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SUMMARY 

 
Wheat production is significant branch of Hungarian crop production (with about 1 million hectares of sowing area). Weather anomalies 

resulted by climate change have increased the importance of biological basis in wheat production. Yield quality and quantity parameters of 

three wheat genotypes sown on chernozem soil type after maize pre-crop were studied in a long-term field experiment. Yield amount of the 

studied genotypes varied between 2894 and 8074 kg ha-1 in 2017 and between 5795 and 9547 kg ha-1 in 2018 depending on the applied 

treatments. Based on our results it can be stated that in both studied crop years the highest yield increment was realized by the application of 

the nutrient supply level of N30+PK. As the result of the application of the optimum mineral fertilizer level – in contrast to the control – resulted 

in significant yield increment in both crop years. The results of the long-term field experiment prove that water utilization of the studied wheat 

varieties / hybrids was improved by the application of the optimal nutrient supply. Furthermore, the water utilization of the latest genotypes 

was more favorable by both the control and the optimum nutrient supply level treatments. Analyzing the quality parameters of winter wheat 

using the NIR method it has been stated that the quality results of the well-known genotype (GK Öthalom) were better than those of the new 

genotypes. A negative correlation between winter wheat quality and quantity parameters has also been confirmed. As the result of the mineral 

fertilizer application protein and gluten content of winter wheat increased to a significant extent. 
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INTRODUCTION 

 
Winter wheat production has a determining role not 

only in Hungary but in the European Union market as 
well. According to the statistics of FAOSTAT, winter 
wheat was produced in 2107 in the European Union on 
an area of 26 million hectares with an average yield of 
5.7 tons per hectare, while in Hungary 5.37 million tons 
of winter wheat was harvested on the area of 1 million 
hectares with an average yield of 5.2 tons per hectare 
(KSH). Only winter wheat with excellent quality 
parameters is suited for the European market. Yield 
potential and grain yield quality is basically determined 
by the genotype and the environment, similarly to the 
interaction between them (Rozbicki et al., 2015). The 
effect of the crop year is the most determining among 
the environmental factors: weather conditions affect the 
yield quality at a rate of about 22% (Pepó et al., 2018). 
Winter wheat shows a sensitive reaction towards dry, 
drought periods especially during the growth stage 
(Chen et al., 2015; Ravier et al., 2017). In addition, 
nutrient supply is the other agrotechnical factor that 
affects the yield amount and quality parameters 
(protein and gluten content) of winter wheat (by 20%). 
According to Samborski (2009) especially the nitrogen 
supply that meets the demand of the crop has the 
highest effect, which has both direct and indirect 
influence on the effect of other agrotechnical factors 
(pre-crop, crop rotation, soil cultivation, plant 
protection). In previous studies, the application of high 
nitrogen mineral fertilizer dosages increased protein 
and wet gluten contents as well (Szániel et al., 1975; 
Alda et al., 2010). According to the studies of Zecevi et 
al. (2010) the Zeleny sedimentation value and raw 
gluten content increased significantly in parallel to the 
increasing nitrogen dosage applied. Pepó et al. (2014) 

stated that the basic precondition of high-quality winter 
wheat production is the genetic basis with adequate 
genetic parameters. A wide range of quality parameters 
are characteristic of the different winter wheat varieties 
and hybrids. The selection of the genotype, including 
variety is of extraordinary and determining 
significance. Basic determining factors are potential 
yield, yield stability, yield safety and quality. Recently 
and in the upcoming years genotypes that show high 
baking quality and keep up their productivity even 
among extreme crop years or production sites is 
becoming more and more important. They provide 
more favorable marketing possibilities for both 
producers and vendors. The latest breeding programs’ 
primary aim is to produce genotypes that are able to 
produce high yields with maintaining the level of the 
adequate quality parameters as well (Fang et al., 2017). 
Hungarian wheat production had a long and successful 
development in the past decades. The range of available 
varieties in the Hungarian market has been significantly 
extended in the past years. Currently the number of 
varieties listed on the national variety list is over 100. 
However, producers choose the one to sow only 
between some well-known varieties (Pepó et al., 2019).  
 
MATERIALS AND METHODS 

 
Experimental setup parameters 

Pre-crop of the experiment was sweet corn. In both 
crop years two early ripening wheat varieties with 
excellent milling quality parameters: GK Öthalom, and 
Mv Ispán, just as a late ripening hybrid with 
extraordinary vitality and high stability named Hyland 
were studied in the experiment. Each of them was 
accepted to the national variety list in different years: 
GK Öthalom was listed in 1985, the hybrid Hyland in 
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2009 and Mv Ispán was registered in 2015 to the 
Hungarian national Variety List. 
 
Location and soil characteristics of the experimental 
site 

The University of Debrecen, Agricultural Research 
Institute and Educational Farm Látókép research 
Station is located on the loess plateau of the region 
Hajdúság, along the main traffic road nr. 33, 15 
kilometers far from Debrecen. The experimental field 
soil level is flat, regarding its genetic properties it can 
be classified as a calcareous chernozem soil. 
 
Weather conditions of the experimental crop year 

Generative and vegetative development of winter 
wheat was basically determined by the amount and the 
distribution of the precipitation. Wet weather 
conditions during the end of summer and in the autumn 
period of the crop-year 2016/2017 were favourable for 
the development of wheat. Winter months were rather 
cold. The progressive warming during the early spring 
season had a favourable effect as well. The 
precipitation that fell during the flowering period 
affected the fertilization and grain development 
positively as well. Warm weather in June accelerated 
the ripening of the populations. Weather conditions of 

the crop-year 2017/2018 was considered as 
unfavourable. Mild weather conditions during the 
autumn period and the progressively cooling wet 
season afterwards affected the emergence and early 
development of plants positively. February and March 
were colder that the average which affected wheat 
development negatively. Warm weather during April 
and May affected the vegetative development of wheat 
negatively as well, the development stages were 
significantly shorter. Ripening of the studied 
populations was detected 1.5–2 weeks earlier than the 
average. 

 
RESULTS AND DISCUSSION 

 
As a result of breeding the assortment of varieties 

has been significantly extended in Hungary. 
Furthermore, beside varieties new hybrids appeared 
and were sown on even larger areas. Basic aim of 
breeding is the have new genotypes with higher yield 
amount, better quality parameters and better agronomic 
parameters. Beside the evaluation of the nutrient-
reaction of the studied varieties/hybrids and the study 
of food quality parameters our complex long-term filed 
experiment enabled the study of the genetic 
development of different winter wheat varieties as well.

 
Table 1 

The effect of mineral fertilization on the yield amount of winter wheat genotypes (kg ha-1) (Debrecen, 2017–2018) 

 

 
Well-known (GK Öthalom) and new (Mv Ispán) 

winter wheat varieties and a hybrid (Hyland) were 
studied in the counteractive crop-years (2017 and 
2018), that enabled us – beside the determination of 
their reaction towards nutrient supply – to analyse their 
adaptivity as well. Yield amount of the studied 
genotypes varied between 2894 and 8074 kg ha-1 in 
2107 and between 5795 and 9547 kg ha-1 in 2018 
depending on the applied nutrient supply level (Table 
1). As a result of the two counteractive crop-years the 
main difference between the yield results was observed 
in the yield of the control treatments: in 2017 the 
measured yield amounts of the studied genotypes 
ranged between 2894 and 5614 kg ha-1, while in 2018 
between 5795 and 6806 kg ha-1. The effect of different 
agro-ecological factors on the yield could be 
significantly decreased in the studied different crop-
year by applying optimum nutrient supply. Maximum 

yield of the studied genotypes varied between 5297 and 
8074 kg ha-1 in 2017, while between 7654 and 9547  
kg ha-1 in 2018. In contrast to the control nutrient 
supply level the yield increment resulted by the 
application of the optimum nutrient supply level was 
significant in both studied crop-years. Yield surplus 
resulted by the nutrient supply ranged between 2166 
and 2460 kg ha-1 in 2017, while in 2018 between 1859 
and 2991 kg ha-1 in case of the studied genotypes. 
Depending on the studied genotype in 2017 the supply 
level of N120-150+PK, while in 2018 N60-120+PK was 
considered as the optimum mineral fertilizer dosage. 

Evaluating both studied crop-years of the long-term 
field experiment it has been stated that in contrast to the 
well-known genotype (GK Öthalom) both the novel 
variety (Mv Ispán) and the hybrid (Hyland) showed 
more favourable absolute and relative yield amount 
parameters (Table 1). The results of the studied two 
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)
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Yield    
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-1

)
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-1
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-1

)
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(kg ha
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)

Yield 

surplus 

(kg ha
-1

)

Yield    

(kg ha
-1

)

Yield 

surplus 

(kg ha
-1

)

Control 2894 0 5795 0 4345 5614 0 6806 0 6210 5469 0 6556 0 6013

N30+PK 3545 651 6870 1075 5208 6194 580 8017 1211 7106 5989 520 8745 2189 7367

N60+PK 4723 1829 7050 1255 5887 7005 1391 8871 2065 7938 6817 1348 9547 2991 8182

N90+PK 4638 1744 7216 1421 5927 7071 1457 8871 2065 7971 7440 1971 9270 2714 8355

N120+PK 4962 2068 7654 1859 6308 8041 2427 9440 2634 8741 7635 2166 9227 2671 8431

N150+PK 5297 6425 630 5861 8074 8505 1699 8290 7394 8264 1708 7829

LSD 5% Variety

LSD 5% Nutrient-supply

2018

GK Ötalom Mv Ispan Hyland

Avarage 

(kg ha
-1

)

Avarage 

(kg ha
-1

)

Avarage 

(kg ha
-1

)

2017 2018 2017 2018 2017

2017 2018

598 449

610 513
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years prove that the novel genotypes have better 
nutrient utilisation ability, their yield amounts were 
higher in the control treatment. The average yield 
amount of the well-known genotype in the control 
treatment was 4345 kg ha-1, while that of the new 
genotypes was 6210 kg ha-1 (Mv Ispán) and 6013  
kg ha-1 (Hyland) respectively. Genetic progression was 
realized both, in yield potential and its realized value 
(maximum yield amount). Maximum yield of GK 
Öthalom was 6308 kg ha-1, while the novel genotypes 
produced 8741 kg ha-1 (Mv Ispán) and 8431 kg ha-1 
(Hyland). Furthermore our experimental result proved 
that under favourable soil and almost optimal agro-
technologic conditions there was no significant 
difference between the maximum yield amount of the 
novel variety and the hybrid. Advantages of the 

heterosis effect of the hybrid could possibly be revealed 
under less favourable production conditions. 

In the study of winter wheat genotypes with 
different breeding time efficiency parameters showing 
the nutrient and water utilisation of the genotypes were 
evaluated as well. Analysing the yield surplus amounts 
resulted by 1 kg NPK mineral fertilizer active substance 
it can be stated that novel genotypes show higher results 
(Table 2). Relative nutrient utilisation values of GK 
Öthalom in 2017 ranged between -0.4 and 8.2, in 2018 
between -3.1 and 13.6 kg/1 kg NPK. In case of Mv 
Ispán these values varied between 0.1 and 7.3 (2017) 
and between -2.4 and 5.3 kg/1 kg NPK. For the hybrid 
Hyland relative nutrient utilisation vales ranged 
between -0.6 and 6.6 (in 2017) and between -2.4 and 
27.7 kg/1 kg NPK.

 

Table 2 

Yield increment amount resulted by 1 kg NPK fertilizer active substance in contrast to the control treatment (Debrecen, 2017–2018) 

 

Nutrient 

supply level 
N30+PK N60+PK N90+PK N120+PK N150+PK 

Crop year 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 

GK Öthalom 8.2 13.6 7.5 1.1 -0.4 0.7 1.0 1.4 0.8 -3.1 

MV Ispán 7.3 15.3 5.1 5.4 0.3 0.0 3.1 1.8 0.1 -2.4 

Hyland  6.6 27.7 5.2 5.1 2.6 -1.2 0.6 -0.1 -0.6 -2.4 

 

 

Table 3 

Water use efficiency of winter wheat genotypes under different nutrient supply levels (WUE= Water USE Efficiency =grain yield 

amount per each mm amount of precipitation during the vegetation period) (Debrecen, 2017–2018) 

 

2017 2018 

  GK Öthalom MV Ispan Hyland  GK Öthalom MV Ispan Hyland  

Control 5.6 10.9 10.6 11.5 13.5 13.0 

NPK Optimum 10.3 15.7 14.8 15.2 18.8 19.0 

 
 
Our results of the long-term field experiment 

proved that water use efficiency (WUE = grain yield 
amount per each mm precipitation during the 
vegetation period) of winter wheat varieties/hybrid was 
improved by the application of the optimum nutrient 
supply level. Furthermore, the water utilisation of the 
novel genotypes was better in case of both lacking 
(control) and optimum nutrient supply level treatments. 
In the crop-years 2017 and 2018 WU values of the 
variety GK Öthalom varied between 5.6 and 11.5 
kg mm-1 in the control treatment, while in the optimum 
nutrient supply level treatment between 10.3 and 15.2 
kg mm-1 (Table 3). On the contrary the novel variety 
Mv Ispán showed water use efficiency values between 
10.9 and 13.5 kg mm-1 in the control nutrient supply 
level treatment and between 15.7 and 18.8 kg mm-1 in 
the optimum nutrient supply level treatment. The novel 
bred hybrid Hyland’s water use efficiency values 
ranged between 10.6 and 13.0 kg mm-1, and between 
14.8 and 19.0 kg mm-1 in the control and the Nopt+PK 
nutrient supply level treatments. 

Even though winter wheat quality has less 
importance lately we consider the study of the quality 
parameters beside quantity as basic for the complex 
evaluation of the genotypes. In the crop-years 2017 and 
2018 the two main quality parameters, i.e. protein and 
wet gluten content of the studied genotypes were 
determined by the NIR method in case of some selected 
nutrient supply levels (control, N90+PK, N150+PK). Our 
results confirm that the well-known genotype (GK 
Öthalom) showed better quality parameters than the 
novel genotypes (Mv Ispán, Hyland). Our results in the 
long-term field experiment prove that there is a 
negative correlation between quality and quantity 
parameters of (Table 4). Raw protein content of GK 
Öthalom varied between 10.5 and 12.4 % in 2017, 
while that of the novel genotypes were lower (Mv Ispán 
10.0–11.6%, Hyland 9.7–11.6%). Similar tendency 
was observed regarding the results in 2018 (GK 
Öthalom 10.2–14.0%, Mv Ispán 10.8–13.6%, Hyland 
10.2–12.5%). Higher nutrient supply treatments 
increased protein content to a significant extent in case 
of all studied genotypes in both studied crop-years. 
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Table 4 

The effect of the genotype and nutrient supply on the raw protein content of winter wheat (%) (Debrecen, 2017–2018) 

 

Protein content (%) 

  2017 2018 

  Control N60+PK N120+PK Average Control N60+PK N120+PK Average 

GK Öthalom 10.5 11.8 12.4 11.6 10.2 12.6 14.0 12.2 

MV Ispan 10 10.5 11.6 10.7 10.8 13.0 13.6 12.4 

Hyland 9.7 10.8 11.6 10.7 10.2 12.0 12.5 11.6 

Average 10.1 11.0 11.9 - 10.4 12.5 13.4 - 

LSD 5% Variety 0.52 0.39 

LSD 5% 

Nutrient-supply 
0.35 0.72 

 
 

Table 5 

The effect of the genotype and nutrient supply on the wet gluten content of winter wheat (%) (Debrecen, 2017–2018) 

 

Wet gluten content (%) 

  2017 2018 

  Control N60+PK N120+PK Average Control N60+PK N120+PK Average 

GK Öthalom 21.4 25.6 27.8 24.9 19.0 26.5 30.7 25.4 

MV Ispan 19.7 21.5 24.9 22.0 21.0 26.9 28.3 25.4 

Hyland 18.6 22.3 24.6 21.8 19.2 24.7 25.7 23.2 

Average 19.9 23.1 25.8 - 19.7 26.0 28.2 - 

LSD 5% Variety 1.71 1.05 

LSD 5% Nutrient-supply 0.98 1.97 

 
 
One of the most important bakery parameter of 

winter wheat is wet gluten content. As the result of 
mineral fertilization wet gluten content of the studied 
varieties/hybrid increased to a significant extent in both 
2017 and 2018. In contract to the novel genotypes the 
well-known genotype showed higher wet gluten 
content in both crop-years (Table 5). Wet gluten 
content of the well-known GK Öthalom varied between 
21.4 and 27.8% in 2017, while in 2018 between 19.0 
and 30.7%. In contrast to these lower values were 
measured for the novel genotypes in both studied crop-
years in case of all nutrient supply levels: the variety 
Mv Ispán produced 19.7–24.9% wet gluten content in 
2017, while in 2018 between 21.0 and 28.3%. The 
hybrid Hyland’s wet gluten content results were: 18.6-
24.6% in 2017 and 19.2–25.7% in 2018). Wet gluten 
content of the hybrid Hyland was slightly lower than 
that of the variety Mv Ispán in both studied crop-years; 
however, this difference was not significant.  

 
CONCLUSIONS 

 
Evaluating our experimental results, it can be stated 

that the yield of the studied genotypes varied between 
2894 and 8074 kg ha-1 in 2017, while in 2018 between 
5795 and 9547 kg ha-1 depending on the applied 
nutrient supply level. In contrast to the well-known 
genotype (GK Öthalom) both the novel variety (Mv 
Ispán) and the hybrid (Hyland) produced more 
favourable absolute and relative yield quantity 

parameters, i.e. their yield in the control treatment was 
higher. In case of the optimum nutrient supply level the 
maximum yield ranged between 5297 and 8074 kg ha 1 
in 2017, while in 2018 between 7654 and 9547  
kg ha -1. In both crop-years significant yield increment 
was measured as the effect of the application of the 
optimal nutrient supply level in compared to the control 
treatment. The studied genotypes produced 2166–2460 
kg ha-1 yield surplus in 2017, while in 2018 1859–2991 
kg ha-1 as a result of the mineral fertilizer application. 
Depending on the genotype in 2017 the nutrient supply 
level N120-150+PK was considered as the optimum level, 
while in 2018 it was rather the N60-120+PK. According 
to our results the novel genotypes (Mv Ispán, Hyland) 
show more favourable yield surplus per each kg NPK 
mineral fertilizer active substance than the well-known 
variety (GK Öthalom). Relative nutrient utilisation 
values of GK Öthalom varied between -0.4 and 8.2 in 
the crop-year of 2017, while in 2018 between -3.1 and 
13.6 kg/1 kg NPK. In case of Mv Ispán these values 
ranged between 0.1 and 7.3 (2017) and between -2.4 
and 15.3 kg/1 kg NPK (2018), while for Hyland the 
respective ranges were -0.6–6.6 (2017) and -2.4–27.7 
(2018) kg/1 kg NPK. Our results of the long-term field 
experiment proved that water use efficiency of winter 
wheat varieties/hybrid was improved by the application 
of the optimum nutrient supply level. Furthermore, the 
water utilisation of the novel genotypes was better in 
case of both lacking (control) and optimum nutrient 
supply level treatments. In the crop-years 2017 and 
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2018 WU values of the variety GK Öthalom varied 
between 5.6 and 11.5 kg mm-1 in the control treatment, 
while in the optimum nutrient supply level treatment 
between 10.3 and 15.2 kg mm-1. On the contrary the 
novel variety Mv Ispán showed water use efficiency 
values between 10.9 and 13.5 kg mm-1 in the control 
nutrient supply level treatment and between 15.7 and 
18.8 kg mm-1 in the optimum nutrient supply level 
treatment. The novel bred hybrid Hyland’s water use 
efficiency values ranged between 10.6 and 13.0  
kg mm-1, and between 14.8 and 19.0 kg mm-1 in the 
control and the Nopt+PK nutrient supply level 
treatments. All these experimental results confirm the 
statement of Pepó (2010) that different winter wheat 
genotypes show significant differences in their natural 
nutrient utilisation ability, reaction towards nutrient 
supply, fertilizer utilisation ability and in their optimum 
fertilizer dosage. According to that it is recommended 
to apply a genotype-specific nutrient supply technology 
in winter wheat production.  

According to Hegedűs (2002), nutrient supply is a 
determining agronomical treatment in winter wheat 
quality. Analysing the winter wheat quality parameters 
with the NIR method in our experimental work it has 
been stated that the well-known genotype (GK 
Öthalom) produced better quality parameters in 
contracts to the novel genotypes. Negative correlation 
has been stated between the quantity and quality 
parameters of the studied winter wheat genotypes. Raw 
protein content of GK Öthalom varied between 10.5 
and 12.4% in 2017, while the results of the novel 
genotypes were lower that these (Mv Ispán 10.0–
11.6%, Hyland 9.7–11.6%). Similar results were 

measured in the crop-years 2018: (GK Öthalom 10.2–
14.0%, Mv Ispán 10.8–13.6%, Hyland 10.2–12.5%). 
Raw protein content of the studied genotypes was 
increased by the application of higher mineral fertilizer 
dosages in both studied crop-years.  

Beside raw protein, gluten content was also 
analysed for the studied genotypes. Confirming the 
statements of Pollhamerné (1971) it has been stated that 
– similar to the protein content – wet gluten content was 
increased significantly by the application of higher 
mineral fertilizer dosages in case of all three studied 
winter wheat genotypes. In case of this parameter the 
well-known variety produced higher gluten content 
values in both studied crop-years. Wet gluten content 
of the variety GK Öthalom varied between 21.4 and 
27.8% in 2017 while between 19.0 and 30.7% in 2018. 
In contrast to that lower values were measured for the 
novel genotypes in case of all studied nutrient supply 
levels in both crop-years. Wet gluten content of the 
variety Mv Ispán varied between 19.7 and 24.9% in 
2017 and between 21.0 and 28.3% in 2018, while these 
values ranged between 18.6 and 24.6% in 2017 for the 
hybrid Hyland and between 19.2 and 25.7% in 2018. 
Wet gluten content of the hybrid Hyland was lower than 
those of the studied varieties in both studied crop-years.  
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