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Abstract 

The influence of the irrigation over the energy effectiveness of the production of winter fodder 
broad beans of “Merris Binna” kind has been studied. The experiment was conducted in 
Agricultural Institute – Stara Zagora, Bulgaria. The following variants were tested: 1.Without 
irrigation-control ; 2.Optimally irrigated (3 times of watering); 3. Without irrigation in the stage 
“bloom”; 4. Without irrigation in the stage“pod forming”; 5. Without irrigation in the stage “grain 
forming”. 

It was established that the irrigation has a positive influence over the received energy from the 
biomass of winter fodder broad beans and the energy effectiveness of its production. 

The highest energy efficiency ratio is obtained from variants without irrigation in the stage 
“grain forming”: Gross Energy (GE) = 8.78 MJ, metabolizable energy (ME) = 4.71 MJ and Net 
Energy (NE) = 2.77 MJ 
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INTRODUCTION  

Because of the increasing amount of 
agricultural produce the current agriculture is 
accompanied by the increasing growth of the 
common energy consumptions. However, 
parallel with that, the insufficiency of natural 
energy resources also rises and thus makes 
the traditional economic assessment not 
objective enough. One of the criteria for the 
accession of Bulgaria to the European Union 
(EU) is the increase of the energy 
effectiveness in all spheres of life. This 
imposes the use of the energy approach for 
assessment which allows comparing different 
production technologies in time and space, 
reducing the influence of the market price 
situation and allows choosing the most 
effective and energy-saving technology for 
the cultivation of agricultural cultures [1]; 
[2]; [8]; [9]; [11]; [12]; [14]  

The annually increasing insufficiency of 
protein needed for the feeding of people and 
animals worldwide requires from the 
scientists and specialists to find sources for 
the production of more and cheaper albumen 
from unit of area. Grain-bean’s forage plants, 

including broad beans, has the greatest 
importance from all field cultures. From the 
studied factors of agricultural complex 
irrigation has the highest statistical 
significance, but studies regarding its impact 
on the energy efficiency of its production are 
missing  [4]; [10]; [15]. 

The purpose of this study is to establish 
the energy effectiveness in the production of 
winter broad beans depending on the degree 
of moisture support during its cultivation. 

 
MATERIAL AND METHOD  

The results of a field experiment carried 
out at the experimental field of the 
Agricultural Institute - Stara Zagora, Bulgaria 
the introductive forage broad beans of  
“Merris Binna” kind (Faba vulgaris var. 
equina) was conducted under the conditions 
of irrigation. The experiment was brought out 
by means of the block method after 
predecessor of winter wheat, with crops area 
of 19, 6 sq.m, 4 repetitions. The following 
variants were studied: 1.Without irrigation-
control ; 2.Optimally irrigated (3 times of 
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watering); 3. Without irrigation in the stage 
“bloom”; 4. Without irrigation in the 
stage“pod  forming”; 5. Without irrigation in 
the stage“ grain forming”. 

The common technology for the 
cultivation of broad beans was applied. For 
the establishment of the energy effectiveness 
from the cultivation of the winter broad 
beans was used the energy approach for 
analysis of the agricultural produce [2]; [6]; 
[7]; [8]; [14]; [17]   

All expenses for the different 
technological practices as well as all bought 
materials were calculated on the basis of the 
developed technological maps according to 
the variant and the years of the study by 
using zonal changes norms turned into 
energy value by means of the relevant energy 
equivalents: for fertilizing – 60, 6 MJ/kg N; 
11, 10 MJ/kg Р2О5 [3]; diesel fuel – 56, 31 
MJ/l [11]; for mechanization – 64, 80 MJ/h 
[11]; for seeds – evaluated energy equivalent 
- 19,12 MJ/kg [13]; for herbicides – 238,0 
MJ/l; for insecticides – 199,0 MJ/l; for 
fungicides – 92,0 MJ/l [8]; for electric power 
– 3,60 MJ/kWh [12]; for water – 0,63 MJ/m3 
[18]; for the labor – 2,30 MJ/h [18]. 

The energy received from the biomass of 
the winter broad beans was calculated on the 
basis of the obtained production of dry 
substance (DS) from grain and straw and the 
contents of Gross energy (GE), Metabolizable 
energy (ME) and Net energy (NE) in kg GE 
from grain [13] and straw [16]. 

The coefficient of energy effectiveness R 
was established as ratio of the received from 
the final product energy “P” (MJ/ha) to the 

energy used for its production „Е” (MJ/ha), 
i.e. (R) = (П / Е). [8]. 
 
RESULTS AND DISCUSSIONS  

The energy consumption in the 
cultivation of winter forage broad beans 
under conditions of irrigation average for the 
period is 18 607,73 MJ/ha (table 1). During 
the years the values of the used energy are 
different. The lowest ones can be seen in the 
first year of the study. The greatest energy 
consumptions can be seen during the third 
year of the study because of the increasing 
amount of the energy consumption needed 
for the harvesting and conservation of the 
received bigger production. By variants, the 
lowest ones are the energy consumptions in 
the non-irrigated control, and the highest 
ones are in the variant with the optimally 
irrigated (3 times of watering) because of the 
additional energy consumptions for irrigation 
and additionally received bigger production. 
The differences between the other variants 
are very small. This tendency is typical for 
the three years of the study. 

Analyzing the structure of the used energy 
in the cultivation of winter forage broad beans 
average for the period of the cultivation (table 
2), it can be established that the biggest share 
belongs to the diesel fuel and mechanization 
(total 42,94% ) and fertilizers ( 26,69%) from 
the total energy consumptions. Quite big is the 
share of the energy consumptions used for 
seeds (19,37%). The smallest share is that of the 
energy consumptions used for electric power 
and human labor (0, 01% and 0, 51%). The 
share of the energy for the pesticides is 7,22%. 

 
Table 1. Еnergy input  in faba bean cultivation for years and average for the period, MJ/ha  
 

Year Average 
Варианти / Variants 

І ІІ ІІI MJ/ha % 
Without irrigation  11 390.50 18 757.75 18 805.87 16 318.04 100.0 
Optimal irrigation 18 039.69 25 048.74 27 000.60 23 363.01 143.17 
Without irrigation in the stage 
”bloom” 12 447.09 19 588.05 21 870.36 17 968.50 110.11 
Without irrigation in the stage ”pod 
forming” 12 049.98 19 574.64 21 359.04 17 661.22 108.23 
Without irrigation in the stage 
”grain forming” 12 191.13 19 204.56 21 788.07 17 727.92 108.64 

Average 13 223.67 20 434.74 22 164.78 18 607.73  
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Table 2. Structure of energy input in  faba bean cultivation  average for the 3 years period, MJ/ha  
 

Variants Average 

The bearer of the 
energy Without  

irrigation 
Optimal  
irrigation 

Without 
irrigation 

in the 
stage  

”bloom” 

Without 
irrigation 

in the 
stage 
”pod 

forming” 

Without 
irrigation 

in the 
stage 
”grain 

forming” 

MJ/ha % 

Diesei-oil  5 409.76 11 002.57 6 169.02 6 013.18 6 075.74 6 934.05 37.26 
Fertilizers total  4 968.00 4 968.00 4 968.00 4 968.00 4 968.00 4 968.00 26.69 
Nitrogen 3 636.00 3 636.00 3 636.00 3 636.00 3 636.00 3 636.00 19.54 
Phosphorus 1 332.00 1 332.00 1 332.00 1 332.00 1 332.00 1 332.00 7.15 
Pesticides Total 1 343.90 1 343.90 1 343.90 1 343.90 1 343.90 1 343.90 7.22 
Herbicides 714.00 714.00 714.00 714.00 714.00 714.00 3.83 
Insecticides  179.00 179.00 179.00 179.00 179.00 179.00 0.96 
Fungicides 450.90 450.90 450.90 450.90 450.90 450.90 2.43 
Human labour 83.22 119.10 91.63 90.07 90.41 94.88 0.51 
Electricity 1.63 2.30 1.80 1.77 1.77 1.85 0.01 
Machinery 926.71 1 326.80 1 020.43 1 002.98 1 006.77 1 056.73 5.68 
Water 0.81 1 006.68 756.90 628.36 628.37 604.22 3.26 
Seeds 3 584.01 3 593.66 3 616.82 3 612.96 3 612.96 3 604.08 19.37 
Total, MJ/ha 16 318.04 23 363.01 17 968.50 17 661.22 17 727.92 18 607.73 100.00 

 
From all expenses epending on the purpose 

of the biomass received at the conversion of the 
energy from forage cultures the obtained 
physiologically useful for the animals ME is 
used and for the conditions of the experiment it 
is average 79659,84 MJ/ha and the productive 
energy NE – is average 46679,16 MJ/ha (table 
3). The received Metabolizable energy 
represents 53, 6 % from the GE. The lowest 
values of Gross and Metabolizable energy were 
accounted during the first year of the study 
when the lowest production of dry substance of 
grain and straw was obtained. The highest 
values of GE, ME and NE were received from 
the variant with the Optimal irrigation is like the 
exceeding towards the non-irrigated control and 

is with 23,6% for GE; 25,75% for ME; 27,22% 
for NE. The lowest energy incomes are 
received from the variant without any watering 
in beans formation phase, which fact shows its 
great importance for the quantity of the 
productions. The differences in the energy 
incomes are statistically proved (p < 0,05). 

The positive balance between the used 
and the received energy from basic and 
additional production is a prerequisite for 
high energy effectiveness of the production 
of winter fodder broad beans expressed by 
the coefficient of energy effectiveness (table 
4). Average for the period of the study the 
values of this coefficient are 8,05 for GE; 
4,31 for ME; 2,52 for NE. 

 
Table 3. Еnergy  output from  the whole biologic mass of the faba bean for years and average for the 3 
years period, MJ/ha  

Year Average 
Variants 

І ІІ ІІI MJ/ha % 
Gross energy  - MJ / ha 
Without irrigation  92793,20 145503,80 159973,00 132756,66 100,00 
Optimal irrigation 126916,30 171521,70 193805,50 164081,16 123,60 

Without irrigation in the stage ”bloom” 107324,90 156756,00 183740,90 149273,93 112,40 

Without irrigation in the stage ”pod 
forming” 

101672,30 151116.22 171721,20 141503.24 106,60 

Without irrigation in the stage ”grain 
forming” 

109462,50 166263,50 191203,00 155643,00 117,23 

Average 107633,84 158232.24 180088,72 148651.59  

LSD   P<0,05 =  8447        P<0,01 = 11635        P<0,001 = 16018 
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Metabolizable  energy - MJ / ha 

Without irrigation  49251,60 78191,80 84020,00 70487,80 100,00 
Optimal irrigation 68534,20 93284,80 104113,00 88644,00 125,75 
Without irrigation in the stage ”bloom” 56981,20 84828,00 98189,20 79999,46 113,49 

Without irrigation in the stage ”pod 
forming” 

53617,30 81552,40 91654,20 75607,96 107,26 

Without irrigation in the stage ”grain 
forming” 

58430,40 89582,80 102666,80 83560,00 118,54 

Average 57362,94 85487,96 96128,64 79659,84  
LSD P<0,05 = 3588       P<0,01 = 4944       P<0,001 = 6806 
 
Net energy - MJ / ha 

Without irrigation  28687,20 45847,20 48658,80 41064,40 100,00 

Optimal irrigation 40380,60 55171,80 61174,20 52242,20 127,22 
Without irrigation in the stage ”bloom” 33191,40 49916,40 57395,40 46834,40 114,05 
Without irrigation in the stage ”pod 
forming” 

31144,80 47940,00 53588,40 44224,40 107,69 

Without irrigation in the stage ”grain 
forming” 

34179,60 52665,00 60246,60 49030,40 119,39 

Average 33516,72 50308,08 56212,68 46679,16  
LSD    P<0,05 = 1851    P<0,01 = 2549   P<0,001 = 3509 

 
Table 4. Coefficient of the energy efficiency from the whole biologic mass of the faba bean for years 
and average for the 3 years period 
 

Year Average 
Variants 

І ІІ ІІI MJ/ha % 

Gross energy  - MJ / ha 

Without irrigation  8.14 7.75 8.51 8.13 100.00 
Optimal irrigation 7.04 6.84 7.18 7.02 86.34 
Without irrigation in the stage ”bloom” 8.62 8.00 8.28 8.30 102.09 
Without irrigation in the stage ”pod forming” 8.43 7.72 8.03 8.01 99.13 
Without irrigation in the stage ”grain forming” 8.97 8.65 8.72 8.78 107.99 
Average 8.24 7.79 8.14 8.05  
LSD   P<0,05 =  0.45         P<0,01 = 0.63        P<0,001 = 0.87 
 
Metabolizable  energy - MJ / ha 
Without irrigation  4.32 4.17 4.47 4.32 100.00 
Optimal irrigation 3.79 3.72 3.86 3.79 87.73 
Without irrigation in the stage ”bloom” 4.58 4.33 4.44 4.45 103.00 
Without irrigation in the stage ”pod forming” 4.45 4.17 4.22 4.28 99.07 
Without irrigation in the stage ”grain forming” 4.79 4.66 4.68 4.71 109.02 
Average 4.38 4.21 4.33 4.31  
LSD P<0,05 = 0.19       P<0,01 = 0.27      P<0,001 = 0.38 
 
Net energy - MJ / ha 

Without irrigation  2.52 2.44 2.57 2.51 100.00 

Optimal irrigation 2.24 2.20 2.25 2.23 88.84 
Without irrigation in the stage ”bloom” 2.66 2.55 2.62 2.61 103.98 
Without irrigation in the stage ”pod forming” 2.58 2.45 2.47 2.50 99.60 
Without irrigation in the stage ”grain forming” 2.80 2.75 2.76 2.77 110.35 

Average 2.56 2.47 2.53 2.52  

LSD    P<0,05 = 0.10    P<0,01 = 0.13      P<0,001 = 0.19 
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The highest energy efficiency ratio is 
obtained from variants without irrigation in 
the stage “grain forming”: Gross Energy 
(GE) = 8.78, metabolizable energy (ME) = 
4.71 and Net Energy (NE) = 2.77,which is 
25,07% for GE; 24,27% for ME and 24,21% 
for NE compared to the optimally irrigated 
and 7,9%; 9,02%; 10,35% compared to the 
control (without irrigation). 

 
DEDUCTIONS 

* The invested in the production of the 
winter broad beans energy consumptions 
under the influence of irrigation average for 
the period are 18 607,73 MJ/ha. 

* The attached degrees of moisture 
support exert positive influence over the 
received energy from the biomass of the 
winter broad beans and the energy 
effectiveness of its production. 

* The highest energy efficiency ratio is 
obtained from variants without irrigation in 
the stage “grain forming”: Gross Energy 
(GE) = 8.78, metabolizable energy (ME) = 
4.71 and Net Energy (NE) = 2.77  

 
REFERENCES 
[1] Alam, M. S., M. R. Alam, K.K. Islam: Energy 
Flow in Agriculture: Bangladesh. American Journal 
of Environmental Sciences (2005)1, 3, 213-220. 
[2] Chamsing A,, V. Salokhe, G. Singh:  Energy 
Consumption Analysis for Selected Crops in 
Different Regions of Thailand. Agricultural 
Engineering International: the CIGR Ejournal. 
Manuscript EE 06 013 (2006) Vol. VIII. November, 
http://cigrejournal.tamu.edu/submissions/volume8/
EE%2006%20013%20Salokhe%20fi 
nal%206Nov2006.pdf. 
[3] Chaudhary V., B. Gangwar, D. Pandey,: 
Auditing of Energy Use and  Output of Different 
Cropping Systems in India. Agricultural 
Engineering International: the CIGR Ejournal. 
Manuscript  EE  05  001 (2006) Vol. VIII.  June 
http://cigrejournal.tamu.edu/submissions/volume8/
EE%2005%20001%20Chaudhary%2Ofinal%2028
June2006.pdf 
[4] David R. Bryla., et al., Water requirements of 
subsurface drip – irrigated faba bean in California. 
Irrg. Sci., (2003), 22:31 – 37  
[5] Hatirli S. A., B. Ozkan, C. Pert: Energy inputs 
and crop yield relationship in greenhouse tomato 
production. Renewable Energy, (2006) 31, 427-438. 
[6] Ivanov, D. S: Common methodological of 
approach for energy analyze of grain forage 

production. Agricultural technics, (1998) ХХХV, (5), 
26 – 29 (In Bulgaria - Bg). 
[7] Ivanov, D. S.: Structural analyze of the energy input 
of grain production. Economics and management  of 
Agriculture , (1999) XLIV, 4, 13-20 (Bg) 
[8] Jeliazkova, Tz, D. Pavlov: Energy efficiency of 
productivity of spring pea, treated with growth 
regulators. Journal of mountain agriculture on the 
Balkan, (2008) vol. 11, (5), 866 – 878. (Bg) 
[9] Mitova, T.: Nature and importance of energy 
analyze for evaluation of different sections of the 
system of agriculture on the example of the 
mineral fertilization. Soil science, Agrochemistry, 
Ecology., (1996) ХХХІ, № 5, 14-17 (Bg) 
[10] Musallam, I.W., et. Al.: Chemical composition 
of faba bean genotypes under rainfed and irrigasion 
conditions. International Journal of Agriculture and 
Biology, (2004), vol. 6, (2), 359 – 362 
[11] Ozkan  B., A. Kurklu, H. Akcaoz:  An  input-
output energy analysis in greenhouse vegetable 
production: a case study for Antalya region of 
Turkey. Biomass and Bioenergy, (2004b) 26, 89-95. 
[12] Ozkan B., H. Akcaoz, C. Fert: Energy input-
output analysis in Turkish agriculture. Renewable 
Energy, (2004a) 29, 39-51. 
[13] Petkova, R., D. Pavlov: Influence of irrigation 
on the Faba bean grain prodyctivity and nutritive 
value. Challeneges of the Balkan animal industry 
and the role of science and cooperation 
BALNIMALKON 14-16 may 2009 – Stara 
Zagora, 247 – 250 (Bg) 
[14] Petkova, R., D. Pavlov: Influence of nitrogen, 
phosphorus and molybdenum fertilization, alone 
and in combination on the winter faba bean energy 
efficiency of production. IV INTERNATIONAL 
SYMPOSIUM OF LIVESTOCK PRODUCTION, 
(2009) September  9 – 11, Ohrid, Makedonia, 
Macedonian Journal of Animal Science, Vol. 1, 
No. 1, pp. 147–153 (2009), (Mk). 
[15] Thieb Oweis,Ahmed Hachum, Mustafa Pala: 
Faba bean prodyctivity under rainfed and 
supplemental irrigation in Syria. Agricultural 
Water Management,(2005), vol. 73, (1), 57 – 72 
[16] Todorov, N., I. Krachunov, D. Djouvinov, A. 
Alexandrov: Handbook for animal nutrition. 
MATCOM, 2007, р. 399, (Bg) 
[17] Tokarev, V.A., Bratushkin, V.N., Nikiforov, 
A.N.: Methodological recommendations for heat-
energetical evaluation agricultural technics, 
technological processes and technology in crop 
production. M. VIM, 1989, р. 59, (Ru) 
[18] Yaldiz O., H. Ozturk, Y. Zeren, A. 
Bascetincelik: Energy usage in production of field 
crops in Turkey, 5th Int. Cong, on Mechanization 
and Energy Use in Agriculture, 11-14-Oct 1993, 
Kusadasi, Turkey (Cytated by Hatirli  et al., 2006) 

 


