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ABSTRACT 

A field experiment was carried out at the Minikowo Agricultural Experiment Station the vicinity of Bydgoszcz and aimed at
defining the effect of the sowing date and nitrogen fertilisation on yielding and selected technological parameters of ‘Mikon’
winter wheat grain and flour. Two sowing dates were applied (factor I): optimal in a given year and 2-week delayed date and
4 nitrogen fertilisation levels (factor II): 0, 80, 120 and 160 kg N·ha-1. The sowing date delayed by two weeks, as compared
with the optimal date, significantly decreased the grain yield by 6.6% and increased the content of wet gluten and the value of
sedimentation ratio. The dose of 120 kg N·ha-1 was most favourable for ‘Mikon’ winter wheat yielding. A further increase in
N fertilisation used to show a tendency for decreased wheat yielding. The qualitative indicators researched showed a growing
tendency throughout the range of the nitrogen doses applied. However the nitrogen fertilisation level most favourable for the
most important flour technological parameters (content of wet gluten, sedimentation ratio and bread volume) was 120 kg·ha-1. 
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INTRODUCTION 

The experiments conducted so far show clearly that winter wheat yielding and quality are a derivative of
numerous factors, including nitrogen fertilisation as being of special importance. It shows a favourable effect not
only on the increase in grain yield but also the increase in its content of protein and wet gluten [2,13,14,16,17].
However marking only the percentage content of total protein and gluten in wheat grain does not mean the same
as the evaluation of the technological value. The opinion that a high content of both components does not always
correspond to a high baking value of flour is confirmed by the results reported by Achremowicz et al. [2]. What

http://www.ejpau.media.pl/series/volume7/issue1/agronomy/art-01.html
http://www.ejpau.media.pl/


is essential is not only the content of these components but in particular low- and high-molecular gliadins and
gluteine sub-units which form it, related with baking value [11]. Besides there are reports [1,4] in which the
effect of nitrogen fertilisation on the value of technological parameters of wheat did not run in one direction. The
discrepancies between the results obtained so far call for further research in this field. 

Nitrogen application should be considered together with other factors which condition its effect to include the
sowing date [23]. The literature includes little coverage on the effect of the sowing date on the qualitative
features of wheat grain and flour. Furthermore the opinions of various authors on the effect of the sowing date,
e.g. on the percentage of total protein in cereals are not compliant. Mazurek and Podolska [21] claim that a late
sowing date increases the percentage of total protein in winter wheat grain. However the reports by Wilczyńska-
Kostrzewa [27] show that the content of protein in wheat grain does not depend on the sowing date. 

The working hypothesis assumes that the sowing date and N fertilisation are one of the most important
agronomic treatments which can determine winter wheat yielding and technological properties of grain and flour.
The aim of the present research was to determine the effect of optimal and late sowing date and a varied N and
their interaction on yielding and technological value of grain and ‘Mikon’ winter wheat grain and flour. 

MATERIAL AND METHODS 

The field experiment was carried out over 1995-1998 at the Minikowo Agricultural Experiment Station on
typical lessive soil, classified according to the international FAO-UNESCO classification as Albic Luvisols. The
soil representing very good rye complex showed a neutral reaction and the content of phosphorus, potassium and
magnesium was, respectively, 77-102 mg P·kg-1 of soil (content ranging from high to very high), 128-221 mg
K·kg-1 (content ranging from high to very high) and 31-61 mg·Mg·kg-1 (content ranging from medium to high)
[18]. The experiment was set up with randomised split-plot method in four replications. The experimental plots
to be sown with and fertilised were 25 m2 each, while harvest was made from the area of 15 m2. 

The research covered ‘Mikon’ winter wheat sown on the following days (factor I): 
1st – optimal sowing date (25.09.1995, 27.09.1996, 19.09.1997),
2nd – late sowing date (09.10.1995, 11.10.1996, 06.10.1997). 

Nitrogen fertilisation (factor II) was applied in a form of 34% ammonium nitrate for three fertilisation levels +
control without nitrogen (N0): 

• 80 kg N·ha-1 (N80) – applied once at the beginning of spring vegetation period – in phase 23 following
the Zadoks scale, 

• 120 kg N·ha-1 (N120) was divided 2/3 at the beginning of spring vegetation period (phase 23 following
the Zadoks scale) and 1/3 over full shooting stage – phase 34 compliant with the Zadoks scale, 

• 160 kg N·ha-1 (N160) was divided into 1/2 at the beginning of spring vegetation period (phase 23
compliant with the Zadoks scale), 1/4 at full shooting stage (phase 34 compliant with the Zadoks scale)
and 1/4 at the beginning of earing – at phases 50-51 compliant with the Zadoks scale.

The same level of fertilisation with phosphorus and potassium was used, namely, 26 kg P·ha-1 and 100 kg K·ha-1,
respectively. The winter wheat forecrop was oat harvested for green matter. Wheat was sown following grain
dressing with Baytan Universal 17.5 at the amount of 200 g·100 kg-1 of grain. Over the experiment, following
the beginning of the spring vegetation period, a chemical weed control treatment was made using the following
preparations: Granstar (20 g·ha-1) in 1996 and Dicuran Forte (1.5 kg·ha-1) over 1997 and 1998. Plants were
harvested over full maturity stage. 

In the experiment grain yield was determined as well as the following baking value indicators: 
• in ground grain – the content of total protein – %N·5.70 (following Kjeldahl, PN-75A-04018) and

falling number (according to Hagberg, PN-ISO-3093), 
• in flour – the content of gluten and gluten weakening (PN-A-74-043), sedimentation ratio (the Zeleny

test, PN-ISO-5529) and bread volume obtained with 100 g of flour (PN-A-74108).

The results obtained were verified statistically with variance analysis, while boundary differences were evaluated
with the Tukey test at significance level α = 0.05. To define the relationships and dependences between nitrogen
fertilisation and the results obtained of the winter wheat quality features researched, the results obtained were
linear-correlation and linear regression analysed (separately for sowing dates 1st and 2nd). Linear regression
equations are presented in a graphic form only for the correlation for which the value of determination
coefficient exceeded 70%. 



RESULTS 

Mean air temperature over the vegetation period over the experimental years was 7.2°C and remained at the level
of multi-year mean. Over the research years, that is 1995/96, 1996/97 and 1997/98 the total precipitation from
sowing to harvest was higher, respectively by 19%, 11% and 23% as compared with the multi-year mean
(Table 1). 

Table 1. Weather conditions at the Minikowo Agricultural Experiment Station over wheat growth and
development

Vegetation period

From sowing to harvest From beginning of spring
vegetation to harvest From earing to harvestResearch

year
Sowing

date
days oC mm days °C mm days oC mm

1st 329 6.0 476.7
1995/96

2nd 315 5.6 456.9
123 15.6 318.1 73 16.4 239.1

1st 318 7.3 445.0
1996/97

2nd 304 7.1 429.1
143 13.1 321.3 68 18.1 189.0

1st 335 8.0 492.2
1997/98

2nd 318 7.8 470.9
145 14.8 296.7 85 16.9 214.7

Mean for 1985-95 September –
August 7.4 401.1 April –

August 14.4 223.2 June –
August 17.4 153.6

1st – optimal
2nd – late

There was observed a significant effect of the sowing date on winter wheat grain yielding (Table 2). Irrespective
of the cultivation years and nitrogen fertilisation level, the sowing date delayed by two weeks resulted in, as
compared with the optimal sowing date, a significant decrease in grain yield by 6.6%. The application of 80 kg
N·ha-1 significantly (by 46%) increased the grain yield as compared with the control; further increases in N
fertilisation did not affect the mean wheat yield, however over 1996 and 1997 a significant increase in yielding
was also recorded following the application of the dose of 120 kg N·ha-1. Increasing the N dose to the level of
160 kg·ha-1 resulted in a significant, except for 1998, decrease in wheat grain yield as compared with the dose of
120 kg N·ha-1 (Fig. 1). There was noted no significant effect of the interaction between the sowing date and
nitrogen fertilisation on the wheat grain yielding. 

Table 2. Effect of the sowing date and nitrogen fertilisation on ‘Mikon’ winter wheat grain yielding over
1995-1998, t·ha-1

N fertilisation (II), kg N·ha-1

Sowing date (I)
0 80 120 160

Mean

1st – optimal 2.79 3.94 4.27 4.11 3.77
2nd – late 2.49 3.79 3.98 3.81 3.52

Mean 2.64 3.86 4.12 3.96 3.64
LSD0.05 for factors II – 0.691 I – 0.103
for interaction I x II ns
II x I ns

ns – non-significant differences



Fig. 1. Winter wheat grain yield (1996-98) depending on the nitrogen fertilisation level, kg·ha-1

LSD – 0.296

LSD – 0.218LSD – 0.246

0

1

2

3

4

5

1996 1997 1998

Research years

t·ha-1

N = 0

N = 80

N = 120

N = 160

A late sowing date significantly affected the content of wet gluten and sedimentation ratio, and N fertilisation –
on most of the technological grain and flour parameters researched (Table 3). Over successive years a two-week
delay in the sowing date resulted in a significant increase in the content of protein by an average of 3 g·kg-1

(1996), 7 g·kg-1 (1997) and 9 g·kg-1 (1998) as compared with the contents obtained for the optimal sowing date
(Fig. 2). The content of total protein was also determined by the nitrogen fertilisation. On average for cultivation
years, along with an increase in nitrogen doses a significant increase in the protein content, respectively by 9
g·kg-1, 22 g·kg-1 and 31 g·kg-1 was recorded, as compared with the control. The late winter wheat sowing
significantly increased the content of wet gluten by 2.3%, as compared with the optimal date. The different doses
of nitrogen applied ranging from 0 to 160 kg·ha-1 also increased the percentage of wet gluten in grain. On
average for cultivation years, there was observed its significant increase following the application of 120 kg
N·ha-1; as compared with N80 and N0 objects, its content was higher by respective 5.5% and 8%. Based on the
results obtained it was also calculated that along with an increase in the content of protein in grain, e.g. by 10
g·kg-1, the content of gluten can increase by 4.33% (sowing date 1st, Fig. 3) and 4.29% (sowing date 2nd, Fig. 4),
while the falling number can increase by 129 s (sowing date 2nd, Fig. 4). 

Table 3. Effect of the ‘Mikon’ winter wheat sowing date and nitrogen fertilisation on technological
parameters over 1995-1998-1

N fertilisation (II), kg N·ha-1 LSD0.05 for:
Technological parameters

Sowing
date
(I) 0 80 120 160

Mean
I II

1st 88 96 113 121 104
Protein content, %

2nd 97 105 115 125 111
Mean 92 101 114 123 107

ns 5.5

1st 20.7 23.1 28.8 32.8 26.4
Gluten content, %

2nd 23.3 25.9 31.1 34.4 28.7
Mean 22.0 24.5 30.0 33.6 27.5

1.93 3.74

1st 3 4 4 5 4
Gluten weakening, mm

2nd 3 4 5 5 4
Mean 3 4 5 5 4

ns 0.9

1st 36.5 39.5 49.0 53.5 44.6
Sedimentation ratio, ml

2nd 45.0 46.8 53.7 57.3 50.7
Mean 40.8 43.2 51.3 55.4 47.7

2.79 5.39

1st 485 394 415 440 408
Falling number, s

2nd 411 417 426 449 426
Mean 398 406 421 445 417

ns 21.0

1st 523 534 562 568 547
Bread volume, cm3

2nd 530 545 561 566 551
Mean 527 540 562 567 549

ns 21.8

1st – optimal, 2nd – late, ns – non-significant differences



Fig. 2. Total protein content in ‘Mikon’ winter wheat grain depending on the sowing date
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Fig. 3. Relationships between technological parameters of ‘Mikon’ winter wheat
(sowing date I)
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Fig. 4. Relationships between technological parameters of ‘Mikon’ winter wheat
(sowing date II)
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Determining the protein and wet gluten contents in winter wheat grain is not sufficient to evaluate the baking
value of flour. The content of gluten is not the only important indicator but also its quality which is evaluated by
gluten weakening. Based on the linear correlation analysis, significant relationships were noted between the
content of wet gluten and its weakening, for both sowing dates (r = 0.81 and 0.73) (Table 4). For both sowing
dates gluten showed a similar weakening. Irrespective of the cultivation years and the sowing date, the
application of 120 kg of N·ha-1 significantly increased gluten weakening by 1 and 2 mm, as compared with the
values of that feature obtained in N80 and N0. A further increase in nitrogen fertilisation to 160 kg·ha-1 did not
affect gluten weakening. 

Table 4. Significant coefficient values of linear correlation between the ‘Mikon’ winter wheat features
researched and the sowing date

Optimal (1st) sowing date
Parameters

1 2 3 4 5 6 7 8
(1) N fertilisation –
(2) Grain yield – –
(3) Protein content 0.68 – –
(4) Falling number – – 0.61 –
(5) Gluten content – – 0.90 0.77 –
(6) Gluten weakening – – 0.64 0.76 0.81 –
(7) Sedimentation ratio – – 0.86 – 0.84 – –
(8) Bread volume – – 0.78 0.85 0.90 0.91 –

Late (2nd) sowing date
1 2 3 4 5 6 7 8

(1) N fertilisation –
(2) Grain yield – –
(3) Protein content 0.71 – –
(4) Falling number 0.73 – 0.88 –
(5) Gluten content – – 0.96 0.87 –
(6) Gluten weakening – – 0.59 – 0.73 –
(7) Sedimentation ratio – – 0.75 – 0.74 – –
(8) Bread volume – – 0.62 0.63 0.70 0.82 – –

The results obtained, irrespective of the cultivation years and the nitrogen fertilisation level, show a significant
effect of the sowing date on the sedimentation ratio determined for the flour for the cultivar researched. The
value of the sedimentation test was significantly higher for the late sowing date by 13.7% as compared with the
value obtained for the optimal sowing date. The present different nitrogen fertiliser doses, irrespective of the
cultivation years and the sowing date, increased the sedimentation test results. However a significant effect on
the increase in the sedimentation ratio value was observed following the application of nitrogen fertiliser for 120
kg·ha-1 as compared with the control and the object where 80 kg N·ha-1 was applied, by respective 25.7% and
18.8%. The sedimentation ratio value for flour was closely correlated with the contents of protein and gluten in
grain. Determination coefficients for these dependences were, respectively, 74% and 71% (sowing date I) and
56% and 55% (sowing date 2nd). One can, therefore, calculate that an increase in the content of total protein by



e.g. 10 g·kg-1 and of wet gluten by e.g. 5% will be followed by an increase in the sedimentation test value for
sowing date I by respective 5.54 ml and 5.57 ml. 

Mean for years, the falling number, following Hagberg, of ‘Mikon’ winter wheat was 417 s. The results obtained
showed that a two-week delayed sowing date did not affect the technological feature researched. Due to the
application of N dose of 80 kg·ha-1, on average for the total research period, the falling number, following
Hagberg, did not differ significantly, as compared with its value obtained for the control. Only did the increase in
the nitrogen fertilisation up to 120 kg·ha-1 significantly increase the value of the falling number, but only as
compared with the control. Further increases in nitrogen fertiliser doses up to 160 kg·ha-1 significantly increased
the said value, as compared with the other nitrogen fertilisation levels, namely N0, N80 and N120, respectively by
11%, 9.6% and 5.7%. The linear correlation analysis determined the dependences between the value of the
falling number and the other qualitative grain features (Table 4). The falling number was positively correlated
with the content of total protein (sowing date 1st r = 0.61; sowing date 2nd r = 0.88), with the content of wet
gluten (r = 0.77 and r = 0.87), with bread volume (r = 0.85 and r = 0.63) for 1st and 2nd sowing date respectively,
and with gluten weakening, however only for the optimal sowing date (r = 0.76). 

Fig. 5. Average bread volume (cm3) in subsequent experimental years
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The bread volume from the trial baking is the final, direct quality indicator which shows a baking value of wheat
flour. Irrespective of the experimental factors, the value of the feature researched was, in respective research
years, 550 cm3, 579 cm3 and 517 cm3 (Fig. 5). A two-week delay in the sowing date did not result in significant
differences in the bread volume, although a higher volume was recorded for sowing date 2nd. The bread volume
showed a growth trend throughout the nitrogen dose range researched. However a significant volume increase
was recorded following the application of 120 kg N·ha-1; as compared with the control and N80 object; the bread
volume was higher by respective 6.6% and 4.1% and positively correlated with protein content, the falling
number, gluten content and weakening (Table 4). Determination coefficients for these relationships were,
respectively, 61%, 72%, 81%, 83% (sowing date 1st) and 38%, 40%, 49%, 67% (sowing date 2nd). One can
therefore calculate that for the optimal sowing date, along with an increase in e.g. the falling number by 10 s, the
content of gluten by 5% and its weakening by 1 mm, the bread volume will increase by respective 7.51 cm3;
21.50 cm3 and 14.24 cm3. However there was recorded no significant effect of the interaction between the
sowing date and nitrogen fertilisation on the bread volume and on the other baking value indicators researched. 

DISCUSSION 

The sowing date is one of the main agronomic factors which determine winter wheat yielding, which is due to
photoperiodic reaction of plants [23]. The research conducted so far show that the reaction of respective wheat
cultivars on late sowing date differs clearly. It was observed that for some cultivars even a slight delay in the
sowing date significantly decreases the grain yield [10], while for other cultivars such a tendency was recorded
only with very late sowing dates [23]. In the present research the two-week delayed sowing date significantly, by
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almost 7%, decreased the grain yield, which is similar to research reported by Jończyk [10] carried out on good
wheat complex soil. 

The wheat grain yield depends also on mineral fertilisation, especially nitrogen fertilisation, which is confirmed
in numerous literary reports, while the recommended fertiliser doses differ considerably from 80 kg N·ha-1

[17,20] to 120 kg N·ha-1 [13], and even 160 kg N·ha-1 [29]. In the present research the application of 160 kg N·ha-

1 on very good rye complex soil resulted in, as compared with the most favourable dose of 120 kg N·ha-1, a
decrease in grain yield. 

The reports by Mazurek and Podolska [21] show that a late sowing date increases the total content of protein in
cereal grain, which complies with the present results. A significant increase in the total protein content in grain
was also due to nitrogen fertilisation for all of the dose range. The relationship is confirmed by the calculated
significant positive coefficients of linear correlation both for the optimal (r = 0.67) and late sowing date (r =
0.71). All that complies with the reports by other authors who observed a positive significant effect of increasing
nitrogen doses on the content of total protein in wheat grain [5,13,14,15,28,29]. Cygankiewicz [8] and Subda et
al. [26] noted a significant correlation between the content of total protein in wheat grain and sedimentation
ratio, bread volume, amylolytic activity and gluten weakening. In the present research the calculated linear
correlation coefficients confirmed these relationships both for the optimal and late sowing dates. 

Sowing wheat at late date significantly increased the content of wet gluten and, similarly as in the present
research, its content increased along with increasing doses of nitrogen fertiliser [2,15,17,22,24,25]. Additionally
the content of wet gluten depended on the content of total protein in grain. Depending on the sowing date, the
linear correlation coefficient for that relationship was significant for both sowing dates (r = 0.90 and r = 0.96);
slightly lower values of correlation coefficient between the features discussed were reported by Achremowicz et
al. [2] and Cygankiewicz [6,7] (r = 0.87; r = 0.71). 

Klupczyński and Ralcewicz [13] and Podolska and Stankowski [24] report on increasing nitrogen fertilisation
affecting the unfavourable increase in gluten weakening. In the present research an unfavourable effect on the
value of this feature was observed up to 120 kg N·ha-1. Further increases in nitrogen fertilisation up to 160 kg·ha-

1 did not result in significant differences in gluten weakening. It shall be stressed that for the whole nitrogen dose
range, gluten weakening fell within the range (0-6 mm) suitable for baking flour [9]. 

According to Mazurek [19], the sedimentation ratio marked for wheat flour did not show greater differences
depending on the sowing date, while in the present research a two-week delayed sowing date, as compared with
the optimal sowing date, significantly increased the value of sedimentation test. Also similarly as reported by
other authors [13,17,24], nitrogen fertilisation applied to e.g. ‘Mikon’ plants showed a favourable effect on the
sedimentation ratio enhancement. In the spring wheat research reported by Mazurek [19] only the fertilisation
with 80 kg N·ha-1, as compared with the control, increased the sedimentation ratio value, while the application of
higher nitrogen doses did not affect that feature. The value of sedimentation ratio for flour obtained for both
sowing dates was closely correlated with the content of protein (r = 0.86 and r = 0.75) and wet gluten (r = 0.84
and r = 0.74). The positive yet slightly lower values of correlation coefficient between the content of total protein
and the sedimentation ratio were reported by Cygankiewicz [6] and Subda et al. [26]. Furthermore Cygankiewicz
[7] unlike in his earlier reports of 1995 proved no relationship between the sedimentation test results and the
content of total protein, which confirms the opinion by Achremowicz et al. [2] and Bichońskiego [3] that the
content of total protein cannot serve as a basis to determine the quality of baking flour. 

Flour which is most suitable for bread baking is wheat flour of the falling number of 170-250 s [9]. In the present
experiment the falling number by Hagberg (417 s) shows a low activity of alpha-amylases. The value of this
feature does not disqualify the grain researched as suitable for baking, which is the case for high activity of
alpha-amylases, showing the occurrence of sprouting. In the reports by Klupczyński et al. [15], the application of
120 kg N·ha-1 significantly increased the falling number, as compared with the control and the object treated with
80 kg N·ha-1. In the present experiment a significant increase in the value of the falling number following the
application of 120 kg·ha-1 was noted only as compared with the control. 

Achremowicz et al. [1] observed no significant effect of nitrogen fertilisation on the bread volume obtained from
winter wheat flour and a favourable reaction of spring cultivars. Similarly as in the present research, the
tendencies to increase bread volume due to increasing doses of nitrogen fertiliser (0 to 160 kg·ha-1) were reported
for winter wheat by Klupczyński and Ralcewicz [13], Knapowski et al. [17] and Wróbel and Szempliński [29].
According to Jakubczyk and Habeer [9], the bread obtained in the present research showed a very good and good
bread volume. However, while considering new proposals of wheat cultivars quality classification criteria



developed by Klockiewicz-Kamińska and Brzeziński [12], the bread volume recorded in the present research
qualified ‘Mikon’ as bread cultivar only over 1996 and 1997. 

The bread volume obtained for both sowing dates was positively correlated with the content of protein and
gluten (r = 0.78 and r = 0.90 and r = 0.62 and r = 0.70). Lower but also significantly positive relationships
between the bread volume and the content of protein (r = 0.24) and gluten (r = 0.36) were showed by Subda et al.
[26], while Cygankiewicz [6] noted a negative correlation for the interaction of these features. The effect
recorded in the same experiments by Cygankiewicz [6] and Subdy et al. [26] of sedimentation ratio on the bread
volume was not confirmed in the present research. 

CONCLUSIONS 

1. A two-week delayed ‘Mikon’ winter wheat sowing date, as compared with the optimal date,
significantly lowered the grain yield and significantly increased the content of wet gluten and
sedimentation ratio. 

2. Following the application of the dose of 80 kg N·ha-1 there was recorded a significant increase in grain
yield for the cultivar researched, as compared with the control, while higher nitrogen doses did not
show a significant effect on the winter wheat grain yield. 

3. The nitrogen fertilisation applied significantly increased the content of total protein in grain. 
4. Nitrogen fertilisation throughout the dose range increased the values of the technological indicators. A

significant increase in the values of most important technological parameters (content of wet gluten,
sedimentation ratio, bread volume) was recorded due to the application of 120 kg N·ha-1. 

5. For both sowing dates significant correlation was recorded between:
• content of total protein in grain and the other technological features researched, 
• falling number and the content of wet gluten and bread volume, 
• content of wet gluten and gluten weakening, sedimentation ratio and bread volume, 
• gluten weakening and bread volume.

REFERENCES

1. Achremowicz B., Zając J., Styk B., 1993. Wpływ podwyższonego nawożenia azotem na wartość technologiczną
niektórych odmian pszenicy jarej i ozimej [Effect of increased nitrogen fertilisation on the technological value of
some spring and winter wheat cultivars]. Rocz. Nauk Roln. 110 A (1-2), 149-157 [in Polish]. 

2. Achremowicz B., Borkowska H., Styk B., Grundas S., 1995. Wpływ nawożenia azotowego na jakość glutenu
pszenicy jarej [Effect of nitrogen fertilisation on the quality of spring wheat gluten]. Biul. IHAR 193, 29-34 [in
Polish]. 

3. Bichoński A., 1995. Ocena wybranych cech technologicznych z kolekcji pszenicy ozimej [Evaluation of selected
technological features for winter wheat collection]. Biul. IHAR 194, 131-138 [in Polish]. 

4. Budzyński W., Szempliński W., Dubis B., Majewska K., 1996. Rolnicza, jakościowa i energetyczna ocena różnych
sposobów odchwaszczania i nawożenia azotem jarej pszenicy chlebowej. Cz. I. Plon i jakość technologiczna ziarna
[Agricultural, qualitative and energetic evaluation of various methods of weed control and nitrogen fertilisation of
spring bread wheat. Part I. Grain yield and technological quality]. Rocz. Nauk Roln. 112 A (1-2), 81-92 [in Polish].

5. Cacak-Pietrzak G., Ceglińska A., Haber T., 1999. Wartość technologiczna wybranych odmian pszenicy ozimej w
zależności od zróżnicowanego nawożenia azotowego [Technological value of selected winter wheat cultivars
depending on the varied nitrogen fertilisation]. Pam. Puł. 118, 45-55 [in Polish]. 

6. Cygankiewicz A., 1995. Ocena niektórych jakościowych nowych rodów hodowlanych pszenicy ozimej i jarej
[Evaluation of some high-flour-baking-value new breading lines of winter and spring wheat]. Biul. IHAR 194, 139-
147 [in Polish]. 

7. Cygankiewicz A., 1997. Wartość technologiczna ziarna materiałów hodowlanych pszenicy ozimej i jarej na tle
badań światowych i własnych [Technological value of spring and winter wheat breeding-material grain in global
and present research]. Biul. IHAR 204, 219-235 [in Polish]. 

8. Cygankiewicz A., 2000. Ocena jakościowa ziarna polskich odmian pszenicy ozimej i jarej w porównaniu do
odmian zagranicznych oraz rodów z doświadczeń wstępnych ze zbioru w 1998 roku [Qualitative evaluation of
Polish winter and spring wheat cultivars grain as compared with foreign cultivars and lines of preliminary
experiments of the 1998 harvest]. Biul. IHAR 214, 31-48 [in Polish]. 

9. Jakubczyk T., Haber T., 1983. Analiza zbóż i przetworów zbożowych [Analysis of cereals and cereal products].
Wyd. SGGW Warszawa [in Polish]. 

10. Jończyk K., 1998. Czynniki agrotechniczne najsilniej różnicujące plon pszenicy ozimej [Agrotechnical factors
which differentiate winter wheat yield most considerably]. Rocz. AR Poznań, Rolnictwo 52, 43-49 [in Polish]. 

11. Kączkowski J., 1991. Stan badań nad strukturą i frakcjami białek glutenu pszennego [Status of research into the
structure and fractions of wheat gluten proteins]. Biul. IHAR 179, 3-17 [in Polish]. 

12. Klockiewicz-Kamińska E., Brzeziński W.J., 1998. Metoda oceny i klasyfikacji jakościowej odmian pszenicy
[Method of qualitative evaluation and classification of wheat cultivars]. Przegląd Zboż.-Młyn. 43 (7), 2-5 [in
Polish]. 



13. Klupczyński Z., Ralcewicz M., 1997. Wpływ nawożenia azotem, fosforem i potasem na wartość technologiczną
jakościowych odmian pszenicy ozimej [Effect of nitrogen, phosphorus and potassium fertilisation on the
technological value of qualitative winter wheat cultivars]. Fragm. Agron. 3, 103-110 [in Polish]. 

14. Klupczyński Z., Ralcewicz M., 1998. Wpływ nawożenia azotem na plon i wartość technologiczną wybranych
odmian pszenicy ozimej [Effect of nitrogen fertilisation on the yield and technological value of selected winter
wheat cultivars]. Rocz. AR Poznań, Rolnictwo 52, 17-24 [in Polish]. 

15. Klupczyński Z., Knapowski T., Ralcewicz M., Murawska B., 2000. Wpływ zróżnicowanego nawożenia azotem na
wartość technologiczną chlebowych odmian pszenicy ozimej [Effect of varied nitrogen fertilisation on the
technological value of breadmaking winter wheat cultivars]. Fertilizers and Fertilization 3 (4), 61-72 [in Polish]. 

16. Knap J.S., Harms C.L., 1988. Nitrogen fertilization and plant growth regulator effects on yield and quality of four
wheat cultivars [Nitrogen fertilization and plant growth regulator effects on yield and quality of four wheat
cultivars]. J. Prod. Agric. 1 (2), 94-98. 

17. Knapowski T., Ralcewicz M., Klupczyński Z., 2002. The estimation of chosen parameters of the baking value of
winter wheat on the influence of nitrogen fertilization. Mengen und Spurenelemente 21, 290-295. 

18. Łoginow W., Cwojdziński W., Andrzejewski J., 1990. Skrypt do ćwiczeń z Chemii Rolnej [Agricultural Chemistry
Printed Series for Course Classes]. ATR Bydgoszcz [in Polish]. 

19. Mazurek J., 1981. Termin i ilość wysiewu oraz nawożenie azotem pszenicy jarej. Cz. I. Wpływ na plon ziarna. Cz.
II. Wpływ na technologiczną i biologiczną jakość ziarna [Spring wheat date and sowing rate and nitrogen
fertilisation. Part I. Effect on grain yield. Part II. Effect on technological and biological grain quality]. Pam. Puł. 75,
45-68 [in Polish]. 

20. Mazurek J., 1994. Porównanie plonowania zbóż ozimych: pszenżyta, żyta, pszenicy i jęczmienia na glebach
lżejszych przy stosowaniu różnych dawek azotu [Comparison of winter cereals yielding: triticale, rye, wheat and
barley on lighter soils for different nitrogen doses]. Zesz. Nauk. AR Szczecin, Rolnictwo 162, 155-158 [in Polish]. 

21. Mazurek J., Podolska G., 1995. Plon i cechy struktury plonu odmian i rodów pszenicy ozimej w zależności od
terminu siewu [Yield and its structural components of winter wheat cultivars and lines depending on the sowing
date]. Biul. IHAR 194, 63-69 [in Polish]. 

22. Micelli F., Martin M., Zerbi G., 1992. Yield, quality and nitrogen efficiency in winter wheat fertilized with
increasing N levels at different times. J. Agron. Crop Sci. 168, 337-344. 

23. Podolska G., 1997. Reakcja nowych odmian pszenicy ozimej na wybrane czynniki agrotechniczne. Cz. II. Wpływ
terminu siewu na plon i strukturę plonu nowych odmian i rodów pszenicy ozimej [Reaction of new winter wheat
cultivars to selected agrotechnical factors. Part II. Effect of the sowing date on the yield and its structure for new
winter wheat cultivars and lines]. Biul. IHAR 204, 163-167 [in Polish]. 

24. Podolska G., Stankowski S., 2001. Plonowanie i jakość ziarna pszenicy ozimej w zależności od gęstości siewu i
dawki nawożenia azotem [Yielding and winter wheat grain quality depending on the sowing rate and nitrogen
fertiliser dose]. Biul. IHAR 218/219, 127-136 [in Polish]. 

25. Stewart B.A., Dyke G.V., 1993. Factors affecting the grain yield, milling and breadmaking quality of wheat, 1969-
1972. II. Breadmaking quality in relation to variety and nitrogen fertilizer. Plant Varieties and Seeds 6, 169-178. 

26. Subda H., Prorok D., Gębura E., Zeler J., 1997. Skład chemiczny i wartość wypiekowa mąki pszennej. Cz. II.
Wartość wypiekowa [Chemical composition and wheat flour baking value. Part II. Baking value]. Biul. IHAR 201,
101-107 [in Polish]. 

27. Wilczyńska-Kostrzewa W., 1987. Wpływ terminu i ilości wysiewu na rozwój, plonowanie i cechy struktury plonu
oraz jakość ziarna różnych form Triticale ozimego w porównaniu z pszenicą ozimą i żytem [Effect of the sowing
date and sowing rate on the development, yielding and yield structural components and grain quality of various
forms of winter triticale as compared with winter wheat and rye]. IUNG Puławy, R 236, 65 [in Polish]. 

28. Wójcikiewicz M., Błażej J., Rząsa B., 1995. Produkcyjność pszenicy ozimej przy zróżnicowanym nawożeniu
azotowym [Productivity of winter wheat for various nitrogen fertilisation]. Zesz. Nauk. AR Kraków, Rolnictwo 32,
125-131 [in Polish]. 

29. Wróbel E., Szempliński W., 1999. Plonowanie i wartość technologiczna ziarna pszenicy ozimej nawożonej
zróżnicowanymi dawkami azotu [Yielding and technological value of winter wheat grain fertilised with various
nitrogen doses]. Pam. Puł. 118, 463-469 [in Polish]. 

Tomasz Knapowski, Maria Ralcewicz
Department of Agricultural Chemistry
University of Technology and Agriculture in Bydgoszcz
Seminaryjna 5, 85-326 Bydgoszcz, Poland
e-mail: zpchr@atr.bydgoszcz.pl 

Responses to this article, comments are invited and should be submitted within three months of the
publication of the article. If accepted for publication, they will be published in the chapter headed
‘Discussions’ in each series and hyperlinked to the article. 

mailto:zpchr@atr.bydgoszcz.pl
mailto:agro@ejpau.media.pl

