)] DE GRUYTER
el OPEN

DOI: 10.2478/eces-2014-0039 ECOL CHEM ENG S. 2P1@):529-537

Tomasz KLEIBER

EFFECT OF MANGANESE NUTRITION ON CONTENT
OF NUTRIENT AND YIELD OF LETTUCE ( Lactucasativa L.)
IN HYDROPONIC

WPLYW ZYWIENIA MANGANEM NA ZAWARTO SC SKEADNIKOW
| PLONOWANIE SALATY ( Lactuca sativa L.) W HYDROPONICE

Abstract: The aim of conducted studies was estimation ofege manganese nutrition on content of nutrient
and yielding of lettucelfactuca sativa L.) in hydroponic cultivation. Plants were grownrockwool using closed
system fertigation with recirculation of nutriemtigtion. In experiment were used nutrient solutigth following
nutrient contents [mg-di}: N-NH4 < 10, N-NQ 150, P-PQ 50, K 150, Ca 150, Mg 50, Fe 3.00, Zn 0.44,
Cu 0.03, B 0.011, pH 5.50, EC 1.8 mS=tnit was studied the following manganese conceiotiatin nutrient
solution (in [mgdn¥): 0.5, 4.8, 9.6, 19.2 (described as Mn-I, Mnin-ll and Mn-IV). It was found

a significant influence of increasing manganesecentration applied in fertigation on the contentf K (for
Mn-IV); P, Fe, Cu (for Mn-lll and Mn-IV); Mg, Zn ¢r Mn-Il to Mn-IV) in aboveground parts of lettudewas

no differences in case of calcium and sodium cdntaoreasing concentration of manganese usedtigdéon
significantly influenced the content of Mn in plantManganese also affected on the SPAD measurement
(decreasing at Mn-1V) and yielding of the plantediasing for Mn-Il to Mn-IV comparing with Mn-I).
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Introduction

Important factor influence on plant performancearindern plant production is water
quality [1, 2]. Most of the groundwater to a demth100 meters contain no more than
0.5 mg Mndm [3], however sometimes water may contain up to 10 meiM [4]. It is
known, that about 5% of water used to prepare dfient solution contain from 1 to
4.5 mg Mndm™. Real huge problem in environment cause of nutriesses from open
fertigation systems under cover, both tunnels @eghouses [5, 6]. One of the factor
influences on contamination of groundwater in mawega are nutrient discharge from open
fertigation systems. Estimated ranges of mangadesdarges depended on species and
range from 0.01-0.02 kg-Hgin case of anthurium) to 0.05-1.20 kg-H@n case of tomato)
[5, 6]. Important problem is also salinity of gralwater and deterioration of their quality.
Mentioned fact was a one of reason to conductetiesticoncentrated on the influence of
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salinity in plant production. In case of lettucéotof studies have focused on this problem
[7-12].

Manganese causes a significant oxidative stregslémts [13]. This microelement also
significantly influence on the uptake of other merts like phosphorus, potassium, calcium,
magnesium, iron, zinc, copper [14-20]. The aimaiducted studies was effect of increase
manganese in the nutrient solution on content ¢fient and yielding of lettucel&ctuca
sativa L.) in hydroponic cultivation.

Material and methods

Vegetation experiments were carried out from Mai@whVay in 2012-2013 year in
a greenhouse located in the area of the Experim8tation of Departments of the Faculty
of Horticulture and Landscape Architecture Univigrsif Life Sciences in Poznan. The aim
of conducted studies was effect of increase marsgainethe nutrient solution on content of
nutrient, growth and yield of lettuckedctuca sativa L.) in hydroponic cultivation.

The experiments were established using the rarmimmtomplete block design in
3 replications with used of butterhead lettudeacfuca sativa L.) cv. ‘Sunny’. One
replication consisted of 3 plants. Studies weredaeted on 36 plants (4 combinations x
3 replications x 3 plants per replication).

3 weeks before vegetation experiment seedlings pieared. The seeds were sowed
individually to rockwool fingers, which 48h befofill up the nutrient solution. Seedlings
(in 3-4 leaves phase) were put in the fill of remti solution rockwool blocks
(10 x 10 x 10 cm). After 1 week seedling were pthdea special hydroponic model with
closed fertigation system (ATAMI Wilma). Nutrientlstions were dose 6 times daily per
5 minutes in each cycle. Nutrient solution leachirgn the root zone were collected to
tank located bellow the plants and used againdiv thutrition.

Plants were grown in rockwool using closed systentigation with recirculation of
nutrient solution. Water, on the basis of which tisrient solution was prepared, contained
[mg-dm?: N-NH, - tr. (traces), N-N@- 3.7, P-PQ- 0.3, K - 1.8, Ca - 57.3, Mg - 13.4,
S-SQ - 58.3, Fe - 0.08, Mn - 0.08, Zn - 0,44, B - 0.@L, - tr., Mo - tr., HC@- 277.5,
pH - 7.00, EC - 0.74 mS-¢iIn experiment were used a nutrient solution Vidflowing
nutrient contents [mg-df}: N-NH, < 10, N-NQ 150, P-PQ 50, K 150, Ca 150, Mg 50,
Fe 3.00, Zn 0.44, Cu 0.03, B 0.011, pH 5.50, ECrdS8cm”. It was studied the following
manganese concentration in nutrient solution (ig-@m~3]): 0.5, 4.8, 9.6, 19.2 (described
as: Mn-I, Mn-Il, Mn-IIl and Mn-1V).

To prepare nutrient solutions there were used viotlg fertilizers: potassium nitrate
(13% N-NG, 38.2% K), calcium nitrate (14.7% N-NO18.5% Ca), monopotassium
phosphate (22.3% P, 28.2% K), potassium sulphuke8¥ K, 17% S), magnesium
sulphure (9.9% Mg, 13% S), Librel FeDP7 (7% Fe)nhgamese sulphate (32.3% Mn),
copper sulphate (25.6% Cu), borax (11.3% B) andusodnolibdate (39.6% Mo). To
regulated pH values there were used nitric acid«j38Jsing N-Tester apparatus by Yara
the Chlorophyll index (SPAD) was determined in cafthe highest leaves on the plants.

To chemical analyses were collected the abovegrquends of plants. Collected
material dried at 45-50°C and then ground. In ongemassay total forms of nitrogen,
phosphorus, potassium, calcium, magnesium and ogliant material was mineralized in
concentrated sulfuric acid, while for analysesatéltiron, manganese, zinc and copper - in
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a mixture of nitric and perchloric acids (3:1, v[21]. After mineralization of plant material

the following determinations were performed: N-totssing the distillation method

according to Kjeldahl in a Parnas-Wagner appara®yscolorimetrically with ammonia

molybdate; K, Ca, Mg, Na, Fe, Mn, Zn, Cu using a@toabsorption spectroscopy (ASA, on
a Carl Zeiss Jena apparatus). Results of chemicalyses of plants were analyzed
statistically using the Duncan teat£ 0.05).

Results and discussion

Macroelement and sodium content. It was found a stable content nitrogen and
potassium (without significant differences) within range fnoMn-I to Mn-lll (Fig. 1).
Significantly decreasing of mentioned nutrient weezorded only in case of Mn-IV.
According with increasing of manganese nutritionswiund decreasing trend of
phosphorus content in lettuce leaves. Increasing manganesdtion did not influence
significantly in calcium (it was decreasing trend, but no significant) aodium content.
Higher than optimal concentration of manganese iegpin nutrient solution (Mn-II
to Mn-1V) significantly decreased the magnesiumteahin leaves.

Microelement content. Decreasing trend of metallic microelement confertept Mn)
was found (Fig. 2). In case obn andcopper nutrition of lettuce at level of Mn-IIl and
Mn-IV significantly decreased the content of men&d ion comparing with Mn-I and
Mn-11 (for Fe) and Mn-I (for Cu). Increasing contesf manganese significantly decreased
the zinc content in leaves. In conducted studies was faigdificant and positive plants
reaction on increasing nutrition ofanganeseIncreasing manganese nutrition significantly
decreasinghlorophyll content (express in result of SPAD reading) in leaves. Esive
nutrition with manganese significantly reduced pants yielding (in case from Mn-Il to
Mn-1V, comparing with Mn-I).

Generally determined content wtrogen in leaves were similar like cited in literature
[7, 22-24] (Table 1).

Table 1
The content of macroelements [%] in lettuce lea@rding other authors
Source N P K Ca Mg
Abou-Hadid et al [7] 3.54-4.21 0.97-0.9 7.24-8.40 - -
Markiewicz and Kleiber [10] 3.18-3.54 0.37-0.68 204 1.39-1.52 0.62-0.69
Gill et al [22] 3.72-4.16 0.29-0.3§ 4.58-7.1p 1.7G72 | 0.27-0.40
Karimaei et al [23] 1.57-4.23 0.18-0.39 4.6-8.9 - -
Kleiber et al [24] 4.04-5.21 0.74-1.07 8.15-9.16 371.39 0.75
Jarosz and Dzida [25] 4.97-5.84 0.38-0.43 6.54-7/701.00-1.21 0.33-0.39
Matraszek et al [26] - 0.93-4.08 1.74-2.58 0.3040.4 0.50-0.63

Lower content of that ion was also found [10] - eva@uthors studied the EC level of
nutrient solution in lettuce cultivation. Higherntent of nitrogen was determined in case of
lettuce cultivation in organic medium [25] - authdound a significant and positive effect
on potassium nutrition on the nitrogen contentdttuce. On the content of N, P, K in
lettuce tissue significant influence the nutritiemel [24].
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Fig. 1. The influence of manganese nutrition omogién (N), phosphorus (P), potassium (K), calcium
(Ca), magnesium (Mg) and sodium (Na) content (ird%h. of leaves; means from 2 years).
Description for Figures 1, 2: Values marked witle tame letter do not differ statistically at
a=0.05

Determined content ophosphorusin lettuce tissues were varied. In my studied is wa
found range between 0.65-0.82% P. Most of authomsnd lower content of that
macroelement [10, 22, 23]. Higher content of phosps was found by authors studied the
EC effect [7] and nickel nutrition [26] in lettucailtivation. Content opotassiumin leaves
of lettuce were similar to described by many awH@r 22-24]. Lower content of that ion
was found by in case of Ni nutrition [26] while higy in case of lettuce cultivation under
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the light stress [24]. Wider range of potassiumtennwas recorded in studies concentrated
on the effect of salinity in lettuce growing [10].
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Fig. 2. The influence of manganese nutrition om i(Be), manganese (Mn), zinc (Zn) and copper (Cu)
content (in mekg™ d.m. of leaves; mean from 2 years) also SPAD measent (SPAD units)
and yielding of lettuce (in-plant?)

Content ofcalcium cited in literature are different than in my sesliHigher content of
that ion was described in paper of scientists {2&fed the effect of growing media. Most of
cited source [10, 23, 24, 26] cited lower contentaicium in leaves of lettuce. Calcium is
an important nutrient protects plants against tipab It is known that the reduction of the
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content of calcium below the above optimal valués(Ca) may have influence on the
appearance of physiological perturbation on pl§2ifs29]. Significant factor influence on
the content of calcium in lettuce is potassium itiatr [25]. Magnesium is an essential

component of chlorophyll, and the correct nutristaitus of plant in Mg affected by, inter
alia, on the rate of photosynthesis [30]. Determhity other authors content of Mg in
lettuce are varied. Some researchers found low&r 23], while some of scientist higher
[10, 24, 26].

In conducted studies was found a significant effaetmanganese nutrition aron
content. In earliest studies prove a significaflience of nickel nutrition on the content of
Fe in lettuce [26]. In case of cultivation in orgamedium the significant factor influenced
on the content of iron is form of that ion (mine organic) [31]. It was found that
Increasing doses of manganese did not exert aagtash the content of iron in the lettuce
cultivation in organic medium [32]. Determined cemt of that microelement were similar
to those cited in literature [9, 33]. Lower contefiron was also determined [22, 26, 34].
Higher content of Fe was also found too [7].

Table 2
The content of microelements [rhg™}] and sodium [%] in lettuce according other authors
Source Fe Mn Zn Cu Na
Abou-Hadid et al [7] 821.0-838.4 115.1-119(8 603368 23.6-32.5 -
Gul et al [22] 91.2-126.5 42.92-66.2Pp  60.86-75.p7 .4448.33
Hakerlerler et al [34] 55.9 22.0 30 5

Kleiber and Markiewicz [9] 133.8-244.§ 34.9-100.p 4617-218 5.90-10.53| 0.24-0.57

Kleiber et al [24] - - - - 0.24-0.59
Kozik et al [31] 149.1-193.4] 174.4-346.8  110.7-B87Y. 14.3-27.9 -
Kozik et al [32] 185.7-193.3] 233.3-342.2  148.5-162. 12.42-13.49
Matraszek et al [26] 76.9-96.0 14.1-43.7 73.9-120.2 5.33-8.26 -
Winsor and Adams [33] 50-200 - - 5-15

Determined content ahanganese(even in case of Mn-l) were higher than cited by
other authors [7, 22, 26, 31, 32, 34]. Cited contgnzinc in lettuce leaves are varied.
Lower content of that metal was found in many sadi7, 22, 26, 34] also higher content
too [32, 33]. Assay of this nutrient are in thegargiven by Kozik et al [31]. Determined
content ofcopper are lower that recorded by other authors [7, 2]., Bower content of Cu
was also found [22, 26, 34]. Assay of this nutrigre in the range given earlier [33]. There
are few sources cited the contensotliumin lettuce. Determined content of that ion were
lower that found by others [9, 24].

With the increase in the content of chlorophylléaves is increased by the absorption
of light [35]. The use of the absorption bandsigiitl is not destructive method to estimate
leaf chlorophyll content [36, 37]. The relationshigtween measurements and SPAD
chlorophyll is extracted characteristic and spediir different plant species [37]. There is
a significant and positive correlatioR?(0.85-0.92) between SPAD value and the content of
total chlorophyll and chlorophyll a and chlorophpllin case of lettuce [38]. In conducted
studies increasing manganese nutrition signifiyatidicreasing chlorophyll content (SPAD
values). It was also found a lowering trend of SP#ider the salinity stress [7]. Opposite,
increasing trend of SPAD was found in other studiey. The relationship between the
SPAD and the leaf chlorophyll content was foundthia case of other species [39-41].
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In case on philodendron nutrient status with mderaents significantly influence on
SPAD value [37]. In lettuce cultivation was foundsignificant influence of salinity [10]
also the light condition [42] on the chlorophylirdent. In the literature, examples are given
increase in the content of chlorophyll in plant®wgn under stress conditions such as
aqueous [43]. It was also shown a negative corogldtetween SPAD index and the rate of
photosynthesis - which suggests that no amounthédraphyll, but its photosynthetic
activity determines the intensity of the procesflo@phyll in plants can serve other
functions such as protection - in the case of stcasised by adverse external factors [43].

Manganese is antagonistic ion in relation to irovd &alcium [44] and potassium,
magnesium, zinc and copper [16, 20, 45, 46]. Thizarlement reduced also content other
metallic microelements in plants [19]. Conductadigts confirm decreasing content in case
of mentioned nutrient except of calcium where fomadsignificantly differences under the
increasing manganese nutrition. Excess manganegeredace magnesium uptake by as
much as 50% [14]. In conducted studies content afimasium was lower about 20.7%
(comparing Mn-I do Mn-1V). Manganese may have aatieg effect on the uptake of
potassium and phosphorus [15] what was found instoglies. In spite of significant
changes of macro-, microelements and sodium corgenthe plants were no visual
symptoms of manganese toxicity.

Conclusions

Based on conducted studies one can say the inegeasanganese concentration
applied in fertigation may significantly influenom plant nutrient status, both macro- like
micronutrients. It was found that within studied Mange of nutrition decreasing content in
leaves of: N, K (significant only for Mn-1V); P, F€u (significant for Mn-1ll and Mn-IV);
Mg, Zn (significant from Mn-Il to Mn-1V). Content focalcium (in spite of decreasing
tendency) and sodium in leaves was stable. Ingrgasincentration of manganese used to
fertigation significantly changed the Mn statugptEnts. Manganese significantly decreased
the SPAD measurement (at Mn-1V) and plants yieldilg-11 to Mn-IV comparing with
Mn-1). In spite of significant decreasing of plam¢lding there were no visual symptoms of
manganese toxicity present on the leaves.
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WPLYW ZYWIENIA MANGANEM NA ZAWARTO SC SKEADNIKOW
| PLONOWANIE SALATY ( Lactuca sativa L.) W HYDROPONICE

Uniwersytet Przyrodniczy w Poznaniu

Abstrakt: Celem przeprowadzonych badayta ocena wptywu wzrastgjegozywienia manganem na zawaito
sktadnikéw pokarmowych i plonowanie satabagtuca sativa L.) w uprawie hydroponicznej. Riny uprawiano
w welnie mineralnej z zastosowaniem ukladu zamgtlkgo z recyrkulagj pazywki. W daswiadczeniach
stosowano poywke 0 nastpujacej zawartéci sktadnikéw pokarmowych [mg-dii: N-NH, < 10, N-NQ 150,
P-PQ 50, K 150, Ca 150, Mg 50, Fe 3,00, Zn 0,44, CB30P 0,011, pH 5,50, EC 1,8 mS-¢mBadano
nastpujace poziomyzywienia manganem w pgwce [mgdnmi: 0,5, 4,8, 9,6, 19,2 (opisane jako Mn-I, Mn-Il,
Mn-lIl i Mn-IV). Wykazano istotny wplyw wzrastagych stzen manganu stosowanego w fertygaciji na zavgarto
w czséciach nadziemnych salaty: N, K (dla Mn-IV); P, F&y (dla Mn-lll i Mn-IV); Mg, Zn (dla Mn-Il do
Mn-IV). Nie stwierdzono rénic w przypadku zawarfoi wapnia i sodu. Wzrastgje stzenia manganu
stosowanego w formie fertygacji silnie wptywaty nawartd¢ tego skladnika w &inach. Mangan oddziatywat
takze na odczyt SPAD (obienie dla Mn-IV) i plonowanie &in (obnizenie dla Mn-Il - Mn-IV w poréwnaniu
Z Mn-l).

Stowa kluczowe:satata, mangan, makrosktadniki, mikrosktadniki



