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Summary

Micronutrients are as important as macronutrients for crops. Each micronutrient
has its own function in plant growth. Zinc is important for membrane integrity
and phytochrome activities. Copper is an essential micronutrient required for the
growth of wheat. Manganese is required for enzyme activation, in electron
transport, and in disease resistance. The pot experiment was set up in greenhouse
on calcareous chernozem soil Debrecen-Latokép with a spring wheat. In certain
development stages (according to BBCH growth scale of wheat), at the beginning
of stem elongation (29-30), at the heading (51-59), at the flowering (61-69) stage
three average plants were removed from all pots for analysis. Fresh and dry
weight of the plant samples were measured. Plant leaves after drying were
digested by HNOs3;-H>O, methods and manganese, zinc and copper contents of
plant were quantified by atomic absorption spectrophotometry. At the flowering
stage, when the nutrient uptake of plants is the most intensive, the weight of
wheat ranged between 0.94-1.57 g plant!l. In this development stage, the NS2
treatment produced the highest weight of wheat, and compared to this the NS3
treatment decreased that value already. The results show unfavourable effect of
NS3 treatment. On the basis of microelement content of wheat and the weight of a
plant, nutrient uptake by plant were calculated. At the beginning of growth the
starter treatment had positive effect on Cu-uptake compared to the NS1
treatment, where the same dose of fertilizer was stirred into the soil. Wheat is
very sensitive to copper deficiency, so copper dissolved by starter treatment
could be favourable to the early development of wheat. At flowering stage the
Zn-uptake of wheat became the highest and it was between 133.7-234.6 mg plant™.
The Mn-uptake of wheat plant was higher than the Cu- and Zn-uptake of wheat.

This phenomenon can be explained by the fact that the untreated soil had
higher Mn-content, than Cu- and Zn-content. To summarize the results, it can be
stated, that the copper uptake of wheat was more affected by the different
treatments in the stage of stem elongation, while Mn- and Zn-uptake of wheat
were influenced primarily in the stage of heading and flowering.
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Introduction

Nitrogen and sulphur are essential for enhancing productivity and
quality of wheat. The functions of macronutrients and micronutrients are
vital in crop nutrition for improved yield and quality (Saeed et al., 2012).

Micronutrients (Zn, Cu and Mn) are as important as macronutrients
(N, P and K) for crops. Each micronutrient has own function in plant
growth (Asad and Rafique, 2000). Zinc is important for membrane
integrity and phytochrome activities (Shkolnik, 1984). Copper is an
essential micronutrient required for the growth of wheat (Brown and
Clark, 1977).

It is essential for physiological redox processes, pollen viability and
lignification (Marschner, 1995). It is essential for photosynthesis and
mitochondrial respiration, carbon and nitrogen metabolism, oxidative
stress protectioned cell wall synthesis. Manganese is required for enzyme
activation, in electron transport, and in disease resistance (Burnell, 1988).
In general, the nutrient sufficiency for wheat ranges (for various growth
stages) are: Mn 20-150 mg kg1, Zn 15-70 mg kg!, Cu 5-25 mg kg1 (Jones,
1967). Accumulation of macro-and micronutrients in wheat during
growth, particularly under N fertilized conditions, is important and may
have implications for crop nutrient management (Hamnér et al., 2017).

The objectives of the experiment were to study the effect of nitrogen
and sulphur containing fertilizer on growth and Zn-, Cu-, Mn-content of
spring wheat at 3 development stages.

Material and methods

The pot experiment was set up in greenhouse on calcareous chernozem
soil Debrecen-Latokép with a spring wheat. Main parameters of
experimental soil were pHcac)=7.2; Hu%=2.8; Ka=37.5; AL-P,Os =394
mg kg1, AL-K:O=191 mg kg, KH,PO4-5042=43.6 mg kg1; AL-Ca=5130
mg kg1, AL-Mg=403 mg kg?1; KCI-EDTA-Cu=5.8 mg kg, KCI-EDTA-
Zn=7.9 mg kg and KCI-EDTA-Mn=262 mg kg'. The soil was properly
supplied with N, very well supplied with P and poorly supplied with K.
To establish the experiment, 10 kg of air dry soil was measured into pots.
The moisture content of soils was maintained at 60% of the water holding
capacity of the soil. Pots were weighed daily and lost water was
supplemented with ion exchanged water.

The phosphorus and potassium was supplied (as KHoPOi KCl)
uniformly in all pots. Nitrogen and sulphur were supplied as soil
fertilizer by two different ways. One method was when fertilizer was
placed next to the seed (starter), while the other way was when fertilizer
mixed thoroughly into the soil in increasing doses (NS1, NS2, and NS3).
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The applied soil fertilizer was commercially available fertilizer, YaraBela
Sulphan. YaraBela Sulphan fertilizer contains 24% N and 7.2% S. Five
treatments were applied with 3 replications. The treatment plan of the
experiment is shown in Table 1.

Table 1. Scheme of the treatments applied

Number of Treatment  Fertilizer rate applied in soil Nitrogen rate Sulphur rate

treatments label (kg ha) (g pot™) (kg ha') (kg ha)
1. Control - - - -
2. Starter 200 0.689 48 12
3. NS1 200 0.689 48 12
4. NS2 400 1.379 96 24
5. NS3 600 2.068 144 36

The dose of NS fertilizer in the 2. and 3. treatments was the same (200
kg ha).

40 grains of STANGA spring wheat were sown into all pot and after
germination the wheat was thinned to 29 plants per pot, respectively. In
certain development stages (according to BBCH growth scale of wheat),
at the beginning of stem elongation (29-30), at the heading (51-59), at the
flowering (61-69) stage three average plants were removed from all pots
for analysis. Fresh and dry weight of the plant samples were measured.

Plant leaves after drying were digested by HNO3-H>O, methods and
manganese, zinc and copper contents of plant were quantified by atomic
absorption spectrophotometry.

For statistical analysis of experimental results IBM SPSS Statistics 22
and Microsoft Excel 2016 programs were used. The mean values of each
treatment group were subjected to comparisons analysis using the One-
Way ANOVA (significance level of p<0.05) with post hoc comparisons
using Duncan test.

Result and discussion

The weight of wheat in the stage of stem elongation, heading and flowering

The dry weight of wheat in the stage of stem elongation, heading and
flowering are shown in Figure 1. According to Figure 1 the weight of
wheat at stem elongation ranged between 0.37-0.62 g plant?. The
smallest values were appeared in control and in NSI1 treatments while a
little higher value was observed in NS3 treatment. Comparing the
different treatments it can be stated, that the starter treatment had
already beneficial effect on early growing. The increased soil fertilizer
doses slightly increased the weight of plant in this stage.
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At the stage of heading the weight of plant varied between 0.84-1.04 g
plant?. In this stage NS3 treatment slightly increased the dry weight of
wheat, but this increment was not statistically verifiable.

At the stage of flowering, when the nutrient uptake of plant is the
most intensive, the weight of wheat ranged between 0.94-1.57 g plant™.
Increasing doses of soil fertilizers increased the weight compared to the
control treatment, and this was statistically proved. At this stage the
starter fertilizer did not cause significant increase any longer. In this
development stage, the NS2 treatment produced the highest weight of
wheat, and compared to this the NS3 treatment decreased that value
already. The results show unfavourable effect of NS3 treatment.

Figure 1. The weight of wheat in the stage of stem elongation, heading and flowering
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Note: data marked with the same letter is not significantly different at the significant level
of p<0.05.

Changes of micronutrient content of plant during the growing season
Changes of Cu-, Zn-, Mn-content of plant during the stage of stem
elongation, heading and flowering showed in Table 2.

Analysing the changes of copper content of plant during the growing
season, it can be concluded, that at stem elongation the Cu-uptake of
plant was intensive, and then the Cu-content continuously decreased in
time in all treatments. This decrease was also characteristic to other
micronutrients as well.

At the stage of stem elongation the Cu-content ranged between 9.90-
11.73 mg kg. This is in accordance with the reports of Schwab et al.
(2007) where the Cu-content of wheat at stem elongation stage varied
between 4.5-15 mg kg?. The increased doses of fertilizers caused pH
decrease of soil, and this change may cause better solubility and better
plant availability of Cu. The treatment with the highest fertilizer dose
(NS3) resulted the highest Cu-content of wheat and this was statistically
proved. At the stage of heading the Cu-content of plant did not differ in
different treatments and ranged between 4.63-5.20 mg kg1. At the stage
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of flowering the Cu-content of plant decreased and varied between 3.43-
4.70 mg kgl. These results are in good agreement with the finding of
Hamnér et al. (2017), who reported that the Cu-content in wheat were
less than 10 mg kg?'. The cupper content of plant decreased with
increasing of soil fertilizer doses compared to control treatment due to
dilution effect.

Table 2. Changes of Cu-, Zn-, Min-content of plant during the growing season

Treatments Cu (mg kg ™)
Stem elongation Heading Flowering
Control 9.90a 5.20a 4.40a
Starter 10.07a 497a 4.70a
NS1 10.03a 4.90a 4.07a
NS2 10.37ab 4.63a 3.43a
NS3 11.73b 5.03a 4.07a
Zn (mg kg
Control 32.50a 16.10a 13.70a
Starter 28.57a 14.50a 12.03a
NS1 30.37a 16.13a 15.10a
NS2 38.90a 17.20a 15.03a
NS3 32.93a 17.23a 15.20a
Mn (mg kg1)
Control 58.95a 31.83a 25.10a
Starter 58.70a 29.47a 23.20a
NS1 60.27a 35.23a 28.60a
NS2 54.27a 35.30a 24.63a
NS3 56.57a 36.63a 24.00a

Note: data marked with the same letter in the same columns is not significantly different at
the significant level of p<0.05.

Zn concentration in wheat ranged between 28.57-38.9 mg kg at stage
of stem elongation. Hamnér et al. (2017) estimated lower values (7.1-28.6
mg kg1) in his N fertilization experiment. At this stage of plant, the Zn-
content was not influenced by different treatments. At the stage of
heading the Zn-content of wheat decreased compared to the previous
period, and the values were between 14.50-17.23 mg kg!. The Zn-content
of plant tended to increase with increasing fertilizer doses. Analysing the
Zn values of plant at the stage of flowering it was observed, that the
changing tendencies were similar, as in case of the stage of heading.

According the Table 2 the Mn-content ranged between 54.27-60.27 mg
kg1 at stage of stem elongation. The different fertilizer doses did not alter
the Mn-content of plant significantly. The NS1 treatment a little bit
increased the Mn-content, but the higher dose already reduced these
values. Hamnér et al. (2017) came similar conclusions, the Zn-content
decreased with increasing N fertilizer rates. This effect can be observed at
the stage of flowering too.
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Changes of the micronutrient uptake by plant during the growing season
On the basis of microelement content of wheat and the weight of a plant,
nutrient uptake by plant were calculated.

Changes of the Cu-uptake by wheat at the stage of stem elongation,
heading and flowering showed in Figure 2. According to Figure 2 the Cu-
uptake of plant varied between 36.4-73.1 mg plant! at the stage of stem
elongation. At the beginning of growth the starter treatment had positive
effect on Cu-uptake compared to the NS1 treatment, where the same dose
of fertilizer was stirred into the soil. Wheat is very sensitive to copper
deficiency (Korzeniowska, 2008), so copper dissolved by starter treatment
could be favourable to the early development of wheat. Increasing
fertilizer rates increased the Cu-uptake of wheat plant, but the increment
could be statistically proved only by NS3 treatment.

Figure 2. Cu uptake of wheat at different development stage
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At the stage of heading the treatments had no statistically effect on the
Cu-uptake of wheat, although the NS3 treatment resulted slightly
increment in copper uptake of plant.

At the third development stage (flowering) the Cu-uptake of plant
ranged between 42.3-59.9 mg plant!. All treatments tended to increase
the Cu-uptake of wheat, but there was no significant differences between
studied values.

The change of the Zn-uptake of wheat at the different stages of
development is illustrated in Figure 3. The Zn values at the stage of stem
elongation varied between 115.3-199.3 mg plant!. The starter treatment
produced a little bit higher values, than the NSI treatment with same
fertilizer dose. The treatments with increasing fertilizer doses tended to
increase the Zn-uptake compared to the control treatment, but this
increment was not statistically verifiable.
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At the stage of heading the Zn-uptake of wheat plant ranged between
122.5-180.5 mg plant!. Analysing the effect of the treatments, it can be
stated, that there were no any significant effect on the Zn-uptake of plant,
only the highest fertilizer dose (NS3) increased slightly the Zn-uptake,
because this treatment mobilized more Zn in soil.

At flowering stage the Zn-uptake of wheat became the highest and it
was between 133.7-234.6 mg plant™. In this phase the Zn-uptake of plant
already decreased in starter treatment compared to control treatment.

Considering the treatments with increasing NS doses, it can be
concluded, that all treatments increased the zinc uptake of plant, but this
could be statistically proved only by NS2 treatment.

Figure 3. Zn uptake of wheat at different development stage
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Changes of the Mn-uptake of wheat at the stage of stem elongation,
heading and flowering are shown in Figure 4. The Mn-uptake of wheat
plant was higher than the Cu- and Zn-uptake of wheat. This can be
explained by the fact that the untreated soil had higher Mn-content, than
Cu- and Zn-content. At the stage of stem elongation the starter treatment
repeatedly resulted higher values, than the NS1 treatment. This effect can
be observed by Cu- and Zn-uptake of wheat. Besides that, only NS3
treatment had increasing effect on Mn-uptake of plant.

At the stage of heading the Mn-values ranged between 249.0-383.1 mg
plantl. In this stage only NS1 and NS3 treatments increased the Mn-
uptake of plant in a statistically proven way.

At the stage of flowering the Mn-uptake of wheat varied between
239.5-427.0 mg plant™. The starter treatment had no effect on Mn-uptake
of wheat compared to the control treatment, but the Mn-uptake of wheat
significantly enhanced by the treatment with same fertilizer dose (NS1).
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The treatments with bigger fertilizer doses considerably increased the Mn
values compared to the control in this stage.

Figure 4. Mn uptake of wheat at different development stage

450.0 427.0b
393.7b
400.0 358.2a — 252.0b
3500 300.7a 302.1ab
300.0 273.2a
= 231.8a 249.0a 731 239 53256.5:1 control
= 2500 2173a 228.8a S
o starter
22000 NS
= -
150.0
is2
1000 mNS2
50.0 mNS3
0.0
Stem elongation Heading Flowering

Sampling time

Note: data marked with the same letter is not significantly different at the significant level
of p<0.05

Conclusions

Nitrogen and sulphur containing fertilizers showed to have positive
effect on the measured data. The starter treatment had beneficial effect on
early growing. In further phases the starter fertilizer did not cause any
significant effect on growth. The treatments with increasing fertilizer
doses had statistically effect on weight only at stage of flowering.

At the stage of stem elongation the micronutrient uptake of plant was
intensive, and then the micronutrient content continuously decreased in
time in all treatments. The fertilizers influenced only Cu-content in
statistically proved way only at stage of stem elongation.

At the beginning of growth the starter treatment had favourable effect
on Cu-uptake compared to the NSI1 treatment. Wheat is very sensitive to
copper deficiency, so copper dissolved by starter treatment can be
favourable to the early development of wheat.

To summarize the results, it can be stated, that the copper uptake of
wheat was more affected by the different treatments in the stage of stem
elongation, while Mn- and Zn-uptake of wheat were influenced primarily
in the stage of heading and flowering.
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