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ABSTRACT

The molybdenum content in the stems, leaves and fruit of tomatoes was determined by a new extraction method with
Triphenyltetrazolium chloride. The method is rapid and simple with good reproducibility. It was established that fertiliza-
tion has an effect upon the molybdenum content in the plant samples of tomatoes. Results show that the accumulation of

molybdenum in tomatoes strongly depends on the chemical composition of the fertilizer, the content of molybdenum in it

and the amount of fertilizer necessary for fertilization of the soil.
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INTRODUCTION

The content of heavy metals in fruits and vegetables
is one significant problems in terms of protection of
health of people and environment. These elements
have influence on the physiological processes in the
plant itself, its development and yield. Moreover, heavy
metals in products may have negative influence on the
health of people.

Elements like Fe, Cu, Ni, Co, Mn, Mo, Zn, V, Cr
belong to the group of biogenic microelements which
contains mainly heavy metals. These elements are indis-
pensable in too small amounts for growing, development
and normal fruitfulness in plants [1]. A lot of research
has been done [2-6] for clarification of the role of the
biogenic elements in activation of different physiologi-
cal and biochemical processes in plant, animal and hu-
man organism. From all publications it can be seen that
biogenic microelements can catalyse many biological
reactions, they differ with high and versatile biological
activity. They take part in the regulation of oxidation-
reduction processes, as they have direct or indirect influ-
ence on photosynthesis, breathing and biosynthesis of
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carbohydrates, proteins, vitamins, pigments.

The biogenic element molybdenum takes part in
the processes of fixation of the atmospheric nitrogen
[7]. In publications [8, 9] it is proved that in deficiency
of molybdenum in the nutrient medium, in the tissues
of plants huge amounts of nitrates are accumulated,
some physiological diseases are provoked and nitrogen
exchange is upset.

Molybdenum affects the biochemical processes and
chemical composition of plants. It is a transition ele-
ment which is essential for most organisms and occurs
in more than 60 enzymes, catalyzing diverse oxidation-
reduction reactions [10, 11]. Many researchers [2, 8, 12,
13] have studied thoroughly the role of molybdenum as a
constituent of the enzyme nitratereductase, with the help
of which the nitrates in plants can be reduced. For this
reason the molybdenum content in the crop production
should be controlled [14 - 18].

It is established that some physiological diseases
in plants are caused by molybdenum deficiency. Most
sensitive to the deficiency of molybdenum are some
vegetable crops, like tomatoes that are the subject of the
present research. Tomatoes belong to plants which are
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indicators of molybdenum deficiency and some visual
symptoms appeare on them [1, 19].

In [20] it is determined that the high concentrations
of molybdenum have positive influence upon the content
of antioxidants in the fruit of tomatoes. There is similar
research about the biogenic microelement manganese
in the vegetable crop tomatoes. In [21], the content of
manganese in tomatoes was investigated from the point
of view of its changes with fertilization and yield. It was
established that the presence of manganese in soil leads
to its accumulation in tomatoes, and in fertilization its
extraction from soil, as well as its assimilation by plant
and amassment in fruit are easier [22]. In this publica-
tion it was determined that the content of antioxidants
in tomatoes like vitamin C, lycopene and  carotene is
not influenced by the content of Mn.

In [31 - 33] the influence of different fertilization
upon growth, yield and nutrition status of tomatoes is
studied.

The aim of the present research was to trace out
how the content of molybdenum in the fertilizer and
soil influenced the accumulation of this microelement
in tomatoes. With this aim, two fertilizers were used -
potassium sulphate and potassium nitrate with different
content of molybdenum, and soil with low content of this
metal. In view of obtaining more specific information,
two methods concerning the analysis for the content of
molybdenum in plants were used.

EXPERIMENTAL

The experiment was carried out in eight variants at
two levels of potassium fertilization, as two sources have
been tested - potassium sulfate and potassium nitrate.
The plants were cultivated in seedlings in a steal-glass
hot-house.

Before setting the trial for determining the type and
rate of fertilizers to be applied in the main fertilization
and in monthly feeding-up of the plants, an agrochemi-
cal analysis of the soil in a water extraction had been
performed. The mineral nitrogen (NH,-N+NO,-N) —
2.1 mg/100g soil, the mobile forms of P,O, and K,O
— 20.5mg and 17.7 mg/100 g soil, respectively, the
humus content — 2.1 % and soil reaction PH 10— 6.9 -
7.0 have been determined.

The basic fertilization was carried out on the basis
ofthe agrochemical analysis of the soil and it comprised

of 30 kg/dka of triple superphosphate and potassium
fertilizer. Nitrogen was applied three times: before plant-
ing, first earthing up, and 20 days later in the form of
NH,NO,. Potassium was applied twice: before planting
and emergence of the first raceme, as large as a peanut.
The fertilization of soil was done with 16 kg/dka, 32 kg/
dka and 48 kg/dka, respectively, with K,SO, and KNO,.

Preparation of soil for analysis of molybdenum

The experimental work was carried out on a strongly
leached meadow-maroon soil. A sample of 1 g ofair-dry
soil (previously ground and sieved) was extracted with a
nitric acid mixture (32 mL of nitric acid 15.8 mol/L , r »
1.42 g/ml), diluted with water to 1 litre) and left for 16 h
at a room temperature, followed by boiling under reflux
for 2 h [23]. Then the extract was clarified and made up
to the volume of 50 ml with nitric acid. Molybdenum
was determined in this very solution using flame atomic
absorption spectrometry.

Determining molybdenum in fertilizers

Two fertilizers have been tested - potassium sulphate
(consisting of K,O — 50 %; Cl - 1.5 %; MgSO, and
CaSO, - 5.2 %) and potassium nitrate (consisting of ni-
trogen —13.5 %; K,0—46 %). 1 g K,SO, and 8 g KNO,
were dissolved in distilled water and then added to the
volume of 50 ml. Mo in these solutions was determined
by flame atomic absorption spectrometry.

Determining molybdenum in plant material

A wet burning of the plant samples was carried
out and a mixture of sulfuric and nitric acids were
used for the oxidation of the organic substance.
A portion of 2 g of air—dry plant material was
placed into a Kjeldahl flask and moistened with 4
ml distilled water. 5 ml conc. sulfuric acid and 10
ml conc. nitric acid were added. The flask was slightly
heated to avoid splashing of the solution, decomposition
and fuming away of nitric acid. When all the organic
material was oxidized, the solution was heated at a
higher temperature for 10 min [24]. After cooling, it
was diluted with water and filtered. Then the solution
was transferred into a volumetric flask of 50 ml and
diluted up to the mark with distilled water. Aliquot
parts of this solution were taken for analysis.

In plant material molybdenum is determined by a
new extraction spectrophotometric method with triphe-
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nyltetrazolium chloride developed by us [25] and a TV
method [26].

Different methods for analysis for the content of
elements in plants can be used [29, 30].

Method with triphenyltetrazolium chloride

An analysis for molybdenum content in variants of
plant samples was carried out using a new extraction
method with Triphenyltetrazolium chloride (TTC).
Molybdenum(VI) forms an ion-pair with the tetrazo-
lium cation of triphenyltetrazolium chloride which is
extracted in 1,2-dichloroethane. The method is presented
in detail in [25].

Apparatus - Spectrophotometer UV-VIS, Carl
Zeiss Jena (Germany) with 1-cm light path quartz
cells; Atomic Absorbtion Spectrophotometer Perkin
Elmer (Germany).

RESULTS AND DISCUSSION

The form in which molybdenum is translocated is
unknown, but its chemical properties indicate that it is
most likely transported as MoO, >, rather than in a com-
plexed form. The proportion of various molybdenum
constituents in plants naturally depends on the quantity
of molybdenum absorbed and accumulated in the tissue.
Plants preferentially absorb MoO,* and therefore the
molybdenum nutrition of plants can be manipulated by

Table 1. Content of molybdenum in soil and fertilizer.

Sample Mo, mg/kg
Soil 1

Potassium sulphate 18.93
Potassium nitrate 8.74

altering soil acidity. The speciation and availability of
molybdenum in the soil solution is a function of pH. At
water pH >5.0 molybdenum exists primarily as MoO,* ,
but at lower pH levels the HMoO,” forms dominate.
Plants differ in their ability to absorb molybdenum
from the root medium, and the sufficiency range for
molybdenum in plants varies widely. The sourse of
nitrogen supplied to plants influences their requirement
for molybdenum. Nitratefed plants generally have a high
requirement for molybdenum.The strong depressive ef-
fect of SO,> on MoO,* uptake can lower the molybde-
num concentration in plants to levels that are nontoxic.
The content of molybdenum in soil and fertilizers
used in the experiment is presented on Table 1. As can
be seen, the content of Mo in soil is low - 1 mg/kg. The
amount of naturally occurring molybdenum in soils de-
pends on the molybdenum concentrations in the parent
materials. The total molybdenum content of soils differs
by soil type and sometimes - by geographical region.

Table 2. Content of Mo in tomatoes in different fertilization.

Yield

Fertilization kg/dka

Content of Mo mg/kg dry matter

FRUIT

STEMS LEAVES

TTC[25] RSD* TV[26]

TTC[25] RSD* TV[26] TTC[25] RSD* TV[26]

method % method method %  method method %  method
basic fertilization 3245 11.0 1.7 10.8 27.0 1.3 26.7 27.1 1.2 27.5
fertilization with 4737 10.0 1.9 10.3 22.2 1.5 225 11.1 1.9 10.8
48 kg/dka K,SO4
fertilization with 4917 30.53 0.9 30.5 20.4 1.2 20.0 36.35 1.2 36.1
48 kg/dka KNO3
fertilization with 4298 11.07 1.6 11.2 11.08 1.8 109 33.32 1.7 33.5
32 kg/dka KzSO4
fertilization with 4361 10.16 1.8 10.0 20.27 1.7 20.0 30.51 1.8 30.2
32 kg/dka KNO;
fertilization with 3767 32.65 1.0 32.5 22.22 1.5 225 44.14 1.1 44.5
16 kg/dka KzSO4
fertilization with 4315 10.12 1.9 10.3 11.07 20 11.3 11.12 2.1 10.8
16 kg/dka KNO3

*Relative Standard Deviation for TTC method (n=4)
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Table 3. Ratio of nitrogen, phosphorus, potassium in dif-

ferent fertilization.

N:P:K
N | Variants
1 | basic fertilization | 1.5:1.3:0
2 | Ks(K3S0y) 1.5:1.3:1.0
3 K15 (KzSO4) 1.5:1.3:1.3
4 | K (K;SOy) 1.2:1.0:1.5
5 | Kg(KNOs) 1.5:1.3:1.0
6 | Kis (KNO3j) 1.5:1.3:1.3
7 | Ko (KNO3) 1.2:1.0:1.5

Soils normally contain between 0.013 and 17.0 mg kg
total molybdenum [27].

In the fertilizers the content of molybdenum is sig-
nificantly higher. For the fertilizer potassium sulphate
its content is more that two times higher than its content
in fertilizer potassium nitrate. Besides the molybdenum
in soil determined by analyses, the following elements
can be found as well, in mg/kg: Ca - 3171, Mg - 3834,
Fe - 149.6, Zn - 110.6 and Cu - 40.6.

The content of molybdenum in tomatoes related
to fertilization is presented in Table 2. In plant mate-
rial molybdenum is determined by means of the new
extraction spectrophotometric method with triphenyl-
tetrazolium chloride developed by us [25] and the TV
method [26], for comparison. The experimental data
from both methods show that the proposed extraction
spectro-photometric method with Triphenyltetrazolium
chloride can be successfully used for determination of
microquantities of molybdenum in plant material.

As can be seen, despite the low content of molyb-
denum in soil of 1 mg/kg in the basic fertilization, in
the fruit about 11 mg/xg Mo can be found. This content
changes significantly different for fertilization with
the different fertilizers. Fertilization with potassium
sulphate which is with higher content of molybdenum,
leads to an abrupt increase in the content of molybde-
num in the fruit of tomatoes but with the increase of the
fertilization norm, this content decreases. In fertilization
with 48 xg/dxa the content of molybdenum in the fruit
of tomatoes is lower than that in the basic fertilization.
In fertilization with potassium nitrate the effect of the
increase of the content of molybdenum in the fruit of
tomatoes can be seen in the higher degree of fertilization.

Plants can absorb nutritious substances from the

environment not only with their rhizome, but with the
rest of their overground organs - stems and leaves. The
absorbtion of substances is a surface process which in-
dicates that from all of the overground organs leaves are
with much significance, because of their larger surface.
The content of molybdenum changes in an analogous
way in the leaves of tomatoes (Table 2). It is necessary
to mention that the content of molybdenum in leaves in
basic fertilization is about three times higher than that in
the fruit of tomatoes. The basic fertilization was carried
out on the basis of the agrochemical analysis of the soil
with 30 kg/dka of triple superphosphate and potas-
sium fertilizer. Differences in change of the content of
molybdenum in the leaves and fruit of tomatoes can be
seen in the fertilization with potassium nitrate. Initially,
fertilization leads to decrease in the content of molybde-
num in leaves, but after that it increases proportionally
in the tomatoes (fruit).

In fertilization with potassium sulphate in stems (Ta-
ble 2), the content of molybdenum changes in a different
way than that in fruit and leaves. The experiment shows
that in fertilization with potassium nitrate, the content
of molybdenum in fruit, leaves and stems changes in
a similar manner. In all instances, in stems the initial
high content of molybdenum from the basic fertilization
decreases, but with the increase of the fertilization norm
begins to increase. Still the initial values that correspond
to the basic fertilization cannot be reached.

These results show that the accumulation of molyb-
denum in tomatoes strongly depends on the chemical
composition of the fertilizer, the content of molybdenum
in it and the amount of fertilizer necessary for fertiliza-
tion of the soil.

As yield and quality not always change in parallel,
a higher significance attains the effect of fertilization
on the nutritious value of the production, which is very
important for human health. Fertilization itself together
with other agronomical projects, provides an opportunity
for obtaining high yields. In this aspect, the subordina-
tion between yield and the content of molybdenum was
investigated.

The general conclusion that can be drawn from the
above discussed results is that when using as fertilizer
potassium sulphate, fertilization between 32 and 48 kg/
dka should be preferred, whereas when using the fertil-
izer potassium nitrate, fertilization should be limited up
to 32 kg/dka.
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It should be noted that the content of molybdenum
in the leaves of tomatoes is higher than that in stems
and fruit. Maybe this is due to the fact that the most
important processes of change in substances take place
in the green leaves. It is proved that higher amounts of
molybdenum can be found in leaves. Microelements that
enter there can do good for the growing and develop-
ment of the plants.

The effect of fertilization on increasing plant yield
is often related to an increased ability of the plant to
utilize nitrogen. The activities of nitrogenase and nitrate
reductase are affected by the molybdenum status of
plants, and their activities are often suppressed in plants
suffering from molybdenum deficiency.

The molybdenum nutrition of plants can be affected
by the interaction of molybdenum with other nutrients in
the soil, such as phosphorus and sulfur. The experiment
shows that with the increase of the content of sulphur
introduced in the soil as the fertilizer K,SO,, the amount
of the absorbed Mo by plants decreases. This can be
seen from the analysis of stems, leaves and fruits of
tomatoes for Mo content. It is well established that the
plant uptake of molybdenum is enhanced by the presence
of soluble phosphorus and decreased by the presence of
available sulfur. The effect of sulfur on molybdenum
absorption by plants appears to be related to the direct
competition between SO,* and MoO,* during root ab-
sorption. This subordination is confirmed by research
of other authors [28]. They showed that the addition
of SO,* to the culture medium reduced absorption of
radioactive molybdenum by tomatoes, and decreased
molybdenum absorption by tomatoes (Lycopersicon
esculentum Mill.) in soil. Sulfate and MoO,* are
strongly competitive during root absorption, and sulfur
fertilization has been shown to decrease the uptake of
molybdenum by plants.

Plants differ in their ability to absorb molybdenum
from the root medium, and the sufficiency range for
molybdenum in plants varies widely. The sourse of
nitrogen supplied to plants influences their requirement
for molybdenum. Nitratefed plants generally have a high
requirement for molybdenum.

The ratios of N: P: K in different kinds of fertiliza-
tion are given on Table 3. The experiment shows that
in fertilization with 16 kg/dka K SO, in ratio N:P:K =
1.5:1.3:1.3, the content of Mo is in fruit 32.65 mg/kg,
in stems - 22.22 mg/kg, in the leaves - 44.14 mg/kg of
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tomatoes.

The assimilation of Mo by plants is an intricate
physiological process which depends on biological
peculiarities of the plant organism, as well as on soil
and climatic conditions. The entrance, transport and
metabolism of the microelement Mo in plant organisms
are in close relationship with the other physiological
processes, with the general physiological state of the
plant tomatoes and with the character of exchange of
rhizome cells.

CONCLUSIONS

Fertilization with potassium sulphate that is with
higher content of molybdenum, leads to an abrupt
increase in the content of molybdenum in the fruit of
tomatoes but with the increase of the fertilization norm,
this content decreases.

In fertilization with potassium nitrate the effect
of the increase of the content of molybdenum can be
seen in a higher degree of fertilization. Differences in
the change of the content of molybdenum in the leaves
and fruits of tomatoes can be seen in fertilization with
potassium nitrate.

These results show that the accumulation of molyb-
denum in tomatoes strongly depends on the chemical
composition of the fertilizer, the content of molybdenum
in it and the amount of fertilizer necessary for fertiliza-
tion of the soil.

A new extraction-spectrophotometric method for
the determination of molybdenum with triphenyltetra-
zolium chloride was used. The method is rapid, simple
and with a good reproducibility.
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