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SUMMARY

The effect of the level of potassium and the type of the potassium fertilizer in soil on the
content of manganese, vitamin C, lycopene and -carotene in tomato fruit was studied.
An analysis of the manganese content by variants was carried out using a new extraction-
photometric method with Methyl Violet. Manganese (VII) forms an ion-association
complex with triphenylmethane dye Methyl Violet.
The experiment was carried out in eight variants at two levels of potassium fertilization,
as two sources have been tested- potassium sulphate and potassium nitrate. Leaf feeding
up with 1% KNO3 solution was applied.
In connection with the positive action of manganese upon  the vegetation and growth
of plants we studied the interrelation between the accumulated in the fruit of tomatoes
manganese  and the quantity of antioxidants. The carried-out studies indicated that low
concentrations of manganese in the fruit of tomatoes exercise a positive influence upon
the accumulation of vitamin C, lycopene, -carotene. Hence the low content of manganese
in the fruit of tomatoes will not influence their nutritional properties.
The potassium fertilization increased the productivity of tomatoes. The yield and the
structure of yield (standard, nonstandard and general) were determined.
The results obtained indicated that in Marti cultivar the potassium nitrate has more
significant influence on the productivity of tomatoes.
Keywords: manganese determination, antioxidants, fertilization.

INTRODUCTION

In the last years agricultural science has been carrying out studies on manures (mineral and
organic) not only as a means of increase of yields, but as well as a means of a producing
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of agricultural products of high nutritious value. As yield and quality not always change
parallel, a higher significance attains the effect of manures on the nutritious value of the
production which is very important for health of man.
Lately the interest towards raw materials and foods increases. These materials and foods
are rich in antioxidants- vitamin C, -carotene, lycopene.
Literature review indicates that the studies on the influence of fertilization upon the
nutritious value of the production expand, as well as antioxidants and microelements.  The
studies in this direction are current and indispensable, as the disclosed data until now for 
the influence of  nitrogen, phosphorus, potassium, growth regulator and bioproducts upon
the content of antioxidants are clashing and incomplete.
Vegetables are sources of a line of powerful antioxidants: lycopene, as well as vitamins ,
C, E. It has been proved that tomatoes are the main source of many nutritious carotenoids,
as well as lycopene. That’s why we directed our studies to the vegetable crop tomatoes.
On the other hand the influence of the fertilization as an element of the agricultural
technics upon the synthesis of antioxidants and the microelement manganese is complex
and practice. The effect of nitrogen and phosphorus on the content of lycopene and
manganese in the vegetable crop tomatoes, as well as the influence of the microelement 
manganese upon the content of antioxidants in tomatoe fruits has not been established.
The formation of the plant mass depends on the manganese provision for the plants.
Manganese takes part in a number of important physiological and biological processes
in the nitrogen metabolism, photosynthesis, breathing and maintaining the needed
oxidation-reduction conditions  in the cell. Manganese insufficiency leads to a considerable
accumulation of nitrates, disturbance in the protein synthesis in plants and illness to some
plants (Nason et al.(( 1952, Nicholas 1961, Heintze 1966, Bergmann and Neubert 1976).t
The manganese content in the vegetables varies within a wide range (Kamburova (( and
Rankov 1996, Kamburova and Nikitova 1997,  Kamburova 1997, Kamburova and Shabaan
1998, Kamburova 2001). Also the manganese insufficiency causes a decrease in Ca and
Mg contents in plants (Epstein(( 1961, Shkolnik 1974).
The aims of the present research were to study the effect of the level of potassium, the form
of the potassium fertilizer in soil on the content of manganese, vitamin C, lycopene and
-carotene in the fruit of tomatoes and to establish the manganese content in the fruit of 
tomatoes using a new extraction-spectrophotometric method with Methyl Violet (MV).

MATERIALS AND METHODS

The experimental work was carried out on a too leached meadow-maroon soil in the trial
field of Vegetable Crops Research Institute – Plovdiv with the tomato cultivar Marti.
Variants of the experiment:
1. Basic fertilization + N4, 2. Fertilization with K8 (K2SO4), 3. Fertilization with K16

(K2SO4), 4. Fertilization with K24 (K2SO4), 5. Fertilization with K8 (KNO3), 6. Fertilization
with K16 (KNO3), 7. Fertilization with K24 ( KNO3), 8. Leaf feeding up with 1% KNO3.
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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. The sowing was carried out at the
rate of 3 g m–2. The seedlings were pricked off in the field of high flat bed, a scheme of 
120 + 40/30 cm. The experiment was set according the block-method in four replications
with an area under review 9.6 m2.
The basic fertilization was carried out on the basis of the agrochemical analysis of the
soil, as it contained 30 kg dka–1 triple superphosphate and potassium fertilizer, according
to the variants from 2 to 8. The feeding up with nitrogen is carried out in three times;
before planting, first earthing up, and after 20 days. NH4NO3 was used. Potassium was
applied two times: before planting and sprout of first raceme as large as peanut. K2SO4

and KNO3 were used. The leaf-feeding up with 1% solution of KNO3 was carried out three
times every seventh days.
An analysis for manganese content by variants was carried out using a new extraction-
photometric method with Methyl Violet (Kostova(( , nonpublished). Manganese (VII) forms
an ion-association complex with triphenylmethane dye Methyl Violet (MV). The studies
showed that the associate was best dissolved in chloroform. Maximum light absorption of 
the associate was observed at 300 nm. The molar absorbability determined by the method of 
Komar-Tolmatchov (Bulatov (( and Kalinkind 1972) was ε300 = (2.67 ± 0.09) x 104 l mol–1 cm–1.
The Sandell sensitivity index (Sandell 1959) was 5.05x10–3 μg cm–2.

Apparatus

Spectrophotometer VSU with 1 cm light path quartz cells.

Procedures

Determination of manganese
A wet burning of the plant sample was carried out in which a mixture of sulfuric and nitric
acids was used for the oxidation of the organic substance. A sample of 2 g of air-dry plant 
material was placed into a Kjeldal flask and moistened with 4 ml distilled water. 5 ml conc.
sulphuric 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 HNO3. If the oxidation
of the organic substance was not completed, HNO3 was added and heated again. When
all the organic material was oxidized, the solution was heated at a higher temperature for 
10 min (Vazhenin 1974). After cooling the solution was diluted with water and filtered.
Portions of 3 ml conc. H2SO4, 2 ml conc. H3PO4 and 0,1 g potassium periodate were added
for oxidation Mn(II) to Mn(VII). It was heated to boiling point and the temperature was
maintained for 10 min (Sandell 1959). After cooling the solution was diluted with water 
and filtered. It was transferred into a volumetric flask of 50 ml and diluted to the mark 
with distilled water. Aliquot parts of this solution were taken for analysis.
In separatory funnel of 100 ml were introduced the solutions: aliquote of the prepared
solution of plant sample, 5 ml of buffer pH 4, 0.3 ml of Methyl Violet 1x10–3 mol l–1. It was
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diluted up to a volume of the aqueous phase of 10 ml with distilled water and extracted with
3 ml of chloroform for 30 s. The organic phase was filtered through a dry paper into a 1 cm
cuvette and the absorbance measured at 300 nm. A blank was run in parallel in the absence
of plant sample. A calibration graph was constructed with standards similarly treated.

Determination of vitamin C
10 g of cut up plant material was transferred into a mortar and was overrun with 20 ml
of hydrochloric acid 1%. This plant material was swiftly grinded to the formation of a
homogeneous mass, and after that it was transferred into a 100 ml graduated flask. The
graduated flask was filled up to the mark with 1% solution of H2C2O4, then is shaken
up, and is left to stay for 10 min. After that the test was filtered through a folded filter 
and is collected into a 100 ml flask. 10 ml were taken from this filtrate and titrated from
microburette with 0.001 N solution of 2,6-dichlorophenole-indophenole sodium to the
appearance of pink colouring (Mashev(( 1994).

Determination  of  carotene
10 g of cut up plant material was ground into a mortar with sand. Na2CO3 was added for 
the neutralization of the medium and 10 ml CH3COCH3. The sample was centrifugalized
and it was treated again with CH3COCH3 to the appearance of colourless extract. The
last one was transferred into a graduated funnel, 15 ml of benzene were added, and then
it was extracted. Acetone can be removed by means of addition of some distilled water,
and again it should be extracted. The purged and benzene solution was let through a
chromatographic column for distributing of carotene from the other pigments. The benzene
solution of carotene was transferred into a 50 ml graduated flask and it was filled up to
the mark with water. It is photometered in 460 nm (Mashev(( 1994).

Determination of lycopene
Lycopene content was analyzed by Manuelyan’s modified method (Manuelyan(( 1991).
1 g of fresh material of tomatoes from average sample of 20 tomato fruits was ground
with quartz sand, dried with sodium sulfate and dissolved in acetone. The filtered acetone
extract was measured spectrophotometrically.

RESULTS AND DISCUSSION

The relation between the nutritious regime in soil and the nutritious value of tomatoes has
been studied. The latter are a main source of carotenoids, as well as lycopene. It is known
that lycopene has a high antioxidant potential.
Certain analyses have been carried out for some quality characterizations that are key for 
the tomato crop. In an average sample of 20 fruit the following chemical indexes were
analysed: the amount of  manganese, dry matter, vitamin C, lycopene, β-carotene.
The effect of the potassium fertilization on the content of manganese and antioxidants in
the fruit of tomatoes Marti cultivar was studied (Table 1. and Table 2.).
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Table 1. Content of manganese, vitamin C and dry matter in tomato fruits

N   Variants
Mn (mg kg–1) Vitamin C

(mg)
Dry     

matter 
(%)

MV                   
method

Reliab.           
P = 99%

RSD*
(%)

AAS
method

1 basic fertilization   0.69      a   1.0    0.85  25.66   4.77
2 K8 (K2SO4)   1.69      c   1.2         1.50   27.11  4.57
3 K16 (K2SO4)   0.71       b   0.9        0.55  27.37  4.67
4 K24 (K2SO4)  0.60 f  1.1          0.85   27.55   4.77
5 K8 (KNO3)   4.25      d   1.2        4.00   23.52  4.40
6 K16 (KNO3)   4.18       b   1.4         4.35   24.68  4.63
7 K24 (KNO3)   3.14     a   1.3        3.40   27.07  4.83
8 1% p-p (KNO3)  4.00      d   1.3        4.30   26.93  4.73

* Relative Standard Deviation for MV method (n = 6)

Table 2.  Content of manganese, lycopene and β-carotene in tomato fruit

N   Variants
Mn (mg kg–1) Lycopene

(mg)
β-carotene

(mg)MV                   
method

Reliab.           
P = 99%

RSD*
(%)

AAS
method

1 basic fertilization 0.69      a   1.0    0.85     7.23   1.56
2 K8 (K2SO4) 1.69      c   1.2         1.50     8.42   1.29
3 K16 (K2SO4) 0.71       b   0.9        0.55    8.08   1.41
4 K24 (K2SO4) 0.60       f  1.1          0.85     8.33    1.33
5 K8 (KNO3) 4.25      d   1.2        4.00     7.96   1.30
6 K16 (KNO3) 4.18       b   1.4        4.35    8.12   1.28
7 K24 (KNO3) 3.14     a   1.3        3.40    9.38   1.39
8 1% p-p (KNO3) 4.00      d   1.3        4.30    7.73    1.42

* Relative Standard Deviation for MV method (n = 6)

The obtained results in the study in connection with the method developed by us for 
determination of manganese with Methyl Violet were processed by a computer programme
for a two-factor dispersal analysis and comparative analysis in Duncan’s method.
Potassium has a decisive role for obtaining production of high quality. It influences the
formation of cavities in fruit, their uniform tint, as well as on the content of lycopene. Two
sources of potassium fertilization have been tested – with potassium sulfate and potassium
nitrate at different levels of fertilization.
The experimental data Table 1. indicate that with the increase of the amount of potassium
from K8 to K24, like K2SO4, the content of manganese decreases from 1.69 to 0.60 mg kg–1

manganese dry mass (Variants 2, 3, 4).
The same interrelation can be seen even in fertilization with KNO3 (Variants 5, 6, 7). The
experimental data show that in these variants of fertilization with KNO3 the content of 
manganese was several times higher. This indicates that the fertilization with KNO3 helps
for the better accumulation of manganese in the fruit of tomatoes.
The content of manganese was several times higher than that in variants 2, 3, 4, as it ranges
in the limits from 4.25 to 3.14 mg kg–1.
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There is a significant effect of leaf feeding up with 1% KNO3 solution on the accumulation
of manganese 4.00 mg kg–1 dry mass in the fruit of tomatoes in comparison with the
fertilization with K2SO4.
It was established that with the increase of potassium fertilization in the two fertilizers-
potassium sulphate and potassium nitrate the content of vitamin C increased. In fertilization
with K2SO4 (Variants 2, 3, 4) the increase was insignificant from 27.11 to 27.55 mg
vitamin C. In fertilization with KNO3 (Variants 5, 6, 7) the content of vitamin C increased
significantly from 23.52 to 27.07 mg. This increase of vitamin C was parallel with the
increase of the fertilizer rate from K8 to K24.
The deviations in the biochemical composition in the fruit between the variants were
more sensitive for the content of vitamin C. The potassium fertilization increased the
value of this exponent. Modifications in the content of vitamin C were better expressed
after fertilizing at the rate of 24 kg K2O/dka in the form of K2SO4 – 27.55 mg vitamin C.
The experimental data showed that a higher content of vitamin C in the fruit of tomatoes
could be reached after fertilization with K2SO4.
The leaf feeding up with 1% KNO3 solution does not make a significant modification in
the content of vitamin C 26.93 mg.
The experimental data showed that the potassium fertilization did not significantly
influenced the content of dry matter in the fruit of tomatoes. The differences between the
separate variants (Table 1.) were small and a definite tendency could not be seen.
Certain differences have been established in the content of dies in the fruit of tomatoes. Lyco-
pene and β-carotene have been studied in the fruit of tomatoes Marti cultivar (Table 2.).
In the fertilization with K8 and K24 as K2SO4 (Variants 2 and 4) the content of lycopene
changed insignificantly in the same way. With the increase of the fertilization rate the
content of lycopene decreased from 8.42 to 8.33 mg. There was only one exception – the
content of β-carotene that increased insignificantly. After fertilization with K8 the content 
of β-carotene was 1.29 mg, and with K24 – 1.33 mg  (Variants 2 and 4). After fertilization
with KNO3 the content of the two parameters: lycopene and β-carotene changed in the
same way (Table 2.). With the increase of the fertilization rate from K8 to K24 (Variants
5, 6, 7) their content increased; for lycopene from 7.96 to 9.38 mg; for β-carotene from
1.30 to 1.39 mg. The fertilization with 24 kg K2O dka–1 in a form of KNO3 increased the
content of dies  in the fruit of tomatoes.
The potassium fertilization with K2SO4 (Variants 2, 3, 4) had very small  influence upon
the content of lycopene and β-carotene. After fertilization with KNO3 (Variants 5, 6, 7)
their modification was much more significant.
Lycopene is a pigment much sensitive to potassium deficit. It is a considerable co-factor in
the protein synthesis. The experimental data showed a positive effect of soil fertilization
with KNO3, upon the content of lycopene.
The leaf feeding up with 1% KNO3 solution did not cause a significant change in the content 
of lycopene and β-carotene. The content of lycopene in the leaf feeding up (Variant 8) was
the same as after fertilization with K8 (KNO3) (Variant 5). There was only one exception
the content of β-carotene. The experimental data indicated that in the leaf feeding up the
content of β-carotene was 1.42 mg. The content in question was approximately equal with
the one obtained after fertilization with K24 (KNO3) (Variant 7).
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The deficit of the nutritious element manganese leads to retardation of the growth and
decrease of yield. The dependence of yield on the content of manganese in the fruit of 
tomatoes was represented on Figure 1. There were no significant changes in yield with
the increase of the concentration of manganese in the fruit.

Figure 1. Interrelation between the yield kg dka–1 and
the content of Mn in tomato fruit; Correlation coefficient r = 0.05

In connection with the positive effect of manganese upon vegetation and growth of plants,
we studied the interrelation between the manganese and the amount of antioxidants
accumulated in the fruit of tomatoes: vitamin C, lycopene  and β-carotene (Table 1. and
Table 2.). The experimental data showed that both the fertilization rate and the type of the
potassium fertilizer influenced the content of manganese and antioxidants.
The study showed that the high concentrations of manganese exercised a negative influence
upon the content of vitamin C in the fruit of tomatoes. The experimental data showed that 
with the decrease of the concentration of manganese, the content of vitamin C increased
(Figure 2.(( ). Negative correlation (r = –0.86) was obtained between the concentration of 
manganese and vitamin C.
After fertilization with K2SO4 (variants 2, 3, 4) the content of vitamin C increased
27.11–27.55 mg with the decrease of the content of manganese (Table 1.).
The same interrelation can be seen when fertilization with KNO3 was applied (variants
5, 6, 7). With the increasing of the concentration of manganese, vitamin C decreased
significantly from 27.07 mg to 23.52 mg (Table 1.).
The study showed that in variants of fertilization with K2SO4 manganese had a positive
effect upon the content of lycopene (Table 2.).
A negative interrelation was obtained between the concentrations of manganese and
lycopene after fertilization with KNO3. It could be seen from the Table 2. that with the
increasing of the concentration of manganese, the content of lycopene decreased.
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The interrelation between the content of lycopene and concentration of manganese in the 
fruit of tomatoes is shown on (Figure 3.(( ).

Figure 2. Interrelation between vitamin C and
the content of Mn in tomato fruit; Correlation coefficient r = –0.86

 Interrelation between lycopene and
the content of Mn in tomato fruit; Correlation coefficient r = 0.02

A negative interrelation determines the relation between β-carotene and the content of 
manganese in variants of fertilization with K2SO4 (Table 2.). In variants of fertilization with
KNO3 manganese had a negative effect on the content of carotene in the fruit of tomatoes.
The study showed that the high concentrations of manganese exercised a negative effect 
on the content of β-carotene in the fruit of tomatoes. The experimental data showed that 
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with decreasing the concentration of manganese, the content of carotene increased (Figure((
4.). Negative correlation (r = –0.46) was obtained between the concentration of manganese
and carotene.

A parallel determination of manganese content was carried out by the atomic-absorption
method (AAS), to check the method that we propose. The results obtained (Table 1. and
Table 2.) showed a satisfactory accuracy of the method for determination of manganese
in plant material with Methyl Violet. The experimental data by both methods showed that 
the proposed extraction-photometric method with Methyl Violet can be successfully used
for determination of microquantities of manganese in plant material.
The yield and the structure of yield ( standard, nonstandard and general) are presented
in Table 3. and Table 4.

Figure 4. Interrelation between -carotene and
the content of Mn in tomato fruit; Correlation coefficient r = –0.46

Table 3. Yield, kg dka–1 mean for the period

No Variants
Marti

x sd min–max cv
1 Control 3245 1019.17 2266– 4300 31.41

2 K8 (K2SO4) 3767 1245.55 2413– 4864 33.06

3 K16 (K2SO4) 4298 1347.28 2749–5200 31.35

4 K24 (K2SO4) 4737 1397.53 3158–5814 29.50

5 K8 (KNO3) 4315 1141.57 3005–5099 26.46

6 K16 (KNO3) 4361 1348.78 2847–5435 30.93

7 K24 (KNO3) 4917 1459.78 3254–5988 29.69

8 1% p-p KNO3 4541 1628.34 2749–5930 35.86

An influence of the fertilization upon the content of manganese and...
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The potassium fertilization increased the productivity of tomatoes. Increasing of the
standard yield of Marti cultivar can be determined after fertilization with a higher  
fertilization rate of 24 kg K2O dka–1 in  the two  forms of potassium (Table 3. and Table
4.). The standard yield was the highest after fertilization with 24 kg K2O dka–1

introduced as KNO3 – 4691 kg dka–1, as the increasing is by 57% in comparison with
the nonfertilized plants. Second came the plants fertilized at the same fertilization rate
applied as K2SO4 – 4475 kg dka–1 or by 50% higher than the control. The decrease of 
the nonstandard yield was even bigger after  fertilization with KNO3.
There was a significant effect of the leaf feeding up with 1% solution of KNO3, as the
increase was by 44% more than the control. In these variants the percentage of the
nonstandard yield was least. The yield obtained from  the variant with the leaf feeding
up with 1% solution of KNO3 was higher than the one fertilized with 16 kg K2O dka–1

applied as K2SO4.
The data about the general yield showed the same tendency. The obtained results
indicated that in Marti cultivar the potassium nitrate had more significant influence on
the productivity of tomatoes.
The studies indicated that low concentrations of manganese in the fruit of tomatoes
exercised a positive influence upon the accumulation of vitamin C, lycopene, β-carotene.
Hence the low content of manganese in the fruit of tomatoes will not affect their nutritional
properties.
Before setting the trial for determination the type and amount of the fertilizers for main
fertilization and monthly for the feeding-up an agrochemical analysis of soil in water 
extraction was performed. Mineral nitrogen  (NH4-N + NO3-N) – 2.1 mg/100 g soil, mobile
forms of P2O5 and K2O – respectively 20.5 mg and 17.7 mg/100 g soil, soil reaction
pH(H2O) – 6.9–7.0, content of humus – 2.1% were determined.

Table 4. A structure of yield – Marti cultivar (mean for the period)

No     Variants
Standard  yield Total  yield 

% nonstandard   
yieldkg dka–1 % according 

to var. 1
kg dka–1 % according  

to var. 1
1 Control 2985 100 3245 100 8.0

2 K8 (K2SO4) 3052 102 3767 116 6.2

3 K16 (K2SO4) 3532 118 4298 132 5.5

4 K24 (K2SO4) 4475 150 4737 146 5.5

5 K8 (KNO3) 4060 136 4315 133 5.9

6 K16 (KNO3) 4065 136 4361 134 5.6

7 K24 (KNO3) 4691 157 4917 152 4.6

8 1% p-p KNO3 4301 144 4541 140 5.2
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CONCLUSIONS

1. Fertilization with KNO3 helps the better accumulation of manganese in the fruit of 
tomatoes.

2. The content of vitamin C is higher after fertilization with K24 (K2SO4). The fertilization 
with 24 kg K2O dka–1 applied as K2SO4 increases the content of the dies in the fruit 
of tomatoes.

3. The content of lycopene and β-carotene changes insignificantly when applying K2SO4. 
After fertilization with KNO3 their change is more significant.

4. At small concentrations manganese exercises a positive effect upon the accumulation
of vitamin C, lycopene, β-carotene in tomato fruit.

5. Potassium nitrate has a strong effect upon the production of tomatoes in comparison
with potassium sulphate. The standard yield is highest after fertilization with 24 kg
K2O dka–1, introduced as KNO3 – 4691 kg dka–1 as the increase is 57% towards the
nonfertilized plants.

6. The developed new method of determination of manganese with Methyl Violet can
be successfully applied for an analysis of plant samples.
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