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Biological Decline of Solanum nigrum L. Due
to Tobacco Mosaic Tobamovirus (TMYV) Infection
I. Growth and Nutrient Uptake®
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The aim of our study was to examine the effect of tobacco mosaic tobamovirus (TMV) infection
on the growth and nutrient content of S. nigrum leaves. TMV infection significantly reduced the height, the
fresh and dry weight of both the shoots and roots. The height of the shoots was reduced by 53% as compared
to control. Reduction in fresh and dry weight of shoots and roots due to virus infection varied between 78
and 82%. There was no significant difference in the nitrogen (N), phosphorus (P) and calcium (Ca) content
of the healthy and virus infected leaves of S. nigrum. The sodium (Na), magnesium (Mg), iron (Fe),
manganese (Mn), zinc (Zn) and copper (Cu) content of the leaves significantly reduced due to virus infection.
Opposite effect was observed in case of potassium (K) content, which were considerably enhanced in the
TMYV infected leaves.
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Weeds can influence the quality and quantity of crops not only in a direct way
(e.g. by competing for nutrient and water uptake), but also as alternative hosts of various
pathogens. Alternative hosts serve as food for the vectors of viruses, while the seeds and
vegetative reproductive organs of certain weed species play an important role in the
epidemiology and overwintering of viruses. The positive side of the indirect effect is the
so-called “bioherbicide strategy”, when natural enemies of weeds (pests, pathogens) are
used for suppression of a weed population. Biological decline of weeds due to virus
infection have been recently studied. It was stated that germination and seed viability of
Chenopodium seeds from the sowbane mosaic sobemovirus (SoMV) infected plants was
strongly reduced, therefore virus infection may contribute indirectly to the reduction of
weed seed bank of the soil (Kazinczi et al., 1997, 2000; Kazinczi and Horvath, 1998a).
Both cucumber mosaic cucumovirus (CMV) and henbane mosaic potyvirus (HeMV) re-
tarded the growth of Datura stramonium. Besides this, the disturbance of water relation
of D. stramonium and S. nigrum was observed due to HeMV and CMV infection, respec-
tively. Additionally, CMV infection significantly reduced the photosynthetic pigment
content of Datura stramonium leaves (Kazinczi et al., 1996, 1998c¢).

A lot of study have dealt with the effect of different nutrients on the development
of pathogens and disease symptoms on crops. The effect of different nutrients on the
occurrence of disease symptoms and development of the pathogens may vary greatly, de-
pending on the type and dosage of fertilizers, the ratio of the different elements, host plant
and pathogen species and the phase of the development of the pathogens (Standaert et al.,
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1978; Shaikh and Ghaffar, 1986; Cloud and Rupe, 1994; Reuveni et al., 1995). Viral infec-
tion may result in an increase of the exudation of nutrients from roots of infected hosts,
which may enhance the potentiality of root fungal pathogens of those hosts (Beute and
Lockwood, 1968). In spite the fact that a lot of study have dealt with the effect of nutrients
on the development of the pathogens and plant disease, little data is available about the
changing of the nutrient content of the host plants due to the different pathogens. Kazinczi
et al. (1998a, b) studied the effect of Macrophomina phaseolina and viruses on the nutrient
content of pepper leaves. It was concluded that the infections have played an important
role in the early nutrient uptake of pepper and after flowering no significant reduction was
observed. In case of several mixed infection with viruses and fungus the reduction in the
nutrient content of the pepper leaves was greater. Although the nutrient content of the
weeds was intensively studied by different authors (Tolgyesi, 1969; Debreczeni, 1988;
Lehoczky, 1988; Kazinczi, 1993; Lukacs et al., 1998) comparative investigations have not
yet been available, regarding the healthy and virus infected plants.

Members of the family Solanaceae have economical and also virological impor-
tance. S. nigrum is reported as a weed in 37 crops and in 73 countries (Holm et al., 1977).
In Hungary, under moist environments and high fertility of soils in late-sown cultures —
especially in vegetables — it is considered to be a noxious weed (Hunyadi et al., 1998). It
is tolerant to the dinitroaniline type herbicides (Kadar, 1983), which are frequently used in
vegetable and triazine resistant biotype of S. nigrum is also known (Garcia-Baudin and
Aguirre, 1983). S. nigrum is known as a virophilous species and host of 43 viruses (Ma-
riappan et al., 1973; Davis and Allen, 1975; Schmelzer and Wolf, 1977; Wilson et al.,
1981; Dimitrievi¢, 1985; Alegbejo, 1987; Farrel and Stufkens, 1988; Daniel and Tsai,
1990; Kazinczi and Horvath, 1998b). It is natural hosts of Polymyxa betae fungi, which is
the main vector of a serious sugarbeet virus, beet necrotic yellow vein benyvirus (Vurba-
nov and Kroumov, 1989). Kistah et al. (1986) studied physiological and ultrastructural
changes of S. nigrum due to potato Y potyvirus (PVY) infection. On the basis of their ob-
servation the chlorophyll content of the leaves decreased, respiration rate increased and
ultrastructural changes of mitochondrium, chloroplast and cell wall were also observed.

The aim of our study was to examine the effect of TMV infection on the growth
and nutrient content of S. nigrum leaves.

Materials and Methods

Seeds of S. nigrum were sown in sterilized boxes in the virological glasshouse
free of vectors. The seedlings were planted in plastic pots (28 cm in diameter), containing
a soil mixture of sand (pH: 6.96, humus%: 0.27): peat (pH: 6.78, humus %: 9.98) 1:3. S.
nigrum plants were mechanically inoculated at 68 leaf stage with U1 strain of tobacco
mosaic fobamovirus (TMV/U1). Previously the virus was propagated on Nicotiana taba-
cum L. cv. Samsun. There were four plants in a pot and eight replicates of control and
TMV infected plants. Tests continued for 90 days, when the fresh and dry weight both of
the shoots and roots of plants were measured. To determine the nutrient content, leaf
samples were collected at flowering (at the end of July). The nitrogen (N), phosphorus
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(P), potassium (K) and sodium (Na) content was determined after destruction with sul-
phuric acid by a photometer. K and Na content was determined by flame photometer.
After hydrochloric hydrolysis, atomadsorption spectrophotometer was used to determine
the calcium (Ca), magnesium (Mg), zinc (Zn), copper (Cu), manganese (Mn) and iron
(Fe) content of the leaves.

Results and Discussion

TMV infection significantly reduced the height, the fresh and dry weight of both
the shoots and roots. The height of the shoots was reduced by 53% as compared to
control. Reduction in fresh and dry weight of shoots and roots due to virus infection
varied between 78 and 82% (Table 1).

Table 1

The effect of tobacco mosaic tobamovirus (TMV) infection on the growth of Solanum nigrum L.

Height (cm) Fresh weight (g) Dry weight (g)
Shoot Root Shoot Root
Control 88(4)* 43.2(1.7) 5.5(1) 4.2(0.9) 0.58(0.19)
™V 41(7) 9.5(4.6) 0.98(0.3) 0.88(0.60) 0.13(0.10)
LSD 54, 3.32 3.66 0.78 1.44 0.25

“numbers in brackets indicate the standard error

There was no significant difference in the nitrogen (N), phosphorus (P) and
calcium (Ca) content of the healthy and virus infected leaves of S. nigrum. The sodium
(Na), magnesium (Mg), iron (Fe), manganese (Mn), zinc (Zn) and copper (Cu) content of
the leaves significantly reduced due to virus infection. Opposite effect was observed in
case of potassium (K) content, which were considerably enhanced in the TMV infected
leaves (Figs I, 2). The physiological and biochemical background of this unexpected
observation is not yet clear. In a previous experiment viruses alone did not decrease
considerably the K content of pepper leaves, while significant reduction of K content was
observed due to complex infection of M. phaseolina and viruses (Kazinczi et al., 1998b).

Our results underpin the previous statement that viruses unfavourably influence
physiological processes of the weeds therefore — in indirect way — viruses may contribute
to the reduction of their competitive ability. Previously we have proved that CMV infec-
tion reduced the drought resistance of S. nigrum as compared to the healthy ones (Kazinczi
et al.,, 1998c). Considering that formerly the physiological examinations of the virus
diseased plants were connected mainly with the cultivated plants, therefore our present
work supplies new data to the biological decline of the virus diseased weed plants.
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Fig. 1. The effect TMV infection on the nitrogen (N), phosphorus (P), potassium (K), sodium (Na),
calcium (Ca) and magnesium (Mg) content of Solanum nigrum leaves
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Fig. 2. The effect of TMV infection on the iron (Fe), manganese (Mn), zinc (Zn) and copper (Cu)

content of Solanum Nigrum leaves
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