
633.71:632.38 

MEDEDELINGEN VAN DE LANDBOUWHOGESCHOOL 
WAGENINGEN . NEDERLAND • 64-2 (1964) 

THE EARLY EVENTS OF TOBACCO 
MOSAIC VIRUS INFECTION 

IN NICOTIAN A GLUTINÖS A L. 
(Met samenvatting in het Nederlands) 

JEANNE DIJKSTRA 

Laboratory of Virology 

Agricultural University, Wageningen, The Netherlands 

(Received 12.XII.'63) 

H. VEENMAN & ZONEN N.V.-WAGENINGEN-1964 

iou%w 



dz f 
andbou-.v Mogeschoof 

Mededelingen van de Landbouwhogeschool 
Wageningen No. 64-2 (1964) 

[Communication of the State Agricultural University], 

is also published as a Ph. D. thesis by 

JEANNE DIJKSTRA 

Graduate in Biology. 
The degree was conferred at the University of 

Amsterdam on 18 March 1964. 
Promotor Dr. Ir. J. P. H. van der Want, 

Professor of Virology, 
State Agricultural University, Wageningen. 



C O N T E N T S 

CHAPTER 1. INTRODUCTION 1 

CHAPTER 2. THE INFECTIVITY OF VIRUS LEFT ON THE SURFACE OF INOCULATED 

AND SUBSEQUENTLY RINSED LEAVES ('RESIDUAL INFECTIVITY') 3 

2.1. Introduction and literature 3 
2.2. Materials and methods 5 
2.3. The 'residual infectivity' of TMV applied to N.glutinosa leaves . 6 
2.4. Inactivation of TMV in extracted sap 10 
2.5. The 'residual infectivity' of TMV applied to leaves of immune 

plants 13 
2.6. The 'residual infectivity' of TMV applied to leaves of Rhoeo 

discolor 15 
2.7. Discussion 16 

CHAPTER 3. THE PRESENCE OF NEWLY-FORMED VIRUS IN EPIDERMAL TISSUE . 19 

3.1. Introduction 19 
3.2. Literature 19 
3.3. The removal of surface virus (residual virus s.s.) 21 
3.4. The infectivity of extracts made from epidermal tissue at different 

intervals after inoculation 25 
3.4.1. Inoculation with whole virus 25 
3.4.2. Inoculation with virus-NA as compared with that with 

whole virus 26 
3.4.3. Effect of the temperature 27 
3.4.4. Increase in infectivity of extracts from epidermal tissue as a 

result of virus multiplication in the epidermis 29 
3.5. Discussion 31 

CHAPTER 4. THE PRESENCE OF VIRUS IN TISSUES BELOW THE EPIDERMIS . . . 34 

4.1. Introduction 34 
4.2. Literature 34 
4.3. The time at which infectious material invades the mesophyll cells 35 

4.3.1. Inoculation with whole virus 35 
4.3.2. Inoculation with virus-NA as compared with that with 

whole virus 38 
4.3.3. Effect of the temperature 39 
4.3.4. Effect of the concentration of the TMV-inoculum . . . . 40 

4.4. The rate of movement of TMV in inoculated leaves 41 
4.5. The ability of leaves devoid of epidermis to become infected by 

means of conventional inoculation methods 42 
4.6. Discussion 43 



CHAPTER 5. EFFECTS OF ULTRAVIOLET (UV) RADIATION ON THE INFECTION . 45 

5.1. Introduction 45 
5.2. Literature 45 
5.3. Materials and methods 47 
5.4. Effect of irradiation on the capacity of leaves 48 

5.4.1. Differences in the response to irradiation of the upper and 
lower leaf surfaces inoculated with TMV 48 

5.4.2. Effect of preirradiation, compared with that of postirradia-
tion of upper or lower leaf surfaces inoculated with intact 
TMV and its NA 50 

5.5. The sensitivity of infective centres, initiated by TMV and its NA, 
to UV irradiation at intervals after inoculation 51 
5.5.1. Preirradiation as a means to correct the effects on the capa

city 54 
5.5.2. Effect of the source of UV radiation 55 
5.5.3. Effect of a period of darkness following irradiation . . . 57 
5.5.4. Effect of the dose of irradiation 58 
5.5.5. Effect of the temperature 58 

5.6. Discussion 60 

CHAPTER 6. GENERAL DISCUSSION 63 

SUMMARY 67 

ACKNOWLEDGEMENTS 71 

SAMENVATTING 72 

APPENDIX 77 

REFERENCES 81 



CHAPTER 1 

I N T R O D U C T I O N 

Several events can be distinguished in the infection process, such as the first 
contact of the virus with a plant cell, multiplication of the infective agent in the 
cells and the reactions of the plant in presence of the pathogen. 

Depending on the virus-host combination concerned, a plant can give a local 
lesion response, it can react systemically (i.e. the virus spreads from the in
oculated leaf into other parts of the plant) or it can react both with formation 
of local lesions and systemically. 

WILDMAN (1959) outlined the course of infection and the virus development 
within plant cells. Based on experiments carried out for the greater part with 
tobacco mosaic virus (TMV), the following opinion has been formed ori the 
events that happen in leaves inoculated with this virus. 

By rubbing the surface of a leaf with a virus suspension, injuries are formed 
which enable the virus particles to come into contact with the protoplasm of 
epidermal cells. These entry ports for virus particles, produced by the injuries, 
are called 'susceptible sites' by WILDMAN. 

CASTERMAN & JEENER (1955) were the first to demonstrate that there is a 
ribonuclease-sensitive stage of the virus after inoculation of tobacco leaves with 
TMV. They suggested, therefore, that the release of nucleic acid (NA) from the 
virus is an essential step in the early infection events. 

With the aid of special techniques (e.g. irradiation with ultraviolet light) used 
in research on bacteriophages further indications have been obtained for a 
possible in vivo separation of NA and protein portions of the virus. Opinions 
differ, however, concerning the time at which the release of NA takes place. 
It is possible that this discrepancy might be ascribed to differences in sensitivity 
of the methods used and to the different host plants involved in different in
vestigations. Once released, the NA moiety is supposed to start to increase in 
amount and the newly-formed infectious entities may move from the originally 
infected cells into the underlying tissues. At a certain concentration of the virus 
in cells of the leaf, the local lesion host will react with the formation of necrosis 
which becomes distinct in Nicotiana glutinosa leaves, kept at room temperature, 
at about one day after inoculation. 

The aim of the present study was to gain more information on the pro
cesses which take place during the first hours after inoculation of a local lesion 
host. The course of infection is partly studied on leaves from which the epider
mis was removed at different intervals after inoculation. This method has the 
following advantages over those mentioned in the literature in which intact 
leaves or small leaf pieces have been used. 

1. The dilution factor is less if only epidermal tissue is ground and the sap 
obtained assayed in order to establish a possible increase in the amount of in
fective material in the leaf shortly after inoculation. 
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2. This method procures the possibility to carry out investigations simultane
ously on translocation of the infective agent and on the increase of infective 
material in the epidermis. 

As it is extremely difficult to remove the upper epidermis which is apparently 
tightly connected to the palisade parenchyma cells, leaves used in the present 
study were usually inoculated on the lower surfaces. 

The majority of the experiments were performed with detached leaves of 
N. glutinosa. The virus was an isolate of TMV commonly used and propagated 
for many years in the Laboratory of Virology at Wageningen. 

First attention was paid to the 'residual virus' i.e. the virus which is left on 
the surface of a leaf after inoculation and subsequent rinsing. Many authors 
have made reference to this virus but most of them looked upon it chiefly as a 
factor which interferes with the detection of a small amount of newly-formed 
virus in bio-assay tests and as such must be removed in the most efficient way. 
HARRISON (1956a) and KÖHLER (1957b, 1958a and b, 1961) were the only 
investigators who went further into some properties of this infectious material. 

In the present study investigations were also made on the effect of ultraviolet 
irradiation on the number of local lesions on leaves irradiated at intervals be
fore or after inoculation. 

Attention is further paid to the presence of infectious material in the cell 
layers adjacent to the inoculated epidermis and in the untreated, opposite epi
dermal layer. 

Efforts were made to deduce from data obtained in the various experiments 
what processes take place after the virus (as complete particle or as NA) has 
been introduced into the leaf. 
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CHAPTER 2 

T H E I N F E C T I V I T Y O F V I R U S L E F T O N T H E 
S U R F A C E O F I N O C U L A T E D A N D S U B S E Q U E N T L Y 

R I N S E D L E A V E S ( ' R E S I D U A L I N F E C T I V I T Y ' ) 

2.1. INTRODUCTION AND LITERATURE 

HARRISON (1956a), KÖHLER (1957a and b, 1958a and b, 1959, 1961), 
KASSANIS (1959) and KERLING (1962) showed that the infectivity of extracts 
taken from host plant leaves at successive times after inoculation decreased to 
a minimum and subsequently increased. HARRISON (1956a) made an attempt 
to elucidate the cause and significance of this phenomenon. According to him 
it might be possible to ascribe the decrease to some change of the virus particles 
involved in the infection process, in conformity with processes known to occur 
with bacteriophages (HERSHEY & CHASE, 1952). He determined the 'residual 
infectivity' 2, 8, 24 and 48 hr after inoculation with TMV, using plants sus
ceptible to this virus (the tobacco variety 'White Burley' and N. glutinosa) as 
well as those not susceptible (the French bean variety 'Prince'). No difference 
could be observed in the infectivity of 'residual virus' provided by leaves of the 
susceptible and the not susceptible plants at different times after inoculation. 
The author concluded: 'There is no unequivocal evidence that the decrease in 
infectivity is irrelevant to the process of virus multiplication. It may, however, 
be caused by virus drying on the leaf and becoming non-infective, or conditions 
in wounded epidermal cells may favour virus inactivation,.. . . ' . 

KÖHLER (1957a and b, 1958a and b, 1959, 1961) also suggested that in
activation of virus particles adhering to the leaf surface could be responsible 
for the decrease in infectivity in inoculated host leaves. He as well examined 
whether this inactivation occurred in the same way in leaves of hosts and in 
those of non-hosts, that is to say of plants in which the virus does not multiply. 
The following virus-plant combinations belonging to the latter category were 
used by him: Potato virus X and TMV on the French bean variety 'Konserva' 
and potato virus X on the US-seedling 41956. He examined the 'residual in
fectivity' at different times after inoculation in the same way as HARRISON did 
but in addition he tested at time '0' (i.e. immediately following inoculation). In 
all cases the 'residual infectivity' tended to decrease gradually. However, when 
the combination TMV on French bean was used KÖHLER (1958a) reported an 
increase in infectivity at ca. 32 hr after inoculation which lasted a few hours 
and then disappeared. According to KÖHLER this course would point to a virus 
multiplication followed by a strong defensive response of the plant. 

KÖHLER (1957b, 1958a and b) also investigated the behaviour of 'residual 
infectivity' of potato virus X on leaves of Solanum demissum hybrid 'A6' 
which is very susceptible to this virus. A distinct decrease was reported by him, 
during the first 6 or 24 hr after inoculation, later followed by an increase in the 
infectivity as a result of virus multiplication. 
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KASSANIS (1959) also found a decrease in 'residual infectivity' in N. glutinosa 
leaves during the first 8 hr after inoculation with TMV. 

KERLING (1962) observed that the 'residual infectivity' in leaves of Gomphre-
na globosa inoculated with potato virus X decreased rapidly. After an initial, 
high 'residual infectivity' no virus could be demonstrated by means of infectiv
ity tests between the 3rd and 30th hr after inoculation. 

In contrast to the above-mentioned results KÖHLER (1961) reported a quite 
different behaviour of 'residual infectivity' on leaves of N. glutinosa inoculated 
with TMV. He found a maximum ('Vormaximum') at 7 to 8 hr after inocula
tion instead of the decrease in infectivity as was expected. This maximum was 
followed by a minimum at 24 hr. Then again after 32 hr another maximum 
('Hauptmaximum') became visible which KÖHLER attributed to the presence of 
newly-formed virus. He suggested that the 'Vormaximum' was caused by a 
partially reversible inactivation of the 'residual virus' which is counteracted 
within a few hours. This reaction might interfere with a simultaneously oc
curring inactivation due to denaturation of the virus. However, KÖHLER did 
not advance arguments to support this hypothesis. It is remarkable that he had 
never obtained such results in earlier experiments carried out with the same 
virus-host combination. 

The virus particles responsible for infectivity during the first hours may be 
either those which have come into contact with the protoplasm of cells via the 
susceptible sites (WILDMAN, 1959) or the ones which have not reached the 
susceptible sites and are simply left on the surface of rinsed leaves or both. The 
first are those taking part in the infection process and the second can better 
be termed as residual virus sensu stricto (s.S.); consequently the 'residual in
fectivity' on leaves is determined by the infectivity of residual virus s.s. plus the 
infectivity of virus particles taking part in the infection process. Hence, the 
following four alternative hypotheses can be launched to explain the decrease in 
'residual infectivity' during the first few hours after inoculation as reported in 
the literature. 

1. The virus particles which take part in the infection process, coming into 
contact with the protoplasm of cells via the susceptible sites, undergo certain 
changes during the first hours after inoculation as a result of which they lose 
their infectivity in whole or in part. The infectivity observed during this period 
may be attributed mostly to those virus particles which have not reached the 
susceptible sites, i.e. residual virus s.s. 

2. The decrease in 'residual infectivity' during the first hours after inocula
tion may be due to an inactivation of the residual virus s.S., comparable with 
the phenomenon occurring during ageing of virus in vitro. This hypothesis is 
based on the conclusions of some authors that a considerable number of par
ticles should be applied in order to establish one infection. STEERE (1955), for 
example, reported that at least 5 X 104 particles are needed to induce infection 
and SCHRAMM & ENGLER (1958) found that a minimum number of ca. 105 

TMV particles in the inoculum are required to form one local lesion on a N. 
glutinosa leaf. 
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3. From the moment of inoculation, both the particles of virus participating 
in the infection process and those of the residual virus s.S., become gradually 
affected by substances excreted by the rubbed leaf. These substances may be 
of dual nature: 
a. Substances that are able to displace virus already attached to the susceptible 

sites without affecting, however, the virus particles themselves. For, it is 
known from the investigations of RAGETLI (1957) and VAN KAMMEN et al. 
(1961) that the binding of the virus to susceptible sites is reversible during 
a certain period of time after inoculation and can be annulled by some in
hibitors. 

b. Substances that affect both the attached virus particles and the residual 
virus s.S., causing a gradual inactivation. 

4. On inoculation, inhibitors gradually develop in the inoculated leaves 
which do not affect the virus either in vivo or in vitro. But when the infective 
sap is prepared from such leaves and applied to assay leaves, the inhibitors, 
getting mixed with the virus, cause a decrease in infection as a result of compe
tition for susceptible sites (VAN KAMMEN et al., 1961). The amount of inhibitors 
present in the infective sap will depend on the duration following inoculation. 
Only a small amount of inhibitors or possibly none are present immediately 
after inoculation, so that highest infection is measured when infective sap is 
prepared from leaves at 0 hr after inoculation. 

In the following, attempts were made to verify the results reported in the 
literature and to decide which of the above hypotheses is preferable to explain 
a possible change in the 'residual infectivity'. 

2.2. MATERIALS AND METHODS 

Purified TMV was prepared from leaves of 'White Burley' tobacco plants 
by a standard method using acid precipitation of the virus from the clarified 
sap followed by differential centrifugation. The suspensions obtained were 
stored in the refrigerator at a temperature of about 4°C. 

Inoculum of tobacco necrosis virus (TNV) was infective sap prepared from 
French bean leaves, Phaseolus vulgaris L. var. 'Beka' which had been stored 
frozen. The virus suspensions were diluted in distilled water. 

Detached leaves of N. glutinosa were used for most of the inoculations with 
TMV, unless otherwise stated. The plants were grown in boxes in glasshouses 
in which the night temperatures were between 16 and 22 °C and the day tem
peratures between 20 and 26 °C, and were used at a twelve-leaf stage. Because 
of their variability in susceptibility only the seventh and eighth leaves (of 6-8 
cm in length) counted from the bottom were used for inoculations. 

In some experiments fully expanded primary leaves of French beans var. 
'Beka', leaflets (about 5 cm in length) of broad beans (Vicia faba L.) and 
pieces of leaves of Rhoeo discolor Hance (of 6-8 cm in length) were inoculated. 
All these plants were grown under the above-mentioned temperature condi
tions. 

Meded. Landbouwhogeschool Wageningen 64-2 (1964) 5 



Unless otherwise specified, the following procedure was used for preparing 
the sap-inoculum for testing its infectivity. Leaves were dusted with Car
borundum (500 mesh), inoculated on the lower surface by brushing carefully 
with a water-colour brush No. 6, soaked in the virus-preparations, and rinsed 
with running tap water for one minute. After that they were placed on wet 
filter paper in petri dishes and kept at a temperature of about 22°C for various 
periods. The method described by UPPAL (1934) and WELKIE & POUND (1958) 
was used for stripping off the whole epidermis of the inoculated leaves. The 
epidermal layer was lifted by means of sharp-pointed forceps. Each portion of 
the epidermis was cut with a razor-blade from the end held by the forceps. The 
epidermal strips of one leaf were collected and ground in a mortar with 0.1 ml 
of distilled water. 

The inoculum thus obtained was tested for its infectivity on assay leaves of 
N. glutinosa. These assay leaves were without exception inoculated by rubbing 
the upper surface, already dusted with Carborundum, with the forefinger wet 
with inoculum. After inoculation the leaves were rinsed with running tap water 
for one minute, placed on wet filter paper in petri dishes and kept at about 
20 °C under continuous illumination by four parallel fluorescent tubes pro
viding about 38,000 ergs/sec/cm2. The local lesions were counted 3 days after 
inoculation. 

Infectivity was assayed by comparing the number of local lesions produced 
by different inocula on assay leaves. As a rule ten whole leaves were used for 
each treatment. In case of less uniformity of the leaves six or ten half-leaves 
were used for each treatment, whereas the other halves were inoculated with 
a standard virus suspension for control. Lesions of the test half are given as a 
percentage of those on the control half and the arithmetical mean is calculated 
from the percentages in each experiment. 

2.3. THE 'RESIDUAL INFECTIVITY' OF TMV APPLIED TO N. glutinosa LEAVES 

Twelve N. glutinosa leaves were inoculated with TMV. The epidermis of 
three leaves was removed at different intervals after inoculation (0, 4, 8 and 
24 hr), ground and the sap obtained was tested separately on six assay leaves. 

Results from six experiments recorded in columns Re of tables 1 and 2 
went to show that the highest infectivity was measured at 0 hr when compared 
with that at 4 and 8 hr. In four experiments, the infectivity showed a definite 
decrease from 4 hr to 8 hr, while in one (expt. 3 of table 1) it remained con
stant and in the other (expt. 3 of table 2) it increased. Between 8 hr and 24 hr, 
the infectivity increased to a level even higher than that at 0 hr in four ex
periments and only in one case it continued decreasing. The high infectivity at 
24 hr may be ascribed to the presence of newly-formed virus particles which 
will be discussed in detail later in the other Chapters. 

These results are in agreement with those reported by KASSANIS (1959). The 
present data did not give any evidence of a 'Vormaximum' observed by 
KÖHLER (1961) at about 8 hr after inoculation. 
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TABLE 1. The 'residual infectivity' of purified tobacco mosaic virus applied to Nicotiana glu-
tinosa leaves by rubbing (Rc) and dipping (D), measured at intervals after applica
tion 

Time after 
application 

(houis) 

1 

Re D 

2 

Re D 

Experimentab 

3 

Re D 

4 

Re D 

5 

Re D 

0 
4 
8 

24 

316 
231 
139 
236 

-
-
-
-

29 
8 
6 

40 

0 
0 
9 
0 

20 
9 
9 

47 

1 
2 
0 
4 

-
-
-
-

9 
21 
11 
-

-
-
-
-

817 
1024 
729 
-

a Number of local lesions on eighteen assay leaves. The assay leaves were inoculated with 
ground epidermal material taken from the test leaves at various times after application of 
the virus. 

* The concentrations of the virus inocula were 0.3, 0.02, 0.02, 0.07 and 18 mg/ml respectively, 
for the five experiments. 

In order to distinguish between virus particles involved in the infection 
process and the residual virus s.s. a comparison was made between the amount 
of 'residual infectivity' on leaves inoculated by rubbing with that on leaves 
dipped for one minute in the virus suspension. Both the dipped and the rubbed 
leaves were rinsed with running tap water for one minute. The results are shown 
in table 1 (expts. 2 and 3). From these data two points stand out: 

1. The 'residual infectivity' was lower on dipped leaves than on rubbed ones. 
2. No decrease in 'residual infectivity' occurred when the leaves were dipped. 

However, the very small number of local lesions might have caused a pos
sible decrease to remain undetected. To examine this possibility, higher virus 
concentrations were used viz. 0.07 (expt. 4) and 18 mg/ml (expt. 5). From 
these experiments also, it became obvious that the infectivity at 0 hr and 8 hr 
after inoculation was more or less the same, when the dipping method was 
used. 

The following experiments were done to make a comparison between the 
'residual infectivity' on leaves inoculated by rubbing after being dusted with 
Carborundum and that on those not dusted at all. 

The results (table 2) show that the 'residual infectivity' did not vary much 
during 24 hr when the leaves were inoculated without being dusted with Car
borundum. This might be explained by assuming that the number of suscep
tible sites produced by rubbing without Carborundum was too small to enable 
a large number of virus particles to participate in the infection process. A con
firmation of this assumption was obtained from experiments in which test 
leaves were inoculated with or without the use of Carborundum. The three 
experiments recorded in table 2 comprised also four test leaves of which the 
epidermis was not removed after inoculation. These leaves were kept in petri 
dishes until local lesions became apparent. The following total numbers of 
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local lesions were counted on these four test leaves: Inoculation with Carbo
rundum: 801; 530; 1182; inoculation without Carborundum: 11; 13; 11. 
These results make it clear that all the 'residual infectivity' on dipped leaves 
must be exclusively attributed to the presence of residual virus s.s. 

TABLE 2. The 'residual infectivity' of purified tobacco mosaic virus applied to Nicotiana 
glutinosa leaves by rubbing with (Rc) and without (R) Carborundum, measured at 
intervals after inoculation 

Time after 
application 

(hours) 

0 
4 
8 

24 

] 

Rc 

19 
17 
9 
5 

[ 

R 

2 
4 
0 
1 

Experimentab 

Rc 

27 
19 
5 

30 

2 

R 

3 
8 
1 
4 

3 

Rc 

9 
1 
4 

101 

R 

6 
2 
5 
3 

a Number of local lesions on eighteen assay leaves. The assay leaves were inoculated with 
ground epidermal material taken from the test leaves at various times after application of 
the virus. 

b The concentration of the virus inocula was 0.02 mg/ml. 

From the above experiments it seemed unlikely that the decrease in 'residual 
infectivity' observed might be due to an inactivation of the residual virus s.s. 
due to ageing as suggested in the second hypothesis (p. 4). This could also be 
established in a different way by means of the following experiments. 

Forty Whatman No. 1 filter paper discs of 5 mm diameter were provided 
with one droplet of a diluted virus suspension and kept for some hours at room 
temperature on microscope slides in a petri dish with wet filter paper. Both 
immediately after the drops had been deposited on the discs and at intervals 
of 4, 8 and 24 hr ten paper discs were ground in 0.1 ml of distilled water and 
inoculated onto ten assay leaves. Results given in table 3 (columns F) show 
that there was no decrease in infectivity of the virus absorbed by the filter paper 
discs. Hence an inactivation in vitro within the space of time tested is out of 
the question and hypothesis 2 (p. 4) can be rejected accordingly. 

In order to examine whether substances excreted by the leaf after inoculation 
might cause inactivation, 40 filter paper discs each provided with one droplet 
of TMV suspension were placed on leaf discs of the same size taken from N. 
glutinosa leaves that had been dusted with Carborundum and subsequently 
rubbed with distilled water. At the above-mentioned intervals the filter paper 
discs were removed from the leaf discs, ground in 0.2 ml of distilled water and 
inoculated onto 10 assay leaves. 

Results are shown in table 3, columns F/L. No decrease in infectivity of the 
virus, absorbed in the filter paper discs, occurred irrespective of the time during 
which they had been in contact with the rubbed leaves. The results obtained 
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suggest that substances excreted by inoculated leaves did not play a part in 
the decrease of 'residual infectivity' of TMV. It is, however, still possible that 
the concentration of an inhibitor absorbed by the filter paper discs was too low 
to affect the infection. 

TABLE 3. The infectivity of purified tobacco mosaic virus applied to filter paper discs, placed 
on microscope slides (F) or on water-rubbed Nicotiana glutinosa leaf discs (F/L) 
and to Nicotiana glutinosa leaves (L), measured at intervals after inoculation 

Time after 
application 

(hours) 

0 
4 
8 

24 

F 

33 
40 
38 
27 

1 

F/L 

27 
31 
25 
19 

L 

10 
6 
7 
2 

Experiment8* 

F 

85 
95 

171 
91 

2 

F/L 

60 
58 

101 
104 

L 

19 
11 
13 
13 

F 

259 
247 
372 

-

3 

F/L 

112 
309 
190 

-

L 

-
-
-

a Number of local lesions on ten assay leaves. In experiments meant for determining the in
fectivity of virus applied to test leaves, the assay leaves were inoculated with ground leaf 
discs taken from the test leaves at various times after application of the virus. 

b The concentrations of the virus inocula were 0.05, 0.02 and 0.01 mg/ml respectively, for the 
three experiments. 

The results in table 3 (columns L) show once more the decrease in 'residual 
infectivity' in N. glutinosa leaves, although it was less pronounced than in 
tables 1 and 2, columns Rc. This could probably be ascribed to the great 
dilution, because this time 10 leaf discs from inoculated leaves were ground in 
0.1 ml of distilled water in contrast with the other experiments in which diluted 
sap from ground epidermal tissue was used as inoculum. The 24 hr series did 
not show any increase. 

In order to gain information on a possible effect of the temperature on the 

TABLE 4. The effect of a low temperature (2°C) on the 'residual infectivity' of 
purified tobacco mosaic virus applied to Nicotiana glutinosa leaves, 
measured at intervals after inoculation 

Time after 
inoculation 

(hours) 

0 
4 
8 

24 

1 

8 
9 
8 
5 

Experiment*13 

2 

320 
482 
474 
260 

3 

250 
253 
297 
220 

a Number of local lesions on eighteen assay leaves. The assay leaves were 
inoculated with ground epidermal material taken from the test leaves at 
various times after inoculation. 

b The concentrations of the virus inocula were 0.02, 0.3, and 0.3 mg/ml respec
tively, for the three experiments. 
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decrease of the 'residual infectivity' a number of experiments were carried out 
at a temperature of 2°C. This has already been investigated by KÖHLER 
(1958a) for a different virus-host combination. In contrast to his experiments 
in which the leaves were put at 2°C only after inoculation, the leaves used in 
the present study were detached, put in the cold room and kept at 2°C for 15 
min before, during and for different times after inoculation till the epidermis 
was removed. 

Table 4 shows that no appreciable decrease in 'residual infectivity' occurred 
until 24 hr after inoculation. These results are not incompatible with hypothesis 
2 (p. 4) but do not lend support to it either. For, on one hand it is possible that 
inactivation of residual virus s.S. was delayed at this temperature, on the other 
hand, it is also likely that processes usually occurring at the susceptible sites 
immediately after inoculation took place only at a very low rate at 2°C so that 
virus particles involved in the infection process remained unchanged for a much 
longer period. 

2.4. INACTIVATION OF TMV IN EXTRACTED SAP 

In connection with the above experiments which showed that the infectivity 
of virus kept for 24 hr at room temperature on a non-rubbed leaf or in an 
artificial substrate did not decrease before 24 hr, an attention was paid to the 
longevity of virus in plant sap. 

According to BAWDEN (1950) and SMITH (1957) TMV in vitro is very stable. 
Yet great differences in longevity have been shown depending on the medium 
in which the virus is suspended. The latter author reported that TMV in sterile 
filtered sap retained its infectivity probably for years, while TMV in ordinary 
extracted sap stored at room temperature lost 98% of its original strength in a 
month. To judge the validity of hypothesis 3 (p. 5) the longevity of TMV in sap 
from different hosts was examined. 

Detached leaves of N. glutinosa, 3 days after inoculation, were ground and 
diluted 1:1 with distilled water. The sap obtained was distributed over 4 petri 
dishes 9 cm in diameter so that each petri dish contained 10 ml and then the 
covered petri dishes were kept at room temperature for 2, 18, 24 and 48 hr. At 
different intervals the contents of petri dishes were inoculated onto 6 right 
leaf-halves of N. glutinosa. As a control, 6 left halves were inoculated with a 
standard TMV suspension of 0.01 mg/ml. 

It can be seen from table 5 (expts. 1 to 5) that a great deal of the infectivity 
of stored N. glutinosa sap was lost after a 48 hr period of storage and that in 
most cases some decrease became already visible after 24 hr. The infectivity 
did not vary much during the first 18 hr. 

The effect of the host on the inactivation was investigated by using TMV-
containing sap from 'White Burley' tobacco leaves instead of sap from infected 
N. glutinosa. Leaves with well-developed mosaic symptoms were ground, the 
sap obtained was diluted 1:3 with distilled water, distributed over 4 petri dishes 
as described previously and inoculated onto leaves. Results, given in table 5 
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(expts. 6 to 9), show that no appreciable decrease in infectivity of virus in the 
stored sap occurred, not even after the 48 hr period. 

TABLE 5. The infectivity of sap extracted from tobacco mosaic virus (TMV)-containing 
Nicotiana glutinosa (N.g.) and 'White Burley' tobacco (W.B.) leaves, stored at 
room temperature for various periods 

Experiment* 
Period 

(hours) 

0 
2 

18 
24 
48 

1 

409 
283 
279 
256 
219 

2 

133 
206 
134 
69 
23 

N.g. 

3 

176 
210 
188 
141 
36 

4 

312 
231 
235 
230 
24 

5 

178 
191 
197 
110 
49 

W.B. 

6 

224 
226 
152 
213 
171 

7 

215 
179 
190 
221 
187 

8 

238 
243 
367 
298 
263 

9 

289 
294 
298 
202 
364 

a Lesions of the test half of the leaf as a percentage of those on the control half inoculated 
with a standard TMV suspension of 0.01 mg/ml (mean of ten replicates). 

Two explanations of the decrease in infectivity of TMV-containing sap from 
N. glutinosa at 24 of 48 hr could be put forward. 
1. Ageing of sap from virus-containing leaves does not affect the virus but 

influences the composition of the sap. Inhibitors of infection (BAWDEN, 
1950; 1954) are formed in the sap which is rendered less infective. 
a. The inhibitors in the stored sap are due to the virus infection. 
b. The inhibitors are also present in stored sap from healthy leaves. 

2. The stored sap causes a gradual inactivation of the virus. This has been 
shown to occur with 'mitochondrial' preparations of TNV-infected tobacco 
leaves when kept at 18°C for different periods (BAWDEN & PIRIE, 1957). 

In order to test these possibilities, sap from healthy N. glutinosa leaves was 
mixed with an equal volume of TMV, kept at room temperature and inoculated 
0, 2, 18, 24 and 48 hr after mixing. The following numbers of local lesions 
calculated in the same way as those recorded in table 5 were obtained: 97; 81; 
93; 51; 51. From these results it became obvious that sap from healthy N. 
glutinosa leaves was also able to reduce the infectivity of TMV after a storage 
period of 24 and 48 hr. In order to examine whether there was a direct effect 
on the virus, experiments were made in which TMV was added to N. glutinosa 
leaf sap after storage of the latter for the above periods and the mixture im
mediately inoculated onto assay leaves. Again the infectivity decreased after an 
18 hr storage period as can be seen from the following numbers: 123; 85; 121; 
57; 65. 

These results suggest that the inhibitory effect of stored sap was on the in
fection rather than on the virus particles themselves by irreversibly changing 
their intrinsic properties. 

Since the period during which the sap had to be stored before being able 
to cause an inhibition of infection was invariably longer than 18 hr, it is very 
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unlikely that the early decrease in infectivity as shown in tables 1 and 2, 
columns Rc, could be attributed to an effect of substances in sap from the 
leaves injured by rubbing during the inoculation procedure. Hence hypothesis 
3 (a and b; p. 5) is irrelevant to this case. 

Besides the formation of inhibitors in stored sap it is also possible that in
hibitors are formed in detached, inoculated N. glutinosa leaves during the 
course of infection and become released when the leaves are ground (hypothesis 
4; p. 5). 

In order to examine this possibility, sap got from N. glutinosa leaves, 3 days 
after inoculation with TMV, was mixed 1 : 1 with sap from TNV-containing 
French bean leaves and inoculated onto 6 right leaf-halves of the 'Beka' variety 
of French bean. Because of the fact that sap from infected N. glutinosa leaves 
contained TMV besides any possible inhibitors, the 'Beka' variety of French 
bean was chosen as assay plant being immune to this virus. In' view of the in
hibitory effect of stored sap from N. glutinosa leaves, the sap obtained was 
mixed with the TNV-containing inoculum both immediately after preparing 
and also after having been stored for 2, 18, 24 and 48 hr at room temperature. 
On the left halves (controls) TNV-containing sap from bean leaves mixed 1 : 1 
with sap from healthy N. glutinosa leaves was inoculated. 

Results given in table 6 show that none of the percentages at 0 hr reached 
a value of 100% indicating that inhibitors were formed in TMV-infected 
leaves. 

In order to prove that the inhibitory effect was due to the presence of an 
inhibitor from the N. glutinosa sap and not to a possible interference between 
TMV and TNV, the following experiments were carried out. Nine millilitres 
of stored sap from healthy N. glutinosa leaves to which was added 1 ml of 
purified TMV at a final concentration of 0.1 mg/ml was mixed 1 : 1 with 
TNV-containing sap at different intervals after preparing as described above 
and inoculated onto 6 right halves of bean leaves. The left leaf-halves (con
trols) were inoculated with an inoculum, containing 9 ml of sap from healthy 
N. glutinosa leaves and 1 ml of distilled water, mixed with 10 ml of TNV-
containing sap. This time, no effect of the sap on the infectivity of TNV at 0 hr 
was observed; therefore it can be concluded that the inhibition, measured in 
the previous experiment at time 0, was due only to an inhibitor from the sap 
and not to the presence of TMV. An absence of interference between TMV 
and TNV has also been shown by Wu & HUDSON (1963) who used N. glutinosa 
and the 'Pinto' variety of French bean as assay plants. 

From the results given in table 6 it can also be seen that storage of the TMV-
containing sap again resulted in a lower infectivity at 48 hr though this time 
the decrease was not very appreciable. This is perhaps due to the fact that the 
inhibitor in the sap had been diluted 1 : 1 by the addition of the TNV sus
pension. 

Experiments were performed in which sap from healthy N. glutinosa leaves 
was stored for the above-mentioned periods, mixed with TNV-containing sap 
and inoculated onto bean leaf-halves. The controls were inoculated with a 
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TABLE 6. The infectivity of a tobacco necrosis virus (TNV) suspension mixed with sap ex
tracted from tobacco mosaic virus-inoculated Nicotiana glutinosa leaves and stored 
for various periods at room temperature 

Period 
(hours) 

0 
2 

18 
24 
48 

1 

92 
80 

104 
95 
72 

2 

77 
72 
75 
74 
57 

Experiment* 

3 

73 
78 
44 
46 
31 

4 

48 
74 
40 
41 
28 

a Lesions on the test half of French bean leaf as a percentage of those on the control half, 
inoculated with TMV-containing French bean sap diluted 1:1 (mean of ten replicates). 

mixture of TNV-containing sap and water. The following numbers of local 
lesions calculated in the same way as described earlier in similar experiments 
with TMV were found: 93; 88; 73; 40; 20 after 0, 2, 18, 24 and 48 hr res
pectively. The decrease in the percentages at 2 and 18 hr may be due to an 
inhibitory effect of the two different plant saps present in the inoculum. As 
with the TMV studies, data show that the infectivity of the inoculum strongly 
decreased after storing sap from healthy N. glutinosa leaves for 24 and 48 hr. 

Although the above results indicate that inhibitors of infection were formed 
in infected N. glutinosa leaves, it became obvious that the inhibition was of a 
quite different magnitude in comparison with the decrease in 'residual in
fectivity' of TMV in N. glutinosa leaves (tables 1 and 2, columns Rc). The 
decrease in latter case occurred between 0 and 4 hr after inoculation and 
reached a value of ca. 50% at 8 hr. Consequently the fourth hypothesis (p. 5) 
can not explain this phenomenon and will be abandoned. 

2.5. THE 'RESIDUAL INFECTIVITY' OF TMV APPLIED TO LEAVES OF 

IMMUNE PLANTS 

After it has become evident from the results mentioned earlier in this Chapter 
that the decrease in 'residual infectivity' of TMV in N. glutinosa leaves could 
not be explained by inactivation of the residual virus s.s. on the leaf, evidence 
is sought to show that this decrease is attributable to a change of virus particles 
involved in the infection process (first hypothesis, p. 4). 

Experiments were designed to establish whether the decrease in 'residual 
infectivity' observed also occurred when apparently immune plants were in
oculated. Leaves of broad bean were inoculated with TMV, epidermal tissue 
from two leaves was ground in 0.2 ml of distilled water and the 'residual in
fectivity' was determined at 0, 2, 4, 6, 8 and 24 hr after inoculation. Results 
are shown in table 7. 

No decrease in infectivity was demonstrable, not even at 24 hr in most of the 
experiments. From this it can be concluded that the decrease in 'residual in-
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TABLE 7. The 'residual infectivity' of purified tobacco mosaic virus (TMV) applied to Vicia 
faba leaves, measured at different intervals after inoculation 

Time after 
inoculation 

(hours) 

0 
2 
4 
6 
8 

24 

1 

1390 
2354 
1298 
2133 
2504 

-

Experimentat 

2 3 

804 629 
1223 994 
802 546 

1003 773 
2215 415 
1119 1349 

4 

95 
86 
99 

104 
87 
61 

a Number of local lesions on ten assay leaves (expts. 1, 2 and 3) and lesions on the test half of 
the assay leaf as a percentage of those on the control half, inoculated with a standard TMV 
suspension of 0.01 mg/ml (mean of ten replicates; expt. 4). The assay leaves were inoculated 
with ground epidermal material taken from the test leaves at various times after inoculation. 

b The concentrations of the virus inocula were 10, 3, 3 and 3 mg/ml respectively, for the four 
experiments. 

fectivity' is not a universal phenomenon and that it primarily depends on the 
virus-plant combination used. 

In the following, attempts were made to verify the data concerning the de
crease in 'residual infectivity' of TMV in French bean as has been reported by 
HARRISON (1956a) and KÖHLER (1958a). To this end, primary leaves of the 
'Beka' variety of French bean were inoculated with this virus. TMV-inoculated 
leaves of this variety do not react to the virus with local lesions and are con
sidered to be immune. Leaf discs of 5 mm diameter were punched out with 
the aid of a cork borer and kept on wet filter paper for 0, 4, 8 and 24 hr. At 
each time 10 leaf discs were sampled, ground in 0.1 ml of distilled water and 
inoculated onto N. glutinosa leaves. The results in table 8 (columns L) show 
a distinct decrease in infectivity. These results are compatible with those re
ported by HARRISON (1956a) and KÖHLER (1958a). 

Investigations were undertaken to find out whether substances excreted by 
the inoculated leaves might be responsible for the decrease observed. The 
technique used was the same as that described earlier (2.3). The general trend 
in all 6 experiments in table 8 was for the infectivity of the F /L samples to 
decrease but the time at which this occurred varied considerably. In all ex
periments the 24 hr group had the lowest infectivity. From these data it became 
evident that rubbed leaves of the 'Beka' variety of French bean in contrast to 
those of 2V. glutinosa excreted substances that affected the infectivity. 

The following experiments were designed to determine whether inhibitory 
substances are present in sap from healthy bean leaves. The sap was stored at 
room temperature for 0, 2, 18, 24 and 48 hr after preparing, mixed 1 : 1 with 
a standard TMV suspension at a concentration of 0.02 mg/ml and subse
quently inoculated onto 6 right leaf-halves of N. glutinosa. The control leaf-
halves (left) were inoculated with the standard TMV suspension diluted 1 : 1 
with distilled water. The following numbers of local lesions given as average 
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percentages of those on the controls were obtained: 86; 80; 92; 53; 39. A slight 
inhibition was visible at 0 hr. This remained unchanged until 24 hr, when a 
more pronounced decrease was observed. Similar results were obtained when 
the sap was mixed with the virus and stored together for the same periods (91 ; 
91; 88; 66; 47). It is uncertain whether inhibitory substances demonstrated in 
sap from leaves could also account for the decrease in infectivity shown in 
experiments with filter paper discs (table 8, columns F/L). 

TABLE 8. The infectivity of purified tobacco mosaic virus (TMV) applied to filter paper 
discs, placed on water-rubbed French bean leaf discs (F/L) and to French bean 
leaves (L), measured at intervals after inoculation 

•Time after 
application 

0 
4 
8 

24 

1 
F/L 

55 
52 
21 
19 

L 

-
-
-

2 
F/L 

115 
73 
74 
53 

L 

-
-
-

F/L 

53 
57 

136 
13 

Experiment8,6 

3 
L 

594 
522 
473 
112 

F/L 

149 
177 
75 
90 

4 
L 

457 
381 
127 
38 

5 
F/L 

89 
53 
53 
14 

L 

-
-
-

F/L 

104 
78 
75 
62 

6 
L 

237 
172 
64 
62 

* Number of local lesions on ten assay leaves (expts. 1, 2 and 3) and lesions on the test half 
of the assay leaf as a percentage of those on the control half, inoculated with a standard 
TMV suspension of 0.01 mg/ml (mean of ten replicates; expts. 4, 5 and 6). In experiments 
meant for determining the infectivity of virus applied to test leaves, the assay leaves were 
inoculated with ground leaf discs taken from the test leaves at various times after applica
tion of the virus. 

b The concentrations of the virus inocula applied to the filter paper discs (F/L) were 0.01 
(exp. 1) and 0.02 mg/ml (expts. 2, 3, 4, 5 and 6). The French bean (Phaseolus vulgaris var. 
'Beka') leaves (L) were inoculated with a virus suspension at a concentration of 3 mg/ml. 

The foregoing data leave the possibility for the first hypothesis (p. 4) to be 
valid, namely that the decrease in 'residual infectivity' of TMV in N. glutinosa 
leaves is due to a change of the virus particles involved in the infection process. 

2.6. THE 'RESIDUAL INFECTIVITY' OF TMV APPLIED TO LEAVES OF 
RHOEO DISCOLOR 

In view of the different response obtained in experiments on the decrease in 
'residual infectivity' of TMV in N. glutinosa and broad bean, another virus-
plant combination was introduced in the present experiments. TMV and 
Rhoeo discolor were chosen because leaves of this plant are only susceptible to 
infection by TMV when brightly illuminated (BAWDEN, 1961; GORDON & 
SMITH, 1961). Leaves were cut into pieces of 6 cm2, inoculated and feebly il
luminated for 24 hr. As no satisfactory epidermal preparations from Rhoeo 
leaves could be prepared in the usual way, the epidermis was scraped off from 
the underlying tissue. The material obtained was ground in 0.2 ml of distilled 
water and inoculated onto N. glutinosa leaves. 
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TABLE 9. The 'residual infectivity' of purified tobacco mosaic virus applied to Rhoeo discolor 
leaves, measured at intervals after inoculation 

Time after 
inoculation 

(hours) 

0 
2 
4 
6 
8 

24 

1 

438 
474 
316 
365 
403 

-

2 

210 
180 
259 
258 
303 

-

Experiment* 

3 

28 
14 
16 
24 
24 
-

4 

10 
-
6 
-

10 
2 

5 

9 
-
4 
-
6 
0 

6 

28 
-

20 
-

13 
10 

a Number of local lesions on eighteen assay leaves. The assay leaves were inoculated with 
ground epidermal material scraped off from the test leaves at various times after inoculation. 

b The concentrations of the virus inocula were 1,1, 0.07, 0.02, 0.02 and 0.02 mg/ml respec
tively, for the six experiments. 

In all experiments recorded in table 9, no appreciable decrease occurred 
before 24 hr. 

With a view to assess the possibility that the decrease at 24 hr might have 
been caused by inhibitors, the same kind of experiments as described in 2.4 
were carried out to show a possible effect of stored sap from healthy Rhoeo 
leaves on the infectivity of TMV. The following number of local lesions were 
found when TMV was mixed with sap from Rhoeo leaves stored at 20°C for 
0, 2, 18, 24 and 48 hr after preparing: 137; 169; 110; 79; 71. The high per
centages measured at 0, 2 and 18 hr point to an increase in infectivity due to 
an augmenter (BENDA, 1956) from the Rhoeo leaves. The data showed a de
crease in infectivity at 24 and 48 hr. If a mixture of sap and TMV was stored 
for the same periods and subsequently inoculated onto assay leaves, a similar 
trend was observed as can be seen from the following numbers: 123; 127; 101; 
68; 55. These results indicate that the decrease in infectivity at 24 hr as shown 
in table 9 is very likely to occur due to the formation of inhibitors of infectivity 
in Rhoeo sap left, after washing of the inoculated leaves, in injuries made by 
rubbing with an abrasive. 

2.7. DISCUSSION 

The results described in this Chapter show that the decrease in 'residual in
fectivity' during the first 24 hr after inoculation is a common phenomenon al
though exceptions were observed. It is found that for different virus-plant 
combinations different factors may play a part in causing this decrease. The 
decrease in 'residual infectivity' of TMV in leaves could not be simply attri
buted to an inactivation of the virus particles that adhere to the surface of the 
leaf (residual virus s.s.). On the one hand a purified TMV suspension absorbed 
by small filter paper discs and kept for 24 hr at room temperature did not show 
any decrease in infectivity and on the other hand sap from N. tabacum leaves 
infected with TMV did not show any reduction in infectivity after a storage 
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period of 48 hr at 20°C. These results are not necessarily conflicting with those 
reported by HARRISON (1956a) for sap from bean leaves containing Rothamsted 
tobacco necrosis virus which lost most of its infectivity after being dried in 
watch-glasses at room temperature and then resuspended in water. For, in the 
present experiments with TMV in vitro there was no question of drying out 
of the virus, nor could this have happened with leaves kept in petri dishes on 
wet filter paper and as such it is very unlikely that the decrease in 'residual in
fectivity' of TMV in inoculated leaves could be ascribed to drying of the virus. 

It has also become obvious that TMV adhering to the leaf after inoculation 
does not necessarily show inactivation with time. This has been shown in ex
periments with TMV inoculated onto leaves of broad bean. No decrease in 
'residual infectivity' was established for a period of 24 hr after inoculation. As 
broad bean is supposed to be immune to TMV it is tempting to presume that 
the constant amount of 'residual infectivity' must be ascribed to the absence of 
virus particles involved in the infection process so that the residual virus s.s. 
accounted for all the 'residual infectivity' measured. The reverse, however, 
does not hold good, i.e. it can not be taken for granted that the 'residual in
fectivity' in plants immune to the virus used remains constant for 24 hr after 
inoculation. This became clear from the following observations. Experiments 
on the behaviour of TMV in the 'Beka' variety of French bean which is assumed 
to be immune to this virus showed an appreciable decrease in the 'residual in
fectivity'. These investigations showed that the inoculated immune leaves also 
excreted substances that reduced the infectivity of the virus. Consequently, no 
comparisons can be made between the data reported by HARRISON (1956a), 
KÖHLER (1957a and b, 1958a and b, 1961, KERL ING (1962) and those men
tioned in the current studies but attention has to be paid to the virus-plant com
bination used. Moreover, data from the literature reveal that leaves examined 
for the amount of 'residual infectivity', were inoculated some times with virus-
containing plant sap, and at others with a purified virus suspension. The in
oculum used may also influence the 'residual infectivity' because it is possible 
that a small amount of virus-containing sap left, after washing of the inocu
lated leaves, in injuries made by rubbing with an abrasive will exert an inhibi
tory action on the virus. In the present experiments carried out at room tem
perature with TMV and N. glutinosa a decrease in 'residual infectivity' was al
ways found during the first 4 to 8 hr after inoculation. No decrease could be 
established when the leaves were dipped in instead of rubbed with the TMV 
suspension. This fact supports the view that inactivation of the 'residual infect
ivity' can not always be attributed to a degeneration of the virus itself as a 
result of ageing in vitro. 

No inhibitory substances could be shown in N. glutinosa by means of a 
method which had revealed the presence of such substances in bean leaves. It 
is, therefore, very likely that the decrease in 'residual infectivity' of TMV in 
N. glutinosa is due to a change of the virus particles concerned with the in
fection process. This conclusion is not necessarily discrepant with the data 
reported by STEERE (1952). He counted the number of virus particles present 
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in extracts from TMV-inoculated tobacco leaves by means of the electron 
microscope and found that their number in samples taken at different times 
after inoculation remained constant till the moment at which multiplication 
occurred. This author, however, emphasized: . . . 'that this method does not 
measure the infectivity of a virus suspension, and should be regarded as a 
method supplemental to that of biological assay'. From the data obtained in 
the present study with TMV and N. glutinosa it may be surmised that from 
among the virus particles involved in the infection process, those which lost 
their infectivity were still electron microscopically indistinguishable from the 
infectious particles. Investigations carried out by GORDON & SMITH (1960, 
1961) and BAWDEN (1961) on infection of Rhoeo discolor with TMV have 
shown that the virus did not multiply appreciably when the leaves were in
oculated with intact virus and feebly illuminated. If, however, NA prepared 
from TMV was used as inoculum, an increase in the amount of TMV in the 
leaves could be demonstrated in process of time. It is apt to think that, de
pending on the circumstances, the plant fails to bring about the separation 
between the protein and the NA moiety of the virus required for a successful 
course of the infection. If the decrease of 'residual infectivity' observed in the 
present experiments with susceptible plants should be mainly attributed to a 
change of the virus particles involved in the infection process no decrease in 
'residual infectivity' of TMV in Rhoeo leaves is expected to occur, provided 
that no inhibitors from the leaf interfere with the infection. No decrease was 
in fact established during the first 8 hr after inoculation (table 9). These results 
were in contrast to those obtained with the immune 'Beka' variety of French 
bean, as has been mentioned before. In the latter case, however, inhibitors 
were found to be excreted by the bean leaves so that these substances could 
have accounted for the decrease. Besides the possibility should not be excluded 
that virus particles applied to some immune plants succeed in going through 
the initial stages of infection during which they undergo changes, but that they 
fail to enter into all the steps required because of a reaction of the plant, so 
that no virus synthesis can occur. 

HARRISON (1956a, 1959) suggested that abortion of a part of the particles in
volved in the infection process may also occur during the course of infection in 
a susceptible plant. It is possible that the decrease in 'residual infectivity' of 
TMV in N. glutinosa observed in the present study is also partly attributable to 
some abortive steps in the infection process. 
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CHAPTER 3 

T H E P R E S E N C E O F N E W L Y - F O R M E D V I R U S I N 

E P I D E R M A L T I S S U E 

3.1. INTRODUCTION 

In the previous Chapter an analysis has been made of the 'residual infect-
ivity'. The data given in 2.3 show clearly that a distinction should be made 
between the virus particles which after inoculation and subsequent washing 
stick to leaves but do not take part in the infection process (residual virus s.s.) 
and those which actually come into contact with susceptible sites where they 
may go through the successive stages resulting in virus multiplication. 

Susceptible sites where infection has become established and where a local 
lesion is to be formed will be referred to as 'infective centres'. Although this 
term is commonly used in literature on plant viruses, so far a strict definition 
was lacking. 

In this Chapter, results of investigations on the time at which newly-formed 
virus can be detected in the lower epidermal cells of leaves, inoculated on the 
corresponding surface, will be discussed. The epidermis was stripped at dif
ferent intervals after inoculation and assayed for virus content. 

Unless specified otherwise the materials and methods used were the same as 
those described in 2.2. 

3.2. L ITERATURE 

It is known that after inoculation of a leaf the presence of newly-formed virus 
can be shown even before the symptoms appear. This phenomenon has been 
investigated for hosts in which there is a systemic spread of the virus ( H O L M E S , 
1930; UPPAL , 1934; Z E C H , 1952; STEERE , 1952; YARWOOD, 1952; RYZKOV 

& LOJDINA, 1954; KÖHLER, 1957a and b , 1958a, 1959, 1961; SCHRAMM & 

ENGLER, 1958; COCHRAN & THUNG, 1958; KASSANIS, 1959; ENGLER & 

SCHRAMM, 1960; F R Y & M A T T H E W S , 1963) and for those which react by for
mation of local lesions ( W H I T E , 1954; SUHOV & KAPICA, 1955; BAWDEN & 

HARRISON, 1955; HARRISON, 1956a and b ; KÖHLER, 1947, 1957b, 1958a, 

1959, 1961; COCHRAN & THUNG, 1958; KASSANIS, 1959). Only in a few cases, 

the virus-host combination TMV-N. glutinosa has been used (SUHOV & KAPICA, 
1955; HARRISON, 1956a and b ; KÖHLER, 1947, 1957b, 1958a, 1959, 1961; 
COCHRAN & THUNG, 1958; KASSANIS, 1959). As far as bio-assays were con

cerned whole leaves were macerated invariably in all of the experiments with 
N. glutinosa carried out by the above-mentioned authors. In a preliminary note 
(DIJKSTRA, 1962), the present author has already reported some results ob
tained with ground epidermal tissue assayed for virus content. 

The results of the investigations on early stages of T M V increase in N. glu
tinosa have shown a great diversity in respect of the time after inoculation, at 
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which newly-formed virus became detectable viz. 40 .5 -49 hr at 2 0 °C ( H A R 
RISON, 1956a), 48 hr at moderate temperature, 4 - 5 hr at 24°C , 12 hr at 24°C 
and 44 hr at 17°C (KÖHLER, 1958a, 1959, 1961), 1 hr at 30°C (COCHRAN & 
THUNG, 1958), 10 hr at 28°C and 22.5 hr at 25°C (KASSANIS, 1959). This 
diversity can be attributed not only to the different temperatures at which the 
experiments were carried out but also to the different assay methods used. 
SUHOV & KAPICA (1955) claimed to have found that T M V started multiplying 
already during the first hour after inoculation. They dipped leaves of N. glu-
tinosa in 1% solution of KMnÜ4 for 5 seconds at different times after in
oculation and noticed that only a few or no local lesions appeared if they gave 
that treatment immediately after inoculation. But if they did so after a few 
hours the infective centres seemed to increase their resistance to inactivation by 
the KMnÜ4 treatment, depending on the temperature. To find out when virus 
multiplication started, they exposed test leaf-halves immediately after in
oculation to a temperature of 31 °C for 1 or 2 hours while the control halves 
were placed at 5 and 6 °C respectively, for the same period. After that both the 
test and the control leaf-halves were exposed to room temperature (20 °C) for 
5 or 4 hours. Finally all leaf-halves were treated with a KMnOé solution. The 
number of local lesions on the test halves proved to exceed those on the control 
halves by 166 % after one and 276 % after two hours at a temperature of 31 °C. 
Therefore SUHOV & KAPICA opined that the virus particles had already multi
plied in the first or second hour after inoculation. 

COCHRAN & THUNG (1958) reported a latent period of 1 hour when they in
cubated inoculated N. glutinosa leaves for some hours at 30°C and assayed 
them by means of a rapid crushing-inoculation for virus content at different 
times after inoculation. They inoculated leaves with a highly concentrated 
TMV suspension (7.5 mg/ml) and incubated them for various periods. After 
incubation the leaves were washed in running tap water, rinsed in TMV anti
serum (diluted 1 : 15 ) and then rinsed in running tap water again before being 
assayed for virus. The authors observed a 3 to 4 fold increase in infectivity 
during the first hour at incubation but there was no further increase during the 
next two hours. 

Much confusion exists in the literature about the definition of the period 
between inoculation and the time at which first increase becomes detectable. 
In studies of bacteriophages this period is often called the 'eclipse period', i.e. 
the period when no intact phage particles are present in the infected cell. How
ever, with plant virus some infectivity is nearly always to be found in samples 
taken after inoculation, but one can not say how much of it should be ascribed 
to the infectivity of residual virus s.S.; there is no way of establishing exactly the 
presence of a possible eclipse period. To get rid of the infectivity due to residual 
virus s.S., virus-NA has been used as inoculum because it loses its infectivity 
more readily than the intact virus particles and therefore does not contribute to 
'residual infectivity'. Although an early increase in virus content was reported 
(SCHRAMM & ENGLER, 1958; KASSANIS, 1959, 1960; DIJKSTRA, 1962), the 

moment at which virus started to increase could not be determined exactly be-
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cause of inadequacy of the available methods to detect the first new virus. 
STEERE (1952) used the terms 'unresolved period' and 'initial stationary 

phase'. UPPAL & CAPOOR (1940) introduced the term 'incubation period' to 
designate the initial period of multiplication of virus within the inoculated region 
before moving into the surrounding tissue, but MARAMOROSCH (1950) used the 
same term to mark the phase after acquisition of virus by leafhoppers during 
which infectivity cannot be demonstrated. The term 'latent period' used by 
YARWOOD (1952), to denote 'the time after successful inoculation during which 
no increase in the infective agent is detected by the methods used', seems to be 
more appropriate because of its clear definition and the fact that it is more 
commonly accepted than the others. Unfortunately, however, this term also has 
been used by some authors in a completely different way, e.g. WHITE (1954) 
states that the 'interval of time between inoculation and the appearance of 
either local lesions or systemic symptoms' is known as the latent or incubation 
period. In the following, henceforth, the term 'latent period' will be used as 
defined by YARWOOD (1952). 

3.3. THE REMOVAL OF SURFACE VIRUS (RESIDUAL VIRUS S.S.) 

In order to determine the time at which newly-formed virus becomes de
tectable in the epidermal cells, it was necessary to find a method to remove the 
greater part, if not all of the residual virus s.s. 

The leaves can be rid of much of the excess inoculum by rinsing them under 
running tap water immediately after inoculation. YARWOOD (1952) investigated 
how much virus deposited on the leaf surface could be removed by this treat
ment. Leaves to which the inoculum was applied by inoculation with Carbo
rundum or by spraying were assayed for virus before and after washing. He 
found that after washing only 6.2% of the original amount of 'residual infect
ivity' was left on leaves inoculated by means of Carborundum and 0.087% on 
those sprayed with the virus suspension. In the present experiments in which 
Carborundum-dusted leaves were inoculated with virus at a concentration of 
0.02 mg/ml, an average value of 2% was obtained. As even this amount of 
residual virus s.s. might obscure the detection of a very small amount of newly-
formed virus, an attempt was made to reduce the 'residual infectivity' by other 
means. 

The following compounds were tested for their ability to offset the 'residual 
infectivity': soap solution (pH 10.4), borax-NaOH buffer (pH 10.2) and 1 : 1 
diluted TMV-antiserum. These compounds were first tested for any possible 
harmful effects on infection. Ten N. glutinosa leaves were inoculated, rinsed 
with running tap water for one minute and subsequently cut along the mid-rib. 
The left half of the leaves was either dipped in one of the compounds to be 
tested (buffer, soap solution) followed by dipping in distilled water, or brushed 
with a soft painter's brush moistened with the liquid (antiserum). The right 
halves (controls) were either dipped in or brushed with distilled water, cor
responding to the treatment applied to the left halves. Subsequently both left 
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and right halves of the leaves were rinsed under running tap water for one 
minute. 

Table 10 shows that buffer and soap solution did not affect the number of 
local lesions on the inoculated leaf-halves but antiserum gave a reduction (the 
percentages were 69 and 65 for the two experiments, respectively). In a review 
on serological reactions of plant viruses presented by BAWDEN (1950), anti
serum is classified among the so-called inhibitors of infection on account of the 

TABLE 10. Effect of three compounds, applied to Nicotiana glutinosa leaves after inoculation, 
on the infection with tobacco mosaic virus (TMV) 

Half-leaves 
treated with 

borax-NaOH buffer 
soap solution 
diluted TMV-antiserum 

f b 

258 
402 
215 

1 

0= 

272 
415 
314 

Experiment* 

T/C x 100 

95 
97 
69 

T 

273 
306 
170 

2 

C 

252 
304 
263 

T/C x 100 

108 
101 
65 

a The concentrations of the virus inocula were 0.001 mg/ml for the two experiments. 
b Number of local lesions on ten half-leaves treated with one of the compounds mentioned. 
0 Number of local lesions on ten control half-leaves treated with water. 

fact that antiserum added to a virus suspension caused an inhibition of in
fection. In accordance with the results obtained by RAGETLI (1957) and VAN 
KAMMEN et al. (1961) in their studies on inhibitors from carnation sap, anti
serum applied to leaves, immediately after inoculation, had an inhibitory effect 
on the virus infectivity, as has been shown in the above-mentioned experiments. 
It is possible that this inhibition has been caused both by displacement of some 
of the virus at a susceptible site by the inhibitor and by combination between 
the inhibitor and the virus. 

The next experiments were intended to examine the extent to which the 
compounds applied would be effective to offset the residual virus s.s. One batch 
of the inoculated leaves was dipped in the liquids to be tested and the other was 
brushed with a painter's brush moistened with each of the above compounds. 
After treatment the leaves were rinsed under running tap water for one minute. 
The epidermis was removed from each of three leaves of a batch, ground 
separately as described in 2.2 and the sap obtained was inoculated onto two 
assay leaves of N. glutinosa at a time. 

Table 11 shows that only the treatment with antiserum reduced the 'residual 
infectivity' to a considerable extent. The results with other compounds demon
strate that in most cases brushing of the leaves caused a greater reduction of the 
number of local lesions than did dipping. Borax-NaOH buffer and soap so
lution were almost equally effective. 

Since it appeared from data given in table 10 that treatment with antiserum 
also resulted in a decrease of the number of local lesions on the leaves to which 
it was applied, a search was made for another compound as effective as the 
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TABLE 11. The ability of several compounds to offset the 'residual virus infectivity' after 
inoculation of Nicotiana glutinosa leaves with tobacco mosaic virus (TMV) 

Leaves treated 
with 

Water (Dc) 
Water (Bc) 
borax-NaOH buffer (D) 
borax-NaOH buffer (B) 
soap solution (D) 
soap solution (B) 
diluted TMV-antiserum (B) 

1 

21 
12 
26 
19 
12 
18 
6 

Experiment8,110 

2 

112 
86 
64 
33 
63 
35 
8 

3 

68 
66 
74 
35 
63 
69 
20 

a Average number of local lesions per assay leaf. The assay leaves were inoculated with ground 
epidermal material taken from the test leaves immediately after treatment. 

b The concentrations of the virus inocula were 0.01 mg/ml for the three experiments. 
0 Compounds applied to the leaves by dipping (D) or brushing (B). 

antiserum to remove residual virus s.s. but without a secondary effect on the 
infection process. Special attention was paid to compounds with a high pH 
which might exercise a strong influence on the residual virus s.s. For this pur
pose a 1% KOH solution (pH 13.0) was chosen and applied to the inoculated 
leaves in two different ways as described earlier. Experiments were carried out 
to establish whether this compound would be able to remove the surface virus 
and whether there would be any harmful effect on infection itself. Comparisons 
were made between the effect of both antiserum and 1 % KOH solution. Leaves 
treated with water only were again used as a control (table 12). 

Results show that 1% KOH applied by brushing reduced the number of 
local lesions in the inoculated leaves to about the same extent as antiserum did; 
at the same time it was twice as effective as the latter so far as its capability to 
offset 'residual infectivity' was concerned. Dipping in KOH solution gave a 
reduction comparable with the one caused by antiserum treatment (36 and 
27%, respectively) but it did not affect the number of local lesions in the in
oculated leaves (103%). Moreover, antiserum has possibly the great disadvan
tage of inactivating not only the residual virus s.s. and some virus at the sus
ceptible sites but also the first newly-formed virus particles in the epidermal 
cells, as already suggested by KASSANIS (1959) referring to the experiments 
reported by SCHRAMM & ENGLER (1958). 

Because of the fact that brushing with KOH was about two to three times as 
effective as brushing with antiserum or dipping in KOH, the first treatment 
was used in the following experiments in spite of some reducing effect on the 
infection. For, it is likely that this effect is less specific than that caused by anti
serum so that the treatment probably will affect some virus particles at the sus
ceptible sites but not the newly-formed virus. 
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