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AN ARBSTRACT

The purpose of this investigation was to determine
the causal organism of a root rot disease of white pine
nursery seedlingcs at the T, S. Torest Service Chittenden
Nursery in Yellston, Michigan. Efforts were rade to
demonstrate pathogenicity of a suspected pathogen, to
extract and study the population of nematodes frorm soil
and from wnite pine roots, and to study diseased root
sections of wiite plne seedlings microscopically through
the preraration of permanent slides of diseased root
tissue,

Al though various microorganisms were 1solated on
PDA medlium from rnhite pine root tissue plantings showing
various degrees of root rot, Fusarium was the principal
riicroorganism isolated, representing 20.34 ypercent of all
tissue plantings made.

Three Tusarium species, namely F. solani, F. oxy-

™ .

sporum, and ¥, moniliforme, were used in greenhouse inocu-

lation tests. Three series of greenhouse tests were made

e

128

ng FPusarium c;ecies to infest the soll in which white

pine seedlings and seed were planted,

Tusarium was the principal microorganism reisc-
lated from the Infected plants in the greenhouse. The
percentage recovery of 'asarium due solely to the deliber-
ate infestation with Yusarium in the Tirst greenhouse

series was 052,63 percent. The corresponding figure for

the second greenhouse series was 50,238 percent. The mix-
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ture of the five ™isarium isolates (91'1") was the most

pathogenic inoculum used in the greernhouse tests. The

b

percentage recovery from the infected white pine seedlings

=
O

in this treatment was 09.72 percent., Fusarium oxysporum

was the most pathogenic separate Lnoculum used, Tor the
percentage recovery of this microorganism “rom infected
plants was 20.30 Zercent,

Population studies of nematodes reveal that many
neratodes were present in the soil and plant samples
collected throughout the diseased areas of the nursery.
More nematodes vere extracted from the nursery soil than
from the woodsplot soil or from the soll of a white rine
;lﬂntation located near the Chittenden Iursery. Since
root rot only occurs in the nursery beds, the evidence
suggests that nematodes may play a part in the root rot
disease, although their exact role is not lnown,

Mematodes were uscd to infest the soll in the

third greenhouse series, Masarium and Verticilllium

specles were also used as Inoculw: In this series, but the
latter was not pathogenic., The percentage recovery of
Fusarium in this greenhouse series was 33,33 percent.
Histological studies of sections from ‘iseased
wihilite pilne roots revealed that fungus hyphae were present

in the root epidermis and cortex of tie diseased seed-

lings.
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INTRODUCTION

From a commerclal standpolnt, white pine, Pinus
strobus L., 1s considered the most valuable species of
this type in the Lakes States Reglon (22)., It has the
highest board foot value of any conifer species grown in
this region. At the Chittenden Mursery less than ten
percent of the total plantings at the present time are
white pine, the balance consisting of red pine, Pinus
resinosa Ait, Approximately 250,000 white plne trans-
plants are transplanted yearly on the 'anistee Natlonal
Forest. One of the serious limlting factors that re-
stricts an Increased number of white pine outplantings in
forestation areas 1is the white pine blister rust disease,

caused by Cronartium ribicola Fisch. The cost of main-

taining Ribes free areas prohibits an increased percentage
of outplantings of white pine. Ribes specles, currants
and gooseberries, are the alternate hosts of white pine
blister rust fungus. Still another 1limiting factor that
restricts the outplanting of white pine 1s the possibility

of attacks by the white pine weevil, Pissodes strobi Boh.,

which deforms the trees and seriously interferes with
thelr growth rate. These fractors, and others, explain
why less than ten percent of the total production of
seedlings at the present time at the Chittenden Nursery
are white pine. Since 1934, a serious loss of white pine
seedlings has occurred in the seedbeds and the transplant

beds of the Chittenden Nursery, Plate II., Death of the

1.



seedlings follows what appears to be a gradual dying of
the roots characteristic of the root rot disease of the
white pine seedlings. This disease condition does not
affect red pine seedlings grown in the same seedbeds with
white pine seedlings nor does the disease continue to kill
white pine after they are transplanted into a plantation.
Eastern white pine is the main specles affected by the
disease. Although the disease has also bheen found on

white spruce, Picea glauca (Moench) Voss, and black

spruce, Picea mariana (Mill.) B.S.P., it causes very

l1ittle loss to these two species.

A planting was mnde in a newly cleared area in the
oak woods adjacent to the nursery in order to determine
if a root rot pathogen capable of affecting white pine
seedlings was present, Plate I, This area near the south
border of the nursery was cleared in the fall of 1954.
The seedbed, four feet wide and twenty-five feet long,
was sown with white pine seed in the spring of 1955. 1In
the fall of 1958, a crop of seedlings was removed and
transplanted into the main nursery to see if they would
be affected with the root rot disease. The woodsplot
area was immediately resown with white pine seed, Yo
case of root rot has originated from the woodsplot since
its establishment. Lack of root rot in thls area may be
due to a different composition of microflora coupled with

the fact that it 1s a virgin area as far as a nursery
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seedbed 1s concerned. The second crop of seedlings was
removed in the fall of 1958 and transplanted into the
nursery as before in order to determine their suscepti-
bility to the root rot pathogen. The area was to be
immediately resown with white pine seed., It is tenta-
tively planned to continue growing white pine seedlings
on the area to determine how long it will remain free of
the root rot disease. The fact that the root rot disease
has not developed in the woodsplot area supports the
other observations made on surveys of outplanted white
plne plantations. Very few white pine succumb from root
rot after they are outplanted on planting sites within
the forest.

A review of the production records of the Chitten-
den Nursery since 1ts establishment in 1934 shows that
there have been consistent losses in the white pine heds.
At first these losses were attributed to white grubs (2).
In 1943, it was found that white pine were dying from some
other cause than white grubs. 1In 1948, the root rot
disease was recognlzed in the 2-1 and 2«2 white pine
transplants, and a large number of trees were lost in both
ages of stock (2). The possibility of white grudb injury
was investigated, but there was no evidence of such
Injury on the majority of the transplants that had died.
The root rot disease was extremely serious in 1949. Yost
of the 1-0 white pine seedlings were killed and heavy

losses occurred in the 2-0, 2-1, and 2-2 beds (2). 1In

Se



PLATE I

Portion of the woodsnlot area where no root rot occurs,
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1950, 250,000 white pine seed were sown and from thils
thirty-six percent were available for transplanting and
twenty percent for shipping.

It was learned that the W.W, Ashe Nursery in
Mississippi had suffered heavy losses of thelr southern
pines from a root rot disease. It was found that if the
nematodes present at the nursery were ~ontrolled, the root
rot disease failed to develop. Samples of 2=1 and 2-2
white pine from the Chittenden Nursery were sent to
Dr. G. Steiner, principal nematologist at the Plant
Industry Station at Beltsville, Maryland, in 1949. He
found several nematodes, most of which were different
from those at the Ashe Nursery., In a letter to Mr. E.D.
Clifford, Superintendent of the Chittenden Nursery, dated
August 3, 1949, Dr. Steiner said that in general the
nematode complex was quite similar to the one seen at the
Ashe Nursery. Additional samples of stock were sent to
Dr. G. Steiner in 1950, and he found the same nematodes
in these samples as in the past and a few additional

ones. (Table XIII). The genera found were Alphelenchus,

Alphelenchoides, Acrobeloides, Ditylenchus, Dorylaimus,

Me taphelenchus, Metarhabditls, Tylenchus, Plectus,

Panagrolaimus, Acrobeles, Diplogaster, and Seinura. The

Aphelenchus and Panagrolaimus genera were the most

numerous and both are considered to be decay nematodes
(2).

Dr. Gerald Thorne, a noted nematologist, visited

Se



the Chittenden Nursery in 1950 with Dr. Curtis E. Dieter,
of the Dow Chemical Company, and collected soil and plant
samples. They found several nematodes in the samples, of
which the following are able to cause injury to plants:

Leptonchus granulosus, Tylenchorhynchus dubius, Aphelen-

choldes sp., Ditylenchus sp., and Tylencholaimus proximus

(Table XIV) (2).,

Dr. Berch Henry, from the Ashe Nursery, visited
the Chittenden Nursery in the spring of 1950. He and
others established experiments employing the use of soil
fumigants and insecticides in an attempt to control the
root rot disease. The dlsease was not generally serious
in 1950, and results of the experiments showed that the
fungicide and insecticide plots failed to give any indi-
cation of control of the disease (2). During 1951, Dr.
Eenry grew red pine and white pine In infected areas at
the Ashe Nursery. Both species proved to be susceptible
to the Ashe root rot, while only the white pine seemed to
be susceptible to the root rot found at the Chittenden
Nursery.

Since 1952 various experiments have been carried
out in an effort to control the root rot disease. Soil
fumigants have been tested on a large scale, and some
tests have been made with fungicides, insecticides, and
fertilizers. Results of tests as of 1956 by the Lakes
States Forest Experiment Station involving over 500,000

white pine seedlings indicate the following (1):

Ge



1., Methyl bromide® applied at the rate of two
rounds per 100 square feet, surplemented with a Parzate
(zinc ethylene bisdithlocarbamate) foliage spray, has
increased production of seedlings bty as much as 150
percent over that of untreated beds. Methyl tromide
alone and methyl bromide plus Fermate (ferric dimethyl
dithiocarbamate) sprays also show large increases in
production, Plate IV.

2. Formaldehyde (forty percent commercial)
applied at 1.5 ounces per square foot, or about three
times the dosage generally recommended for damping-off
control, has given excellent control of the root rot
Cisease, equal to or better than methyl bromide, Plate III,

3. The use of methyl bromide and formaldehyde has
resulted in heavier seedlings even though there was a
denser stand in these beds.

Thus the white pine root rot problem at the
Chittenden Nursery has received some attention for several
years, . ith the cooperative help of the nursery staff,
the Dow Chemical Company, the pathologists and nematolo-
ilsts of the Plant Industry Station, and the Lakes States

Forest Experiment Station disease research personnel,

8 Methyl bromide (ninety-eight percent methyl bromide plus
two percent chloropicrin) contrituted by the Dow Chemical

Company, WMidland, lichigan,

<1



several experiments have been conducted in an effort to
find satisfactory rontrol measures. At the present time,
methyl tromide applied at the rate of 1.5 pounds per 100
square feet, and formaldehyde, applied at the rate of 1.5
ounces per square foot, are the most effective of the
various chewnicals used to control the disease.

Refore fumigation of the soll with methyl bromide
was adopted, at least ninety percent of the white pine
stock golng out of the nursery was affected with root rot
ranging in severity of infection from light to lheavy.
\Vhite pine seedlings exhibiting extreme infection were
culled. In the last two years, through the use of methyl
bromide, this percentage has been greatly reduced. It
was estimated by Fr., Clifford that less than five percent
of the white pine stock which left tke nursery in the fall
of 1958 was a’fected with root rot.

In 1954 a survey of three white pine plantations
whiclh were planted in 1952 revealed that the averajge loss
of white pine was ten percent, Two percent was entirely
accountakle to root rot, and the other eight percent was
due to transplanting. It was found some time later that
death of white pine due entirely to root rot coes not
occur after two years in the field, although death may
result from a combination of root rot and transplanting
njury. After the third year in the field, death due to
the combination of root rot and transplanting does not

cccur.



The above observatlons offer an interesting
comparison when related to outplantinics with diseased
stock at the Ashe Nursery by Dr. Perch Henry. Data in a
letter from Dr. Henry to Dr. Curtis May, principal nema-
tologist of the Bureau of Flant Industry, dated September
12, 1949 indicated that of the outplantings made “rom
1947 experimental plots at the Ashe Nursery, the first
vear survival of "plantable" slash rine seedlings,

Finus elliottil Engelm, was not adversely affected by the

root rot. The survival of longleaf pine, Pinus palustris

11111., after one year in the field, ranged from fourty-
four to ninety-two percent. Dr. Henry indicated that
Dowfume WW-40, applied at the rate of thirty-two callons
rer acre, 2.5 to 5 weeks before spring sowing, has given
satisfactory root rot control of slash and longleaf pine
seedlin;;s in the Ashe Nursery for two consecutive years,
It has become agrparent that the cause of the root
rot disease at the Chittenden Nursery must be determined
so that better control methods can tte applied. Studies
were Initiated in June 1957 to determine the actual cause
of the root rot disease, and they were continued through
August 1958, These studies were divided into three
phases, which are the isolation and reisolation of micro-
crganisms from diseased white pine seedlings, the ex-
traction of newatodes rom plant and soil samples for
popwlation studies, and the histological studies of

sections of diseased white pine seedlings.
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Teseription of the disease

Root rot occurs on white pine nursery stock of all
ages, from 1-0 seedlings to 2-2 transnlants, throurhout
the nursery. It is common to find heal thy and affected
trees in all sta;;es of decline intermixed in the white
pine beds of the nursery. The aboveground symptoms cf
the root rot are cltlorosis and stunting of the foliage,
and a stunting of the tree itself. The stunting and
chlorosis of the foliage appears to progress from the top
of the seedling downward., The color of the follage
changes from a dark bluish green to a color ranging from
a pale green to a 1light yellow. The color change starts
on the extreme tips of the needles and advances toward
their base. ILater the needles droop, dry up, and turn
brownish red, from the tip downward. The seedlings die
in an upright position after the bark and cambium are
killed by the pathogen, Flate VI,

The small rootlets rot first, followed by the
lower portion of the primary root, Plate V. Some of the
lateral roots on the healthy appearing trees have root rot
symptoms. The cortex is sloughed off from the affected
lateral roots as they become well decomposed with the
advance of*he disease, Fefore the ~ortex is slourhed off,
the epidermis turns “rom a light tan to a black color.
“his color change is prohably due to the breaking down of

the root tissue by the vathogen. TIFree hand cross sections

10,



made st points where the epidermis is hlackened reveal

8 light brownish discoloration of the woody tissue. The
root rot progresses Trom the young tissues of the root
toward the older tissues, and proliferation ocecurs above
the rotted portions of the lateral roots. Later, portions
of the lateral roots and primary roots completely slough
off leaving only a small part of the root system. Treces
at this sta;je of decline are sustained by a few lateral

roots restricted to the upper few inches of the soil.

11.



Nursery control plots showing 2-0 white pine seedlings .2

8 Black and white photograrh courtesy of Dr, Ralph L.

Anderson of the Lakes States Forest Experiment Statlon.




PLATE II
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PLATE ITII

Nursery plot containing 2-0 white pine seedlings in which
the soll was treated with formaldehyde (forty percent

commercial) at the rate 1.5 ounces per square foot.

13.



PLATE IV

Nursery plot containing 2-0 white pine seedlings in which
the soil was fumigated with methyl bromide at the rate of

two pounds per 100 square feet.a’b

2 The darkensd areas in the foreground of the colored

photo are shadows.

b Black and white prhotograph courtesy of Dr. Ralph L.

Anderson of the Lakes States Forest Exieriment Station.




PLATE IV
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FLATE V

Root rot symptoms on a 2-2 white pine transplant.
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PLATE VI

Stages of root rot symptoms on 2-2 white pine transplants.
Heal thy transplant on left, diseased trans»lant in middle,

and dead transplant on right.a

Courtesy of Dr. Ralph L. Anderson of the Lakes States

Forest Experiment Station.
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KEVILV, OF LITERATJURE
Many early workers have found that [Pusarium speciles
were pathogenic on pine seedlingse. Inoculation experiments
by Spaulding (17) established that some stralns of Fusarium
were parasitic and caused damping-off o pine seedlings,

"ysarium moniliforme Sheldon was one of the more virulent

species. A few years later Gifford (5) repeatedly isolated
a species of Fusarium carable of causing darping-off and
rcot rot from the roots of two-year-old white pine seed-
lins. The findings of Hartley et al (8) indlcated that

Fusarium solani (lart,) Appel & Wr, was a weak parasite on

jack rine, Pinus banksiana Lamb., while the most destruc-

tive of the species of Fusarium tested was F. monlliforme.

Variatle results were obtained by Rathbun (15) using
strains of Fusarium species involved in a root rot of jack
pine and red pine, root rot being more severe in the
Fusarium inocula*ions than in the controls. Eliason (3)
found that white pine and white spruce were intermediate 1n
susceptibllity to a IMusarium root rot. In this study there
vas a definite relation shown of buckwheat residue to root
rot. The root rot was rore severe in the nursery areas
which were successively sown for three or more years with
buckwheat as a cover crop. Tint (138) deronstrated that

resistance to invasion of Fusarium oxysporum Schlect. in

seedlings of red pine increased directly with Increasing

oL

ase of the seedliniss. Various other workers have reported

17,



damping-off of plne seedlings caused bty Tusarium
(12, 19, 21).

A Fusarium has been found in what appears to te a
nematode-fungus complex in the Ashe Torest Tursery in
Mississippi. Longleaf pine, slash rine, and loblolly

vine, Finus taeda L., were susceptlble to root rot (14) .

In nlots most severely affected, fifty percent of the

loblolly pine, ninety percentc of the spring sown longleaf

..d
o

>ine, and ninety-five percent of the slash prine died.
It avpeared, from the survival 1In the nursery and the
survival in the field, that the root rot affected svring
sown longleaf pine most scverely, loklolly pine next, and
slash pine the least. [Iusarium, two other species of
fungl, and representatives of at least ten genera of
nematodes were found. Strong evidence indicated that the
cause of the disease was a nematode-fungus complex,
since application of the nematocidal fumigant ethylene
dibromide to the seedbeds at the rate of twenty-four
callcns per acre of a twenty percent by volume solution
two to three weeks prior to spring seedlng gave excellent
root rot control. Iio phytotoxlec effects resulted from
this rate of application (9).

Nematologists have established the fact that para-
sitic nematodes are associated wlth the roots of all the
ma jor southern pine species (7)., A parasitic nematode

identified as Criconemolides rusticum (liicoletzky) Taylor




was assoclated with the deterloration of the fine roots
and mycorrhiza of one-year-old potted shortleaf pine seed-

lings, Pinus echinata Mill. (12). Topper (11) made a

survey of the plant parasitic nematodes in the solls of
thirty-five southern forest nurseries nnd found that

lFeloidodera and Tylenchorhynchus were the only nematode

genera found to be directly associated with seedling

‘njury. Tylenchus was frequently assoclated with root

rots but was not considered responsible for thls injury.
noot-knot nematosdes have tecn found in connection

with rusariam wilt of mimosa, /flbizzia julibrissin Murazz

(6). lore wilting of mirmcsa oceurred wvhen the soill was

Fal

‘nfested with Tusarium oxysporum £, »erniciosum ‘lepting)

Toole and l'eloidosyne incognlta (Kofold % “hite) Chitwood

or . javanica (Treub) Chitwood in combination than in
soil infested with Fusarium alone. The neratodes alone

redazed the size of the mimosa seedlings.



FATERIALS ATD NZTHODS

Isolation and identification of l~roorganisms

The i3olation and identification of microorganisrs
from vwhite pine seedlings showing symr~toms of the root rot
disease vas initlated in June 1957 at the U.S. Torest
Service Chittenden Nursery at Vellston, "ichigan. VYorking
on the premise that a soil inhabiting fungus might be the
cause of the root rot, tissue plantings vere made from the
roots of white pine seedlings in various stages of decline.
The nursery stock selected for tissue planting was
brought into the laboratory located on the nursery grounds.
The roots were thoroughly washed in flowing tap water in
order to remove excess soil and other foreign matter.

Roots showlng early stages of btrowning were selected and
cut into sections one-gquarter to one-half inch In length.

Seventy percent ethyl alcohol was used as a surface
sterilizing agent. Each root section was irmmersed in this
solution for thirty to sixty seconds and then aseptically
transferred into a tath of sterile distilled water for one
minute btefore planting aseptically with forceprs on sterile
medium in a Petri plate. Tive root scctions were planted
in each rlate. 1e prinecipal medium used was potato
dextrose agar (PDA) acidified with twenty=-five percent
lactlic acid. The tissue ,lanted plates were then lahbeled,
wrapped in wax paper to prevent aerial contamination, and

Zncubated at room terperature. These plates were observed



macroscopically three to six days after rlating.

The colonles growing from each tissue planting
were ldentifled to genus as Tar as possible by examining
them on microscope slidaes under a compound mlcroscore.
Tue fungl that did not sporulate were transferred to FDA
slants and attempts were made to identify them approxi-
mately one to two weeks later. All transfers were made
from the outer edre of the younz, actively growing colo-
nies. After identification, the ~ultures were transferred
to PNDA slants and maintaired in the refrigerator. The
frequency of microor;anisms 1solated in this study is

shown in Table 1.

Greenhouse inoculation technique

Since Fusarlum species appeared consistently and
predominantly throughout the Isolation studies conducted
daring the summer of 1957 (Table I), it seemed desirable
to test the pathogenicity of tliese organisms., l'lve
Migarium isolates, nunbters 33, 42, 46, 49, and 62 were
selected at random from the numerous collection of pure
cul ture isolates of 1957. The source of these isolates
is shown in Table II. The five isolates were grown on
two different media, One medium consisted of cornmeal
plus vermiIculite and the other was a svnthetie 1iquid
medlum,

The ccrnmeal plus verrmiculi*e medium was prebvared

by mixing 130 ml., (by volwne) of vellow cornmeal in a one

2l.



liter Erlenmeyer [lasl with 130 ml. each of water and
vermiculite. Thiese materials were stirred with a glass
rod until thoroui:ly mixed., Six of the flasks thus pre-
pared were then autoclaved for twenty minutes at fifteen
pounds pressure, allowed to rool, and each flask was
rlanted viith one of the selectel FPusarium »ure cul ture
isolates. 9One flask was left unplanted for use as control
inoculum.,

The synthetic 1iquid medium was prepared by addling
the following materlal to one liter of distilled water in
a sterile Erlenmeyer flask: 7.2 grams sucrose, 3.6 grams
glucose, 1.23 grams MgSOy, 2.72 grams KHoPO4, and 2.02
grams KNO7; (16). '

Ten 1liter flasks, each containing 200 ml. of me-
dium, were prepared. The flasks were autoclaved for twenty
minates at fifteen pounds pressure and allowed to cool.
Five flasks were then planted each with one of the selected
Fusarium pure cuiture isolates. TFive flasks were left
unplanted, three of them for control inoculum and two for
use in suspending the nmycelial mats when they were macer-
ated in the Varing tlendor. The inoculum used {or the
first greenhouse series was allowed to grow on the medIiIum
for elghteen days.

The »ure sand which was to be infested with the
inoeculum was obtalned "rom a sand pit located approximately
five miles east of the Chittenden Thirsery. The sand wvas

collected in metal containers at a depth of thirty-five

L2,



fect Telow the :sround level, and it was econsidered free of
or;onte matter anl reaconatly sterile. Manger oF ‘ntro-
ducing the mcot rct pathogen “rom this source was con-
sidered to te nezligitle because of the very low or-ianlic
content of the sand., The sand was brought to East Lansing
and placed in newly constructed flats in the Plant Science
Greenhouse. The inoculum, consisting of the contents of
one brlenmeyer liter Tlask, was dunped on the sand surface,
brolien into small pleces, and mixed into th2 sand by hand.
After tltoroughly wixing the inoculum into the sand, the

sand surface was leveled an: a new netal divider was rlaced

4

in the flat crosswise to scrzrate it ‘nto two egqual parts.

O
<

)
i

nalf of the flat was planted viith one hundred white
pine seeds from the 1056 crop, fifty seeds per row. The
other 'l f of the Tlat was lanted with FifLy woeodsylot
gczdlings collected at thie Chittenden Nursery an? *rans-

ported to East Luiwsins in splhamnam moss Iin »nlastic ha s,

These seedlincs hind been vlanted In the fall of 1286 In a

)

vooldsplol adjacent to the south side of the nursery rproper.
I'o root rot has occurred in this plot, but sorne of the
scedlings from 1t that have teen planted in the nursery
Jdeveloped root rot,

These woodsploti scedline were transplanted into
irreenhouse flats as gqulckly as possible. TIFifty seedlin:s,
five rows of *en eacli, were pranted Iin each flat., The
flats were yut in four lnch deep metal pans and watered

from below. The soil in the rest of tie flats receiving

no
()]
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inocuwlum grown on cornmeal vermiculite was infested in the
same manner., The check flats were prepared first in order
to avoid contamination frcm the other flats.

The synthetir~ liquid medium was decanted from the
mycelial mats of the five usarium isolates into a liter
flask and was used for one treatment. 'nplanted synthetic
liquid medium served as a control treatment. The mjycelial
rrats of the five [Fusarium isolates, which were grown on the
synthetic liquid medium for eichteen days, wvere susnended
in 400 ml, of un:lanted synithetlic medium 1In a Varing
blendor. The rycellal mats were macerated for one minute.

After the greenhouse flats were planted with one
hundred white pine seed and fifty woodsplot seedlings, the
mycelial fragments and spores suspended in the liquid
riedium were sprayed on the surface of the sand in the flat
with a rubber bulbt sprayer. The same 1lnoculation pro-
cedure vias used for the 600 ml, of unprlanted 1liauid medium
control and for the decanted liquid from the mycellal mats.

The first greenhouse seriles consisted of ten flats
as follows:

1. Unplanted 1liguid medium check (PLM)

to

. Unglanted cornmeal vermiculite medium (CCV)

3, Control - no medium or inoculum added (CNM)
4

Decanted 1ligquid from the flve Tusarium
mycelial mats (LTM)
5. Tive Fusarium mycelial mats macerated in

sterile liguid medium (T7MM)
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late 33 = Cornmeal vermiculite

(@]

6. Musarium is
medium
7. Fusarium isolate 42 - Cornmenl vermiculite
riedium
8, Misarium isolate 46 - Cornmeal vermiculite
medium
9. Fusarium isclate 49 - Cornmneal vermiculilte
medium
10, Fusarium isolate 62 - Cornmeal vermiculite
rmedium
Periodic counts were made on the number of sced
cerminating and cn the numbter of secdlings dying. ‘“hen
the scedlings looked as though they were starting to de-
cline or become discolored, they were removed and used in
attempts to reisolate the ori;inal Fusarium infested into
the soil. Some of the seedlings were collected for histo-
logical studles,
The second greenhouse series was be_un In Tecember
1957, The same procedures and inocula previously emplored
were used with the following exceptions:
1. The inoculum was allowed to grow on the two
tyres of media for forty-three days.
2., The liguid from the flve Fusarium mycelial
mats was discarded,
3. The same type of sand was used except that

it was steam sterilized for twvo hours.



4.

w
.

The white pine seeds were surface steri-
lized in 1:3000 HpCl, for five minutes and
rinsed in flowing tap water for twenty
minutes.

The flats were watered “rom above,

Even though the white pine seed were sut-
jected to the standard cold treatment, they
germinated very poorly in the flats of this
second greenhouse series. Therefore, an
additional one hunired seeds of the 1957
cron were surface sterilized as above and

Pplanted in these flats.

The second grecenhouse series consisted of ten

flats as follows:

Unplanted 1igquld medium check (PLM)
Tnplanted cornmeal vermiculite medium (CCV)
Control - no medium or inoculum a-ded (CNM)
Jontrol - no medium or inoculum added (CNM)
Pive TFusarium mycelial mats macerated in
sterile 1liquid medium (FMM)

Fusarium isolate 33 - Cornmeal vermiculite
medium

usarium isolate 42 -« Cornmeal vermicul:ite

medium
Musarium isolate 46 - Cornmeal vermiculite

medlum

Tt
(¢}
[ ]



9, Tusarium isolate 49 - Cornmeal vermiculite
rmedium

10, I'usarium isolate 62 - Cornmeal verriculite
medium

The flats of the first and second greenhouse
series were fertillized once wlth Tolium, a completely
soluble fertilizer. Two gallons made at the recommended
rate of one ounce per gallon were used. Also one appli-
cation of the insecticide dieldrin was applied.

A third isreenhouse seriles, using artificially
infested soil in wetal cans, was begun in May 1953 for the
purvose of demonstrating a possible nematode-fungus com-
plex. The soll used in this serles was obtained from
the root rot infested white pine beds at the Chittenden
Nursery. The soill was put In no. 10 metal cans and steam
sterilized for one and one-half hours.

Three Fusarium isolates, namely numbers 33, 42,
and 62, were grown on cornmeal vermiculite for forty-four
days. The series consisted of the following treatments:

1. Unplanted cornmeal vermiculite medium (CCV)
2. Control - no medium or inoculum added (CNM)
3. Nematodes only
4, The three Fusarlum isolates only
5. Yematodes plus the three Tusarium 1solates

6. The Verticillium isolate only

Each treatment was replicated four times. Tusariur
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was mixed into the soil by pouring enough soil to fill
eight no. 10 metal cans into a fiberglass contalner and
mixing uniformly into this soil the three Fusarium iso-

lates. The Verticillium isolate was mixed into the soil

in the same manner. After the fungus lnoculum-soil mix-
ture was tlaced in the no. 10 cans, ten woodsplot seed-
lings were pla~ted in the soll of each can,

In the tests involving nematodesa, five times the
normal load of nematodes present in the soil was added to
each can. Care was taken to see that the soll in these
cans remained moist so that the nematodes would not die

from dessication.

Nematology

Samples of affected white pine stock an?d soil
samples were collected from infested areas for the purpose
of extracting nematodes. The root systems of the affected
rlants were carefully 1lifted from the soil with a swpade.
Iost of the soll samles were collected with a soil stab
auger from areas representing different age classes of
the white pine nursery stock., Soil samples were collected
fror the upper layer of the soil in which the root systems
Of the white pine seedlings were growing. FEach sample
~onsisted of approximately one quart of soll. The soil

S tab auger was wiped with a clean cloth after taking each

See pages 29-33 for extraction of nematodes,
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sample in order to reduce contamiration among the samplese.
The soill auger was sunk into the soill four times per plot,
and a total of three plots represented one sample. The
plant and soil samples were collected in rolyethylene bags,
and care was taken to see that they were kept In a molst

condition and were not allowed to bhecome overheated,

Txtracting nematodes “rom pine root tissue

The affected planits were taken to Dr. Knicrim's
rnematology laboratory where the root systems were care-
fully washed in flowing tap water to remove the excess soll
adiicring to the roots. The roots were then cut into pileces
arproximately one-half inch long.,. The sections were put
into a Varin;; blendor with a small amount of water and
macerated for two minutes. The sample was washed from the
tlendor with a small stream of water into the inner plastic
basket of the two cloth bottomed nlastic baskets supported
in the inverted bottle which was half full of vater, Plate
VII, This arrangement allows the nematodes to settle out
into the cul ture tube whiech 1s attached to the neck of the
inverted tottle by a short plece of rubber hose. The cloth
bottoms of the plastic baskets stop the residue from enter-
ing the culture tu e. The samrle remained in the ‘nverted
btottle for threc days, during which time the culture tube
containing the nematodes was changed daily.

After the nematodes were collected in the cul ture

tube, water vas drawn off until one-half ml. remained, and

29,
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the tuhe was then irmersed in a hot water tath at 145°F,
for sixty scconds to ¥ill the nematodes. A fixing solu-
tion was then added to tlie culture tubes to precserve the
nematodes for later study. The fixing solution was made
up as follows: eight parts water, one part formaldehyde
(36.8%), and enough lacial acetic acld so that the fixa-

tive solution would contain two percent acetic acid,

Extractlngs nematodas “rom soil samples

The soil samples wiri~h were rollzcted from in-
fested arcas were taken to the nematology latoratory. A

samule was placed into a ulastic container containing

enouch water to thoroughly cover the soil sample. The
sample was then stirred and worked with the ‘ingers until
211 the soil lumps were pulverized and the nematodes were
suspended in the water, The soil was allowed to settle
momentarily. The iater was then decanted from the soil
through a screen having orenings of 140 microns into
another plastic container. Liore water was added to the
soil, and the sample was swirled again., Then the water
containing the nematodes Trom the soll sample was vpoured
throush the screen nto the other jplastie container, This

h)

procedure of a‘’'din;; water to the soll, stirring the soll,

and pouring the water containing the susnended nematodes
through a screen Into the other contalner was repsated

nine times for each sarmple. The water in the other plas-

tlc container which contained t'ic nematodes in suspension
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vas then poured through another screen having an opening
of forty wmicrons. This screen allowed water to pass
thirough but retained the nematodes. The riematodes were
washed from the screen into a contaliner ~nd then into a
container in the Inverted bhottle, Ilate VII. This washing
containing the nematodes remained in the inverted tottle
for 24-72 hours, at which time ti.e culture tube at the
hase of the inverted bottle was removed. The nematodes
in the culture tube were taken to the greenhouse, and the
soll contalining; white pine stocli was now in“ested with
nematodes ty making two openings in the soil with a knife
and pouring the nematodes into these openings.

For the purpose of nematode population studies,
soil and ilant camples were collected Trom the nursery.
A total of seventy-four samples were collected, eigshteen
of vhlch were plant samples and fifty-six of which were
soll samples. The soil samiles vere processed by placing
each sample into a 7lastic container and mixing it
thorouchly by hand., A 250 ml. soll sample from each
collection was placed into the inverted bottle without
processing 1t through the screens, Tlate VII. Tt was not
considered necessary to process the soll sarles through
the series of screcens for the population studies alone.
The eculture tube at the base of tlie Inverted btottle was
chianged every twenty-four hcours during a three day perlod,
The samiles were revlicated three tirmes. The countainer

used to scocp up the soll was washed in flowing tap water

Sle
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after ha:ndling each csamnle in order to reduce factors
which would give 1naccurate porulation ~ounts. The rlant
samples were processed In the same manner as described
rreviously.

e

Ylerotechnigue studics

In order to determine early prrogress of the patho-

g
gen In the host, 106 outwardly healthy plants were col-
lected from the inoculatecd and control flats in the
greenhouse, Iliewly gerninsted scedlings as well as woods-

nlot seedlings were collected., Discase! nand healthy white
pine seedlings vwere also gathered from the Chittenden
Mursery.

One huncdred and thirty-seven sections cne-half
inch long were cut from these specimens. The sections
were thien xilled and fixed in ¥AA (13). The sections
remained in this solution for a minimum tlme of fifty
hours, and then tier were dehydrated with ethyl alcohol
and tertiary butyl alcohol by passing them throush a
series of chanjes over a perlod of two days, the last
change teing pure tertiary butyl alcohol. The root
sections vere then transferred to a rixture of eqal parts
of paraffin oil and butyl alerohol for three hours, "ollcow=-

o

ing this, a vial three-fourths full of paraffin, 56°-53°C.
melting point, was cooled to the solidification point.
The contents of the vial conta’ning root sections in

paraffin oil and tertiary Lutyl elcohol was poured on top
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of the solidified paraffin, This open vial was then
rvlaced in the embedding oven for three hours., The solu-
tion was then replaced with tlhiree changes of fresh paraf-
fin over a period of twenty-four hours, the final change
being embedding tissuemat. The solution was left in the
oven for three hours, after which the sections were cast
into blocks,

The embedded sectlions were then mounted on wooden
blocks, ani serial sections were cut at twelve microns
with a rotary microtome. The sections were then mounted
vith Haupt's adhesive (13). Two stains, Stoughton's
Thionin and Orange G, and Fianese III R staln were used
for staining (13), Permanent mounts were made with the

synthetic resin "clarite",



EXPEEIMENTAL DATA AND RESULTS

Isolation studies

The isolation of microorganisms from white pine
nursery stock was carried out during the summer months of
1957 and 1952, Five tissue plantings from the root sys-
tems of white pine seedlings exhibiting various degrees of
root rot were planted in each Petrl plate. The percentage
ocecurrence of each microorganism was calculated and listed
in Table I and Figure I. Table I lists the microorganisms
1solated from the white pine nursery stock, the number of
times each microorganism was 1solated, and its percentage
occurrence In the total tissue vlantings. The non-svoru-
lators rerresent all the microorjganisms which failed to
sporulate on the medium used for the isolation studies.,

The resalts of the 1solation studies made through-
out thils investigation were arranged according to age of
white pine nursery stock, snd they appear in Tatles III-
VI and Figures 2-7. These tables show the microorganisms
isolated r"rom the total tissue plantings made in this
study as to 1-C0, 2-0, 2-1, and 2-2 nursery stcck, The
first number of these values abtove refers to the nurter
of rears a seedling was gsrown in the seedbed, while the
second number refers to thie number of years 1t was grown
in the transvlant bed.

Vhite pine seedlings grown in the root rot free
woodsplot near the south border of the nursery also were

collected for isolation studies. The results of these
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isolations are shown in Table VII and Wigure 2. Table
VIII and Figure 9 give the isolation resul ts from nursery
transplant bed seedlings that had previously had two years
growth in the woodsplot,

Tissue plantin;s were made on unacidified PDA
medium to determine the presence of secondary organisms
and contaminants. WMany colonies of bacteria ani other
ricroorganisms appeared around several of these tissue
plantings, and in some instances the bacteria covered a
considerabtle portion of the Fetri plate. In another
series of isolations made, tissue sections were planted
directly onto the medium without surface disinfection. It
was found that many of the lower fungl appeared in greater
numbers on these sectlons as compared to the root sections

with surface disinfection.

Inoculation studies

Table II shows the source of the isolates which
were used in the greenhouse studies. The so0il used in
ss:reenhouse flats to grow white pine seed and seedlings
from the woodsplot was infested with the different Fusar-
lum isolates. These lsolates were grown on cornmeal ver=-
miculite medium ani also on a svnthetic liquid medium.

The microorganisms which were reisolated from the seed-
lings srown Iin the infested soil are shown in Tables IX-
XII and Figures 10-13. The reisolation results from seed-

lin;ss grown in the first greenhouse series are shown in



Tahle ¥, and the results from the second greerhouse series
appear in Table XI. Plate VIII shows the growth on PDA
medium of fusarium reisolated from wvhite plne seedlings

of the second greenhouse series. The reisolation results
of the first and second greenhouse serles were combined
into one tatle, and they are shown in Table IX. In Table
XII are listed the microorganisms reisolated from the
seedlings which were grown in soil in the third green-

house series,

Nematode studiles

Tatles XIII and XIV 1list the genera of nematodes
found by nematolcgists from soll and white pine seedlings
grown in the nursery. Five species of nematodes con-
sidered parasitic on vihite pine are also shown in Table
XIV., The numher of nematodes extracted from soil samples
collected from different areas in the nursery during the
1957-1958 studies are shovn in Table XV. In Table XVI is
shoun the number of nematodes extracted from the roots of

diseased white pine seedlings collected during thls study.



Table I. Frequency of microorganisms isolated from white
Eine nursery seedlings showing various degrees
of root rot.2

Vicroorgsanisms Numter of Percentageb
isolated times 1isolated

Tusarium 565 30.84
Penicillium 154 8.41
Trichoderma 122 6.66
Rh!zopus 121 6.60
Bacterila 75 4.09
None (sterile) 54 2.95
Hormisclunm 20 1.36
Alternaria 20 1.09
Zygorhynchns 15 0.32
Rhizoctonia 9 0.49
Verticillium 5 0.27
Aspergillus 4 0.22
Chaetomium 3 0.16
Rotrytils 2 0.11
Cephalothecium 2 0.11
Curvularia 1 0.05
Phoma 1 0.05
Non-sporulators 654 35.70

Isolations from 1832 diseased white pine seedlings from
cune to September of 1957 and June to September of 1958

b Expressed as percentage of total 1isolations
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Figure 1. Frequency of microorganisms 1solated from white
pine nursery seedlings showing various degrees

of root rot.
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Table IlI. 3Source of Fusarium Isclates used in

inoculation tests.

Location In the nursery

Isolate Rlock Section? Red Plot Identification

nunher nuwrker number num-er number of isclates?

33 1 2 2 3 Fusarium solani
42 1 2 4 12 F. moniliforme

46 1 2 3 12 . solani

49 1 2 4 2 F. rponiliforme

G2 1 2 2 6 Fe. oxysporum

a

Sown with white pine seed in the fall of 1955
Ry Dr, Villiam C, Snyder, Professor of Plant Fatholory,

niversity of California



Takle III. Trequency of ricroorganisms isolated ©

rorn 1=-C
white pine nursery secedlings showing various

desrees of root rot.?

Microor;anisms Number of Percentaje”
isolated times isoclated

Fusarium 78 30,00
Rhizopus 27 10,38
lone (sterile) 16 6.15
Trichoderma 11 1,23
Rhizoctonia 6 2431
Penicillium 5 1.92

o~
}_.l
[ ]

)]
1=

Alternaria

)_J

Racteria 0,38

Non=syporulators 112 43,07

Isolations fror 260 1-0 whilte pine seedlings
+ .
~ Exrressed as percentage of total isolations from 1-0

white pine seedlings
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Table IV. Frejuency of riecroorganisms isolated from 2-0
white pine nursery seedl inge showing various

ceprees of root rot.

Microorganisms Yumber of Fercentagek
isolated times 1solated

Tusarium 365 33,70
Trichoderma 80 7,39
renieillium 72 7.20
Rhizopus ol 4,71
Hacteria 30 2.77
None (sterile) 24 2.22
/1l ternaria 8 0.74
Zvi orhynehus 3 0.74
Verticillium 5 0.46
Chaetorium 3 0.28
“otrytis 2 Cc.18
Ehizoctonia 1 0.09
?‘zlxorﬂa 1 .09
Curvularia 1 0.09
Aspergillus 1 0.09
Mon-sporulators 425 39.24

Isolations from 1023 2-0 white pine seedlings
Expressed as percentage of total isolations fror 2-0

vwhite :ine seedlings
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“reauency of

mleroor;;anisms isclate? "rorm £-1

vihiite vine nursery secdlings showing various

“e;srees

a

of root rot,

Vicroorgpanisms
isolated

ar-er of
times 1lsolated

fercenta;e

rusarium 73 26414
Rhizopus 21 10.40
Hormiscium 19 9.41
Bacteria 1€ 7.92
Fenicillium 12 S5.24
Trichoderma 6 2.27
Alterraria S 2,48
None (sterile) 1 0,49
Jysorhynehus 1 0.49
Non-sporulators 48 22.7¢

Isolations from 202 2-1 white vine seedlinss
3 £
Lxrressed as percentage of total isolations from 2-1

white »ine seedlings



Table V7, Trequency of rmicroorganis~s isolated from 2-2
vhiite pine nursery seedlings showing various

a
degrees of root rot.

—

I"icrooryanisms Number of Percentageb
isolated times lsolated

Yenicillium 26 17.69
Bacteria 23 15.65
Trichoderma 21 14.28
Rhizopus 17 11.56
Musarium 8 5.44
Hormiscium 6 4,08
None (sterile) 4 2.72
Al ternaria 2 1.38
Cephalothecium 2 1.36
Zygorhynchus 2 1.36
Rhizoctonia 1 0.683
Asvyerg;illus 1 0.68
Mon-sporulators 34 23.13

Isolations from 147 2-2 white pine seedlings
Exprecsed as prercentage of total isolations from 2=2

wiilte pine seedlings
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Figure 2. Fusarium frequency on different age stock,

( Numbers 1n parentheses indlicate total number of seedlings from which tissue

plantings were made )
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Figure 3. MNon-sporulators frequency on different age stock.
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