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Abstract: Fertilization is a key-element in the winter wheat production. The efficiency of fertilization is 
modified by many ecological, biological (variety) and agrotechnical elements. 15 different winter wheat 
genotypes were studied on chernozem soil (Hajdúság) in 2012/2013 cropyear. The yields of wheat varieties 
ranged between 1230-2330 kg ha-1 in control and between 5819-7590 kg ha-1 in optimum fertilizer treatments 
(N120-150 +PK). The optimum N+PK fertilization increased the WUE of wheat genotypes. The different wheat 
genotypes can be classified into 4 groups by using our new variety-specific fertilization crop model. 
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Introduction 

Winter wheat has a decisive role in Hungarian crop production. The sowing area of 
wheat varies between 1.0-1.2 million ha. The national average yield of wheat was 5.0-
5.5 t ha-1 in the 1980s but nowadays the average yield varies between 3.0-5.0 t ha-1 
depending on the climatic factors of the cropyear (Pepó, 2004). 
Nutrient supply has a major role in wheat production (PepóĽ 200Ő; Űalogh et al.Ľ 2007)Ľ 
nitrogen is an especially important macro element in the soil-plant system (NémethĽ 
2006). The fertilizer response of wheat genotypes is variety-specific (Pepó, 2007). 
In wheat production it is necessary to harmonize the interaction of agroecological, 
biological and agrotechnical elements (PepóĽ 2002). In the variety-specific crop 
growing technologies (Bocz-PepóĽ 198ő; Filipov-Dachev, 1999; Weber et al., 1999; 
Pepó 1999) the main impacts to obtain the optimum yield in the given agroecologicalĽ 
agrotechnical and financial conditions and to realize the maximum quality of a crop by 
using such management elements which fit to the special demands of the different 
genotypes. 

Materials and methods 

The long-term experiment was set up in 1983 on chernozem soil in the Látókép 
Experimental Station of the Crop Sciences Institute of the University of Debrecen 
Centre for Agricultural and Applied Economic Sciences. In addition to the control, the 
fertilizer response of the different wheat genotypes were studied in two-, three- four-and 
fivefold dosages of the basic treatment of N=30 kg ha-1, P2O5=22,5 kg ha-1, K2O=26,5 
kg ha-1. The experiment was set up in a split-plot arrangement in four replications. In 
2013 year. 15 wheat varieties were tested. Half of the nitrogen fertilizer dosage was 
applied in the autumn, the other half in early spring, full dosages of phosphorus and 
potassium were applied in the autumn. The applied agrotechnique satisfied the 
requirements of modern production technology. The forecrop was sweet corn.  
The 2012/2013 cropyear was very changeable for the vegetative and generative 
developments and yield-formation of winter wheat genotypes (Table 1). 
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Table 1. The most important meteorological data of 2012/2013 cropyear 
(Debrecen) 

Parameters Oct. Nov. Dec. Jan. Feb. March Apr. May June Total/
Mean 

Rainfall (mm)           
2012/2013 22.4 16.6 65.8 38.7 52.9 136.3 48.0 68.7 30.8 480.2 

30 year mean 30.8 45.2 43.5 37.0 30.2 33.5 42.4 58.8 79.5 400.9 

Temperature (oC)           
2012/2013 11.1 7.2 -1.2 -1.0 2.3 2.9 12.0 16.6 19.6 7.72 

30 year mean 10.3 4.5 -0.2 -2.6 0.2 5.0 10.7 15.8 18.7 6.93 

 
The autumn was very dry so the emergence and early development was suboptimal. 
After the overwintering the cool and rainy early spring was favourable for increasing 
the soil water capacity but the hard frosts in March demaged the winter wheat 
genotypes. The weather in late spring and early summer supported the yield-formation 
of wheat. 

Results and discussion 

Winter wheat is a good nutrient indicator (mainly nitrogen) field crop which means that 
the higher or lower fertilizer doses comparing with optimum reduce the yield quantity 
and quality, too. The nutrient supply and fertilizer response of winter wheat varieties 
with different genotypes have been studied in a long-term experiment (established in 
1983 year) on chernozem soil in Eastern part of Hungary (Hajdúság region). The newest 
results of 2013 year were evaluated in this paper to built up a variety-specific 
fertilization crop model of winter wheat. 15 different winter wheat varieties were 
studied. The 2013 cropyear was average which means that after the dry autumn and 
average winter the spring (especially March and partly April) was cool and extremely 
rainy. The weather of May and June was basically favourable for earing, flowering and 
grain development. Because of extreme autumn and spring weather the natural nutrient 
utilization (nutrient uptake from the chernozem soil) of wheat varieties was limited, so 
the yields were very low in the control treatment (they varied between 1230-2336 kg ha-

1, respectively). The average of control yields was 1735 kg ha-1 (Table 2). The  
 

Table 2. Some important parameters of variety-specific fertilization in winter wheat production 
(Debrecen, 2013, chernozem soil) 

Parameters Average of 15 varieties. Min.-Max. of varieties 

Control yield (kg ha-1) 1735 1230-2336 
Maximum yield (kg ha-1) 6632 5819-7590 

Yield surplus of fertilization (kg ha-1) 4897 3872-5987 
Optimum N+PK (kg ha-1) 146+PK 120+PK-150+PK 

 
differences of genotypes in natural nutrient utilization were fairly huge (1106 kg ha-1, 
63.7%). The yield surpluses of fertilization were big, it varied between 3872-5987 kg 
ha-1 depending on the variety (average was 4897 kg ha-1). So the maximum yields of 
wheat genotypes ranged between 5819 kg ha-1 (Mv űsárdás) and 7ő90 kg ha-1 (Euclide). 
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The average of maximum yields was 6632 kg ha-1. The differences of varieties in 
maximum yield were 1771 kg ha-1 (26.7%). Because limited natural nutrient uptake the 
optimum nitrogen doses (+PK) varied between 120-150 kg ha-1 +PK. All varieties gave 
the maximum yields in N150 +PK treatment except GK Űékés and Űitop genotypes (N120 
+PK optimum dose). 
The efficiency of fertilization was evaluated in our long-term experiment (Table 3). Our 
research data showed that the increasing fertilizer doses gave decreasing absolute (kg 
ha-1) and relative (yield kg 1 kg NPK-1) yield surpluses of winter wheat varieties. The 
absolute and relative yield surpluses between the control and N30 +PK were 1566 kg  ha-

1 and 19.83 kg 1 kg NPK-1 but these surpluses decreased between N120 +PK and N150 
+PK treatments, which were 383 kg ha-1 and 4.85 kg 1 kg NPK-1 (in average of 
genotypes), respectively. The better nutrient supply (soil nutrients + fertilizer nutrients) 
resulted more favourable water utilization of winter wheat varieties. Our scientific data 
showed that the water utilization efficiency (WUE = yield kg per 1 mm rainfall in the 
vegetation period, from October to June) was much lower in the control (3.61 kg mm-1 
in average of varieties) than the optimum fertilizer treatments (in N120 +PK 12.92 kg 
mm-1, in N150 +PK 13.72 kg mm-1, respectively). It means that there is a strong 
interaction between the nutrient- and water supply and efficiency of winter wheat. 
 

Table 3. Nutrient and water utilization efficiency of winter wheat genotypes 
(Debrecen, 2013, average of 15 varieties, chernozem soil) 

Parameters Ø N30+PK N60+PK N90+PK N120+PK N150 +PK 

Average yield (kg ha-1) 1735 3301 4580 5647 6205 6588 
Absolute yield-surplus (kg ha-1)       

Relative yield-surplus (kg 1 kg NPK-1)       
Water use efficiency (WUE) (kg mm-1) 3.61 6.87 9.54 11.76 12.92 13.72 

 

 
Figure 1. Variety-specific classification of wheat genotypes nutrient utilization 

(Debrecen, 2013, chernozem soil) 

Using different parameters we built up a variety-specific fertilization crop models. This 
crop model is shown graphically on the Figure 1. The studied 15 different wheat 
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varieties can be classified into 4 groups by using the crop model. The groups of winter 
wheat genotypes, are the following  variety with good natural nutrient utilization and good maximum yield (A)  variety with good natural nutrient utilization and low maximum yield (B)  variety with low natural nutrient utilization and low maximum yield (C)  variety with low natural nutrient utilization and good maximum yield (D) 
This fertilization crop model gives excellent scientific support for the variety-specific 
fertilization of winter wheat, it can reduce the harmful environment effects of 
fertilization. 

Conclusions 

Results of our long-term experiments on chernozem soil in 2013 year proved that the 
nutrient supply and fertilization had determining importance in winter wheat production 
even on chernozem soil with excellent water- and nutrient husbandry. The yield of 15 
studied varieties ranged between 1230-2336 kg ha-1 in control and between 5819-7590 
kg ha-1 in optimum fertilizer treatments. The increasing NPK fertilizer doses to 
optimum (N120-150 +PK) decreased the efficiency of fertilization. Our scientific results 
proved the optimum N+PK fertilization increased the WUE of winter wheat genotypes. 
According to our experimental results we built up a variety-specific fertilization crop 
model by using different parameters (natural nutrient utilization, yield surplus of 
fertilization, maximum yield, optimum N+PK dose, fertilization curve). The winter 
wheat varieties can be classified into 4 groups by using the fertilization crop model. 
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