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CHANGES OF NUTRIENT CONTENTS IN TOMATO FRUITS
UNDER THE INFLUENCE OF INCREASING INTENSITY
OF MANGANESE NUTRITION

ZMIANY ZAWARTO SCI SKEADNIKOW POKARMOWYCH
W OWOCACH POMIDORA POD WPLYWEM
WZRASTAJ ACEJ INTENSYWNO SCI ZYWIENIA MANGANEM

Abstract: The aim of conducted in years 2008-2012 studies twaassess the efficiency of application of
increasing manganese levels on the nutritive vafuemato fruits [Lycopersicon esculentum Mill. cvs. ‘Alboney

F1' and ‘Emotion F'), expressed in the contents of macro- and midrnents. Plants were grown in rockwool
with application of nutrient solution characterizésg following chemical composition (in [mg df): N-NH.
2.2, N-NGQ - 230, P - 50, K - 430, Ca - 145, Mg - 65, Cl ; 85SQ - 120, Fe - 2.48, Zn - 0.50, Cu - 0.07, pH -
5.50, EC - 3.00 mS cth The following manganese plant nutrition levelsravexamined (in mg Mn dnid):
0.06 (control), 0.3, 0.6, 1.2 (Experiment 1), 2448, 9.6 and 19.2 (Experiment Il); (denoted as Mi®-0.3,
Mn-0.6, Mn-1.2, Mn-2.4, Mn-4.8, Mn-9.6; Mn-19.2)h@& source of manganese was manganese sulfate (MnSO
H20, 32.3% Mn). The nutritive value of tomato fruitsanged significantly under the influence of thplaation

of wide range of manganese concentrations. It wasd a significant reduction of the content of gifazus
(Exp. |, Il), potassium (Exp. Il), calcium (Exp. ll) and magnesium (Exp. I, Il). Manganese influeran the
decreasing content of other metallic micronutrigfs, Zn, Cu) in fruits. Cultivar had a significninfluence on
the content of: nitrogen (except Mn-2.4, Mn-4.8,-B18), potassium (in Exp. I, except Mn-4.8), calui (except
for Mn-0.6, Mn-2.4), magnesium (except Mn-0.3 and-®14), iron (except Mn-1.2), manganese and zirce(gt
control combination) and copper (except Mn-0.6 &t1.2). The highest contents of N, Ca and Mg untér
were recorded for the application of Mn-0, while Band K - at 0.3 mg Mn dff) whereas it was lowest for all
these nutrients (except N) in the case of Mn-1&82p( Il). The reduction of nutrient contents amaahto
(% changes: from the lowest content to the highestent): N (11.3), P (48.1), K (24.8), Ca (75My (57.5),

Fe (59.2), Zn (65.4) and Cu (43.7).

Keywords: manganese, tomato fruits, macroelements, micragitsn

Manganese (Mn) as a metallic microelement servesemus physiological functions
in plants [1-4]. However, there are no current Esidn available literature concerning
feeding efficiency and tolerance to that nutriemttémato in hydroponic culture run in
rockwool. Manganese at quantitative advantage read to a reduced uptake of other
nutrients [5, 6]. Parameters determining the valueonsumed fruits and vegetables include
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their contents of bioactive compounds or nutriei@snacro- and micronutrients. Nutrition
is one of the factors influencing the nutritive walof tomato [7-9]. This is of particular
importance in the case of this species, since ¢theme of tomato consumption in Poland is
greatest among all vegetables [10].

Many studies [11-13] described as optimal mangamesgent range from 0.55 to
0.65 mg Mn- dnm®. What is important in plants cultivation usingtfgation water quality is
crucial [14]. Most of the groundwater to a depth ®®0 meters contain up to
0.5 mg Mn- dni® [15] but about 5% of water used to prepare of nutriehit®n contain
from 1 to 4.5 mg Mn dnT>. The possibility of water with a high content canganese was
confirmed in areas of intensive horticulture depeld [16].

The aim of conducted studies was to assess chamdhs nutritive value of tomato
grown in rockwool under the influence of increasingnganese concentrations in nutrient
solutions applied in fertigation, starting from ufficient contents up to excessive/toxic
levels.

Material and methods

Experiments on the efficiency of tomato nutritiothvmanganese were conducted in
the years 2008-2012 in a greenhouse of the DepatrtofePlant Nutrition, the Poznan
University of Life Sciences. The aim of these stsdivas to assess the effect of increasing
manganese concentrations in tomato grown in rockwoahe nutritive value of fruits in
terms of their contents of macro- and micronutseithe experiments were conducted on
2 tomato cultivars L{ycopersicon esculentum Mill. cvs. ‘Alboney R’ and ‘Emotion F').
Plants were grown in standard rockwool (1005 - 7.5 cm, V 11.25 df 60 kg-m°) at
a stocking of 2.5 plants Th The experiments were established using the raizeom
complete block design in 4 replications.

The chemical composition of tap water, on the babishich the nutrient solution for
plant fertigation was prepared, was as followdrfig dn?)): N-NH, trace amounts, N-NO
-3.7,P-PQ-0.3,K- 1.8, Ca-57.3, Mg - 13.4, S-5(b8.3, Na - 22.7, Cl - 42, Fe - 0.08,
Mn - 0.06, Zn - 0.50, Cu - trace amounts, B - 0,0db - trace amounts, HGO 277.5,
pH - 7.00, EC - 0.735 mS - chmPlants were fertigated with a standard nutriemat®n
with the following chemical composition (in [mg d#): N-NH,4 2.2, N-NG - 230, P - 50,

K - 430, Ca - 145, Mg - 65, Cl - 42, S-50120, Fe - 2.48, Zn - 0.50, Cu - 0.07, pH - 5.50,
EC - 3.00 mS - cm The following manganese plant nutrition levelsrevexamined
(in [mg Mn - dm?): 0.06 - control, 0.3, 0.6, 1.2 (experiment I008-2011 year), 2.4, 4.8,
9.6 and 19.2 (experiment Il - 2012 year) - denaedMn-0, Mn-0.3, Mn-0.6, Mn-1.2,
Mn-2.4, Mn-4.8, Mn-9.6 and Mn-19.2, respectively.

Manganese content at Mn-0 combination correspamtiset content of this ion in water
used to prepare the nutrient solution for planttidation. Manganese sulphate
(MnSOy- H,O, 32.3% Mn) was the source of manganese in ther ddsted variants. To
prepare nutrient solutions there were used follgwifertilizers: potassium nitrate
(13% N-NG, 38.2% K), calcium nitrate (14.7% N-N0O18.5% Ca), magnesium nitrate
(11% N-NG,, 9.5% Mg), monopotassium phosphate (22.3% P, 28K)%potassium
sulphure (44.8% K, 17% S), magnesium sulphure (98§p 13% S), Librel FeDP7 (7%
Fe), copper sulphate (25.6% Cu), borax (11.3% B)sodium molibdate (39.6% Mo). To
regulated pH values there were used nitric acié38
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The fertilizer rate in the nutrient solution depeddn the development phase of plants
and climatic conditions in the greenhouse. In thgqal of intensive yielding of plants and
high temperatures (June - July) daily 3.0-3.5 amitrient solution per plant were used in
15-20 single doses, with 20-30% effusion of dra@tew from the slabs.

In the course of vegetation experiments in the destade of August in each of the
years of the study representative samples of fuése collected for chemical analyses.
Collected fruits were dried at 45-50°C and thenugth For assays of total nitrogen,
phosphorus, potassium, calcium and magnesium thet phaterial was mineralized in
concentrated sulphuric acid [17]. After mineraliaat of the plant samples, chemical
analyses were performed using the following methd#i$otal according to Kjeldahl in
a Parnas-Wagner distillation apparatus, P - byrookiry with ammonium molybdate, and
K, Ca, Mg by atomic absorption spectrometry (in arlZeiss Jena apparatus). In the
determinations of total iron, manganese, zinc ayper the plant material was mineralized
in a mixture of dioxonitric and tetraoxochloric dsi(3 : 1 v/v). After mineralization Fe,
Mn, Zn and Cu were determined according to ASA.URe®f chemical analyses of plants
for their contents of macro- and microelements vesralyzed statistically using the Duncan
test, with inference at the significance lexet 0.05.

Results and discussion

It was found an influence of manganese nutritiorttenyield and visual symptoms of
deficity/toxicity present on plants [18]. In the ntml combination (Mn-0) deficiency
symptoms were observed in leaves (after a 3-wegosexe to a lack of this nutrient
supplementation in the fertilizer). Within the rangp to Mn-2.4 no visual symptoms of
toxicity are observed in plants. They were founel fiastest (after 1.5-month exposure) in
Mn-19.2 and the latest (after 3-month applicatiérihe nutrient solution at the same Mn
concentration) for Mn-4.8. Even when using nutrigoiution containing 1.2 mg Mndnm™
was a significant reduction in marketable yield hiles the plants were not observed
symptoms resulting from excessive nutrient manganes

In the conducted studies a significant effect ohgamese was found on the content of
nitrogen in fruits (Fig. 1). The highest average contenthid nutrient (2.03%) was found
in the Mn-0 combinations (Exp. I) - within range kn-1.2 was significantly lower. In
experiment Il the lower nitrogen content (1.80%wWd)s found in case of Mn-19.2. Cultivar
- except Mn-2.4, Mn-4.8, Mn-9.6 - had significafffeet on nitrogen content in fruits. In all
the tested combinations the recorded contentstrmiggin were similar to the levels reported
in literature. The content of nitrogen in fruitsubt be significantly affected by the substrate
used in plant culture [19]. In the case of rockwodlture the mean content of this nutrient
was 1.68% N, in coconut fiber it was 1.47-1.75%d¥pending on its type), while in peat
culture it was as high as 2.59% N. Important faafluenced on nitrates content is also
source of potassium [20] and plant nutrition witftopphorus [7]. Mean nitrogen contents in
tomato fruits are not modified either by the cudtivor the K:Ca:Mg ratios and they amount
to 1.98-2.08% [21]. Nzanza [22] reported that delirn on the varied K and Mg nutrition,
mean content of nitrogen in fruits range from 2@&.39%, while Pivot et al [23] claimed
that optimal content of N is tomato fruits is 2.52%
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Fig. 1. The manganese influence on the contenitrafgen, phosphorus and potassium in tomato fruits
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The highest content gghosphorus were recorded in the case of Mn-0 and Mn-0.3
(respectively 0.50 and 0.52% P, Exp. |, Fig. 1)t in case of Mn-0.6 and Mn-1.2 was
significantly lower. Decreasing trend was confirméd experiment 1l - the lowest
phosphorus content (0.27% P) was found for Mn-1Bffact of variety on the phosphorus
content was varied. Similarly as in the case afogin, phosphorus contents detected in
fruits in this study were similar to those citediterature. It may be influenced by source of
phosphorus [7] or by cultivar [21, 24]. lon rati@s the nutrient solution applied in
fertigation do not have a significant effect on tlmmtent of phosphorus in fruits (the range
of 0.49-0.52% P), while Chapagain and Wiesman §imed that potassium source do not
influence too. Depend on the varied K and Mg niotnitmean content of P in fruits is
0.46-0.55% [22] what is similar to determined irscl&bed studies for optimal Mn nutrition.
Lower content of phosphorus was also determinefl [23

A significant variation inpotassium content in fruits was recorded in this study
(Fig. 1). It was found no significantly differencd average content within range of
manganese to Mn-1.2 (experiment |; 4.59-4.96% K)t ®ithin range from Mn-2.4 to
Mn-19.2 the content of potassium significantly @esed. The lowest content of this
nutrient was detected at Mn-19.2 (3.73% K). In expent | cultivar did not influence
(except control combination) - but in experiment (Bxcept Mn-4.8) - significantly
influenced on the content of potassium in fruiteeTrecorded contents of this nutrient in
fruits were similar to those given by other auth¢28]. The growing medium has
a significant effect on the content of potassiurtoimato fruits [19]. In the case of rockwool
culture the content of this nutrient was 4.61% Kjlevin peat it was 5.09% K. Cultivar [24]
as well phosphorus nutrition [7] may also be fagtsignificantly modifying the content of
potassium in fruits. Also plant nutrition has arsfigant effect on the mean content of this
nutrient, which ranges from 2.97% (at the predomigaof Ca in nutrient solution) to
3.59% K (at the predominance of K in nutrient siolux [21]. Chapagain and Wiesman [20]
claimed that differed potassium treatment do néiuémce on content of that nutrient in
tomato fruits.

Within range up to Mn-1.2 it was found significantlecreasing ofalcium content in
tomato fruit. The highest content of calcium reeatcht Mn-0 (0.57% Ca; Exp. I, Fig. 2).
The recorded calcium contents in fruits accompanifie best marketable yielding in plants
[19] were markedly higher than those reported heotuthors. Cultivar had a significant
effect (except for Mn-0.6, Mn-2.4) on calcium canttén fruits. Within range to Mn-19.2
(Exp. 1) it was found significantly decreasingrtds of calcium content. Calcium content in
fruits could be significantly modified by the growgi medium [19]. The lowest amounts of
this nutrient were contained in fruits harvestaghfrplants grown in rockwool (0.15% Ca)
in comparison to those grown in coconut fiber (60189% Ca) or peat (0.20% Ca). The
modifying effect of the substrate was also confilnie other studies [25]. Between other
factors influenced significantly on calcium conténttomato fruit is also cultivar [24].
Lower content of calcium than determined for optimanganese nutrition was determined
earlier [23].

Similarly as in the case of phosphorus and calciamsignificant reduction of
magnesiumcontent in fruits was observed with an increasth@intensity of manganese
nutrition in tomato (both in experiment | and IFig. 2). Cultivar - except for Mn-0.3
(Exp. 1) and Mn-2.4 (Exp. Il) significantly influee the content of this nutrient in fruits.
Opinions on the modifying effect of the growing med on the content of magnesium in
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fruits are contradictory [19]. Potassium treatm@] and cultivar [24] may significantly
influence on Mg content in fruits.
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Fig. 2. The manganese influence on the conterlofun and magnesium in tomato fruits

It was found lowering trends of iron content (batithin range up to Mn-1.2 and
Mn-2.4 - Mn-19.2) in fruits (Fig. 3). Mean contents iron were reduced from
90.5 mg Fe - kg d.m. to 36.9 mg Fe - Kgd.m. (for Mn-0 and Mn-19.2, respectively).
Cultivar significantly influenced on the contentraéntioned nutrient (except Mn-1.2). One
of factor influenced on the content of iron in feuis varied nutrition of tomato with
phosphorus [7]. Also the used substrate has afisigni effect on the content of this
nutrient in fruits. Significantly greater contemtsiron (87.5 mg Fe kg™ d.m.) were found
in fruits from plants grown in rockwool than in #®from peat culture (62.3 mg Fe kg
d.m.) or grown in coconut fiber (56.7-69.7 mg Heg ™ d.m.) [19]. It was confirmed that
cultivar [24] and type of cultivation [25] may als@nificantly influence the content of this
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microelement in fruits. Iron contents detected Han®i et al [24] were markedly lower
(15.36-31.09 mg Fekg™ d.m.) than those recorded in this study.
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Fig. 3. The manganese influence on the contembnfand manganese in tomato fruits

It was found significantly increasing trendrainganesecontent in tomato fruits (both
in experiment | and II; Fig. 3). Generally cultivarfluenced on the content of nutrient
(except control combination). Lower content of mamgse was measured in case soil
tomato cultivation by Nwajei et al [26].

A similar dependence as that in case of iron waended forzinc (Fig. 4). Contents of
this nutrient with an increase in the intensitynsinganese nutrition were reduced from
39.6 t0 22.4 mg Znkg™ d.m. (Exp. I) and from 19.2 to 13.7 mg Zn “kd.m. (Exp. II).
Cultivar significantly modified the content of zin fruits (except control combination).
Zinc nutrition significantly modifies the contenttthis nutrient in tomato fruits (the range of
34.33-45.67 mg Znkg™) [8]. Zinc content in fruits was also influencey jplant nutrition
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with phosphorus [7]. Also the substrate has a Bagmit effect on the content of this
microelement in fruits [19]. In the case of thenskard rockwool culture the content of zinc
is 19.3 mg Zn kg™, in coconut fiber it is 13.7-26.6 mg Zkg™, while the lowest amounts
are recorded in peat culture (13.2 mg- Zg™).
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Fig. 4. The manganese influence on the conteninofand copper in tomato fruits

The content otopper in Mn-0.3 and Mn-0.6 was significantly higher thiancase of
control combination and Mn-1.2. In range from Md-ZExp. Il) it was found decreasing
tendency of mention nutrient in tomato fruits (froh2.3 to 8.5 mg Cu kg™ d.m.).
The content of this nutrient in fruits was affectadcultivar (except Mn 0.6 and Mn-1.2).
Between factor influence on content of copper witdr are: growing medium [19] and
source of phosphorus [7].

The Directive of the European Commission (EC) r&@81¥2006 of 19 December 2006
[27] specifies the highest admissible levels ofaiarcontaminants in foodstuffs. The heavy
metals covered by the standards include lead, eadn@nd mercury, while it is not
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manganese, which from the physiological point @wis a microelement and at the same
time a heavy metal.

Based on conducted studies it can be concludedvtiathe increase of the content of
manganese in the nutrient solution above the recded content, is substantially
modified nutritional value of fruits. Mn concenfiat range where significant deterioration
is observed yield of tomato [18] found the reductmf phosphorus, potassium, calcium,
magnesium, iron, zinc and copper in the fruit.

Conclusions

In the conducted studies on changes in the nudritelue of tomato fruits under the
influence of an increasing intensity of manganageition the following was shown:

1. The nutritive value of tomato fruits changes sigaifitly under the influence of the
application of excessive/toxic manganese concéntisat

2. A significant reduction of the content of phospho(&xp. I, 1), potassium (Exp. Il),
calcium (Exp. I, 1) and magnesium (Exp. I, Il) fiits with an increase in Mn-level.
The highest contents of N, Ca and Mg in fruits wexeorded for the application of
Mn-0, while for P and K - at 0.3 mg MndnT?, whereas it was lowest for all these
nutrients (except N) in the case of Mn-19.2 (ExXp. |

3. It was found the significantly increasing trendstanganese in tomato fruits under the
increasing manganese nutrition.

4. An effect of manganese on the decreasing contetiiteobther metallic microelements,
ie iron, zinc and copper in fruits. The highest cotgeof Fe and Zn were recorded
in the case of Mn-0, while for Cu it was at Mn-Ozd the lowest contents of these
nutrients were observed for Mn-19.2.

5. A reduction of contents of nutrients in fruits amtad to (% changes in nutrient
content: the greatest content to the recorded Iowestent): N (11.3), P (48.1),
K (24.8), Ca (75.4), Mg (57.5%), Fe (59.2), Zn @%and Cu (43.7).
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ZMIANY ZAWARTO SCI SKEADNIKOW POKARMOWYCH
W OWOCACH POMIDORA POD WPLYWEM
WZRASTAJ ACEJ INTENSYWNO SCI ZYWIENIA MANGANEM

KatedraZywienia Rdlin, Uniwersytet Przyrodniczy w Poznaniu

Abstrakt: Celem przeprowadzonych w latach 2008-2012 hadiyta ocena skuteczéad stosowania
wzrastagcych stzei manganu na waré odzywcza owocoéw pomidora L{ycopersicon esculentum Mill. cv.
‘Alboney R’ i ‘Emotion Fy'), wyrazong zawartécia w nich makro- i mikrosktadnikéw. Rbny uprawiano
w welnie mineralnej, przy zastosowaniuzpeki o nastpujacym sktadzie (w [mg - dmi): N-NH4 - 2,2,
N-NOs - 230, P - 50, K - 430, Ca - 145, Mg - 65, Cl ; 85SQ - 120, Fe - 2,48, Zn - 0,50, Cu - 0,07, pH - 5,50,
EC - 3,00 mS - cil Badano naspujace poziomy zywienia rglin manganem (w [mg Mn dm):
0,08 (kontrola); 0,3; 0,6; 1,2 (Eksperyment I);;2448; 9,6; 19,2 (Eksperyment II; opisane jako Mrvnh-0,3,
Mn-0,6, Mn-1,2, Mn-2,4, Mn-4,8, Mn-9,6; Mn-19,%r6dlem manganu byt siarczan manganawy (MpSB,0,
32,3% Mn). Warté& odzywcza owocOw pomidora istotnie zmieniatg piod wptywem stosowania szerokiego
zakresu sei manganu. Wykazano znaczne olenie zawartéci fosforu (Eksperyment |1, Il), potasu
(Eksperyment 1I), wapnia (Eksperyment I, 1) i mago (Eksperyment I, Il). Mangan wplywat na olariie
zawartd¢ pozostatych mikrosktadnikéw metalicznych (Fe, 2oy) w owocach. Odmiana miata istotny wptyw na
zawarté¢: azotu (poza Mn-2,4, Mn-4,8, Mn-9,6), potasu (Ekgment Il poza Mn-4,8), wapnia (poza Mn-0,6,
Mn-2,4), magnezu (poza Mn-0,3 i Mn-2,4¢laza (poza Mn-1,2), manganu i cynku (poza komlpinkantrolrg)
oraz miedzi (poza Mn-0,6 i Mn-1,2). Naghiszz zawarté¢ N, Ca i Mg w owocach stwierdzono w przypadku
aplikacji Mn-0, podczas gdy P i K - przy 0,3 mg Mmin3, a najmniejsze zawatmi sktadnikéw (poza N)
w przypadku Mn-19.2 (Eksperyment Il). Obenie zawartéci sktadnikéw wynosito (% zmian sktadnika:
zawartd¢ najmniejsza do zawadao najwigkszej): N (11,3); P (48,1); K (24,8); Ca (75,4); N&¥,5); Fe (59,2);
Zn (65,4); Cu (43,7).

Stowa kluczowe:mangan, owoce pomidora, makrosktadniki, mikroshitad



