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ABSTRACT

The quantity and quality of spring wheat grain yield is dependent on appropriate cultivation
practices, including mineral fertilization. Nutrients can be applied both to soil, on seeds and on
leaves. For new cultivars, determination of the optimal doses and timings of fertilization with
nitrogen and other mineral elements should be considered as particularly important. A control-
led field experiment with the spring wheat cultivar Katoda was carried out in 2013-2015, at the
Experimental Station of the University of Rzeszow in south-eastern Poland. The first experimen-
tal factor was the fertilization system (soil, seed, foliar or combined seed x foliar system), the
second factor was the dose of soil nitrogen applied (80 vs. 120 kg ha') and the third factor was
the year of cropping (2013, 2014, 2015). The highest grain yield was obtained after the combined
application of the seed fertilizer Primus B and foliar Basfoliar 36 Extra. The difference obtained
in comparison with the control amounted to 0.87 t ha!. Increasing the nitrogen dose from 80 to
120 kg ha'! caused an increase in the SPAD (Soil Plant Analysis Development) index, the num-
ber of spikes prior to harvest, TGW (thousand grain weight) and grain yield by 0.5 t ha', respec-
tively. Both the foliar fertilizer and a higher nitrogen dose effected an increase in the total
protein content in the grain. The highest fibre content was obtained after the use of the seed
fertilizer and in the control seeds, and the highest ash content occurred after the use of the fo-
liar fertilizer. An increase in the content of Mg, Fe and Mn in grain was caused by foliar fertili-
zation, while a higher K content resulted from the application of a higher nitrogen dose.

Keywords: Triticum aestivum L. seed fertilizer, foliar fertilizer, nitrogen, SPAD values,
nutrition, grain yield.
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INTRODUCTION

Mineral fertilization of spring wheat modifies the grain yield (NADIM et
al. 2012) and has an effect on its quality (ALl et al. 2013, BLanDINO et al.
2016). The previous studies (BLy, Wooparp 2003, DEwAL, PAREEK 2004) indi-
cated that mineral fertilization of wheat modifies plant growth and develop-
ment, yield components and the quantity and quality of yield. BLy and Woo-
DARD (2003) showed that post-pollination foliar N gave higher grain protein
and was most effective when the planned yield goal was exceeded. DEWAL,
Pareex (2004) proved that nutrient uptake increased up to the highest level
of P, S and Zn, although P uptake was reduced at the highest level of zinc,
and Zn uptake was reduced at the highest level of phosphorus.

Nitrogen is the most important nutrient. A deficit of this element limits
plant growth and development, thereby affecting negatively the yield-forming
ability of crops, including wheat. An excess of nitrogen in turn has a negati-
ve effect on field crops and, additionally, it poses a threat to the natural
environment (LiaNG et al. 2011, Wanc et al. 2011). Nitrogen fertilization sho-
uld be planned according to the needs of a cultivated crop, at appropriate
doses, proportions and times. Apart from nitrogen, rational fertilization with
other nutrients is also important. Macro- and microelements can be applied
to soil (Nabpmm et al. 2012, ALl et al. 2013), on leaves (Ducsay et al. 2007,
WROBEL 2009, RAWASHDEH, SALA 2014) or on seeds (Farooq et al. 2012).

Mineral fertilization may be synchronized by the use of modern me-
asuring techniques. Performing measurements of SPAD is useful for deter-
mination of fertilization dosage during plant growth (MARTINEZ, GUIAMET
2004, BARUTCULAR et al. 2015). For wheat, the results of SPAD allow for
optimizing fertilization, particularly with nitrogen, and predicting the grain
yield (VIDAL et al. 1999, IsLam et al. 2014). A SPAD chlorophyll meter is use-
ful for rapid analysis of chlorophyll and nitrogen status of crops, while it has
not been established how strongly the meter readings are correlated with
grain yield under variable field conditions (IsLam et al. 2014).

The aim of this study was to assess the effect of soil nitrogen, seed and
foliar fertilization on chosen plant characteristics, the SPAD index and the
quantity and quality of grain yield of cv. Katoda spring wheat.

MATERIAL AND METHODS

Field experiment

Over 2013-2015, a controlled field experiment was carried out at the
Experimental Station of the University of Rzeszow in Krasne (50°03'N,
22°06'E), Poland. This was a two-factorial experiment conducted with four
replications in the split-plot design. The test plant was the spring wheat
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cultivar Katoda (breeder Danko Sp. z o.0., Poland). Katoda is a cultivar with
very good fertility and grain quality.

The first tested factor was composed of seed and foliar fertilization sys-
tems (Primus B vs. Basfoliar 36 Extra) and the second factor comprised two
nitrogen doses (80 and 120 kg ha'). The seed fertilizer Primus B is manufac-
tured by Intermag Sp. z o0.0. (Poland) and the foliar fertilizer Basfoliar 36
Extra is made by Adob Sp. z o.0. (Poland). The seed fertilizer was applied on
the seed material at a dose of 0.2 dm?® 100 kg! of grain. The chemical compo-
sition of this fertilizer included in g dm™: 19.5 N, 5.67 P, 10.79 K, 14.11 Mg,
10.4 S, 2.6 B, 2.6 Cu, 11.7 Fe, 3.9 Mn, 0.78 Mo, 5.2 Zn and 1.95 Ti. The foliar
fertilizer was applied as a single dose at the BBCH 39 stage, at a dose of
10 dm? ha' applied with a hand sprayer. The amount of working liquid was
300 dm?® ha'. Isolation belts between the plots were 2 m wide. The chemical
composition of the foliar fertilizer included in g dm™?: 363.2 N, 25.93 Mg,
0.27 B, 2.7 Cu, 0.27 Fe, 13.5 Mn, 0.067 Mo and 0.13 Zn.

Soil nitrogen fertilization (ammonium nitrate 34%) at a total dose of
80 N kg ha' was split into two doses: pre-sowing 50 N kg ha! and as top
dressing 30 N kg ha!. The amount of 120 N kg ha' was also divided into the
pre-sowing 80 N kg ha! and top dressing 40 N kg ha'! doses (Table 1). Fertili-

Table 1
Fertilization design
. Application time, dose
Factor Fertilizers, dose -
before sowing BBCH 21 BBCH 39
) o 80 N kg ha'! 50 N kg ha't 30 N kg ha't -
Soil application
120 N kg ha'! 80 N kg ha'! 40 N kg ha'! -
Seed application Primus B 0.2 dm?® 100 kg! seeds - -
Foliar application Basfoliar 36 Ex - - 10 dm? ha’!
Comblned.seed x | Primus B + Basfoliar 0.2 dm? 100 kg’ seeds _ 10 dm® hat
foliar application 36 Ex

BBCH scale (BLEINHOLDER et al. 2001)

zation with phosphorus (superphosphate 19%) and potassium (potassium salt
60%) was applied in autumn in amounts of 40 P kg ha'and 100 K kg ha'.
The herbicide Chwastox Extra 300 SL (3.5 dm? ha''), insecticide Sumi-Alpha
050 EC (0.25 dm? ha'), fungicide Juwel TT 483 SE (1.5 dm® ha') and growth
regulator Cerone 480 SL (0.75 dm? ha') were used to protect wheat plants.

Sowing dressed seeds (dressing Sarox 75 WS at a dose of 200 g 100 kg
of grain) was performed on: 16 April 2013, 1 April 2014 and 8 April 2015.
The seeding rate was 450 seeds m™2. Cultivation practices were performed in
accordance with the recommendations of the Research Centre for Cultivar
Testing (COBORU, Poland) for spring wheat crops. The previous crop was
winter oilseed rape. The area of plots for sowing was 11.5 m?, and for har-
vesting — 10 m?% Grain harvest was performed with a plot combine harvester
during the first ten days of August.
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Weather conditions at the study site

The weather conditions were given according to the data of the Meteoro-
logical Station of the University of Rzeszow. In 2015, the lowest total precip-
itation during the plant growth period was recorded as compared with the
long-term data (Table 2). High total precipitations occurred in June 2013 and

Table 2
Total monthly precipitation (mm)
Months
Years - Total
April May June July August
2013 33.9 87.5 143.4 19.2 11.0 295.0
2014 29.9 92.2 48.1 112.4 46.8 329.4
2015 25.7 85.1 8.9 52.4 6.1 178.2
1956-2012 48.3 78.1 85.8 90.6 62.7 —

in July 2014. Air temperatures were also diverse in the years of the study.
The highest monthly temperatures were recorded in July 2014 and in August
2015 (Table 3).

Table 3
Mean monthly air temperature (°C)
Years Months Mean
April May June July August
2013 9.39 9.84 18.48 19.33 19.58 15.32
2014 10.10 14.10 16.30 20.10 18.10 15.74
2015 8.60 13.00 17.60 19.90 21.40 16.10
1956-2012 8.89 13.74 17.20 19.14 18.35 -

Soil conditions

The soil of the experimental area was classified as Haplic Cambisol
(FAO 2015) and had the texture of silt, according to the classification by the
TUSS Working Group WRB. The soil reaction was slightly acidic, the humus
content was high and N _; was very low or low. The soil was characterized by
a high content of assimilable P, moderate content of K, high or very high
content of Mg and low content of S. The content of microelements was gener-
ally average (Table 4).

Analytical methods

The analyses involved the measurements of soil plant analysis develop-
ment — SPAD (Suss et al. 2015), yield structure as well as the quantity and
quality of grain yield. Data regarding thousand grains weight (TGW) were
recorded by counting randomly selected 1000 grains from each sub-plot and
weighed on a sensitive electronic balance.

Measurements of SPAD with the apparatus 502 P Konica Minolta
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Table 4
Physicochemical soil properties, (spring before sowing, layer 0-30 cm)
Specification 2013 2014 2015
Soil reaction (1 mol dm?® KCI) 5.59 6.07 5.83
Humus (%) 2.80 2.76 2.82
N, 0-60 cm (kg ha') 50.2 485 55.4
Content of available nutrients in soil (mg kg?)
P 183 189 190
K 185 189 185
Mg 88 92 78
0.50 0.47 0.54
Fe 1314.1 2506.2 1781.3
Mn 215.5 295.2 315.4
Zn 11.3 17.1 16.4
B 1.51 1.74 1.61
Cu 5.8 7.4 6.3

(Japan) were made twice, at the tillering (BBCH 25) and the shooting stage
(BBCH 49), on 30 flag leaves of wheat.

The plants were counted at the stage of emergence (BBCH 12) and the
number of spikes per m? prior to harvest (BBCH 89). Plants for biometric mea-
surements were collected from an area of 0.5 m? from each plot at the stage of
full maturity of grain (BBCH 89). The grain yield from the plots was calculated
per 1 ha taking into consideration the grain moisture content of 14%.

The grain content of starch, protein, ash and fibre was determined with
the NIRS method, on an FT NIR MPA Bruker (USA) spectrometer. Specto-
metry in near-infrared is one of the most frequently used methods for inve-
stigating agro-food products.

To determine macroelements and microelements, plant samples were
mineralized in a mixture of concentrated acids HNO,:HCIO:HS,O, in the
ratio 20:5:1, in an open system, in the heating block Tecator. The content of
Ca, K, Mg, Zn, Mn, Cu, Fe was determined in mineralisates with atomic ab-
sorption spectroscopy (FAAS) on a Hitachi Z-2000 apparatus (Japan), where-
as P was determined with colorimetry, using a spectrophotometer UV-VIS
Shimadzu (Japan).

Statistical analyses

The effect of individual research factors (fertilization, year) and their
interactions were assessed by means of two-way ANOVA. Differences be-
tween the mean values were compared by the Tukey’s method, where the
significance level was a = 0.05 Statistica 10 Software (StatSoft, Inc., Tulsa,
USA) was used for statistical analyses.
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RESULTS AND DISCUSSION

Field and biometric measurements

The fertilizer Primus B increased the plant density after emergences and
the number of spikes prior to harvest. Fertilization with Basfoliar 36 Extra
increased the number of grains per spike and TGW as compared with the
fertilizer Primus B and the control. The higher nitrogen dose effected an in-
crease in the number of spikes prior to harvest and TGW as compared with
the lower dose. The highest grain yield was obtained after the combined ap-
plication of the seed and foliar fertilizers (Table 5). The resultant difference
relative to the control was 0.87 t ha'!, i.e. 11.8%. Fertilization with Basfoliar
36 Extra also increased the grain yield, but by 0.48 t ha'!, i.e. 6.5% in rela-
tion to the control. The use of a 120 kg ha* nitrogen dose caused an increase
in the grain yield as compared with the lower dose (80 kg ha'). The signifi-
cant difference was 0.5 t ha'l, i.e. 6.6%, on average. EL-HaBBAL et al. (2010)
and AKHTER et al (2016) proved that increasing the nitrogen dose results in
an increase in yield structure components and wheat grain yield. WROBEL
(2009) and Zoz et al. (2016) obtained a favourable effect of fertilization of

Table 5
Grain yield, plant density and yield components
Fertilization Grain . IIIumbeI} Number Nurr;ber Mass
vield of plants after of cars o) of 1QOO
I, N ) emergence '~ | grains | grains
Fertil 1 2
eriieer (kg ha') (¢ ha') (pcs. m?) (pes. m) per ear (2
80 7.21 389.1 520.5 35.3 39.3
Control
120 7.57 402.2 530.5 36.1 40.1
. 80 7.34 406.4 535.2 35.2 39.5
Primus B
120 7.92 408.6 546.2 36.3 40.5
. 80 7.54 390.2 519.8 35.8 41.1
Basfoliar 36 Extra
120 8.19 401.3 532.4 37.2 41.9
Primus B + Basfoliar 36 80 8.05 405.8 537.0 35.9 42.3
Extra 120 8.47 409.5 545.1 37.0 42.5
Control 7.39¢ 395.7° 525.5° 35.7° 39.7°
Primus B 7.63% 407.5% 540.7¢ 35.8° 40.0°
Basfoliar 36 Extra 7.87° 395.8° 526.1° 36.5¢ 41.5¢
Primus B + Basfoliar 36 Extra 8.26¢ 407.7¢ 541.1¢ 36.5¢ 42.4°
80 7.540 397.9 528.1° 35.6 40.6°
120 8.044 405.4 538.6¢ 36.7 41.3¢
2013 8.42¢ 407.7¢ 536.1 36.2 43.8¢
2014 7.897 402.2% 529.4 36.3 41.5%
2015 7.05° 395.0° 534.5 35.8 37.4°

Average values for each factor marked with different letters in a column differ significantly
(P < 0.05).
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wheat with B, and Aul et al. (2013) with B and Zn, on the grain yield and its
structure components. Zoz et al. (2016) proved that foliar fertilization of whe-
at with Ca and B had a favourable effect on the yield structure components
and the grain yield, but it did not have an effect on TGW. The present expe-
riment confirmed significant differentiation of grain yield, plant density after
emergences and TGW in the years of the study. Farooq et al. (2012) conc-
luded that micronutrient application through seed treatments improves the
stand establishment, advances phenological events, and increases yield and
micronutrient grain contents in most cases. In some instances, seed treat-
ments are not beneficial; however, the negative effects are rare.

Measurements of indexes

The application of the higher nitrogen dose resulted in an increase in the
SPAD index at both stages: BBCH 25 and BBCH 49. EL-HaBpAL et al. (2010)
also indicated that increasing the nitrogen dose leads to an increase in the
SPAD index of wheat, on average from 43 (the control) to 48.8 (120 N kg ha).
The foliar fertilizer Basfoliar 36 Extra resulted in a significant increase in
the SPAD index value at the stage BBCH 49 (Table 6). In 2013 and 2014,
the SPAD index values were significantly higher than in 2015. RAWASHDEH
and SALA (2014) obtained an increase in the chlorophyll content in the flag

Table 6
Measurements of SPAD indicator
Fertilization
Fertili N BBCH 25 BBCH 49

ertilizer (kg ha'!)

80 38.5 48.3
Control
120 39.4 49.5
. 80 38.9 48.2
Primus B
120 39.8 49.6
. 80 38.5 50.4
Basfoliar 36 Extra
120 39.2 50.8
80 38.8 50.6
Primus B + Basfoliar 36 Extra

120 40.0 50.7
Control 39.0 48.9°
Primus B 39.4 48.9°
Basfoliar 36 Extra 38.9 50.6¢
Primus B + Basfoliar 36 Extra 39.4 50.7¢
80 38.7° 49.4°
120 39.6¢ 50.2¢
2013 41.6° 51.2¢
2014 40.29 50.47
2015 35.5° 47.8°

Average values for each factor marked with different letters in a column differ significantly
(P <0.05).
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leaf within the range from 51.5 to 59.3 SPAD units owing to foliar fertiliza-
tion with Fe.

Chemical composition of seeds

The application of the fertilizer Basfoliar 36 Extra and the higher nitro-
gen dose resulted in an increase in the total protein content in the grain.
The fibre content was higher after the application of the fertilizer Primus B
and in the control. The content of ash increased significantly after the appli-
cation of the fertilizer Basfoliar 36 Extra as compared with the control treat-
ment. The chemical composition of grain was varied in the years of the study
(Table 7). EL-HaBBAL et al. (2010) and VELAsco et al. (2012) report that hi-
gher nitrogen doses result in an increase in the total protein content in whe-
at grain. BLANDINO et al. (2016) proved that the quality parameters of wheat
grain depend on nitrogen fertilization, and the time and method of the ferti-
lizer application is essential.

The applied fertilization hardly changed the content of macroelements in
the grain. Only an increase in the Mg content was observed under the influen-
ce of foliar fertilization and the K content was modified under the influence
of the higher N dose. The content of macroelements in the grain was signifi-
cantly varied in the years of the study (Table 8). In the study by WiLczEWSKI

Table 7
Basic chemical composition of grains (% DM)
Fertilization

Fertili N Starch Protein Fiber Ash

ertilizer (kg ha")
80 61.2 14.5 1.35 1.85

Control
120 61.0 15.3 1.33 1.80
. 80 61.3 14.3 1.34 1.86
Primus B
120 60.8 15.2 1.30 1.83
80 60.9 14.8 1.28 1.89
Basfoliar 36 Ext
astofian ob B 120 60.7 15.9 1.25 1.87
80 61.0 14.8 1.29 1.92
Primus B + Basfoliar 36 Extra

120 60.9 16.2 1.27 1.90
Control 61.1 14.9° 1.34¢ 1.83°
Primus B 61.1 14.8° 1.32¢ 1.85%
Basfoliar 36 Extra 60.8 15.4¢ 1.27° 1.88¢
Primus B + Basfoliar 36 Extra 61.0 15.5¢ 1.28° 1.91¢
80 61.1 14.6° 1.32 1.88
120 60.9 15.7¢ 1.29 1.85
2013 61.57 15.1% 1.18¢ 1.92¢
2014 61.8¢ 14.8° 1.31° 1.89¢
2015 59.7% 15.5¢ 1.42¢ 1.78¢

Average values for each factor marked with different letters in a column differ significantly
(P <0.05).
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Table 8
Macroelement content in grain (g kg' DM)
Fertilization
. N P K Ca Mg
Fertilizer (kg ha')
80 4.25 4.51 0.12 1.35
Control
120 4.18 4.62 0.11 1.31
80 4.23 4.52 0.10 1.36
Primus B
120 4.24 4.60 0.13 1.33
80 4.27 4.59 0.09 1.45
Basfoliar 36 Extra
120 4.30 4.62 0.09 1.42
80 4.26 4.58 0.08 1.47
Primus B + Basfoliar 36 Extra
120 4.28 4.62 0.08 1.46
Control 4.22 4.57 0.12 1.33%
Primus B 4.24 4.56 0.12 1.35°
Basfoliar 36 Extra 4.29 4.61 0.09 1.44¢
Primus B + Basfoliar 36 Extra 4.27 4.60 0.08 1.47¢
80 4.25 4.55° 0.10 1.41
120 4.25 4.62¢ 0.10 1.38
2013 4.22ab 4.73¢ 0.09° 1.35°
2014 4.12° 4.18% 0.13¢ 1.54¢
2015 4.42¢ 4,844 0.08° 1.28°

Average values for each factor marked with different letters in a column differ significantly
(P <0.05).

et al. (2013), the content of P and Mg in grain of spring wheat fertilized with
nitrogen at doses 120 or 160 kg ha' was significantly higher than after the
application of lower nitrogen amounts. The fertilizer Basfoliar 36 Extra cau-
sed an increase in the Fe and Mn content in grain. The content of the other
microelements in grain was significantly varied in the years of the study,
except for Fe (Table 9). AL et al. (2013) indicated that there was an increase
in Zn in wheat grain owing to the fertilization with this element.

CONCLUSIONS

In conclusion, it should be stated that it is justified to apply a higher
nitrogen dose (120 kg ha'l) in spring wheat cultivation as well as both the
seed fertilizer Primus B as well as the foliar Basfoliar 36 Extra. This conc-
lusion is supported by measurements of SPAD reflecting the nutritional
status of wheat plants and the quantity and quality of grain yield. Moreover,
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Table 9
Microelement content in grain (mg kg DM)
Fertilization
. N Fe Mn Zn Cu
Fertilizer (kg ha')
80 45.2 42.3 35.3 3.95
Control
120 44.3 43.1 35.8 4.01
80 45.4 42.2 35.2 3.89
Primus B
120 45.2 43.5 35.6 4.08
80 46.2 43.8 36.2 4.12
Basfoliar 36 Extra
120 46.0 43.8 36.8 4.15
80 46.4 43.9 36.4 4.11
Primus B + Basfoliar 36 Extra
120 46.3 44.5 36.7 4.17
Control 44.8° 42.7° 35.6 3.98
Primus B 45.3° 42.9° 35.4 3.99
Basfoliar 36 Extra 46.1¢ 43.8¢ 36.5 4.14
Primus B + Basfoliar 36 Extra 46.4¢ 44.2¢ 36.6 4.14
80 45.8 43.1 35.8 4.02
120 45.5 43.7 36.2 4.10
2013 45.9 44.1¢ 36.87 4.16¢
2014 45.7 43,290 35.8° 4.079°
2015 45.2 42.9° 35.4° 3.95°

Average values for each factor marked with different letters in a column differ significantly
(P <0.05).

the presented effects of spring wheat fertilization were largely dependent on
the weather conditions in the years of the study.
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