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Studying the effect of irrigation furrows in maize grain

A. Stoyanova*, M. Georgiev, L. Plescuta

Department of Plant Production, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. Experience was conducted during 2004-2006 in southern Bulgaria, the soil type Vertisol. Has studied the performance of maize grain in a water 
deficit. A shortage of moisture created by a spatial deficit. Irrigation is supplied in one or two grooves, with the repeal of irrigations. The effect of irrigation is 
highest in the optimal option waterings (30,6%). Upon submission of irrigation water EOF 100% and 50%, respectively, the effect is 25,9% and 17,4%. The 
decline in yields in furrow irrigation EOF 50% reduction in irrigation rate is within 6,7%. In the present conditions of water deficit irrigation in the furrow is 
recommended to apply on soils with good capillary properties. Irrigation in EOTF reduced yields by 13,9% compared to the optimal option. The results are 
significantly lower than those of the optimal option, but in terms of lack of sufficient water for irrigation may be given this type of irrigation-in two furrows. The 
coefficient of efficiency of irrigation (K) water is highest in furrow irrigation EOF 50% and options without the watering (0,76-1,04).

Keywords: maize, water deficit, productivity efficiency of irrigation water
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provide an opportunity to assess the vulnerability of crops under Introduction
water stress (Davidov, 1998; Ampas and Baltas, 2007; Popova and 
Pereira, 2008; Petrovska and Genova, 2010; Moteva et al. 2010).  Changes in the earth's climate led to rethinking the use of 

The object of the experiment was set up in controlled spatial available water resources in the background of global warming and 
water deficit made by passing the water through one or two furrows, drought. Unstable climatic conditions in Bulgaria on the one hand 
to determine the effect of irrigation water. This development makes it and a negative water balance required demand of water saving 
possible to determine the coefficient of efficiency of irrigation water in technologies for growing crops. Maize is a major feed grain crop in 
different ways to implement the irrigation rate.the strategic importance to agriculture in the country. Key to success 

in irrigation, to the judicious use of available water resources, 
information requirements of plants at critical stages of their growth 
and influence of water deficit. Reducing irrigation rates leads to a Material and methods
disproportionate reduction in the productivity of maize (Matev, 
2001). The best results are obtained when the shortage of irrigation The field experience was conducted during 2004-2006 in 
water is distributed fairly evenly throughout the growing season southern Bulgaria. With respect to climatic factors area in which the 
considered (Eneva, 1991). Reducing irrigation by 25% and 50% experiment is displayed refers to European continental climatic 
reduces the yield by 4.6% and 12.8% of optimal on average for 13- region. Has studied the performance of maize grain in a water deficit. 
year study. In conventional irrigation increased unproductive Experience is displayed with mid early corn hybrid Furio from FAO 
consumption of irrigation water. Part of the water falls outside of the 200-300 group. 
active layer and remains unavailable to plants. One way to realize a 
small irrigation standards to reduce water losses from the spatial Characteristics of the soil type
distribution of irrigation water in furrow. Supply water for irrigation in The experiment is displayed on the soil type Vertisol, which is 
the furrow is possible only in soils with high moisture capacity with characterized by strong average humus horizon. The table given 
good capillary properties. In this way the distribution of irrigation water-physical properties of soil type (Table 1). In drought soil 
norm creates a controlled water deficit, a deficit that increases the shrinks, cracks and harden, making it difficult soil treatments. With 
efficiency of irrigation water.  good soil moisture is very plastic, sticky and connected. Soil profile is 

Irrigation in furrows increases the efficiency of irrigation water. about 120 cm, and the humus horizon is from 80 cm to 100 cm. Side 
Furrow irrigation in the different soil types is still at the stage of study filtration is within 1,0 – 1,5 m.
in Bulgaria (Eneva and Todorova, 2001; Moteva and Stoyanova, Waterings and irrigations norms
2008;).  This method of distribution of irrigation norm creates Experience is set in four iterations blokanlage (Shanin, 1977). 
conditions for increasing the productivity of irrigation water and for The study includes the options: 
full utilization of precipitation in the vegetation of culture. The 1. Without irrigation (Standard)
influence of water deficit includes studies conducted in different 2. Every Furrow Irrigation (EF), 80% FC
probability of rainfall years and different soil types. Analysis of yields 3. Irrigation of the Every Other Furrow (EOF), 50%
showed that the decrease due to cancellation of irrigations is 4. Irrigation of the Every Other Furrow (EOF), 100%
practically zero during wet years, because using all vegetation 5. Irrigation of the Every Other Two Furrows (EOTF), 50%
rainfall (Petrov, 1994; Gospodinov 2003; Popova 2006). Simulations 6. Irrigation of the Every Other Two Furrows (EOTF), 100%
using actual data on productivity of crops and climatic elements, 7. Irrigation of the Every Other Furrow (EOF), 50%, without first 
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Table 1. Soil hydraulic properties

 Soil Layer

  0–10

10–20

20–30

30–40

40–50

50–60

60–70

70–80

80–90

90–100

  0–100

1.17

1.20

1.23

1.28

1.30

1.31

1.33

1.35

1.38

1.41

1.30

21.6

21.8

21.5

21.7

22.1

22.5

22.8

23.0

22.9

23.1

22.3

36.8

36.0

36.7

35.1

34.9

34.5

34.0

33.8

33.5

33.2

34.8 (452 mm)

Bulk Density
3(mg/m )

Soil moisture

(% of abs. dry matter)

Humidity wither Field capacity
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watering Irrigation is carried out under the scheme. In Table 2 are 
8. Irrigation of the Every Other Furrow (EOF), 50%, without irrigated and irrigation rates for the period in options. The variants 

second watering are watered simultaneously when soil water levels approached 80% 
9. Irrigation of the Every Other Furrow (EOF), 50%, without of field capacity (FC) for a 1,0 m soil profile in the second variant. 

third watering Irrigation is done through seasonally-stationary system of irrigation 
pipes. Water allocation in irrigation furrows through perforated pipes 
mounted thereon sealing rings and hoses (length - 1m) for directing 
jets of irrigation in the irrigated furrows. Submitted water was 
measured with an automatic water meter. Furrows in the 
experimental plots are short (10m) and closed. Water passing 
through the variable flow to achieve uniform distribution of irrigation 
required norm. 

Irrigation is carried out with irrigation furrows rate determined by 
the formula (Kostyakov, 1960): 

m = 10H α ( β  - β )  (1)FC BIR.

where m is irrigation norm (mm), H is depth of active soil layer 
(m), α is capacity soil density (g/cm3), β  is field capacity limit (in % FC

to absolute dry weight of soil), β is before irrigation soil moisture (in BIR.

% to absolute dry weight of soil).
Before adopted irrigation moisture soil 80% FC rate at which 

irrigation is 60 mm. Soil moisture is reviewed periodically by taking 
soil samples gravimetrically

Table 2. Irrigation norm (M) and watering norms (m) realized during the three years of study, mm

Options
2004

Number M (mm)

2005

Number M (mm)

2006

Number M (mm)

m
(mm)

1

2

3

4

5

6

7

8

9

-

60

30

60

30

60

30

30

30

-

3

3

3

3

3

2

2

2

-

180

90

180

90

180

60

60

60

-

2

2

2

2

2

1

1

2

-

120

60

120

60

120

30

30

60

-

3

3

3

3

3

2

2

2

-

180

90

180

90

180

60

60

60
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Figure 1. Quantity and distribution of rainfalls in 2004-2006 year study
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Meteorological conditions decrease in yield with furrow irrigation in the irrigation rate to 30 mm 
Meteorological characteristics in terms of rainfall during the irrigation in each furrow irrigation with 60 mm margin is 6,7%. 

period April to September show that multi-annual series (1930-2006) Therefore, when a deficit of water for irrigation reduced irrigation rate 
the first two years of the field study is characterized as wet by rainfall it is advisable to irrigate in the furrow.
probability 7,4% and 2,2%, while 2006 was dry with the probability of In irrigation during two irrigation furrows with standard 60 mm 
precipitation 90,1% (Figure 1). In the period from July to August reduction in yield to irrigation in each furrow and with the same 
(irrigation season) probability of rainfalls is as follows: 2004 and irrigation rate is 8.0%. Since the reduction is significant, it should 
2005 once again characterized as wet probability with 22,9 and apply in the case of water deficit. For optimal maintenance of 
0,9%, and 2006 is 60,3% as moderately dry. Particularly intense irrigation with 80% of FC achieve a good uniformity of moistening the 
rainfall was in June, 2004 (211,5 mm) and in July and August 2005 active layer, which creates conditions for more uniform drying of the 
respectively 226,4 mm and 103,4 mm. soil. Results in furrow irrigation in the show that thus creates a better 

The amount of precipitation and their distribution during the air-water regime in soil. It is sealed to a lesser degree, and also 
vegetation period determine the need for irrigation. In accordance reduces the rate of evaporation and soil surface. For options with a 
with approved methodology and the specific manifestation of lower yield results may explain the insufficient provision of maize 
meteorological factors in the first and third year of the study were during the reproductive phase with readily available moisture, 

3 resulting in reported lower results.made in three irrigations 60 mm /da, and in moist in 2005 were filed 
3only two irrigations of 60 mm /da.

Effect of repeal of wateringsDaily average temperature experienced during different years 
During the years of study were made from 2 to 3 irrigations is close to the average long period (Figure 2). 

during the growing period of maize grain. The impact of the repeal of Economic efficiency of irrigation water is expressed by the 
irrigations is considered only upon submission of irrigation water in coefficient of efficiency of irrigation water (K), which represents the 
furrow irrigation at a reduced rate - 50%, respectively, 30 mm, the relationship between yield and realized additional irrigation. For the 
results are summarized in Table 3. From the data shows that the purposes of economic analysis output in the three years of the 
cancellation of the first irrigation in fenofaza tasseling and experiment and brought water for irrigation are valued at prices of 
experienced in three years, reduced irrigation rate 30 mm in 2010, excluding VAT. 
irrigation through a groove resulted in a decrease in yields on 
average by 8%. Repeal of the second irrigation reduced yields by an 
average of 2,1%, but it is important to note that in 2004 and 2006 Results and discussion
irrigation (in other variants) is made during the dark shrunk, and in 
2005 in fenofaza milk maturity. The results show the necessity of The influence of irrigation on the development of maize grain is 
irrigation for the formation of yield in fenofaza tasseling. evidenced by shortages of necessary moisture and by creating 

suitable conditions for the conduct of microbiological processes in 
Effect of irrigation through furrowssoil. 
The total output produced by irrigation of maize grain is moving 

in the range of 1932,7 to 2336,4 EUR/ha, average for the period Influence of irrigation in furrows
under review. Top scores are recorded in the variants with optimum The decrease in yield for different variants of irrigation in one or 
irrigation and Irrigation EOF 100%, respectively, 2336,4 and 2252.4 two furrows and reduced irrigation rate are systematized and given 
EUR/ha. (Table 4). Irrigation in two grooves reduces the productivity in Table 3. In concrete terms the experience obtained in yields 
of culture by 18,2 to 21,5%. Irrigation efficiency is highest when different options shown in the table are mathematically proven. On 
optimal irrigation of crops. Only by nearly 3,5 percent lower irrigation the Table 3 shows that furrow irrigation in a reduction in yield is 3,6% 
EOF results in 100%, a reduction in yield is 10% Irrigation EOF 50% compared with variations in each furrow irrigation with 60 mm 
compared to optimal option waterings. Trends observed over the irrigation norm. Therefore, since the reduction in yield is negligible, 
years who have a different probability of precipitation are identical. can be recommended that heavy soils, such as leached earth, it is 
With options to remove the irrigations results are lower. Maize grain recommended that irrigation water can be supplied in the furrow. The 
response to water deficit. Revocation of watering phase tasseling 
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Figure 2. Average daily temperatures in 2004-2006 year study



provoked obtain lower output. Tables 5, 6 and 7 presented an 2006, characterized by an average dry year. In 2004, despite the 
efficiency of irrigation water (K), which is the ratio between the precipitation had to be carried out irrigation of crops. 
increase in yield compared to non-irrigated variant and The coefficient of efficiency of irrigation water at options to 
implementation of irrigation. The data in tables for 2004 and 2006 remove the second and third irrigations was higher than optimal 
show the trend observed in both experimental years. Despite the irrigated by 42-92%. There has been a high degree of usability for 
different probability of rainfall during the growing season and during variations in EOF 50% (K=0,45), which is 18% higher than optimal. 
the irrigation period of maize grain are observed similar trends in During the test in 2006 remains the trend of utilization of irrigation 
different variants of irrigation. Efficiency of irrigation water is higher in water. The values of coefficients determined for the cancellation of 2 

Table 4. Еffect of irrigation average for the period 2004-2006

General production of maize for grain

Options of irrigation

1. Free irrigation

2.Irrigation EF by 80% FC

962.1

1308.5

1168.2

1228.3

1082.3

1099.5

100.0

136.0

121.4

127.7

112.5

114.3

2164.6

2740.2

2465.3

2639.9

2299.2

2382.2

100.0

126.6

113.9

122.0

106.2

110.1

2241.9

2960.6

2668.6

2889.0

2473.9

2554.0

100.0

132.1

119.0

128.9

110.3

113.9

1789.5

2336.4

2100.7

2252.4

1951.8

2011.9

100.0

130.6

117.4

125.9

109.1

112.4

108.0

114.9

116.2

110.0 1932.7

2055.8

2078.7

117.1

112.5

105.0 2465.3

2625.6

2522.5

111.5

116.8

2273.4

2413.7

2528.3

110.1

117.3

123.2

1059.4

1128.1

1185.4

3.Irrigation EOF 50%

4.Irrigation EOF 100%

5.Irrigation EOTF 50%

6.Irrigation EOTF 100%

7.Irrigation EOF 50%, 
without first watering

8.Irrigation EOF 50%, 
without second watering

9.Irrigation EOF 50%, 
without third watering 

2004

EUR/ha % EUR/ha % EUR/ha % EUR/ha %

2005 2006 Average
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Table 3. Reduction in yield in irrigated furrows and cancellation of watering for the period 2004 – 2006

Reduction in yield in irrigated furrows

Reduction in yield for the cancellation of waterings

Every furrow irrigation (EF), 80% FC

Irrigation of the EOF, 100% - (4)

Reduction compared to (2)

Irrigation of the ESF, 100% - (6)

Reduction compared to (2)

Irrigation of the EOF, 50% - (3)

Reduction compared to (4)

Irrigation of the ESF, 50% - (5)

Reduction compared to (6)

Irrigation of the EOF, 50%

Irrigation of the EOF, 50%, without first watering

Reduction compared to (3)

Irrigation of the EOF, 50%, without second watering

Reduction compared to (3)

Irrigation of the EOF, 50%, without third watering

Reduction compared to (3)

8160.0

7866.7

7026.7

7336.7

6816.7

kg/ha

7336.7

6750.0

7180.0

7260

8.0%

2.1%

1.0%

GD            Р<0.05 = 483        Р<0.01 = 662        Р<0.001 = 902

%

3.6%

13.9%

6.7%

3.0%



Table 5. Еffiency of irrigation in 2004

Options of irrigation

1.Irrigation by 80% FC

2.Irrigation EOF 50%

3.Irrigation EOF 100%

4.Irrigation EOTF 50%

5.Irrigation EOTF 100%

6.Irrigation EOF 50%, without first watering

7.Irrigation EOF 50%, without second watering

8.Irrigation EOF 50%, without  third watering

1800

900

1800

900

1800

600

600

600

677.6

403.2

520.8

235.2

268.8

190.4

324.8

436.8

0.38

0.45

0.29

0.26

0.15

0.32

0.54

0.73

Irrigation norm
mm/ha

Increase of yield
EUR/ha

Efficiency factor
of irrigation norm, K

Table 6. Еffiency of irrigation in 2006

Options of irrigation

1.Irrigation by 80% FC

2.Irrigation EOF 50%

3.Irrigation EOF 100%

4.Irrigation EOTF 50%

5.Irrigation EOTF 100%

6.Irrigation EOF 50%, without first watering

7.Irrigation EOF 50%, without second watering

8.Irrigation EOF 50%, without third watering

1800

900

1800

900

1800

600

600

600

1405.6

834.4

1265.6

453.6

610.4

436.8

750.4

548.8

0.78

0.93

0.70

0.50

0.34

0.73

1.25

0.91

Irrigation norm
mm/ha

Increase of yield
EUR/ha

Efficiency factor
of irrigation norm, K
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and 3 irrigations are 17-60% higher than optimal. This year the probability of precipitation shows that the efficiency of irrigation 
coefficient of efficiency EOF 50%, in line with nearly 20% higher than water is high at the time of irrigation water in furrows. Soil type 
the version with irrigation in each furrow. Systematic average results Vertisol, after the water supply for irrigation, allows distribution and 
in Table 7 indicate that the optimum irrigation efficiency coefficient is redistribution of water for irrigation as a result of lateral filtration and 
0,67. Option with furrow irrigation in the irrigation rate reduced by provide plants with enough moisture in an easily accessible area of 
half with the highest coefficient of efficiency – K = 0,76. Utilization of the active layer. Thus significantly reducing the cost of irrigation 
irrigation water for maize grain was highest in options to remove the water, full use of fallen vegetation during rainfall, reduce losses from 
2 and 3 irrigations – respectively 1,04 and 0,94. deep filtration.

The results for the effect of irrigation in years with different 

Table 7. Еffiency of irrigation average for the period 2004-2006

Options of irrigation

1.Irrigation by 80% FC

2.Irrigation EOF 50%

3.Irrigation EOF 100%

4.Irrigation EOTF 50%

5.Irrigation EOTF 100%

6.Irrigation EOF 50%, without first watering

7.Irrigation EOF 50%, without second watering

8.Irrigation EOF 50%, without third watering

1600

800

1600

800

1600

500

500

600

1069.6

608.5

905.3

317.3

434.9

280.0

520.8

565.6

0.67

0.76

0.57

0.40

0.27

0.56

1.04

0.94

Irrigation norm
mm/ha

Increase of yield
EUR/ha

Efficiency factor
of irrigation norm, K
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Chemical composition, nutritive value, energy yield and feed units of the winter pea grain 
grown after different predecessors using conventional and оrganic production

1 1 1 2M. Gerdzhikova , M. Videva , D. Pavlov *, A. Dobreva

1Department of Plant Production, Faculty of Agriculture, Trakia university, 6000 Stara Zagora, Bulgaria
2Institute for Roses, Aromatic and Medicinal Plants, 49 Osvobozhdenie, 6100 Kazanlak, Bulgaria

Abstract. During 2005-2007 the effect of two cereal varieties: (i) common wheat and (ii) Triticale, as predecessors and the choice of production methodology 
on the chemical composition, nutritional value, energy yield and feed units of the grain of winter pea variety "Mir" was investigated. The study was conducted at 
Trakia university, Stara Zagora in conditions of organic and conventional production. It was found that neither the predecessor nor the agricultural method have 
significant effect on the chemical composition and content of GE, ME, FUM and FUG in the grain of winter pea. Yields of GE, ME, FUM and FUG were higher in 
conventional agriculture and after wheat as predecessor. The most influential factor on these parameters is the agricultural method, seconded by the influence 
of climatic conditions. The  predecessor has the lowest effect on the parameters observed. The energy yield and feed units correlates well with the total amount 
of rainfall during the growing season and rainfall during the month of February. 

Keywords: winter pea, chemical composition, energy value, feed units

Abbreviations: GE – Gross energy, ME – Metabolizable energy, FUM – Feed units for milk, FUG – Feed units for growth, FAO – Food and Agriculture 
Organization, NFE – nitrogen free extracts
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organic farming – without the use of mineral fertilizers and pesticides Introduction
against weeds, diseases and pests. The soil treatment is identical in 
the two experiments. Trials were conducted in non-irrigated The effect of crop cultivation methodology on the productivity 
conditions. Common wheat variety “Diamant” and Triticale variety and quality of the grain of winter pea is examined in a number of 
“Rozhen” are tested as predecessors of the winter pea variety "Mir".studies. According to Petkova and Pavlov (2004a, 2004b), Petkova 

The soil in the area is Gleyic Chromic luvisols (FAO, 1998), et al. (2009) fertilization, period and density of sowing, increase 
moderate sandy clay. At depth from 0 to 30 cm the humus content is productivity and improve the chemical composition and nutritional 
1.55 %. The soil is poor in nitrogen and phosphorus and well value of winter peas grain. Treatment with growth regulators at 
reserved with potassium. The soil pH is neutral.bloom stage has a positive effect on the content of FUM and FUG in 

Chemical composition of winter peas dry grain (crude protein, the spring and in winter pea (Zhelyazkova, 2007; Zhelyazkova, 
crude fat, crude fibre, NFE, ash) is determined by the Weende 2010; Zhelyazkova and Pavlov, 2007; Zhelyazkova et al., 2007a, 
method. The content of Gross energy (GE), Metabolizable energy 2007b). In Bulgaria there is not enough data on the effect of the 
(ME), feed units for milk (FUM) and feed units for growth (FUG) were predecessors and production methodology on the chemical 
calculated using the chemical composition and the coefficients of composition, nutritional value, energy yield and feed units from the 
digestibility by Todorov et al. (2007). The results were statistically winter pea grain.
analyzed by Statistics 6 for Windows.  The purpose of the study is to determine the effect of annual 

cereals as predecessors and the choice of production methodology 
on the chemical composition and nutritional value, energy yield and 

Results and discussionfeed units from the grain of winter peas grown in conditions of 
traditional and organic production.

The period of the survey spans years with various climatic 
conditions (Figure 1). The amount of rainfall during the growing 
season of 2005-2006 is similar to that of a long-term period:  Material and methods
exceeding it by 5.8% on average, however, significant drought was 
observed in May. During this period the average monthly The study was conducted during the period 2005-2007 at the 
temperatures for the months October- February are lower than those educational-experimental base of Department of Plant production at 
for a long-term period. The average monthly temperatures for the Trakia University. Two field experiments were set out using block 
months of March-June are close to those for a long-term period. As a method in 4 replicates with test plot size of 25 m² and reporter plot of 

2 whole, the average monthly temperature of growing season is lower size 12 m . In the first trial crops are grown using conventional 
by 0.6 °C than that for a long-term period. The amount of rainfall in agricultural methods adopted by the country and the region. In the 
the growing season of 2006-2007 is 373.7 mm, which is about 10% second trial crops are grown according to the requirements of 
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less than that for a long-term period. Rainfall is irregularly During the period of study, the ash content (mineral 
distributed: during the month of April rainfall is 68.8% lower and in substances) in the grain of forage peas under conventional 
May it is 2.3 times higher than the long-term period. Monthly average production conditions was, on average, higher by 1.4 g/kg of dry 
temperature during this period was 1.2 ° C higher than the average matter than under organic production conditions. Higher values 
for a long-term period. were obtained when crude protein content is higher. The differences 

The average content of crude protein in the grain of winter pea, between the years and predecessor varieties are incidental due to 
variety “Mir” for the period 2005-2007 under the conditions of organic the low ash content in grain of winter peas. Neither predecessor, nor 
production is 306.45 g/kg of dry matter (Table 1). The average the agricultural method has effect on the chemical composition of the 
content of crude protein under the conditions of conventional grain of the peas.
production is 307.85 g/kg of dry matter, which exceeds the latter by The energy value of winter pea variety, "Mir", does not change 
1.4 g/kg. On average, the winter pea grain contains crude fat 23.2 significantly when it is grown after the either predecessor cereals 
g/kg of dry matter in organic production and 22.75 g/kg of dry matter and using both production methods (Table 2). The values of the 
in conventional production. In organic production, after predecessor Metabolizable energy for ruminants, FUM and FUG also were not 
Triticale, the content of crude fat is slightly higher: average 24.6 g/kg. affected by either predecessor or production method.
In conventional production, after predecessor wheat, it is 23.1 g/kg The yield of GE under conditions of organic production is higher 
on average. Due to the low fat content in the grain, however, after predecessor wheat compared to predecessor Triticale and 
variation between individual years and variants is incidental. The ranges from 37561.4 MJ/ha to 43558.39 MJ/ha (Table 3). Similarly, 
pea grain also contains low crude fiber concentration. The average for conventional production, the GE yield is higher after wheat 
content for the period of study is 65.05 g/kg of dry matter for organic predecessor and ranges from 41695.7 to 51470.39 MJ/ha. This is 
production and 65.1 g/kg of dry matter for conventional, i.e. the due to the higher grain yield after this predecessor for both methods 
average fiber content for the period of study in both productions is of production. Additionally, after predecessor Triticale, higher GE 
the same: the difference is only 0.05 g/kg of dry matter. Higher yield was consistently obtained by conventional production during 
values were observed during the year when the content of crude the three years of the study. The highest yield of GE was obtained 
protein is lower. during 2005 because climate conditions during vegetation of peas 

The average content of nitrogen free extract (NFE) for the were most favorable and resulted in the highest yield of grain. 
period of study is 569.9 g/kg of dry matter under conditions of organic The same trend was observed for ME yield. For both 
production and 567.45 g/kg of dry matter using conventional predecessors, ME yield was higher under conditions of conventional 
production. For both production methods the contents of NFE is production. Cultivation after predecessor wheat resulted in higher 
slightly higher after predecessor wheat – average 574 g/kg of dry yield of ME using both agricultural methods. The highest yield for 
matter for organic and 568.8 g/kg of dry matter for conventional both methods of production was obtained in 2005. For conventional 
production. Maximal values of NFE were observed when the content production, the ME yield after predecessor wheat is higher by 10.3% 
of crude protein was lower. than after predecessor Triticale. For organic production, the yield of 

rainfall 2005

rainfall 2006

rainfall 2007

rainfall 1953-2002

temperature 2005

temperature 2006

temperature 2007

temperature 1953-2002

Figure 1. Average months air temperature ( ) and rainfall (mm  during vegetation for 2005-2007 and 
for the period 1953-2002 
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Table 1. Chemical composition of winter pea grain, g/kg dry matter (DM)

System of cultivation Average

Crude protein

Crude fat

Crude fibre

Nitrogen free extract

Ash

Organic

Organic

Organic

Organic

Organic

Conventional

Conventional

Conventional

Conventional

Conventional

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

311.2

301.7

306.45

309.3

306.4

307.85

24.6

21.8

23.20

63.0

67.1

65.05

565.8

574.0

569.90

35.5

35.5

35.50

22.4

23.1

22.75

65.7

64.5

65.10

566.1

568.8

567.45

36.5

37.4

36.95

334.7

323.8

329.25

31.7

28.7

30.20

66.6

72.8

69.70

594.0

598.5

596.25

36.4

36.6

36.50

335.7

336.5

336.10

30.6

31.2

30.90

72.0

73.7

72.85

596.4

600.6

598.50

38.5

40.2

39.35

287.6

279.5

283.55

17.4

14.8

16.10

59.4

61.4

60.40

537.6 

549.5 

543.55

34.5

34.3

34.40

282.9

276.3

279.60

14.1

14.9

14.50

59.4

55.2

57.30

535.8 

536.9 

536.35

34.4

34.5

34.45

MaximalPredecessor Minimal
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ME is also higher after predecessor wheat, but the difference The farming method has the strongest effect on the yield of GE 
between the two predecessor is less – 6.9%. On average for the first and ME – 42.8 and 44.56% respectively (Table 4). Second is the 
year, the yield of ME in conventional production is higher by 16.3% influence of climatic conditions during the growing season – 37.13 
compared to organic production. On average for the period of the and 33.83%. The least influential factor is the predecessor – 9.9 and 
study, organic production results in 15.8% less ME yield. 11.19%, respectively.



Table 3. Yield of GE, ME, FUM and FUG from winter pea grain, MJ/ha

System of cultivation 2005

Yield of GE, MJ/ha

Organic

Conventional

Triticale

Wheat

Average

40846.06

43558.39

42202.22

Triticale

Wheat

Average

46785.62

51470.39

49128.01

38153.61

40480.00

39316.80

35531.9a

37561.4ab

36546.65

39653.8bc

41695.7c

40674.75

44934.48

49259.60

47097.04

38177.22

40533.27

39355.25

43791.32

47475.24

45633.28

100

100

100

114.7

117.1

115.9

2006Predecessor 2007 Average %

Table 2. Content of GE, ME, FUM, FUG in winter pea grain 

System of cultivation Average

Gross energy (GE), MJ/kg DM

Metabolizable energy (ME), MJ/kg DM

Feed units for milk (FUM), /kg DM

Feed Units for Growth (FUG), /kg DM

Organic

Organic

Organic

Organic

Conventional

Conventional

Conventional

Conventional

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

19.34686

19.23957

19.29322

19.28310

19.25747

19.27028

13.71

13.67

13.69

1.41

1.41

1.41

1.52

1.52

1.52

13.66

13.67

13.66

1.40

1.40

1.40

1.515

1.515

1.515

19.62382

19.49434

19.55908

13.75

13.73

13.74

1.41

1.41

1.41

1.51

1.52

1.515

19.57716

19.54940

19.56328

13.71

13.72

13.715

1.40

1.40

1.40

1.51

1.51

1.51

19.06990

18.98480

19.23957

13.67

13.61

13.64

1.41

1.40

1.405

1.53

1.52

1.525

18.98904

18.96553

18.97729

13.60

13.62

13.61

1.40

1.40

1.40

1.52

1.52

1.52

MaximalPredecessor Minimal
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*Differences among parameters statistically significant at  P<0,05 if not equal letters

Yield of ME, MJ/ha

Yield of FUM /ha

Yield of FUG /ha

Organic

Organic

Organic

Conventional

Conventional

Conventional

Triticale

Wheat

Average

28945.24

30948.88

29947.10

Triticale

Wheat

Average

Triticale

Wheat

Average

Triticale

Wheat

Average

33130.44

36536.49

34833.47

Triticale

Wheat

Average

Triticale

Wheat

Average

26733.44

28510.35

27621.90

2976.86

3180.92

3078.89

2741.39

2927.87

2834.63

3209.10

3441.28

3325.19

2935.82

3156.28

3046.05

3465.83

3804.82

3635.33

31467.88

34570.97

33019.42

3396.75

3741.85

3569.30

3213.35

3527.65

3370.50

3675.77

4049.22

3862.49

25470.6a

26927.3ab

26199.0

27049.77

28795.54

27922.70

2627.1a

2769.9ab

2698.5

2850.8a

3007.3ab

2929.05

2998.56

3201.63

3100.10

28400.2bc

29943.5c

29171.85

30999.51

33683.68

32341.60

2923.5bc

3077.9c

3000.7

3174.1bc

3341.7c

3257.9

3438.58

3731.92

3585.25

2781.81

2959.56

2870.69

3177.88

3449.13

3313.51

100

100

100

100

100

100

114.6

117.0

115.8

114.2

116.5

115.35

100

100

100

114.7

116.6

115.65
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Table 4. Influence of the investigated factors on the winter pea grain yield of energy and feed units 

Factors DF

Influence on the Gross energy (GE) yield

Influence on the Metabolizable energy (ME) yield

Influence on the Feed Units for Milk (FUM) yield

Yield of FUG /ha

System

Predecessor

Year

System

Predecessor

Year

Systema

Predecossor

Year

System

Predecessor

Year

472964352.7

109443546.0

410301661.7

234324390.8

58873094.1

177935578.7

1

1

2

1

1

2

2353088

604801

1803547

2824495

739251

2002921

472964353

109443546

205150831

246.40

57.02

106.88

234324391.0

58873094.1

88967789.4

1

1

2

1

1

2

2353088

604801

901773

2824495

739251

1001460

0.000000

0.000000

0.000000

242.62

60.96

92.12

0.000000

0.000000

0.000000

231.09

59.39

88.56

237.50

62.16

84.21

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

42.80

9.90

37.13

44.56

11.19

33.83

45.36

11.87

32.17

44.21

11.36

33.88

MS F PSS %



Table 5. Regression equations among energy and feed units yields and the rainfalls 

*GEY Gross Energy Yield MJ/ha, MEY Metabolizable Energy Yield MJ/ha, FUMY FUM Yield/ha, FUGY FUG Yield/ha,

RW – Rains-vegetation period, RF – Rains-February, R2 – Coefficient of determination, SEE – Standard Error , F – Ratio, 

P – Significance

 –  –  –  – 

Factors

0.392

0.394

0.347

0.361

0.344

0.361

0.340

GEY*=7648.456 + 82.586RW

GEY=34592.2 + 158.57RF

MEY=7538.53 + 53.548RW

MEY=24922.45 + 104.54RF

FUMY=832.88 + 5.354 RW

FUMY=2568.53 + 10.506 RF

FUGY=2793.28 + 11.025 RF

32.5

62.1

23.18

43.9

  2.33

  4.41

  4.84

6.45

6.51

5.3

5.7

5.26

5.67

5.16

0.029

0.028

0.043

0.038

0.044

0.038

0.046

2R FSEE P
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The yield of FUM and FUG is also higher for conventional References
production during the three years of the study on average by 15.93% 
and 16,16% during the first year, 18.9% and 19.35% during the Petkova R and Pavlov D, 2004a. Influence of fertilization, sowing 
second year and 11.2% and 11.23% during the third year of study. time and density on the productivity, chemical composition and 
The average for the period is higher by 15.43% and 15.65%.The nutritional value of winter peas. The Journal of Mountain Agriculture 
yield of FUM and FUG was most strongly affected by the farming on the Balkans, 7, 4, 382-391.
method: 44.21% and 45.36% (Table 4), respectively. Second is the Petkova R and Pavlov D, 2004b. Performance, composition and 
impact of climatic conditions during the growing season – 33.88 and nutritional value of different varieties winter peas. The Journal of 
32.17%. The least influential factor is the predecessor variety - 11.36 Mountain Agriculture on the Balkans, 7, 3, 284-291.
and 11.87%. Petkova R, Stoyanova A and Pavlov D, 2009. Nutritional value of 

The yield of GE, ME, FUM and FUG correlate with rainfalls grains of wintering pea variety "Mir" in the light of the increase 
during vegetation period and with a critical month, but not with the prospecting doses nitrogen and growth regulators. International 
total amount of rainfall during the year. This correlation allows the Scientific Conference June 4-5, 2009, Union of Scientists, Stara 
development of regression models for approximate calculation of Zagora, (CD) ISBN 9789549329452. Agricultural Science, Plant 
energy yield of winter pea, cultivated for grain. The yield of ME and Studies, 9, 482-487 (Bg).
FUM are in a good relation with rainfall during the growing season Todorov N, Krachunov I, Džuvinov D and Aleksandrov A, 2007. 
and during the month of February (Table 5). Rainfall in the growing Handbook of animal  nutrition.  399 (Bg).
season has no significant influence on yield of FUG and cannot be World Reference Base for Soil Resources, FAO, 1998.
used as independent variable. Good relationship is established with Zhelyazkova Ts, 2007. Study the effects of some growth regulators 
the rainfall during the month of February as an independent variable. on the productivity, chemical composition and nutritional value of 
For all parameters it is better to use the rainfall during the month of spring peas (Pisum sativum L.) and spring vetch (Vicia sativa L.). 
February, so this month can be regarded as a critical period for the Thesis for PhD, Trakia university, Stara Zagora, 199 (Bg).
development of peas. Zhelyazkova Ts, 2010. Nutritive value and energy efficiency of 

winter pea production, treated with plant growth regulators. Trakia 
Journal of Sciences,  8, 2,  44-51.

Conclusion Zhelyazkova Ts and Pavlov D, 2007. Effects of some growth 
regulators on the productivity, chemical composition and nutritional 

The predecessor and the agricultural method do not affect the value of spring peas (Pisum sativum L.). Plant Science, 44, 6, 551-
chemical composition and content of, GE, ME, FUM and FUG in the 554 (Bg).
grain of winter peas. Higher yield of GE, ME, FUM and FUG from the Zhelyazkova Ts, Pavlov D and Toskov K, 2007a. Effects of some 
grain of winter peas is obtained using conventional farming and after growth regulators on the chemical composition of the winter peas 
predecessor winter wheat. The yield of GE, ME, FUM and FUG from (Pisum arvense L.). Plant Science, 44, 6, 547-550 (Bg).
the grain of winter peas is mostly affected by the agricultural method. Zhelyazkova Ts, Pavlov D and Usunova K, 2007b. Effects of some 
Second is the influence of climatic conditions. The predecessor has growth regulators on chemical composition, nutritional value, the 
insignificant influence. The yield of GE, ME, FUM and FUG yield of crude protein and feed units in spring vetch (Vicia sativa L). 
correlates well with the total amount of rainfall in the growing season Plant Science, 44, 6, 555-558 (Bg).
and rainfall during the month of February, but not with total annual 
rainfall.
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