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TETRODUCTION

Among plant pathogens, virusas occupy a particular place. In conirast
with the parasitic organisms thsy can enter the plant in a passive way
cnly through sxtramsly small wounds, These may be produced by 2.Z. breaking
of epidermal hairs, such as by mutual contact of dissased and hsalthy
plants, or by insects. In this way thsey reach the living plant cell. There
the viruses, being biochemical units themselvss, take part in the metabo~
lism of the plant in one way c¢r another inducing hiochemical changes. How

this occurs is still unknown. These intaornal, invisible hiochemical changes

may lead to the production of several wvisible abnormalities. Due to their

biochemical origin they are initiatsd at a cytological level, and subse-

quently may cause macroscopical alterations. Since the plant or plant paris

suffer from them, the changes are known as diseass symptoms or pathological
phenomena (pathos = suffering). The whole group of symptomes caused by a
given pathogen are known as the syndrome; thay form the clinical picturs

of tha digeasge.

The particular origin of virus symptoms generally makes them funda-
mentally different from thoss produced by parasitic organisms. Moreovar,
the latter disease incitants usually have a local action and often take
part in the symptoms by mzans of a visible mycelium or charactaristic
sporulations and fructifications in or on, or in the neighbourhood of,
the infacted parts of the host. Therefore, in many casss th~y can be identi--
fied 9gsily in contrast with virus diseases.

Thus, virus symptoms are products of a plant rhysiology upset dby ths
virus. Obviously this host plant reaction depends on the physiological
condition of the host. Since tha condition depsnds largzly on host spsciss
and variety, age, nutrition, climatic environment etc. it is wasily und:ir-~
stood that all these Ffactors determine the nature and severity of the
symptoms producsd. As a consequencs, ths virus symptoms are highly wvariable.
Morsover, they often resemble more or less other physiological disturbances
such as mineral deficiencies, abnormalities due to toxic agents, overdosing
of growth hormones used as weedkillers, or to some genetic disorders.

For these reascns virus diagnosis on the basis of symptoms, the so
called clinical diagnosis, often is not reliable. Howevsr, in many cases,
such as in the field, an aetiological diagneosis is impracticable. Since
such a preliminary virus idantification then can be basad cnly on th2 symplow:s

observad, good knowledge of symptoms is indispensable.
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In stualying thosz virusss which are not (yet) gop tranemiszable in on:

or another way, symptomatolcgy is an essential tool in diagnosis. Morsover
in all laboratory tests with host plants knowledge of the plant reaction
is naedzd.

Since in th2 rapidly increasing literaturs on plant virus diseasnes

o

mach confunion exists concerning the identity of the incitants, and as

<

mOoU digeaseg are named on the basis of cnaracteristic symptoms, the prou:iz

use of terrs is necesgary. Thorasfore this paper aims at a critical survey,

dzgcoiution and naning of virus symploms in plants.
Baforz starting to dzscribe the symptoms, however, it ig esgential

to dzlimit ths bordarlina between normal and abnormal plants, betweon

calthy sna dissassd nplante and betweesn inapparent and anparent infaction

ABELNCE OF SYMPTOMS

In ths introducvion, msintion was made of invisible biochemical chanis
vaichh lead to visible abnormalitiss. Infzetion and virus multiplicatica,
howava~,; do not always lead to visible symntomz. This absence of vigitls

gymptons is kneorm asg 1nﬁonlr“nhvo Many viruses have hosts in which inlzc-

odig AnTricetbleo. In »lent virology this pernanent typs of in-

apparency is callzd latsncy. Thess hoste are gugcespiiBhle but insensitive

ov toleai in a visible way 1o the presence of virus.

A

~t3 thsy do ncy reac

Since FISHAURA in 1518 dizccered this phenownsnon, these hosts have beoen
called corriers. Ths presence of virus, howsver, can be demonstrated by
back inoculaticn on to oonsgitive hosts or by mesans of gerology or electron
microscor s, I froculation cuwerirants svan a number of new viruses have

been digcovsrad whon they prcluced symptoms in experinmental hosts,; such

as the doddor lotsint mogaic virva (ITINETT, 1944)5 and the carnation

latent virus (AAVQL,TB, 1954). The lattzr was discoversd alego to be latent

in a numssr of potate varietiss. Somefimes virus symptoms may disappear

L. al

tennorarils; evly lemn:d ompars may be frea of romptons, but afler soms

Thie phenomenon is commonly nemed masizing and

e & i pn e PRI e «
COEE £mDuoris nd MHullil.

J

io oftsn couped by environmonial Tactorg such as temvarature. IL the

disaass i wpagisd nor. psraansntly it ray be called recovery even though

achive virus ic still present (IZITETT, 1955: recovery of Samolus parvi-
floxvs from curly tom). The ultimate nature of this rzcovery phanomsnon

ig UNXNOTle
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In literature on plant virusas the terms latency and masking, as iwo
Torms of inapparent infection, ars commonly used in the above sense
(ef. ¢.g. the recent German text-book on plant viruses of KLIFKOWSK
and cellsborators (1958) ).In %he whole fisld of plant pathology much
confusion as to the exact definition of these terms exists. According
to GAUMANY (1945) "inapparent! memns a permanent absance of symbtoms
and "latsent" a tumporary absence of symptoms. So in ths cass of careal
and grass smuts s.g. BUTLER & JONES (1949) speak of a latant inf=zction.
Here infection bscomes apparsnt when ths =ar or individual carycpsze
ara developing at the and of the vegabativs life of the host. Zincs
Flatant" literally means slumbsaring, this seems not to be inaccurate.
Presumably thie is why even in plant virology the incubation period

of a virus in the insect vector, i.e. the tima elapsing from the
uptake of the virus till the momsnt at which the pressnca of wvirus
becomss apparent by the ability of the vecior to inFect healthy plarco,
often is callad latsnt psricd. Therefore the agrz-ments attained av

a medical "Symposium on latency and masking in viral and Rickevtsial
infection" (1958} ars not all applicabls to plant virology. It has
been suggested that the term "inapparsnt™ can be used for all thossa
infactions without visible symptoms and "lat=ant" only for those in-
apparent infections which are chronic and are ths result of a balancu
betwsen host and virus. In this symposiuvm it was propoged that ths
term Ymasking® be dropped. Since this term is quite current in plant
virolegy, howev-r, and a distinction bsiween psrmanent and temporary
absence of symptoms 1s needed, it will bz difficult to gst rid of tais
hame. As it litarally means unrecognizable but still visible, the

term Ymasked" seems to be rather incorract, howaver.

The concepts inapparent and latent infection have a verj relative
meaning. Theoretically a really latsnt infection may be possible, e.g. if
virus multiplication could take place by utilising call materials which
‘are present in excasg of that neesded for normal plant metabolism. As yet
no exact data on this pessibility are available, howsver. Gsnarally virus
multiplication cannot take place without any influence on plant physiology.
This influence may be very little and fall beyond notice. Now the problem
ariseg to distinguish betwean apparent infaction having visible symptoms
and inapparsnt infeciion being entirely imporceptible. For everyone who is
acquainted with living nature it will be clear; however, that it is impos-
sible to draw a distinct borderline betwean visible and invisible reactions
of the plant 1o virus infection. In ths same way it is impossible to de-
limit abnermal and normal, pathological and healthy in plant growth (cf.
KUSTER, 1925; RLOCH, 1954).

This is demonstrated by the potato virus S, which was discovsrad
serologically (DE BRUYN OUBOTER, 1952). The virus was studisd thoroughly
by RCZENDAAL & BRUST (1955).
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By means of ssrological taste it was shown that this virus has a very high

AL 1, _
v

incidence anda vhat seva=ral potato varizticss gnow almost 100ﬁ infzction.

A few potato varieitiss appaarsd to produce a slight mosaic, whereas wost
varistiss 1n an 2ccurate cemparison davslonad only vary faint symptons.

The variety "Industrie', being zonorally infected, neverthalscs has a
fleurishing appsarancs. Usually the first vigible reaction is a depragsion
in yi=ld. In the same way KZBITLOW ¢.a. (195?) demonstratsd how Ladino
clover, aftsr infection with a mixture of bean yellow mosaic virus and
lucerne mosaic vimus, even in cases where sympltoms were scarcsly neticeabls,
nevertheless often shows a decrease in yizld. These sxamples claarly ds-
mongtrate that the distinction betwzen inapparent and anparent infection

ig only arbitrary and that the position of the borderlins betwesn thenm
often depends on the accuracy with which the reaction of the planut dis baing

studied.

SEQUENCE O SYMPTOIS

Cne way of distinguisching virus symptoms is on the basis of the courss
of infection and the associatzd sequencs of symptoms.

After an incubation period during which physiological digordars ara
initiated, the firsgt visible sympitoms come into being., They may develop

lecally at tho site of inoculation and are callud local or primary synpioms.

Hare ths host rsaction is restrictsd to the infocied cells and their im-
mediate neighbourhood. These primary syuptoms consist of a local discolora—
tion, wilting or evan necrosis of tissue. They arz often called lecal
lesions and will be described in detall in the next section. Hathsr often
further invasion of the plant by ths virus is prsvsnted by this loeal
reaction, especinlly when the infectsd cells become necrotic.

Uguglly the virus becomss systemic; it sproads internally through
ths whole plant. This may occur rather rapidly, especialiy afver the virus
reaches the wvascular bundles. After some time the young, still developing
rlant parts, not incculated directly, produce systemic or secondary symvptoms.
In some cases local symptoms become visible aiter the production of systemic
symptoms. Very often only systemic symptoms occur and no abnormalitiss ars
produced in ths inoculated leaves.

It can harpen that systemic infeciion also leads to the develouvmant

of leocalized resactions.



- 5 -

This might Te dus to a low virus concentration in the transportsd phloem
contents, giving rise to a localizsd systrmmic reaction on those spots whsre
infasctious units succzed in ssvablishing muliiplication centers.

In view of their different origin it is evident that generally local
and gystemic symptoms differ fundamentally. In both casss, at the moment
of infection; the tissues concerned differ physiclogically, such as in
aze and differentiation. The inoculated lsaf is older than the systsmical-
ly infected; still developing younger leaf, whereas the lzaves ia the
naighbeurhood of the growing point are still in a meristematic, different-
iating stage.

So even the apical and btasal parts of one and ths same leaf wmay difl.»
in thair reaction to virus infection since a leaf matures earlier at the
apex than at the base. Therefore, local lesions originate mosi often in
the top part of the leaf and mosaic and other symptoms in the lower part
of the leaf if thess leaves reached some differsntiation bveforec virus
entry.

The difference in physiclogy of inoculated and systemically infectsd
parts of the plant also may lead to a differance betwesn the acute and the
chronic phase. Ths acute phase may occur soon after inoculation snd is
mors or less shocl—liks. This phase is characterized by sovere symptoms
terized by some recovary, when newly developing parts produce less sevara
symptoms. In one dissasmed plant acute and chronic phaseg even way intar—
changs. A peculiar example is the "Echite Acksrbohnenmosailk'-virus in broad
bean. In these plants the symptom expression shows a periodical course in
geverity. Groups of leaves with severe symptoms interchangs with leavas
with weak or no symptoms. The reason for the underlying interchange in
virus concentration (PAUL & QUANTZ, 1959) is not yet known.

It has to te strsss=d here that virus gymptoms are not raestricted
to young and zrowing plant parts as itight be implied frem the above text.
ESAU (1948) already has pointed out ithat although young rlant organs are
relatively highly susceptible to virus infaciion, also fully formed plant
Parts may develop sympioms. The relatively low sensitivity of old plant
varts 1o virus infsction is easily undsrstood, since virus nmultiplication,
being the essential preceding stage in initiating symptoms, entirely depsnds

on physiological activity, presumably especially tho nitrogen metabolism.



- -

Hot only local symptoms may devslop after inoculation, but systemic symptoas
as well, if'virus movemant into such leaves is assured. Transport of assi-
milates to full grewn leaves is almost excluded, howsver. Thus, for the

same reasons that lead to maturs plant resistance (BERCKS, 1951; BEBHSTSEH,
1958) thers exists a resistance of mature plant parts to wvirus infecltion.
BSAU (1948} cites some examples in which symptoms in full grown plant paric

devalcp.

HAMING QF SYHPLOHS

The word symptom is usged tc indicate the effscts in the plant resulti
from the presence of a pathegen. Thess «ffacts may be named in iterms indi--
cating the products of a disturbked metabolism 2.gz. tha "yellow edge" and
th

{7

"mettle" of the leaf or the "rosette" at the extremities of the brancn-
The effects may also be named in terms indicating the procassss underlying
the alterad appearance of +he diseased plants e.g. "edge yellowing',
mottling", "“rosetting'. Both approach=as lead t¢ a differsent naming of
symptoms: edge yellowing -~ yallow edge, mottle - motiling, rosette - rosg=at-
ting.

Since in living material generally no static situations occur,; the
present auther is inclined to prefer the use of the processas as g basis
for naming symptoms. Moreover, the terms "yellow edge', "mottle", "rosettel,
"gtunt', "wilt", "yollows" etc. ars commonly used 1o indicate the diseas=s
rather than the gymptoms. Since the names of symptoms are code words mors
or less, thsey should be short; however. Therefore many authors prefer names
as "mottle” and "wilt'. Moreover, in soms casss such as with "mocsaic" no
ghert term for the procegs underlying this abnormality a2xists. For thase
reasong both ways of naming symptoms are ussed in ths literature on plant

viruses, often in combination.

DESCRIPTION OF SGIPTOMS

Any organization of data should bs based on a system. The same holds
for a clamgification of wvirus symptoms. This will snable ths divisicn of
symptoms into groups, a delimitation of spscific symptoms,; and an eventual

dafinition of names and terms.



-7 =

The clasgification ussd in this papsr will have a more or lsss ontc-
genetic basgis, the most important criterion beiny the way in which ths
symptoms develop. Afisr originating in bicchamical changes the symptoms
are initiated in the anatomy of the plant. Usually the deviations start
at a cytological level. This makes the anatomical gvudy of virus diseassd
Plants of grsat importance. Since almost each virus sympbon starts in the
gnatomy of the plant the anatomical disorders will not be described her:s
separatsly. A survey of literaturs on anatomical aspscis of plant virus
disease problems has been given by BSAU (1938, 1948 and 1956). The most
Tundamental cytological zlterations underlying virus symptoms are: dopras—
sive or destructive effects upon the chloroplasis,; necrogis (death of cells),

hyparirophy (increased size of cells), ayperplasia (incresassd number of
of these types of reaction cccur in combinations. Tha term hypsrtrophy ies

also used for abnormal enlargement of organs {efe p.25 } and hyvoplasia

external abnermalitiss, this anatomical discrdsr will be discussed in a
saparata section.

As to ths ontogeretic claggification the deviations mendioned in
groups I to V, viz. growth reduction, colour deviations, wilting and
withering, necrosis; and visibls biochemical changes, all are initiated
at a cytological level. They find their origin in ths abnormal cells thaom-
selvas, (The succession of the groups I up to and including V is moras or
lass arbitrary). Cork formation, mentions=d in group VI, however, in itsalf
ig not abnormal. Abnormal is the way and site of initiation. It belongs
more ¢ organizational disturbances. This egprcially holds for the deviati-
ens mentioned in group VII, the malfcrmations. Thay ave especially due to
a disorganization of usually normal cells. Thase disturbances ate initiated
gt a higtoid or at an organoid level, In group VIIT a survey and discussion
are given concerning the dsgree to which ths virus particles themselvasz nay
contribute to the symptoms, directly or in forming inclucion bodies. Th-
last group (IX) represents phenomena due to sszcondary causss introduced
by a preceding virus infection.

Evidently nature can not be captured in a generally acceptable systen.
Therefore it will not be possible to classify virus symptoms with full oati.-

faction and to separate the groups of symptoms completely.
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in ths samz way 1% appuar-d to be impossible to delimit the normal and

the abnormal, tha hzalthy and the pathological plant zrowth.

1 Growth rzduction

A great many virusges induce a non speciiic, goneral reduction in
growth vigeur (cf. also groeup TX). Such planits renain smaller in all thair
dimensions. When this iz striking w3z swpealr of awarfing or stunting. Hor-
phologically, however, thecs plants are normal. This means that all the
orgzans ars reduced proportionally. This name has bean-applied.impfoperiy
in some cases such as "Rubus gtunt" for a witchesg' broom dissase of rasp-
bverry (PRENTICE, 1950)(cf. also p.30 ).

When a plant acquirss infection at a late stage of development, only
the extremitiss of the branches or the top of the plant ars stuntad, e e
in the case of "psa stunt® (HAGEDORY e.a., 1959). {(Jor rosstting, being
a different phenomenon, c¢f. ».28 ).

Cften the growth rsduction lzads to a reduction in sime of the fruits.
This somstimss may be very striking, such as in "1ittle charry" of swset
charrizs, wasre the lmown sympltoms are coniined to ths fruits. Thess have
nalf or lwzs than half normal sizs at picking tims (FOSTER o.a., 1951).
In connsction with witches' broom growth rathsr commonly a reducticn in
size of lemaves occurs 2.g. in Ylittle laaf" of brinjal (THOMAS & KRISHFASWAMT
1939). Since here thas gymptom is due more to a disturbance in growth pro-
portions than to a grnaral growth reduction, this phenomenon pra2ferably
should be grouped amongz malformations {p.30 J.

Growth reduction often ocecurs without accompanyini sympioms. Rather

usually, this reducition in gross plant gize is not conspicuous; but the

disoass effect i noticed in a reduction in yield. This may be due to a
reduction in sige of ihs fruits, as was mentioned above, or to a reduction
in total weight of the plants. Generally this is the most important economic
aspect o virua diseases. Since size and yisld of plants also depend on

a number of other factors, such as nutrition,; reductions in size and yield
are generglly difficult te recognize as virus symptome. Moreover, especially

here there is no borderline at all betwesen normal and abnormal.



IT Colour deviaticns

& Colour deviations in the leavss

Changes in colour of the leaves are gquite common in virus diseases.
They are mostly due to chlorophyll disorders, such as a delayed or a de-
creased chlprophyll production. That is why after some time mosaic symptons
may disappear more or lsess. Somebimes even a dageneration of chloreplasts
may cccurs. This has bsen shown by ESAU (1944) in full growvn lsaves of bezt
infected with bset mosaic. Due to a lack of chlorophyll the pressnce of
carotenes and xanthophylls becomas svident. As 2 result, the lcaves as a
the leaves evan can becomz white. Besides the lack of chlorophyll e.g. in
tobacco plants infected with tobacco mosaic virus an increassd content of
carctenss and xanthophyll (VENEKAMP, 1957) contributes to the yellowing
rhencmencn. Usuaily othar anatomical disorders are alsc involvad, such as
- a spherical shape of the palissade cells and a delaysd Fformation of inter-
cellular spaces in the mesophyll both lsading to a dscreassd thickness of
the yellow parts of the leaf. According to ths survey of ESAU (1938, 1948,
the picture differs with virus and host.

The yellowing can be general and then is named chlorosis, cof. the
scientific name Chlorogenus callistaphi H. for "aster ysllows™. Often, however
for such diseases the name yellows is used =z.g. "aster yellows, "sugar best
yellows", etc. It is evident that this complets yellowing only concerns the
leaves developing after infection. This especially attracts attsntion after
infection at a late stage of development of the plant. Then only the tips
of thé plants or of the branches show this yellowing e.g. "tip yellows" of
peas (= pea leaf roll).

~ The yellowing also cal be localized and be restricted to distinct
areas of the leaf. In barley plants infected with the barley yellow dwarf
virusg the tipe of the leaves are yellow. Usually, however, thisg yellowing
subsequently procesds %o ths entire lsaf. The yallowing can also be confinad
to the edgs of the leaf: edge yellowing, =2.g. "strawbsrry yellow edge".
Ancther typa is the r.gtriction of the discoloration fo the w¥eins, often

tegether with some of tha ad jacent tissue. The pattern of vein yellowing

is always very regular, howsvsr. A vary nice example is "vein yellowing"
of lucerns caused by the tip yellows virus of peas {VAN DER WAIT & BOS,
1959}
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Ancther example of a persistent yellow-vein virus is that causing "yellow-
net" disease of suzar beet (SYLVESTER, 1943).
Related to thisg phanomenon is tne symptom of yein _cglearing differing
Tfrom vein yellowing, however, by showing clearinzs rather than ye2llowing of
the veins. Moreover, this symptom is restricted to th= veins. This namsz
means that the vsesins become more or less iranslucent. This iz prssumably
dus to a delayed formation of intercsllular spaces. This close packing
of parenchyma cells may be duz to eczll snlargemazant and cell division and
may be accompaniad by chloroplast degeneration such as in curly-iop bhsezt
leaves (ESAU, 1933). In many virus diseases vein clearing is a “irst or
early symptom, usually being temporary, howzvar,
Some confusion sxists in ths Iitsrature as to whether the tarm vein
cla2aring should bs reserved for translucency of veins only or bs ex-
tended to include a yellowing of some adjacent tissue. Accerding to
B5AU (1948) vein clzaring sheuld be considered aquivalent to trans—
lucazncy of *the veins. In tha pregent author's opinion this is gquite
corrsct. The yellowing of the veing together with some adjasent tissus
should be designated "vein yellowing". As will be described on p.ll
a yellewing of the veins ftogether with adjacsnt irregularly bordared
« leaf tissue is called 'vein mosaic™; whereas a colour ¢hange, dark

or light, in bands along the main veins bslongs tc the phenomenon of
lygin banding'.

Under the term mosaic sympioms can be found a large group of colour
deviations characterized by localized yellowing. In contrast to the above
group here dark and light green or yellow parts of the leaf are irregularly
variegated. Since MAYER introduced the name tobacco mosaic in 1886, mosaic
symptoms are the firet and best known group of virus symptoms. For a long
tims the names mosaic dissase and plant virus disease were synonyms.

Many forms of mosaic can be digtinguished. A very typical example
of a uniform mosaic is the welllnown Abutilon mosaic (often named “égggiggg
infsctious variegation®), and 'pea mosaic'. Hsere the irrasgularly shaped,
light and dark colourzd parts of the lsaf are sharply definzd and the border-
lires, often being the small veins, ar2 straizhtlined. For a mosaic with

cnly few very large yellow arsas on the leaves the name Aucuba mosaic,

referring to the variegated leaves Of'ﬁ&ﬁﬂhiuiﬂgﬁﬁiﬁiﬁ sometimes 1s used
8.5+ "potato aucuba ﬁosaic”. The term calico, referring to brightly print-c
cotton dresses; has baen used for a similar type of mosaic in which the
brilliant yellow or sometimes almost white parts of the lsaf dominats,

such as in "potato calico" due t¢ infection with the alfalfa mosaic virus
(BLACK & PRICE, 1940) and in "peach calico" (BLODGETT, 1944).
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In monocotyledonous plants with parallsl vsined lesaves the light
coloured parts have a tendency to bacome slongated. In this way a streak
or stripe mosaic originates: e.g. "barley stripe mosaic' and '"cocksfoot
strsak’,

Based on the above definitions of chlorosis and mosalc ths name

"hibutilon infectious chlorosis®™, which is often used, is erronecus.

"ibutilon mosaic’ iz preferadbls. Tha term “streak" e.g. in cocksfoot

streak is confusing. The name doszs noi indicate whether the streak

ig a mosalc cr isg necrotic (cf. Ds LT ).

Other types of imcsaic can bes distinguishad in which the mosaic patterus
are confined to definite arsas of ths leaf. In wein mosaic the light-colour:

parts arse grouped along the main veinsg and these veins are included e.g.

the "red clovsr vein mosaic". The term vein banding is used for those types

of mosaic in which a rather regular range of light or somstimes dark colours
tissue occurs along the main veins e.g. ‘'raspberry vain banding". If the

mogaic is often used, e.g. in potato virus X. Sometimes the discoloration

is restricted to sharply defined and brilliant graen-yellow patterns formed
characteristic for e.g. the "line pattern virus" in plum, peach and cherrier
(e.g. CATIOF e.a., 1951)}. In some cases tha 1ine pattern has the shaps of

an oak leaf.

In the light ccloured parts of the leaf, growth is often impeded. Thor
the shape cf the lecal also is abnormal 2.g. in French besan infectad with
the common bean mosaic virus {Dutchs "rolmozafok") (for more information
cf. malformations).

Bpots or speckles scattered all over the leaf. The phenomenon lzading to
these abnormalitiss is often called mottling. (In many publicaticns, hownw
mogaic and mottle ars used as equivalenﬁs). Somaetimes they are the primar,
symptoms on the inoculated leaves. The margin of the spots may be saarp ov
diffuse. If in the latter case the entire fleck or the surrounding tissue
is somewhat translucent they arc namad oilflecks. They are characteristic
of the first symptoms of the Eckelrader disease or Ffeffingerkrankbeit of
sweel charrissg (MULDER, 1951). Sometimes a light coloured ring surrounds

a normally green centre. Also light and dark coloured concentric rings,
group of viruses is characterized by this type of symptoms viz. the ring-

spot viruses (Annu%gs SDPPe ) s

d

d
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In these spots necrosis often occurs (eof. nscrosis).

A peculiar type of discoloration is involved in the "grey" disease
or'étripe disease of narcissus (CALDWELL & JAMES, 1938)° The silver—grey
colouring of the leaves is due to an abnormal humbe: of intercellular

spaces.

Instead of being lighter than normal, the gresn ‘colour of the leaves
scmetimes can be more intense than nermal. E,g= in phony-digeas=ed peach
the foliage presents a etriking depth and richness of green colour . ( HUTCHII
1933). | |

Entirely different from the-chlorophyll disorders’ descrlbed abovu

are those ‘colour changes due.to the abnormal formation of antnocyanlns,

T e e i e

These deviations from normal colour are often guite similar to mlneral
deficiencigg. Some of the virus symbtoms may Yo mentioned here. E. . in
clovers infected with the aster yellows virus a reddish-purple pigmeﬁtatiot
of -the older leaves is a common phencmenon (HALISKY e.a., 1958). The bafie:
yellow dwarf virus causes an intense oranga-red coloration: ”oat-red”leaf”,
"Blattrdte oder Rotblitirigkeit" {e.z. RADEMACHER & SCHWARZ, 1958).

B 'EEEEEEE%E'OCCUTring in circular markingé, as a network following the
finer veins, or almeost continuous over the affected portions of fhe leaves
of tomatoes, is caused by tomato spotied Wi}t virus. The intensity of -
bronzing way vary from an almost imperceptible glaze only visible_by turnii
the leaf to reflect light, to so deep a bronze as to be almost black. This
phenomenon is-due to a necrogis and‘oollapse of epidermal cells overlying
the still turgid, green, apparently healthy mesophyll tissue (SANUEL e.s.,

1930). SR

Brown and black coloration due to necrosis of tissues will not be
describ"e‘d-hére-(cf° ﬂecrosis)o-It ig a rather common phenomenon in virus
diseases and may be of diagnostic value, such as in ﬂearly browniﬁg”:of
Toas (BOS unpublished). - o -

b Colour dev1at10ns in the stems g

The stems can suffer f;om golour dev1atloms 51m11ar to those Tound on
leaves, since herbaceous stems are prov1ded with similar chlorophyll conta
ing tissues. E,g; in peach'calico eveh fhe twigs become a ofeAﬁy white in
streaks (BLODGETT, 1944). Because of the comparatively small gizme of the
stems, deviations in- oolour in nhe stems attracn less atumntlon than these
in the leavss, however. That is why they dld not give rlse to names of dis

£a5688.
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In potato "stem mottle™ the name is inaccurate since only now and then

de necrotic spots oecur on the stems.

c Colour deviastions in the flowers

Colour deviations in ths flowers form an important and intszresting
group of abnormalitiss. Even in old times they attracted attention and
they belong to the oldest known virus symptoms. Tulips with a "breaking

o the flower colours™ are well kmown from old Dutch paintings gince 1619,
They wers described for the first time in 1576 by CLUSIUS. It is interestin:
to ltnow that the attractive colours even led to a notorious-iraffic in
tulipbulbs during the years 1634-1637, when fortunass werse paid for a single
nioely breken tulip.

Tha colour breaking is dus to a local deletioﬁ Qf pigmerts from. or
lto a local intensgification or accumulstion of pigments in the eﬁidermal

layer of the petals. In the first case the white or yellow colour of the

underlying mssophyll becomes visible: light breaking. It may give rise to

very nice colour patterns (of. the many colour pictures of VAN SLOCTEREN

& DE BRUYN OUBOTER, 1941)° In the casge of pigment inténsification small

dark agtreaks or elongatsed flecks are developed: géggnézgggzggu Both forms
often occur together. These rhenomena cannot bhe observed in white and yellow
varieties since.in their petals pigments are lecking in the epidermisn The

digease is due to Tulipa~virus 1. Somse types of light breaklng may be of

genetic origin. Dark breaking may also be due to rattle virus (VAN SLOGIEREN
jre, 1958). ,

‘ In several other plant speciss breaking'of the flower ooloﬁrs ig quite
common and well known 8.&. 1h gladiclus after infection Wifh the bean yellow
mofaic virus or the cucumber mosaic virus (KLINKOWSKI, 1956). '

Besides these local colour chahges in flbweré general cclour deviations
algo occur. The flower colours may he Weakéhedg intensified or entiraly

changed. After infsction with the CucumiSQVirus_};stoChrn? chrysanthemum

flowers with ted, bhronsme or bfown colour may turn entirely or partly ysllow.
Violet-red, light-red or pink floweré'may become white—apotied or entirely
white. Alsc here, yellow flowers seldom changs and white flowers never do
(NOORDAM, 1952). '

. Y&ffEEEEEE or :29325&5 alegc belongs tc the category of genéeral deviati-
ons in colour. Instsad of being normally coloured, ths peféls are more or
“loss green as a conseguence of chlorophyll develoﬁméﬁt.'Usually this ﬁhenOw

menon oc¢curg Ltogether with deviations in form.
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Then virescencs is a first stags in ths comulex of phanomena of antholysis

3

(cf. malformations, p. 30 Y.

4 Colour devistions in the fruits
Pruits also may show deviatichg in colour. Usually thesa ars due to
chlorophyll disordesrs. Principally thise disordsrs ars gimilar to thoas:s
of leavas and stams. As beauty daf=cis they influsznce th= mark-rs valus
afte may be of grsat sconomic importance. In plants with big fruits, colous
changes atitract special attzntion, such as in cucumber infacted with o
cucumbar mosaic virus (e.g. TJALLIIIGIT, 1652). This mosaic is also associ-

atzd witk deformaticns of the fruit (cf. ».34 ).

IIT Wilting and withering

As 3 consequence of wvirus infection plants or plant parts may lose
their turgidity and show f}}ﬁggg or even dry up and whow WEEEEEEE@‘ Mossly
ths latier process is a rapid one. Often wilting and withering occur to-
gether.

In peas, aftsr mechanical inoculation, the white clover mosaic virug
cause2s wilting and withering in the inoculated leaves. Under unfavourabls
circumstances tha plants may entirely wilt ("pea wilt', BOS 2.4., 1559 ;.
The loss of turgescence is well kmown in the lzavss of onion plants infecid
with cnion yellow dwarf{ virus.

As yet very 1ittle is linown as o the exact origin of wilting and
withering dus to virus infection. Possilly th- most impeortvant causs is
lack of water due to an excess of trangpiration or to a rsduced supply
of water =2.g. due {o necrosic in the vascular bundlas, Th: reduced supply
of wal=r may alsc b» dus to a daposition of gum in vessols znd oth:r xylam
cells and a precocious and excesgive developient of tylosas in the wood
guch as describzd for grapevine.;n?ected with the Pierce's dissassz virus
(ESAU, 1948 b), This leads to a suddsn wilting of vigorously growing young

vinss and the drying of grape leavss.

IV lNecrosis

guite common symptom in virus diseases., It usually takes place very rapidly
and a clear cut borderline between dead and living tissue can always ba

obsarved.



Since location and typ® of necrosis is often characteristic, this asympitom
may btz of diagnostic value. It may affect superlicial cells or occur in
despur layers of tissus. It may involve diff:irent tissuss or be resgtricted
to ona typa of tissus.

lscrosis frequently develops at the site of virus sntry. Then it is
often confined to th:z inoculated cell, usually together with soms surround-
ing cells, giving rise to local necrotic lesions. The mechanism of this
laocal reaction is not guits understood. Such a pyparsecsiiiviiy often
Isads to a limitation of the infection, praveanting the plant from being
infscted syztsmically.

This hypsrsensitivity can be of practical importancs as it may lead
to resistance to the given virus under natural conditions. A good
example is the fisld resistance to the commen bean mosalc virus
(Phlceolus-v1rus 1)of bean varistiss descending from the Forth Ameri-
can Torbstd Waiu > (QUANTZ, 1957, 1958).

Under humid conditions necrosis is often suceceedad by rot. This szcon-
dary phenomenon, howsver, is dus o sucondary fungi or, mors oftsn, to
bactaria. They decay the dead matorial in a saprophytic way (cit. secondary

phenomsna). Under dry conditions the necrotic tissue may dry ub.

Hecrotic spots or stipplcs in the interveinal tissue may cccur as a
lecal result of tha virus 1nfection .3 on leavess of Nicotiana alutinoss
or Phaseolus vulzaris aiter mechanical inoculation with tobacco mosaic
virus and a aumber of otasr virusss. Often these spots shew concantric
rings consisting of necrotic, yellow and dry tissues ring = £9£§ {ef. alen
yallowing) .

Somatimszs the necrotic spois may be due to a systemic roastion. It
ig not known whether this is dus to a low conceniration of the virus
resulting in a restricted number of places where infectious units Lecome
established. A nice example of systemic necrotic spots is "mecrotic stinnpl:®
in store-cabbages dus to the cauliflower mosaic virus (VAN HOOF, 1952).

When largs numbsrs of necrotic lesions develcp they may coalesce and
ferm dsad areas. The necrotic lesions thamselves sometimas also may gradu:l
ly or rapidly enlarge, producing a more gystemic necrosis such asg in early
browning of peas. Usually the distribution is irregular but finally ertiro
leaves may dies. ATter having reached the veins and having besn spraad
rather gquickly within the veinal systom of th: lezaf, thae sarly browning

virus of peas may induc: a nscrosis of these veine.
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The same holds true for tobacco necrosis virus (stipple streak) in bsans
and ths tobacco veinal nscrosis virus (a strain of potato virus Y) in
tobacco leaves., In this case, howsver, the veinal necrosis is oinfined

to 2 resiricted arsa arocund ths peoint of inoculation. Laaves of pea,
systemically infeclted with the early browning virus, may start with nscro.
of the veins or of a part of the veins; but after some time the nscrocls

may proceed to the interveinal tissua.

b HNecrosis in thac stom

Af%er having resachsd the veins, the necrosis gsnerally does not remii
rastricved to the lsal but continues along the petiolus to the vascular
gystom of the stsm and afterwards from the stem to the highsp leaves. Tl
necrogis oftan leads to a disturbed water supprly and conazsgusntly to wili:
ah@ withering in ths l2aves concarnad.

An intsrasting ty»e of wvascular necrosis iz "hlack root" in a numbsir
of snap bewan varietiazs having field resistancs to th: comwmon bsan mosaic
virus {ef. p.15 ). Then th? virus remaing confined to small necrotic srots
At tempesratures zbovae EOOO, however, the virus is able to becoms systemni:
and to induce necsrcesis in vascular tissues of all plant parts such as root
stems, pods eatc.

Quite commonly a systemic rzaction leade to dwath of young sprouts
gstrain of the bean yellow mosaic virus or in soms rotato varisties after
infection with potato virus A or virus X.

Concarning tha origin and location of necrosis in ths anatomy of stam
different possibiliitinsg sxist.

Eespecially in "phloem limited! virusas the necrosis ganerally is
restricted to tha phlosm. A classical oxanple of this is phlosm nzcrosis
in potato plants infueted by lzaf roll virus {QUAJTER, 1913)¢ It involves
the gieve tubss and companion celleg. This nscrosis can be observad by
means of a nicroscope-~only. Two othsr examples of vhlosm necrosis are
sugar bzets with curly top (ESAU, 1933), and Gramineas affacted by the
barley yellow dwarf virus (ESAU, 1957).

. Az to th above msntionsd systemnic infsecticn many types of nscrosis
ars initiated in the phlowm of the vascular bundles. In the black root
disease of snap bazans (cf. 0.15 ), duo to a systomic raacticn of the bean
yallow mesalc virus in hyvorsensitive vairietios, nrocerosis affects not only
ths phlosin, but also tho cambium and the outermost layer of xvlem (JENKINS

1641).
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In ths strsak dissases, grouped under the name acro nszcroses by QUANIZR
(1931), necrosis arises in the phloem and then gpreads into the neighbourin
tissuss in all directions, most markedly towards ths xylem. The two latter
types of necrosis are manifest to the naked eye often as diffuse dark
coclours=d strealis on stems, but also on petiocles and main veins.

Stem nzcrosis algo may find ite origin in the parenchyma. In stems,
but alsc in petioles and main veins, of French beans infocied with the
white clover mosaic virus parsnchyma cells in the pericambium or betwesn
the xylem elemsnts or groups ol interfascicular par:nchyma cells may be
necrotic (BOS, unpublished data)ﬂ Thig necrosis is prscaded or accompanied
by a deposition of sum {ef. D. 19 ) and is observable externally as dark
greyish strealk-like discolorations.

In potato plants affecied by potato virus ¥ (leaf drop aitreal, stipple
streak or acropetal recresis) nscrosis cccurs in the collenchyma of the
aerial orgens and sometimss extends to other tissuss of the cortex dbut not
to the wvascular bundl-s. In the pstioles even the parsnchyma belween the
bundles may becoms affectad (QUALJER, 1931). The nuerotic streaks are
vigible from the ouiside.

In tohacco ctems,; infected with tobacco rattle virus, the pith as
well az the corfex shows considsrabls necrosis (BDHIHG, 1531). DBagides theos
internal necroses a stem can produce more superficial necrotic sympbtoms
wrnich are restricted more or less to the cortsx. Presumably this necrosigs
rezembles the necrotic legicns in leaves and peticlss. E.g. potate stem
mottls caused by the tobacco rattle virus shows. a superficidl necrosis,
starting in tuae lsaf and proceeding to ths cortex of veins, petioles and
stems without affecting the vascular bundles {QUANJER, 1931).

4 nacrosis in the bark of elm trees has been describsd as a virus
disease under the name "elm zonate canker" (STIEGLE & DRETZ, 1550). Mhe
symptoms appear in the bark as concentric rings of dsad and living tissuae
in the cortical or phloem tissue. Later on tho areas enlarze and ths necrosis
rmay extond to the xylam. The nzcrosis way cause the bark to gplit. Frequent-
ly stems and bhranches are girdled, afier which their uppar portions die.

(For the inaccurats an-lication of ths name canker in connszcticn with this

it A - "3,‘!.\,
Co ke 30 Che Da it

Tubers of potatoss may show a series of necrotic phenomena.
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In sprazing or "corky ring spot", preosumably due to a virus rslatsd to
potato stem metile (tobacco ratila), ths cut surfaca of a tubar shows
arc or ring liks necrotic pabttsrus, a ring spotiing. Since the sympiom
iz accompanied by sowme cork formation, this lod to the name "corky ring
gpot’. Tha German name "Pfropfenbildunsy” (formation of wads or pellets)
exprasses the thrae dim=nsicnal naturz ol the symptom.

In corky ringspot LIHFELL (1958) distinguishes betwesn primary
szcondary symptoms as regards their localization in the tubsr. T
primary symptoms often have tha appesarance of z2manating from a
Just at the periphzry of the tuber. The secondary symptowe, on the
other hand, are mostly rsstricted to the hea:l end and ars offen
arranged around thes hilum of the tubsr as a cantire. Ths differsnces
carr be explainzd by assuming the dincitvant to entsr from the scil
through the skin in the first case and to a2nter ths tuber sysizmnicall-
through the hilum in the latter case.
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The tubsrs of a numbsr of potato wvarietiss, 2gpecially in North Amorlico

produca net nrecrogis alter infection with leat roll wvirus. In th= subsuricc.

tissue of the tuber dark brown flecks, siripzs and rsticulatsd figures
devalep, walch ars compossd of nscrotic sieve tubszs and companion cells.
This necresis is plainly visible fc the naked eye. Thz so callad tuber
parenchyma cells of both cortex and pith of potato tubers is caused by
the potato aucuba virus. The necrosis is sasily visible as rusty to dark
brown spots and stipplss within and outsids the wvascular ring.

The phenomena in potato tubers mentionud above; difier from ths so
called "tuber rust spot', the German '"Eisenfleckiskeit'". These spots
are mors diffuse and are assumed to be of physiological nature (EIBNDR,
1959

& Hscrosis in fruits and seeds

Fecrssis may also occcur in or on fruits, Pods of beans with stipple-
streak virus (tobacco nicrosic wvirus) often show nicretic ring paitterns.

Thy game holds for the podg of pra inlacted with rarly-browning virus. In

o

the lattsr case the oo ds touching nacrotic parte of ths pod wall may show
necrotic dark brown spots as well. In these ss.ds necrogis even may pvenetrat
into tha cotylsdens or sometimes inte the gern (BOS, unpublished data).

In pear fruits with stony-pit virus, besides concentrations of sclerer

chyma cells,; nncrotic cantres cccur (KIEHHGLZ, 1935).



V Biochemical chang:s, visibls macroscopically or microscopically,

Since viruses interfere with the physiclogy of thes »lanty all virus
symptoms find ftheir origin in biochemical changes. OF the processes involvad
only very little iz known. From biochemical investigations, e.gz. on tobacco
mosaic dissassd and healthy ¥hite Burlsy tobacco plants (VENEKAMP, 1957 )
however, we lLmow that this virus induces, besides a doocrease in chlorophyll
content and an increase in the content of carctenes and xanthophylls, an
evident increase in malic acid and a striking decrsase in succinic acid
content. How far these latter changes,; being only detectabl: in an analytical
way, will be of practical uss as a gymptom in diagnosis, will be difficulw
to predict. Morecver, since in normal plants bicchemical compesition (coe.
of organic acids) is vary variable, depending highly on growth conditiocns
(evg. VENEKAMP, 1959), it will be difficult to use quantitative composition
of a single plart as an indication for virus infection. This has been demorn-
strated for sugar beets infected with yellows (JERMOLJEV & P2fiSa, 1958) and
for potatoss infeected with viius X, virus Y, leaf roll virus and stolbur
virus (JERUOLJEV, 1959 personal communication). A thorough discussicn of
these patho-physioloxical symptoms would go beyond the scops of this
publication.

In a number of cases, however, bicchemical changes are viegible divectl:
or afisr simple staining techniques by means of the wmicroscops or aven with
the naked eye. In this case they may be of direct practical diagnostic
importance. BE.g. ths whte clover mesaic virus produces in Franch beans
in peticlss and stems, especially in groups of interfascicular parsnchyma
cells characteristic deposits of yellow brown to red brown gun~like =zub-
stances (305, unpublighed). This gummosis, however, is part of or is
accompaniad by necrosis (cf. pe 17 ). Bxternally thsse effacts are visibl:
as diffuse greyish internal discoloraticns. A very giriking deposition of
gum occurs in the xylem cells including the vesssls of grape vine with
"Pierce's digease” and of lucerne with "alfalfa dwarf discase’, both bein:
due to the same virus. Morecover, thz xylem vessels of ving ars occluded vy
a przcocious and excessive production of tyloses. As a consazquence aiterwar..
growth reduction aﬁd wildting occur (BSAU, 1948 1), 4

In a number of diseases caused by "phloem limited" virusss, such as
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This can be easily danonstratad by maang of iodine potassium-iodide aft-o
having removed the chlorophyll by means of alcohol. This accumulation of
starch results in soms thickness, stilitness and brititleonsss of Giscas-d
leaves.

Por a long time the reduced transport of starch sspszcially in potato
was assumsd to be dua to the nacrosis of the phlosm {ef. necrosis).
From the work of HEIIE (1957), on sugar beet yellows, indications
gxlet as to a disturbance of the transport of carbonydrates by a
disturbed activity of phosphatase. According to XLINXENSERG (1545)
the anatomical disorders can ba obsasrved only after the transport

of carbohydrates has been hindewrsd.

At present tha Effffgiyg,*Efﬂﬁiigf_gﬁ_fﬁllgsc in the phloem of stems
and even tubzrs cof leaf roll diseased potatoes, pracsding necrosis in thess
glemsnts, attracts much practical and scisntific attention, Wiersas in
phlosm vessely of healthy plants the sisve platzs are only coversd with
a thin laysr of small plug of calloss, tha vesgels of dissasged plants
show an increassd guantity of callose. Even zatire cells may be fills
This difference was Tirst observed by VO BEEEHER & ROCHLIN (1931). It is
not yat known whether this abnormal callose preduction also is due to a
disturbed activity of phosphatasa. This callose can be easily stained wiwl
regorcin biue and a number of ovhzr stains sven in potato tubers at a
certain physiological.stage after narvesting (Ig:lnLangé test, cf. SCHUSTER,
1954). The possibility of determining the abnormal callose production for
diagnostic purposes was digcoverad somswhat simultansously by IGEL & LANGE
(unpublished but patented), BAERECKE (1955), HUPFERRERT & 7ZU PUTLITA (1955),
MOERICKE (1955) and SPRAU (1955).

A peculiar biochemical deviation is hedffggﬁgg_gizglgzgéﬁioh of xylam
and tracheids of appie, especially the variety Lord Lambcurne, cdua to
infection with the "rubberwood" virus. In cross-sections, diseased branches
after staining with phloroglucinel and hydrochloric acid show large light
coloured islands in which the cell walls ars thickened with cellulose in-
steadlof veing lignified (BEAKBANE & THOMPSON, 1945). This leads to an
extrems flexibility of the branches,; which are '"rubbery" and 'cheesy".

This abnormality has besn described as the rubbery wood sympiom (PRENTICE,
1950 b). Older trees develop 3 "weeping" habit as the small branchss bend

under their own weizht and under the weight of the crop.
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VI Cork formation

The formation of cork is a normal phenomznen in plants. Espscially
in dissased plants it quite commonly occurs and cften is due to wounding.
Then it occurs secondarily. Cork formation is also often involved in virus
digeases. Since no abnormal cells ars produced hut normal cells are incited
to divide and form cork cells, an orgenizational disturbance is at hand
in contrast to the previcus symptom groups. In virus diseases cork formation
hasg very seldom been the subjsct of serious anatomical research. So only
little accurate informaticn is available.

KLINKEWBERG {1940) made soms investigzations on the anatomy of abnormal
cork in the roots of Lupinue polyphyllus infected with "sore shin, pra-
sumably due to cucumber mosaic virus in har material. The cork occurs in
a continucus layer at the bases of small intumascances on the roots; but
also in deeper laysrs apound intsrcellular spaces Tillad with gum or around
bigger groups of necrotic cells.

In "“psorosis™ of citrus, dsvelopment ol cork in the bark of stems
cuts off the outside layers, which die and form tha dry scales or flakes
of bark {FAWCETT & BITAWCOURT, 1943). This bark secaling is indicated by
the name psorcsis, which means a dissase characteriz2d by psora or scab.

4 peculiar and conspicuous type of cork formation develops on the
fruits of apple infscted with "apple rough skin' wvirus. This rough skin
phenomencn results in rough corky brown patches on the skin of apple
fruits. The patches may be small and somewhat circular, but may also ccour
in rings or elongated stripes, whilst the fruits of heavily infecied treas
ofteﬁ show a roughening of large parts of the skin., Scmetimes the rough
patches are cracksed and the fruits may show a slight deformation due to
local growth retardation (VAN KATWIJK, 1955,1956). In a presumably similar

digease in the corky patches Etar cragking occurs. This phenomenon gave

rise to the name "apple star-cracking virug" {JENKINS & STOREY, 1955).

VII Malformation

In the previocus groups of virus symptoms the abnormalities found
their origin in visible effects on thse cell. They started at a cytological
level. In a large group of virus diseasss, howevar, the cells may be ontira-
ly normal, but the so called correlation or wutual relation of cells, tisuii.

and even organs during development may be abnomrmal.
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This zbnormal growth or development leads to T§}§9£Q§3}3§§ or deviations
in the structure and form of plant paris or emtire plants. Often external
arnd internal structural abnormalities go hand in hand.

The group of malformations ig a rather complicated ona. Cytological
aprormalitisg are sometimes aléo involvad. In thesgs casss the disﬁinction.
between malformations and ithe previous groups of symptoms is not clear-
cut.
aberrations are the first visible virus symptoms. Secondary malformations
are net evident until after the plant develops othsr symptoms such as
localizad yzllowing, or nzcrosis which lead e.g. to leaf malformation.
The differsnces will be discusszd mofe in defail in the propsr parts of
this paper. The distinction bestween both types of malformations is noi

always sharp.

a) In the primary malformations the phenomena observed are the first

visible deviations due to the virus infection. Presumably the disturbed
correlation in davelopment is due to a disturbed action of phytohormones
{cf. also .33 ), such as a disturbed iranspert or distribution or a de-
crease or increass in hormone level. Since the levsl reguired for optimal
growth differs for different plant parts; a shifted hormone level also

may disgturb developmental proportions. VON DENITER (1952) has already
ascribsd the proper seguence in leaf forms in ths normal plant development
to changzs in hormone level,

Malformations, produced in this way, can be dsvided into two groups,
in the same way that KUSTER (1911, 1925) did with the plant zall abnormali-
tieg produced by animals and fungi. The histoid deviations are due to an
abnormal organization of distinct tissuss or of tigsues within a distinct

ocrgan. In organcid devialions the tissuss and organs involved mayvy be norn
< ——=n —— J mal,

whereas the organization of the organs, the relation batween the organs,
is abnormal. One has to realizme that there exists no claar-cut borderline
between the histoid and the organoid deviations. Espscially in histoid
growths cytological abrnormalities ars often involved. These aberrations

of $he cells then also maj result from improper hormonal balanca.

& 1) Since thay do not produce nérmal organs the Qistoid deviations can

not be described in terms borrowed from plant morphology. They ars tumorsz,

amorphous changes of histological nature, without any reasonable organizati .



- 23 -

They have many featurss in common with human and animal cancers. That is

are scme differences dus to diffsrences in the ontogeny of animal and
plant tissuss (e.gz. BLACK, 1552).

Opinions differ as to the correct name of the histoid deviations in
Plants caused by virusss. In view of thiir rasemblance to higteid swellings
caused by indscts; espscially ths mora voluminous ones, are often namsd
galls; e.g. Galla fijiensis Holmes for the virus of Tiji disease of sugar
cana. In a racent publication the ceéidologist TROTTER {1954) sven speaks
of viro-cecids. The name gall must be considersd inaccurate, howevsr,
Galls are swellings caus2d and inhabitad by animal or plant parasites
(KUSTEH, 1925). So thay are of critical scological importance to the
animal and plant parasite. This doess not hold for the malformations due
to virus infection; bscause the virus cccurs in the other parts of the
plants as well. Moresovar, we have no evidence that the tumor is necessary
to the survival of the virus. The most accurate name for the cancercus,
wartlike swellings appears to be tumor. This term has already been used
often in the literature (e.z. "wound-tumor" virus).

The origin and characters of tumors differ according to virus, host
plant and part of the boet. They are mostly comrossd of irrsgularly pro-
liferating, badly organizsd tissue.

A number of virusces ar2 able to induce tumors on the lsaves. The
" gmall ridges of tissue or swellings on the uppsr surface of the leal of
gtripe diseased narcissus (narcissus mosaic virus) are initiated in the
palisade cells. They are due o hypsrirophy (enlargement) and hyperplasis
(incrsase in number) of palisade cells. Eventually the proliferating tissus
‘protrudes through a crack in the epidermis. In the transverse directicn
only two or three palisade cells snlarge simulitanecusly a% the beginning.
In the longitudinal direction rows of cells of counsiderable length behave
similarly, thus forming a ridge instsad of a roundad projsction (CALDWELL
& JAMSS, 1938). These swellings more or less resemble the so called intu-
‘mescences, caused in many plant species by excessivs humidity. The small
elongated tumors on the under surface cf the leaves of sugar cane infected
with Fiji disease virus find their origin in abnormal proliferaticn of the
phloem or tisszues immediately adjeining the phloem (KUNKEL, 1924). This

is why they extend along the under surface of the veins.
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In ¢rimson clover the wound-tumor virus induces irregular swellings of
the veins{"¢clovar big vein') dus to development of many small tumors in
tha phloem. In the lsaf petiole, stem and root many of these TumQrs are
only found intarnally, not showing on thn surface as protubsrances (LEE
& BLACK, 1955).

Other peculiar protruding growths, being of mora resiricted size
and proliferating less irregularly than tumors, are generally called

histoid enations. They somelimes arise from the lower surface of the veins

of crimson clovar infected with wound-fumor virus. They also ocecur in
lucerne, mostly only one psr lasaflet, after infection with a wvirus found

in Rumania (BLATTN%, 1959). These enations are usually restricted to the
main and side veins. Thsy are the more protruding since they ars placed

on top of a logal funnel shaped deprassion of the leaflet. The sxcrescences
may vary in ferm from large or small papillae to short, whitish spines.

Wall known and .intensivsly studisd are the tumors on gfemg and on

the roots of swezt clover (Melilotus alba), and on the raots of sorral

( Rumex agptosa) and a number of other plantsy due to ths wound-tumor virus.

This virus was not found originally in plants, but was discovered acciden-
tally by BLACK (1945) in nymphs of the laafhoppar Agalliopsis novella in
the vicinity of Washington, D.C.. The stem tumors may attain a diamster

of about 1 cm., Tha tumors are producsd in systemically infected plants
only afier wounding {BLACK, 1946). A natural wounding occurs in roots
producing side roots. Thess ars initisted in the psriecycle and mechanical--
ly brealk through the cortsx. Tumors develop close to the wounded cells in
the pericycle (LEE, 1955). According to this author tumors may be formsd
avan at the basss of bactarial nodulss.

1. +dditioa o o ~r: and wnations nors extensiv. swellings mayv R e
In the stems of sweet cherry, var. Napoleon, in Oragon U.S.4. “cherry bBlack
canker" virus produces slightly swollen areas. Later on thess swellings split
and grow into rough black cankers (ZELLER a.a-,l95l). Prune diamond canker
(SMITH & THOMAS, 1951) is a somewhat similar virus disease. This symptom has
not been degcribed in detail. Possibly secondary necrosis is involved. Accord.
ing to a discuseion of literature of ZYCHA (1955) no accurate definition of
the term canker is known. In plant pathology ths English name canker prima-
rily applies 1o ldcalizad necrosis in stems and twigs, leading to death of
the bark up to the wood (cf. also p.17). Especially in "peremnial cankers"
(German "Krebs"). This induces the production of a callus around the wound.
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This devslopment may be different from that of ths above diseases, bath -

leading to g similar product, however. Therefors ths term canker maj be
Tth-or cosyr ot for thesa virus symptoms.

Even entirs stems or shoots may demonstrate shoot swelling. A goad

example is the notorious “swollen shoot" disease of cacac in Western
Africa (e.g. POSNETTE, 1947). Especially suckers arising from the base

of the trunk may show pronounced swellings, amounting to *wice tha dia-
meter of the normal stem. Thay may be nodal or internodal, but ars oftsn
terminal. The swelling is due %o an increass in xylem tissues. Only slight
proliferation of phloem tissue occurs.

A singular histoid modification is the flatteninz of branch2s in a

virus disease of apple known as "flat limb". The first sympioms appsar
in two or thrss year old limbs or branches. These ars irregularly flaitenad
(Gorman: Flackistigksit) or provided with broad ribs {German: Rillenkrank-
heit). With increasing thickness of the branch, the furrows »esome deeper.
Due to one sided growth reductions, distertions of branches may occur.
Sometimes spindly swellings up to twice the normal diameter have been
observsd. Transverse soctions show a highly reduced produstion of xylem
in thoge parts of the section with a devroased radius. In the same ragions,
the cortex, hewevsr, has more than twice the normal thickusss (BLUMER, 195&).
Histoid outgrowths may even occur on fruits, such as in the peach
"wart" disease (e.g. BLODGETT s.a. 1951). On young fruits bleached bumps
or raised welte may develop oh or near the aiylar end, and often involva
half or more of the fruit. The wart-like structurss are rather supsrficial
but the underlying tissus is coarse and fillsd with gum pookasts. In some
cases the warty tissue is very hard and bonelike, but usually it is toush

and leathery.

a 2) Within the organoid deviations not only ths cells but zlso tha tissu:s

and organs usually ara normal. The organizational disturbances lead %o
deviations in the external structure of the plant, which can be describsd
in morphological terms. Thase morphological aberrations, espscially thoso
of the flowers, have attractsd the attention cof many botanists for a very
long time. They were studied formerly as curiosities but later on their
morphological significance was considered in a special branch of botany
named teratology (cf. the textbooks of MASTERS, 1869, and PENZIG, 1921~
1922).
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4t present we lnow that many teratolcgical phsnomena,; orltan namad t5rabon;
(and formorly less vrovsrly callad Ymonstrositi=s"), are symptoms of dinsaa. -
gome of which ars dus to viruses. (For a thorough discussion ws may rinr
to BOS, 1957 b). A congidaration of thrse sbnormalitiss lsads ug into Ghe
field of pathological morphology or patho-morpholosy.

Apparantly the organoid deviations ars practically all dus o hormonal
disturbsnces, tha hormones being ths growin and correlation regulating sub--
stances. A numbzr of malformations of leaves caussd by viruses even may
be quite similar to those dus to an overdosin:g of hormonal weedkillers.

Deviations in the morphologzy of leaves dus to virus infection are
quite common. Most of them can ba raducsd to a digturbed relation in develop—
ment of weinal and intzrveinal 4$issus. Oftan the growith of the laminar
tissue¥is greatly reduced. This may le:d to leal narrowing, e.z. in casrriss
with Pfeffinger or Eckelrader disease. A very common examnle is tomato
"narrow deaf" dus tc infection with tobacco mosaic virus or cucumber
mosaic virus. Lzaflets of infacted tomatoons may zet a fern-leal appearanca.
The lamina may 2vsn be almost or entirely absent. Somztimes only ths main
vein developed This axtrsme form of leaf narrowing is called shog stringing.
TBFFER & CHESSIF (1959) s=tudisd ths devsloparnt and anatomy of narvew bladed
and shosstring loaves of Turkish tobacco, Xanthi gtrain, alvaer inf=ction
witn tobacco mosaic virug. The shoegiring leaf in ils extrems form is antiroe-
ly radial in symmeiry, with no vestizs of a lamina. The effsct of lzafl
narrowing in palmate leazves is shown by graps vines after infection with
vine roncet, fan leaf or court-noud virus. The laminar tissus shows varying
stages of reduction. The palmate leaves start with greater dentation or
despar lobation of the margins, and th: T1ve maln vains of the 1leal beaconn
gathered togather toward the midrib, similar to thesz of a partially closad
fan. This fan lsaf formation suggrstsd the name "fan leaf" disease (HEWITT,
1950},

In contrast to the cause of previous defornities of ths laaf aven
the vainal tissue may show a reduced growth rats in comparison with ihe
intzrveinal tissue. This leads to a lumpy, bubbled surface of the laafl
guch as in tovacco leaf curl.

A last and very paculiar morphological absarraition of the lasaf is the
abnormal enlargement or hyo*rbrokhy of stipules of appie dus to tha apple

o i s s e e . s e 7 e o ey

witches'! broom virus. This sympton is of important diagnostic valus.
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may also be dus to a number of oiher Tactors. It is caused by an exXcessiva
growth of the upper surface of the organ such as ths petiols and the loafl
bladz. This leads to a downward curling of ths sntirs leaf.

For a numbsr of deformitiss dus to sacondary local growth reductions
in ths lsaf cof. .34 .

Enations alraady were mentioned in the group of histoid deviations.
A number of enations on leavas exist, however, which have to ba classified
ag organcid deviations, when they have the internal struciturs of a normal

laaf: organoid enations. Usually they develop on the undsr-surface of ths

leaf. They are often associated with chlerctic areas, which they surround

as fri-ges. They may consist mersly of rough ridges, being of a more histoid
nature. Quite often, however, the enations ars leaf-likn structursas com-
posed of an upper spidermis, a palisads laysr, a spongy Paranchyma and a
lower epicdermis. The origin of enations around chlorotic arcag suggests

a loss by these arcas of their normal morpho-ginatic control ovar surroundin;
tissues (KUNKEL, 1954). As a consequence, the green sdgss grow out as

lsaf sdges; devaloping into cup-like structures around ths chlorotic flaclk
ana having an uzper surface and palisade laysr at ths insida. This typo2

of enation occurs in Nicotiana paniculatz and N. tomsnitoga aftsr infrction
with the ordinary tobacco mosaic virus (JEUSEY, 1933). It is also vary
common in pea, broad bean and crimson clover aftsr infection with ths vaa

enation mosaic virus (e.g. McWHORTER, 1950). The enations on the lsav g

=

of Nicotiana glutinesa and Lycopsrsicum esculentum infacted with the
aspermy virus {a strain of the cucumbsr mosaic virus) have been studied
recently by PRACEUS (1558) for their morphology, anatomy and histogenesic.
They occur interveinally or in the neighbourhood of the veins but very
seldom on the veins. They may range in form from lsaf-;, wing-, cup~-, boat-,
or funnel- to shell-like structures. Often they protrude a Tew millinat=rs
from ths lower surface of the leaf. Their position on ths leaf is apparsnt-
ly at random. Accordinz to NOORDAM {1952} this virus producss enations

evan in the corolla of Petunia hybrida. The funnel- or cup-shapsd enations

caused by the leaf curl virus (kroeposk virus - E;cotiaqérvirus‘gg) in

tobacco leaves are initiated on the under surfacs of the veins (KERLING,
1933). The same holds for the cnations on cherry lesaves due teo the Pf-fiinger
or Eckelrader disease virus (STOLL, 1952). Thay have their origin on small

side veins in the neighbourhood of tha main vain.
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Daviations in thz morphology of ths stems alsc may be dus to local

growth reductions. Virus diseased planis may show a shortening of intor-
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nodes. Branches of grape-vins infected with fan-leaf disease usually show

short intsrnodasg, goms of thsm oftsn being entirely lacking. Tra latter
phsnorenon leads to tne so called double nodas (AE9TITT & QIFTORD, 1955;.
When this rzduction concsrns all internodes of a stem, the lzavss becone
mors or less rosettad. Infecticns at a late stage of plant dev:lopment nay

r2gult in a congnicuous crowding of thn lzavas av the extrenitiszs of the

branch=zs: rosstting. Som= =zxamplss of virus diseaszs charactasrized by reo-

sstting of leavez ara appls "rogetta®, peach Yrogutitz™, Plfeffingsr or

? cherry (in Cerman somebtimss called 'Rosstianblisch=l-

Feliulrader diseass o
krankh“it”), and groundaut "rosettsi, The bushy appaarance may somsbimes
produca some confusici with witches' brooming. Howev.r, this is en emtirsly
different symptom (ef. .29 . Usgually in rosstte dissases ths laavas in-
volv-.d alago show scme abnormalitvtiss.
of grape canes in vinss with fan laafl. Togethsr with cthar malformations,
steh as short int-rnodes and éouble nodes, this pnsnomenon may be of
diagnostic value whon the vines are dormant and the leavss cannoi be obasrvad
(HEWITT & GIFFCRD, 1956).

A very peculiar effect of a virus on the morphology of fruits is
caused by the quercina virus {tobacco severe etch, Nicotisna-virus 7) on
the fruits of thorn appls (Qgigggaqigggggggg). The spines ok the capsul-s
are partially or sniirely suppressed dus tc the virus infection (BLAXESLEE,

1921).

An sxtremoely interesting group of organoid wmedifications dusz to viruses

is formaed by taz witches' broom phznomena. They ars caused by a complox of

chnan!

2
=)

2z in vegetative and ssxual parvs of the plant influsncing the morpho-
logy of the whole plant. The phsnomena concist of witches' broom growth
and a complex of floral abnormalitizs. Their patho-morphology has besn studist
thoroughly by BOL { 1957a). This author gives a survey of an extensive
numbzr of witches' broom viruses producing thise phenomena. Among thom are
listed virus diseazges such as Yagter ysllows', "clovsr virescence®, "ifcmato
big bud", Fgtolbur"; 'rubus stunt" ste.

The symptoms depend to a high degree on the stage of development of
the plant at the moment cf infection and to some exient on the host plant

spacies.
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Thus, aftsr an early infaction, vasstative abnornalitiss such as witches'
broom growil nay praidominate, whersas after a late infuction durin: or
at the besginning of flower initiation, floral abnormalitizs may orsvail.

Thisg oftsn l2d to confusion in ths naming of thess disaases. Inaccurass
or confusing names and synonyms will be mention=d in the following taiv.
Due to an excessive and pracocious devslonmant of buds lsadiny Gc
extravégant branching, the plant geote a bushy; brooming apnsarance. Lincs
tThis systemic brocming is comparadbls to local brooming; causad Dy e l.

mit=s or fungi in trees and other plants and known as witchas' broous,

growth. The arsct position of ths newly form:d branches, indicating an
enhanced nagative geoiropy, contributses to the broowm like habit. For this

phanomanon the names blastomania and cladomania, adecpted from taratolopy,

referring to the mania, the r ga to develep buds and branches, ars viry
corrsct (The Gresk word "blastos! maans sprout but zlso sprouting or

shooting, tha word “klados" means branch).

The term blastomania has been used only cnce in virus litaraturs,

viz. by TAIEM (1956) for the witchaes' broom diszase of appls.

B:cause of thes productiocn of an abnormal nuumbsr of branchzs this

witches' broom diseasa of appla, senarally is callzd anpls "prolifara-

tion" diszase, sinca MULDER (1953j introducad this nams. This nam:

ig confusing for geveral reasons and it is suggastad here that it

be omittid. The term prolif:ration ig generally us=d in biolozy for
uncontrell«d growihs of a histoid naturs. In this connction prolife-
rating mrans sprouting in the sanse of sprouting yeasts. This sprouting
ig fundaa:ntally diffsreant from the exceszive or abpormal sproubing
of duds in witches' broon dissas~d plants, or the devalonmant of aprouts
within {lowarsg. The lattsr Drocesses ars of organcid naturs. Th terms
Nprolifwration’ and 'prolification®, derivad from teratology, ars
commonly usad only for the developmeat of gprouts in flow=rs (sae
below). Both have thz same meaning, the only differsnce baing that
protification means the making of a sprout and proliferation tha
bsaring of a sprout. Since in practice proliferation has been applied
to histoid sprouting of tissus, the term prolification is preferrsd
for organcid sorouting. Liteirally this t2rm also could be uged Tor
excessive sprouting of vegetative buds. Howsvor, the tzrns blastomania
or cladomania are quite correct for this phenomenon, since the dsvelop-
men€#5f_§§§ilary buds into vsgetalive sprouts in itself is noet abe-
normal. Sprouting in excessive numbsrs is abnormal; this is a marnia.
Woody plants may show a slow spread of virus. The inizction may then

be more or less local for a rather long tims. The taerm witocaes! brooming

Z, in the "brooming

=

mors refers to this formation of local brooms, e.

disease” of black locust (Robinia pseudo-acacia) (HARTLEY & HAASIS, 1929).
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With infection at a late stage of develonment of the piants espacially

the extremitiss of the brancnss or inflorescences may produc: local

t

.

witches' brooms. So in Australia the witches' broom disease of lucerns
gomatines has been called "punchy top” (ef. EDTARDS, 1935). In thz same
way a witches' broom disease of pesanut has been called "bunchy plant"
(LORW30D, 1954) and a similar disease of pecans "bunch dissase™ (COLE, 1937).

After infection at an sarly stage cf devslopment, a plant may remain
very small and have the appearance of a dense, bushy broom.

This has often inaccurately been called "stunting', but is quite a
different phenomenon {cf, stunting). This led to the confusing name
"Rubus stunt” (PRENTICE, 1950) for a disease evidently belonging to
the group of witches' broom virus diseases.

In witcheg' brooms the dense branching is usuzlly accompanied by
small leaf gize. Thiz symptom gave riza to the namss "lititle leaf of
brinjal" (THOMAS & KRISHWASWAMI, 1939) for a witches' Lroom disease of
Solanum melongsna in India and "legume little leaf” (UUTTOF & GRYLLE, 1956)

wasture species in Australia. Since

for a similar disease of subtropical T
in diseases caused by other viruses small leavss are rather common, this
name does not indicate a characteristic symptom of ths dissases concernad.

Witches' broom viruses also disturb or completely prevent floral
initiation. After this physiological disturbance, initiavion and develop-
ment, also of already partly differentiiated flewer buds, procaeds in an
exclusively vegetative manner. As a conseguoncs, anvholysis davelops,
showing all intermediate stages betwesn a normal flower and an entirely
vegetative leafy branch. The ultimate result depends on iths stage of
flower initiation at the time of infTecticn or more accurately at the
time when sexual processes of the plant, are disturbed. Ths floral aknor-
malities led vo the name "false blossom" (SHZAR, 1916) for a witches'
broom disease of the cranberry.

The process of antholysis starts with virescence or gresning of nor-
mally white or coloured floral parts through the development of chloro-
plasts (of. algo colour deviations of flowers). This ovhenomenon is charac-
teristic of such dizeases as "virescence of tomato" (a synonym of "tomato
big bud" (HILL, 1543)), "graon flowering disease” of Justicia gendarussa
An Birma (sU, 1933) and of Ss Seeamum indicum in India {ROBERT 50w, 1928)
and “gresn petal” of strawbsrry (POSMEDTE, 1953).

When in a later stage of antholysis the floral parts develop as more

or less normal foliage leaves, the phenomenon is called phyllody.
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In sepals this condition is often associated with eonsiderable hypertrophy
such as in flowers of raspberry infected with the RBubus witches' broom
disease ("Rubug stunt")}. In tomatoes infacted with stolbur and tomato big
bud virus the calyx is very much enlarged, even before opening of the
flower. This leads to the "big {flower) bud" symptom. Stamens are only
rather seldom phyllcid, but they also may show interesting phyllody such
as in Tropasolum (BOS, 1957 a)e Phyllody of carpels is especially very
gtriking. The enlarged open carpels dominate the floral picture and protrude
beyond the virescent inflorescence such as in clover. The cvules also are
often present as small leaf-like organs at the edge of the open carpel.

{n this basis witches' broom virus diseases sometimes got named "phyllody",
such as "phyllody of sun hemp" (Crotalaria juncea in India) (BOSE & MISRA,
1938) and "pbyllody of Sesamum indicum" in India (PAL & NATH, 1935).

of internodes +thecretically present in the receptacle, which is the part
of the flower in which the floral parts are inserted. Usually this only
concerns the stipe or gynophore, which is the internode between the in-
sertion of stamens and carpels. In this way the abnormal pistil is raised
beyond the flower. This contributes to the protrusion of the phylloid
carpels beyond the inflorescence, as mentioned above.

The slongation of the receptacle above the inssrtion of the pistil(s)
is quite common. In teratology this phenomenon has long been known under
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or sprouts. In addition to this central prolilication from the apex of the

receptacle, lateral prolification may also occur. This is the development
of sprouts from the axils of the floral organs. (For the differences betw: .

the terms prolification and proliferation cf. p. 29). The newly formed

sprouts usually are vegetative, often much ramified, leafy branches. BEspec.:I-
ly in the case of central prolification a new inflorescence or flower may
develop. Usually these new flowers are atypical. In this way a series of
abnormal flowers may cccur with one developing above the other. It is

evident how this prolification of flowers makes the inflorsscence into

a witches' broom and contributes greatly to the witches'! broom growth of

the plant. This vegetative type of floral prolification is fundamentally
similar to the witches' broom growth in the vegetative part of the plant,

both being due to the excessive and Pracocious development of all actually

and potentially present tuds.
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Pinally we may Tfind entirely vegetative sprouts instead of flowers
e8.g. in the axil of a bract in the upper part of an abnormal inflorescence.
This represents the last stage of tqa whole sariss of anthelysis. Plants
infectad early during thesir aevelopmunu often entirely fail 1o producs
flowers. It is clear that 2ll the witches' broom phenomena lead to complewe
sterility of the infscted Plants (of. the name "sterility" of Sesarum indic -
in Tndia (ROY, 1931). This characteristic makes the witchss' broom viru
diseases of particularly great sconomic importance. Inf<cted plants do not
produce valuablse geeds nor fruits. For this reason such names as Vdiseawss
causing seedlessness in plantsg® (BOJﬁAﬂSK? & BLATTN%, 1953) or Ydisease
causing sterility" (ef. Proceedings of the scientific confsrence on stolluw
and similar diseases causing sterility, 1558) have been invented for soue
witches' broom virus diseases. Even the Goerman name "Akarpien" has been
proposed (BLATTHT, 1959).

All witches' broom virus diseases studied thoroughly so far showed
clearly an association of witches' broom growth and antholysis. As alrsady
described above, the floral abnormalities even contribute to the witches'
broom growth. The dominance of certain symptoms depends greatly on the
stage of development of the plant at the time of infactionl » After infsection
auring vegetative development the witches' broom growih atiracts most
ettention. Infection during flower initiation, howevar, leads to a prsvalence
of floral abnormalities. This has often gziven riss to namzs, montionad
gbove; suggzesting differant dizeages. Since all of thsse symptoms always
suggested (BOu, 1557 a) that ths name "witches! broom virus disesase' be
applied to this group of wvirus dissases.

A number of spscial deviations dus to these viruses siill nsoed 4o be
mentioned hers. In Fhaseolus 3 calcaratus a germination of szads, in immature
pods already developed bafors 1ﬂ¢pct10ﬂ, has besn observed. This suggests

due to virus, mentloned before, makes the normally p051t1ve Seotroplc

stipss of peanut planis negative geolropic.

T e
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1) FRAZIER & POSIETTE (1957) claimed to ba able to distinguish between a
virus causing only phyllody in clover and a virus causing only witches'
broom growth in the same hest. The present author working with a similar
virus in The Natherlands has besn unable to obtain tus same results.
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Then, the stipes, having curlsd downward and evan after having penatrated
the g0il and started pod formation, wmay curl upwards again. The sawne pheno-
meneon can he observasd in the pedicels of tomate plantes infected with stolbur
or tomatc big bud. Insiead of bending downwards the pedicsls show an upright
Position. Ths sam> holds for the pedicels of cranberry infected with "false
blossom" (SHEAR, 1916).

Potato plants may producs én axceptionally large nuimbsr of small tubzrs,
d.g. after infection with th:s potato witches' broom virus {(TODD, 1958). In
this plant spscies aven aerial tubers may be formed after infection with
the same virus (TODD, 1958) and with stolbur (BOJﬁAHSK§,1958). Tubers of
petato plants infectsd with stolbur virus (SAVULESCU & POP, 1956), potato
witches' broom virus (TCDD, 1553), Yaster yellows" virus (LARSON, 1559),
and perhaps with tomato big bud virus (WEBB & SCHULZ, 1958), after gerwinati-
on often show spindly sprouting or hair sprouting, They produce spindling,
spindle or hair sprouts. According to LARSON (1959) this only occurs undar

conditions cof high soil temperature aftsr rlanting. With a low temperature,

on the contrary, only short sprouts are formed, producing small secondary
tubers at their extremities in the neighbourhood of the old tuber.

The morphological discrders caused by this important group of viruses
are reducible to a number of physiological disorders, viz.
1) abrormal intensification of the vegetative tendency,
2) suppression of the sexual tendency,
3) suppression of the apical dominance,
4) intensification of negative geotropy (even replacing positive geotropy),
5) reduction of the se=d dormancy.

Since ths processss involved are generally assumsd to bz hormone
regulated; a hormonal disturbance caussd by these viruses is sugzested.

(For mors details cf. BOS, 1557).

b) The sccondary malformabions are due to other abnormalities which find
their origin primarily in the biochamical changss due to virus infection.
These sscondary phonoweng ars qui®s common in virus disaases. As will bs
described balow, they may strongly influence ths extzrnal shapes of tha
Plant, without qualifying Tor c¢lassification ameng histoid or organoid
deviations. Hers also developmental proportions may be disturbad dus to
differences in growth rate.
Discoloursd parts of a lzaf often have raduced vitality. In lzaves witn

an irregular wmosalc pattern this may lead to internal tensions.
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If the mosaic spots cccur near vho edgas ol the laall, these local tengions
may lead to deaper incisions of thn margin or to an irr:zular lobation.
Thus diseased leaves often have a very irragular shaps which caniot be
described in morphological terms. In many cases, however, ths tensione

only find an outlet in a dirmsction perpendicular to tns {lat suriace of

the leaf. The result is shown in the symptoms producsd by the common bean
mosaic virug in the leaves of French bsans. The dark green arsas of tas
lsaf, mogtly gituated along both sides of the main vein; have a fasier

rate of growth than the surrounding tissue and bulge catterpiller-lile.

4 similar phencmenon of deformation starting as a mosaic may be obsarvnd

in fruits e.g. of cucumber after infzction w1th'cucunb0r Hdééié vﬁ}ds | '
(TJALLIHGII 1952) At the sams time the margin of the leafl tznds to curl
or roll downward. This leaf rolling also may be upwards, such as in potato
leaf roll. Hore irregular puckering of the blade commonly is called leaf
curling or c~ivkling, such as in "gugar best leaf curl® and “turnip crinkle?.
Leaf rolling and leaf curling are very common Phenomena in virus diseases.
cometimes the entire venation may remain behind in comparison with the
interveinal tissue. This gives the surface of the leaf a bubbled appsarancs
.2+ in tobaccoe leaf curl. This phenomenon, however, belonss more to ths
primary malformations and is of organoid nature (p.26 ).

For the same reasons as mentionsd above the internal forces may te
tersive leading to dlstorzgggp

Evidently many malformations of leaves also may be due %o primary,
localized necroses. Since tho necrotic tissue csases to grow, tensions
ara induced in tiae surrounding tissuesg, which are gtill developing. Thi-
phsnomenon is very pronounced in tobacco systemically infectsd with rat+l .
Virus.

Often a necrosis of the stem apices occurs, with the result that
mahy late:al branches may develop, giving the plant a bushy, witches!
broom like appearance. In turn many axillary shoots may develop abortive
apices and then further branching takes place eig. in'tomatO'aspdrmy
(BLENCOWE & CALDWELL, 1949).

Localized necroses and excessive formation of skleranchyma in stony

pit of pear zlso leads te malformation.
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VIIT Virug particlzs and incluzion bodiaes

For a very long time the incitant of virus disaases ascaped obss#rvation.
In the Fasteur and Koch poriod ths general assumption was that infzctious
diseaszs had to be dus %o visible organisms. Thig assumption delaysd ths
det:ction of the nature of virus diseases for a long time. Without demonstra-
ting a visible incitant, nevertheless, the infectious nature «f many virus
diseases was established during the first decades of plant virology.

The absence of a visible causative agent made virus diseases entirely
different from the othsy contagious diseaszes. Gensrally the absence of a
visible incitant in the case of an infectiocus disease was the most important
argument leading to the conclusion that a virus disease was involved. So
in contrast with funsgi and bacteria, wvirusas themselves were assumed to
take no part in the visible symptoms. Pungi may form a characteristic mould
or fruiting bodies on or in infected parts of the host. Similarly bacteria
may form typical colonies. In this way these pathogens often may be easily
recognized.

Tn 1939 KAUSCHE, PFAIKUCH & RUSKA, however, discovered that the corpuscu-
lar nature of viruses, which already had bzen assumed on the basis of a
number of observations, could be ssen by means of an "Ubermikroskep®, an
electron microscope with extremely hizgh resclving power in comparison with
the conventional 1lizht micrcsceps. Since then, the number of viruses which
have been studied for thair morphology and size is ever increoasing. Thus
far, this type of study has been restiricted to thoss viruses which are
transmissible mechanically in one way or another.

The form and sigzs of plant viruses appear to be constant witain certain
limits and therefore are very characteristic. The particles may be spherical
or polyhedral, rod shaped and thread like. They may vary in size from 16
to about 110 s for the first category, to 120 tc 125C g for the latter
group. The width of these elongated particles varies from about 10 to 30 R

| Opinions may differ as to whether these facts should be mentioned in
a publication on symptoms of wvirus diseasses. Since the virus particles
themselves also are procducts of the interaction betwesn plant and virus,
they have to be taken into consideration here. Moreover, thelr presence
contributes to the abnormality of the host and with modern technigues thoy

sometimes can be observed rather easlly.
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In this coanection the very rapid wstaod of waldnt oreparations for tha
elactron microscope developed by BRANDDS (1957) is noteworthy. The cut
surface of a discased plant part is dipped into a small drop of water on
the grid for one to two seconds only.Aftsr drying, the preparation is
readly for shadow casting and then for being studied in the electron micro-
scops. With this sasy method ihs present zuthor already obtained sxcellant
results, such as with the red clovsr vein-mosaic virus {TACTDOR
VAT DER WAND, 1959). Since in the Tuture new and improved tschniques will
b2 developed, undoubtadly tha observation of virus particles in dissasad
parts will bs of increasing imporitance. The morpholorny and zize of thass
particles besleong to ths intrinsic charactars of the incitants. Their study

I

is therefore of special importance from a diaghostic voint of view. Ior
a furthsr discussion of this aspect cf. BRAI'DES & 2AUL (1957) and BRAVDES
& WETTER (1959).

In this connection th» 2o called iaclusion bodiss ars espacially im-
portant. They resresent a pazculiar and charactsristic phencmonon invelved
in a numbsry of virus diseaszc. After prop:r staining they are visitle M
with the light microscope, sspecially in zpidermal and hair cells, and
have a size ranging Trom about 5“39/"‘ In some digsases ths morphology
of these boeodies may contribute te the identification of $hne virus.

Inclusion bediss hava been known Tor =2 very lonz time., IFATOWSTI (1i-

3 ] . [« (. : ., T . . .
1893) discovered two types of inclusions in ths cytoplasm of mogaic dige =

bodies. Both types of inclusicns nay occur independently, but changing

of the first into the laiter type has also been observed (KASCSANIS &

SHEFFIELD, 1941). The vresence of bodies within ths nucleus, intranuels 3.
iEElEEiQEE’iS rather rars in plant virusges, in coantrast to insect viruse:,
However, taney do occur e.g. in tobacco with severs ctch dissase {HALSA L

1939).

The inclugion bodies can be stained in saveral ways a.c. with trypan

,

blue. Especially the x-bodiess can be eas8ily mistaken Zor tha nuclduz. For
some time the inclusions havs baen assumad to consist of virus rrotein

( SHEFFIOLD, 1946), whereas in x-bodies also other constituents may occur
(SHEFFIELD, 1931). By means of the l:cebpon microscopy of ultra %hin
ssctions BRANDES (1956} was abls o demonstrata that the x-bodies in
mogaic discased tobacco nlianits ars larzsly comzosed of virus particles in

an irrsgular arrangen=nt,; asparently gurrounded by a menbrane.
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On the contrary, the crystalline inclusions show a rsgular crystalline
arrangenent of virus particles. How the virus particles aggregate to these
structures is not yet known.

This makes clear how virus particles themselves may produce visible
(by means of +he microscope) deviations and how they corpuscularly may
contribule to the complex of discase phrnomana in virus infected plants.

B e To
A guaaer

N
7 il

Xoensive literature on virus inclusgions has bagn publishe

P

o

AT . ., - s .
BATOEY (1950) lists 22 virusss, which are able to produce these bodiss.

IX Phencmena dus to g2condary caus

In virus diseasad plants a general reduction in vitality offen coonn
Thic may lead to a visible reduction in plant size (ef. section on growi:

.
mdueyi LhoT o ! . .. \ )
recuction). In other cuises ths reasult may be invisibls to ths sye and

consist only of paysiological wealtsning of the plant. This weakening oIt
bzcomes visible only under unfavourable conditions. Thus alfalfa mosaic

virus infected Ladino clover plants aprpeared 4o suffsr more from Ifrost

than did haalthy ones (ROELRTS, 1956).

Due to this wzakening, virus diseased plants also may have an increaszd
suséeptibiliﬁy to gecondary infections with fungi and bacteria. E.g. paac
with leafroll ($+ip ysllows) often are infected with the soil inhabiting
E&g@gigg_solani. Until recently, this fungus was even assumed to be +the

incitant of the disease, This fungus, nowsver, turned ocut to be unable
to attack a healthy pea plant (EUSBELING, 1554). Broad bzan Plants infactaed

with the sams leafroll virus show an increassd susceddibility to Botrytis

fabae Saralua, in ccmparison with healthy onsgs (TIEE';':SLEY9 1959), According

bo HEILING a8 (1956) inﬁﬂ vion Of Sugar-bea's w1th valloWG virus gromotJO

the funzus Cercospora boclcola,

.-

infaction with

Rot somatimss accompanins virus diseasas. Thig, nowever, is never

-

incited by ths virus iteuld, hut is dus 0 a secondary infoection by Tungi

or bacteria, waich ars able to invads weakened, dying or necrotic tissue.

Bacteriay cause a JTurbtaer deeay of ths dead tiwsue, called wet rot. In

contrast,; fungi usually produce a dry ro% such ag in stolbur infectad

potato planis which show a marksd pradisposgition +to inTaction with Collsto-
Irichum atramentariun (kuVlQTJVSAI; 1554, VENZL, 1956). The above mantionsd

sacondary infection of lsaf roll ini
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INDEX WITH GERMAN aND DUTCH EQUIVALENTES

English

accumulation of starch

acute phase
anthocyanin formaticn

antholysis

apostasis
atrophy

aucubg mosaic

bark scaling

blastomania

cf. witches' broom growth

breaking of the flower

colours

bronzing

calico

callcze formation,
excessive -

canker
chlorosis
chrenic phase

aladomania

of ., witches' broom growth

cork foraation

corky ring spot
cf. ring spot

crinkling
cf. Leaf curling

defective lignification

deformation
of. malformation

distorticon

dot
cf. fleck

double nodes

dwarfing
stunting

Serman

Starkespeicherung
akute Phase
anthozyanbildung
antholyse

Apostasie
Atrophie

Aucubamosailk

Schuppigkait

Bliltenfarbenbrechung
(Buntstreifigkeit)

Bronzefarbung
(Bronzaflecken)

Xalike

Kal}osebildung, Uber-
massige -

¥rebs

Chlorose

chronische Phase

Korkbildung

Pfropfenvildung
Kringerigkeit

unvollstandige Ver-
holzung

Distortion

Doprelknotan
Kurzknoten

Zwergwuchsg, Stauchung,
Kimmerwuchs, Ngnismus

Dutch

retmeelophoping
acute fasce
anthocyaanvorming

antholyse
tlcemoplossing

apostasie
atrofie

aucubamozaiek
aucubabent

schubbigheid

bloemkleurbreking

bronsklsuring
(bronsvlekken)

kakalbont

1C

21
29

13

12

1c

callosevorming, over-2(

matige -~
kanker
chlorose

chronische fase

kurkvorming

kringerigheid

onvolledige verhou-
ting

distorsie

dubtbele knopan
dubbelknopigheid

dwergsroei
nznisme

o



edge yoellowing

enation

opinasty
fan leaf fermation
flattening of branches

fleclk, dot, speckle,
gpot, stipple
cls mottling

”roebinq
rescence

growih reduction

TUInE sig

sprouTing
sprouting

hair

ef. sninaly

Figtoid malformaticon
cf. maliormation

hypersensisivity
bypertrovhy
Eyporlaszia

inzpparancy,
infection

inaprarent infection
ef's inapuarency
inclusion bhodies
internode gheortening
intsrveinal mosaic
latency

leaf curling,
leaf narrowing
leaf rolling

line ovattern

local lasgion

loeal gyuntons
Prinary gynpton

inapnarsnt

erinitling

nandvzrgilbung
Blattrandverzilbung

o

Enation
Auswucos

Epinastie
Ficherblattbildung
Flachastigkeit

Tleck, Tupf, Stippel;
cprenkal

Vargrinung
Vireszineg

Wachstunshemmung

Cummogis
Gumnibildung

Dyperplasie
ﬁbarempfindlichkait
Hyvartrovhis
dyponlasie

Tnapparens,
Infaktion

Binschlusslibrper

Int=rnodiznver

rwischennerviges Mosaik

Lntenz
Blattkrau

Sehmaliblattriglkeit

elU.ﬂg)

Blatiroll(en)
Llllunmouql
1Gmo s r?.l.-.;.
Lolzalligion
Lokalhard
Tingsliherd

G frimair-
symptonen; Mitialeymoto-

Lokalgynptonsn,

[RES

inanparants

kiirzung

andvsresling
bladrandvesreeling

enatins
uitwas

epinastia
wasierbladvorning
takafplatting

viek, stip, apikkel
(zie vlekking)

vergroening
vircacentie
grogiremnmning

HFOMVOIriil 1

hypernlasie
overzz2voslighzid
nyperitrofie
hypoplaszis

inapparentis,
rante

inappa—
infecti=

celinsluitoels
interncdinverkorting
tugsennervig mozaliek
Iatentie
bladkrulling
siaalbladigheid
bladrolling

figuurmozaisk
Tiguurbont

lokale l=gie

lok=sla syaptcoinen
orimaire symplomen

ra

I



malformation
deformation

masking
mosalc

mottling
necrosls

negavive geotropy,
intengification of -

net nacrosig
01l Tleck

crganold malformation
cfs wmalicrmation

phyllocdy

primary symptoms
cf. local symptoms

prelifaration

prolification

pseudo net necrosis
cf. tubar blotching

racovory

reduction of se=d
dormancy

ring spet

rosesting
rough skin
rubbery wood

sacondary sympioms
cf. systemic synptoms

shoe stringing

shoct swelling

shortsning of intsr-
nodas

gpeckle

efs fleclt

spindly sprouting

hair sprouting

gpot

cf. fleck

Hisgbildung
Deformation

Maskicerung
Hosalk

Schackung
Buntblattrigkait

Helcrose

nezativs Geotropis,
Vargiirkung der -

Hotznskross

01f1uok

Phyllodis

Wuchsrung

Prolifikation
{(Durchwachsung)

Erhohlung

Keimruhereduktion
Ringfleck

Rosattenbildung
Rauhschaligkeit

Guinmiholz

FPadenblittrighsit

Sprosusohwellung

o

nt¢rnoai&nverkﬁrzung

o]

- - .
badenkelmlgk61t

migvorming

maslkaring

mozaislk

viekiting, gevlsktheild,
btontheid

n=acrose

negatisve gzotropie,
rsteriing van de -

ne=tncroge

olizvlal:
fyllodie

weekaring

prolifiCat%e
(dcorgrosi)

harstel

kiemrustreductie
kringvlalk

rezetverning
ruwschilligheid

ruvherhout

draadbladigheid
nazlébladigheid

spruitzwaslling

internodisnverkorting

o

draadspruitigheid

3=
Cam

e

rJ
O

11,15

33

11



Slas uraACalily
of. rough skin

sterility

stipple

¢f. fleck
stunting

cf. dwarfing
sympiom, dissase -
syndrome

systemic symptoms
secondary symptoms

teratomats
10p necrosgis

tuber blotching
{pssudo net necrosis)

- 41 -

Sterilitat

Symrtom, XKrankheits -
Krankheitshild

systemische Symptomen

Folgesymptomen
Sekondarsympitomen

Teratomats
Spitzennekrose

Pseudonetznskrose

Tumor

steriliteit

symptoom, zickte -~
syndroom, ziektebeald

systemische symplomen
gecondairs gympto. n

tarstomata
topnecrose

krenterighaid (pseudo
netnecrosa

tumer tumor ¥
tvloszs, excessive Thyllenbildung, Uber- thyllenvorming, over— L -
formation of - massige - matizge -
vein banding Liernbinderung narfbandinozalieck 11
adernbandmosaik
vein clearing sdernauThellung nerfalazigheid ic
vein mosaic Adernmosailk nerfmozaizk 11
vein yellowing Adernvergilbung nerfvergeling (geel~ 9
nervigheid)
virescence 13,30
cf. gresening
wilting Wel_xe verwelking 14

Herenbesenwuchs (-~ Wachs— heksenbezemgroei, blas-29

witches' broom growth, b T .
tum ; Blastomanle, Xlado- tomanie, cladomanie,

blastomania, cladomania

mane, Trietsucht (takzucht?)
witches' brooming Heyxsnhesenbildung heksenbezemvorming 29
witches' broom phenomena deyznbesensrscheinungen  hekssnbezemverschijn- 28,30
gelan
withexring Verdorrung verdorring 14
vellowing Vergilbung verguling 9
vield reduction Briragsabnahme opbrengstdaling 8
oozstreductie
z2ig zag growth Ziclzzacwuchs zigzig-groei 28
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T KOpTE DErTHITIESD

Hederlands Engsl Duits ;
acute fasge acuts phase akute Phase

sonedig na infactie oplrsdend dezl van het zichkteverloor, dat geken-
maret ig door ernsiig: symptomen, die soms aznleiding g2von tot de
deed van de plant.

anthceyaanvorming anthocyanin formation Anthozyarbildung
atnormale rocdilauring ten gevolgs van een vsrsterkie vorming van
anthocyaan.
antholyse, bloem= antholysis Antholyse
oplossing

het proces, waarbij allsrlei tussenstadia, varierend van een normale
bloem tot een geheel vagetatieve tal met bladeren, worden gsvormd.
et resultaat van bloemcplossing is afhankelijk van het stadium van
blecemaanleg op het moment van zantasting.

apostasie apostasis dpostasie

verlenging wvan de bloembodem Ten gevolge van de cntwilkkeling van één
of meor internocdién; wvaak beitrelt het alleen het 1id tussen de in—
rlanting van de meeldraden en de stampsr(s), waardoor laatstgencemd
orgazn hoog boven de bloem lkan uitstekan.

atrefie atropnhy Atropinie

het niet tot ontwilklteling komzn van weefsels en organen.
aucubanozaiel aucuba mosaic Aucubamosaik
aucuhabont

mozaliel of bonthsid, waartij de vaak zeer opvallende vergeling be-
perszt is tot enkele vrij grote vliekken op het overigens normaal groe-
ne blad.

tladkrulling laaf curling Blattkriuselung
. crinkling
onregelmatige kroeging en krulling van de bladschijf.
tladrandvergeling
zie randvergeling
bladrolling leaf rolling Blattroll(en)

net naar beneden of naar boven ineenrollen of naar binnen buigen
van de bladrand.

3¢

o
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bloemkleurhreking breaking of ths flower Rliltenfarbenbrechungy 13
colours (Bantstreifigkeit)

streping of langwerpisgs vlallking van d= kroon- of bleocandekbladeren
in nist wit of 4221 gskleurds blo<men door een plaatselijic onttreken
van de kleurstol in de o2pidermis, waardoor de witte of gezle klsur
van het onderliggends wezelsel zichibaar wordt ("lichis breking®) of
e¢en rlaatselijkes ophoping van kleurstof in de epidarmis (fdonkars
breking).

bloemoplosging : 3G
zia antholyse

bontheid 11
Zia vlexking
bronskleuf1ng bronzing Brongzefirbung 12
{bronsvlekken) . (Bronzeflacken)
bronsachtige verkleuring doorgaans van ncrmaliter groen gekleurde
plantsdelen.,
callosevorming, callose formaticn, Kallosebildung, 20
overmatige - excassive — Ubermassige -~

vorming van buitensporige hoeveelhsid callose op zeefplaten en in
zeefvaten van stengals en aardappelknoellen.

celinsluitsels inelusion beodias Einschlusskdrpsr 18

abrnormsle lichaampjes in de cel, van amorfe of kristallijne =ard,
laatsteenoamds soms in de lsrn.

chlorose chlorosis Chloross y

blaelkwucht of algemzna vergaling.

chronische fase caronic phasc chronische Phase K

1

~
naYy

na de ncute Tase opirodsnd derl wvan ziekiaverloop, dat geken—
merkt is door wnig herstel van de plant waarbij aanboudsnd mildszr

SyMDToNSN CDLT CeN.
distorsis distortior Distorticn N
verwringing of vardraaiing van blad- of stengslorgaan.
L]

naaldbladizheid

extreme vorm van smalbladigheid '(zie aldaar),waarbij vrijwel, of
in het gehzel geen, bladmons en allsen ean hoofdn=rf tot cntwilkke-
ling komt.

drasdbladighaid sho= stringing Fadonblattrigkeit ac

draadspruitigheid spindly sprouting Padenteimigkeit 35
hair sprouting

net kiemen van aardaposiknollen met dunne, drasdvormige spruiten.


http://callosevo.rmi.ng

dubbele lmopen doubls nodes Doppellincten 28
dubbelknopigheid Kurzlnoten

interncdidnverkorting (2is aldaar), wellle beperkt is tot enkele
willekeurige leden, ¢ie nagenoeg geheol ltunnen ontbreken; waardoor
twee opcenvolgende lnopen dicht opsen komen te zitten.

dwerggroel dwarfing Zwargwuchs, Stauchung, £
nanisne stunting XUmmerwuchs, Nanismus
het kleinsr blijven van de plant in 21 haar afmetinzen t.&.v. groei-
remming (zie aldaar).
enatis enation Enaticn 24,
uitwas suswuchs

uitgroeisel 22n bladorganen; kan parilvormig en dan meestal klein
zijn (histoide enatie) of bladaehrtig en dan meestzl groter zijn
(organoide enatie).

epinastie epinasty Epinastie 27
nict epecifiek door wvirus veroorzazkie, benederwaartse krouming van
bladsteel en bladschijf.

Tiguurhent 11
zie figuur mozaiek

figuurmozaisk lina patiern Linienmnosaik . 11
Tiguurbont Bandmosaik
mogaiskpatroon, waarbij de verkleuring beparkt is tot helder groans
tot gele lijnon of banden wolke grillig over het bladoppervlak ver-
lopan,
fyllodie phyllody Phyllodie
net leofbladachtig worden van bloemorganen, waarbij deze min of mear
da vorm en sowms afmetingen van normale locfbladeren aannemen.
geelnervigheid f
zis nerfvergaling
goviektheid 1
zie vlekking
gomvorming gummosis Gammosis 1=
Summibildung
vorming van gomachtige stoffen in esllen en intercellulairen, vaak
samengaand met necrose.
groairemming growth reduction Wachestumsheminung 5

algemene reductie in groei en ontwikkeling, aanleiding sevend tot
dwergzroei (zie aldnar) en opbhrengstdaling.
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heksenbezemgroei witches' broom growth
blastomanis blastomnnia
cladomanie cladomania
(takzucnt?)

Hexenbesenwuchs jale
(~ Wachstun)

Blastomanis

Kladomanie

Triebsucht

net voortijdig en in buitensporige mate uitlopen wvan knoppen; door
de sterke vertakking; waarbij de nieuwgevormde takken tevens een

steile, opgerichte stand hebben, heeft de
bezemachtig aanzien.

Plant een bossig, heksen-

heksenbezemverschijmsa_ witches' broom phencmena Hexenbevenerschei- 20,

len

nungen

compilex van afwijlkingen bestsande uit heksenbezemgroei (zie aldaar);
samengaande met bloemoplossingsverschijnselen (zie aldaar), waar-
doecr de plant aan zijn takuiteinden en in de blosmgestellen hsksen-—
bezems vormb, of als geheel sen haksenbezemachtige habiitus krijet.

heksenberzemvorming witches' broomins
- <

Hexenbezanbildung o

de vorming van plaatselijke heksenbezems (in tegenstelling %ot
hekgenbezemgroel, waarbij de gehele plant de groeiwijme =n uitein-
delijk dz habitus van een hoksenbezem verkrijgt).

herstel recovsry Erhohlung =
het geheel of grotendeels verdwijnsn van de symptomen voor de 2.7,
vardera levensduur varnl de plant,

histoide misvorming -

zie migvorming Caur,

hyperplasie hyperplasia Hyperplasie 7
abnormale toename van het aantal cellen,

hypsrtrofie hypertrophy Hypertrophie 7,26

abnormale vergroting van cellen, weefsels

hyporlasie hypoplasia
abnormale afname van het aantal cellen en
van erganen.
inapparentie inapparency .
inapparente infectie inapparent infection

net ontrreken van zichtbare symplomen, de

of organen.

Hypcplasie T

abnormale verkleining

Inapparens 2
inapparente Infektion

infectis wordt niet

apparent of gpichtbazr, manirestesrt zich niet.

. T o s -n t + @A
internsdiénverkorting internode shoritening

Internodienverkiiraung 28

shortening of internodes

verkorting van stengelledena lzidt tot dubrelknopigheid (zie aldaar)

of rozetvorming (zie aldaar
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kakelbent calico Kaliko 17

schrille, zeer opvallends, met aucubamczaiek overeenkomende kleur-
schakering, waarbij echter de brilliant geel tot wit gekleurde delen
varn het blad overhsersen.

kanker cankern Krebs 25

tumorachtige, met nscrose gepaard gaands weefselwoekering op stam-
men en takken van houtachtige gewassen, waarbij het dode bastge-
deelte door een callusachiige woeksring is omgeven (een in de lite-
ratuur niet scherp omschrevsan vaerschijnsel, dat bij virusziakten
nog onvoldcende is onderzocht).

kiemrustreducties reduction of sasd Keimruhereduktion 32
dormancy
het voortijdig uitlopsn van zaden of pootgosd, soms reeds in on-
rijre toestand nog aan de moederplant.

krenterigheid tubaer blotching Pseudonstznekrosge 18
(pseudo netnecrose) (peeudo net necrosis

roest~ tot donkerbruine vlakken en stippen in het vruchtvlees van
aardappelknollen (veroorzaakt door aucuba virus).
kringerigheid corky ring spot Pfropfenbildung 18
cf. ring spot Kringerigkait

bij aardappelknollen op doorsnede gzichtbare kring- en boogvormige,
dezor necrose en kurkvorming zwartbruin gekleurde figuren (veroor—
zaakt door stengelbontvirus).

kringvlek ring spot Ringfleck 11,

vlek, waarin concentrischa kringen van licht en donker gekleurd 18
weefsel elkaar afwisselen, vaak zijn de donkere kringen necrotisch
en licht gekleurde delen vergesld of verdrocgd. Zs kunnen ook
enkelvoudig zijn.

kurkvorming cork formation Korkbildung 7,2
laagsgewi jze celvermeerdering, waarbij de wanden der nieuwgevormde
cellen verkurken; een ovarigens normaal verschijndel, dat ingeval
vah ziekte in abnormals mate en op abnormale plaabtsen vaak’als
wondreactie opirsedt,

latentie latency Latang 2

die vorm Van inapparentie, waarbij de infectie blijvend ronzichtbaar
is (een dergelijke waardplant wordt carrier of smetgstofdrager?

genoemd ) «
lokale lesie . local lesion Lekallasion - 4
Lokalherd
Binzelherd

verkleurde,; verdroogde of nserotische vlek van doorgians beperkte
omvang, ontstaan op de pPlaats van infectie.
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lokale symptomen local symptoms Lokalsymptomen 4
Primaire sympiomen primary symptoms Primarsymptomen
Initialsymptomen

op de plaate van infeotie ontstaande symptomen.

maskering masking Maskierung P

het tijdelijk afwezig zijn van symptomen, bv. tengevolze wan uit-
wendige omstandigheden; tiidelijkse inabparentie.

misvorming malformation Hissbildung 2l
daformation Deformation [

afwijking in vorm en houw van delen van ds plant of van de gehele
plant. Histoide misvermingen bestaan uit abnormaal gsbouwde weef-
sel; of organen. Organoide misvormingen zijn gekenmerkt door een
afwi jkende uitwendige bouw, dit ziin de morfologische afwijkingen
of teratomata [zie aldasr).

mozaiek mosaic Mesaik 10

kleurschakering, waarbij de lichtgroena, vergzeelde of soms bijna
witte delen onregelmatig over het blad zijn verdeeld, terwiil.de
lichte en donker gekleurde delen meestal scherp begrensd en hoekig
van vorm zijn., Mozalek is vaak niet scherp te scheiden van vlekking,
gevlektheid of bontheid (zie aldaar).

naaldbladigheid o6
zie draadbladigheid
necrose necrosis Nekrose T,1
het afsterven van cellen, celgrospen, weefsel of plantedelen, waar- 24
bij steeds ean scherpw grens bestaat tussen dode en levende delen,
negatieve gectropise; negative geotropy, negative Ceotropie, 32
versterking van de - intensification of - Verstarkung der -
. neiging van organen, voornamelijk stangelorganen, om ean steile,
opgerichte stgnd in te nemen.
nerrbandmozaislk vein banding Adernbinderung 11
Adarnbandmeosaik
rerfmozaiek, waarbij het vergeelds of soms het donker gekleurde
waofsel in siroken of banden langs de grotere nerven voorkomt.
nerfglazigheid vain clearing Adernaufhellung 10
het doorzichtig of glazig worden van de nervatuur, waardoor deze
lichter dan normaal gekleurd tegen de rest van het blad afsteekt.
nerfmozaiek vein mosaic Adernmosaik 11

vergeling van onregelmatig gerangserikte delen van, tot soms de
gehele nervatuur, met inbagriP Van onregematig-begrensde delen van
het aangrenzend bladweefsel.
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nerfvergeling vein yellowing Adernvergilbung 9
{geelnervigheid)

regelmitige vergeling wan de bladnervatuur met soma iets van het
aangrenzends hladmoes; hat patrcon is achter zear regelmatig.
netnecroge net necrosis Uetznekrose 18

afeterving van zzafvaien »n bapeleidendz cellen in de vaatbundels
van aardappellnollen, zichtbaar op doormnede van de knol als zwarte,
onregelmatig verdaclde, neivormige tskening (veroorzaakt door blad-
rolvirus).

olievlek 0il fleck Olfleck 11
licht geklourds bladvlek, die gehsel bestast uit, of omgeven is door
een rand van enigszins doorzichtig, glazig bladmoes.

onvollsdigs verhouting defsctive lignification  unvellstandige Ver-  2C

holzung

virdikking van de houtelementen (xyleem) met celstof (cellulose) in
plaats van mzt houtstof (1ignine), waardoor houtigs takken (Van
appel) een ongewone buigzsamheid vartonen (zie rubberhout symptomen).

cogstraductis °
zie opbrengstdaling '

opbrengstdaling yield reduction Ertragsabnahme 8
ocgstreductie

vermindering van de opbrengsi.

crganoide misvorming ‘ -1
zie misverming ' o
overgevoeligheid hypersensitivity Uberempfindlichkait 15

necrotische reactis van de geinfectesrde en eveniueel naburige cel-
len, waardoor de infectiie blijft gelocaliseerd sn sen systemische
reactie uitbliift.

primairs s&mptomah ' y
zie lokale symptomen

prolificatie prolification Prolifikation 25,
(doorgroei) (Durchwachsung)
de vorming van esn bsbladsrd takje of soms ean bloemgestel of bloem
in het centrum van de bloem, dus op de top van de bloembodem (cen—
trale prolificatie) en/of in d» okssls van bloemorganen (latarale
prolificatie /.

pseudo natnecrcsae 18
zie krenterigheid - ,
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randvergeling : edgs yellowing Randvergilbunsg
bladrandvergeling Blattrandvargilbing

regelmatige vergaling van des randgsdsaliten van bst blad, min of meer

tot de rand beperkte chloresz van hot blad.

rogatvorming rosatiing togattenbildung

et

eweenhkoping van bladeran aan stﬁngelﬁOP(P@n) ten gevelgs van 1neor-

nodiénverkerting (zie aldaar).

rubbarhout rubbery wood Guiimin~slz

ongewone buigzaamheid van houtige taklen ten gevolgs wvan onvellsdige

£ ) . .
verhouting (zie aldaar) van het xyls=m.

ravrscnilligheid rough skin Raunschaligksit

Tuwaelid van de schil (bv. van appels) ten gevolge van opparvlakkigs
glij

(soms verstarkte) kurkvorming (verg

i% schubbigheid).
schubbigheid bark scaling Schuppigkait
het in sehubden of schilfers afstoten van de bast ten govolge van

inwendige kurkvorming.

secondaire sympltomsn
zie systemische symptomsn
emalbladigheid isal narrowing Schmalblittrigieit

versmalling van de bladschi jf.

spruitewelling shoot sw~lling Sproscschweliung

cpzwelling van spruiisn of talklan of van gede:zlicn hisrvan.

sterilitseit sterility Storilitht

n=t achterwegs blijven van do vorming van vruchiszn an/of zaden on
van stuifmeel; wuastal 1s het cen gwvoly van het win of meer vag
tief worden van vrusatbladair 2n wzsldraden bij bloomoplocsing (zie

fyllodie).

o)

symptoon, ziekte -

in de plant optredende waarneembare afwijking, ontstaan als govolg
van de interactie waardplant--zisklevarwekker, De gezamenli jke

symptomen of ziektevirschijnselen vormen het syndroom of ziektebeeld

(zie aldaar).

sjndroom gyndrcme Krankheitsbild
ziaktebhasld

nst gehesl van de door een ziekiteverwelkar in een bepaalde plant ver-

oorzaakte symptoman (zie aldaar).

aeh F2 A

viaotom, Gisease -~ Sympiom, HKrankaeits -

32

1
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syatemische symptomen systemic symptoms systemische Symptomen
secondaire symptomen secondary symptoms Folgesympitomen
Sekondarsymptonsn

vorschiinselen, welke enige ti1jd na infectis in de niet rechtstr-sks

goinoculearde delen van de plant ontstaan.

takafplatiing flattening of branches  Flachistigkeit
onregelmatige afplatting van de twee '3 drie tot meer Jaren cude
takken (bij appel).

teratomata tergtomata Taratomata

gen scms gebruikte benaming voor morfologische of organoide afwij~
kingen (zie misvormingen), daar deze worden bestudeerd in de tera=

tologia.
thyllenvorming, over- tyloses, excessive Thyllenbildung,
matige -~ fermation of - ibermassigs -

de overmatige en vroegtijdéige vorming wvan thyllen in het nog levende
hout, waardoor stagnatie in het watertransport optregdt.
topnecrose top necrosis Spitzennekrosze

het afsterven van de top der nlant.

tumor tumor Tumor

gozwel of histoide misvorming of opzwelling, ontsitaan ten gevolge
van een plaatselijke, vaak zeer onr=zgelmatige woekering van cellen
en/of weefsels.

tussennervig mozaiek intervaingl mosaic gwischennervigas
Mosaik
mozaisk, waarbij de licht gekl:urde gedealten hoofdzakelijk tussen
ds nerven voorkomen.

uitwas
zie enatie
verdorring withering Verdorrung
het geheel verdrogen van plantedelen, waardoor bv. het blad ver-
schrompelt.
vargeling yellowing Vargilbung
het gedesltelijk of geheel verdwijnen van de groene kleur ten ge-

4

25

26

19

16

23

11

24,24

14

9

volge van chlorofylafwijkingen, waardcor de gele kleur der xanthofyl-

len en carotenen tot uiting komt; de gale kleur is soms abnormaal

versterkt door een toename in gahalte aan Xanthofyllen en carotensn

(zie chlorose, mozaiek en bonthaid).
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vergroening greening
virsscentie virescence

het grosn worden van blcemdelsn, welks in normale tcastand wit of

Vergrinung
Vireszensz

gekleurd zijn, het is doorgaans het eerste stadium van blcemop-

lossing(zie aldaar).

verwelking wilting

Welke

het slap worden van plantsdelen door verlies van turgor.

virescantie
zie vergroening

vlekking mettling
gevlektheid
bontheid

kleurschakering waarbij de kleurafwijking beperkt is tot versprei-
de, min of meer ronde viekken, stippen of spikkels, dis niet altijd

Scheckung
Buntbliattrigkeit

scherp begrensd zijn. Viekking is niet altijd scherp te scheiden

van mezaiek (zie aldaar).

waaierbladvorming fan leaf formation

Facherblattbildung

gen vorm van smalbladigheid in handnervige bladeren, waarbij de
grote nerven als in een gedeeltelijk gesloten waaier dicht opeen

komen te staan.

Wuckerung

woekering preliferation
ongecorreleerde celvermeerdering of weefselontiwikkeling bv. bij
tumorvorming.

zetmeelophoping accumulation of starch

Stérkespeicherung

abnormale opheping van zetmeel in bladeren ten gevolge van een
verstoorde afvoer; de bladeren zijn daardoor bij aanvoelan stug-

ger en dikker dan normaal.

ziektebzald
zie syindroom

zigzag-3roei zig zag growth

zigzagvormige stengelgroel.

Zickzackwuchs

13,5

NG
Y

29

28



- 52 -
REFZRENCES

BAERECIE, M,L,, 1955. Der Hachweis der Blattrollinfektion bel Xartoffeln
durch ein necuss Farteverfahren. — Zichter 253309-313,

BAWDEN, F.C., 1950. Plant viruses and virue diseases. — Waltham Moss.
UusB.A., 3rd. ed.

BEAIRANE, A.B. & B.C. TEOMPSGA, 1945. Abnormal lignification in the wood
of gome appla trees. = Nature 156:145.

BEEMSTER, A.B.R., 1958. Some asnects of nature plant resistance to viruses
in the potato. - Proc. 3rd., Tonf. Potato Virus Diseases
Lisse-WageningenlG37,212-217.

&

BENIETT, C.W., 1944. Latent virus of dolder and itd effect on sugar beet
and. other plants. - Phytopathology 34:77-91.

BENFMETT, C.W., 1955. Recovery of water pimpernel from curly tops and the
reaction of recovered plants to reinoculation with diffesrent
virug strains. — Phytopathology 45:531-536.

BZRCKS; R., 1951. Weitsre Untersuchungen zur Frage der Altersresistenz
: der Xartoffelpflanzen gegen das X-Virus. - Phytopath. Z.
18:245~269.

BLACK, L.M., 1952. Plant virus tumors. — Ann. N.Y. Acad. Sci. 54:1067-1075.

BLACK, L.M., 1945. A wirus tumor disease of plants. - Amer. J. Bot. 323
408-415.

BLACK, L.M., 1946. Plant tumors induced by the combined action of wounds
and viruz. - Faturs 158:56-57.

BLACK, L.M. & W.C, PRICE, 1940. Ths relationshiy betwesn viruses of potato
calico and alfalfa mosaic. - Phytopathology 30:444~2447,

BLAKESLEE, A.F., 1921. A gralt-infectious disoase of Datura resemdling a
vegotative mutation. — J, Qenetics 11:17-26.

BLATTHY,; Cvy 1959. Anagallis arvensis L. als Indikator der Anwesenheit
von Virsn aus der Grupps der Samenlosigkeit (Akarpia);
Stolbur ung Vergilbungekrankheiten - Biol. Plant.
(Praha)zszll-pe3.

BLATTN%g ¢, 1959. Virus papillosity of the leaves of lucsrne. - Fol,
Microbiol. 4:212-215.

BLERCOVE, J.W. & J. CALDUELL, 1949, Aspermy, a new virus disease of the
tomato. - Ann. aopl. Biol. 36:320-322,

BLOCI, R., 1954. Abnormal plant growth. - Brookhaven Dymp. in Biol. 6:41-54.
BLODGETT, ®.C., 1944. Psach calico, - Paytopathology 34:650-657.

T‘r

RLODGEIT, E.C., J.A. MZLBRATH, B.L. RgevEs & 5.M. ZELIER, 1951. Wart. -
U.5.D.A. Agric. Handbook 10:56-58.



- 53 -
- T - .
BELUMER, ., 1955. Uber die FlachBstigkest (Rillenkrankheit) bei Apfel-
baumen. — Schweiz. Z. Obst— u. Weinbau 65:148-153.

BOEIEG, Koy 1931. Zur Atiologie der Streifen~ und Kriuselkrankheit des
Tabaks. - Z. Parasiteni. 3:103-141.

BOFWANSKY, V., 1558. Stolbur u zemiakov (Stolbur in potatces). - Proc.
sci. conf. on Stolbur and similar dissases cauging sterlili
1556, Bratislava 151-167.

BOJNANSK?, V. & C. BLATTNY, 1953. Virozne Eltenky a bezsomennosti vo sverle
soviaetskych a na%ich vyskumov {mit Zugammenfassung: Viross
Gelbsucht und Samenlosigkeit im Lichte Sowietischer und
unserer Forschungen). - Biolecgia 8:538~560.

B3OS, L.; 1957. Hekserbezemverschijnselen, een pathologisch-morfologisch
onderzoek (Witches' broom phenomena, a patho-morphological
study). ~ Meded. Landbouwhecgesch. Wageningen 57:1-79.

BCS; L., 1957. Plant toratology and plant pathology. - Tijdschr. Pl. Zishis.
63:222-231,

BOS, L., B. DELEVIC & J.P.H., VAW DER WANT, 1959. Investigations on white
clover mosaic virug (met een samenvatting: Ondsrzoekingen
over witte-klaver mozaielk virus). - T.Pl.zielkten 65:69-105.

BOSE, R.D. & S.D. HMIORA, 1938, Studies ?nlindian fibre plants, no 6: Phyllodr
and gome other abnormalltiszs in the flower of supn~hemp. -
Indian J. Agric. Sci. 85417-423.

DRANDES, J., 1556. Uber das Aussehsn und die Varteilung des Tabakmosaik -
virus im Blattgewebe. - Phytopath. Z. 26:93-106,

BRANDES, J., 1957 Bine elekironenuikrositopische Schnzllmethode zum Nachweis
fadzn— und stabche?formiger Viren, insbezondsrs in Xartofs-1l-
dunkellraimen, - Hachrichten bl.dtsch. Pflanzenschiits d.
9:151-152.

BRADES, J. & H.L. PAUL, 1957, Das E}ektronenmikroskop alg Hilfsmittel bed
der Diagnose pflanzlicher Virosen. Untsrsuchungen iber dia
Vermessung faden— und stabchenf8rmiger Virusiteilchen. -
Aren. Mikrobiol. 26:358-358.,

BRANDES, J. & 0. WETTER, 1959. Classification of elongated plant viruses
on the basis of particle morpholcgy. - Virology 8:99-115.

BRELVBR, W. von & £. ROCHLIK , }931= Histologische und miquChemiSOhe
Untersuchungsn Uber pathologische Gewebeverinderungen
viruskranker Kartoffelstanlen. -~ Phytopath. Z. 3:471-498.

BRUY{ CUBOTER, M.P. I®m, 1952. A_new potato virug., - Proc. Cont. Potato
Virus Diseases Wageningen-Lisse 1051: 83-84.

RUTLER, B.J. & S.G. JONES, 1949+ Flant pathology.  Molillan & Co. Ltd.,
Loadon.



- 54 -

CALDTSLL, J. & A.L. JAIES, 1938, An investigation into the Ustripe” dissass
of narcissus. T The nature and significance of the histo-
logical modifications followingz infecticn. — Ann. arpl.
Biol. 25;244-253.

CATION, D., G.H. EE”{E”‘I J.4. HILBRATE, R.5. WILLISCH & S.i. ZELLAR, 1951.
Lire pattern. - U.puD.A- tgriculture Handbook 10:177-182.

COLE, J.R., 1937. Bunch dis~ase of pscans. - Phytopathology 27:0604-612.

DENFFER, D. VOI, 1952. Die hormonale DuGlH;lUSSUHU pflanzlicher Gagtzltunze-
prozesse. -~ Dar. Oberhsss. Gas. Natur- u. Heilk. Giessen

253123133,

EDWARDS, E.T., 1935, Witchas' broom, & new virus disease cf lucerne. — J.
hustral. Inst. Agric. Sci. 1:31-32.

EIBNAER, R., 1559. Untersuchungen iUber die "Eisenfleckigkeit™ desr Kartoffel,
- Diss. Giessen 111 pp-

ESAU, K., 1933. Pathological changes in the anatomy of leaves of sugar

beet, Beta vulgaris L., affected by curly top. - Phytopatho-

logy 23:679-712.

ESAU, K., 1938. Some anatomical aspects of plant virug digease _problems.
~ Bot. Rev. 4:548-579.

ESAU, K., 1944. Anatomical and cytological studies om beot mosaic. — J.
Agric. Res. £9:95-117.

ESAU, K., 1948 Some anatemical aspscts of plant virus disease problem.
- Bot. Rev., 14:413-449.

EEAU, Koy 1948. Anatomic efivcis of the viruses of Pierca's disease and
phony peach, - Hilgardia 18:423-482.

BSAU, K.y 1956. An aﬂauomlcal view of virus dlseages. - Ar. J. Bot. 43:
739-748.

ESAU, Koy 1957. Anatomic sffects of barley yellow dwari virus and walein
hydrezide on ceriain Jramiosa. - Hilgardia 27:15-69.

FAYCETT, H.5. & A.A. BITANCOURT, 1943. Comparative symptomatoleogy of psoro: ..

varieties in California. - Phytopathology 33:837-864.

FOSTER, . R's T.B. LOIT & li.F. WELSH, 1951. Little cherry. — U.3.D.A, Agri-
culture Handbook 10:126-129.

PRAZIER, KW, & A.F. FOSHETTE, 1957, Transmission and host-range studies
of strawberry zreen-pestal virue. - Ann.appl. Biol. 45:530-55%

GAUMiNY, B., 1945. Pflanzliche Infeltionglebre. — Verlag Birkhauser Basel.
HAU& J\T D J., Ln .Bor‘ & J P'II‘ th‘ DEB TMTT 1)5;’\'. .l.}’l’\ I‘pd clovpr V"ln-

mosaic virus in The lethaorlands. - Tijdschr. Pl.ziekten

65:13-23,

“



_55._.

HALIEKY, P.M., J.H. PREITAG, 5.R. JOUSTOY & A.R. JIAGIE, 1958. Occurrence
of aster yellows on clovers in Calilornia. — Pl. Dice Repdw

423 1342-1347.

HARTLEY, C. & F.W. HAASIS, 1929. Brooming disease of black locust (Robinis
nseudacacia). - Phytopatholosgy 19:163..166.

HEILING, A., ¥. STEUDDL & R. THIELZHANWW, 1956. Zur Frage der gagenseitien
Bezishungen gzweier epidemisch auftrzitander Krankheiten dow
Beta-Riibe. Fin Infekitionsversuch mit dem Virus der Verpil-
bungskrankieit (Beta-virus 4) und mit Cercospora beticoln
Sace. - Phytopath.z.2:401-438.

HEREE, O., 1957. Untersuchungen iber einige am KH-Stoffwechsel und KE-Tra-. -
rort beteiligt: Fermente in vergilbungskranken Zuckerriito: -
olattern. — Phytopath. Z. 29:469-480.

HEVITT, WmeB., 1950. Tanleaf, another vine disease found in Califorma. —
Bull. Dept. Agric. State Calif. 39:2pD.

HEWITT, Wm.B. & E.M. GIFFORD, 1956. Symptoms for identifying fanleal in
dormant grapevines. = Bull. Dept. Agric. Calif. 45:249-252.

HILL, A.V., 1943. Insect transmission and host plants of virescence (big
tud of tomato). - J. Counc. Sci. Industr. Res. 16:85-90,

HOFFERBERT, W. & G. ZU PUTLITZ, 1955. lesue Erkenninisse und Erfahrunzen
ilper die Elattrollkrankheit der Kartolf=1l. - llachrichien
pl. dfgch. Pflanzenschiitz d., Braunzchweig 7: Beilago.4 T

HOOR, H.A. VAN, 1952. Stip in kool, c¢en virusziekte. - lleded. Dir. Tuinb.
15:727-742.

HURBELING, N¥., 1954. Een virus als ocorzaall van de zogenaamde "Vostziekte"
bij erwien. - Zaidbelangen 14:181~183,

HUTCHINS, L.H., 1933. Identification and control of the phony disease of
the peach. - Office State Entom. Georgia Bull. 70:1-55.

HUTTON, E.M. & d.B. GRYLLS, 1956. Legume "little leaf', a virus disease
' of subtropical pasture species. - Austral. J. Agric. Res.

Te85-37.

IWARCWEKI, D., 1892. Uber die Mosaikkrarkheit der Tabakpflanze. — Bull.
Acad. Imp. Sci. St. Petersb. N.S. III 35:67-70.

JENXINS, W.A., 1941. A histological study of snap bean tissues affectad
with black root. J. Agric. Res, 62:683-690.

JERKIES, J.E.E. & I.F. STOREY, 1955. Star eracking of apples in Fast anglia.
- Plant Path. 4:50-52. .

JEWSEN, J.H., 1933, leaf enaticns resulting from tobacco mosaic infection
: in certain species of HNicotiana L. - Contrib. Boyce Thompson
Inst. 5:129-142. :



- 56 -

JERIOLIJEY, E. & V. PRﬁéA, 1958. Zur physiologischen und biochemischen
Charakteristik der vom Gelbsuchtvirus befallenen Zucker—
riiva. = V8decké Préco, Vyzkumného Ustavu rostlimis vyroby
CoAZV v Prace - Ruzyn¥ 135-150.

NASSANIS, B., 1939. Intramuclear inclusions in wvirus infzcted plants. -
Ann. appl. Biol. 26:705.

ZASSANIS, B., 1955. Some properties of four viruses isclated from carnation
plants. - Ann. appl. Blol. 4£3:103-113.

KASSANIS, B. & F.M.L. SHEFFIELD, 1941l. Variations in the cytoplasmic inclusi-
ons induced by three strains of tobacco mcsaic virus. - Ann.
appl. Biol. 23;360-367.

KATWIJK, W. VAN, 1955. Buwschilligheid bij appels, esn virusziekte. = Tijd-
schr. Pl.ziekten 61:4-6.

KATTIJK, W. VAN, 1956. Rough skin of apples. — Tijdsehr. Pl.ziekten 62:46-45.

KAUSCHE, G.A., E. PFANKUCH & H. RUSKA4, 1939. Die Sichtbarmachung von pflanz-
lichem Virus im Ubermilkroskop. - Faturwissenschaften 27:
292-299.

KERLING, L.C.P., 1933. The anatomy of the "kroepoek-disesased" leaf of
Nicotiana tabacum and of Zinnia elegans. - Phytopathology
23:175-190.

KIEFHOLZ, J.R., 1939. Stony pit, a transmissible digsease of pears. - Phyto--
pathology 29:260-2357.

KLIFKENBERG, C.H., 1940. Abnormale kurkvorming. — Diss. Amstordam 117 pp.

KLINKENBERG; C.E., 1945. Anatomisch onderzoek van de vergalingsziekts van
bieten vergeleken met enkele andere bietenziekien. - liedad.
Inst. Rat. Suikerprod. 15:31-65.

KLINKOWSKT, M., 1956. Beitrige zur Kenntnis der Viroden der Gladicle in
Mitteldsutschland. - Mitt. Biol. Bundesanst. Berlin Dahlan
85:139-150,

{LINKOWSKI, M., &-a. 1958. Pflanzliche Virologie I Einfilhrung in die allge-
meinen Probleme., - Akademis~-Verlag Berlin 279 pp.

KOVACHEWSKY, I.C., 1354. Die Stolburkrankheit der Solanaceen.~Nachrichtenbl.
Dtsch. Pflanzenschutzd. 8:161-166.

XREITLOW, K.W., O.J. HUNT & H.L. WILKINS, 1957. The effoct of virus infection
on yisld and chemical composition of Ladino clover. - Phyto~
pathology 47:390-394,

KUSTER, E., 1925. Patnologische Pflangenanatomie. - Tena 558 pp.



- 57 =

KUNKSL, L.C., 1924. Histological and cytological studies on the Fiji
disease of sugar cane. — Bull. Bxp. Sta. Hawailan Sugar
Pl. Ass. 3:99-106.

KUNKEL, L.0., 1954. Virus-induced abnormalities. — Brookhaven Symp. in Biol.
6:157-173.

LARSON, R.H., 1959. Purple top hair sprout and low soil temperature in

relation tc secondary or sprout tuber formation. ~ Am.
Potato J. 36:29~131,

LEE, C.L., 1955. Vir:e Sumor development in relation to lateral-root aad
Ea;;iy;flnnodula formasion in lelilotus alba. - Virology
2152205,

LER, C.L. & L.M, BLACK, 1955. Anatomical studies of Trifolium incarnatum
infectad by wound-tumor virus. - Am. J. Bot. 42:160-168.

LIHNELL, D., 1958. Investigations on spraing. - Proc. 3rd. Oonf. Potato
virus Diseases, Lisse-Wageningen 1957,104-188.

MASTERS, M.T., 1865. Vegetable teratology, London.

MAYER, A., 1886. Ubsr die Mosaikkrankheit des Tabaks., - Landw. Versuchg-
stationen 32:450-467.

MCWHORTER, F.P., 1950. Neoplasms induced in plants by viruses. - Viruses ,
Oregon State College Biol. Colloquium:l4g-15.

MOERICKE, V., 1955. Uber den Wachwais der Blattrellkrankheit in Kartoffel-
knollen durch den Resorzintest. — Phytop. Z. 24:462-464.

MORWOOD, R.B., 1954. Peanut diseases. - Queensland Agric. J. 79:267-27C.

MULDER, D., 1951. De Eckelrader virusziekte van zoeta kersen. - Meded. Dir.
Tuinb. 14:217-228.

LULDER, D., 1953. De proliferatisziekte van appel, een virugziekte. - Tijd-
schr. Pl.ziskten 59:72=T6.

NISHAMURA, M., 1918. A carrier of the mosaic disease. - Bull. Torrey Bot.
Club 45:219-233,

KOORDAM, D., 1952, Virusziekien bij ohrysanten in Nederland. — Tijdschr.Fl,
ziekten 58:121~189.

~Tndian J. Agric. Sci. 5:517-522,

PAUL, H.L. & L. QUANTZ, 1959. Uber den Wechsel der Konzentration des scihtarn
Ackerbohnenmosaikvirus in Ackerbohnen. — Arch. Hikrobiol.

32: 312-318.

PENZIG, Ou s 1921—1922. Pflanzen-Teratologie.2s Aufl., Barlin.



POSWETTE, A.F., 1947. Virus diseases ol cacao in West Africa. T Cacao
viruses 14, 1B, 1C and 1D, - Ann. appl. Biol. 34:388-402.

POSWEITE, A.F., 1953. Green petal, a new virus disease of strawberries.
- Plant Path. 2:17-18,

PRACKUS, CRISTEL, 1958. Anatomische Untersuchungen an Znationen von
Aspermie-Virus infizierten Pflangzen. - FPhytopath. Z. 33
248"'262 ‘.

PRENTICE, I.W.,1950. Rubus-stunt, a virus disease. - J. Hort. Sci. 26:
35-42.

PRENTICE, I.W., 1950. Experiments on rubbery wood disease of apple tress.
A progress rsport. — Report East Malling Res. Sta.1949.
122-125.

PROCEEDINGS, 1558. Stolbhur and éimilar virus diseases causing sesdlessness
of plants. - Proc. Sci. Conf. on stolbur and similar

diseazes causing sterility, 1956, Bratislava. 244 pp.

QUANJER, H.M., 1913. Die Nekrose des Phlodms der Kartoffelpflanze, die
Ursache der Blattrollkrankheit. - Meded. Rijks Hoogers
Land~, Tuin- en Boschbouwsch. 6:41-8C.

QUANJER, H.M., 1921. The methods of classification of plant virusss and
an attempt to classify and name potato vireses. - Phyto-
pathology 21:577-613.

QUANTZ, L., 1957. Bin Schaleniest zum Schnellnachweid des gewShnlichen
- Bohnenmosaikvirus (Phaseolus-Virus 1). - Nachrichtenbl.
‘dtschen Pflanzenschiitzd. (Braunschw.) 9:71-74.

QUANTZ, L., 1958. Untersuchungen zur Bestimmung mosaikresistenter, {iber—
emplindlicher Cortenboknensorten (Phaseolus_vulgaris L)
im Zabortest. —~ Phytopath. Z. 313315-33C,

RADEMACHER, B. & E. SCHWARZ, 1958. Die Rotblittrigkeit oder Blattrdte des
da’ers, eine Viruskrankheit (Hordeumvirus nanescens).
~ L. Pflanzenkrankh. u, Pflanzensch. 65:641-650,

ROBERTS, DsAs; 1955. Influence of alfalfa mosaic virus infection upon
wirzter hardiness of Ladino clover {Abgtr.). ~ Phytopatho-
legy 46324,

ROBERTSON, H.Fes 1728. Annual Report of the Mycologist Burma, for the
year ended 30th june 1928.
(frstr. in: Rew. Lypl. Hyc. 83355)-

ROY, £.C., 1931. & proliminary nots on the occurrence of sepaloidy and
-egiligy in $i1 (Sesamum indicum). - Agric. Livest. India
:282~-285.

1470

ROZENDAAL, A. & .E. BRUST, 1955. The significance of potato virus § in
zeed potato oulture, - Proc. 2nd Conf. Potato Virus Diseases
Ligae-Wageningen 1ys.-. 120-133.



- 59 <

ClATITT ' - - u . RS AT - 4 ]
SAMURL, G, J.G. BALD & d,A. PIiTHAN, 1930. Inventication. on spottad
wil%t of “omabtors. -- Austr. Coune. Cei, ‘nd. Res. Dulle 44,

SAVULESCU, 4. & I. POP, 1955, Contributii la studic:l stolbur ulue in
Rominia {aveac régumé Trang:ics Contribubticn & 1'atuds du
“stolourt -r Houmania). - Bull. Stiintific, Seciia e
Biol. pi gtiinfe Apricols G T23-737.

- SCHUSTER, G., 1956. Zum Kalloaztost ("Igel-Lanie Text?) fir den Virus-
nachweis an Jertoffaln. - Fachrichaten bl. dtsch. Pilanzen-
schiitnd. (Berlin) 10:243-250,

SHEAR, C.L., 1916. False blossom of tha cultivatzd cpanbarry. - U.S. DLA,
Bull. 444.

SHEEFIELDg F,M.L., 19310 The formation of intracelliular inclusions in
Solanaceous hosts infected with aucuba mosaic of tomato.

~ Ann. appl. Biol. 18.471-463,

HE

€
=

FIGLD, F.M.L., 1946. Preliminary studies in the slectron microscope
of gome plant virus inclusion bodiesg. - J. Roy. Microsc,
Soc, 5636976,

SLOGTEREN, D.il.H. VAN, 1958, Ratelvirus als oorzaalk van ziekten in blosgp-
bolgewasssn en d= mogelijkheden de infectie door middel
van greondontsmatiing te bestrijden. -~ Tijdschr. Pl.ziektan

6434524562

SLOGTELEN, B, VAL & M.P. DB SREUTN QUBOTER, 1941. Ondersmoekingen over virus—
ziclkben in bleembolgawassen I1I. Tulpen I, - Mededs Land-
bouw-ncgaschool Wageningen 45:54 pp.

SMITH, R.E. & H.E. THOHAS, 1951. Frunas diusond canker. - Agriculture Hand.-
vook 10:175~175.

SPRAT, F., 1955. Patholozischa GﬁWebevaréndayungen durch das Blattrollvirus
bai Ger Fartolf{sl und ihr farbe~taechaigcher Nachwels.
~ Dar. dischn. Rot. Ges. 60¢235-246.

STOLL, K., 1952. Usber die Sympiome der Pfnffingsrirankhait der Kirschbaume.
~ Phytopath. 7. 18:293-3084,

8U, M.T., 1933. Report of the Mycologiot, Burma, Handalay, for the year
cnded the 2lst March 1233212 pp, ~{Rev. Appl. Mye. 13:78).

SUINGLE, R.U. & T.W. BRETZ, 1950. Zonate canker, a virus disease of Amaricar
6lm. - Phytopatnology 40:1018-1022.

SYLVESTER, Eu Soy 19480 The yellOW-~'ﬂ'.'-.;'t VlI‘u& disease Of SugaI‘ beets. — Phy't-(_)-.-
cathology 38:425-439.

SYMPOSIUM, 1957. Symposium on Latency and Mpsking in.Viral and R}gkettsial
Tnfactions. ~ Proc. Conf. held at the Univ. of Wiscongin
Hedical Schools Sedt. 4,5, and 6, 1957.


http://l8.47i_.493

- 60 -

TEPFBER, $.5. & M, CHESSTI, 1959. Bffects of tobaccce mosalc virus on early
leaf development in tobacco. — Am. J. Bot. 46:496-509,

THIEM, H., 1956. Betrachtungen zur Symptomatologie der obstbaulichen Abbau-
krankheiten. - Pflanzenschutz 8:13-22.

THOMAS, K.,M. & C.S. KRISANASWANI, 1939. Little leaf, a transmissible
diseage of brinjal. - Proc. Indian Acad. Sci. B10:201-212,

TINSLEY, T.W., 1959, Pea leaf roll, a new virus disease of legumes in
Bngland. - Plant Pathol. 8:17-18.

TJALLINGIT, F., 1952, Onderzoekingen over de mozaiekziekte van de augurk
(Cucumis sativus L.). = Meded. I,P.0. £7:117 ppe

TODD, J.M., 1958. Witches' broom of potaices and similar diseases in Great
Britain. - Proc. Sci. Conf. Steclbur and similar diseaces
causing sterility, Smolare 17~18 Sept. 1556, Bratislava

T7-101.

TROPTER, A., 1954, Virosi delle piante e cecidologia. - Marcellia 30 Suppl.
10-15.

VEUEKAMP, J.H., 1957. Cancerzoek naar biochemische verschillen tussen virve-
zieko en gezonde planten. - Jaarverslag Inst. Planten-
ziekten-. Onderz. Wageningen:8T7-90.

VERBEAMP, J.H., 1959. De invloed wvan enige wvirussen op da concentraties
van organische gzuren in een aantal planten. - Tijdschr.
Pl.ziaktsn 65:177-187.

WART, J.P.H., VAT DER & L., B80S, 1559. Geelnervigheid, een viruszickie van
lucerna. — Tijdschr. Pl.ziekten 65:73-78.

WENZL, H., 1956-que Stolbur-Virose in Usterrsich. - Pflanzensch. Ber.
ien,16:159-162.

WEBB, R.E. & E.5. 3CHULTZ, 1958. Possiblse relation between haywire of
rotato and big btud of tomate. - Pl. Dis. Reptr. 42:44-47.

ZELLER, S.M., J.R. KIENHOLZ & J.A. MILBRATH, 1951. Black canker. - U.5.DL.:.
Agriculture Handbook 10:137-138.

ZYCHA, H., 1955 Definition vorn Rindenbrand und Krebs bei Waldbaumen.
- Meded. Landbouwhogesch. Opz. Sta. Staat Gent 20:411-418,



