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Summary

The aim of the study was to investigate the effect of potassium foliar nu-
trition on changes in the content of carotenoid pigments and on some parame-
ters of the nutritional value of tomato fruit. The experiments were conducted on
three tomato cultivars: Faustine F;, Atut F; and Magnus F, All trial plots with
plants were additionally fertilized with 0.3% Final K and 0.3% Kalisol whilst in
the control plots no foliar nutrition with potassium was applied. The chemical
composition of tomato fruit depended on two factors: tomato cultivar and fer-
tilization method and differed from year to year of investigation. In 2005 neither
the cultivar nor the foliar fertilization affected the level of B-carotene while the
fertilization with Final K resulted in the increase of lycopene content compared
with the control. In 2006 and 2007 the fruits from treatments fertilized with
Kalisol had significantly higher content of -carotene and lycopene in compare-
son with those treated with Final K. The obtained results do not clearly show
the effect of potassium foliar fertilization on the increase of dry matter, sugars
or acids contant in tomatoes. Foliar fertilization with Kalisol increased the con-
tent of L-ascorbic acid in tomatoes in 2005 and 2007. In 2006 the content of this
acid in fruit treated with Kalisol was at the same level as untreated plants but
higher in plants treated with Final K. The effect of foliar nutrition with potas-
sium had a variable influence on the level of the investigated macroelements (K,
P, Ca, Mg). The content of B-carotene was positively correlated with the content
of phosphorus and negatively correlated with the acidity of fruit.
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INTRODUCTION Poland and all over the world. Many

factors among which are: great taste,

Tomato is one of the most dietary value, wide use both for direct
popular vegetable species both in consumption and in food industry and
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high adaptability cause that tomato is
grown in different climatic zones. The
health promoting values of tomato
also contributed to the consumption
increase. Ripe tomatoe fruit are a
good source of carotenoids. Accord-
ing to Podsedek (2007) tomato fruit
contains 1.1-15 mg-1000 g a-carotene;
2.1-8.9 mg-1000 g B-carotene; 31-114
mg-1000 g’ lycopene; and 0.8-4.3
mg-1000 g’ luteine and zeaxanthine.
The well known attribute of -
carotene is the highest activity of vi-
tamin A. Numerous studies show that
carotene prevents the proliferation of
cancer cells in the human organism
and at the same time improves the
intercellular communication (Hor-
bowicz & Saniewski 2000, Ruiz et al.
2001, Guz et al. 2007). Lycopene is
beneficial to human health although it
does not show the activity of vitamin
A. Tt is the most effective antioxidant
in the carotenoid compounds and
helps to detoxify free radicals. Diets
with a rich content of lycopene are
associated with the reduction of some
diseases, including the lung, bladder,
cervical and skin cancer as well as
digestive tract disorders (Lugasi et al.
2003). Due to the valuable health
promoting properties of lycopene an
increased attention is paid to cultivars
with a higher content of this pigment.
The level of potassium is one of many
factors influencing the content of ly-
copene in tomato fruit (Babik 1997).
It has also been proved that L-
ascorbic acid is an agent of great im-
portance in the human organism. The
most important roles it plays are: the
participation in the synthesis of colla-
gen and in hemabsorption, as well as
the enhancement of the resistance of
organisms. Its antioxidative potential

is also suggested and hence its role in
the prevention and control of early
stages of cancer development (Sos-
nowska 2007). Tomatoes contain 23
mg% ascorbic acid on average (Sal-
tveit 2005), while according to Babik
(1997) its content can reach up to 42
mg%. The content of L-ascorbic acid
changes during the ripening of fruit
and depends on the solar radiation
(Saltveit 2005; Sosnowska 2007) as
well as on potassium fertilization
(Mengel & Kirkby 1983).

Sugars and titratable acids are
important constituent part of tomato
flavour. They exert their effect mainly
through the ratio. Fruit rich both in
acids and in sugars have an excellent
flavour (Saltveit 2005).

Foliar nutrition with potassium
plays an important role also in other
agrotechnical procedures. Potassium
foliar nutrition is a treatment which
can be quickly applied to plants and
hence can contribute to the fuller
utilization of yield potentiality (Szew-
czuk & Michaloj¢ 2003), can improve
the colour of fruit and can also inten-
sify the development of numerous
organic compounds (Borkowski &
Szwonek 1986, Kowalska 2003). Po-
tassium is found in the composition of
organic compounds, it occurs in cells
only as an ion and in this form it takes
part in over 60 enzymatic reactions. It
is active in the biosynthesis of high-
molecular compounds and has a pro-
nounced effect on the water economy
of plants. Plants containing sufficient
amount of this element suitably eco-
nomize their water resources and are
more resistant to frost damage as well
as to fungal and bacterial infections
(Mengel & Kirkby 1983). Potassium
is the most important nutrient in rela-
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tion to fruit quality and flavour. In
evenly ripened fruit, the blotchy green
tissue contains lower concentrations
of K, acids and sugars than red parts
(Adams & Ho 1995).

The aim of the investigation was
to determine the effect of foliar nutri-
tion with potassium on changes in the
content of carotenoid pigments and
some parameters of the nutritional
value of fruit of three tomato cultivars.

MATERIAL AND METHODS

The investigation was carried out
in 2005-2007 in Mydlniki near Kra-
kow as a field trial on brown soil. The
experiment was established in a two-
factor randomized design in four rep-
lications. The first factor was the cul-
tivar and the second factor was the
method of foliar nutrition. The control
combination was left with no foliar
fertilization while the other combina-
tions were fertilized with 0.3% Final
K and 0.3% Kalisol once a week in
the period of fruit maturation (July 4 -
August 16). Final K is a liquid fertil-
izer composed of amide nitrogen
4.7% and potassium 47.0% K,O.
Kalisol is composed of water soluble
potassium oxide (50% K,0), water
soluble sulphur (17%) and chlorides
(max. 1%). Three tomato cultivars of
large fruit but of various potential of
growth were compared: the indeter-
minate Faustine F; and Atut F, and
the determinant cultivar Magnus F;.
These greenhouse cultivars are also
recommended for growing in the
field. Tomato seedlings were planted
on May 11 in 90 x 60 cm spacing, in
10.8 m* large plots. During the vege-
tation period the procedures recom-
mended for indeterminate tomato
cultivars were carried out, i.e. plant

cutting and topping above the fifth
cluster.

The basic soil fertilization was
adjusted to the results of soil analysis,
available forms of mineral constitu-
ents being supplemented to the level
of (mg-dm™) 120 N; 80 P; 250 K; 80
Mg. Single foliar fertilization with
lime saltpeter 100 mg - 10 dm™ water
was carried out in last days of July.

Fully matured tomato fruits from
the third cluster were taken for analy-
ses. The following constituents were
taken into consideration: sugars (using
the anthrone method); vitamin C
(Tillmans’ method); total acidity (ac-
cording to Pijanowski); dry matter
(desiccation method) and carotenoid
pigments such as lycopene and B-
carotene (using column chromatogra-
phy with hexane and acetone). For the
determination of macroelements Ca,
K and Mg fruits were washed, sliced,
air-dried and ground. In the next step
the material was ashed in a muffle
furnace at 500°C and then dissolved in
20% HNO;. The macroelements were
measured using atomic absorption
method in a Varian (Spectr AA-20)
spectrophotometer. Phosphorus was
determined using colorimetric method
(Specol spectrophotometer). The ob-
tained results were subjected to statis-
tical elaboration using analysis of
variance. Separation of means was
performed with the Fisher’s least sig-
nificant difference test with P=0.05.

RESULTS AND DISCUSSION

The chemical composition of
tomato fruit depends on numerous
factors such as the cultivar and envi-
ronmental factors, fertilization, grow-
ing method, stage of maturity as well
as postharvest treatment (Johjima &
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Matsuzoe 1995, Saltveit 2005, Brandt
2006). These factors can significantly
influence the nutritional quality of
tomatoes what was confirmed in the
latest research by Dorais (2008). In
the presented investigation the chemi-
cal composition of tomatoes depended
on the cultivar and the method of fo-
liar nutrition. Considerable differ-
ences were also found between the
investigated parameters of fruit in
consecutive years of the investigation.

In the investigated fruit samples
the content of B-carotene varied from
2.40 to 5.33 mgkg" fresh matter and
the content of lycopene was at the
level of 16.29 to 43.83 mg-kg" fresh
matter (Tables 1 & 2). In 2005 neither
the cultivar nor potassium fertilization
influenced the level of [-carotene
while the application of Final K

caused the significant increase in the
content of lycopene in comparison
with the control combinations. In
2006 and 2007 years fruit samples
from plots fertilized with Kalisol had
a higher content of both carotenoid
pigments compared with those fertil-
ized with Final K. This content corre-
sponded to the amounts of pigments
in control plots. In 2006 the foliar
nutrition with the two potassium fer-
tilizers increased the content of lyco-
pene compared with the control fruit
cv. Magnus F;. In case of cv. Atut F,
the significant effect was only found
with Kalisol application. The content
of pigments also depended on the
cultivar. The highest content of both
pigments in fruit was found in 2006 in
cultivar Magnus F; however in 2007
in cv. Faustine F;.

Table 1. B-carotene content in tomato fruits (mg-kg'd.w.) of different cultivars and

foliar K nutrition

Cultivar Control Final K Kalisol Mean
2005
Faustine F, 3.20 a* 327a 3.17a 321 a
Atut F, 3.56 a 331a 3.00a 329a
Magnus F, 343 a 3.65a 3.62a 3.57a
Mean 340 a 341 a 326a -
2006
Faustine F, 4.74 de 3.49 ab 3.99 be 4.07b
Atut F, 3.57 ab 324 a 440 cd 374 a
Magnus F, 4.45cd 5.03 ef 533f 493 ¢
Mean 425b 392a 457b -
2007
Faustine F, 429d 423d 427d 426¢c
Atut F; 3.86cd 3.08b 3.65c¢ 3.53b
Magnus F, 3.10b 240a 3.01b 2.83a
Mean 3.75b 324 a 3.64b -
Mean for years and cultivars 3.80a 3.52a 3.82a -

Note: *Statistical analysis concerning cultivar and the kind of potassium foliar nutrition

was done each year separately.

Means with the same letter do not differ significantly at P=0.05
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Table 2. Lycopene content in tomato fruits (mg-kg” d.w.) of different cultivars and

foliar K nutrition
Cultivar Control Final K Kalisol Mean
2005
Faustine F; 24.05 a 38.18d 3594bcd  32.72Db
Atut F, 29.23 ab 29.48 abc 26.01 a 2824 a
Magnus F; 36.30 cd 36.12bcd  34.29bcd  35.57Db
Mean 29.86 a 34.59b 32.08 ab -
2006
Faustine F, 31.19 be 22.64 a 28.00b 27.27 a
Atut F, 31.73 ¢ 2228 a 3787d 30.63 b
Magnus F, 39.52d 4383 e 41.08 de 41.48 c
Mean 34.15b 29.58 a 35.64b -
2007
Faustine F, 39.75 fg 4261 ¢g 34.02 e 38.79 ¢
Atut F, 24.33 be 16.29 a 29.18d 2327 a
Magnus F, 36.59 ef 20.85 ab 26.17 cd 27.87b
Mean 33.56 ¢ 26.59 a 29.79b -
Mean for years and cultivars 32.51a 30.25a 32.50a -

Note: see Table 1

The content of dry matter in
tested tomatoes varied from 3.37 to
6.33% (Table 3) and it was strongly
connected both with cultivar and fo-
liar nutrition. The highest dry matter
content was noted in fruit of cv.
Faustine F;. In 2005 and 2007 fruit
samples taken from plots treated with
Kalisol had lower dry matter content
when compared with those taken from
control plots as well as those taken
from plots treated with Final K. How-
ever in 2006 a reverse dependence
was recorded. The obtained results do
not confirm previous studies proving
that the uptake of K directly relates to
dry matter accumulation in fruit
(Borkowski & Szwonek 1986, Adams
& Ho 1995). Borkowski & Szwonek
(1986) found that with the rates of
potassium increasing from 200, 400,
and 600 to 1000 mg-dm™ the highest
level of dry matter in tomato fruit was
obtained at the highest rate of K. The
lower content of dry matter in treat-

ments with an additional foliar nutria-
tion with potassium probably resulted
from the fact that the fertilization did
not affect an increase in the content of
potassium in fruit (Table 7).

In the presented experiment the
content of L-ascorbic acid in fruit de-
pended on the year of the investigation
and changed in the different treatments
from 17.83 to 25.23 mg% (Table 4).
No differences in the content of L-
ascorbic acid were found between the
cultivars except for the first year of the
investigation. Foliar nutrition with
Kalisol resulted in the increase of L-
ascorbic acid content of 17% in 2005
and of 19% in 2007. In 2006 the con-
tent of this acid was at the level equal
to the control and exceeded that in the
plots treated with Final K. Observa-
tions made by Mengel and Kirkby
(1983) in pot experiments confirm that
the potassium fertilization affects an
increase in the content of L-ascorbic
acid in vegetables.
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Table 3. Dry matter content in tomato fruits (%) of different cultivars and foliar K nu-

trition
Cultivar Control Final K Kalisol Mean

2005
Faustine F, 497d 5.01d 3,90b 4.63b
Atut F, 4.58 cd 4.40c¢ 337a 412a
Magnus F, 442 ¢ 4.29 be 3.84 ab 418 a
Mean 4.67b 4.57b 3.70 a -

2006
Faustine F, 6.04 de 5.80¢c 6.28f 6.04 ¢
Atut F, 5.76¢ 6.07 ¢ 5.90 cd 591b
Magnus F, 5.29 ab 5.16a 539b 528 a
Mean 5.70 a 5.68 a 5.86 b -

2007
Faustine F, 6.19¢ 6.07d 633 f 6.19 ¢
Atut F, 5.61b 6.08 d 542 a 5.70 a
Magnus F, 631f 5.76 ¢ 5.57b 5.88Db
Mean 6.03 ¢ 597b 577 a -
Mean for years and cultivars 546 a 540 a 511a -

Note: see Table 1

Table 4. L-ascorbic acid content in tomato fruits (mg% f.w.) of different cultivars and

foliar K nutrition

Cultivar Control Final K Kalisol Mean
2005
Faustine F, 20.30 ab 23.50 ¢ 2423 ¢ 22.68 b
Atut F, 23.18 bc 24.68 ¢ 2423 ¢ 24.03 b
Magnus F, 17.83 a 17.83 a 2327 ¢ 19.64 a
Mean 2043 a 22.00 a 2391b -
2006
Faustine F, 2330bcd 2093 a 24.48d 2290 a
Atut F, 23.60 cd 21.95 ab 23.13bcd  22.89a
Magnus F, 22.25 abc 22.63 be 2328 bcd 2272 a
Mean 23.05b 21.83 a 23.63b -
2007
Faustine F, 21.16 b 18.35a 2495 ¢ 2148 a
Atut F, 21.28 b 1931 a 22.30Db 20.96 a
Magnus F, 18.66 a 18.03 a 2523 ¢ 20.64 a
Mean 20.37b 18.56 a 24.16 ¢ -
Mean for years and cultivars 2128 a 2097 a 23.90 b -

Note: see Table 1

In the presented experiment the
cultivar Faustine F, was characterized
by a higher content of sugars com-
pared with the remaining cultivars in

the first two years of the investigation
(Table 5). In 2007 a higher content of
sugars was found in fruit of cultivar
Magnus F;. The results in 2005 and
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2007 showed the highest content of
sugars in fruit from the control treat-
ments whereas only in 2006 year an
increased content of sugars was found
in fruits additionally fertilized with
potassium, both with Final K and
Kalisol. The obtained results do not
confirm results obtained by Mengel &
Kirkby (1983). Authors investigated
the effect of fertilization on fruit
quality in pot experiments. They
found that in conditions of insufficient
potassium supply the fruits were small

and the content of sugars was at the
low level.

Organic acids constitute only
0.4% of the fresh fruit, however, they
are an important attribute of the taste.
According to Saltveit (2005) a distinct
variation in acid content occurs be-
tween cultivars. In the presented re-
search the acidity of fruit did not de-
pend on the cultivar while the applied
potassium fertilization had a divers
effect on this parameter in the differ-
ent years of the experiment (Table 6).

Table 5. Reducing sugars content in tomato fruits (mg%) of different cultivars and foliar

K nutrition

Cultivar Control Final K Kalisol Mean
2005
Faustine F, 2.67d 2.62d 2.39 cd 2.56¢
Atut F, 2.54d 2.06 ab 193 a 2.18b
Magnus F; 2.25be 1.92a 1.86 a 201 a
Mean 2.49b 220 a 2.06 a -
2006
Faustine F, 2.31bc 242 cd 2.53d 242 ¢
Atut F, 2.21b 2.38¢ 234 ¢ 2.31b
Magnus F, 1.88 a 1.97a 1.92a 1.92a
Mean 2.13a 2.25b 2.26b -
2007
Faustine F, 2.86¢ 238a 2.74 de 2.66b
Atut F, 2.53 abc 2.64 bed 2.45 ab 2.54 a
Magnus F, 332f 2.60 bed 2.70 cde 2.87c
Mean 2.90b 2.54a 2.63a -
Mean for years and cultivars 251a 233a 232a -

Note: see Table 1

The effect of foliar fertilization
with potassium on the level of macro-
elements (K, P, Mg and Ca) varied in
the different years of the investigation
(Table 7). Foliar fertilization with
Final K and Kalisol did not increase
the amount of macroelements in fruit
with one exception - year 2007. The
higher content of phosphorus was
observed in plants fertilized with Fi-
nal K in comparison with control

plants. The obtained results differ
from the observations noted by
Borkowski and Szwonek (1986).
They have recorded a strong favour-
able effect of foliar fertilization on the
level of potassium, phosphorus and
magnesium in tomato fruit. The lack
of influence of additionally used po-
tassium foliar fertilization on the
content of phosphorus and magnesium
in fruit was observed by Komosa
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(1990). This author however recorded tion with potassium on increased
a favourable effect of foliar fertiliza- amounts of potassium and calcium.

Table 6. Total acidity content in tomato fruits (mg%) of different cultivars and foliar K

nutrition
Cultivar Control Final K Kalisol Mean
2005
Faustine F, 047 c 038 a 0.38a 041 a
Atut F, 0.41 abc  0.40 ab 0.39 ab 040a
Magnus F, 0.40 ab 0.44 be 0.38 a 041a
Mean 042b 0.41 ab 0.38 a -
2006
Faustine F, 033D 0.33b 0,32a 032a
Atut F, 0.36 ¢ 041e 0.38d 0.38b
Magnus F; 0.32a 0.31a 0.33b 0.32a
Mean 0.34a 0.35b 0.34 a -
2007
Faustine F, 037a 034a 0.35a 035a
Atut F, 0.36 a 0.39a 0.36 a 0.37a
Magnus F, 0.36a 0.37a 0.34a 0.36a
Mean 0.36 a 0.37 a 0.35a -
Mean for years and cultivars 038 a 037 a 0.36a -

Note: see Table 1

Table 7. Macroelements content in tomato fruits (mg-100 g™ d.w.) treated with different
foliar K nutrition (mean for cultivars)

Microelements Year Control Final K Kalisol
2005 148.56 b 150.71 b 120.69 a

Potassium 2006 183.41b 168.49 a 182.07 b
2007 182.58 ¢ 170.75 a 175.12b

Mean for years  171.52 a 16343 a 159.30 a

2005 16.55b 15.73b 1346 a

Phosphorus 2006 21.35b 20.68 a 21.54b
2007 17.25a 19.02 b 17.25a

Mean for years 18.38 a 18.48 a 1742 a

2005 10.34b 9.49b 7.54 a
Calcium 2006 1243 a 1240 a 12.37 a
2007 13.10 a 12.26 a 12.02 a
Mean for years 11.99 a 1138 a 10.65 a

2005 6.26 b 6.43b 537a
Magnesium 2006 7.61b 7.12 a 7.43b
2007 793 a 7.85a 7.71a

Mean for years 7.27a 7.13a 6.84 a

Note: see Table 1
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On the basis of the obtained cor-
relation coefficient a significant de-
pendence was only found between the
content of B-carotene and the content
of phosphorus in fruit (Table 8). At
the same time the acidity of fruit was
in a reverse correlation with the con-
tent of B-carotene.

Table 8. Correlation coefficient between
carotenoids content and other pa-
rameters of the nutritional value of
tomato fruits

Parameter B-carotene Lycopene
Dry matter 0.25 -0.09
L-ascorbic acid 0.22 0.06
Reducing sugars -0.35 -0.24
Total acidity -0.50* -0.20
Potassium 0.32 0.06
Phosphorus 0.46* 0.20
Magnesium 0.23 -0.05
Calcium 0.20 -0.21

* —r significant at P<0.05
CONCLUSIONS

1. Foliar fertilization with Kalisol
resulted in the increase of f-
carotene and lycopene content in
tomato fruit compared with those
treated with Final K.

2. The results do not clearly show
the effect of potassium foliar fer-
tilization on the increase of three
factors in tomatoe samples: dry
matter, sugars and acids.

3. Both tested potassium fertilizers
increased the content of L-
ascorbic acid but not the content
of macroelements in fruit.

4. The content of B-carotene was
positively correlated with the
content of phosphorus and nega-
tively with the acidity of fruit.
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OKRESLENIE WPLYWU DOLISTNEGO NAWOZENIA POTASEM
NA ZMIANY ZAWARTOSCI BARWNIKOW KAROTENOIDOWYCH
ORAZ INNYCH PARAMETROW
WARTOSCI ODZYWCZEJ OWOCOW POMIDORA

Streszczenie

Badano wptyw dolistnego nawozenia potasem na zmiany zawarto$ci barwnikow
karotenoidowych oraz innych parametrow wartosci odzywczej owocodw trzech odmian
pomidora (Faustine F;, Atut F; oraz Magnus F;). Porownywano kontrolg bez dolistnego
nawozenia potasowego, oraz obiekty dodatkowo nawozone 0,3% Finalem K oraz 0,3%
Kalisolem. Sktad chemiczny owocoéw pomidora zalezatl od odmiany oraz sposobu na-
wozenia dolistnego i zmieniat si¢ zaleznie od roku badan. W 2005 roku nie stwierdzono
wplywu odmiany ani nawozenia potasowego na poziom B-karotenu, a zawartos¢ liko-
penu istotnie wzroslta w stosunku do zawarto$ci z obiektow kontrolnych pod wptywem
Finalu K. W pozostatych latach owoce z obiektow kontrolnych oraz nawozonych Kali-
solem odznaczatly sig istotnie wyzszg zawartoscig obydwu barwnikow karotenoidowych
w poréwnaniu do owocow traktowanych Finalem K. Nie stwierdzono jednoznacznego
wpltywu dolistnego nawozenia potasowego na zawarto$¢ suchej masy, cukrow i kwaso-
wosci w owocach pomidora. Dolistne nawozenie Kalisolem spowodowalo wzrost za-
warto$ci kwasu L-askorbinowego w owocach w latach 2005 oraz 2007. W 2006 roku
zawarto$¢ kwasu L-askorbinowego w obiektach traktowanych Kalisolem utrzymywata
si¢ na poziomie obiektu kontrolnego i byta wyzsza niz w obiektach nawozonych Fina-
lem K. Wptyw dolistnego nawozenia potasem na poziom badanych makroelementow
(K, P, Mg, Ca) byt zréznicowany w poszczego6lnych latach badan. Stwierdzono pozy-
tywna korelacje pomigdzy zawarto$cig B-karotenu a iloscia fosforu w owocach oraz
negatywna pomigdzy iloscia B-karotenu a kwasowo$ciag owocow.



