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Abstract

The experiment was based on the block randomized method in four replications, after cotton predecessor in Field Crops
Institute, Bulgaria in the period 2018/19-2019/20. Were tested: Ny, Nso, Ni20;, Niso; Pso, Pso, P120 and Pjsy. As a control
variant was adopted NoPy. Based on the results obtained, we can conclude that the maximum nitrogen rate did not lead
to the best results. The norm of 120 kg N ha was the most effective in most parameters — grain yield (76.2%), test
weight (113.3%); grain vitreous (32.36%), gluten content (50.2%), respectively compared to the control. Thousand
kernel weight was most affected by Nieo (13.3%). Protein content had the same values in Nizo and Niso (35.1%), and this
effect does not justify the high rate of Niso. Phosphorus fertilization showed a weaker effect for all studied traits, and
grain yield did not have significantly higher values. The other parameters were most affected by fertilization with Ps:
thousand kernel weight (7.7%), test weight (2.0%); grain vitreous (9.69%); gluten content (22.3%), respectively.
Protein content had the same values at Psyand P60 (9.0%).
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INTRODUCTION

Durum wheat constitutes one of the most
pivotal cereal crops for global security
(Toukabri et al., 2021). Is grown on 17 million
ha worldwide with a globule production of 33.6
million tons in 2020 (Royo et al., 2021).
Demand for wheat is projected to continue to
grow over the coming decades, particularly, in
the developing world to feed an increasing
population (Desta & Almayehu, 2020).
Regardless of its tight connection to the dishes
of the tradition, durum wheat today is
cultivated in developed countries mainly as a
cash crop to feed the booming food industry
(Sall et al., 2019).

Conventional agriculture is the preferred form
of agriculture by most farmers in the world.
This technological option (Shopova et al.,
2014) provides opportunities for higher crop
yields. The production of wheat requires
intensive use of farms inputs especially
nitrogen (N) fertilizer in order to achieve
sufficient yield and good drain quality (Tedone
et al., 2018). A significant amount of N applied
was lost to environment via nitrification,
denitrification, leaching, and volatilization
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(Cao et al., 2017). Nevertheless, farmers tend to
use more mineral and organic N fertilizers than
biologically necessary to ensure the highest
possible yield (Leslie et al, 2017). A
consequence of this trend is a deeply
unbalanced soil nutrient composition that
ultimately leads to a reduction in crop yield
potential (Tonfack et al., 2009). Therefore,
reducing the amounts of N fertilizer used in
cereal-based cropping systems can be
considered as a major driver of sustainability
(Zekri et al.,, 2018). Guerrero et al. (2021)
emphasize that, plant response to N is limited
to a threshold, N fertilization above this level
does not increase crop yield any further. The
question of optimal nitrogen fertilizer use has a
long history and is still relevant from several
perspectives (Mayer-Aurich & Karatay, 2019).

Phosphorus is an essential plant nutrient that is
required in large quantities (Neocleous &
Savvas, 2019). In fear for P deficiency, excess
P fertilizers are routinely applied by farmers for
producing wheat (Milhoub et al., 2019).
However, the same authors report that wheat
plant take and use a small amount of
phosphorus applied. Overuse of P fertilizer is a
globally recognized problem and more efficient



and sustainable cropping systems are needed
(Heuer et al., 2017). Indeed, the greater part of
P remains in insoluble from in soil and, hence,
unavailable for the plant (Cherchali et al.,
2019).

The aim of our study was to examine the
responsiveness of durum wheat to increasing N
and P rates and the impact on qualitative and
quantitative traits.

MATERIALS AND METHODS

The experiment was based on the block
randomized method in four replications with a
plot size of 10 m?, after cotton predecessor in
Field Crops Institute-Chirpan, Bulgaria
(42°11'58"N, 25°19'27"E). The data represent
2018/2019 and 2019/2020. Durum wheat Saya
variety was sown with 550 germinating kernels.
N and P mineral fertilizers were tested in the
form of ammonium nitrate (34.4%) and triple
superphosphate (46%), respectively, in the
following rates: Nao, Nso, Ni20; Niso; Pao, Pso,
P120 and Pigo. The control was the unfertilized
variant (NoPo). Phosphorus fertilizer together
with % of nitrogen fertilizer were incorporated
into the soil with the last autumn tillage, and %
of nitrogen were imported in tillering phase.

The soil type is Pellic Vertisols. Humus horizon
80-115 cm is observed, and the humus stock is
300 t/ha in one meter depth. The reaction of the
soil is 6.5-7.4 pH. The presence of total N is

0.20% and decreases to 0.13% at a depth of up
to 40 cm. Up to a depth of 20 cm no CaCOs is
available, while in the layer up to 40 cm it is
0.25%.

The analysis of variance (ANOVA) was
performed as a two-factor analysis to assess the
impact of environmental conditions and
mineral  fertilization.  Differences  were
compared using the lowest significance (LSD)
at 0.1% probability level. The correlation
relationships of the studied parameters were
established with the software product Statistica
13.0 software (TIBCO, Software, 2018).

The average values of were studied: grain yield
(GY) - kg/ha; thousand kernel weight (TKW) -
g; test weight (TW) - kg/hl; grain vitreous (GV)
- %; protein content (PC) - %; gluten (G) - %.

RESULTS AND DISCUSSIONS

During the durum wheat vegetation, the two
years studied had similar values in terms of the
sum of temperatures from April to harvest
(Table 1). The first year studied was cooler
from the sowing of wheat to the tillering phase.
Otherwise, the two years had a higher sum of
temperatures than the multy-year period.
Regarding precipitation, 2019/20 had well-
distributed precipitation in the active wheat
vegetation, while 218/19 had a well-defined
drought (March) and over moisturization in
June.

Table 1. Temperature sum and rainfall during the triticum durum vegetation for 2018/2020 and multy-year period

Mouths
Year XI | xu [ 1 [ m m | v | Vv [ VI z
Temperature sum, X°C
1928-2020 216.0 63.6 -3.6 58.6 191.9 3553 507.7 624.9 2014
2018/19 225 21 54 113 293 335 533 682 2256
2019/2020 336 111 45 154 257 314 516 615 2348
Rainfall, mm
1928-2020 46.9 51.7 43.7 37.7 39.2 44.2 60.5 65.5 389
2018/19 82 24 29 25 3 51 21 123 358
2019/2020 82 22 2 56 67 62 50 63 404
Grain yield change in GY. The coefficient of variation

The sum of squares showed that 76.23% of the
total variation was due to mineral fertilization
(factor A) in the formation of GY (Table 2).
For environmental conditions (factor B)
dispersion - showed 13.68%. The interaction of
factors represented 6.38% of the total variation
and showed a significant influence on the
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(5.91%) showed that there was no strong
variation between the different fertilizer rates.
Grain yield ranges from 2,137 kg/ha to 4,298
kg/ha (Table 3). N fertilizer rates had a
significant effect, with the greatest effect
observed with Niao fertilization (76.2% above
control). Shchuklina et al. (2021) reported a



similar trend of decreasing GY with increasing
N rate. In contrast to our results, Bielski et al.
(2020) report that GY in triticale increases with
increasing N rate. Phosphorus fertilizer not
only has no significant effect, but two of the
variants have a lower GY than the control, P4o
and P12, respectively. May et al. (2008) also
report that GY decreases with the application of

more P. Gao and Grant (2012) concluded that
there was no statistically significant major
effect on grain yield from different amounts of
P fertilization. On the other hand, in a study of
N and P self-fertilization, Lakew (2019)
reported that a significant effect on GY was
observed in bread wheat.

Table 2. Effect of mineral fertilization on triticum durum yield and yield parameters (mean squares - % of total)

Source of Thousand Test
. df | Grain yield kernel . Vitreous Protein content Gluten content

variance weight weight
Replicate 17 96.29%** 97.31%** 95.47%** 100.0%** 97.73%** 97.39%**
A 8 76.23%** 46.41%** 47.777*** 56.60%*** 79.72%** 80.67***
B 1 13.68%** 26.85%** 5.67%** 28.06%** 7.82%** 7.54-02M8
AxB 8 6.38%** 24.06%*** 42.04%** 15.34%%* 10.19%** 16.64%***
Error 51 3.12 2.68 3.87 4.72-04 2.22 2.40
VC, % 5.91 1.83 0.33 5.30-02 2.45 3.66
Accuracy 2.96 1.30 0.24 3.75-02 1.75 2.58
indicator, %

Thousand kernel weight 5.67%. The complex action of the factors also

The two sources of variation were very
significant for TKW (Table 2). Differences in
fertilizer rates explain 46.41% of the total
variation, and the impact of the environment -
26.85%. The interaction of the two factors was
also very significant (24.06%), which
ultimately led to a total variation of 97.31%.
Thousand kernel weight ranged from 43.1 g to
50.4 g (Table 3). TKW was most affected by
Nieo (13.3% above control). A similar effect of
N fertilization was observed by Namvar and
Khandan (2013). However, the application of
80 kg N/ha had a similar effect. The effect of
this variant resulted in a TKW of 50.3 g, which
was 13.0% more than the control. Litke et al.
(2017) reported that nitrogen fertilization
affects TKW, which confirms our results.
Fertilization with Pigo showed a statistically
significant increase in values of 7.7% compared
to the control. The same trend is observed by
Sial et al. (2018). The authors reported an
increase in TKW with increasing P rate. In
contrast to our results, Chen et al. (2019)
reported that as P rate increases, the TKW
decreases.

Test weight

The sum of the squares for the main effect
(factor A) explains 47.77% of the total variance
in the formation of test weight (Table 2), while
the differences between the years explain
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represented a significant part of the variance -
42.04%. TW values ranged from 75.8 kg/hl to
78.0 kg/hl (Table 3). All fertilization rates
included in the study were shown to increase
the values, but with the greatest impact was
Ni20, exceeding the control by 2.9%. Campiglia
et al. (2014) confirmed our results by finding
that N fertilization significantly affects TW. On
the other hand, the results obtained by us
contradict the study of Fortunato et al., (2019),
who reported that with increasing N rate TW
values increase. Fana et al. (2012), however,
observed the same trend of decreasing values
with increasing N rate. The same authors
confirm our results for the positive impact of
the independent application of P fertilizer and
for the increase of the values with the increase
of the rate.

Grain vitreous

The sum of the squares in ANOVA for
fertilization amounts to 56.60% of the main
effect and this factor has the most significant
effect on the vitreousness of durum wheat
(Table 2). The impact of environmental
conditions was also very significant with
28.06%. The interaction of the two factors was
proven with high reliability (P = 0.1%). The
GV of the grains ranges from 46.5% to 68.3%
(Table 4). There was a tendency to increase the
values to the rate of N fertilization 120 kg



N/ha, and when the norm increased to
160 kg N/ha, the values decreased. This result
contradicts the results of the study by Gerba et
al., (2013), who reported that as the fertilizer
rate increases, the values also increase. A
similar effect was observed with P fertilization.
Moreover, the high rates of 120 and 160 kg
P/ha were below the control values.

Protein content

The sum of the squares showed a very
significant influence on both factors in the
formation of the protein (Table 1). Fertilization
was by 79.72%, while the influence of the year

was by 7.82%. PC ranged from 11.1% to 15.0%
(Table 4). All N and P fertilization rates had a
proven effect. The greatest effect on protein
accumulation was reported by Nizo and Nieo.
Both variants had the same value, exceeding
the control by 35.1%. A number of authors
report that as the rate increases, the values
increase (Ali et al., 2019; Novak et al., 2019;
Woyema et al., 2012). P fertilization had also a
large effect, but there was a tendency for the
PC to decrease as the rate increased. These
results are inconsistent with the study of Chen
et al. (2020), who report that P alone has no
effect on grain protein in bread wheat.

Table 3. Grain yield (kg/ha), thousand kernel weight (g) and test weigh (kg/hl) average for test period

a Grain yield Thousapd T.e st % of
Fertilization ’ % of control kernel weight, % of control weight,
kg/ha control
g kg/hl
Control 2,439 100.0 44.5 100.0 75.8 100.0
Nao 3,197*** 131.1 47.9%** 107.6 76.8%** 101.3
Niso 3,796%** 155.6 50.3%** 113.0 77.5%%* 102.2
Ni2o 4,298*** 176.2 48.5%** 109.0 78.0%** 102.9
Nieo 3,778%** 154.9 50.4*** 113.3 77.0%** 101.6
Py 2,324N8 95.3 45.2N8 101.6 77.3%%% 102.0
Pgo 2,55208 104.6 43.1N8 96.9 76.7%** 101.2
Pix 2,137 87.6 44.8N8 101.8 76.5%%* 100.9
Piso 2,517 103.2 47 .4%x* 107.7 76.3** 100.7
5% 178.3 7.3 1.3 3.0 0.4 0.5
2 1% 237.6 9.7 13 41 0.5 0.7
0.1% 310.1 12.7 2.4 5.4 0.7 0.9
NS - no significant; ", ™", " significant at P=5%, P=1% and P=0.1%
Table 4. Grain vitreous (%), protein content (%) and gluten content average for test period
1 1 1 0,
Fertilization Grain ;//:treous, % of control coI:t(::tl,n% % of control co(li:lelrtlin% co/:lt(:*(f)l
Control 51.6 100.0 11.1 100.0 21.5 100.0
Nao 57.1%%* 110.66 13.4%%* 120.7 24.1** 112.1
Nago 64.2%%* 124.42 13.9%** 125.5 29.1%** 135.4
Ni2o 68.3%** 132.36 15.0%** 135.1 32.3%%* 150.2
Niso 66.8%** 129.46 15.0%** 135.1 31.9%*x* 148.4
P49 52.7%** 102.13 12.6%** 113.5 24.9%** 115.8
Pgo 56.6%** 109.69 12, 1%%* 109.0 26.3%** 122.3
Pix 511N 99.03 11.9%* 107.2 22.588 104.7
Pieo 46.5N8 90.12 12.1%** 109.0 23.0* 107.0
5% 0.04 0.08 0.5 4.5 1.4 6.5
% 1% 0.06 0.12 0.7 6.3 2.0 9.3
0.1% 0.08 0.16 0.9 8.1 2.7 12.6

P

NS - no significant; *, **, ™" significant at P=5%, P=1% and P=0.1%
Gluten content

The change in the gluten content in the grain
was mostly due to fertilization — 80.67% of the
total variation (Table 1). This was the only trait

that was not affected by the environmental
condition. However, the interaction of AxB was
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highly proven. GC ranged from 21.5% to
32.3% (Table 4). Increasing the N rate led to an
increase in the values to the norm of 120 kg
N/ha, and the higher dose led to a decrease. The
same trend was observed for P fertilization. A
number of studies support the positive effects



of nitrogen on GC. Dinkinesh et al. (2020)
observed an increase in GC to the norm of 122
kg N/ha. When increased to 183 kg N/ha, the
gluten content decreases. On the other hand,
Kizilgeci et al. (2021) reported that the values
increase with increasing N rate. Regarding
phosphorus fertilization Agapie and Bostan
(2020) conclude that unilaterally applied
phosphorus does not bring significant changes.
Under the action of N fertilization, the
correlation revealed strong and proven
relationships between most of the studied

parameters (Table 5). The most closely related
were GV and GC (0.993***). Holmurodova
and Urinova (2021) confirm this result by
reporting that there is direct relationship
between the glassiness of the grain and the
amount of protein and gluten in it.

Under the action of P fertilization, only two
proven correlations were found between the
TW and the PC (0.928 **) and a strong
negative relationship between the TKW and the
GV (-0.950**), respectively.

Table 5. Correlation coefficients between the studed traits

GY TKW yi/4 4 PC GC

N fertilization

GY 1.000

TKW 0.804N8 1.000

™ 0.971%** 0.736 N8 1.000

\% 0.975%* 0.846* 0.897%* 1.000

PC 0.946* 0.871%* 0.866* 0.959%** 1,000

GC 0.947* 0.814* 0.849* 0.993%** 0.941%* 1.000
P fertilization

GY 1.000

TKW 0.009 N8 1.000

™ -0.218N8 -0.102N8 1.000

\% 0.088 NS -0.950** 0.363N8 1.000

PC -0.078 N8 0.188N8 0.928%* 0.091 N 1.000

GC 0.346NS -0.418N8 0.745N8 0.662 NS 0.710 1.000

**%0.01%; **0.05%; *0.1%

CONCLUSIONS REFERENCES

Based on the results obtained, we can conclude
that the increase in N fertilizer rates did not
lead to maximum results. The rate of 120 kg
N/ha was the most effective in most parameters
- GY (76.2%); TW (113.3%); GV (32.36%);
GC (50.2%), respectively. Only TKW was
most affected by Niso (13.3%). PC had the
same values for N2 and Nieo (35.1%), and this
effect does not justify the additional imported
N fertilizer at the high rate.

Phosphorus fertilization had a significantly
lower effect for all studied traits. Moreover,
GY did not have a significant increase in
values.

The other parameters were most affected by Pso
fertilization: TKW (7.7%); TW (2.0%); GV
(9.69%); GC (22.3%), respectively. PC had the
same values at Pgo and Pieo (9.0%), and this
effect does not further justify the imported P
fertilizer at the high rate.
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