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Abstract

The aim of the research was to determine the influence of foliar nutrition with Pen-
takeep V as well as differentiated nitrogen fertilisation on the content of macro- (Ca, K,
Mg, Na, P and S) and micronutrients (B, Cu, Fe, Mn and Zn) in spinach leaves. Pentakepp
V is a fertilizer containing 5-aminolevulinic acid (5-ALA), which is the direct precursor of
chlorophyll in plants. In 2006-2007, a pot experiment with spinach Spinacia oleracea L. cv.
Spinaker F1 was carried out. The plants were cultivated in 60 × 40 × 20 cm containers
placed in an open field under a shade-providing fabric. Containers were filled with loamy
clay soil (35% of sand, 28% silt, 37% clay) with the organic matter content of 2.44% in 2006
and 2.52% in 2007. The experiment design included 2 sub-blocks: with and without foliar
nutrition. The plants were sprayed twice with Pentakeep V fertilizer in a dose of 0.02%
w/v (16 ml 100 dm–3 – 3000 dm3 per 1 ha). In each sub-block, soil fertilization with nitro-
gen was applied: 1 – control (without N fertilization), 2 – 25 mg N dm–3 of the soil (50% of
N dose), 3 – 50 mg N dm–3 of the soil (100% of N dose). Nitrogen fertilization was applied
in the form of ammonium nitrate prior to seed sowing. Among all of the determined nu-
trients, a significant interaction between foliar nutrition and soil application of nitrogen
was observed in the case of Ca and Fe content in spinach leaves. Foliar application of
Pentakeep V decreased the content of Ca in plants without N fertilization as well as incre-
ased the amount of this element in plants fertilized with full dose of nitrogen (100% of
N dose). These observations were further verified by the changes of Ca content in soil
after plant cultivation. Increased uptake of Ca from soil was observed for plants treated
with Pentakeep V and fertilized with the full dose of nitrogen. A higher content of this
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element in soil was noted after cultivation of plants receiving only Pentakeep V (without
N fertilization). Specific interaction of Pentakeep V on the increased content of Fe in spi-
nach fertilized with 50% dose of N was observed. In comparison with the control, N fertili-
zation in both doses (regardless of the foliar nutrition) led to the decrease of the plant
content of Ca, Na and Fe as well as resulted in the increased concentration of K in spi-
nach leaves. Plants fertilized with half-dose of N were characterized by lower content of
Mn but plants treated with 100 % of nitrogen had higher concentration of this element in
comparison to the control. Foliar application of Pentakeep V (considered independently of
N fertilization) did not significantly influence the content of these nutrients in spinach le-
aves. Weather conditions throughout both years of cultivation had no effect on the inte-
raction between foliar nutrition with Pentakeep V and N fertilization on the content of ana-
lyzed nutrients.

Key words : biostimulation, 5-aminolevulinic acid, macronutrients, micronutrients, mineral
nutrition.

WP£YW BIOSTYMULACJI ROŒLIN NAWOZEM PENTAKEEP V ORAZ NAWO¯ENIA
AZOTEM NA ZAWARTOŒÆ MAKRO- I MIKROSK£ADNIKÓW W SZPINAKU

Abstrakt

Celem badañ by³o okreœlenie wp³ywu dokarmiania dolistnego nawozem Pentakeep V
oraz zró¿nicowanego pod wzglêdem dawki nawo¿enia azotem na zawartoœæ makro- (Ca, K,
Mg, Na, P and S) i mikrosk³adników pokarmowych (B, Cu, Fe, Mn i Zn) w szpinaku. Na-
wóz Pentakeep V zawiera kwas 5-aminolewulinowy (5-ALA), który w roœlinach jest m.in.
bezpoœrednim prekursorem cz¹steczek chlorofilu. W latach 2006-2007 przeprowadzono do-
œwiadczenie wazonowe z upraw¹ szpinaku Spinacia oleracea L. Spinaker F1. Szpinak upra-
wiano w pojemnikach a¿urowych o wymiarach 60×40×20 cm umieszczonych na terenie
otwartym pod cieniówk¹. Pojemniki wype³niono glin¹ œredni¹ pylast¹ (35% piasku, 28% py³u
i 37% i³u) zawieraj¹c¹ 2,44% i 2,52% materii organicznej odpowiednio w 2006 i 2007 roku.
Badaniami objêto dwa podbloki z dolistnym i bez dolistnego dokarmiania roœlin. Roœliny
dokarmiano dolistnie dwukrotnie nawozem Pentakeep V w dawce 0,02% m/o (16 ml
100 dm–3 – stosuj¹c w przeliczeniu 3 000 dm3 wody na 1 ha. W obrêbie podbloków zastoso-
wano doglebowe nawo¿enie azotem: 1 – kontrola (nienawo¿ona azotem), 2 – 25 mg N dm–3

gleby (50% dawki N), 3 – 50 mg N dm–3 gleby (100% dawki N). Nawo¿enie azotem zasto-
sowano przedsiewnie w formie saletry amonowej. Spoœród wszystkich oznaczonych pier-
wiastków istotny wp³yw wspó³dzia³ania dokarmiania dolistnego z doglebowym nawo¿eniem
azotem stwierdzono jedynie w odniesieniu do zawartoœci Ca i Fe w szpinaku. W roœlinach
nienawo¿onych azotem dokarmianie dolistne Pentakeep V powodowa³o zmniejszenie zawar-
toœci Ca w szpinaku, w roœlinach zaœ nawo¿onych 100% dawk¹ N zwiêkszenie. Wykazane
zmiany zawartoœci Ca w szpinaku pod wp³ywem Pentakeep V i nawo¿enia azotem znajduj¹
uzasadnienie w kierunku zmian zawartoœci tego pierwiastka w glebie wykazanych po za-
koñczonej uprawie. Œwiadcz¹ one (odpowiednio w przypadku kontroli i nawo¿enia 100%
dawk¹ N) o zmniejszonym i zwiêkszonym pobieraniu Ca z gleby przez roœliny dokarmiane
dolistnie Pentakeep V. Wykazano specyficzne oddzia³ywanie Pentakeep V na zwiêkszenie
zawartoœci Fe w roœlinach szpinaku nawo¿onych 50% dawk¹ N. W porównaniu z kontrol¹
nawo¿enie dwiema zastosowanmi dawkami azotu (rozpatrywane niezale¿nie od dokarmia-
nia dolistnego) powodowa³o zmniejszenie zawartoœci Ca, Na i Fe, a wzrost zawartoœci K
w szpinaku. Nawo¿enie 50% dawk¹ N powodowa³o zmniejszenie zawartoœci Mn w szpina-
ku, a 100% dawk¹ N zwiêkszenie. Zabieg dokarmiania dolistnego Pentakeep V, rozpatry-
wany niezale¿nie od nawo¿enia azotem, nie powodowa³ istotnych zmian w zawartoœci ba-
danych pierwiastków w szpinaku. Przebieg warunków klimatycznych w obydwu latach
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badañ nie mia³ istotnego wp³ywu na oddzia³ywanie dokarmiania dolistnego Pentakeep
V i nawo¿enia doglebowego azotem na zawartoœæ badanych pierwiastków w szpinaku.

S ³ o w a  k l u c z o w e : biostymulacja, kwas 5-aminolewulinowy, makrosk³adniki,
mikrosk³adniki, ¿ywienie mineralne.

INTRODUCTION

Plant biostimulation has recently become an increasingly more common
treatment in modern agricultural production, carried out to intensify the
quantity and improve the quality of crop yield.  This procedure can be per-
formed independently or along with foliar nutrition. Biostimulation is car-
ried out using growth stimulators (bioactivators, biostimulators). According
to the Act of 10 July, 2007 on Fertilizers and Fertilization (Journal of Laws,
2007 no 147, item 1033), a growth stimulator is an organic or mineral com-
pound or its mixture, which has positive impact on plants’ growth or other
metabolic processes in plants, excluding a growth regulator, which is a plant
protection product in the sense defined in the provisions on plants protec-
tion. One of the compounds used in plant biostimulation is 5-aminolevulinic
acid (ALA), a common precursor to tetrapyrrole compounds found in chloro-
phyll and hemes. ALA is also a natural organic acid presented in all living
organisms (TANAKA et al. 2005). HOTTA et al. (1997) suggest that ALA has
plant growth regulating properties at low concentrations and may enhance
agricultural productivity. Foliar application of this chemical compound leads
to an increased content of photosynthetic pigments in leaves and higher
photosynthetic activity. YARONSKAYA et al. (2006) found a positive relation be-
tween ALA content and carbon dioxide assimilation in barley seedlings. Foli-
ar application of ALA resulted in a higher content of chloroplast pigments as
well as increased photosynthetic and antioxidant activity in pakchoi (MEMON

et al. 2009). The effect of ALA or fertilizers containing this compound (e.g.
Pentakeep® fertilizers) on mineral nutrition is still vaguely defined and only
few reports concern this question. Diverse effects of foliar application of
Pentakeep® on the content of N, Cu and Zn in Phoenix dactylifera L. palm
leaves were described (AWAD 2008). Studies by WATANABE et al. (2000) showed
that ALA improves salt tolerance in cotton seedlings through the reduction
in sodium uptake. The aim of this research was to determine the influence
of foliar nutrition with Pentakeep V and different nitrogen fertilization on
the content of macro- (Ca, K, Mg, Na, P and S) and micronutrients (B, Cu,
Fe, Mn and Zn) in spinach leaves.
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MATERIAL AND METHODS

Spinach (Spinacia oleracea L.) cv. Spinaker F1 was cultivated in 2006-
-2007 in open containers 60×40×20 cm in size, placed in an open field under
a shade-providing fabric. The containers were filled with silt loam soil (35%
sand, 28% silt and 37% clay) with the content of organic matter of 2.44% in
2006 and 2.52% in 2007, and the following concentrations of the available
nutrient forms soluble in 0.03 M acetic acid (for 2006 and 2007, respective-
ly): N (NO3-N+NH4-N) – 16.6-86.3 mg, P – 16.6-64.8 mg, K – 37.6-53.1 mg,
Mg – 121.4-158.3 mg and Ca – 1032.2-2342.9 mg dm–3 soil. In 2006 an 2007,
soil pH(H2O) was 6.38-6.99, while the total concentration of salt in soil (EC)
was 0.19-0.41 EC mS cm–1, respectively. The content of available forms
of phosphorus and potassium was supplemented before the cultivation to the
following levels: 60 mg P (in 2006) and 200 mg K dm–3 (in 2006 and 2007)
of soil.

The research comprised two sub-blocks: with and without plant foliar
nutrition. In the sub-block with foliar application, plants were sprayed twice
(on 5 and 12 September 2006 as well as on 3 and 14 September 2007) with
Pentakeep V in a dose of 0.02% w/v (16 ml 100 dm–3). The solution was
applied in the amount of 3 000 dm3 per hectare according to the manufac-
turer’s recommendation (Cosmo Seiwa Agriculture Co., LTD. Japan). The
following combinations with soil fertilized with nitrogen were distinguished
within the sub-blocks: 1 – control (without N fertilization), 2 –  25 mg N
dm–3 of the soil (50% of  N dose: equal 50 kg N ha–1 in field fertilization), 3
– 50 mg N dm–3 of the soil (100% of N dose: equal 100 kg N ha–1 in field
fertilization). Nitrogen fertilization was carried out prior to seed sowing us-
ing ammonium nitrate. Pentakeep V contains (in gravimetric percent): 9.5%
N (3.8% NO3-N, 5.7% NH4-N), 5.7% MgO, 0.14% B, 0.02% Cu, 0.6%
Fe-DTPA, 0.23% Mn, 0.02% Mo, 0.16% Zn and 5-aminolevulinic acid in con-
centration not declared by the producer.

The experiment was carried out using a split-plot method in four repli-
cates. Each replicate (one container) consisted of 4 rows of plants. In both
years of the experiment, seeds were sown on 1 August using 15 seeds in a
row. After germination plants were thinned out leaving 10 seedlings in one
row (40 plants per one container).  Spinach plants were harvested on 19 and
18 September in the subsequent years.

In each year, shredded plant material (spinach leaves) was dried at 70°C,
ground and mineralized in 65% super pure HNO3 (Merck no. 100443.2500)
in a CEM MARS-5 Xpress microwave oven (PAS£AWSKI, MIGASZEWSKI 2006).
Concentrations of Ca, K, Mg, Na, P, S, B, Cu, Fe, Mn and Zn were deter-
mined in the mineralized plant material using the ICP-OES technique with
the use of a Prodigy Teledyne Leeman Labs USA spectrometer.
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In both years, prior to the experiment, organic matter concentration in
soil was determined using Tiurin method modified by Oleksynova. Soil
pH(H2O) was assessed with a potentiometer, while the total concentration of
salt in soil EC was measured conductometrically. Prior to the experiment
and after the harvest, the content of Ca, K, Mg and P in soil was deter-
mined after extraction with 0.03M CH3COOH. Concentrations of Ca, K and
Mg were assessed by the AAS method and P was measured by the vanadi-
um-molybdenum method. It was only after the harvest in 2007 that the
concentrations of Na and S (after extraction with 0.03 M CH3COOH) as well
as B, Cu, Fe, Mn and Zn after extraction with 0.01 M CaCl2 in soil were
determined by the ICP-OES method.

The results were verified statistically using the ANOVA module of Sta-
tistica 8.0 PL programme at the significance level P < 0.05. The significance
of changes was assessed with the use of variance analysis. Whenever signif-
icant changes were detected, homogenous groups were determined by Dun-
can’s test.

RESULTS AND DISCUSSION

The research conducted by AWAD (2008) indicated that during acclimati-
zation of young plants from in vitro conditions, soil application of Pentakeep
V in concentrations of 0.02%, 0.04% and 0.08% improved growth capacity
and increased biomass of Phoenix dactylifera L. plants. Higher concentra-
tions of chlorophyll a, accompanied by an increased content of N, Cu and
Zn, were observed in palm leaves. In contrast, no significant effect of Penta-
keep V on the leaf content of P, K, Fe and Mn was found. It was only in the
case of Zn that its higher accumulation in plants correlated with an increas-
ing concentration of this element in soil after Pentakeep V application. As
no differences were observed in the soil concentrations of N and Cu, the
increase in leaf content of these nutrients was caused exclusively by stimu-
lating the activity of ALA.

Foliar treatment, among other physiological responses, can induce more
effective root uptake of mineral nutrients (ADAMEC 2002, BARCZAK et al. 2007).
In the present study, the results of statistical analysis indicated significant
interaction of foliar nutrition with Pentakeep V and soil fertilization with
nitrogen on the Ca and Fe content in spinach leaves (Tables 1 and 2). In
both sub-blocks, the concentration of calcium in plants fertilized with 50%
dose of N remained at the same level and was lower in comparison to the
control plants (Table 1). Foliar nutrition with Pentakeep V caused a signifi-
cant decrease in the Ca content in control plants without N fertilization,
which can indicate a reduced calcium accumulation in plant tissues. This
assumption can be supported by the increased amount of this element in
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soil from this combination after spinach harvesting (Table 3), particularly in
2006 (Figure 1). Therefore, it is more interesting to have observed how
Pentakeep V increased the Ca uptake and Ca accumulation in spinach plants
fertilized with the full dose of nitrogen. The results of chemical analysis of
soil from this combination showed a lower calcium concentration in compar-
ison to the combination with 50 mg N dm–3 fertilization and without foliar
nutrition. However, this dependence was observed only in 2006 (Figure 1).
It should also be mentioned that differences in K concentration noted in soil
after spinach cultivation in 2007 (Figure 1) were not correlated with the
spinach leaf content of potassium in either year of the experiment (Table 1).

Spinach leaves of plants fertilized with the N dose of 25 mg dm–3 and
not treated with Pentakeep V were characterized by the lowest accumula-
tion of Fe (Table 2). Foliar nutrition with Pentakeep V contributed to
a significant increase in the content of this element in plants. In other N
combinations, the Fe concentration in leaves was not dependent on foliar
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application, which makes the results obtained for the combination of 25 mg
dm–3 N dose difficult to interpret. The concentration of Fe in soil from all
combinations remained at the same level (Table 3). Higher content of this
element in plant tissues can result from specific interaction of Pentakeep V
with plants nourished with the lower dose of nitrogen. Nitrogen fertilization
(regardless of foliar nutrition) decreased the Fe content in spinach leaves,
especially in the case of 25 mg dm–3 N dose (Table 2).

In the present study, no significant effect of the interaction between
Pentakeep V foliar nutrition and N fertilization on the content of K, Mg,
Na, P, S, B, Cu, Mn and Zn in spinach leaves was observed (Tables 1 and 2).
This finding is supported by the results of our previous study on foliar nu-
trition and N fertilization (SMOLEÑ, SADY, 2009), where only a slight interac-
tion of foliar nutrition (alternately with 2% of urea solution, 1% of Supervit
R fertilizer solution and again with 2% urea solution) and N fertilization on
the mineral composition of carrot roots was found. Among all of the nutri-
ents taken into consideration in that study, i.e. Al, As, B, Ba, Be, Bi, Ca,
Co, Cr, Fe, Ga, In, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sb, Se, Sr, Ti and V, it
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was only the concentration of Na in cv. Kazan F1 carrot that was affected
by the interaction of the tested factors.

The effect of N fertilization on mineral nutrition depends on the form of
applied N, its dose as well as the cultivated species (JURKOWSKA et al. 1981,
SORENSEN 1999). JURKOWSKA et al. (1981) demonstrated that increasing N ferti-
lization led to a higher content of N, S, Ca, Na and Mg as well as a de-
creased concentration of P, Cl and K in oat and sorrel plants. In a study
conducted by SORENSEN (1999), higher doses of nitrogen nutrition resulted in
lower (P and K) or higher (Na) accumulation of macronutrients in cabbage
and carrot. In the present research, nitrogen fertilization (in both doses)
contributed to the reduction in the leaf content of Ca, Na and Fe (Tables 1
and 2) as well as increased plant concentration of potassium. Variable inter-
action of N nutrition with Mn accumulation was observed as the application
of 25 mg N dm–3 decreased and that of 50 mg dm–3 N dose increased the
Mn concentration in leaves. The demonstrated changes in the Na and Mn
content in plants did not coincide with the results of soil analysis (Table 3),
as the content of these nutrients in soil remained at the same level.

In the research conducted by SMOLEÑ and SADY (2009), foliar nutrition
(analyzed independently of nitrogen fertilization) considerably increased Bi
and Be concentrations, although it did not affect the content of the other
twenty-three nutrients in storage roots. The results from the present study
indicate that foliar application of Pentakeep V (regardless of N nutrition)
had no significant effect on the content of all the analyzed nutrients in
spinach leaves (Tables 1 and 2). Except for manganese, the mean values of
concentrations of elements in soil from both sub-blocks (with and without
foliar nutrition) remained at the same level (Table 3).

AWAD (2008) informed that the effectiveness of ALA influence on plants
is closely related to weather conditions during cultivation. In our study, the
total rainfall in 2006 was 2.6-fold lower than in 2007 but its distribution was

1 – control, 2 – 25 mg dm–3 dose of N, 3 – 50 mg dm–3 dose of N.
 – sub-block without foliar nutrition,   – sub-block with Pentakeep V.

Fig 1. Ca and K content in soil after spinach cultivation in 2006 and 2007
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much more uniform throughout the growing season (Table 4). The first dec-
ade of August 2007 was characterized by relatively small rainfall and nearly
twice as many sunshine hours as in 2006. In the first decade of September
2007, the number of sunshine hours was 4.6-fold lower and the rainfall was
18.8-fold higher than in 2006. The average relative humidity of air in the
first decade of August 2006 was higher, and in the third decade lower, in
comparison to the respective periods in 2007. In both years, the total number
of sunshine hours remained at the same level. Despite variable climatic con-
ditions in both years, the content of the analyzed nutrients in spinach leaves
was not related to this factor. This observation suggests that there is no
significant interaction between foliar nutrition, nitrogen fertilization versus
the cultivation years, the third factor included in our statistical analysis.

The influence of Pentakeep V application and nitrogen fertilization on
yield, nitrogen metabolism and the content of heavy metals and trace nutri-
ents in spinach plants will be presented in a separate publication.
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CONCLUSIONS

1. Among all of the tested nutrients (Ca, K, Mg, Na, P, S, B, Cu, Fe,
Mn and Zn), a significant effect of interaction between foliar nutrition and
nitrogen fertilization was found only for the content of Ca and Fe in spinach
leaves.

2. Pentakeep V application on plants unfertilized with N resulted in
a decrease in the Ca content, although foliar nutrition increased the leaf
concentration of this element in plants fertilized with 50 mg N dm–3.
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3. Foliar nutrition of plants fertilized with the 25 mg N dm–3 dose led
to an increase in the accumulation of Fe in spinach.

4. Nitrogen fertilization at both levels (regardless of foliar nutrition)
caused a reduction in the Ca, Na and Fe content as well increased accumu-
lation of K in spinach leaves.

5. Soil application of 25 mg N dm–3 resulted in a decrease, while the
50 mg dm–3 N dose increased the Mn concentration in plants.

6. Foliar application of Pentakeep V (regardless of N nutrition) had no
significant effect on the content of Ca, K, Mg, Na, P, S, B, Cu, Fe, Mn and
Zn in spinach leaves.

7. The weather conditions throughout the cultivation period had no sig-
nificant impact on the interaction Pentakeep V with nitrogen fertilization
on the content of Ca, K, Mg, Na, P, S, B, Cu, Fe, Mn and Zn in spinach
plants.
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