
The parasite-host system Meloidogyne arenaria – Tiny Tim tomato plants has been studied in order to
investigate the influence of the process of invasion on the chemical composition and biomass of plants.
The concentrations of seven chemical elements Cu, Zn, Mg, K, Na, Mn and Fe have been determined
using AAS in controls and invaded plants, and their changes have been evaluated under treatment with
NH4VO3 in three different concentrations – 0.01, 0.1 and 0.13 mg/100 ml H2O. The process of treatment
with NH4VO3 disbalances significantly the trace element content of plants. The lowest concentration
(0.01 mg NH4VO3) causes bigger changes in the concentrations of Mn, Fe and Na in non-invaded plants.
The highest concentration (0.13 mg NH4VO3) balances the content of the elements back to their levels
in the control plants for the elements Zn, Fe and Na. The pure effect of the process of invasion with
Meloidogyne arenaria on the biomass (leaves, stems, roots and total biomass) of Tiny Tim plants is
expressed in a significant increasing, mainly due to the development of the parasites. After treatment
with different concentrations of NH4VO3 the decreasing in the biomass of leaves, stems and roots is
observed which reflects on the total biomass of plants. The concentration of NH4VO3 eliminates the
unfavourable changes not only in the chemical content of plants but also in their biomass. It could be
taken into consideration as an alternative method used instead of treatment with nematocides.

Keywords: Chemical elements – parasite-host system – Tiny Tim tomato plants – Meloidogyne arenaria
– NH4VO3

INTRODUCTION

It has been established that the quantity of elements in plants depends on their pres-
ence in the environment [2, 4, 10, 14]. The dynamic interaction between living
organisms and chemical elements in the environment has become the focus of
increasing study [2, 4]. Additional input from anthropogenic discharges shows two
different ways of action – to disrupt the delicate balance attained within the ecosys-
tem when the elements are toxic [1, 5, 19, 20] or to improve the productivity of agri-
cultural plants when the elements are essential and used as fertilizers [15, 16].
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The transfer of trace elements through the soil-plant system is of considerable
interest in relation to crop productivity [15]. Some elements as Zn, Cu and Fe are
essential and are involved in the biochemical processes of the organisms being incor-
porated into the plant tissues and becoming components or activators of many
enzymes [2, 20]. At the same time they are a part of the anthropogenic activity which
could disturb the harmony within the ecosystems [5, 15]. A significant problem is the
interaction involving macro- and microelements N, P, K, Fe, Zn etc. in plants [8, 9,
12, 14] and its affection by high levels of vanadium which role is not yet clear.

Insufficient is also the existing information about the content of V and its role on
parasite-plant system. Vanadium presents in the environment as a result of anthro-
pogenic activity – mainly because of its wide industrial use and fuel burning [17].
Increasing content of vanadium in the humus soil is a base for its accumulation in
plants [20]. Plants growing on soil contaminated with industrial dust may accumu-
late large amounts of vanadium [18]. Many of the agricultural plants accumulate
vanadium in different quantities from 0.1 to 2.5 mg/kg dry weight [16]. Vanadium is
required for plants growth [16] but its biotoxic effect is variable.

The root-knot nematodes (Meloidogyne spp.) are economically very important
plant parasitic nematodes. At the end of 1988 the genus included about 60 species
(61 species and two subspecies [7] some of them widespread in agricultural areas all
over the world (M. incognita, M. arenaria, M. hapla, M. javanica)). At present the
number of species belonging to Meloidogyne is about 80.

As obligate endoparasites they are pests for many cultivated and wild plants
everywhere (in tropical, subtropical and temperate regions). They reduce the quanti-
ty as well as the quality of the yields [7, 13]. They cause formation of galls on the
plant roots and consequently disruption of the vascular system.

The purpose of the present work is on one hand to investigate the influence of the
process of parasite invasion with Meloidogyne arenaria on the element content of
Tiny Tim tomato plants, and on the other hand to evaluate the effect of treatment with
different concentrations of NH4VO3 in order to eliminate the unfavourable effects
due to the invasion. Recently the pesticides for control of parasites becoming less
effective and more expensive, and some different methods for controlling should be
applied [11].

The investigation of the active role of vanadium in the plant-parasite system could
result in a new approach for prevention of parasite invasion and used as an alterna-
tive way for influence on the process of invasion.

MATERIAL AND METHODS

The experimental work has been carried out on Tiny Tim tomato plants invaded with
Meloidogyne arenaria under laboratory conditions (t = 18 – 20 °C). The parasite
Meloidogyne arenaria has been chosen for investigation because of its worldwide
distribution and necessity of controlling their presence in the soil.



The Tiny Tim tomato plants were cultivated on soil sterilized by heating. The
scheme of the experiment was as follows: K1 – control (untreated, non-invaded
plants); A, B, C – non-invaded, treated with 0.01; 0.1 and 0.13 mg NH4VO3/100 ml
H2O); K2 – control (invaded, untreated); D, E, F – invaded, treated with the same
concentrations of NH4VO3 as pointed above. All variants of the experiment were
realized in three repetitions. The duration of the experiment was 2.5 months.

In order to evaluate the influence of parasite invasion during the vegetation, five
measurements of the height and grow rate of the experimental plants were made [3]
and the biomass of leaves, stems, roots and total biomass has been measured.

The treatment of the experimental plants has been made using NH4VO3 in three
different increasing concentrations as pointed above added to the soil in 25 ml dose
in four consecutive days in order to reach a final concentrations of 0.01, 0.1 and 0.13
mg NH4VO3.

By the end of the experiment plants were collected and the biomass of leaves,
stems, roots and the total biomass were measured.

After homogenization, average samples of whole plants have been taken for analy-
sis of chemical elements. The plant samples were heated at 525 °C until a complete
ashing. Than they were treated with a mixture of nitric acid (Merck, Germany) and
perchloric acid to the complete digestion. The solution was evaporated to dryness
and the residue was diluted in 2% hydrochloric acid. Atomic absorption spectrome-
try (AAS) using Perkin Elmer 3030 (France) was used for determination of seven
chemical elements Cu, Mn, Fe, Mg, Zn, K and Na. To receive comparative data, the
samples were analyzed in duplicate. All results obtained are expressed in ppm dry
weight.

RESULTS

One of the main purposes of the present work was to investigate the influence of the
process of invasion on the chemical content of plants. The mean concentrations (with
standard deviations) of the elements (Cu, Zn, Mg, K, Na, Mn and Fe) in controls K1
(non-invaded) and K2 (invaded) are presented in Figs 1–3.

As it has been expected the process of invasion with M. arenaria influences the
element content of plants. The concentrations of Cu, Mn, Zn (Fig. 1), Mg and K
(Fig. 3) are lower in the invaded plants (K2) in comparison with the control non-
invaded plants (K1). This is very well expressed in the content of Cu, where the con-
centration in invaded plants (K2) is about three times lower (Fig. 1). An opposite ten-
dency is observed in the content of Fe where its concentration under the process of
invasion (K2) increases 2.4 times (Fig. 2). No changes could be observed in the con-
centration of Na.

In order to evaluate the effect of treatment with NH4VO3 on the chemical content
of plants under parasite invasion, three different concentrations – 0.01, 0.1 and 0.13
mg/100 ml H2O have been used. The results show two different reactions in the
changes of chemical composition of the plants. In the D, E and F variants of invad-
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Fig. 1. Content of Cu, Mn and Zn (mg/kg dry weight ±SD) in Tiny Tim tomato plants; controls: K1 – non-invaded, untreated; K2 – invaded,
untreated; A, B, C (non-invaded) and D, E, F (invaded) – treated with NH4VO3 in corresponding concentrations of 0.01; 0.1 and 0.13 mg/100 ml H2O
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Fig. 2. Content of Fe and Na (mg/kg dry weight ±SD) in Tiny Tim tomato plants; controls: K1 – non-invaded, untreated; K2 – invaded, untreated;
A, B, C (non-invaded) and D, E, F (invaded) – treated with NH4VO3 in corresponding concentrations of 0.01; 0.1 and 0.13 mg/100 ml H2O
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Fig. 3. Content of Mg and K (mg/kg dry weight ±SD) in Tiny Tim tomato plants; controls: K1 – non-invaded, untreated; K2 – invaded,
untreated; A, B, C (non-invaded) and D, E, F (invaded) – treated with NH4VO3 in corresponding concentrations of 0.01; 0.1 and 0.13 mg/100 ml H2O



ed plants, the concentrations of Mg, K (Fig. 3) and Na (Fig. 2) are lower in compar-
ison with their concentrations in the non-invaded plants – A, B and C.

The concentrations of Cu (Fig. 1) in A, B, C and D, E, F variants under NH4VO3
treatment are very close but increase very significantly with the increasing of the vana-
dium concentrations. No changes in the concentration of Zn (Fig. 1) with the exception
of its increasing in invaded plants treated with 0.01 NH4VO3 were observed.

The concentrations of Mn (Fig. 1) in non-invaded plants (A, B, C) extremely
increase under the process of treatment with 0.13 mg NH4VO3. On the opposite, in
the invaded plants its concentration decreases. This fact is in accordance with the
results from other authors [19].

Biomass of plants was the second parameter investigated. By the end of the exper-
iment the biomass of the plants has been determined and the results are given in Figs
4–7. The process of invasion influences the plant biomass. As a general result, the
biomass leaves, stems and roots increases (Figs 4, 5, 6) in the process of invasion
(K2), in comparison with control non-invaded plants (K1). It leads to an extremely
increasing of the total biomass (Fig. 7), the fact due mainly to the increased mass of
stems and roots (about 10 times). The relative part of the mass of leaves decreases up
to two times.
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Fig. 4. Biomass of leaves of Tiny Tim tomato plants invaded with Meloidogyne arenaria and treated with
NH4VO3/100 ml H2O in concentrations: 0 – corresponding to K1 and K2 varieties; 0.01 mg – corre-
sponding to A and D varieties; 0.1 mg – corresponding to B and E varieties; 0.13 – corresponding to C

and F varieties



380 ANNA DAMIANOVA et al.

Acta Biologica Hungarica 54, 2003

The treatment with NH4VO3 shows an opposite tendency in the biomass results.
The biomass of stems and roots (Figs 5, 6) decreases, but that of leaves increases
(Fig. 4) and it is close to this in control plants (K1). This is very well expressed when
a concentration of 0.13 mg vanadate is used for treatment (Fig. 7).

DISCUSSION

The great number of root-knot nematodes (Meloidogyne spp.), their worldwide dis-
tribution and economic importance require their detail investigation in different
aspects including the chemical content of plants. Moreover the infected plants are
very susceptible to infections by other organisms – bacteria and fungi.

The process of invasion of Tiny Tim tomato plants with Meloidogyne arenaria
influences the chemical composition of plants. Seven chemical elements (Cu, Zn,
Mn, Fe, Mg, K, Na) considered to be of biological and high environmental impor-
tance have been determined.

Fig. 5. Biomass of stems of Tiny Tim tomato plants invaded with Meloidogyne arenaria and treated with
NH4VO3/100 ml H2O in concentrations: 0 – corresponding to K1 and K2 varieties; 0.01 mg – corre-
sponding to A and D varieties; 0.1 mg – corresponding to B and E varieties; 0.13 – corresponding to C

and F varieties



The greatest change (decreasing) is observed in the concentration of Cu (Fig. 1)
and increasing of the concentration of Fe (Fig. 2). All other elements show slightly
decreasing in their concentrations under the process of invasion.

Interesting result is that the treatment with the lowest concentration of vanadium
causes significant increasing of Fe concentration in non-invaded plants. This fact is
observed by other authors [2] and could find its explanation in some compensatory
mechanisms. The treatment of experimental plants with NH4VO3 in three different
concentrations shows different reactions as far as the element content is concerned.
The treatment with lower concentration of vanadate (0.01 mg) shows a bigger
changes on the chemical content of invaded plants in comparison with the treatment
with the highest concentration (0.13 mg) mainly in the content of Fe, Zn, Mn and Na.

The treatment with 0.13 mg NH4VO3 acts in the opposite way – the concentrations
for more of the elements (Mg, Zn, Mn, Fe, Na) are back to the concentrations of the
control plants (K2) with the exception of Cu and K.

Mainly the treatment with 0.13 mg vanadate reduces the development of Meloid-
ogyne arenaria and could be explored as an alternative way instead of nematocide
treatment. In this aspect we analyzed in details what is the effect of treatment with
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Fig. 6. Biomass of roots of Tiny Tim tomato plants invaded with Meloidogyne arenaria and treated with
NH4VO3/100 ml H2O in concentrations: 0 – corresponding to K1 and K2 varieties; 0.01 mg – corre-
sponding to A and D varieties; 0.1 mg – corresponding to B and E varieties; 0.13 – corresponding to C

and F varieties
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NH4VO3 on the balance of elements in invaded plants against their balance in con-
trol untreated plants (K1).

For this purpose we obtained the relative alteration of the concentrations of ele-
ments in D, E and F against K1:

Using the method of the smallest squares we try to find the case when the sum of
the square declination of these alterations against K1 has the smallest value. In this
case the concentrations of elements will be closer to these in controls K1. This is
shown in Table 1. From Table 1 it is obvious that the sum of the square declination
shows the smallest value in the process of treatment with 0.13 mg concentration of
vanadate, i.e. this concentration restore the content of the elements closer to the con-
trols.

The damages from the root-knot nematode Meloidogyne arenaria are limiting fac-
tors in the production of crops [11, 13]. According to the results obtained, the process
of invasion enhances rapidly the total plant biomass mainly due to the part of stems

Fig. 7. Total biomass of Tiny Tim tomato plants invaded with Meloidogyne arenaria and treated with
NH4VO3/100 ml H2O in concentrations: 0 – corresponding to K1 and K2 varieties; 0.01 mg – corre-
sponding to A and D varieties; 0.1 mg – corresponding to B and E varieties; 0.13 – corresponding to C

and F varieties
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and roots, where the parasites locate the biggest structural changes (Fig. 7). The fol-
lowing relative reduction of the biomass of leaves (Fig. 4) causes unfavorable
changes in the plant development probably because of the influence on the process
of respiration, nutrition and photosynthesis. The treatment with the concentration of
0.13 mg vanadate eliminates these changes and recovers the normal ratio in the bio-
mass between the different parts of the plants.

From the results obtained a general conclusion could be drawn for positive effect
of the NH4VO3 in concentration 0.13 mg/100 ml H2O which eliminates the unfavor-
able changes caused by the invasion with Meloidogyne arenaria on Tiny Tim toma-
to plants, recovers the normal chemical content and the biomass of plants, and could
be taken into consideration as an alternative way instead of the classical method of
nematicide treatment which is decreasing recently due to the environmental concerns
[6, 8]. Mainly the economic importance of the parasite balance requires application
of effective methods for nematode control. It is very important to develop novel
methods using biological specificity of the plant parasitic nematodes to some ele-
ments.
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