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Introduction

A significant proportion of Hungarian soils show copper deficiency (Kadar 1984). FAO
studies also underlined that soluble copper content (extracted by ammonium-acetate-EDTA)
is low in Hungary compared to international data (Sillanpdd 1982). The average copper
content of the upper cultivated layer varies between 12-120 mgkg™. The amount of available
forms of copper is around 1-2% of this value and takes up about 0.2-2.0 kgha (Gybri 1962,
Szabé et al. 1987). In calcareous soils (Kadar and Németh 2003) or after liming of soils
(Szakal et al. 1997a, Reisinger et al. 1996) the solubility of copper is decreasing. Numerous
studies refer to the fact that due to the hindered transport processes deficiency can occur in the
plants even in cases when the soil is relatively well supplied with certain nutrients. This
underlines the importance of foliar application and top dressing Szentpéteri at al. (2005).
Copper plays an important role in plant metabolism. It is the component or activator of
numerous enzymes that take part in transpiration processes and electron transport. Copper is
indispensable for carbohydrate-, protein- and fat- metabolism (Shkolnyik 1984). Copper also
catalyses the redox reactions of flavonoids. In recent times more and more studies deal with
the relationship between trace element nutrition and the yield and quality of wheat.
Unfortunately in a part of these experiments sulphate and chloride compounds are used which
are often depressive to a certain extent and for this reason the effect of the cation itself can be
proved unquestionably.

Materials and Methods

The preparation of copper complexes of amine and saccharose ligand:

The preparation of amin complexes: The amine complexes were prepared from copper-
chloride containing microelectronic waste. The copper-chloride containing waste was reacted
with KOH. The copper-hydroxide precipitation was filtered with a vacuum filter until it
became chloride-free. After filtering the copper hydroxide was reacted with ammonium-
hydroxide in a membrane reactor. After cooling we set the pH of complex between 8.5-9.2
values. It is suitable for spraying in this pH range; if the pH is higher it may cause burning on
the plants.

The preparation of copper-saccharose complex: In the preparation process concentrated sugar
solution — made from granulated sugar — was given to acidic copper-sulphate with continuous
mixing and simultaneous KOH administration for pH reduction. Since the process is highly
exoterm, the compounds need to be cooled in a duplicator. For stabilising the complex the
administration of other complexes is necessary.

The produced complexes were administered in the form of foliar application at two
phenological phases at booting and at flowering. The experiments were carried out in
Komarom in the years 1998-2000 on calcareous Danube alluvial soil.
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Table 1. Average soil composition of the experimental site in Komdrom

pH CaCOs |y AL-soluble |nKCl| EDTA-soluble
3 umus
P M
mo| ke | ¥4 | o o 205 K.0[Na| Mg %n[ Cu | Mn | Fe
mgkg
7.93[7.50]39.0] 85 2.1 | 183[165]39[57.4]1.1]0.85[33.2][24.7

The following copper doses were applied in all three years: 0.1; 0.3; 0.5; 1.0; 2.0 kgha™". The
application of the copper complexes was done with a 2.5 | high- pressure sprayer; the amount

administered to 1 plot was 0.6 1. The spraying at the flowering treatments was done in the
afternoon.

The size of the plots was 10 m?; the arrangement of the experiment was a randomised block
design; the wheat variety used was GK Kincsd. The harvest was done with a plot harvester,
after harvest we measured the yield and from the samples we made the chemical analysis and
determined the quality parameters.

The data were evaluated by analysis of variance and regression analysis.

Results and discussion

Foliar fertilisation experiments were carried out in Komarom at two phenological phases, at
booting and at flowering in 2000.

In this experiment we studied the effect of the copper compounds on the yield and on the
quality of flour.

The yield of wheat increased if copper doses higher than 0.1 kg ha™ were applied.

Though the results are not significant we can establish that in the case of copper-tetramine
treatments the maximum yield (4.98 and 4.95 t ha™') was obtained at the doses of 0.5 and 1.0
kg ha'! respectively. Regarding the copper-saccharose treatments the 1 kg ha™ dose proved to
be the more effective and resulted in 4.88 t ha™' yield. Due to the copper-saccharose doses
higher than 1.0 kg ha ™' the yield decreased. On the basis of the results obtained we can
establish that copper-tetramine-hydroxide had more favourable effect on the yield than
copper-saccharose. The yield changed in a different way due to the application of the copper
complexes. (Figure 1)

& copper-tetramine hydroxide O copper-saccharose %@ copper-tetramine hydroxide O copper-saccharose

5

15,0
4.5 +—+
13,0 4

4 1+ =
= 2 11,0+
Y 35 =
< 3 @ 90+
= 1 o
T & 70
@ 251 N
> 2 g 50

3.0 1
1,0 1

1,5
1

03 05 1 2
Treatment (kg Cu ha -1)

M )

Figure 1. Yield of wheat due to the application of copper complexes at booting in 2000.
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Figure 2. Raw protein content of wheat due to the application of copper complexes at booting
in 2000.

The effect of the treatments on the raw-protein content:
The analysis of the results revealed that there were significant differences in the raw protein
content achieved due to the copper-tetramine-hydroxide doses (P=1.0 %).
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Figure 3. Wet gluten content of winter wheat due to the application of copper complexes at
booting in 2000.

On the basis of the results we can establish that the raw protein content of winter wheat
increased with increasing copper doses. In some cases the raw protein content expanded by
15% the respecting value of the control. Among the compounds applied copper-tetramine-
hydroxide was the most effective in increasing raw protein content. Compared to the control
even the highest copper dose (2.0 kg ha™') increased the raw protein content. Regarding the
yield this dose had already a depressive effect and the yield decreased.

The effect of treatments on the wet gluten content:

Changing of wet gluten content is displayed in Figure 3. The results prove that the wet gluten
content increased in all of the cases due to the treatments and the changes are significant at the
10% probability level. The highest wet gluten content was measured in the case of both
complexes at the 1.0 and 2.0 kg ha ! copper dose and the values were 36.65 and 36.10%
respectively. Except the 2.0 kgha™ copper dose the copper-saccharose treatments were more
effective in increasing the wet gluten content.

Conclusions

The yield of wheat increased due to the treatments with copper complexes at booting. The
highest yield was achieved when copper-tetramine-hydroxide treatments were applied.

The two types of complexes (tetramine and saccharose) increased the raw protein content to
about the same extent. The highest increase was measured at the 1.0 kgha-1 copper dose.

The wet gluten content increased as a result of the application of the complexes at booting. In
increasing the wet gluten content the copper-saccharose treatment was more effective than
copper-tetramine-hydroxide.
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