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Abstract
Neshev, N., Yanev, M., Mitkov, A. & Tonev, T. (2018). Turkish seed sector: Current situa-

tion and future directions. Field Crops Studies, XI(2), 203-210.
During the period 2017-2018, a field study with winter barley (Hordeum vulgare L.) 

was conducted. The experiment was situated in the experimental field of the base for train-
ing and implementation of the Agricultural University of Plovdiv, Bulgaria. The trial was 
conducted by the randomized block design in 4 replications with the winter barley variety 
“Emon”. The experiment included unfertilized control and three variants with fertilizer 
application that included Urea 125 kg/ha, Urea 165 kg/ha and Urea 250 kg/ha. The fertil-
ization was performed in late winter - February. With the increasing of the fertilizer rates 
the nitrogen content in grain also increased. The highest nitrogen content was reported 
after the application of Urea 250 kg/ha – 2,62% average for the period. No influence of 
fertilization on the phosphorus content in the grain was found. At all variants, including the 
unfertilized control, the content of this macronutrient varied from 0,53% to 0,54% and the 
difference between the variants was not statistically proved. With increasing of the fertiliz-
er rates, the potassium content in grain decreased. The potassium content in barley’s grain 
was the highest for the unfertilized control – 0,41% and was the lowest after the application 
of Urea 250 kg/ha – 0,32% average for the period. The differences in the potassium content 
in grain between the two variants were statistically proved. A positive correlation regarding 
the crude protein content in grain was established. With increasing of the urea rates the 
grain crude protein content increased. The highest content of crude protein was recorded 
after the application of Urea 250 kg/ha – 14,90% average for both experimental years.
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Introduction
Barley is a crop with a great importance for alcoholic beverages (Stoyanov, 

2014). It is produced for forage and raw material for beer production. The barley 
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is one of the main cereals for Bulgaria. The brewing barley takes over 60%, and 
the forage barley - over 40% of the total production in the country (Penchev et al., 
2004). For brewing barley, the most used rates of nitrogen are from 80 до 120 kg 
N/ha (Koteva, 2000). The high nitrogen rates increase the protein content in the 
grain, which above certain limits decreases the quality of barley’s grain (Peev and 
Krusteva, 1989). Unlike the forage barley, the brewing should be fertilized with low 
nitrogen rates from the quality point of view. The quality of the brewing barley must 
meet a number of requirements: homogeneous and even grain; the protein content 
should not exceed 12%; etc. (Nikolova, 2010). On the content of nitrogen in the 
grain, respectively the raw protein content is affected by many factors. During the 
grain pouring, the nitrogen is redistributed from the vegetative parts to the grain. The 
roots remain active during grain pouring, where high nitrogen content in the soil at 
the end of vegetation may cause a higher percentage of nitrogen in the grain (Gastal 
and Lemaire, 2002). Ivanovа et al. (2013) conclude that the influence of mineral 
fertilization and environmental conditions are determining the protein content of 
the barley grain. The gradual increase of the nitrogen fertilization increases the 
protein content in barley grain, and also the predecessor has a significant effect on 
the protein content in the grain. After an annual legume predecessor (pea) the crude 
protein content in the grain is the highest, and after predecessor oilseed rape – the 
lowest.

The aim of the study is to determine the content of nitrogen, phosphorus and 
potassium as well as the crude protein content in the grain of winter brewing barley 
grown after forage pea. 

Materials and methods
A field study with winter brewing barley during the period of 2017-2018 was 

conducted. In the experiment, the effect of the urea fertilization on the content of 
nitrogen, phosphorus and potassium as well as the crude protein content in the grain 
of the barley variety „Emon“ was evaluated. The variety is winter brewing barley, 
bred in the Institute of Agriculture – Karnobat, Bulgaria. Its botanical affiliation is 
H. vulgare, subsp. distichon (L.) Koern.  The stem is middle in height – average 
88 cm with very good resistance to lodging. Spiclet – double-row, var. erectum, 
with average length of 6.8 cm. Grain – wholesale, flattened, suitable for brewing 
purposes. The protein content varies from 11 to 12 % (Mersinkov, 2003). 

The experiment was situated in the experimental field of the base for training 
and implementation of the Agricultural University of Plovdiv, Bulgaria. A 
predecessor of the barley during the two experimental years was forage pea (Pisum 
sativum L.). The trial includes 4 variants in 4 replications as follows: 1. Unfertilized 
control; 2. N 58,5 kg/ha active substance (Urea 125 kg/ha);  3. N 75,9 kg/ha active 
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substance (Urea 165 kg/ha) and 4. N 117,0 kg/ha active substance (Urea 250 kg/
ha). The nitrogen was applied as Urea (46% N) in winter – February. All variants 
including the control were fertilized with phosphorus as Triple superphosphate and 
potassium as Potassium sulfate at rates of 60 and 90 kg active substance per hectare 
respectively. The soil of the trial field is with pH 7.4. The content of available 
nutrients before the beginning of the experiment was 53,98 mg/kg Nmin, 32,75 mg 
P2O5 and 31,81 mg K2O/100 g soil. 

For establishing the content of nutrient elements in the barley’s grain the taken 
samples were dried 60 oC. They were mineralized with concentrated Н2SO4, and 
as catalyst Н2О2 was used. The nitrogen content was determined by the Kjeldahl 
method by distillation in apparatus of Parnas-Wagner (Tomov et al., 2009). The 
phosphorus was determined calorimetrically on spectrophotometer Camspec М105 
(Tomov et al., 2009), and the potassium – photometrically on flame photometer 
PFP-7 (Ivanov and Krastev, 2005). For calculation of the crude protein content in 
the grain, the values of N content were multiplied by coefficient  5,70. 

For statistical analysis of the collected data, Duncan’s multiple range test and 
regression analyses from the software of SPSS 19 program were used. 

Results and discussion
Increasing nitrogen rates increases the content of the element in plant parts (AL-

Humaid, 2003). The same statement was observed in the present study. Increasing 
N rates led to a higher content of the element in the barley’s grain. The N content 
in the grain between the fertilized with urea variants varied from 2,23% at variant 2 
(Urea 125 kg/ha) to 2,62% at variant 4 (Urea 250 kg/ha). The differences between 
the variants are with proved differences according to Duncan’s multiple range test 
(p <0,5). The lowest N content was determined in the grain of the control plants – 
1,96 % average for the period of the study (Тable 1).  

Table 1. Content of nitrogen (N) in the grain of barley, %
Variants/Years 2017 2018 Average for the period

1. Unfertilized control 2,01 d 1,91 d 1,96 d
2. Urea 125 kg/ha 2,29 c 2,16 c 2,23 c
3. Urea 165 kg/ha 2,43 b 2,32 b 2,38 b
4. Urea 250 kg/ha 2,54 a 2,69 a 2,62 a

Figures with different letters are with proved difference according to Duncan’s multiple range test 
(p < 0.05).

The phosphorus content in the grain of the studied barley variety was not 
influenced by the applied fertilization in our experiment. At all variants including 
the control, the content of phosphorus varied from 0,53 to 0,54% average for the 
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period and the differences in the values of the different variants were not statistically 
proved according to Duncan’s multiple range test.

Table 2. Content of phosphorus (P) in the grain of barley, %
Variants/Years 2017 2018 Average for the period

1. Unfertilized control 0,56 a 0,51 a 0,53 a
2. Urea 125 kg/ha 0,58 a 0,50 a 0,54 a
3. Urea 165 kg/ha 0,51 a 0,56 a 0,53 a
4. Urea 250 kg/ha 0,54 a 0,55 a 0,54 a

Figures with different letters are with a proved difference according to Duncan’s multiple range test 
(p < 0.05).

Increasing N rates led to decreasing of potassium content in the barley’s grain. 
The highest values were recorded for the control – 0,41% average for the period 
(Тable 3). The potassium content in the grain at variant 2 (Urea 125 kg/ha) was 
lower – 0,38%. After the fertilization with Urea 165 kg/ha (variant 4) the content of 
potassium decreased to 0,36%.  The difference in the potassium content in the grain 
from control was statistically proved with the other variants of our trial (Тable 3). 

Table 3. Content of potassium (P) in the grain of barley, %
Variants/Years 2017 2018 Average for the period

1. Unfertilized control 0,40 a 0,41 а 0,41 a
2. Urea 125 kg/ha 0,37 a 0,39 а 0,38 а
3. Urea 165 kg/ha 0,37 b 0,35 b 0,36 b
4. Urea 250 kg/ha 0,31 c 0,33 c 0,32 c

Figures with different letters are with a proved difference according to Duncan’s multiple range test 
(p < 0.05).

With increasing of nitrogen fertilization rates the content of crude protein in 
the grain of barley is also increased (Bishop and MacEachern, 1971; Del Moral et 
al., 1985; Qi et al, 2006; Slamka et al., 2008; Bleidere et al., 2013; Noworolnik et 
al., 2014). The obtained results from our study confirmed this statements. After the 
increase of the fertilizer rates the crude protein in the grain increased. The protein 
content is with close connection with the grain nitrogen content. In the control, 
the protein content is within optimal limits - 11,17%, which does not decrease the 
quality of brewing barley. This optimal content is probably due to the fact that 
barley is grown after forage peas as a predecessor significantly enriching the soil 
with nitrogen. It was established that after the fertilization with Urea 165 kg/ha 
(variant 3) the barley grain quality began to decrease as the protein content reached 
unwanted from the brewing industry levels – 13,54% average for the period of the 
study. At the highest fertilizer rate, the crude protein content in the barley’s grain 
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reached 14,90% which is decreasing the quality of the barley more obviously.

Table 4. Content of crude protein in the grain of barley, %
Variants/Years 2017 2018 Average for the period

1. Unfertilized control 11,45 d 10,88 d 11,17 d
2. Urea 125 kg/ha 13,05 c 12,31 c 12,68 c
3. Urea 165 kg/ha 13,85 b 13,22 b 13,54 b
4. Urea 250 kg/ha 14,47 a 15,33 a 14,90 a

Figures with different letters are with proved difference according to Duncan’s multiple range test 
(p < 0.05).

	The regression analysis of the data for the impact of the urea fertilization on 
the protein content of the barley grain gives a clearer picture of the obtained results 
(Figure 1).
	 From the statistical analysis of the regression module between the crude 
protein content and the fertilizer rate, we obtained a high coefficient of regression 
(R=0.994). From the calculated regression, the coefficient equation is as follows: 
У=11,055+0,149Х, i.e. the crude protein content will increase by 0.149% when 
increasing the fertilizer rate by 10 kg/ha. 

Figure 1. Regression analysis of the relationship between crude protein content 
and fertilizer rate

Conclusions
The highest nitrogen content in the grain was found after the fertilization with 

the highest fertilizer rate, and the lowest nitrogen content was recorded for the 
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unfertilized control.
The phosphorus content in the barley grain was not affected by urea fertilization.
As nitrogen fertilization increases, the potassium content of the grain decreases. 

The highest potassium content was recorded for the unfertilized control.
With the increase of the N fertilizer rates and predecessor forage peas the crude 

protein content in the barley grain increased, as at the rates 165 and 250 kg/ha 
decreased the quality of brewing barley.
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