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Abstract: The field experiment was carried out over 2003–2005 on the lessive soil (Haplic Luvisols),
defective wheat complex, with a randomized block method in four random replications. The soil was
characterised with an acid reaction (pHKCl – 5.3) and a natural content of trace elements (characteristic for the
geochemical background). Licosmos “00” spring variety of rape was used as a test crop. The aim of this study
was to determine the effect of feeding urea and foliar nickel chelate EDTA-Ni(II) and Plonvit R on the content
of total nitrogen and amino acid composition of spring rape seeds. Nickel chelate influenced an increase in the
amount of amino acids in the seeds, but reduced the amount of protein.
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In the intensive agricultural production, foliar fertilization is one of the essential
technology of plants cultivation [1–3]. This form of fertilization concerns mainly the
microelements (Zn, Cu, Mn, Fe, B, Mo, and relatively recently nickel – Ni), and
sometimes also macroelements, especially nitrogen and magnesium. Oilseed rape
(Brassica napus oleifera) is an important crop for oil production and feed because of its
high fat content (40–50 %) and protein (20–30 %) content in seed [4]. The nutritional
value of each protein is determined by the amino acid composition, in particular by the
number of necessary amino acids [5]. A shortage of even one essential amino acid in the
diet, immediately affects the body as a negative balance of nitric eg total excreted
nitrogen exceeds the amount of nitrogen intaken. This indicates that the tissue protein is
degraded and is used to provide the missing amino acid for these proteins on
a “high-priority” that must be continuously synthesized [6]. The oil seed-meal, because
of its high protein content and its well-balanced composition of amino acids, may be
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used as a substitute for soybean pellets after extraction for farm animals, and contains
more sulphur amino acids (methionine and cystine), but slightly less lysine [7, 8].
Lysine in rapeseed pellets have to be especially protected with the highest seed
processing technology [9]. In 1991, nickel next to Fe, Mn, Cl, B, Zn, Cu, Co and Mo
was included into microelements [10]. Research shows that plants fed with urea with no
nickel access, can accumulate large amounts of urea due to reduced urease activity [11].
The addition of nickel increases the activity of urease located in leaves and prevents the
accumulation of urea [12, 13].

The aim of this study was to determine the influence of foliar feeding with urea and
nickel chelate EDTA-Ni(II) and Plonvit R for the total nitrogen content and endogenous
amino acid composition of spring rape seeds.

Materials and methods

The field experiment was carried out over 2003–2005 on the lessive soil (Haplic
Luvisols), defective wheat complex, with a randomized block method in four random
replications. Size of plots: 6 × 5 m = 30 m2 gross, including 5.2 × 3 m = 15.6 m2 to
harvest.

The soil was characterised with an acid reaction (pHKCl – 5.3) and a natural content
of trace elements (characteristic for the geochemical background). Licosmos “00”
spring variety of rape was used as a test crop. The following fertilization per one hectare
was used: soil application per 1 ha: pre-sowing, 75 kg N in ammonium nitrate (solid
form), 40 kg P in the form of triple superphosphate and 140 kg K in the form of
potassium salt; 60 kg N in the form of CO(NH2)2 (3 × 20 kg) according to the
experiment scheme (foliar application). Times of foliar feeding: (stage of development
of the crop according to BBA): I. Steam elongation (KD 33); II. inflorescence
emergence (KD 55); III. after flowering (KD 71).

Experimental objects:
1. urea (3 × 20 kg N ha–1) soil application in solid form + MgSO4 H2O + water

(spray 3×);
2. urea (3 × 20 kg N ha–1) in a solution + MgSO4 H2O;
3. urea (3 × 20 kg N ha–1) in a solution + chelate nickel + MgSO4 H2O;
4. urea (3 × 19.9 kg N ha–1) in a solution + Plonvit R + MgSO4 H2O;
5. urea (3 × 19.9 kg N ha–1) in a solution + Plonvit R + chelate nickel +

+ MgSO4 H2O.
The concentration of urea solution used in all phases of plant development was 12 %.

Magnesium sulphate was used only in the spring period (3 % solution of magnesium
sulphate monohydrate). Plonvit R was used in quantities of 2 × dm3 ha–1, and the Ni
chelate 2 × dm3 ha–1 (5 g Ni × 1 dm–3). The content of elements [g kg–1] in Plonvit R
was as follows:

N Mg S Mn Fe Zn Cu B Ti Mo Na

100 18 16 5 5 6 1 5 0.3 0.05 10
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Plant protection products Butisan Star 415 SC (metazachlor 333 g/dm3, chinomerak
83 g/dm3), Decis 2,5 EC (deltametryna 2.5 %), Owadofos 540 EC (fenitrotion 540
g/dm3), Karate Zeon 050 CS (lambda-cyhalotryna 50 g/dm3) were used.

The weather conditions in the years of experiments were variable. The rainfalls were
quite diverse, and the air temperature in both years was similar to average from
perennial. The spring (except from May) and the first half of the summer year 2004 was
characterized by higher precipitation than perennial average. The emergence of rape
was good, plant development in this conditions was proper. High rainfalls which
occurred in July made the vegetative period longer and has the beneficial effect on rape.
In April of 2005 high precipitation deficiencies took place, and the second decade of
this month was cold with ground freeze up to –8 oC occurred. The emergence of rape
was irregular. Higher rainfalls took place in May but due to periodical cold the
vegetation was not getting better as expected. However, June was quite hot with heavy
rains which made the harvest delayed.

The rape seed was harvested 26.08.2004 and 20.08.2005. In the rape seeds were
determined the total protein content with Kjel-Tec Auto Plus 1030 apparatus, using its
6.25 version. Moreover, the composition and content of amino acids was measured
using an ion exchange chromatography Microtechna 339 M apparatus in the Central
Apparatus Laboratory of Life Sciences University in Lublin. The results were
statistically analysed with variance analysis method with a level of significance
equalling 0.05. To compare the statistical significant differences the Tukey test was
used.

Results and discussion

Protein content in the seeds of rape is more diverse than the content of fat. The
amount of this component is mainly dependent on the level of fertilization as well as on
variety and weather. The higher accumulation of protein in seeds results from dry years
[14, 15]. Protein from immature seeds will be less rich in exogenous amino acids
(lysine), resulting in lower quality of pellets and pressed residues [16].

The average protein content of spring rape Licosmos variety was similar in all
objects apart of the third (Table 1), where nickel chelate was used in combination with
urea affect of the protein content reduction in seeds by 19.65 g kg–1 in relation to
object with foliar used urea. Taking into account the fact that the object with Ni chelate,
but additionally fed with Plonvit R, there was no decrease, it can be supposed that the
plant took microelements (including nickel) in a more balanced way, and their
interaction influenced the larger protein content compared with the object where Plonvit
R was applied with urea by foliar application.

In examining the effects of different microelement fertilizers supplied by foliar
application to the plant, Palka et al [17] found that there was no significant variation in
protein content under the influence of foliar feeding. A factor that was influencing the
protein content was a variety, including the Licosmos variety, which was characterised
with the lowest at 22.41 %. The same result was reached in own studies (the average of
the experiment from two years).
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Table 1

The share of amino acids protein composition of grain of rape seed [%]

Amino acids

Experimental objects

1 2 3 4 5

Amino acids percentage in protein

Endogenous

Asparagine Asp 6.43 6.80 6.67 7.04 7.71

Tyrosine Tyr 3.81 4.19 4.52 4.38 4.19

Arginine Arg 6.95 6.42 6.95 6.71 6.28

Serine Ser 4.15 4.24 4.05 4.25 4.18

Glutamine Glu 15.21 15.36 14.96 15.17 15.95

Proline Pro 3.13 3.02 3.19 2.95 3.13

Glycine Gly 4.66 4.86 4.70 3.72 4.62

Alanine Ala 4.08 4.11 3.86 3.88 3.91

Exogeneous

Threonine Thr 4.88 5.12 5.17 5.47 5.35

Valine Val 4.72 4.96 5.02 4.95 5.08

Isoleucine Ile 3.78 3.95 3.82 3.59 3.84

Leucine Leu 8.49 8.67 8.85 8.47 8.29

Phenylalanine Phe 5.44 5.15 5.90 5.33 5.47

Histidine His 3.38 3.58 3.79 3.40 3.36

Lysine Lys 5.49 5.50 5.62 5.27 5.60

Sulphur (exogeneous)

Cysteine sulphonic acid CySO3H 4.78 4.42 4.18 3.80 4.08

Methionine sulphone MeSO3 4.20 4.15 4.46 4.20 4.37

The sum of amino acids 93.48 94.43 95.64 93.50 95.44

Total protein [g kg–1 d.m.] 227.95 228.95 209.30 226.40 227.70

LSD(0.05) between objects – n. s.

An analysis of the average over two years (Fig. 1) shows that in sites where Ni was
used, seeds accumulated most amino acids in the protein. Identical results were obtained
by Gerendás and Sattelmacher [18], examining the impact of Ni on the development
and transformation of nitrogen in spring rape, where urea was an N source. This
reaction explained by the authors as a high urease activity resulting from nickel
additive. Urease catalyses the hydrolysis of urea to ammonia and carbon dioxide, so that
nitrogen becomes available to plants [19].

The fertilizers used did not have a significant impact on the content of total nitrogen
and amino acid composition of spring rape seeds. An addition of nickel chelate to urea
had the effect of increasing the total amount of amino acids, mainly by increasing the
content of essential amino acids like phenylalanine and histidine (Table 1); however, in
this object the lowest (209.3 g kg–1 d.m.) total protein content was obtained.
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Application of Plonvit R with urea had positive effect on threonine content but negative
on glycine, lysine and CySO3H content. The content of sum of exogenous amino acids
in protein was significantly different only between objects with Ni chelate and Plonvit R
(Fig. 1). Comparing with other objects soil application of urea was characterized by
lowest sum of amino acids mainly due to low asparagine, tyrosine and valine contents.

Conclusions

1. The foliar application of Ni chelate with urea affected an increase in the amount of
amino acids in seeds, mainly by increasing the participation of essential amino acid,
while reducing the amount of protein.

2. Exogenous amino acids sum was significantly higher where Ni chelate was used in
comparison with found in object with Plonvit R.

3. Microelement fertilizer Plonvit R applied together with urea and Ni chelate
prevented the reduction of protein content caused by Ni chelate impact.
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Abstrakt: Doœwiadczenie polowe przeprowadzono w latach 2003–2005 na glebie p³owej (Haplic Luvisols),
kompleks pszenny wadliwy, metod¹ bloków losowych w 4 powtórzeniach. Gleba mia³a odczyn kwaœny
(pHKCl – 5,3) i naturaln¹ (charakterystyczn¹ dla t³a geochemicznego) zawartoœæ pierwiastków œladowych.
Roœlin¹ testow¹ by³ rzepak jary odmiana “00” – Licosmos. Celem badañ by³o okreœlenie wp³ywu dokarmiania
dolistnego mocznikiem oraz chelatem niklu EDTA-Ni(II) i Plonvitem R na zawartoœæ azotu ogó³em i sk³ad
aminokwasowy nasion rzepaku jarego. Chelat niklu wp³ywa³ na zwiêkszenie sumy aminokwasów w na-
sionach, ale redukowa³ iloœæ bia³ka.

S³owa kluczowe: azot, aminokwasy, rzepak jary, dokarmianie dolistnie, mocznik, mikroelementy
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