hundred or nore short roots were
exam ned and cl assified on each
seedling. Height, root collar

di aneter, and ovendry wei ghts of
tops and roots were recorded for
each of the 10 seedlings. From
within each area, results were
exam ned by anal yses of variance
and differences between treatnment
means were conpared w th Tukey
tests. Al tests were perforned at
P < 0.05.

RESULTS

At all locations 80 to 100 percent
of the seedlings inoculated with
Laccaria laccata and Cenococcum
geophi l um formed mycorrhi zae

(table 1) . These mycorrhizae are
distinct and easily separated from
contam nant mycorrhizae that were
al so present. The | ow percentage of
nycorrhi zae forned, inconsistency
between replications and areas,

and the presence of contani nant
mycorrhi zae—ene of which appeared
quite simlar to Amanita

pant heri na—pr ecl uded confirm ng
successful inoculation by Pisolithus
tinctorius, Amanita pantherina, or
Astraeus pteridis.

The percentage of short roots that
were mycorrhizal on seedlings
colonized by L. laccata and C
geophi l um was very high (approxi-
mately 90 percent) at Corvallis, but
dropped markedly for C. geophilum
at Juneau and Petersburg and 1J.

| accata at Petersburg (table 1). At
all locations, sone basidiocarp
prinordia of L. laccata devel oped
on col oni zed seedlings and mature
basi di ocarps formed at Corvallis.
Mycorrhizal short roots formed by
C. geophilum at Juneau and Peters-
burg were concentrated on the upper

few centineters of the root system



Tabl e 1—-ycorr hi zal

formation on inocul ated seedlings at

Corval lis, Juneau, and Petershburg
Corvallis Juneau Pet er sburg
Fungus Per cent Per cent Per cent Per cent Per cent Per cent
of of nycor- of nycor- of of nycor-
seedl i ngs r hi zal seedlings rhizal seedlings rhizal
col oni zed:  short col oni zed1 short col oni zed: short
root s2 root s2 root sz
Pi solithus
tinctorius 10 — 2 — 344 —
Laccari a
|l accata 100 91 100 77 85 38
Ast r aeus
pteridis 0 — 2 — 325 —
Amani t a
pant heri na 16 — 0 — 18 —
CGenococcur n
geophi [ um 100 90 98 12 80 7
Cont rol 6 0 — 11 —
iMean of all seedlings.
2Mean of 10 col onized seedlings per replication.
sAppeared to be contaminant mycorrhizae.
Anal yses of variance for top height, Di sregardi ng inocul ation, Peters-
top weight, root collar dianeter, burg seedlings were significantly
root weight, total weight, and root- taller but had significantly |ess
shoot ratio were performed within root weight and a smaller root shoot

each location for seedlings colo-
nized by L. laccata, C geophilum
and uni nocul ated controls. Signifi-
cant differences occurred only at
Corvallis for root collar diameter,
root wei ght, and total weight. Tukey
tests for differences anong treat-
ment neans for these variables at
Corvallis were not significant; how
ever, for all three variables, mean
val ues for control seedlings were
greater than those for seedlings
colonized by either L. laccata or

C. geophilum (table 2) . Seedlings
colonized by L. laccata also had a
markedly larger but nmarginally non-
significant (P=0.065) root shoot
ratio (table 2) .

ratio than Corvallis (table 2).

Differences in experinental

at Juneau

Corval lis,

desi gn

and Petersburg
did not allow statistical

com

pari sons among the three areas; but

overall,
smal | est

Juneau seedlings were the
(table 2).



Table 2--Gowth of Sitka spruce seedlings at Corvallis,

Juneau, and Petersburg

Growth measurenents?

Tr eat ment
| ocat i on Top Top Root col . Root Rati o Tot al
hei ght wei ght di amet er wei ght (Root wei ght/ wei ght
(cm ) (mm (9 top weight) (9
Laccaria |accata,
Corvallis 6.7 0.29 1.4 0.35 1.26 0. 64
Cenococcum geophil um
Corvailis 6.8 .28 1.3 . 26 .95 . 54
Control, Corvallis 7.6 .38 1.6 .36 .99 .74
Control, Juneau 12. 4 .20 1.3 . 073 .35 .28
Control, Petersburg 13.3 .39 1.6 .15 .38 .54

!Mean of 10 seedlings per replication.

DISCUSSION

Successful inoculation with Laccaria
| accata and Cenococcum geophil um

i ndicates the potential for arti-
ficial establishment of selected
nycorrhizal fungi on containerized
Sitka spruce nursery stock. The
failure of the remaining isolates
to col onize seedling roots consi st -
ently, however, indicates that not
all mycorrhizal fungi are suitable
to use with this inoculation tech-
ni que. The reasons for these fail-
ures are largely unknown and are
probably a conbination of many
factors. For example, the age and
original host associate of the
fungus isolate nay narkedly in-
fluence its ability to form mycor-
rhizae (D. H Marx, personal com
muni cation) . Some fungi may not be

able to tolerate the rigorous
nmechani cal handling involved in

i nocul um preparation or the lag
peri od between inocul ation and
feeder root production. Also, dif-
ferent fertility regines can affect
the performance of fungus inocul um
(Marx and Barnett 1974, Trappe and
Mol i na, unpublished data). Cearly,
nore research is needed to determ ne
if these potentially useful fung
could be introduced onto the roots
of container-grown seedlings.



Both L. laccata and C. geophilum

are distributed worldw de and are able

to form nycorrhizae with nost trees
that host ectonycorrhizae (Trappe
1962 and 1964, Molina, unpublished
data). Both isolates used in this
study perforned well over a variety
of growing conditions, often col o-
nizing entire root systens. Mdlina
recently found simlar excellent
performance by both fungi on inocu-
lation of containerized Douglas-fir,
Pseudot suga nenziesii (Mrb.)
Franco, western larch, Larix
occidentalis Nutt., western hem ock,
ponder osa pi ne, Pinus ponderosa
Laws., and | odgepol e pine, Pinus
contorta Dougl. Thus, it appears
these fungi could be used for w de
scal e inoculations in container
nurseries grow ng west coast
conifers.

Ect onycorrhi zal inoculation of con-
tainerized seedlings rarely aids
their growh in the nursery (Mrx
and Barnett 1974, Mblina 1979 and
1980). Wth the use of soluble
fertilizers, even at nmuch reduced

| evel s, uninocul ated control seed-
lings obtain adequate nutrition to
make conparable growh. A nore

i mportant consideration is how

i nocul ated seedlings will perform
upon outplanting in conparison with
uni nocul ated control seedlings. Qut-
planting studies with containerized
Sitka spruce successfully inocul ated
with L. laccata and C. geophilum
are currently in progress.

Finally the Al askan inocul ations
show that fungus inoculum can be
comercially transported over |ong
di stances and still maintain
viability. This nay be an inportant
consideration for use of inoculum
in isolated nurseries or production
of inoculum for several nurseries
at a single location.
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