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Abstract.  During 2014–2017, the influence of some main agronomy factors on the size of the resultant agronomic effect from their application to contemporary 
common winter wheat cultivars was investigated. The study was carried out in the experimental field (Haplic Chernozems soil type) of Dobrudzha Agricultural 

2Institute – General Toshevo. The trial was designed by the split plot method, in four replications, on harvest area of 12m . Cultivars Sadovo 1, Pryaspa, Kami, 
Kalina, Kiara, Kossara and Katarjina were grown after winter oilseed rape, spring pea, sunflower and grain maize at four levels of nutrition regime. The nutrition 
regime was differentiated depending on the previous crop. After spring pea, 30, 60 and 90 kg N/ha were used, and after the rest of the previous crops – 60, 120 
and 180 kg N/ha. With the exception of the check variant all fertilizer variants were against background fertilization with 60 kg P O /ha and 60 kg K O/ha. The 2 5 2

positive reaction from the complex interaction of the tested agronomy factors was best expressed in 2015 – 2409.2 kg/ha, while during the extremely 
unfavorable year 2016, the effect was only 628.2 kg/ha. The independent and combined action of the mineral fertilization and the year conditions had 
determining influence on the size of the agronomic effect (AE). The positive effect from the mineral fertilization on the values of AE was accompanied by slight 
differentiation between the tested fertilization norms. Within this study, the highest mean value of AE was determined after fertilization with N P K  – 2274.2 180 60 60

kg/ha. The variation in the mean size of AE depending on the type of previous crop was high – from 900.6 kg/ha (pea) to 2031.2 kg/ha (oilseed rape). The 
applied agronomy practices caused differentiation in the mean values of AE according to the type of cultivar. The cultivars Kiara (1796.1 kg/ha) and Kalina 
(1704.5 kg/ha) were with the highest size of AE. They exceeded the AE values of the two standard cultivars Sadovo 1 and Pryaspa by 30.26% and 23.62%, 
respectively. Averaged for the research, it was found that AE was in positive statistically significant correlation with grain yield and its physical properties.
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Introduction

 Grain yield and quality of winter wheat are affected by several 
factors, and crop management has a very important role among 
them. For achieving high yields and grain quality of wheat it is 
important to apply all the cultural practices completely and on time 
and adapt them to cultivars (Zecevic et al., 2014). Management 
practices play an important role in determining yield and end-use 
quality of wheat. 

In modern terms, the role of crop rotation increases as the 
primary and most effective way for stabilizig the ecological 
environment and getting high, sustained, economic- and energy-
adequate yields of winter wheat (Tanchyk and Palamarchuk, 2014). 
The agricultural production today sets up new requirements for the 
selection of predecessors for this crop, especially if the crop rotation 
is saturated cultures that are similar in biology and cultivation 
technology. The production possibility of wheat is determined by the 
technology of growing, environmental factors, as well as by the 
variety (Gyrka et al., 2017). The right choice of the wheat cultivars 
and the proper regional distribution, as well as their growing by 
strictly following the agrotechnical practices, are of vital importance 
for the yield amounts and the quality of the produce obtained 
(Koteva, 1992, 2010; Yankov, 1999; Panayotova, 2005; Nankova 
and Penchev, 2006; Delibaltova et al., 2009). In a long-term 
experiment, Nankova et al. (2012) established that the combinations 
of the norm of 120 kg N/ha with РK had the highest economic 
significance, the ratios N:P:K=1:1:1 (5164 kg/ha) and N:P:K=1:0.5:0 
(5124 kg/ha), being especially important. In these variants, the yield 
of cultivar Enola exceeded the yields obtained after independent 
application of this rate by 17.5 and 16.5%, respectively. 

In years with insufficient rainfalls, the role of the previous crop is 
greater (Zarkov, 2010). Any change in the climatic conditions will 
affect the agricultural production systems. In recent years, visible 

changes in temperature and rainfalling both in global and regional 
aspect have been known as climate change phenomenon in terms of 
amount and time of occurrence and consequently have exerted 
different impacts on the inputs and agricultural production (Wolf, 
2002). Delibaltova and Kirchev (2010) pointed out the necessity of 
the constant introduction of new cultivars that are most suitable and 
efficient for the separate microregions of the country. To reduce 
these risks, the impact of climate change mitigation strategies and 
management systems for crop adaptation to climate change 
conditions should be considered (Valizadeh, 2014).

The aim of this research was to establish the grain yield 
response (agronomic effect) of using some agronomy practices on 
the contemporary common winter wheat varieties (Triticum 
aestivum L.). 

Material and methods

The research was carried out in the experimental field (Haplic 
Chernozems soil type) of Dobrudzha Agricultural Institute – General 
Toshevo. The trial was designed by the split plot method, in four 

2replications, on harvest area of 12m . Cultivars Sadovo 1 (st), 
Pryaspa (st), Kami, Kalina, Kiara, Kossara and Katarjina were grown 
after four previous crops (winter oilseed rape, spring pea, sunflower 
and grain maize) at four levels of nutrition regime. The nutrition 
regime was differentiated by using mineral fertilization with variable 
nitrogen norms depending on the previous crop. After spring pea, 30, 
60 and 90 kg N/ha were used, and after the rest of the previous crops 
– 60, 120 and 180 kg N/ha. With the exception of the control variant (
(N P K  – T ), which represented the natural fertility of the slightly 0 0 0 0

leached Chernozem soil, all fertilizer variants were against 
background fertilization with 60 kg P O /ha and 60 kg K O/ha.2 5 2

The experimental field was prepared three times before 
planting by the conventional tillage practice. Soil tillage included 
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single disking (10-12cm) after harvesting of the previous crop, and 
double disking after the main fertilization. Ammonium nitrate, triple 
super phosphate (TSP) and potassium chloride were used as 
sources of N, P and K. Phosphorus and potassium were applied 
before main soil tillage. The nitrogen norms were applied before or at 
the beginning of permanent spring vegetative growth. Sowing was 
completed within the agrotechnical term optimal for the region at 

2norm 550 germinating seeds/m . Control of weeds was done with 
50.2 g/кg florasulam+300.5 g/кg aminopiralid-K (Derby-Super). 
Harvesting was done at full maturity. The Grain yield response 
(GYR) was determined as difference between the productivity in the 
check variant of each cultivar and the yields obtained from the 
respective variants of mineral fertilization according to the previous 
crop.

The data were subjected to statistical analysis. Analysis of 
variance (ANOVA) was carried out using MSTATC software 
programs. The resultant data were statistically processed using 

variance analysis, F-test and LSD (Least Significant Difference) test, 
which are commonly utilized in the multi-criterial statistical analysis. 
The SPSS version 16.0 statistical package was used. The 
significance of the treatment effect was considered at 0.05 
probability level (Gomez and Gomez, 1984). After performing the 
analysis of variance, we compared the means for each treatment, 
using the Waller-Duncan's Multiple Range Test. Finally, Pearson 
correlation coefficients (“R coefficients”) were computed and tested 
for significance. 

Results

The results from the multifactor analysis of variances of the AE 
revealed high statistical significance of the independent action of all 
three factors over years (Table 1). During years 2014 (F=325.540), 
2015 (F=1566.773) and 2017 (F=1566.773), Fertilization was the 
determining factor for the size of AE. In 2016, the factor Previous 
crop was decisive for the values of the index.

Table 1. Analysis of the variances of the grain yield response by years (values of parameter р) (Tests of Between-Subjects Effects)

*NS – Non-Significance

Source df 2014 2015 2016 2017

F Sig. F Sig. F Sig. F Sig.

Fertilization (1)

Previous crops (2)

Genotypes (3)

1 x 2

1 x 3

2 x 3

1 x 2 x 3

Error

R Squared

Adjusted R Squared

3

3

6

9

18

18

54

325.540

252.022

12.001

30.340

2.677

2.627

0.960

0.000

0.000

0.000

0.000

0.000

0.000

NS

1566.773

260.521

13.386

38.918

2.829

2.83

   1.081

0.000

0.000

0.000

0.000

0.000

0.000

NS

36.039

345.536

11.734

56.328

2.477

5.058

0.93

0.000

0.000

0.000

0.000

0.001

0.000

NS

722.551

183.815

7.633

26.313

3.972

1.778

1.171

0.000

0.000

0.000

0.000

0.000

NS

NS

2985.389

     0.869

     0.825

2177.651

           0.948

           0.930

2809.945

           0.850

           0.801

3327.148

          0.804

          0.740

Among the combined interactions between the factors with 
statistical significance in each year of research, Fertilization x 
Previous crop was best expressed, followed by Fertilization x 
Genotype. The interaction Previous crop x Genotype was significant 
during the first three years of the study, and especially in 2016 
(F=5.058). This interaction lost the strength of its effect on the values 
of the index in 2017. The full interaction between the factors in this 
experiment during the entire period of study did not have a significant 
effect on the AE values. The cultivar as a factor was statistically 
significant, although its effect on the size of the addition to the yield 
was much lower.

Averaged for the period of research, the factor Fertilization 
remained in leading position with regard to its effect on the efficiency 
of the applied agronomy practices (Table 2). The factor Year was 
next in significance by its strength of effect on the size of AE – 
23.09% (Figure 1). The factors can be ranked as follows based on 
the strength of their independent effect on the addition according to 
the respective control factors: Fertilization > Year > Previous crop > 
Genotype. In the double combinations between the factors the 
highest was the effect of Year x Fertilization; Year x Previous crop 
and Fertilization x Previous crop, and among the triple combined 
interactions, Year x Fertilization x Previous crop was best 
expressed.

The results obtained clearly show that the meteorological 
conditions were an important factor determining not only yields but 

also GYR. The four years significantly differed by the monthly 
dynamics of the main meteorological factors (Figure 2). 

The sum of rainfalls formed during the autumn-and-winter 
period were similar in all three years of the study – 323.5mm (2014), 
358.5mm (2015), 313.5mm (2016) and 252.7mm (2017). They 
exceeded the mean long-term values (1952-2012) by 58.9 mm on 
average. In all four years, however, their distribution was marked by 
considerable dynamics. This tendency was even better expressed in 
the monthly distribution of rainfalls in each year during the period 
from spring vegetative growth till harvesting. Year 2014 was with the 
highest precipitation sum during the vegetative growth of wheat – 
674.7mm. The main reason for this was the abundant rainfalls during 
planting (156.3mm – October of 2013) and during heading and 
harvesting – 78.2mm and 192.5mm, respectively. This year can be 
defined as humid, exceeding the long-term norm 1.54 times.

Harvest years 2015 and 2017 were also characterized by 
higher precipitation sum during the wheat growth season. The 
exceeding of the long-term precipitation norm (1952-2012) was by 
27.7mm and 25.6mm, respectively. The distribution of rainfalls was 
extremely uneven during the period April – June. In 2016, their sum 
was the lowest – only 90.5mm.

With regard to temperature, the years were characterized by 
warmer conditions for the development of the crop during the entire 

оvegetative growth – a mean of 9.89 С, exceeding the mean long-
oterm temperature rate by 0.95 С. Besides the warmer conditions for 
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conditions for autumn-and-winter vegetative growth (average of 
o1.04 C), the period from April till the end of the vegetative growth 

оexceeded the mean values during the investigated period by 0.40 С 

о о o(2014), 0.88 С (2015), 0.85 С (2016) and 0.28 C (2017), 
respectively. 

Table 2. Analysis of the variances of the grain yield response 
averaged for period 2014-2017 (values of parameter р)
 (Tests of Between-Subjects Effects)

*NS – Non-Significance

Source AE df Mean Square Sig.F

Years (1)

Fertilization (2)

Previous crops (3)

Genotypes (4)

1 x 2

1 x 3

1 x 4

2 x 3

2 x 4

3 x 4

1 x 2 x 3

1 x 2 x 4

1 x 3 x 4

2 x 3 x 4

1 x 2 x 3 x 4

3

3

3

6

9

9

18

9

18

18

27

54

54

54

162

3578773.337

4887845.481

1455271.749

62606.350

667067.629

482317.636

20246.743

195089.053

13140.643

4244.591

75354.63

7062.697

9963.636

2978.077

2917.413

1266.807

1730.190

515.134

22.161

236.127

170.730

7.167

69.057

4.652

1.502

26.674

2.500

3.527

1.054

1.033

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

NS

0.000

0.000

0.000

NS

NS

Error

R Squared

Adjusted R Squared

2825.033

0.925

0.899

Figure 1. Strength of effect of the factors on grain yield
response, averaged for 2014–2016

Figure 2. Meteorological characterization of the years of 
research

Discussion

The response of the crops to the levels of the applied main 
agronomy practices is determining for their efficiency and gives 
specific information, which is a significant contribution to the 
technology for their growing at the level of cultivar/hybrid. Besides 
the size of the yield, the size of the obtained GYR according to the 
respective check variant determines the detailed response of the 
genotype (provided all other conditions are equal) to the level of the 

tested factors depending on the meteorological complex during the 
years of investigation. 

The obtained results showed the strong interaction between the 
tested factors. Regardless of this fact, it was established within this 
study that mineral fertilization was decisive for the addition to yield of 
the wheat cultivars in comparison to the natural fertility of soil in the 
respective check variants under significant variation of the 
meteorological conditions during the period of investigation (Figure 
3а). 

3a. by the Fertilization norms 3b. by the Years of investigation

The size of GYR was clearly differentiated according to the size of 
the fertilizer norm. It was the highest under intensive mineral 
fertilization at ratio N:P:K=3:1:1, using the highest nitrogen norm 
after the respective previous crops. The analysis of the 

meteorological conditions showed that by the sum of fall-and-winter 
precipitation, the investigated years were favorable for formation of 
good productive moisture reserves, which exceeded the amount for 
the long-term period 1952–2012. 

Figure 3ab. Mean values of grain yield response of wheat, kg/ha 
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The meteorological conditions differed significantly during the spring 
vegetative growth till harvesting of the crops. They were the reason 
for the considerable dynamics in the GYR values depending on the 
mineral fertilization over the years of research. Not without a reason, 
therefore, the meteorological factor was also well expressed by the 
strength of its effect. Under the conditions of the extremely humid 
year 2014, when there was lodging after fertilization with Т  and Т , 2 3

the variants with moderate fertilization norms (Т ) were with the 1

highest size of AE (Table 3). The tested increasing norms of nitrogen 
fertilization did not reach the topmost level of their positive effect on 
AE during 2015 and 2017, when the highest values of this index were 
obtained (Figure 3b). In 2016, when there were scarce rainfalls and 
high temperatures during the critical stages of spring-and-winter 
vegetative growth, the intensive nitrogen norms caused sharp 
decrease of the GYR size.

Table 3. Grain yield response according to factor Fertilization over years of investigation, kg/ha

*Means with the same letter are not significantly different (p<0.05)

Variants Fertilization, kg/ha Years of research
After pea After others 2014 2015 2016 2017

T0

T1

T2

T3

N P K0 0 0

N P K30 60 60

N P K60 60 60

N P K90 60 60

N P K0 0 0

N P K60 60 60

N P K120 60 60

N P K180 60 60

a0.000
d

2087.18
c

1839.79
b1365.79

a0.000
b

2523.23
c

2978.74
d4140.49

a0.000
c

569.23
c

667.04
b286.97

a0.000
b

1984.26
c

2863.28
d3303.68

The unfavorable climatic conditions are phenomena that in 
some years lead to a lot of damages (Shahoei and Porhemmat, 
2015). Because of the variability in climatic changes, some 
agricultural crops and cropping systems have been developed for, 
adapted to these varied regimes of climate, soil, agronomy 
practices, disease and pest (Haws et al., 1983; Oluyale, 2010) 

Mineral fertilization is one of the most important factors for 
increasing the production potential of wheat under various agro 
ecological conditions and levels of the agronomy practices. The 
obtained results have been confirmed in a number of previous 
researches (Petrova, 1984; Kassimov, 1976, 1989; Raun and 
Johnson, 1999; Girma et al., 2007; Delchev, 2009; Nankova et al., 
2012, 2014; Zang et al., 2013; Nankov et al., 2014; Varga et al., 
2014).

Within this study, the role of the previous crop was also highly 
significant, both as an independent factor and in interactions with the 
other factors. Disturbances in the crop rotation or choice of an 
unsuitable predecessor were prerequisites for lower yields, 
deteriorated quality of production and of soil fertility in a long-term 
perspective. All of these make the role of the previous crop 
indispensable. In modern agricultural production, regardless of the 
considerably greater possibilities to enhance the quality 
performance of the other technological elements, its role under the 
ongoing climate changes is enormously important. The large-scale 
researches on the varietal agro technology of the winter cereals 
were initiated by Kassimov (1976)/Kalinov  (1989). The 
investigations in recent years again confirmed the multi-dimensional 
role of this factor, underlining its increasing significance, especially 
in years with unfavorable climatic conditions (Ivanova, 2007; 2012). 
The new range of tested common winter wheat cultivars during the 
study period once again confirmed the high effect of the type of 
previous crop on the size of GYR (Table 4). Depending on the 
meteorological complex during the years of research, the mean 
values of this index varied from 2.374 kg/ha (2016, after sunflower) 
to 3069.940 kg/ha (2015, after grain maize).

The results clearly showed that in years with unfavorable 
occurrence of the main meteorological factors (precipitation and air 
temperature) during the stages of intensive accumulations of 
carbohydrates and grain formation, maize was the riskiest previous 
crop for wheat. Among all tested previous crops, it caused the most 
significant losses of economic produce. 

Table 4. Effect of the Previous crop on the agronomic 
effect of wheat over years, kg/ha

*Means with the same letter are not significantly
 different (P<0.05)

Previous 
crop 

2014 2015 2016 2017

Rape
Pea
Sunflower
Maize

b1174.777
a359.754
c1406.369
d2351.860

b2504.494
a1404.554
c2663.467
d3069.940

d1726.377
c196.637
b2.374
a-402.158

d2661.719
a995.276
b2054.241
c2439.993

Figure 4. Average values of grain yield response according to the 
type of previous crop, kg/ha.
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Averaged for the study period and the tested fertilization norms, 
the cultivars demonstrated the highest size of GYR when grown after 
winter rape (Figure 4). During the rest of the years of growing, maize 
managed to compensate for the negative result of 2016 and ranked 
second in the ranking of the results depending on the effect of the 
previous crop, outrunning sunflower.

At first sight, the values of GYR after previous crop pea were 
embarrassingly low. On the one hand, as stated in the methodology, 
the fertilizer norms of nitrogen should be lower after this previous 
crop than the norms of the other previous crops. The main reason for 
this is the high yields from the investigated cultivars after the bean 
predecessor. The most realistic evaluation on the role of the 
previous crop was obtained from the check variant - N P K , which 0 0 0

reflected the natural soil fertility in the trial field (Table 5). 

In accordance with the above comments, the highest values of 
GYR were determined after previous crop rape, although the highest 
values of mean productivity of the cultivars in the check variant were 
determined after previous crop pea. In this case, the ranking of the 
previous crops was as follows: pea > sunflower > maize > rape. The 
complex positive effect of the bean predecessor led to increase of 
the mean productivity of the cultivars according to previous crop 
rape by 57.79%, while after sunflower this increase was by 21.31%, 
and after maize – by 5.52%. The highest mean effect of previous 
crop pea on the wheat productivity was found in cultivars Katarjina 
and Kossara, with 64.91% and 64.05%, respectively. 

Table 5. Productivity of the cultivars in the check variant, kg/ha

*Means with the same letter are not significantly different (p<0.05)

 Cultivar

Oilseed rape Pea
Yields %

Sadovo 1

Pryaspa

Kami

Kalina

Kiara

Kosara

Katarjina

3545.1

3380.0

3797.4

3560.4

3699.0

3732.8

3639.8

Sunflower Maize
Yields % Yields % Yields %

100.00

100.00

100.00

100.00

100.00

100.00

100.00

5421.4

5495.6

5645.3

5483.9

5820.8

6123.7

6002.5

152.93

162.59

148.66

154.02

157.36

164.05

164.91

4185.2

4244.5

4459.9

4324.1

4463.5

4622.9

4444.5

118.06

125.58

117.45

121.45

120.67

123.85

122.11

3717.7

3594.5

3844.3

3875.3

3984.1

3902.6

3824.5

104.87

106.35

101.23

108.84

107.71

104.55

105.07

The complex interaction of the levels of nutrition regime formed 
in soil with the previous crop over years contributed to different sizes 
of GYR depending on the year of study – from 234.7 kg/ha (Kamy) to 
2744.7 kg/ha (Kiara) (Table 6). The differentiation in the response of 
the cultivars to their growing conditions was very well expressed 
regardless of the meteorological conditions during the year of 
research. In 2014, highest mean difference in GYR was found 
between cultivars Pryaspa and Kiara (762.7 kg/ha). In the next years 
this difference varied from 504.7 kg/ha (2016) to 550.8 kg/ha (2015). 
The above differences in the response of the cultivars according to 
the previous crop during the investigation years were clearly 
expressed (Figure 5). 

In 2016, the cultivars grown after previous crop sunflower as a 
result from increasing norms of nitrogen fertilization reacted 
negatively, i.e. there were losses of grain yield. Cultivar Kami 
demonstrated the highest negative response to this previous crop (-
466.0 kg/ha). An exception from the negative response was found in 
cultivars Kalina (510.1 kg/ha) and Kiara (174.3 kg/ha). After previous 
crop grain maize, all cultivars, except for Katarjina, had negative 
GYR values. Again, the negative response of cultivar Kami was the 
strongest (-736.8 kg/ha). Among the more recent generation of 
cultivars, under conditions of stress during the intensive growth and 
filling of grain, cultivar Kami definitely demonstrated high 
susceptibility to previous crops sunflower and grain maize, leading 
to actual losses of agricultural produce. By the size of loss, this 
cultivar was close to the two standards Sadovo 1 and Pryaspa. 

Cultivar Katarjina was the only one with positive GYR values under 
these unfavorable conditions. The size of the mean values of GYR 
copied the sizes of the mean yields from the tested cultivars (Figure 
6).

Under the conditions of the set-up of this trial, cultivar Kiara was 
with the highest mean yield and highest value of GYR. In this cultivar, 
the increase in the GYR values exceeded the mean standard by 
30.26%, and the yield – by 12.58%. The other cultivar with high level 
of GYR was Kalina – the increase was by 23.62%. 

Table 6. Effect of the Genotype on the grain yield 
response of wheat over years, kg/ha

*Means with the same letter are not significantly different 
(P<0.05)

Genotype 2014 2015 2016 2017

Sadovo 1
Pryaspa
Kami
Kalina
Kiara
Kosara
Katarjina

c1387.3
a874.7
b1211.9
c1454.3
d1637.4

bc1371.6
bc1325.1

a2193.9
a2288.5
b2265.2
c2483,8

сd2744.7
c2636.6
a2261.6

a101.4
b467.2
a234.7
b549.7
c599.7
a106.8
d606.1

a1832.6
a1939.0
b2178.6

bc2330.1
b2202.5
a1964.0
a1817.9

312
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Figure 5. Grain yield response according to cultivar and year depending on the previous crop, kg/ha

Table 7. Correlations between grain yield response and 
grain yield, 1000 kernel weight and Test weight over years 
(Pearson Correlation)

Correlation is significant: (*) at the 0.05 level (2-tailed); 
(**) at the 0.01 level (2-tailed)

Yield Mass HWYear

2014

2015

2016

2017

2014 - 2017

0.516 **

0.738 **

0.314 **

0.504 **

0.526 **

0.056**

0.100 **

0.383**

0.167**

0.225 **

0.334 **

-0.045

0.145 **

0.331 **

0.407 **

Figure 6. Average values of grain yield response according to
 Genotypes kind, kg/ha

During the years of this research, the correlation Grain yield – 
GYR was positive and significant but very dynamic with regard to the 
correlation coefficient values (Table 7). The positive correlation was 
the lowest in the years with unfavorable conditions for formation and 
filling of grain (2016). Averaged for the years of research, GYR was 
in significant positive correlation with yield and the physical 
properties of grain. 

Conclusion

It was found out that: 1) The independent and combined action 
of the mineral fertilization and the year conditions had determining 
influence on the size of the grain yield response (GYR). The mean 
value of the agronomic effect was the highest after fertilization with 
N P K  – 2274.2 kg/ha. 2) The variation in the mean size of the 180 60 60

grain yield response depending on the type of previous crop was 
high – from 739.1 kg/ha (pea) to 2016.8 kg/ha (oilseed rape). 3) The 
cultivars Kiara (1796.1 kg/ha) and Kalina (1704.5 kg/ha) were with 
the highest size of grain yield response. They exceeded the values 
of the two standard cultivars Sadovo 1 and Pryaspa by 30.26% and 
23.62%, respectively. 4) The grain yield response was in positive 
statistically significant correlation with grain yield and the physical 
properties of grain. 
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