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Abstract

The aim of the study was to determine the influence of different levels of mineral fertilizing, individual and combined,
on grain yield and some structural elements of productivity. In the field experience for the period 2016-2018 the
following mineral fertilization levels were used: N and P - 0, 40, 80, 120 and 160 kg/ha; K - 0 and 80 kg/ha. A
maximum increase in the values of the studied parameters was established at the following fertilization rates: number of
grains per spike at NisoP160; grain weight at NsoPso, length of spike at NisoP120; spikelets number per spike at Nz,
plant height at Njz. Highest grain yield was reported at N;sPso. Correlation analysis showed a strong and proven
connection between grain yield and the traits surveyed. The strongest correlation connection was between the number

of grain per spike and the grain weight (r = 0.789*%).
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INTRODUCTION

Durum wheat is cultivated in our land even
before the establishment of the Bulgarian state.
The genotype comes from Abyssinia and North
Africa (Semkova, 2013). In Bulgaria is
transported from Minor Asia and Greece (Lalev
et al., 1995.). Triticum durum is important raw
material for the food industry. It is an important
sours of human nutrition and serves as the raw
material of numerous food such as couscous
(North Africa), pasta (Europe) and bulgur
(Middle Eastern) in the alimentation of the
world population (Hannachi et al., 2013).
Durum wheat (Triticum turgidum L. subsp.
durum (Desf.) Husn.) is cultivated over more
than 13 million hectares worldwide and Italy is
main European producer with 3.5 milion tons
per year (Ferrise et al., 2010).

With the nascency of agriculture the man has
begun to apply fertilization as a mean for
management of productions. The reutilization
is a major factor and indicator for the efficiency
of the agricultural production (Nogalskaetal,
2012). Nitrogen is a major nutrient needed to
attain optimal grain yield in all environments
(Mahjourimajd et al., 2016). Other scientists
also have investigated the active influence of
the nitrogen fertilizer. (Kostadinova &
Panayotova, 2002), have found that its annex
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has the greatest importance on yield. Studies by
Gauer et al., 1992 and Ehdaie and Waines,
2001, also confirms that N is the major nutrient
influencing grain yield. On the other hand, to
increase crop yield, nitrogen fertilizers have
been indiscriminately used, which possesses an
immense threat to environment and human
health by polluting the air, water and soil
(Savci, 2012). Studies of Eichner (1990),
Bouman (1994) and Cole et al. (1996) have
shown increasing N>O emissions with an
increasing application rate of N fertilizers. The
global demand for N has been increasing and
was predicted 112 million tons in 2015,
indicating the reliance of world food and fiber
production on N inputs (FAO). However,
adequate food supplies at world level seem
difficult to maintain without fertilizer
application (Tilman et al., 2002). These
preconditions require nitrogen fertilization to
be well balanced with the phosphorus and
potassium content of the soil and provide the
necessary quantities to form the planned yields,
including nitrogen losses, in case of leaching
(Lalev et al., 1995). Making accurate N
fertilizer ~recommendations can improve
fertilizer efficiency, reducing unnecessary input
cost to wheat producers (Arregui et al., 2000).
The aim of the study was to determine the
influence of different levels of mineral



fertilizing, individual and combined, on grain
yield and some structural elements of
productivity of durum wheat cultivar Progress.

MATERIALS AND METHODS
The test was conducted at the Field Crops

Institute - Chirpan, Bulgaria (42° 11'58 "N, 25
°19'27" E) (Figure 1).
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Figure 1. Location of Chirpan, Bulgaria

In 1966 along term field trial was started to
conduct, investigating the influence of different
levels of mineral fertilization and the rates of
nitrogen, phosphorus and potassium fertilizers
on the yield and the quality of durum wheat
(Triticum durum Desf.). The data presented are
for the period 2016, 2017 and 2018. The
experiment was based on the block method, in
four replications, in two-sided rotation cotton -
durum wheat. Five normsof nitrogen and
phosphorus fertilization were applied (kg/ha) -
No, Nao, Ngo, Ni20, Nico, Po, Pao, Pgo, P120, Pieo,
nine combinations of nitrogen-phosphorous
fertilization (kg/ha) - NsoPso, NsoPso, NsoPi20,
NgoP1so, Ni20Pgo, Ni20P120, NisoPgo, NisoP120,
NisoPiso, and complex application of
Ni20P120K3g0. For control was used NoPoKo. The
phosphorus and potassium fertilizers were
incorporated in the main soil tilling in the
autumn, and the nitrogen fertilizer was
introduced early in the spring, during the
tillering.

The soil of the experimental field of the Field
Crops Institute is PellicVertisols (Vp.). The soil
is characterized by humidity horizon of 80-115
cm, the structure is crumbly-grained to
prismatic in its lower part. In the one-meter
layer the humus stock is about 300 t/ha. The
soil reaction ranges from pH 6.5-7.4.

The following traits were examined: plant
height (cm); number of grains per spike; grain
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weight (g); spike length (cm); number of
spikelets per spike; grain yield (kg/ha).

In the first year, rainfall was higher than the
multi-year period (Figure 2). In December the
rainfall for the multi-year period was 54.0 mm
compared to 2015 (1.3 mm). In June, the
rainfall for the multi-year period was 65.4 mm,
which was 50.4 mm more than that in 2016.
Average temperatures for February (8.1°C),
April (14.7°C) and June (22.7°C) were higher
than these of the multi-year period,
respectively: 2.2°C, 12.2°C and 20.9°C.
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Figure 2. Precipitation and temperature during durum
wheat vegetation

In the second year, December had much lower
rainfall value (5.9 mm) compared to the multi-
year period (54.0 mm). The months of March
and June were wet, 14.3 mm and 18.9 mm
above the climate norm.Average temperature in
January was lower by 4.8°C in comparison to
the multi-year period. March and June were
warmer, with 3.3°C and 1.2°C, respectively.

In the third year of the study the months of
December (with 42.5 mm), February (with 71.3
mm), March (with 46.4 mm) and June (to 22.5
mm) were with higher amounts of rainfall than
the climate norm. April was characterized by
much lower value (8.7 mm), at average of 45.2
mm for the multi-year period. The average
daily temperature was higher than the climate
norm: December with 1.9°C, January with
1.7°C and April with 3.5°C.

Analysis of the variance (ANOVA) was
applied to establish statistically significant
differences (LSD) with the least significant
difference of 0.1%. Data correlation was
determined with the software Statistica 13.0
(TIBCO, Software, 2018).

Abbreviations:GY - grain yield; NGS - number
of grain per spike; GW - grain weight; LS -



length spike; SNPS - spikelets number per
spike; PH - plant height.

RESULTS AND DISCUSSIONS

Table 1 presents date of the grain yield (kg/ha),
the number of grains per spike and the grain
weight (g) averaged over the test period.

Without fertilization, durum wheat achieved an
average GY of 1,899 kg/ha. The analysis of
dispersion showed that the values of GY with
the introduction of P fertilization was not
significant compared to the control variant. The
tested rates had a negative effect, as a result of

which the GY decreased and was lower than
the control variant. The lowest GY was
obtained at a rate of P4o - 1,682 kg/ha, which
was 217 kg/ha less than the variant without
fertilization. The highest value was obtained
with P12 - 1,868 kg/ha, which was 31 kg/ha
under control variant. In comparison to this
study, Grant and Bailey (1998) have reported
positive impact of the use of P fertilizers, but
with negligible effect, evenin the case of
increased norms. Frangois et al. (2009) also
have found a higher grain yield under the
influence of P, but the difference was not
statistically significant.

Table 1. Grain yields (kg/ha), number of grain per spike and grain weight (g) average 2016-2018

Feml‘i“;ﬁ: rates, | Gy, kg/ha % St NGS % St GW, g % St
NoPoKo 1,899 100.0 235 100.0 124 100.0
P 1,682 88.6 30, 1%+ 128.1 2.06%** 166.13
Pso 1,650 86.9 34.8%% 148.1 1.95% 157.26
P 1,868™ 98.4 34.5%%% 146.8 1.84** 148.39
Piso 1,790 94.3 36.8%* 156.6 1.97+%% 158.87
Nao 2,535* 133.5 35.0%%% 148.9 2.10%%% 169.36
Nso 3,057%%% 161.0 36.9%% 157.0 2.45%%% 197.58
Nizo 3,150%%% 165.9 40.2%%% 171.1 2.08%*% 183.87
Nio 3,076%%* 162.0 4167 177.0 2.40%%% 193.55
NioPao 3.206%%% 173.6 36.3%%% 154.5 2.06%% 166.13
NioPso 3,004%%% 170.8 35.1%%% 149.4 191+ 154.03
NioP12o 3,199%%% 168.5 3719 157.9 2.00%** 161.29
NioPieo 3,128%%% 164.7 39.6%%% 168.5 2.47%%% 199.19
Ni2oPso 3,341%%% 175.9 38.6%% 164.3 2.20%%% 179.03
Ni2oP 120 334475 176.1 38.4%%% 163.4 2.06%% 182.26
NisoPso 3,544+ 186.6 40.9%%% 174.0 2.40%%% 193.55
NisoP1oo 3,199%%% 168.5 40.0%% 170.2 2.46%% 198.39
NisoP 1o 3,515 184.9 42,105 179.2 2.03%%% 179.84
Ni20P120Kso 3,067%%* 161.5 40.1%%% 170.6 2.39%%% 192.74
Average 2.823 148.7 36.9 157.0 2.14 172.58
5% 480 25.3 3.4 145 0.21 16.94

% 1% 642 33.8 46 19.6 0.28 22.58
0.1% 845 44.5 6.0 255 0.37 29.84

ns: no significant; *, ™", “significant at P = 5%, P = 1% and P = 0.1%

The application of only N fertilizer increased
GY. There was a trend for higher values of the
trait when the rate was increased to Ni2o. The
lowest GY was obtained at rate of Nao - 2,535
kg/ha, which was 33.5% above the control.
This variant had lowest statistical significant of
influence. The remaining three fertilization
rates showed slight differences in GY: Niao -
3,150 kg/ha, Nieo - 3,076 kg/haand Ngo -3,057
kg/ha. Ali et al. (2019) also have found that,
with the increasing of the nitrogen rate in the
range of 0, 30, 60 and 90 kg N ha, the GY
decreased (4.4, 4.5, 4.1 and 4.1 t/ha). Karam et

al. (2009) have reported similar results at rate N
100 kg/ha - 3,010 kg/ha, but with increasing of
the nitrogen rate to 150 kg/ha, GY was
significantly higher than in our study - 3,730
kg/ha.

The combined fertilization with NP in rate of
Ngo led to reduction in GY with increasing of
the P rate. The highest value was obtained at
the variant with lowest P rate - NgoPao - 3,296
kg/ha. The lowest grain yield was reported at
the highest P rate - NgoP1so - 3,128 kg/ha. In a
study by Panayotova et al. (2018) the same
trend has observed.
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The application of Ni20Pso and Ni20P120 led to
negligible differences in the values between the
two variants. The GY was, respectively 3,341
kg/ha and 3,344 kg/ha. The data obtained were
in contradiction with the study of Almaliev et
al. (2014), which have found that the combined
fertilization of NiPg is most effective.
However, both of variants have the highest
statistically influence.

The variant NisoPgo produced the highest grain
yield on average of the three years of research -
3,544 kg/ha, which was 86.6% more than the
variant without fertilization. With increasing of
the fertilizer rate a decrease in the values of the
trait was observed. The GY from highest
fertilizer rate in the study (NisoP1s0) was 3,511
kg/ha. Like a results have reported Dechev and
Penov (2009) under similar fertilization rates.
The incorporation of the K fertilizer resulted in
reduction of the values of the studied traits. The
obtained GY of 3,067 kg/ha was close to that of
nitrogen fertilization. This result is contrary to
the results of Plana et al. (2008).

According to Garcia et al. (2013) and Slafer et
al. (2014) grain number is the main determinant
of yield in grain crops.

P fertilization had a positive effect and
increased the values in all four rates. However,
the largest NGS was obtained when fertilized
with P12 - 36.8.

Morino et al. (2009) have found that the
increasing of the nitrogen rate increases the
NGS. As a result of this regularity, the lowest
values in our study were reported at a rate of
Na4o - 35.0, and the highest value was at the
variant Nieo - 41.6 or 77.0% greater than the
control. Contrary to these results is the study by
Alvaro et al. (2008), which have reported a
larger NGS (37.7-37.9), obtained atlower
fertilization rate (35 kg N/ha).

The value of variant NigoPis0 was with large
number of grains (42.1) among of the different
combinations. The fallowing variants were with
similar values - NgoPiso - 39.6, Ni20Pgo - 38.6
and Ni2oP120 - 38.4. The inclusion of K
fertilizer had a positive effect on the values of
the studied trait. With the application of
Ni20P120K3s0 was reported 40.1 NGS.

Without fertilization, the obtained value of GW
was 1.24 g. The application of fertilizer had a
positive effect on the GW. However, the
highest value of the trait was in the rate of P4 -
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2.06 g. The increasing of the dosage had the
opposite effect and all variants with higher P
rate had lower GW. The application of fertilizer
had a positive effect on the GW.

Under the influence of N fertilization, the GW
increased compared to the variant without
fertilization, as the highest value was recorded
at the rate of Ngo - 2.45 g.

Of the combined NP fertilization, the largest
increase in GW was observed at a rate of
NsoP16o - 2.47 g, which was 99.19% above the
control. However, the differences between
NisoPi20 (2.46 g) and Ngo (2.45 g) were
negligible. Considering the other norms, its
hould be noted that fertilization with Ni2o (2.28
g) showed higher values than the combined -
Ni20Pso (2.22 g), Ni20P120 (2.26 g) and NieoP160
(2.23 g). In a study by Kolev et al. (2010)
authors have reported a higher GW on the same
variety at fertilizer rate Ni20Pgo (2.45 g), in the
conditions of Central South Bulgaria.
Fertilizing with Ni20P120Ks0 showed a GW of
239 ¢g.

The value of LS at P4 was not statistically
proven, this variant remains with the lowest
value - 6.1 cm - 17.3% compared to the control
(Table 2). The longest spike was obtained for
the variant NisoP120 (8.3 c¢cm), but the difference
between variants Nigo (8.2 cm), Ni2o (8.1 cm)
and NisoP16o (8.1 cm) was small. When the K
fertilizer (N120P120Ks0) was included, the trait
values decrease - 8.0 cm.

The NSPS averaged over the test period ranged
between 16.8 (NoPoKo) and 21.7 (Ni2). The
obtained valuesfor Nisexceeds the se of the
variant without fertilization with 29.2%. The
application of 120 kg/ha N showed better
results than high nitrogen and phosphorus
levels, although with some differences.
Combined fertilization ~ with  Ni20P120K30
increased the value with 23.8% compared to
the control NSPS (20.8).

The difference between the untreated control
and the separately applying of Pao, Pso and P10
on PH averaged over the test period was not
statistically proven. The rate of 160 kg/ha P
showed little significant influence.

N fertilization showed a high, significant effect
on PH. The values for the Ni2o rate were close
to these of the combined fertilization NisoP120 -
102.0 and 102.8 cm, respectively.



N fertilization increased the values of the trait
to a greater extend in comparison with P
fertilization. The highest NSPS was obtained
for Ni2o - 21.7. This variant had the highest

average trait of the three years of the study. The
highest increase over the control was by 29.2%.
At the higher Nieo rate, the NSPS decreased -
20.7.

Table 2. Leight spike (cm), spiklets number per spike and plant height (cm) average 2016-2018

Fertilization rates, kg/da LS (cm) % St NSPS % St PH (cm) % St
NoPoKo 5.2 100.0 16.8 100.0 74.9 100.0
P4o 6.1 117.3 18.7* 111.3 83.5™ 111.5
Pso 6.5% 125.0 19.7** 117.3 85.2™ 113.8
P12 6.6* 126.9 19.6%* 116.7 85.2™ 113.8
Piso 6.7* 128.9 20.0%*** 119.1 86.9* 114.8
Nao 7.1%* 136.5 20.4%%* 121.4 95.1%%* 127.0
Nso 7.7¥** 148.1 20.4%*** 122.0 100.7%** 134.5
Ni2o 8. 1*** 155.8 21.7%%* 129.2 102.0%** 136.2
Nieo 8.2%k** 157.7 20.7%%* 123.2 100.4%%* 134.1
NsoPao 7.5%** 144.2 20.5%** 122.0 101.4%** 1354
NsoPso 7.2%* 138.5 19.8%%* 117.9 101.4%** 135.4
NsoP120 7.5%%* 144.2 20.7*** 123.2 99.9%** 1334
NsoPiso 7. 7F** 148.1 21.0%** 125.0 97.3%%* 129.9
Ni20Pso 7.9%** 151.9 20.3%%* 120.8 104.4%** 1394
Ni20P120 7. 7F** 148.1 20.4%** 1214 99 .4*** 132.7
NisoPso 8.0*** 153.9 20.7%%* 123.2 99.4%** 132.7
Ni6oPi20 8.3%%* 159.6 21.2%** 126.2 102.8%** 137.3
NisoPiso 8. 1*** 155.8 2].2%%* 126.2 99.6%** 133.0
Ni20P120Ks0 8.0*** 153.9 20.8%%* 123.8 99.7%#%* 133.1
5% 1.2 23.1 10.1 10.1 10.6 14.2
% 1% 1.6 30.8 13.7 13.7 14.2 19.0
0.1% 2.2 42.3 17.9 17.9 18.7 25.0

ns: no significant; *, **, “significant at P = 5%, P = 1% and P = 0.1%

The NSPS varied between 19.8 and 21.2 with
combined NP fertilization. The highest NSPS
was obtained for variants N1soP120 and NieoP160.
The complex application of Ni20P120Ksg0
increased the NSPS (20.8) with 23.8% in
comparison to the variant without fertilization.
Table 3 presents the correlation coefficients
between GY and the studied traits. The GY was
in a positive and significant correlation with all
tested parameters.

The positive correlations of grain yield with
most of the traits suggests that improving one
or more of the traits as a result of fertilization
could result in high grain yield for durum
wheat (Tsegaye et al., 2012).

A strong and proven positive relationship was
observed between GY and GW (r = 0.727*%).
The GY was in a well-expressed positive
correlation with the NSPS (r = 0.706**).

A strong and significant correlation was also
established between GY and NGS (r =
0.706**). Similar results have reported by
Moshin et al. (2009) and Kili¢ and Yagbasanlar
(2010).

Dogan (2009) also have reported a strong
correlation relationship between GY and GW.
The strongest correlation relationships in
analysis were established between the NGS and
the GW (r = 0.789%%*), as well as between the
NSPS and PH (r = 0.767%%).

Table 3. Correlation coefficients between the surveyed traits

GY NGS GW LS SNPS HP
GY 1
NGS 0.706427** 1
GW 0.726912** 0.789379** 1
LS 0.317208* 0.384311%** 0.142561 1
SNPS 0.43862%** 0.740955%* 0.58123** 0.525163** 1
PH 0.661388** 0.67464** 0.542148** 0.59104** 0.767041**

*5%; ¥¥1%; n = 57
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CONCLUSIONS

Combined fertilization with Ni20Pso has the
highest effect on GY - 86.6% in comparison to
the control variant.

Under the influence of NigoPiso the highest
NGS was reported by 42.1% more than the
variant without fertilization.

The GW showed the highest values in
comparison to the control variant at NgoP160 of
99.2%.

The LS was most influenced by fertilizing with
NieoP120. This variant exceeds control with
59.6%.

SNSP showed the highest values fertilizing
with Nizo. Under this variant was reported
29.2% an increase over the control variant.

The highest plants were measured by fertilizing
with Ni20Pgo by 39.4% more than the variant
without fertilization.

A hight and significant correlation between GY
and the indicators surveyed was established.
The strongest correlation relations were
between the NGS and the GW (r = 0.789%%*).

REFERENCES

Ali, S.A., Tedone, L., Verdini, L.,Gazzato, E., De
Mastro, G. (2019). Wheat Response to No-Tillage
and Nitrogen Fertilization in a Long-Term Faba
Bean-Based Rotation. Agronomy, 9, 50.

Almaliev, M., Kostadinova, S., Panayotova, G. (2014).
Effect of fertilizing systems on the phosphorus
efficiency indicators at durum wheat.
Agriculture&Forestry, 60,(4), 127-134.

Alvaro, F., Isidro, J., Villegas, D., Garciadel Moral, L.
F., Royo, C. (2008). Old and modern durum wheat
varieties from Italy and Spain differ inma in spike
components. Field Crops Research, 106(1), 86-93.

Arregui, L.M., Lasa, B., Lafarga, A., Iraneta. 1., Baroja,
E., Quemada, M. (2006). Evolution of chlorophyll
meters as tools for N fertilization in winter wheat
under humid Mediterranean conditions. Europ. J.
Agromony, 24, 140-148.

Cole, V., Cerri, C., Munami, K., Rosenberg, N. (1996).
Agricultural options for nitrogen of greenhouse
gasemoissions. In: Watson, R.T., Zinyowere, M.C.,
Moss, R.H., Dokken, D.J. (eds) Climate change.
1995. Impact, adaptation sandmitigation of climate
change: scientific-technical analyses: 745-771.
Cambridge: Cambridge University Press.

Bouman, A.F. (1994). Direct emission of nitrousoxide

from agricultural soil. Report Ne 773004004,
National  Institute of  Public Health and
Environmental Protection, Bilthoven. The
Netherlands.

219

Dechev, V., Penov, 1. (2009). Impact of Fertilization and
Nature Condition on Durum Wheat Yield and
Economic Results. Economy and Management of
Agriculture, 54(6), 51-57.

Dogan, R. (2009). The correlation and path coefficient
analysis for yield and some yield components of
durum wheat (Triticum durum var. durum L.) in west
Anatolia conditions. Pak. J. Bot., 41(3), 1081-1089.

Ehdaie, B., Waines, J.G. (2001). Sowing date and
nitrogen rate effect on dry matter and nitrogen
partitioning in bread and durum wheat. Fields Crops
Res., 73, 47-61.

Eichner, M.J. (1990). Nutriousoxide emissions from
fertilized soils: Summary of available data. J.
Environ. Qual., 19, 272-280.

FAO Current world fertilizer trends and a outlook to
2015. 2011. Avialable:
ftp:/ftp.fao.org/ag/agp/dpcs/cwfto15.pdf

Ferrise, R., Triossi, A., Stratonovitch, P., Bindi, M.,
Martre, P. (2010). Sowing date and nitrogen
fertilization effects on dry matter and nitrogen
dynamics for durum wheat: An experimental and
simulation study. Field Crops Research, 117, 245—
257.

Frangois, M., Grant, C., Lambert, R., Sanvé, S. (2009).
Prediction of cadmium and zink concentration in
wheat grain from soil affected by the application of
phosphate fertilizers varying in Cd concentration.
Nut. Cycl. Agroecosyst., 83, 125-133.

Garcia, G.A., Hasan, A.K., Puhl, L.E., Reynolds, M.P.,
Calderini, D.F., Miralles, D.J. (2013). Grain yield
potential strategies in an elite wheat double-haploid
population grown in contrasting environments. Crop.
Sci., 53,2577-2587.

Gauer, L., Grant, C.A., Geht, D.T., Bailey, L.D. (1992).
Effect of nitrogen fertilization mon grain protein
contant, nitrogen uptake, and nitrogen use efficiency
of six spring wheat (Triticum aestivum L.) cultivars
in relation to estimated moisture supply. Can. J.
Plant Sci., 72, 235-241.

Grant, C.A., Bailey, L.D. (1998). Nitrogen, phosphorus
and zink management effects on grain yield and
cadmium concentration in two cultivars of durum
wheat. Can. J. Plant Sci., 78, 63-70.

Hannachi, A., Fellahi, Z.A., Bouzerzour, H., Boutekrabt,
A. (2013). Correlation, Path Analysis and Stepwise
Regression in Durum Wheat (7riticum durum Desf.)
under Rainfed Conditions. Journal of Agriculture and
Sustainability, 3(2), 122-131.

Karam, F., Kabalan, R., Breidi J., Rouphael Y., Oweis,
T. (2009). Yield and water-production function of
two durum wheat cultivars grown under different
irrigation and nitrogen regimes. Agricultural Water
Management, 9(4), 603—615.

Kolev, T., Zlatev Z., Mangova, M., Ivanov, K. (2010).
Productivity of French durum wheat varieties (77
Durum Dest.) under conditions of Central South
Bulgaria. Field Crops Studies, VI(2), 307-310.

Kostadinova, S., Panayotova, G. (2002). Energetical
efficiency of durum wheat fertilization. Bulgarin
Journal of Agricultural Science, VL(8), 555-560.

Kilig, H., Yagbasanlar, T. (2010). The Effect of Drought
Stress on Grain Yield, Yield Components and some



Quality Traits on Durum Wheat (Triticum turgidum
spp. durum) Cultivars. Not. Bot. Nort. Agrobot. Cluj.
38(1), 164-170.

Lalev, Ts., Dechev, D., Yanev, Sh., Panayotova, G.,
Kolev, T., Saldziev, I., Genov, G., Rashev, S. (1995).
Technology for growing durum wheat. Science and
technology Ltd, Stara Zagora, ISBN 954-661-011-9.

Mahjourimajd, S., Taylor, J., Sznajder, B., Timmins, A.,
Shahinnia, F., Rengel, Z., Khabas-Saberi, H., Kuchel,
H., Okamoto, M., Langridge, P. (2016). Genetic basis
for Variation in Wheat Grain Yield in Response to
Varying Nitrogen Application. Plos One, 11(7),
¢0159374.
https://doi.org/10.1371/journal.pone.0159374

Morino, S., Totnetti, R., Alvino, A. (2009). Crop yield
and grain quality of emmer populations grown in
central Italy, as affected by nitrogen fertilization.
European Journal Agronomy, 31(4), 233-240.

Moshin, T., Khan, N., Naqvi, F.N. (2009). Heritability,
phenotypic, correlation and path coefficient studies
for same agronomic characters in synthetic elite lines
of wheat. Journal of Food, Agriculture and
Environment, 7(3 & 4), 278-282.

Nogalska, A., Sienkiewicz, S., Czapla, J., Skwierawska,
M. (2012). The Effect of Multi-Component
Fertilizers on the yield and mineral composition of
winter triticale. Pol. J. Natur. Sc., 27(2), 125—-134.

Panayotova, G., Kostadinova, S. and Manolov, 1. (2018).
Mineral balances nitrogen and phosphorus in cotton-

220

durum wheat crop rotation depends on the
fertilization ~ system. 53  Croatian and 13"
International Symposium of Agriculture, Zbornik
Radova, 333-337.

Plana, R., Gonzalez, P. J., Fernandez, F., Calderon, A.,
Marrero, Y. and Dell'Amico, J. M. (2008). Efecto de
dos inoculant es micorrizi cos arbusculares (base
liquda y solida) en el cultivo del trigo duro (Triticum
durum). Cultivos Tropicales, 29(4), 35-40.

Savei, S. (2012). An agricultural pollutant: chemical
fertilizer. Int. J. Environ. Sustain Dev., 3, 77-80.

Semkova, N. (2013). Comparative studies on the
biological and economic qualities of new varieties of
durum wheat (Triticum durum Dest.). (Dissertation
PhD), Agricultural University-Plovdiv, Bulgaria.

Slafer, G.A., Savin, R., Sandras, V.O. (2014). Coarse and
fine regulation of wheat yield components in
response to genotype and environment. Field Crop
Res., 157, 71-83.

TIBCO, Software, 2018.

Tilman, D., Cassman, K.G., Matson, P.A., Naylor, R.
and Polasky, S. (2002). Agricultural Sustainability
and  Intensive  Production  Practices.  Nature
(London), 418, 671-677.

Tsegaye, D., Dessalegn, T., Dessalegn, E. and Share, G.
(2012). Genetic variability, correlation and path
analysis in durum wheat germplasm (7riticum durum
Dest.). Agricultural Research and Reviews, 1(4),
107-112.





