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Abstract. Nitrogen uptake and expense of durum wheat were studied under the conditions of fertilized field experiment on soil type Pellic vertisol. The seven
genotypes - Progress, Vazhod, Victoria, Predel, Deana, Zvezdica and Elbrus selected at the Institute of Field Crops – Chirpan, Bulgaria, were grown in two field
crops rotation of cotton and durum wheat under rainfed conditions for a period of three vegetations in years 2011-2013. The spring treatments of nitrogen as
NH4NO3 were as follows: N0, N60, N120 and N180. The total N uptake in the above ground biomass of durum wheat increased with the amount of applied nitrogen
and during climatically favorable years reached 220 kg N.ha-1. A tendency was found that the new genotypes uptook more N, compared to varieties Progress
and Vazhod. The N expense of the new cultivars Predel and Zvezdica showed the highest amount of N per 1 ton of grain, 40.7 and 41.1 kg, respectively. Strong
positive correlation was found between N fertilization and N uptake and expense for 1 ton of grain. The regression model indicated that N uptake with the grain
and straw and N expense depending on N fertilization occurred with delay. With N fertilization of durum wheat at rates of up to 180 kg N.ha-1 each kilogram of
applied N fertilizer increased the average expected N uptake with 7 kg.ha-1 and N expense with 0.66 kg.ton-1 grain.

Keywords: durum wheat, genotype, nitrogen, uptake, expense

Introduction
Productivity and quality of crops, including durum wheat, varies
to wide extent depending on the agroecological conditions (Dexter
and Marchylo, 2000; Dechev and Panayotova, 2010; Panayotova et
al., 2013), cultivar and crop-rotation (López-Bellido, 2001;
Panayotova and Dechev, 2003; Panayotova, 2006; Gerdzhikova,
2014, 2015), cultivation technology (Petrova, 2009; Lalev et al.,
2010), fertilization and soil fertility (Kostadinova and Panayotova,
2003; Stoyanova and Petkova, 2010; Panayotova and Kostadinova,
2015), etc. Optimizing the mineral nutrition is one of the most
important conventions for favorable growth and production of the
plants, for satisfying their need of nutrient elements, for increasing
the soil richness (Schillingb et al., 2003).
Durum wheat needs nitrogen during the entire vegetation
period. Nitrogen fertilization should be well balanced with
phosphorus and potassium in the soil. Modern cultivars of durum
wheat have high productive potential but realize it after high
investments in production. In the breeding process, the specifics of
output forms in terms of mineral nutrition are rarely taken into
account for the effective and efficient use of nutrients.
Wheat genotypes have different adaptability to varying levels of
fertilization (Ivanov, 1993; Le Gouis et al., 2000). Their productivity is
related mainly to the accumulation of nitrogen and phosphorus
(Marschner, 1997; Przulj and Momcilovic, 2001a, 2001b; Prystupa
et al., 2004; Alvaro et al., 2008). In full maturity, more than 80% of
nitrogen and phosphorus are localized in the grain, and less than
20% of potassium. Various authors develop and use parameters
associated with accumulation, distribution and remobilization of
above-ground biomass, nitrogen and phosphorus (Cox et al.,
1985a,b;1986; Papakosta and Gagianas 1991; Papakosta, 1994;
* e-mail: galia_panayotova@abv.bg
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Przulj and Momcilovic, 2001c; Abeledo et al., 2008; Ercolia et al.,
2008; Dordas, 2009;).
It was generally believed that cultivars differ in responsiveness
to accumulation of nitrogen in the vegetative parts. Some authors
established the effectiveness of fertilization on varieties of different
genetic potential in the differentiated soil fertility (Dhugga and
Waines, 1989; Deshmukh et al., 1990; Panayotova and Yanev,
2001). The nitrogen content in the grain and straw increased with
increasing the nitrogen rate and in rich soil fertility (Rharrabti et al.,
2003). The main objective of breeding is to create varieties of high
productivity and stability. Fertilized plants utilize about 53% more
nitrogen into the grain compared to unfertilized (Dhugga and
Waines, 1989; Ricciardi, 2001; Abeledo et al., 2008).
The interest among researchers and farmers for more effective
genotypes of cereals is increasing worldwide in connection with the
energy crisis and use of non-renewable resources in the production
of nitrogen and phosphorous fertilizers (Ortiz-Monasterio et al.,
2001; Guarda et al., 2004; LaPerche et al., 2006; Hirel et al., 2007; Li
et al., 2008) and creating a strategy for growing with higher utilization
efficiency (Raun et al., 2002; Shanahan et al., 2008; Foulkes et al.,
2009) and adaptation at low levels of nitrogen and phosphorus in the
soil (Lawlor, 2002; Goulding, 2004).
The nitrogen and phosphorus uptake in plants depends mainly
on the formed dry mass (Panaiotova, 2004; Ozturk et al., 2005;
Panayotova et al., 2006). The nitrogen content in grain is more
closely related to dry matter accumulation after flowering stage than
phosphorus. Therefore, the nitrogen content in grain is more closely
related to the environmental conditions, while the phosphorus
content in the grain – to the genetic characteristics.
The prevailing scientific opinion states that the uptake of
nitrogen in wheat is predominantly before flowering. Thus, over 80%

of the total nitrogen content in maturity is presented in flowering
plants (Papakosta and Gagianas, 1991) and accumulated nitrogen
before flowering may amount to more than 75-90% of the final
content of nitrogen in grain (Cox et al., 1985a, b; Heitholt et al.,
1990). The accumulation of nitrogen until flowering is lower at
temporary nitrogen deficiency in tillering and/or stem elongation, as
a result of insufficient nitrogen fertilization (Lambers et al., 1982).
The extent of nitrogen accumulation is determined by the
relationship between the capacity of plants to absorb and remobilise
nitrogen (Fageria and Baligar, 2005).
There are different opinions about the effects of fertilization and
genotype on HI and NHI and the ratio NHI / HI depends to a greater
extent on the influence of growing conditions on growth and yield
formation. The yields of grain and grain protein depend on the
content of nitrogen and carbohydrates in the grain and it is
necessary for the study of wheat genotypic specificity to take into
account both parts - nitrogen and carbohydrates. In this way, the two
indices - nitrogen (NHI) and yield (HI) are included in the formation of
grain protein yield (Cox et al., 1986). The content of mineral nitrogen
and mobile phosphates in soil and fertilization influence the
percentage of nitrogen and phosphorus in plants and uptake with the
above-ground mass (Bauer et al. 1987).
In Bulgaria, the genotypic specificity of mineral nutrition is
studied primarily with common wheat (Ivanov et al., 1993; Rachovski
et al., 2005) and still lacks sufficient scientific information about the
new varieties of durum wheat. There is no scientific data on
indicators related to the assimilation of nitrogen for the newly
established durum wheat varieties.
The aim of this study was to investigate nitrogen uptake and
expense of durum wheat depending on genotype and nitrogen
fertilization on soil type Pellic vertisol.

Material and methods
The experiment was conducted in 2011 – 2013 on the field of
the Cotton and Durum Wheat Research Institute in Chirpan,
25

Bulgaria, under rainfed conditions. Split-plot randomised design with
a yield plot of 10 m2 in four replications was used. The cropping
pattern is winter durum wheat (Tr. durum Desf.) – cotton.
The influence of nitrogen rates 0, 60, 120 and 180 kg.ha-1 on the
durum wheat cultivars Progress, Vazhod, Victoria, Predel, Deana,
Zvezdica and Elbrus was studied. The unfertilized cultivar Progress
was accepted as control.
Before sowing all the plots were fertilized with a rate of 80 kg
P2O5.ha-1 as triple superphosphate. Nitrogen as ammonium nitrate
was applied on durum wheat by hand two times: one third - at
sowing, and the rest as a top dressing at the end of wheat tillering
stage.
The seeds were sown on 25-30 October and the sowing rate for
each genotype was 450 germinated seeds per m2. Weeds were
controlled with herbicides between the tillering and shoot elongation
stages. There were no pathogens and pests above the threshold of
harm during the durum wheat vegetation in the three growing years
and chemical spraying was not used. The harvest took place with
plot harvester.
The total yield of grain and straw (t .ha-1), the total nitrogen
uptake (kg.ha-1) as a product of nitrogen concentration (%) multiplied
by the yields of grain and straw from durum wheat varieties and
nitrogen input for the preparation of 1 ton of grain were determined.
The nitrogen harvest index (%) at maturity was defined as the ratio
between the nitrogen amount in grain to the total nitrogen amount in
the above ground biomass in maturity. In regard with the
meteorological conditions, unfavorable influence on grain was
registered for the high temperatures during the period April-June in
the three years of the experiment and for the heavy precipitation in
May-June in 2012 and 2013 (Figures 1 and 2). During the winter
period no critical negative temperatures and no frost damage to the
crops were registered.
The data was statistically analyzed with the ANOVA procedure
within the SPSS statistical program and Duncan's multiple range test
(P = 0.05) to find significant differences among means. Correlation
and regression analyses were applied for assessment of interaction
between genotypes and nitrogen rates for the studied parameters.
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Figure 1. Air temperatures during the vegetation
period of durum wheat, 2011 – 2013
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Figure 2. Sum of rainfall during the vegetation of
durum wheat, 2011 – 2013
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Results and discussion
The soil type at the experimental field was Pellic vertisols (FAO)
and generally refers to the so called Mediterranean chernozems.
The soil type is one of the richest, most widely spread and significant
in Bulgaria. It is suitable for growing most field crops and has
potential for high yield. It has a high-powered humus horizon (70–80
cm), with a compact zone of the profile (united horizon). By humus
content it belongs to the mean humus soils. It is characterized by
high humidity capacity, caused by high percentage of clay minerals,
heavy mechanical composition, weak water-permeability, bulk

weight of the arable soil layer 1.2-1.3 g.cm-3, specific gravity of 2.42.6 and low total porosity, neutral soil reaction, total N in the arable
layer 0.095-0.14 % and low content of total phosphorus (0.05-0.11
%), poorly to medium supplied with mineral nitrogen, poorly supplied
with available phosphorus and well supplied with available
potassium (Table 1).
Average for the period 2011-2013, the differences in grain yield
of durum wheat between the studied nitrogen levels were significant
(Table 2). Without fertilization the varieties formed an average grain
yield of 3.77 t.ha-1. N fertilization was investigated and showed an
increase in the average yield to standard N120 - 4.80 t.ha-1, with 27 %

Table 1. Soil properties in 0-40 cm soil layer of Pellic Vertisols, Chirpan

Depth (cm)
Average 0-20
Average 20-40

Mineral N (mg/kg soil)

pH
6.3
6.5

P2O5

K2O

NH4-N

NO3-N

Nmin

(mg/100 g)

(mg/100 g)

25.80
20.02

15.40
10.01

41.20
30.03

3.2
2.8

19.8
17.8

Table 2. Grain yield depending on nitrogen fertilization and cultivar, t.ha-1

Factors

Average

2011

2012

2013

N180

4.12d
4.71c
5.63a
5.20b

3.09b
b
3.36
a
3.84
a
4.27

4.09
4.50ab
4.93a
4.40ab

3.77c
4.19b
4.80a
a
4.62

100
111
127
123

B. Genotype
Progress (control)
Vazhod
Victoria
Predel
Deana
Zvezdica
Elbrus

4.76ns
5.02
5.09
4.90
4.74
4.64
5.25

3.38ns
3.36
3.41
3.28
4.14
3.78
4.11

3.84b
ab
4.27
ab
4.40
ab
4.26
ab
4.52
ab
4.30
4.79a

3.99ns
4.22
4.30
4.15
4.47
4.24
4.72

100
106
108
104
112
106
118

А. Fertilization
N0
N60
N120

t.ha

b

-1

%

Table 3. Yield of grain + straw depending on nitrogen fertilization and cultivar, t.ha-1

Factors

2011

2012

2013

Average

N180

9.96c
11.97b
14.38a
a
14.44

8.76c
c
9.60
b
11.18
12.39a

10.86c
12.08b
13.88a
a
13.38

9.86c
11.21b
a
13.15
a
13.40

B. Genotype
Progress (control)
Vazhod
Victoria
Predel
Deana
Zvezdica
Elbrus

12.73ns
12.47
13.54
12.96
11.77
11.98
13.34

10.38ns
9.83
9.93
9.72
11.87
10.59
11.06

10.55
11.92ab
13.13a
a
13.09
a
13.03
a
13.37
a
12.75

А. Fertilization
N0
N60
N120
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b

ns

11.22
11.41
12.20
11.92
12.22
11.98
12.38

Table 4. Total N uptake (kg N.ha-1) depending on nitrogen fertilization, genotype and year

2011

2012

2013

Average

N180

131.8c
172.7b
221.4a
a
222.4

91.5d
110.7c
145.3b
171.0a

127.4b
b
151.5
192.9a
a
191.6

116.9c
145.0b
186.5a
a
195.0

B. Genotype
Progress (control)
Vazhod
Victoria
Predel
Deana
Zvezdica
Elbrus
C. Year

173.3ns
170.5
194.2
209.7
167.4
196.1
198.4
187.1a

115.6
110.6
119.4
130.9
139.8
148.1
143.2
129.7c

Factors
А. Fertilization
N0
N60
N120

b

ns

138.2ns
141.9
160.9
176.2
157.3
177.9
173.7

125.6
144.6ab
ab
169.1
a
187.9
ab
164.7
a
189.5
a
179.5
b
165.8

202

223
198
181

201
209

185

N18 X Elbrus

N12 X Vazhod

192
205

152

N12 X Progres

N18 X Deana

157
161
N6 X Elbrus

165

162
N6 X Zvezdica

144

NO X Elbrus

N6 X Deana

128

NO X Deana

N6 X Predel

124
108
143
NO X Predel

130
122

123
96
NO X Victoria

150

97

200

149
153

191

250

206

300

100

2011
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2013

N18 X Zvezdica

N18 X Predel

N18 X Victoria

N18 X Vazhod

N18 X Progres

N12 X Elbrus

N12 X Deana

N12 X Zvezdica

N12 X Predel

N12 X Victoria

N6 X Victoria

N6 X Vazhod

N6 X Progress

NO X Zvezdica

NO X Vazhod

0

NO X Progress

50

Average

-1

Figure 3. Total N uptake (kg N.ha ) at interaction of nitrogen and genotype

over the unfertilized control. High nitrogen rates N180 showed a
tendency to decrease the yield with 0.18 t.ha-1 compared to
moderate fertilization with N120. The results corresponded to the data
by Panayotova and Dechev (2003), who also established the
highest productivity of durum wheat varieties at fertilization with 120
kg N.ha-1.
The differences between the average grain yields of the
varieties in the period were not proven. The cultivar Progress was
characterized with the lowest yield – 3.99 t.ha-1, and the new
varieties Elbrus and Deana formed the highest grain productivity,
4.72 and 4.47 t.ha-1, respectively. Average for the period with tested

four nitrogen levels these two varieties exceeded the standard
Progress by 18% and 12%. The relative yield of Predel was the
lowest – 4% above Progress.
For the period cultivar Progress without nitrogen fertilization
formed the lowest yield 3.26 t.ha-1 at the interaction of N x cultivar.
Cultivar Elbrus fertilized with N120 was marked with the highest
average values for grain yield - 5.21 t.ha-1 and at N180 - 4.99 t.ha-1,
which exceeded by 60% and 53% the unfertilized standard Progress
and substantially exceeded all the other interactions.
The average total yield of grain and straw without fertilization
was 9.86 t.ha-1 (Table 3). The economic yield for the period was
29

Table 5. Nitrogen harvest index (%) depending on nitrogen fertilization, genotype and year

Factors

2011

2012

2013

Average

N180

71.7a
62.2c
68.5ab
66.2bc

70.40a
65.64b
65.44b
65.20b

70.78a
66.77ab
66.05b
62.74b

71.10a
64.67b
66.87b
64.77b

B. Genotype
Progress (control)
Vazhod
Victoria
Predel
Deana
Zvezdica
Elbrus
C. Year

69.95ns
69.98
66.76
64.56
68.90
62.29
67.79
67.2ns

69.36a
68.30ab
67.36ab
62.13b
68.09ab
63.63ab
67.82 ab
66.7

66.45abc
70.35a
68.29ab
63.32bc
67.61abc
61.52c
68.56ab
66.7

68.71ab
69.65a
67.37ab
63.49ab
68.21ab
62.41b
68.12ab

А. Fertilization
N0
N60
N120

90
80
70
60
50
40
30
20

2011

2012

2013

N18 X Elbrus

N18 X Zvezdica

N18 X Deana

N18 X Predel

N18 X Victoria

N18 X Vazhod

N12 X Elbrus

N18 X Progres

N12 X Zvezdica

N12 X Deana

N12 X Predel

N12 X Victoria

N12 X Vazhod

N12 X Progres

N6 X Elbrus

N6 X Zvezdica

N6 X Deana
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N6 X Victoria
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0
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Figure 4. Nitrogen harvest index (%) at interaction of the factors nitrogen fertilization and variety

enhanced by increasing the nitrogen rate. The highest values were
reported at the rate of N180 - 1.34 t.ha-1, which were proven to exceed
the unfertilized by 36% and the low rate of N60 by 20%. At the high
rate of N180 the economic yield was not proven to increase by 2%
compared to N120. The highest biological yield for the period was
reported during the harvest of 2011 at 180 kg N.ha-1 - 1.44 t.ha-1.
The differences between the average yields of grain + straw of
durum wheat varieties were not proven. The new cultivars Elbrus
and Deana formed the highest above-ground yield - 12.38 and 12.22
t.ha-1, respectively, and Progress was with the lowest yield - 11.22
t.ha-1.
At the interaction of N fertilization x cultivar, the highest values
30

were expressed by cultivar Predel x N180 - 14.19 t.ha-1. At N0 x
Progress was formed above-ground biological yield of 9.16 t.ha-1,
while N0 x Elbrus - 10.61 t.ha-1, which showed that Elbrus was more
productive at low nitrogen nutrition compared to Progress.
The total nitrogen uptake in the above-ground biomass of the
studied cultivars increased by increasing the amount of imported
nitrogen (Table 4). Accumulated nitrogen at 180 kg.ha-1 reached
195.0 kg.ha-1 and was proven to exceed the nitrogen uptake at N0
and N60, by 67% and 34 % respectively, and the difference with rate
N120 was insignificant.
A trend was established showing that the new cultivars uptake

Table 6. Nitrogen expense for 1 ton of grain depending on N fertilization, cultivar and year

Main factors

2011

2012

2013

Average

N180

32.0c
36.8bc
39.3ab
42.8a

29.6b
b
33.0
37.8a
a
40.2

31.2c
c
33.9
39.0b
43.6a

30.9b
34.6b
38.7a
42.2a

B. Genotype
Progress (control)
Vazhod
Victoria
Predel
Deana
Zvezdica
Elbrus
C. Year

36.2ns
33.4
37.9
42.1
34.9
42.1
37.4
37.7ns

33.7ns
32.0
34.7
39.3
33.3
39.0
34.2
35.2

36.8ab
32.5b
ab
35.7
ab
40.6
ab
34.9
42.1a
36.1ab
36.9

35.5ns
32.6
36.1
40.7
34.4
41.1
35.9

А. Fertilization
N0
N60
N120

60
50
40
30
20

2011

2012

2013

N18 X Elbrus

N18 X Zvezdica

N18 X Deana

N18 X Predel

N18 X Victoria

N18 X Vazhod

N12 X Elbrus

N18 X Progres

N12 X Zvezdica

N12 X Deana
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N12 X Vazhod

N12 X Progres
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N6 X Zvezdica
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N6 X Predel
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N6 X Vazhod

N6 X Progress

NO X Elbrus

NO X Zvezdica

NO X Predel

NO X Deana
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NO X Vazhod

0

NO X Progress

10

Average

Figure 5. Nitrogen expense for 1 ton of grain at interaction of nitrogen fertilization and variety

more nitrogen compared to Progress and Vazhod. Progress uptook
the least nitrogen with above-ground biomass - 138.2 kg.ha-1,
Zvezdica uptook the most nitrogen - 177.9 kg.ha-1, but the
differences between cultivars were not proven. All new cultivars Zvezdica, Predel, Elbrus and Deana uptook more nitrogen (over 160
kg.ha-1) compared to Progress and Vazhod. In 2011 the cultivars
uptook the most nitrogen with the total yield - 187.1 kg.ha-1, proven
for more than 44% of uptake in 2012 and 13% over the one in 2013.
At the interaction of nitrogen rate x cultivar the total nitrogen
uptake of above-ground biomass showed the highest values for
Predel and Elbrus, fertilized with 120 to 180 kg N.ha-1. In favorable
climatic years, such as 2011, the uptake of Predel x N180 reached

222.4 kg N.ha-1 (Figure 3).
Average for the period, nitrogen fertilization decreased the
nitrogen harvest index from 71.1% at N0 to 64.77% at N180 (Table 5).
The cultivars distributed from 62.41% of the total nitrogen in grain in
maturity for Zvezdica to 69.65% for Vazhod. Differences only
between these two cultivars were proven mathematically. The year
factor did not affect this indicator and the values of different years
were close and with no proven difference. The highest value of the
indicator for all the interactions was obtained by the unfertilized
cultivar Progress - 77.89%, and the lowest NHI was for Predel,
fertilized with 180 kg N.ha-1 – 57.74% (Figure 4). Except for the
newest Elbrus at N60 all other new varieties fall behind the older
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Table 7. Correlations between total N uptake, N expense, NHI and nitrogen fertilization

Parameters
Total nitrogen uptake
N expense
NHI

2011

2012

2013

2011-2013

0.823**
0.689**
-0.212

0.888**
0.810**
-0.415*

0.734**
0.817**
-0.610*

0.859**
0.789**
-0.433*

Progress (65.03 %) and Vazhod (66.39%). In 2011 and 2013 at N120,
Vazhod had the highest NHI, 72.51% and 69.43%, respectively, and
in 2012 it gave way to Elbrus (69.89%) and Victoria (67.20%).
Average for the period, at the high rate of 180 kg.ha -1, NHI was the
highest for Vazhod - 69.05%.
The main indicator for evaluating the effectiveness of
fertilization is the N expense per unit of production. The N expense
for 1 ton of grain grew together with level of nitrogen nutrition from
30.9 kg at N0 to 42.2 kg for wheat fertilized with N180, whereas Vazhod
consumed the least amount of N - 32.6 kg (Table 6). To form 1 ton of
grain of Progress, Vazhod, Deana and Elbrus with no fertilization
26.8-29.9 kg N were used or less than Victoria, Predel and Zvezdica
(Figure 5). At the low rate of N60 only Vazhod consumed less than 30
kg N. At the rate of 120 kg N.ha-1 cultivars Predel, Zvezdica and
Elbrus needed 40 kg of nitrogen per 1 ton of grain, i.e. they were less
effective from agrochemical point of view. At the high rate of N180 the
most nitrogen was used by Predel and Zvezdica, 48.5 and 46.5 kg,
respectively.
A strong positive correlation was established between nitrogen
fertilization and N uptake and expense for 1 ton of durum wheat
grain, whereas the relation between nitrogen fertilization and
nitrogen harvest index was negative (Table 7).
The dependencies of total N uptake and N expense for 1 ton of
grain with the applied nitrogen fertilization for durum wheat were not
rectilinear (Table 8). As a result of the conducted regression
analysis, the modeled relationships were presented with equations
of the second degree, and high values of the determination
coefficient (R2) were established. The regression model showed that
increasing the uptake of nitrogen with grain and straw, as well as N
expense depending on nitrogen fertilization occurred with delay
during the three harvest years and average for the period. With
nitrogen fertilization at rates up to 180 kg N.ha-1 every kilogram of
applied nitrogen increased the average expected uptake of nitrogen
with 7 kg.ha-1, and N expense - with 0.66 kg.ha-1.
Table 8. Regression relations of total nitrogen uptake and
N expense with nitrogen fertilization

R2

Year
Total nitrogen uptake
2011
2012
2013
2011-2013
2011
2012
2013
2011-2013
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y = 129.2 + 10.3x - 0.274x2
2
y = 90.4 + 3.7x - 0.05x
2
y = 124.4+ 7.1x - 0.17x
2
y = 114.7 + 7.0x - 0.14x
N expense
2
y = 32.1 + 0.73x - 0.009x
2
y = 29.4 + 0.71x - 0.007x
2
y = 31.2 + 0.46x - 0.014x
2
y = 30.8 + 0.66x - 0.001x

0.728
0.790
0.568
0.756
0.478
0.658
0.662
0.623

Conclusion
The total N uptake with above-ground biomass of durum wheat
increased with the amount of applied nitrogen and in favorable years
it reached 22 kg N.ha-1. A trend was established that the new
genotypes uptake more nitrogen compared to Progress and
Vazhod. Nitrogen fertilization decreased the nitrogen harvest index
from 71.1% for N0 to 64.8% at N180. The cultivars distributed from
62.4% of total nitrogen in grain, average for the period for Zvezdica,
to 69.6% for Vazhod and the year factor had no proven impact on this
indicator. Nitrogen expense for formation of 1 ton of durum wheat
grain increased with the level of nitrogen nutrition from 30.9 kg at N0
to 42.2 kg for fertilization with N180 and Vazhod used the least N - 32.6
kg. The new cultivars Predel and Zvezdica used the highest amount
of nitrogen for 1 ton of grain, 40.7 and 41.1 kg, respectively. A strong
positive correlation was established between nitrogen fertilization
and N uptake and N expense to form 1 ton of grain. The regression
model indicated that N uptake with grain and straw, as well as N
expense depending on nitrogen fertilization occurred with delay. At
nitrogen fertilization of durum wheat at rates up to 180 kg N.ha-1,
every kilogram of applied nitrogen increased the average N uptake
with 7 kg.ha-1 and N expense – with 0.66 kg ha-1.

References
Álvaro F, Royo C, García del Moral LF and Villegas D, 2008. Grain
Filling and Dry Matter Translocation Responses to Source-Sink
Modifications in a Historical Series of Durum Wheat. Crop Science,
48, 1523-1531.
Abeledo LG, Calderini DF and Slafer GA, 2008. Nitrogen
economy in old and modern malting barleys, Field Crops Research
106, 171-178.
Bauer A, Frank A and Black A, 1987. Aerial parts of hard red spring
wheat. II. Nitrogen and phosphorus concentration and content by
plant development stage. Agronomy Journal, 79, 852-858.
Cox MC, Qualset CO and Rains DW, 1985. Genetic Variation for
Nitrogen Assimilation and Translocation in Wheat. I. Dry Matter and
Nitrogen Accumulation. Crop Science, 25, 3, 430-435.
Cox MC, Qualset CO and Rains DW, 1986. Genetic variation for
nitrogen assimilation and translocation in wheat. III. Nitrogen
translocation in relation to grain yield and protein. Crop Science, 26,
737-740.
Dechev V and Panayotova G, 2010. Assessment of durum wheat
varieties grain yield grown under different year conditions and
fertilization levels, Plant Science, 47, 23-28.
Dexter J and Marchylo B, 2000. Recent trends in durum wheat and
pasta processing. Impact on durum wheat quality requirements.
Proceedings International workshop, Montpellier, 27.11.2000, 77101.
Deshmukh P, Atale S, Korgate P and Vitkare D, 1990. Evaluation

of some yield contributing characters under rainfed and irrigated
conditions in durum wheat. Annals of Plant Physiology, 4, 80-85.
Dhugga K and Waines J, 1989. Analysis of nitrogen accumulation
and use in bread and durum wheat. Crop Science, 29, 1232-1239.
Dimova D, Rachovska G and Rachovski G, 2005. Assessment of
genotypes winter common wheat suitable for sustainable
agriculture. Balkan Scientific Conference, Karnobat, 235-238.
Dordas Ch, 2009. Dry matter, nitrogen and phosphorus
accumulation, partitioning and remobilization as affected by N and P
fertilization and source–sink relations. European Journal of
Agronomy, 30, 129-139.
Ercoli L, Lulli L, Mariotti M, Masoni A and Arduini I, 2008. Postanthesis dry matter and nitrogen dynamics in durum wheat as
affected by nitrogen supply and soil water availability. European
Journal of Agronomy, 28, 138-147.
Ercoli L, Masoni A, Marioti M and Arduni I, 2009. Accumulation of
dry mather and nitrgen in durum wheat during grainfilling as effected
by temperature and nitrogen rate. Italian Journal of agronomy, 4, 313.
Fageria NK and Baligar VC, 2005. Enhancing Nitrogen Use
Efficiency in Crop Plants. Advances in Agronomy, Vol. 88, 97-185.
Foulkes M, Hawkesford M, Barraclough P, Holdsworth M, Kerr S,
Kightley S and Shewry P, 2009. Identifying trait to improve the
nitrogen economy of wheat: Recent advances and future prospects,
Field Crops Research, Vol. 114, 329–342.
Guarda G, Padovan S and Delogu G, 2004. Grain yield, nitrogenuse efficiency and baking quality of old and modern Italian breadwheat cultivars grown at different nitrogen levels, European Journal
of Agronomy, Vol. 21, 181-192.
Gerdzhikova M, 2014. Influence of N fertilization and predecessors
on Triticale yield structure characteristics. Turkish Journal of
Agricultural and Natural Sciences, Special Issue 2, 1922-1932.
Gerdzhikova M, 2015. Influence of Various Predecessors and
Nitrogen Fertilization Rates on Yield Structure Characteristics of
Common Wheat (Тriticum aestivum L.). Science & Technologies, 6,
162-173.
Goulding K, 2004. Pathways and losses of fertilizernitrogenat
different scales. In: Agriculture and the Nitrogen Cycle: Assessing
the Impacts of Fertilizer Use on Food Production and the
Environment. Edited by AR Mosier, K Syers and JR Freney, 209220.
Heitholt JJ, Croy LI, Manes NO and Nguyen HT, 1990. Nitrogen
partitioning in genotypes of winter wheat when differing in grain N
concentration. Field Crops Research, 23, 133-144.
Hirel B, Le Gouis J, Ney B and Gallais A, 2007. The challenge of
improving nitrogen use efficiency in crop plants: towards a more
central role for genetic variability and quantitative genetics within
integrated approaches. Journal of Experimental Botany, 58, 23692387
Ivanov P, Djendova R and Dikova P, 1993. Genotypic specific in
nitrogen nutrition of 13 varieties of winter wheat (Tr. aestivum). Soil
science, agrochemistry and ecology, 4, 7-12.
Kostadinova S and Panayotova G, 2003. Agronomic Efficiency of
Nitrogen Fertilization at Bulgarian Cotton Cultivars. Ecology and
Future, I, 43-46.
Lalev Tsh, Delchev Gr, Panayotova G, Nikolov G, Saldzhiev I,
Yanev Sh and Deneva M, 2010. Achievements of the scientific
research on the durum wheat's agrotechnology and technology of
growing. Plant Science, 37, 682-687.
Lambers H, Simpson RJ, Beilharz VC and Dalling MJ, 1982.
Growth and translocation of C and N in wheat (Triticum aestivum)

grown with a split root system. Physiologia Plantarum 56, 421-429.
Laperche A, Brancourt-Hulmel M, Heumez E, Gardet O and Le
Gouis J, 2006. Estimation of genetic parameters of a DH wheat
population grown at different N stress levels characterized by probe
genotypes. Theoretical and Applied Genetics 112, 797-807.
Lawlor DW, 2002. Carbon and nitrogen assimilation in relation to
yield: mechanisms are the key to understanding production
systems. Journal of Experimental Botany, 53, 773-787.
Le Gouis J, Beghin D, Heumez E, Pluchard P, 2000. Genetic
differences for nitrogen uptake and nitrogen utilisation efficiencies in
winter wheat. European Journal of Agronomy, 12, 163-173.
López-Bellido R and López-Bellido L, 2001. Efficiency of nitrogen
in wheat under Mediterranean conditions: effect of tillage, crop
rotation and N fertilization, Field Crops Research, 71, 31-46.
Marschner H, 1997. Mineral Nutrition of Higher Plants. Academic
Press, London, 379-395.
Ortiz-Monasterio JI, Manske GGB and van Ginkel M, 2001.
Nitrogen and phosphorus use efficiency. In: Reynolds MP, OrtizMonasterio JI, McNab A (Eds.), Application of Physiology in Wheat
Breeding. CIMMYT, Mexico, 200-207.
Ozturk L, Eker S, Torun B and Cakmak I, 2005. Variation in
phosphorus efficiency among 73 bread and durum wheat genotypes
grown in a phosphorus-deficient calcareous soil. Plant and Soil, 269,
69-80.
Panayotova G, 2004. Formation of dry matter of durum wheat
cultivar Progress depending on the level of nitrogen nutrition. Field
Crops Studies, I, 305-310.
Panayotova G, 2006. Effect of Previous and Direct Nitrogen
Fertilization on the Productivity of Durum Wheat Varieties in the
Conditions of Central Southern Bulgaria. Ecology and Industry, vol.
8, issue 1-2, 213-215.
Panayotova G and Dechev D, 2003. Genotype - by - Nitrogen
Interaction for Yield in Durum Wheat. Bulgarian Journal of
Agricultural Science, 9, 173-178.
Panayotova G, Dechev D and Valkova N, 2006. Yield Stability of
Durum Wheat Genotypes at Nitrogen Fertilization. Proceedings IV
Intern. Eco-Conference on Safe Food, Novi Sad, Serbia, 20-23
September 2006, 381-386.
Panayotova G and Kostadinova S, 2015. Nitrogen Fertilization of
Durum Wheat Varieties, Bulgdrian Journal of Agronomy Science,
21, 596-601.
Panayotova G and Yanev Sh, 2001. Response of Durum Wheat
Varieties to Nitrogen Fertilization. Animal science, 6, 109-111.
Panayotova G, Kostadinova S and Almaliev M, 2013. Agronomic
Efficiency of Fertilization at Durum Wheat under Contrast Climate
Conditiones. IV Intern. Symposium „Agrosym 2013“, Jahorina,
Bosnia and Herzegovina, October 3-6, 2013, 114-118.
Papakosta DK, 1994. Analysis of Wheat Cultivar Differences in
Grain Yield, Grain Nitrogen Yield and Nitrogen Utilization Efficiency.
Journal of Agronomy and Crop Science, 172, 305-316.
Papakosta DK and Gagianas AA, 1991. Nitrogen and dry matter
accumulation, remobilization and losses for Mediterranean wheat
during grain filling. Agronomy Journal, 83, 864-870.
Petrova I, 2009. Criteria and indices for durum wheat technological
quality, Agricultural Science, 3, 23-32.
Prystupa P, Savin R and Slafer G, 2004. Grain number and its
relationship with dry matter, N and P in the spikes at heading in
response to N × P fertilization in barley. Field Crops Research, 90,
245-254.
Przulj N and Momcilovic V, 2001a. Genetic variation for dry matter
and nitrogen accumulation and translocation in two-rowed spring

33

barley. I. Dry matter translocation. European Journal of Agronomy,
15, 241-254.
Przulj N and Momcilovic V, 2001b. Genetic variation for dry matter
and nitrogen accumulation and translocation in two-rowed spring
barley. II. Nitrogen translocation. European Journal of Agronomy, 15,
255-265.
Rachovski G, Rachovska G and Dimova D, 2005. Genotypic
effect on the use efficiency of nitrogen, phosphorus and potassium in
common winter wheat. Balkan Scientific Conference, Karnobat,
239-243.
Raun WR, Solie JB, Johnson GV, Stone ML, Mullen RW,
Freeman KW, Thomason WE and Lukina EV, 2002. Improving
Nitrogen Use Efficiency in Cereal Grain Production with Optical
Sensing and Variable Rate Application. Agronomy Journal, 94, 815820.

34

Rharrabti Y, García del Moral L, Villegas D and Royo C, 2003.
Durum wheat quality in Mediterranean environment: III. Stability and
comparative methods in analysing G×E interaction, purchase Field
Crops Research, 80, 141-146.
Ricciardi L, 2001. Evaluation of durum wheat genotypes under lownitrogen fertilization. Agricoltura mediterranea, 131, 91-101.
Shanahan JF, Kitchen NR, Raun WR and Schepers JS, 2008
Responsive in-season nitrogen management for cereals.
Publications from USDA-ARS/ UNL Faculty. Paper 204.
http://digitalcommons.unl.edu/usdaarsfacpub/204
Stoyanova A and Petkova R, 2010. Yield ingredients and quality of
wheat grain treated with foliar fertilizers. Plant Science, 47, 36-40.
Schillingb A, Abaye A, Griffeya C, Branna D, Alleya M and
Pridgena T, 2003. Adaptation and Performance of Winter Durum
Wheat in Virginia. Agronomy Journal, 95, 642-651.

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 9, No 1, 2017

CONTENTS

1/2

Review
Antimicrobial activity of Lactobacillus acidophilus against pathogenic and food spoilage
microorganisms: A review
T. Dinev, G. Beev, S. Denev, D. Dermendzhieva, M. Tzanova, E. Valkova

3

Genetics and Breeding
Heterosis and degrees of dominance of grain yield and grain yield elements in maize hybrids in
different groups of ripeness
M. Ilchovska

10

Use of recurrent selection of early flowering in late maize synthetic population. Results of second
cycle of breeding.
N. Petrovska, V. Valkova

16

Productivity and adaptability of new genotypes field pea (Pisum sativum L.) cultivated under
environmental condition of Southern Romania
R. Sturzu, A. M. Ene, Cr. Melucă, J. M. Cojocaru

19

Nitrogen uptake and expense in durum wheat depending on genotype and nitrogen fertilization
G. Panayotova, M. Almaliev, S. Kostadinova

26

Nutrition and Physiology
Haematological investigations upon acute intoxication with carbofuran in dogs
R. Binev, I. Valchev, R. Russenov, Y. Nikolov

35

Production Systems
Phytosanitary status and yield of kamut (Triticum turgidum polonicum L.) grown in organic and
biodynamic farming
V. Maneva, D. Atanasova, T. Nedelcheva

42

Hot-water treatment of gladiolus cormels for control of corm-borne fungal diseases
S. Bistrichanov, T. Vatchev, Z. Avramov

45

Productivity of common wheat (Triticum aestivum L.) grown after various predecessors and nitrogen
fertilization rates
M. Gerdzhikova

48

Agriculture and Environment
Agro-ecological assessment of manure from different farm animals by content of biogenic elements
D. Dermendzhieva, G. Kostadinova, G. Petkov, D. Dimov, T. Dinev, T. Penev, Ch. Miteva, J. Mitev

53

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 9, No 1, 2017

CONTENTS

2/2

Screening of cucurbitaceous rootstocks against root-knot nematodes (Meloidogyne spp.) and
soilborne pathogens (Fusarium spp. and Pythium spp.)
V. Yankova , D. Markova, N. Velkov, S. Masheva

62

Animal hygiene assessment of microclimate in semi open free-stall barns for dairy cows
D. Dimov, Ch. Miteva, I. Marinov, Zh. Gergovska, Т. Penev, A. Enchev

67

Product Quality and Safety
Accumulation of astaxanthin and canthaxanthin in muscle tissues of Rainbow trout
(Oncorhynchus mykiss W.) fed with xanthophyll supplemented feed
M. Tzanova

77

Chemical composition and technological characteristics of wines from red grape varieties,
selected in Bulgaria
V. Haygarov, T. Yoncheva, Z. Nakov, M. Ivanov, D. Dimitrov

83

Instruction for authors
Preparation of papers
Papers shall be submitted at the editorial
office typed on standard typing pages (A4,
30 lines per page, 62 characters per line).
The editors recommend up to 15 pages for
full research paper ( including abstract
references, tables, figures and other
appendices)
The manuscript should be structured as
follows: Title, Names of authors and
affiliation address, Abstract, List of
keywords, Introduction, Material and
methods,Results, Discussion, Conclusion,
Acknowledgements (if any), References,
Tables, Figures.
The title needs to be as concise and
informative about the nature of research. It
should be written with small letter /bold, 14/
without any abbreviations.
Names and affiliation of authors
The names of the authors should be
presented from the initials of first names
followed by the family names. The
complete address and name of the
institution should be stated next. The
affiliation of authors are designated by
different signs. For the author who is going
to be corresponding by the editorial board
and readers, an E-mail address and
telephone number should be presented as
footnote on the first page. Corresponding
author is indicated with *.
Abstract should be not more than 350
words. It should be clearly stated what new
findings have been made in the course of
research. Abbreviations and references to
authors are inadmissible in the summary. It
should be understandable without having
read the paper and should be in one
paragraph.
Keywords: Up to maximum of 5 keywords
should be selected not repeating the title
but giving the essence of study.
The introduction must answer the
following questions: What is known and
what is new on the studied issue? What
necessitated the research problem,
described in the paper? What is your
hypothesis and goal ?
Material and methods: The objects of
research, organization of experiments,
chemical analyses, statistical and other
methods and conditions applied for the
experiments should be described in detail.
A criterion of sufficient information is to be
possible for others to repeat the experiment in order to verify results.
Results are presented in understandable

tables and figures, accompanied by the
statistical parameters needed for the
evaluation. Data from tables and figures
should not be repeated in the text.
Tables should be as simple and as few as
possible. Each table should have its own
explanatory title and to be typed on a
separate page. They should be outside the
main body of the text and an indication
should be given where it should be
inserted.
Figures should be sharp with good
contrast and rendition. Graphic materials
should be preferred. Photographs to be
appropriate for printing. Illustrations are
supplied in colour as an exception after
special agreement with the editorial board
and possible payment of extra costs. The
figures are to be each in a single file and
their location should be given within the
text.
Discussion: The objective of this section
is to indicate the scientific significance of
the study. By comparing the results and
conclusions of other scientists the
contribution of the study for expanding or
modifying existing knowledge is pointed
out clearly and convincingly to the reader.
Conclusion: The most important consequences for the science and practice
resulting from the conducted research
should be summarized in a few sentences.
The conclusions shouldn't be numbered
and no new paragraphs be used.
Contributions are the core of conclusions.
References:
In the text, references should be cited as
follows: single author: Sandberg (2002);
two authors: Andersson and Georges
(2004); more than two authors: Andersson
et al.(2003). When several references are
cited simultaneously, they should be
ranked by chronological order e.g.:
(Sandberg, 2002; Andersson et al., 2003;
Andersson and Georges, 2004).
References are arranged alphabetically by
the name of the first author. If an author is
cited more than once, first his individual
publications are given ranked by year, then
come publications with one co-author, two
co-authors, etc. The names of authors,
article and journal titles in the Cyrillic or
alphabet different from Latin, should be
transliterated into Latin and article titles
should be translated into English.
The original language of articles and books
translated into English is indicated in
parenthesis after the bibliographic
reference (Bulgarian = Bg, Russian = Ru,
Serbian = Sr, if in the Cyrillic, Mongolian =

Мо, Greek = Gr, Georgian = Geor.,
Japanese = Jа, Chinese = Ch, Arabic = Аr,
etc.)
The following order in the reference list is
recommended:
Journal articles: Author(s) surname and
initials, year. Title. Full title of the journal,
volume, pages. Example:
Simm G, Lewis RM, Grundy B and
Dingwall WS, 2002. Responses to
selection for lean growth in sheep. Animal
Science, 74, 39-50
Books: Author(s) surname and initials,
year. Title. Edition, name of publisher,
place of publication. Example:
Oldenbroek JK, 1999. Genebanks and
the conservation of farm animal genetic
resources, Second edition. DLO Institute
for Animal Science and Health,
Netherlands.
Book chapter or conference proceedings:

Author(s) surname and initials, year. Title.
In: Title of the book or of the proceedings
followed by the editor(s), volume, pages.
Name of publisher, place of publication.
Example:
Mauff G, Pulverer G, Operkuch W,
Hummel K and Hidden C, 1995. C3variants and diverse phenotypes of
unconverted and converted C3. In:
Provides of the Biological Fluids (ed. H.
Peters), vol. 22, 143-165, Pergamon
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of
level of feeding during dry period, and body
condition score on reproductive performance in dairy cows,IXth International
Conference on Production Diseases in
Farm Animals, September 11–14, Berlin,
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic
diversity in local sheep breeds using DNA
markers. Thesis for PhD, Trakia University,
Stara Zagora, Bulgaria, (Bg).
The Editorial Board of the Journal is not
responsible for incorrect quotes of
reference sources and the relevant
violations of copyrights.
Animal welfare
Studies performed on experimental
animals should be carried out according to
internationally recognized guidelines for
animal welfare. That should be clearly
described in the respective section
“Material and methods”.

Volume 9, Number 1
March 2017

www.agriscitech.eu

