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ABSTRACT

REINERT, R. A.,and G. V. GOODING, JR. 1978. Effect of ozone and tobacco streak virus alone and in combination on Nicotiana

tabacum. Phytopathology 68:15-17.

The percentage foliar injury on Nicotiana rtabacum .. ‘Bel
W, infected by tobacco streak virus (TSV) and exposed to
ozone (0;) was greater than the additive percentage foliar
injury to either TSV-infected or O;-exposed plants. The fresh
and dry weights of leaves, stems and roots of Bel W, exposed

to O, infected with TSV, or both were significantly lower
than the weights of the same parts from control plants. The
growth-inhibiting effects of O; and TSV were only additive,

Additional key words: interaction, air pollution, oxidants,

The sensitivity of virus-infected plants to ozone (Os)
has been the subject of recent concern. Tobacco mosiac
virus (TMV) suppressed visible foliar injury from O, in
tobacco, Nicotiana tabacum L. (2). The suppression was
evident when the tobacco was exposed to O, about 12
days after inoculation with TMV. Suppression was not
apparent when tobacco was exposed to O; 2 days after
inoculation and during the summer months when the
systemic symptoms of the virus were somewhat masked.

Sensitivity to O; was less in Phaseolus vulgaris L.
‘Pinto’ inoculated with bean common mosaic virus
(BCMYV) when compared with virus-free, O,-exposed
pinto bean (3). This protection was observed 4 and 5days
following inoculation, but not at 3 days. Studies with
three other plant viruses: alfalfa mosaic virus (AMV),
tobacco ringspot virus (TRSV), and tomato ringspot
virus (TOMRSYV) also decreased sensitivity of 10-day-old
pinto bean to O; 5 days following inoculation (4).
Tobacco etch virus (TEV) reduced O; injury on tobacco
cultivars exposed 10 or 12 wk after transplanting and 9
days following inoculation (9).

Observations of field-grown burley tobacco have sug-
gested that symptoms produced by viruses and by
weather fleck on the same plant are sometimes difficult to
separate. The two may interact to decrease yield and
market value of commercial cultivars. Plant viruses alone
decrease tobacco yields (6) and O, inhibits the growth of
tobacco grown under both greenhouse (10, 12) and field
conditions (7).

The purposes fo this study were: (i) to determine
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whether the sensitivity to O, of the tobacco cultivar Bel
W; infected with tobacco streak virus (TSV) was greater
or less than the sensitivity to O of virus-free Bel W,, and
(ii) to determine the effects of TSV and O, on weight of
plants. Ozone was selected as the oxidant because of its
known effect on tobacco (9, 10). Tobacco streak virus
(TSV) was used because leaves developing after infection
are essentially symptomless except for the first two to
three leaves which show severe symptoms (8). Bel W, was
chosen as the host cultivar because of its known sensi-
tivity to O; (7, 10, 12).

MATERIALS AND METHODS

Experiments were conducted in a charcoal-filtered
greenhouse with Bel W tobacco plants that were grown
in a soil, peat, perlite, and sand (1:1:0.5, v/v) mixture and
fertilized with a slow release fertilizer. Greenhouse tem-
perature was 26 £ 3 C and relative humidity ranged from
50-809%. Forty-eight 7-wk-old plants in 10-cm diameter
clay pots were divided into two equal groups. One group
was inoculated with TSV, while the other group served as
noninoculated controls. Three to four weeks after inocu-
lation, half of each group of plants (12 TSV-inoculated
and 12 noninoculated plants) were randomly selected,
and exposed to 588 ug/m? (30 parts per hundred million)
O, for 3 hr in greenhouse exposure chambers (5). The
remaining control and inoculated plants were exposed for
3 hr to charcoal-filtered air. Each of the four treatment
groups (12 plants each) was then split into two sets of six
plants. One set from each group was exposed to O, the
next day or to charcoal-filtered air,
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The O, was generated by silent electrical discharge in
dry oxygen (O,) and continuously measured with a Mast
oxidant meter. The readings were corrected to a 19
neutral buffered KI standard (11). The temperature at
exposure was 26 + 3 C and the relative humidity, 50-609%.

Two wk after exposure to O, the percentage leaf surface
injured was estimated in increments of 5% and fresh and
dry weights of leaves, stems and roots were determined.
All plant weight data were subjected to analysis of
variance with least significant difference values at P =
0.05.

RESULTS

Virus-infected plants developed characteristic TSV
symptoms of necrosis and poorly developed leaves begin-
ning about 3-4 days after inoculation. The first two or
three leaves to develop above the inoculated leaves
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showed severe virus symptoms, but leaves that formed
later were symptomless. Before the O, treatments, leaves
of TSV-inoculated plants at position 7 and above (count-
ing from the first inoculated leaf) were fully expanded and
nearly free from TSV symptoms. Virus-free control
plants developed normally before exposure to O, or
charcoal filtered air. The total number of leaves above
position 7 averaged the same (6.0) for both virus infected
and noninfected plants.

At the time of symptom evaluation, foliar injury was
observed on both noninoculated and virus-infected,
ozonated plants. Noninoculated Bel W, plants devel-
oped O, injury at leaf positions 3 through 9, (counting
from a comparable leaf position in the healthy plants at
the time of virus inoculation), whereas, TSV-infected
plant leaves were injured by O, at positions 6-11. The
mean percentage of O; only cumulative leaf injury was
greater on the TSV-infected, ozonated plants than on the

TABLE I. Foliar injury on tobacco streak virus-infected and virus-free Bel W tobacco plants 2 wk after exposure to ozone

Cumulative leaf injury

Ozone Exposure
concentration time Leaves 6-11 Leaves 9-11

Treatment (ug/m?3) (hr)® (%) (%)
Control 0 3 0 0
0 343 0 0

(o 588 3 18 0
588 3+3 73 8

TSV 0 3 5 0
0 3+3 24 0

TSV + O 588 3 91 5
588 3+3 172 25

“Each value is the mean of six plants.
Plants not exposed to O, were exposed to charcoal-filtered air; “3 + 3" represents 3-hr exposures on successive days.

TABLE 2. Weight of tobacco streak virus-infected and virus-free Bel W, tobacco plants 2 wk after exposure to ozone'

Ozone
concen- Exposure )
tration time Leaf weight (g)* Stem weight (g)* Root weight (g)*
Treatment (pg/m?) (hr)" Fresh Dry Fresh Dry Fresh Dry
Control 0 3 90.1 8.3 31.8 3.2 17.1 1.8
0 3+3 89.4 7.8 30.3 2.9 17.3 L7
0, 588 3 69.5%° 6.9*% 22.7* 2.2% 12.3% 1.2*
588 3+3 73.5* 7.4 24.2% 2.3* 13.6* 1.2*
TSV 0 3 48.7* 3.8% 16.4* 1.1* 8.3* 0.8*
0 3+3 51.6* 4.7* 16.1* 1.3* 9.1* 0.8*
TSV + 0, 588 3 39.8* 3.4 12.4* 0.9* 5.8+ 0.5*
588 i+3 35.8* 3.4% 9.3 0.7# 3.2¢ 0.5*
LSD
(P = 0.05) 5.8 0.7 2.7 0.3 1.8 0.2

"Each value is the mean representative of six plants.
®Plants not exposed to O were exposed to charcoal filtered air; “3 + 3" represents 3-hr exposures on successive days.
“Asterisk (*) indicates significant differences (P = 0.05) from the control.
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virus-free, ozonated plants (Table 1). The two 3-hr
exposures to 588 ug/m?* Oy were more injurious than one
3-hr exposure. Depending on the dose of O,, the total
percentage of injury on leaves at positions 9-11 ranged
from 5-259% for TSV-infected, ozonated plants and from
0-8% for virus-free, ozonated plants. The percentage of
foliar injury on TSV-infected, ozonated plants was
greater than the sum of the percentages on plants only
infected with TSV and plants only exposed to O;.

Bel W, tobacco infected with TSV, exposed to O;, or
both weighed significantly less than control plants grown
in charcoal-filtered air (Table 2). Additional exposure to
O; on the second day did not produce significant
additional weight reduction. Fresh leaves, stems and
roots of TSV-infected, ozonated tobacco weighed signifi-
cantly less than those of the control, O;-exposed, or TSV-
infected plants. However, the growth inhibiting effects of
O; and TSV were only additive.

DISCUSSION

The observation that sensitivity of tobacco to O? was
greater on leaves systemically infected with a virus (TSV)
than on virus-free leaves has not been previously re-
ported. Although, an inhibition of O, injury by certain
systemic viruses (TMV and BCMYV) has been demon-
strated, the inhibition occurred a few days after virus
inoculation (1, 2, 3). Our study differed in both the virus
used and the time after inoculation (3 to 4 weeks) at which
the plants were exposed to O;. When bean leaves
inoculated separately with several viruses causing local
lesions were exposed to O,, sensitivity to O, was reduced.
Since local lesions were produced the Oy exposure of
systemically infected leaves could not be tested (4).

Our findings suggest that tobacco infected with TSV
may be more sensitive to O, than virus-free tobacco
grown under field conditions. This interaction could be
very important to the farmer. Under field conditions long
periods of virus development in tobacco might influence
the physiology enough to produce additive or possibly
greater than additive foliar injury upon exposure to O,.
The additive effects on plant weight and greater than
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additive effects on leaf injury produced by O, and TSV
suggest the importance of further study of other virus
pollutant-host associations in relation to foliar injury and
yield loss in tobacco and other plant species.
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