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1. GENERAL

1.1. INTRODUCTION

Before introducing the proper subject of this study some general remarks
pertaining the cultivation of poplars will be made. Poplars are propagated
vegetatively mainly by cuttings. Generally bushy plants, so-called stoolbeds,
serve as propagation stock. By cutting off the aboveground parts every winter,
such stoolbeds produce a large number of shoots. During the first two months of
the year the dormant one-year old shoots are taken and divided in 30 cm long

. cuttings. The plant material is then ensiled until the end of February, when the
cuttings are planted. Each cutting is placed vertically in the soil so that only
the upper bud sticks out above the ground. Mostly only this bud emerges and
forms the main shoot, while occasionally some lower situated buds may sprout.
In the meantime the underground part of the cutting produces roots. In early
spring a shoot with short internodes and smali spring leaves starts to develop
from the bud, The summer growth, consisting of a shoot with longer internodes
and so-called summer leaves, is produced by the apical meristem during the
season. Depending on cultivar and climate, one-year old plants may become as
high as 1} to 2 m. For further data concerning the growth and the propagation
of poplars reference is made to vAN DER MEIDEN (1960).

During the last five years the Plant Protection Service of the Netherlands has
paid much attention to a virus disease occurring in poplars. Although the
economic importance of this disease has not been established, the Netherlands
General Inspection Board of Arboriculture (N.A.X.B.) conducts an extensive
control program. In August, stoolbeds and one-year old plants are stringently
inspected. The N.A K.B. tries to prevent the spread of the virus by destroying
all obviously diseased plants and by supplying viru s-free foundation stock.

Virus-like symptoms have been observed on forest trees for a long time
(ATaNasoFr, 1935), During the last thirty years the number of tree diseases, the
cause of which is considered to be a virus, has been extended considerably. For
alist of the presently known virus-like affections of trees reference is made to the
handbook by Peace (1962). Although the virus nature of most diseases has
been proved by graft transmission from tree to tree, not much is known about
the characteristics of the viruses themselves. Only recently SCHMELZER (1963)
studied more thoroughly the properties of some viruses which he isolated from
ornamental woody plants and trees. From the investigations it appeared that
his isolates included the following well known viruses: cucumber mosaic virus,
arabis mosaic virus, tomato black ring virus and lucerne mosaic virus. Provi-
sional investigations revealed that the causal agent of poplar mosaic was a
hitherto unknown virus (BERG, 1962a; BRANDES, 1963), It was the aim of the
present study to gain additional information about the nature of this disecase
and to determine some of the properties of the virus.

In the spring of 1963 the author spent a month at the ‘Istituto ed Orto
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Botanico’ in Pavia to study the disease in the Po valley, one of the most inten-
sively cultivated poplar areas in Europe. Contacts with scientists of the ‘Isti-
tuto di Speriméntazione per la Pioppicoltura’ in Casale Monferrato also were
very fruitful.Y)

The author has used the common name ‘poplar mosaic’ because the leaf
symptoms caused by this virus disease are covered by the term mosaic (Bos,
1963).

1.2. REVIEW OF LITERATURE

ATANASOFF (1935) gavethe first description of a disease occurring in Canadian
poplars, which he named ‘Canadian poplar mosaic’. He stated ‘the leaf mottling
of these poplars is so typical that it alone is a convincing proof of its virus
nature’. In addition to distinct leaf symptoms, he described premature leaf-fall,
slower growth and a smaller size of infected trees.

CorTE (1960) was the first to prove the virus nature of the disease. He trans-
mitted poplar mosaic experimentally from diseased to healthy poplars by chip-

_budding. These findings were confirmed in Denmark (KRISTENSEN, 1960},
Czechoslovakia (BLATINY et al., 1962) and Holland (MEINEKE, personal com-
munication). According to BLATINY et al. the disease occurs in Populus monili-
fera, robusta, regenerata, serotina, marylandica, deltoides angulata, gelrica,
wislitzenii, I 214, but notin Populus nigra, nigra var. pyramidalis, alba, canescens,
tremula, simonii and balsamifera (tacamahaca)®). In addition to the leaf symptoms,
which varied according to the respective clones, veinal necrosis and brown spots
on the leaf-stalk were also described in some cases. CorTE (1960) infected shoots
f)f one particular clone ‘L C4’, a hybrid of type Caroliniano?), which resulted
in twig symptoms and a reduced growth. CASTELLANI and CELLERINOG (1962)
studied the occurrence of poplar mosaic on two important Italian cultivars viz.
‘Caroliniano liscio’ (with a smooth bark) and ‘Caroliniano rugoso’ (with a
rough bark). They noticed a marked difference in susceptibility between the
two clones. The former cultivar showed a mild leaf variegation whereas the
latter manifested severe leaf and twig symptoms. The respective types of symp-
toms could be induced on these poplars by grafting (CELLERINO, personal com-
munication).

The damage caused by poplar mosaic was compared in the case of three
cultivars viz. ‘T 214’, ‘Caroliniano liscio’ and ‘Caroliniano rugoso’ (CASTELLANI
and CELLERINO, 1962). The infection of ‘Caroliniano rugoso’, resulting in the
severe. symptoms, caused losses in wood production as high as 50%,. In contrast,
the mild infection of the former two cultivars produced no perceptible damage.
Up till now, above named severe infection only has been described in Italy.

All authors_ agree that the main spread of poplar mosaic virus must be attri-
buted to the dissemination of diseased plant cuttings. Besides, it has been sugges-
.’} The author wants to express his gratitude to the ‘Landbouwhogeschool Fonds® for sub-
sidizing the study made in Italy.
%) The manner of writing of the names is for account of the authors.
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ted that the virus may be transmitted by a yet unnamed mite of the family
Eriophydiae, by pruningtools (BLATTNY et al., 1962) or root contact (CELLERINO,
personal communication). Up till now, however, none of these suppositions
was confirmed in experiments.

Krmnkowsk! (1958) recorded the presence of the disease in Bulgaria, Holland
and Yugoslavia. At present, poplar mosaic is also known to occur in Czechoslo-
vakia (BLATINY et al., 1962), Italy (CorTE, 1960), Germany (BRANDES, 1963),
England (TINsSLEY, personal communication), Spain (CELLERINO, personal com-
munication), Switzerland and France (perSonal observation), and outside
Europe in Canada (vAN DER MEIDEN, persenal communication), the United
States of America and Japan (CELLERING, personal communication).

In previous work (BERG, 1962a), poplar mosaic virus was transmitted to
herbaceous hosts Vigna unguiculata Walp®) and Petunia hybrida Vilm. using
YARWOOD'S (1953) leaf contact inoculation method. Uniform particles were
detected with the electron microscope in dip preparations from infected poplar,
cowpea and petunia leaves, Provisional measurements of 250 particles with the
aid of polystyrene latex balls revealed an average length of about 735 my.
BRCAK and BLATTNY (1962) found a length of 626 my, using tobacco mosaic
virus as a standard. BRANDES (1963) carried out comparative measurements
with some rod-shaped viruses, viz. carnation latent virus, passiflora latent
virus, and chrysanthemum virus B which gave probably more precise data about
the size. With the aid of an electrostatic microscope he determined the length
of poplar mosaic virus rods from German and Dutch isolates as 670 my.

%) In accordance with SeLLscuor (1962) the name Vigna unguiculata Walp has been used
instead of Vignra sinensis Endl,
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2, INVESTIGATIONS ABOUT THE DISEASE

2.1. SYMPTOMATOLOGY
General

In the course of this study, observations of symptoms were made in collections
of poplar clones in the nurseries of the Institute of Forestry Research and the
Division of Silviculture of the Agricultural University in Wageningen. In
June 1963 some additional data about symptomatclogy were collected in the Po
valley in Italy. Species, hybrids and cultivars of the sections Lewuce Duby,
Aigeiros Duby, Tacamahaca Spach, Leucoides Spach and Aigeiros X Tacamahaca
were examined. Special attention was given to the Aigeiros section. The collec-
tions of poplar clones contained nearly all commercially important clones of
this section from the main poplar cultivating countries of Europe. Thanks to the
courtesy of Dr. C. BLATTNY, symptoms on some clones sent from Czechoslova-
kia could be observed as well.

In June infected poplars show the first symptoms of the disease. In grown-up
trees the variepation develops rapidly beginning with the oldest leaves. During
the next month all leaves except the youngest, show distinct virns symptoms.
In severely attacked trees even these young leaves may show the variegation.

In young plants growing from cuttings the first spotting appears on the
primary spring leaves at the base of the shoot, about 6 weeks after emergence.
The symptoms progress up to the first formed summer leaves. Later on the
variegation also appears on the summer leaves situated higher on the plant, thus
leaving a zone without symptoms. In August, when the leaf variegation is most
distinct, occasionally symptoms progress far into the top leaves. In addition to
this general pattern, two variations in symptom expression are common. Some-
times the variegation appears on the summer leaves without having shown any
symptoms on the spring leaves. On the other hand it also happens that only
the spring leaves are manifesting the variegation.

Description of symptoms

In co-operation with Dr. G. P. CELLERINO of the ‘Istituto di Sperimentazione
per la Pioppicoltura’ in Casale Monferrato, Italy, a classification of symptoms
was accomplished. Thus, besides two types of leaf symptoms, a vein-stem
syndrome has been distinguished. In this detailed description the terminology
defined by Bos (1963) is used.

Leaf symptom 1A : This variegation is typified by an asteroid spotting (photo’s

1 and 2). Small, light-green spots emerge at the junction of two small leaf veins.

As the discolouration develops it progresses along the smaller veins until a
somewhat larger one is reached. This then shows a light green or distinctly

yellow vein-clearing. The veins themselves form the typical asteroid spotting.
S_ubsequently onemay observe mosaic symptoms consisting of irregularly shaped

light green or yetlow patches sharply bordered by veins. On summer leaves this
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variegation sometimes has the appearance of a kind of network. Depending on
the cultivar, there exists a gradation in discolouration and distinetness within
this symptom type. For instance, plants of ‘Robusta’ show a very distinct
variegation (photo 1), whereas those of ‘Serotina de Champagne’ only manifest
a more indistinct spotting (photo 2). Infected plants of the first named culti-
var produce yellow spots, the centre of which often becomes necrotic. Plants of
some other cultivars, ‘I 214°, ‘T 488’ and ‘I 455°, show an interveinal mosaic,

 starting from the edge of the leaf. Here, likewise, the discolouration extends up
to the veins, which serve as inside border—lmes Such leaves have a zoned
appearance.

Leaf symptom IB: This variegation is typified by a more diffuse spotting
{photo’s 3 and 4). Here the light green spots are not joined with the veins but
originate in the parenchyma laying in between. The discolourations are round and
diffuse and extend along, but never seem to invade the veins. Qccasionally, the
centre of the spots may become necrotic. Leaves with these symptoms have a
mottled aspect and are brittle, even when they are young.

Vein-stem symptom II: In addition to the Jeaf symptoms described above,
occasionally, necrosis on veins, petioles and twigs has been observed. Generally,
the type II symptom occurs together with the leaf variegation 1B. Wlthm this
type both mild and severe symptoms can be distinguished.

The mild symptom consists of a local necrosis of the veins and petioles. The
main veins of infected leaves first show reddened areas which later develop into
necrosis. Often necrosis occurs in the leaf-stalk where it forms oval, slightly
sunken, red or brown areas with somewhat diffuse borders (photo’s 3 and 4).

Severe infection of type 1T consists of a more prominent vein necrosis, causing
crinkling of the leaves and premature leaf-fall. On the young parts of the shoot,
at first small, round swellings appear, which later develop into brown or red
tumours (photo 5). Often these swellings cover a greater part of the shoot, where
they are more or less centred around a petiole. Frequently these twig symp-
toms occur together with top necrosis, The defoliation and top necrosis initiate
the growth of lateral shoots, giving the plant a characteristic bushy appearance
(photo 6). Microscopic investigation of the tumours revealed that the parenchy-
matic cells laying directly under the epidermis showed morbid growth.

Symptom expression on poplars differs from year to year indicating an im-
portant influence of climatical conditions. Especially in a season with a high
average temperature symptoms are prominent. During such seasons even
premature fall of leaves manifesting the type LA variegation may occur. Damage
caused by more severe affections seems to be increased In warm weather as well.
Similar cultivars observed both in Italy and in Holland showed the same type of
variegation indicating that the classification is not dependent on the climate.

Occasionally, intermediate forms of the symptom types described above can
be observed.
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2.2. SUSCEPTIBILITY OF POPLAR SPECIES, HYBRIDS AND CULTIVARS

All data assembled in the course of this study concerning the susceptibility
of poplar species, hybrids and cultivars to poplar mosaic virus are recorded in
the appendix. With the aid of Ir. J. T. M. BROEKHUIZEN from the Division of
Silviculture of the Agricultural University in Wageningen, the sections,
species, hybrids and cultivars were arranged according to the present classifi-
cation (VAN DER MEIDEN, 1960). The clones were named following the ‘Inter-
national code of nomenclature for cultivated plants, 1961°. If known synonym,
origin and collection number were included in the appendix. The type of symp-
tom and additionally a description of the leaf variegation were recorded. An
indistinct light green, a light green, a light green to yellow and a mainly yellow
leaf-variegation were distinguished. To correlate leaf symptoms with the presence
of the virus, in many cases inoculation tests and electron microscopical inves-
tigations were conducted (paragraph 2.4.). Thus obtained data also were in-
cluded in the appendix. During the first two years of observation some clones
growing in the field did not show symptoms. Plants of these clones were inocu-
lated mechanically with poplar mosaic virus (paragraph 2.6.) to determine
whether the absence of symptoms was due to unsusceptibility of the plants.
Results of these tests are also shown in the appendix..

This survey revealed the general occurrence of poplar mosaic in the section
Aigeiros. In nearly all clones of this section more or less distinct virus symptoms
were observed. The type TA variegation appeared to be especially common.
With the exception of those belonging to P. deltoides Marsh. subsp. angulata
Ait., almost all clones of the subspecies and hybrids of P. nigra L., P. deftoides
Marsh. subsp. monilifera and missouriensis Henry and P. X canadensis Moench
showed the non-injurious, asteroid spotting. Apparently only two clones,
‘Herapa’ and P. deltoides angulata x ‘Robusta’ (310) of the intensively studied
Aigeiros section are unsusceptible to the virus. Although plants of both culti-
vars growing in the field manifested suspicious symptoms, no virus could be
detected in leaves nor in shoots of those plants. Also attempts to infect such
f{:ul.ilnts experimentally by mechanical inoculation with the virus were unsuccess-

ul,

Qultivars of the subspecies P, deltoides angulata all reacted with leaf varie-
gation qf the type IB combined with mild or severe symptoms of type II. The
leaf variegation was especially prominent on the spring and summer leaves of
one-year old P. deltoides angulata plants. Frequently however, on older summer
leaves asteroid spottings appeared later in the season. Plants of these particular
Clones.then showed the type IB variegation on the spring leaves, while at the
same time the younger summer leaves manifested the type IA symptoms. In the
appendix such symptoms are recorded as [B-TA.

_ The following clones belonging to P. X canadensis showed symptoms devia-
ting from the others within this group: ‘Henryana’, P. deltoides angulata 344 X
nigra 354 34, P. deltoides virginiana X caudina (OP 226), P. deltoides angulata X
nigra ‘Italica’, ‘Allenstein’, ‘] 15/51°, ‘Lampertheim’ and ‘Lingenfeld’. According

6 Meded. Landbouwhogeschool Wageningen 64-11 (1964)



to their symptoms most of these particular clones would better fit the subspecies
P. deltoides angulata, in which type IB and II are common. Other clones of
former named group showed intermediate leaf symptoms between 1A and 1B.
In the appendix these symptoms are recorded as IA-IB, the asteroid spotting
being the most characteristic feature.

The observations made on many poplars belonging to the sections Tacamahaca
and Aigeiros x Tacamahaca revealed the presence of distinct asteroid spotting on
some clones. The susceptibility of a few clones of these sections in which no
natural infection seemed to occur was proved by successful mechanical inocu-
lation. Plants of P. candicans produced severe vein and stem symptoms to-
gether with the leaf variegation type TA which scems to be an exceptional case.

Apparently clones of the section Leucoides are unsusceptible to the virus.
Neither symptoms were observed in naturally growing plants, nor was it possible
to infect P. violascens Dode experimentally.

The Leuce section received special attention because of the suspicious leaf
symptoms occurring on naturally growing trees (photo 7). Bover (1962) des-
cribed an innocuous foliage disease observed on hybrid and native aspens in
Canada, that resembled a leaf variegation found in the Netherlands, He men-
tioned a virus as the possible cause of this disease. Some of his graft and insect
transmission tests seem to support this assumption. In our investigations a
great number of leaf and shoot samples from trees of P. alba L., P. X canescens
Sm., P. grandidentata Michx. and P. tremula L. among others were tested by
means of mechanical inoculation on cowpea and electron microscopical inves-
tigation. In all cases we failed to show the presence of poplar mosaic virus. In
addition, unsuccessful inoculation experiments with the virus confirmed the
unsusceptibility of clones belonging to this Leuce section,

We may conclude that the asteroid type of variegation is common in most
commercially important poplar clones. Symptom types IB and II are found to be
rather definitely restricted to the subspecies P. delfoides angulata. Besides in
Italy, also in Holland several clones belonging to the latter subspecies show the
injurious leaf and stem symptoms. Often the symptoms are so specific, that
they can be used in the identification of different clones, for instance in the case
of ‘Robusta’ and P, deltoides angulata.

2.3. SPREAD OF THE DISEASE

2.3.1. Infroduction

The main spread of poplar mosaic virus must be attributed to the vegetative
propagation from diseased plant material. Up till now the Netherlands are the
only country that has set up any kind of control program to prevent the disse-
mination of diseased plant material. The ease of vegetative propagation
undoubtedly has promoted the general spread of the disease. However, this
cannot explain that healthy plants become infected. These observations point to
a yet unknown mode of virus transmission, which also would account for the
fact that so many different clones are infected. Some other possible ways for the
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spread of the disease bave been mentioned in the literature (paragraph 1.2.),
which up till now have not been confirmed. The investigations described below
were conducted to determine if virus transmission by contaminated pruning
tools, by grafting or by insects is possible.

2.3.2. Experiments about virus transmission

Description of plant material _

Unless otherwise stated, the poplar plants used for the experiments were taken
from stoolbeds growing in the nurseries of the Division of Silviculture of the
Agricultural University and the Institute of Forestry Research in Wage-
ningen. Healthy cuttings were taken from stoolbeds certified as healthy by the
N.A.K.B. for more than two years. Diseased ones were taken from rejected
plants. Between cutting and planting, the plant material was ensiled in beds
outside. At the beginning of March, the cuttings were planted in the nursery of -
the Institute of Forestry Research in Wageningen or at Lisse. In 1962 and 1963
the planting was retarded by one month, due to late frost periods. Generally
cuttings were placed with a spacing of 50 cm or more,

The first symtoms produced by poplar rust (Melampsora larici-populina Kleb.)
can be easily confused with poplar mosaic; a severe attack of the fungus prevents
the observation of virus symptoms. In order to avoid infection by the rust, plants
were sprayed with zineb every 14 days starting from June 1st.

In every season, at least two observations were made during Fuly and August.

Most ideal condition for the observation of virus symptoms is a slightly over-
cast sky.

Tests for transmission by pruning shears

In the first experiment 25 shoots, long enough to make four cuttings, were
removed from diseased and healthy stoolbeds of each of the cultivars ‘Gelrica’
and ‘Robusta’. Using the same pruning shears, cuttings were taken alternately
from diseased and healthy stoolbeds. The control experiment was conducted
h‘y disinfecting the shears in a 5%, formalin solution before taking a healthy cut-
ting.

From the original 100 healthy cuttings of each cultivar taken with contami-
nated shears 74 ‘Robusta’ and 94 ‘Gelrica’ plants survived, The high percentage
of dead cuttings, especially in the case of ‘Robusta’, was probably caused by
Glomerella miyabeana v. Arx. None of the treated and control plants showed
symptoms of virus infection during the two years of observation.

Since virus transmission could not be demonstrated in the first experiment,
a'nother attempt was made providing more optimal conditions for contamina-
tion of the shears, In January 1963, healthy shoots were taken from ‘Robusta’
stoolbeds. The shoots were wrapped up in polyethylene and kept in a cold cham-
ber. Three months later the shoots were made into cuttings. The conditions for
optimal contamination of the pruning shears were enhanced by cutting several
times through the stem of diseased two-year old ‘Serotina’ plants, At one go
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only four cuttings were made after contamination of the shears. For the control,
the shears were disinfected by dipping in a saturated Ca(OH), solution (PETER-
SON ¢t al., 1961). Fifty cuttings were taken with contaminated and fifty with
disinfected pruning shears. The planting occurred immediately after the treat-
ment. The results of this experiment confirmed those of the former trial. None
of the ‘Robusta’ plants showed symptoms in the next season.

Fear of possible virus transmission using contaminated pruning tools seems
to be unfounded. In a third experiment even cutting into the bark of healthy
plants with a knife dipped in a concentrated virus solution did not resuit in
infection. Consequently, recommendations to disinfect pruning tools (BLATTNY
et al., 1962) appear to be unnecessary.

Tests for transmission by grafting

Transmission of poplar mosaic virus by grafting has been demonstrated by
severalauthors (CoRTE, 1960 ;K RISTENSEN, 1960; BLATTNY etal.,' 1962 ; MEIUNEKES,
personal communication; CELLERINO, personal communication). An experi-
ment was conducted to confirm these results,

The spliced approach graft (GARNER, 1947) was used in these tests to demon-
strate transmission. Cuttings of 30 cm were taken from one~year old healthy and
diseased plants of ‘I 214’ a few weeks before planting. A strip of the bark, 3 cm
fong and 1 cm in width, was peeled off at about half-way on the stem of the
cuttings to be grafted. The wounded surfaces were tied together by means of
raffia and covered with grafting wax. Grafts were made between healthy and
diseased cuttings and as a control, between pairs of healthy and between pairs of
diseased cuttings. Generally each of both grafted cuttings produced one shoot,
on which the symptoms were recorded.

TaBLE 1. Virus transmission obtained by spliced approached grafts between discased and
healthy cuttings of ‘I 214",

Total number Number of Number of grafts Number of grafts
Grafts of successful  of which both shoots of which one shoot
grafts grafts showed symptoms  showed symptoms

between two

healthy cuttings 14 11 0 0
between one diseased

and one healthy cutting 25 20 7 6
between two

diseased cuttings 22 17 7 4

The observations made during the following growing season (table 1) showed
that poplar mosaic virus was transmitted to the healthy cuttings in 7 out of 20
successful grafts. An equal number out of 17 grafts between pairs of diseased
cuitings showed symptoms on both shoots. The remarkable fact that cuttings
from diseased plants remain symptomless is further studied in paragraph 2.5.
None of the shaots from healthy grafts manifested any virus variegation. These
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results confirmed those of previous authors concerning the easy transmission
of poplar mosaic virus by grafting.

Tests for transmission by aphids

In prehmmary experiments two species of aphids were tested as possible
vectors of poplar mosaic virus, viz. Chaitophorus versicolor C.L. Kch., a leaf
aphid common on poplar, and Myzus persicae Sulz. The poplar aphld was
cultured on its natural host and the latter aphid on Nicotiana rabacum L.
“White Burley’. All plants in these insect transmission tests were cultivated in an
insect-proof greenhouse. During the winter supplementary lighting was given
up to 16 hours a day.

Following the conventional method Myzus persicae was starved in the dark for
three hours, prior to feeding on infected plants. The infection feeding-time on
the different sources was about three minutes, whereupon the aphids were trans-
ferred to test plants using a fine brush. After a test feeding period of 30 minutes,
the aphids were killed with parathion. In each trial 20 aphids were used. No
transmission resulted when Myzus persicae fed on infected cowpea, Petunia
hybrida Vilm., N. debneyi Domin. and N. glutinosa L. plants was transferred
to the respective healthy test plants.

Neither did infection succeed when individuals from natural populations of
Chaitophorus versicolor occurring on diseased ‘Serotina’ trees were transferred to
petunia and cowpea plants.

In a second series of experiments in addition to Chaitephorus versicolor also -
Pterocomma popuiea Kltb., another aphid found on poplar which sucks in the
phioem, was considered. Furthermore, besides Myzus persicae also Aphis fabae
Scop was inciuded in these tests, both species being efficient vectors of many
viruses.

For these experiments poplar plants were grown from small top cuttings of
‘Robusta’ and ‘Gelrica’. The two species of poplar aphids were cultured on
their natural hosts: Myzus persicae on N. tabacum ‘White Burley” and Aphis fabae
on Vicia faba L. A new method for the demonstration of virus transmission by
aphids was used. This method developed by HILLE Ris LAMBERS (personal
communication) imitates the natural transmission procedure. It may be assum-
ed that the most efficient virus transmission by aphid vectors occurs when
winged individuals land on plants where they make test probes. In this method
this way of virus transmission is favoured. The cages employed in these series
of experiments were constructed with either two or three compartments, each
built to contain a potted test plant. The plants in the different sections were
separated by gauze just high enough to prevent leaf contact and to enable free
flight of the aphids from one plant to another. The side walls of the cage were
made of insect-proof cheese cloth, the top of transparent polyethylene. The cages
were placed on a tray with sand, with ope side turned to the hght thus leading
the direction of flight of the aphids.

Two compariment cages were employed when the virus host was jdentical
with the aphid host plant. In our case the two sections were occupied by a
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diseased and a healthy poplar plant respectively. Such cages were used for tests
with the aphids Chaitophorus versicolor and Pterocomma populea.

Transmission tests with Myzus persicae and Aphis fabae were conducted in
three compartment cages. The first section contained the respective aphid host
plant N. tabacum *“White Burley’ or Vicia faba, the second and third compart-
ments diseased and healthy poplar plants respectively. At regular intervals
the aphid- and virus-host plants were renewed. Indicator poplar plants were
keptin the compartment nearest to the light source for periods of 14 up to 74
days. After completion of the tests the indicator plants were treated with para-
thion in order to kill the aphids and observed during one season.

Neither by this method transmission of poplar mosaic virus could be demon-
strated. The aphids which were considered as possible vectors of poplar mosaic vi-
rusin this country were not able to act as such under the conditions of the tests.

2.3.3. Discussion

Since no virus transmission could be accomplished neither by contaminated
pruning shears nor by four different aphid species, it remains to be examined
how natural infection of healthy plants takes place.

In this respect emphasis should be laid on the origin of the plant material.
Although a great proportion of plants grown from diseased stock wilt show
symptoms in the first growing season, a part will become obviously diseased only
in later years. Consequently, the appearance of symptoms on such plants in
the second or third growing season is not due to new infection but to virus
already present in the plant material.

Leaf comtact needs not to be taken into consideration as a mode of virus
transmission. Successful sap transmission of poplar mosaic virus could only be
obtained by rubbing with either freshly cut surfaces of infected poplar leaves or
with virus containing inoculum on test leaves dusted with carborundum (section
2.4.1. and paragraph 2.6,). Moreover, many cases are known of poplars which
remained virus free, notwithstanding the fact that several years an intensive leaf
contact existed with adjacent infected trees. This very fact also seems to exclude
the possible existence of virus transmission from plant to plant via the roots.
Although in several other species connections between the root systems of
adiacent trees by naturalroot grafts occur frequently (KraMER and KozLowskt,
1960; I.A RUE, 1934), recordings about this phenomenon are scarce in poplars.
The only known observation of root fusions was made in the case of ‘Andros-
coggin’ (WESTRA, personal communication).

Considering the present state of knowledge, nature and properties of poplar
mosaic virus as described in chapter 3 seem to exclude nematodes and fungi as
possible vectors.

From this discussion it may be concluded that transmission of the virus is not
easy to detect and apparently may be considered as rather inefficacious. This
conclusion has consequences concerning our attempts to transmit the virus by
aphids. Although conditions for this mode of transmission were improved using
HivLig Ris LaMBERS' method, it has to be envisaged that a possible low rate
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transmission may not have been detected in our tests. Besides, a yet unknown
insect vector might exist.

2.4. DETECTION OF VIRUS IN DIFFERENT PARTS OF THE HOST

2.4.1. Inoculation tests on herbaceous hosts

A modification of YARW00D’s (1953) “fresh leaf disc method” proved to be
highly effective for virus transmission from poplar leaves to herbaceous hosts
such as cowpea (BERG, 1962a). From many leaf samples taken from different
poplar species, hybrids and cultivars virus was transmitted by this methad
(paragraph 2.2.). Thus it was possible to detect virus in symptom bearing leaves
throughout the season. Generally, leaves from new growth yielded more local
lesions on cowpea than older leaves taken at the same time from the basal part
of the plant. Accordingly, inoculations performed in autumn were less effective.

In another transmission method infected poplar leaves were ground in a
mortar with 0.02 M phosphate buffer pH 8 including 0.2%; Na,SO, and 0.2%;
KCN as reducing agents. The leaf extracts were then inoculated on cowpea. By
this method virus was transmitted not only from leaves bearing symptoms, but
also from younger symptomless top leaves. In several cases highly infectious
extracts were obtained by grinding emerging sprouts (section 2.5.3.). In contrast
leaf buds collected in February and ground by the same procedure produced
few local lesions when tested on cowpea. '

As previously reported (BERG, 1962b), it was possible to detect virus in shoots
of infected poplar planis by the so-called bark inoculation method. Using this
method virus transmission was accomplished from young shoots to her-
baceous hosts during the entire vear. Since inoculation with pieces of a
dormant shoot yielded few positive infections, in winter a greater number of
cowpea plants had to be inoculated to demonstrate the presence of the virus.
During the growing season, young shoots were highly infectious when tested on
cowped. Occasionally, an apparently non-uniform distribution of the virus in
ashoot was detected. Different cut surfaces from the same shoot gave a marked
variation in the number of local lesions produced on cowpea. It looked as if in
such cases tissues were struck which differed in their virus content.

Besides many plants showing leaf variegation, shoots manifesting the severe
symptoms of type IT were tested as well. A correlation between such symptoms
and the presence of the virus was established by using the bark inoculation me-
thod in nearly all cases. On one occasion different plants of P. deltoides angulata
‘Chautagne’ showed a gradation from total absence of any variegation to the
presence of severe symptoms of types IB and I1. In this special case virus could
be detected not only in the bark of plants showing symptoms, but also in
apparently healthy plants. Presumably all these plants originated from the same
diseased plant material. In all other 20 clones tested, shoots free from symptoms
did not give positive inoculation results.

In repeated trials peeled surfaces which exposed white xylem tissue were
tested on cowpea. Only in few cases transmission was accomplished.
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Poplar mosaic virus was also found to be present in the bigger roots of
diseased plants; apparently in a low concentration as only few local lesions were
praduced on cowpea. When extracts from rootlets were tested on cowpea no
poplar mosaic virus was detected, but in several cases tobacco necrosis virus
was found to be present.

During all transmission tests from leafl and bark samples of paplar species,
hybrids and cultivars, symptoms on the test plant cowpea were thoroughly
observed in order to detect whether different strains of poplar mosaic virus could
beisolated. Frequently such virus isolates were transferred to N. gletinosa
L. and N. debreyi Domin. as well (paragraph 3.2.), Special attention was paid to
the symptoms produced by isolates from different clones manifesting the
symptom types IA and IB + II respectively. Thus, isolates from the following
poplars were compared: P. deltoides monilifera ‘Zidlockvicka 310°, P. deltoides
angulara(South Illinois), P. deltoides angulata *‘Chautagne’, P. delfoides angulaia
{Mississippi), “Caroliniane’ (Italy), ‘Caroliniano’ (Jac. seedling 678, T 105),
P. deltoides angulata X P. nigra ‘Italica’ clone 1, *Allenstein’, ‘Gelrica’, ‘I 154,
‘Lingenfeld’, ‘Regenerata’, ‘Robusta’, P. candicans and ‘Andover’. However,
the reaction on the herbaceous hosts did not indicate that different strains of
poplar mosaic virus were present.

2.4.2. Electron microscopical investigation

Electron microscopical investigations were conducted to prove the comcxdence
of the symptoms on poplar and the presence of virus rods and to confirm the
results of the inoculation experiments described in the latter section. Grids
. covered with a formfar film were used for making electron microscopical pre-
parations. After applying the virus specimen they were air dried and shadowed
with gold-paladium. Preparations were examined with a Philips E.M. 100 elec-
tron microscope. In addition to the dip method (BRANDES and PauL, 1957),
two other procedures were used to extract the virus from infected poplar leaves
for electron microscopical examination.

Leaves bearing symptoms were homogenized in distilled water in a Biihler
mixer at a concentration of 59 (wt./vol:). The homogenate was diluted ten to
twenty times and droplets of this suspension were put on grids with a Pasteur
pipette; immediately thereafter the drops were sucked off. In the second method
crude juice, obtained by squeezing infected poplar leaves in a hand press, was
diluted 100 to 400 times with distilled water. Droplets of this suspension were
applied to the grids, whereupon they were sucked off as described above. Pre-
parations made by these methods showed only slight contamination with host
material. Since such leaf extracts had a concentration of <19 (wt./vol.) both
methods required a high virus concentration in infected host plants, Thus, virus
could be detected in poplar leaves showing symptoms.

The dip method was used extensively to correlate symptoms with the presence
of the virus (paragraph 2.2.). During the entire season from June to September,
virus rods were found in preparations made from young and old leaves showing
a distinct varicgation. Young leaves yielded the highest concentration of virus
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