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Nekrosa jirovee madalu

V praci trvajiei t¥i léta byla sledovéna choroba jirovee madalu (A4esculus
hippocastanum L.), u nés i jinde v stiedni Evropé vieobecnd roziitend. Hlavnim
pracovidtém byl zdmecky park v Luzanech u Prestic (Hldvkova nadace). Pii-
znaky a jejich vyvoj byly pozorovény také na mnohych jinych mistech. Podle
t#id¥ni L. Bose (Wageningen) patii tyto symptomy do skupin Barevné zmény (II),
Nekrosa (IV), Deformace (VII) a ¢asteéns i Redukee rustu (plodit). Jde o chorobu,
kterou pied 60 lety popisoval SoRAUER a TrHoMAS jako abiosu. Ponévadz nékteré
zjevy poukazovaly na chorobu virového ptvodu, byly podniknuty diagnostické
zkousky. Serologickéd byla negativni pro chemismus madalovych listl, které ne-
jsou vhodnym materidlem pro tuto metodu. Zkoudky roubovaci a otkovaci na
zdravych semendéich byly positivni. Virovd nekrosa madalt je choroba systé-
mov3, kterd neni pfenasena mechanicky dotekem. Snadno se viak pfendsi roubo-
vanim a ofkovénim. N&které zndmky nasve&déuji téZ pravdépodobnosti, Ze do
jisté miry mlZe byt pfenésena i semenem.

Summary

The work described here was carried out during the last three years mainly
on the castle premises at LuZany near PteStice (Hlavka’s foundation). It
dealt with the disease of the horse chestnut-tree (Aesculus hippocastanum L.).
The symptoms and their development have also been observed at a number
of other places. According to the classification of Bose (Wageningen) the
symptoms belong to the groups of Colour changes (II), Necrosis (IV), Defor-
mation (VII) and partly also Growth reduction (of fruits). We are dealing
here with a disease that was described by SorauEr and TroMAs 60 years
ago as abiosis. Since some of the symptoms suggested a virus origin of the
disease some diagnostic tests were carried out. The serological test was nega-
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tive on account of the chemical composition of chestnut leaves which are
not amenable to such tests. Grafting and inoculating tests on healthy seed-
lings were positive. Viral necrosis of the horse chestnut is a disease of the
system which is not transferred by contact. It is readily transferred by
grafting and inoculating. Some symptoms suggest that it can also partly be
transferred by seeds.

The pathology of the horse chestnut is only little known. Three papers on
the diseases (mycoses) of this decorative tree can be found in Phytopatho-
logy VI 1916. Nursery horse chestnut material has been reported to contain
malignant blotch disease caused by the ascomycete Guignardia aesculi (PECK.)
STEW.; adult trees are known to be affected by fungi of the following genera:
Nectria, Calonectria, Cryptospora, Gloeosporium, Botrytis and others. Pertho-
phytic Nectria cinnabarina (TopE) Fr. which is a common pathogenic fungus
of various deciduous trees is by no means infrequent. A recent paper on
chestnut mycosis was published by ScHNEIDER (1961). For the rest, however,
no mention can be found about a dangerous distribution of any of the above
parasitic fungi in our horse chestnut trees.

On the other hand, the horse chestnut is affected at all places where it has
been planted by a disease which usually escapes attention and which does
not belong to the above-described mycoses or to abioses. It is by no means
a new disease; on the contrary, it has been known to occur for several decades
but the explanations found in the literature vary considerably. I shall call
this disease a necrosis.

I have studied it mostly in the park and the gardens of the Hlavka Foundation at LuZany
near Prestice, but I have found it at a number of other localities. In Prague itself the disease
can be found in the tree avenues of the street Pod kastany and at many other places. The Lu-
fany park reserve represents a very suitable working place, both in view of the presence of
numerous old planted chestnut trees and of abundant horse chestnut seedlings which grow
under suitable conditions at various places from seeds fallen to the ground and can be used
as suitable experimental material. In addition to the chestnut trees growing in the main part
of the park there are two such trees flanking a side gate to the castle. Both were planted a num-
ber of years ago at the same time. Both enjoy the same soil and atmospheric conditions but
one of them has exhibited pathological symptoms for a considerable length of time while the
other can be considered as healthy or relatively healthier,

Disease symptoms have been examined in the LuZany trees quite regularly
since 1957. The two trees in question displayed the following differences
during the first days of May 1959.

Healthy tree: more powerful growth, long branches form a more or less
extensive pyramidal canopy, leaves are intensely dark-green, inflorescences
found only in about 209, of the canopy (during that year horse chestnut
trees were generally relatively poorly flowering in that region), under the
tree a considerable amount of wind-blown seeds fallen in 1958.

Diseased tree: weaker growth,- about 209, lower, branches clustered to
form a dense canopy, leaves generally light-green with light spots in passing
light, no inflorescences (in 1958 there were but a few), no seedlings under
the tree, seeds collected in 1958 markedly wrinkied and smaller than seeds
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of equal age from horse chestnuts elsewhere in the park. Seeds of 1958 did
not germinate (tested also in green-houses).

Situation after 3 weeks (May 20th, 1959): The entire diseased horse chestnut-
tree had more leaves with
yellowish spots. Some nec-
rotic brown spots were pre-
sent at the blade edges and
particularly at leaf tips. Be-
tween the principal nerves
there . were indications of
perforations with a pink sel-
vage (Fig. 1). The same
symptoms were also obser-
ved in a number of tres3
in Prague.

After 9 more days (May
29th, 1962) theax were still
more yellowish spots on the
leaves and they were more
marked. There were also
more necrotic spots near
the leaf tips and occasional
gimilar spots on the leaves Fig. 1. Leaf with yellowish spots and beginning perfo-
near the insertion of leaflets ration. Author’s photograph.
on petiolules. More marked
intercostal perforations were also present, some were only rudimentary, the
tissue between the principal nerves being paler and thinner. Occasionally,
however, so far in small numbers only, the leaflets showed trellised bro-
ken-up patches (Fig. 2) between ribs. These perforations appeared only on
the diseased tree. Not even now did the entire horse chestnut exhibit any
inflorescence.

In addition to the above symptoms the diseased tree had some leaves with
curled leaf-blades. These blades were thicker than those of the healthy ones,
were darker green and usually deformed to a patelliform or spoon-like shape.

The described symptoms of horse chestnut necrosis were found not only in the LuZany
trees. The same symptoms were observed at all places where chestnut trees had been planted.
The disease appears to be a common one. Even the curliness with leaflets either patelliform
or spoon-shaped (a less frequent symptom) can be found in many different localities. I observed
it, for example, in chestnut trees at Luhaéovice and especially in a dying chestnut tree in s
cemetery at Ovesné Kladruby near Maridnské Lézné&.

Perforation and its development in leaves is a rather remarkable symptom.
Some leaves of practically normal appearance and visually healthy appear
to be ‘“‘preparing” for the disease. Their tissue between the principal nerves
becomes somewhat yellow, weakens and thins out until cracks oceur, minute
at first but widening more and more. The origin of perforation starting with
a weakening or an internal disturbance of the mesophyll (the epidermis re-
maining anatomically intact for a long time) would rather point to an internal
causative agent. It is obvious that the disturbance is not caused by a me-
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chanical factor, such as wind, rubbing of leaves against one another or against
a branch and also not by frost as supposed earlier. Trellised cracks are not
a regular phenomenon. Occasionally cracks are formed at irregular places,
such as at the edge of a leaflet or in an in-
tercostal part. At other times, cracks are
formed apparrently at the central nerve
rather than intercostally. Regular inter-
costal perforations along the entire length
of the leaf-blade represent the most ma-
lignant destruction of the assimilatory
apparatus (Fig. 3). Theaffected leaflets
with residues of mesophyll are curled
and fall off. As contrasted with the
long blades of healthy leaflets, many of
which are over 30 cm. long and as much
as 15 cm. wide, the destroyed leaf is con-
siderably reduced in size, pointing to a
dangerous pathogenic agent such as could
not be caused by abiotic factors.

The ““trellised” horse chestnut leaves
were described in 1903 by SORAUER as
a consequence of spring frost. Low tem-
perature (frost) was often blamed for
causing many a pathological symptom.
There is no necrotic tissue or necrotic
part of an organ, there are no colour
changes in plant organs or morphoge-
netic changes in leaves (culriness, rolling,
cracks of nictitropic position) that have
not at one time or another been expla-
Fig. 2. Leaves with advanced perforation.  ined as due to the effect of low tempe-

Author’s photograph. rature. SORAUER even attributes some
other grotesque forms of leaves such
as those resembling the foliae laciniatae to spring frost and cites
various transitions between different types of perforation of horse chestnut
leaves and describes light and translucent lines, spots, swollen parts of the
leaf-blade etc. as being due to spring frost. This author was an outstanding
observer but he could hardly cope with the mixture of variegated symptoms.
A year later THOMAS (1904) attributed the perforation of chestnut leaves to
the action of wind which causes the leaves to rub against one another and
scratch their surface. He also mentions some leaf deformations which can
hardly be explained as due to the action of wind. He was not satisfied with
the explanation presented by SoRAUER and was looking for a new one.

1t is of interest that SORAUER comipares the trellised leaves with the form
Aesculus hippocastanum f. laciniata. At present this form is readily explained
as a virosis (leaf atrophy). The amount of leaf tissue decreases until even the
laciniate mesophyll edge along the principal nerve disappears and the leaf-
blade is reduced practically to the main nerves which roll up as simple flexible
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Fig. 3. Leaves dammraged by perforation and partly by atrophy. Author’s photograph.

filaments (Fig. 4). Hrcr (1912) menti-
ons 10 taxonomic forms of Aesculus
hippocastanum and it would certainly
be correct to verify some of the uncer-
tain ones from the point of view of viro-
logy, in particular: Aesculus hippocasta-
num f. memminger: (white spotted leaf-
lets), f. wvariegata (yellow spotted leaf-
lets), f. pumila (stunted type), f. bau-
manni (full-blossomed type), f. fortuosa
(twisted branches), f. incisa (leaves with
deeper notches).

In explaining horse chestnut necro-
sis aetiologically the idea presented
itself that we might be dealing here
with a virus disease. This was suggested
by the various symptoms and their de-
velopment even if symptoms themsel-
ves cannot be taken as diagnosis. The
serological test was negative. It was

Fig. 4. Atrophy of leaf of Aesculus hip-
pocastanum L. Photograph J. Dirlbek.
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carried out by JERMOLJEV of the plant pathology department of the Research
Institute for Plant Production at Ruzyné. Beginning on May 22nd, 1959,
diseased material was sent from LuZany to the institute mentioned where
injection material was prepared from the leaves and applied to rabbits. Ac-
cording to JERMOLJEV the negative result was to be expected since the horse
chestnut is rather unsuitable for serological diagnostic tests. This is caused
by the relatively large amount of tannic acids and of pectin bodies. The leaves
also contain quercetin, quercetrin or another related glycoside (queraestrin),
further there is carotene and in addition to tannins scme resins which are
a well-known obstacle to serological diagnosis.

Even before the serological tests experiments with grafting and inocula-
tion were begun.

In the spring of 1958 and 1959 as well as 1960, grafts from the diseased tree at the southern
edgo of the park were transferred to visually healthy seedlings in a northern part of the park.
The seedlings grew there under several mature healthy trees in which the above symptoms
were not observed. The distance of the diseased tree from the healthy seedlings was about
150 m. Both places are separated by a natural section of the park with a growth of generally
old big trees such as Juglans nigra, Quercus sp., Fraxinus diversifolia, Liriodendron tulipifera,
Ginkgo biloba and many others, but not Aesculus hippocastanum. Grafts placed on numerous
geedlings under the rind remained alive on the stock for some time but did not grow together
and finally dried. The case was similar with inoculation when the grafts were placed onto the
lower part of the trunk. The stock used, i.e. healthy seedlings, then occasionally revealed leaves
beginning to be affected with yellowish necrotic spots with marked morphological changes.
It can thus be concluded that the infection passed from the graft to the stock without it being
necessary for the two to unite. Similar cases are known today. I made the experience myself
while collaborating with J. B. Novék in transferring the virus willowy disease of pear trees
(Smorix and Novixr 1957, SmorAx 1958).

Fig. 5. Two leaves (photo and drawing) of Aesculus hippocastanum L., grown from
a graft-infected seedling. Author‘s photograph.
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Changes in leaves growing from grafted horse chestnut stock were generally
of the following types:

1. Many leaf-blades began to display yellowish necrotic spots, the same as
appearing in trees from which they were removed. The leaflets of grafted
seedlings were slightly deformed at the tip or at the sides. Some of the leaves
had only four leaflets.

2. The central leaflets were markedly elongated and formed a long fila-
mentous structure proceeding from the principal nerve. Some leaves had
somewhat curly blades.

3. Some leaves are composed of two very unlike leaflets or of several ir-
regularly composed leaflets of various sizes (Fig. 5).

4. In a number of grafted seedlings very dark-green and leathery leaves
appeared. They were of altered shape, in addition. Their leaflets were much
narrower and coarsely indented.

Changes in inoculated seedlings resembled changes in grafted ones. The
yellow and later brown necrotic spots are a frequent phenomenon in grafted
or inoculated seedlings. They appear particularly in the uppermost leaves.
The variously deformed leaves and in the beginning also a perforation of leaves
are striking here as contrasted with normal leaves on untreated seedlings. One
inoculated seedling produced three quinquefoliate leaves at the same level
just below the growing point, the leaves remaining spread until the end of
summer but being of dwarf size, only about 10 mm. in length.

Diseussion

The disease of horse chestnut trees described here presents many interesting
points. It is a common disease just as its host is one of the most common
decorative trees. 1t is very likely an old disease (SorAUER 1903) but rather
neglected, perhaps in view of the fact that we are dealing here with only”
a decorative tree.

The symptoms of the necrosis are rather variegated and little distinguish-
able. It is a known fact that there are no clear boundaries between visible
and invisible reactions in virus diseases. It is equally difficult if not impossible
to distinguish between normal and abnormal, between normal and patho-
logical growth. The identification of symptoms in horse chestnut necrosis is
also complicated by the fact that they appear at the very beginning of sprout-
ing and persist till autumn. Toward the end of the vegetation season there
is a tendency to confuse the symptoms with the normal autumn necrosis.
Necroses can be very characteristic in virology, possessing a high diagnostic
value and being possibly due to a system reaction.

Necrosis of horse chestnut trees appears to be a system virosis. The same
trees display it year after year even if not with the same intensity (different
virus strains ?) Transfer is feasible through grafts removed from various places
in the canopy, deformed leaves growing from dormant buds in the lower and
central part of the tree trunk. Even if no experimental evidence were avail-
able there are symptoms suggestive of a virosis, such as disappearance of
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flower buds or initiation of stunted fruit which soon fall off, as well as curly
leaf-blades and in some dark-green leaves a striking stiffness (unremoved
starch). In order to study the symptoms of chestnut necrosis great numbers
in various regions have to be investigated. Dwarfiness and premature falling
off of fruits cannot be explained away by draught since neighbouring chestnut
trees in the same locality can bear the normal amount of fruit which are
healthy and do not fall off.

Frequent examinations convince us that the chestnut necrosis is not trans-
ferred by mechanical contact. Infected horse chestnut trees affected by a
weak or strong necrosis often grow in avenues right next to healthy trees
without the latter contracting the infection even if the branches of the trees
are frequently in contact. The healthy specimens remain so throughout the
vegetation season and even during the subsequent year without any necrosis
symptoms (e.g. in the tree avenue of the Pod kaStany street in Prague).Cases
are known when a necrotic horse chestnut was flanked by two completely
healthy trees. The soil and atmospheric conditions here were identical and
all the trees in the avenue are of the same age. We thus can rule out all abiotic
factors (soil, light, temperature, climate). It is also very unlikely that we
should be dealing here with a prolonged (several years) incubation. No minute
insect species could be detected on the trees under examination.

On the other hand, it seems likely that the necrosis can be transferred to
a certain degree through the seeds. In addition to previous observations this
can be inferred from the appearance of seedlings growing from apparently
healthy seeds in plots of S. Prat. In the clean environment of the green-house
of the Plant Physiology Institute they grow in pots and possess a high per-
centage of deformed or curled leaves, some of them being dark-green and
tough, thus indicating the presence of symptoms caused by grafting or ino-
culation. The seeds of necrotic chestnut trees can be affected by the virus
infection to a greater or lesser degree. Then the possibility presents itself
that a weak infection of seeds can result in various pathological symptoms
which can also be obtained artificially, by grafting or inoculation. A stronger
infection of different virus strains can explain the dying away of flower buds,
dwarfiness and lack of germination of fruits and their premature falling off.
Large horse chestnut trees even if exhibiting stronger infection can resist
and vegetate for a number of years. In the end, however, the totally infected
trees die under a variety of extreme symptoms when practically no leaf on
the tree remains healthy and when branches begin to dry and die. This is
the case with the trees in the cemetery at Ovesné Kladruby and in the horse-
chestnut avenue of the Red Riding Hood Hotel in Maridnské Lazné.

The work described here is not terminated. It will be continued and atten-
tion focussed on the virus or complex of viruses as the causative agents of
horse-chestnut necrosis.
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B npomommeHnA TpEX JteT H3ydasjoch 3aboienanme KOHCKOro KawrraHa (Aesculus hippo-
castanum L.) ofmepacnpocTpanenHOe y HAc H B cpefneit Eppone. I'maBHEIM MecToM paboTni
fuut napk savka Jlymanu y [pmeiran. Crynrombl 3afoneBaHyA W WX PasBHTHE Habumio-
pasmes Toxe Ha Apyrmx mectax. Ilo knaccudmuarmm L. Bese (Wageningen) cmumrons
npurajtesar B rpynny Iserunic usmenenws (II), Hexpos (IV), Hedopmannu (VII) n He-
MHOUO Penyrmua pocta (maoms). Peus miger o 3abojieBanul, KOTopoe Kak amadmos ommcas
SoraUER u THoMas. Tak Kak HeKOTODHIe ABJICHUS BLIZRIBAI I0f03pexuc uro 3afonesanue
AIRJIAETCS BUPYCHHIM, OBUDM CHeNaHbl JAHATHOCTHYeCKIe wamepenrs. Vsmepenus ceposorn-
deckne GBIIM OTPHIATeNIBHEIE [T XMMI3Ma JIMCTHEB KOHCKOTO KAliTaHa, Tax KaK OHM HC
ABIIAIOTCS MOAXOAAIIM MATEPHATION IJIF 3T0ro MeTofa. I[IpHBUBKA Ha BJOPOBEIX PACTEHUAX
Obi1a NONOKNTEIpHONH. BnpycHoe 3afoscBaHMe KallTaHA ABJIgCTcA 3abollcBammeM CHCTeM-
HEIM, KOTOPOC HC TePCHOCHTCS MeXaHMUeCKHM NpHKocHopeHuweM. OJHAKO OYCHB JIETKO €ro
lepeHecTH NPWBHBRON. HEKOTOPHe NPU3HAKM CRUACTENLCTBYIOT A0 HEKOTOPOH CTCHCHH
0 BO3MOJKHOCTH IlepeHCCeHNA 3a00JIeBaHIs CeMEHeM.



