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Energy productivity, fertilization rate and profitability of wheat production after various 
predecessors  I. Energy productivity of wheat

1* 2Z. Uhr , E. Vasileva

1Institute of Plant Genetic Resources, 2 Druzhba, 4122 Sadovo, Bulgaria 
2University of Agribusiness and Rural Development, 78 Dunav, 4000 Plovdiv, Bulgaria

Abstract. As a consequence of a long-year comparative study of quality, productivity and physiological characteristics of Bulgarian varieties of common winter 
wheat (Triticum aestivum), we carried out a  study on the adaptation of modern genotypes to the requirements of sustainable agriculture and respectively their 
effectiveness of breeding methods with respect to these requirements. In the course of this study were also accumulated additional data concerning the 
influence of the predecessor and nitrogen fertilizer rate on energy productivity of crop, energy and recyclable efficiency of fertilization and profitability of 
production. In two consecutive publications we summarize and share with the scientific community the data that we have received. The results are up-to-date 
and useful in both theoretical and practical aspects. The analysis is based on data from field fertilizer experiments carried out with predecessor cereal – regular 
crop of sorghum, millet, maize and legumes after predecessor–separate sowing of chickpeas. Energy productivity is calculated as a function of yield (grain, 
straw and total biological yield, (t/ha), multiplied by the energy equivalent unit (MJ/kg). Maximum values of gross energy productivity by grain yields are 
reported by fertilization rate with 0.18 t/ha nitrogen fertilizer after cereal predecessor and after 0.06 t/ha after legumes. After cereal predecessor the effect of 
increasing the fertilizer rate to 0.18 t/ha N improves energy productivity of grain by 160% compared to the control N0. After legumes predecessor at N 0.0 t/ha 
energy productivity with grain was 12%, and in N 0.06 – 21% higher than the maximum (at 0.18 t/ha) after cereal predecessor. Legume predecessor unifies 
differences between genotypes and fertilizer levels on energy productivity of grain and increases energy productivity of straw by 16% on average. Maximum 
values of gross energy productivity of straw are reported in fertilization with 0.12 t/ha after wheat and 0.24 t/ha fertilizer nitrogen after legume predecessor. 
Increasing the fertilizer rate from 0.0 t/ha to 0.18 t/ha nitrogen reduces the difference in the gross energy productivity of crops after legumes and cereal 
predecessor from 105% in 0.0 t/ha to 10% in 0.18 t/ha. The differences between both varieties regarding the studied parameters are statistically significant at P 
< 0.001.

Keywords: wheat (Triticum aestivun), energy productivity, predecessors, nitrogen fertilization

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 7, No 4, pp , 2015 436 - 440

Introduction Energy productivity was studied in various field crop rotations in 
our country. Bazitov (2008) found that the optimum fertilization 
increases energy productivity of four field (four-fold) wheat-corn In two consecutive publications we summarize and share the 
rotation from 34.7% to 43.6%, and organo – from 44.3% to 51.2% received data with the scientific community as this information is up-
compared to the options without fertilization. Hristov et al. (2010) to-date and useful in both theoretical and practical aspects. In 
ranked crop growth of energy production depending on fertilization different countries extensive studies are conducted based on data 
in the following descending order: wheat > sunflower > spring field collected through questionnaires among farmers aimed at 
pea > maize grain > beans + winter triticale. In a comparative comparing the energy productivity of crops as an effective tool to 
analysis of the influence of the agroecological condition of point, identify priority crops in different regions. According to Ziaei et al. 
genotype and nitrogen fertilization on triticale, Kirchev (2005) found (2013) assessment of soil and climatic conditions is more realistic 
that application of the fertilization rate N18 increased the energy when based not on biological production but on energy productivity 
productivity of grain yield by up to 86.6% by the straw yield to 69.8% of crop. Safa and Samarasinghe (2011) created a theoretical model 
and by biological yield - 76.3%. According to Glogova (2013) the of energy production ANN, considering the conditions in the farm, 
highest energy yield for sugar and popcorn maize is realized with the social factors and energy, which has an estimated value for each 
use of fertilizer rate N22P10K8. In comparison with the control specific farm with error ± 12%. Ghahderijani et al. (2013), dividing 
N0P0K0 in the same fertilizer rate the effect of mineral fertilizers is the farms into four groups – small ≤ 1 ha, medium 1 ÷ 4 ha, 4 ÷ 10 ha, 
the highest, 35% by sugar maize and 23% by popcorn maize. large and very large ≥ 10 ha, found that in average energy equivalent 
According to Nankov et al. (2009) the mineral fertilization N20P14 yield 9.82 MJ/kg of grain, the energy productivity of crop is 44.6 
total for four field (four-fold) rotation corn-oats-pea-wheat increases GJ/ha on average, but the energy parameters of very large farms are 
the energy yield from 12.91% to 15.93%, and the fertilization significantly better than other groups of farms due to the high level 
N40P28 – from 17.29% to 25.07%, respectively.management of energy consumption. The authors reported as the 

In conclusion of the long-year comparative study of quality, main components of the energy balance of field crop rotations the 
performance and physiological characteristics of Bulgarian varieties use of machinery, fuel, irrigation and fertilization, and recommended 
of common winter wheat (Triticum aestivum) we carried out a study minimum treatments, lower fertilization rates, timely updating the 
on the adaptation of modern genotypes to the requirements of machines and the use of renewable energy sources (Azarpour, 
sustainable agriculture and hence the effectiveness of their breeding 2012; Meyer-Aurich et al., 2012; Shahan et al., 2008; Shamabadi, 
methods with respect to these requirements. During the study 2012).

* e-mail: zlatinapg@abv.bg
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additional data was accumulated concerning the influence of the Results and discussion
precursor and nitrogen fertilizer rate on energy crop productivity, 
energy efficiency and recyclable fertilization and profitability. Gross energy productivity of grain yield

The aim of our study was to determine the influence of legume Maximum parameters of grain yield in cereal predecessor are 
predecessor and nitrogen fertilization on energy productivity of reported for the experiment of fertilization with 0.18 t/ha fertilizer 
wheat. nitrogen (Table 1). An exception was observed only in the variety 

Sadovo 772, wherein the yield of experiment 0.24 t/ha nitrogen 
fertilizer was increased with about 0.06 t/ha. Yields in experiments 
with the highest fertilization rates remained the same while fertilizing Material and methods
with 0.18 t/ha and in variety Guinness it decreased sharply. After 
legume predecessor there were no major differences between The analysis is based on data from fertilizer field experiments 
genotypes and fertilizer rates regarding the grain yield.carried out during 2005 and 2010 in the experimental field of Institute 

The polynomial model of the dependence of energy productivity of Plant Genetics Resources (IPGR), Sadovo on Pellic Vertisol. The 
of grain yield on nitrogen fertilization showed higher regression methods of conducting the experiments, as well as the collection of 
coefficient for experiment after cereal predecessor. With the biometric indicators are described in our previous publications 
increase of nitrogen fertilizer 0.001 t/ha energy derived from cereals (Vasileva and Uhr, 2012). Yield results and chemical composition of 
increased by 37 GJ/ha. The pace of regression after legume yield are mathematically processed. Genotypes included in the 
predecessor is 8 GJ/ha more energy for each additional kilogram of study have been created by different breeding methods during a 
nitrogen fertilizer, respectively. In the first option (case) 99% of the long period of time from 1972 to 2008: Sadovo 1 (♀ Jubilejna х ♂ 
variance of the grain energy productivity is determined by nitrogen Bezostaja-1, 1972), Pobeda (♀  Triticum sphaerococcum var. 
fertilization and the second coefficient of determination is 0.82. 

rotundatum x ♂ [(Triticum durum x Secale montanum) x Bezostaja-1 
Maximum values of energy productivity of grain yields are reported 

x Mеksikan], 1984 ), Zdravko (♀  Charodejka х ♂  Sadovska in variant fertilization with 0.18 t/ha fertilizer nitrogen after cereal 
ranozrejka 3, 1995), Sadovo 772 (♀ Skitija х ♂ Sadovo 1, 1996), predecessor and 0.06 t/ ha after bean. The reduction in energy 
Diamant (♀ Jubilejna х ♂ Sadovo 1, 1997), Borjana (♀ № 4373/9855 productivity of grain after extremum is stronger in the first experiment 
х Momchil, 1999 ), Geja 1 (♀ (FD 6405(Fr.) x Zg. 720-1, 2005) x ♂ – with 4.3 GJ/ha kilogram nitrogen fertilizer. For the second 
Sadovo 1), Ljusil (♀ Yantar х ♂ Мedven, 2005), Guinness (created by experiment, the decrease is 1.4 GJ/ha kilogram nitrogen fertilizer. 
physical mutagenesis by Katja, 2006), Zarevez (♀ Zebrec х ♂ Кatja, Regression analysis showed that after cereal predecessor the effect 

of increasing the fertilizer rate to 0.18 t/ha increases energy 2008), and Yoana (7/5 P – 8 – М/370, created by physical 
productivity of grain by 160%. But even with these extreme values mutagenesis by Pobeda).
the effect of legume predecessor cannot be reached, after which During the period 2005 – 2007 joint row sowing of cereals – 
even in the control 0 t/ha energy productivity with grain was 12% sorghum, millet and maize was used as predecessor, and in 2009 
higher than the maximum after cereal predecessor (Figure 1).and 2010 – separate sowing of chickpeas. Agrometeorological 

The variation in energy productivity of grain yield in fertilization conditions are with no significant deviations from the climatic norm 
rates on variety and predecessor is the strongest at zero background for the area and that fact enables us to compare the effect of different 
of nitrogen fertilization rate (NFR) (R = 56) and the lowest fertilization predecessors (Vasileva and Uhr, 2012; Vasileva and Uhr, 2013; 
rates 0.06 t/ha (R = 32); average – with nitrogen fertilizer rate 0.12 Stankov, 2012). For the energy evaluation data for grain yield of the 
t/ha (R = 17) and low in nitrogen fertilization rates 18 (R = 15) and by harvest plots, equivalent to 13% humidity and straw yields in 
NFR 0.24 t/ha (R = 14). Statistically significant differences between absolute dry mass were used. Energy productivity is calculated as a 
the variants have not been established (Table 2). The total variation function of yield (grain, straw and total biological yield, kg/da), 
of energy productivity of grain yield in crops after cereal predecessor multiplied by the energy equivalent unit (MJ/kg). In calculating the 
of variety and nitrogen fertilizer rate is higher (R = 32) than after revenue gross energy productivity, energy equivalent 17.26 MJ/kg 
legume predecessor – slight (R = 9). The difference between the two grain 15.80 MJ/kg straw was used based on the average data for the 
variants is statistically significant at P = 0.001 (Table 3). Therefore, country (Kirchev, 2005; Koteva, 2002, Todorov, 1990; Tonev, 1997, 
the predecessor is the main determinant of energy yield of grain. Hristov et al., 2010). For data processing programs Excel and SPSS 
Legume predecessor unifies differences between genotypes and 9 were used.
fertilizer rates in relation to energy productivity.

Table 1. Grain yield obtained from different precursors and levels of fertilization, t/ha

Variety 
 

Predecessor 

Sadovo 1

Diamant

Sadovo 772

Borjana

Geya 1

Guiness

Wheat

1.95

1.5

1.43

2.32

1.48

1.54

Leguminous

5.1

4.1

4.99

4.68

5.43

5.24

Wheat

3.42

2.87

2.8

4.3

2.85

2.83

Leguminous

5.22

5.31

5.33

4.91

4.78

5.83

Wheat

4.6

3.46

3.76

5.73

3.9

4.32

Leguminous

5.46

5.23

5.34

4.87

4.82

6.02

Wheat

4.97

3.78

3.67

6.0

4.38

5.07

Nitrogen fertilizer, t/ha

0 

Leguminous

4.89

4.92

5.2

5.29

5.07

5.58

Wheat

4.93

3.91

4.22

5.83

4.29

4.21

Leguminous

4.88

5.04

4.67

4.34

4.54

5.87

0.06 0.18 0.12 0.24 



Gross energy productivity of straw with 0.12 t/ha nitrogen fertilizer. There is a decrease of values after 
The resulting theoretical model of the dependence of gross extremum with 10 GJ/ha for each additional kilogram of nitrogen 

energy yield of straw nitrogen fertilization differs from that of grain fertilizer. In the second variant we initially observed a decrease in the 
and shows a stable value and lower depending on the factors of the energy productivity from straw to 0.12 t/ha nitrogen fertilizer, then the 
experiment. After wheat predecessor 72% of the variance of the energy productivity increases and reaches a maximum at the 
research parameter is determined by the level of fertilization, and highest fertilizer rate 0.24 t/ha nitrogen fertilizer (Figure 2).
after bean predecessor the coefficient of determination is 0.75. In the The variation in energy productivity of straw in fertilization rates 
first variant with an increase in nitrogen fertilizer 0.001 t/ha the by the variety and its predecessor is higher only at zero background 
energy produced from straw is increased by 60 GJ/ha. Maximum nitrogen fertilization. For the other variants it is medium in strength 
value of energy productivity of straw is reported in variant fertilization and significant differences between the variants are not established 

(Table 2). The total variation in energy productivity of straw in crops 
after cereal predecessor from variety and nitrogen fertilizer rate is 
high, after legume predecessor – with medium power. The difference 
between the two variants is statistically significant at P < 0.01 (Table 
1).

Total gross energy productivity of crops 
Polynomial model of the dependence of energy productivity of 

crops on nitrogen fertilization showed higher regression coefficient 
for the variant after cereal predecessor. With the increase of nitrogen 
fertilizer with 0.001 t/ha the energy obtained from organic production 
increased with 98 GJ/ha. In the variant after legume predecessor the 
step of regression is 18 GJ/ha. After cereal predecessor 92% of the 
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Figure 1. Energy productivity of grain after different predecessors

Table 2. Variation in energy productivity of  yield by fertilizer rates (GJ/ha). Variance analysis by fertilizer rates

Fertilizer 
rates,
t/ha
 0 st.

0.06

0.12

0.18

0.24

52

69

79

82

80

29

22

14

12

11

56

32

17

15

14

14

8

4

4

3

80

112

109

112

107

32

17

22

26

27

40

15

20

23

25

M

Grain 

10

4

5

6

6

127

181

188

193

187

52

23

30
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32

41

13
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17

17

10

3

4

4

4
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Таble 3. Variation in energy productivity of yield (GJ/ha). 
Variance analysis by previous culture
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variation in energy productivity is determined by nitrogen reduces the difference in the gross energy yield of the crop after 
fertilization, after legume predecessor the coefficient of cereal and after legume predecessor by 105% for 0.0 t/ha N to 10% 
determination increased to 0.95. Maximum values of energy 0.18 t/ha N (Figure 3).The variation of the total energy productivity of 
productivity of crops are reported in fertilization with 0.18 t/ha crops in fertilization rates of variety and predecessor is high at zero 
nitrogen fertilizer in the first variant and 0.24 t/ha in the second background of nitrogen fertilization (R = 41), slight for variant with 
variant. The decrease in energy productivity after extremum is 0.06 t/ha nitrogen fertilizer (R = 13), and with average power for 
significant after cereal predecessor – with 13 GJ/ha for each nitrogen 0.12 t/ha fertilization rates (R = 16), 0.18 t/ha (R = 17) and 0. 
additional kilogram of nitrogen fertilizer, and after legume 24  t/ha (R = 17). Statistically significant differences between the 
predecessor the reduction is 2 GJ/ha nitrogen fertilizer per kilogram, versions have not been established (Table 2). The total variation of 
but the extrapolation of the results leads to irrationally high the overall energy productivity of crops after cereal predecessor of 
fertilization rates and it is not of practical importance. variety and nitrogen fertilizer rate is medium in strength (R = 28), 

The most substantial conclusion from the regression analysis is after legume predecessor – slight (R = 12). The difference between 
that increasing the rate of fertilizer from 0t/ha to 0.18 t/ha nitrogen the two variants is statistically significant at P = 0.001 (Table 3).

Figure 2. Energy productivity of straw after different predecessors
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Mathematical model of the dependence
after legumes predecessor

0.00

20.00

40.00

60.00

80.00

100.00

Nitrogen fertilization, t/ha

0.00

G
J/

ha

120.00

140.00

0.12 0.18 0.24

2y = -1.3786x  + 3.8814x - 109.48
2R  = 0.749

0.06

2y = -9.1357x  + 60.924x - 15.28
2R  = 0.7239

Cereal

Legumes
Mathematical model of the dependence
after cereal predecessor

Mathematical model of the dependence
after legumes predecessor

0.00

Figure 3. Total energy productivity of crops after different predecessors
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