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Abstract 
 
The aim of the study was to determine the influence of mineral fertilization in the conditions of soil type Pelic Vertisols 
in durum wheat, variety Progress, grown under non-irrigated conditions. The experiment was set in 1966 in two-field 
crop system rotation of durum wheat-cotton. The data include 2014/2019. The following fertilization rates were tested: 
N40, N80, N120, N160; P40, P80, P120, P160; N80P40, N80P80, N80P120, N80P160, N120P80, N120P120, N160P80, N160P120, N160P160, 
N120P120K80. As a control variant was accepted N0P0K0. The results of the study showed, that grain yield has the greatest 
effect on average for the tested period at fertilization with N80P40. The plant height, the number of grains per spike and 
the weight of the grains per spike showed the highest values under the influence of N160P120. The length spike is affected 
equally by fertilization with N160 and N160P120. The analysis reveals positive and proven correlations were found 
between all yield components. The strongest relationship was observed between length spike and number of grain per 
spike (0.973***). 
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INTRODUCTION 
 
Durum wheat is one of the most important 
crops in the world. Sardana (2000) reports that 
durum wheat is consumed by 35% of the 
world's population. Globally, most 
consumption is in Europe, South America and 
the United States (Sall et al., 2019). Filling the 
nutritional need and large number of the 
world’s population depends on durum wheat 
(Abbass et al., 2020). Demand for wheat is 
projected to continue to grow over to coming 
decades, particularly, in the developing world 
to feed an increasing population (Desta and 
Almayehu, 2020). Durum wheat is a traditional 
crop in Bulgaria (Petrova, 2007). It is mainly 
used for the production of pasta. 
Agricultural production is a dynamic system 
influenced by multiple factors of different 
nature (Stoyanov, 2020). Fertilization is one of 
the most practices in crop production (Jakšić et 
al., 2021). Nitrogen (N) is the most limiting 
nutrient for cereal crops (Frija and Annabi, 
2020). Currently, the anthropogenic N fixation 
rate has increasing to 210 Tg per year (Zhang et 
al., 2021). However, 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. 
Nevertheless, farmers tend to use more mineral 

and organic N fertilizers than biologically 
necessary to ensure the highest possible yield 
(Leslie et al., 2017). Phosphorus is the essential 
plant nutrient which plays major role for 
achieving the maximum agricultural production 
(Arshad et al., 2016). Indeed, the greater part of 
P remains in insoluble form in soil and, hence, 
unavailable for the plant (Cherchali et al., 
2019). This leads to the use of excessive 
amounts of phosphorus fertilizers. 
Potassium fertilizers are usually considered in 
third place - after nitrogen and phosphorus. 
However, many farmers neglect the need for 
durum wheat from K. Duncan et al. (2018) 
conclude that improved soil P and K 
availability has the potential to increase grain 
yield and improve the efficiency of N fertilizer 
use. 
The above gives us reason to believe that 
fertilization is not yet developing in the right 
direction. The aim of our study was to 
investigate the effect of different fertilizer rates 
(alone) and different combinations of them on 
the productivity of durum wheat. 
 
MATERIALS AND METHODS 
 
The experiment was set up in 1966 at the Field 
Crops Institute, Chirpan, Bulgaria, as a 
stationary fertilizer trial. The data present 
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2014/2019 and Progress variety. The trial was 
conducted by the randomized complete block 
design in four replications in two-field crop 
system rotation of durum wheat and cotton 
(Stefanova-Dobreva & Muhova, 2020). Each 
plot was 10 m2. 
Four rates of N and P fertilizers were included 
in the study – alone: 0, 40, 80, 120 and 180 kg 
ha; and the following combinations – N80P40, 
N80P80, N80P120, N80P180, N120P80, N120P120, 
N180P80, N180P120, N180P180. In the experimental 
design there was a variant with K fertilizer – 
N120P120K80. It is used as a nitrogen fertilizer 
ammonium nitrate, triple superphosphate was 
used as the phosphorus fertilizer, and as a 
potassium fertilizer – potassium sulfate.  
The type of soil is Pellic Vertisols (Vp.). The 
humus content for the layer 0-20 cm is very 
high – 3.85% (Table 1). 
 

Table 1. Humus content, assessment of humus stock, 
total nitrogen 

Depth, 
cm 

Humus, 
% 

Humus 
stock 
in the 
layer 
0-100 
cm, 
t/da 

Assessment 
of the humus 

stock in 
degree 

Total 
N, % 

CaCO3, 

% 

0-20 3.85 13.86 high 0.20 0.00 
20-40 2.80 10.08 high 0.13 0.25 
40-60 2.20 6.48 middle  0.10 2.25 
60-80 1.95 4.50 low 0.07 4.56 

80-100 1.90 3.24 low 0.04 4.56 

 
Its depth in the profile is relatively 
homogeneous, decreasing in depth from 2.80% 

to 1.9% in the layer 80-100 cm. The salt 
content is negligible, which indicates that the 
soils are well drained and there is no danger of 
salinization or negative impact on crops. The 
amount of total carbonates does not exceed 5% 
in the deep soil horizons and there is no 
manifestation of chlorosis. 
In the studied periods there is a different degree 
of change in the amount of precipitation and 
temperature sums (Table 2). During the period 
2013/14, 2014/15 and 2018/19 higher 
temperature amounts were reported, 
respectively 290.8 °C, 254.4 °C and 245.9 °C 
than the average for a multi-year period. In 
2015/16 and 2017/18 the temperature sums 
were, respectively, 520.7°C and 427.0 °C 
higher than in the period 1928/13. Different in 
terms of temperature is the period 2016/17, in 
which the temperature sum is 1,843.5 °C or 
166.2 °C lower than the climatic average for 
the long term. 
Regarding precipitation, it can be noted that the 
data for the period 2013/14, 2016/17 and 
2018/19 show the amount of precipitation 
around the norm - 420.8 mm, 375.2 mm and 
358.5 mm, during the periods 2014-2015 and 
2017-2018 is respectively by 183.1 mm and 
66.6 mm more, and in 2015-2016 it was 71.6 
mm less.  
Abbreviations: GY – grain yield; PH – plant 
height; LS – length spike; NGS – number of 
grain per spike; GWS – grain weight per spike.  

 

Table 2. Temperature sum and rainfall during the durum wheat vegetation for the period 2014/2019  
and over a multi-year period 

Year Mount Σ XI XII I II III IV V VI 
Temperature sum, Σ˚C 

1928-13 215.9 61.1 -6.2 49.4 188.9 357.9 511.5 630.7 2,009.7 
2013/14 275,3 3,1 95,0 160,8 278,7 369,5 510,0 608,1 2,300,5 
2014/15 227.2 138.0 74.9 96.0 192.7 340.4 586.0 608.9 2,264.1 
2015/16 299.3 115.1 -8.7 233.6 273.5 439.8 498.0 679.8 2,530.4 
2016/17 201.7 26.2 -160.7 -46.5 289.2 355.7 513.7 664.2 1,843.5 
2017/18 244.9 125.6 65.2 97.8 200.5 471.0 584.8 646.9 2,436.7 
2018/19 225.3 20.7 53.8 113.1 292.6 335.2 533.4 681.5 2,255.6 

Rainfall, mm 
1928-13 47.3 54.0 44.3 37.7 37.0 45.2 64.1 65.4 395.0 
2013/14 49.8 8.6 47.1 1.3 105.7 83.6 99.3 25.4 420.8 
2014/15 36.9 14.3 50.3 61.7 134.9 15.1 58.8 78.1 578.1 
2015/16 50.2 1.3 73.9 28.3 53.1 26.6 75.0 15.0 323.4 
2016/17 47.7 5.9 80.1 23.8 51.3 22.6 59.5 84.3 375.2 
2017/18 48.2 38.9 23.3 109.0 83.4 8.7 62.2 87.9 461.6 
2018/19 82.3 23.5 28.9 24.5 3.3 51.4 21.4 123.2 358.5 
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RESULTS AND DISCUSSIONS 
 
According to Table 3, on average for the test 
period, durum wheat yield of 2,117.4 kg/ha 
without fertilization. When the mineral 
fertilization from the independently applied N 
was included, all tested rates have a confirmed 
statistical influence. The highest increase was 
fertilization with 120 kg N ha. This variation 
exceeds the control by 56.2%. However, the 
difference with the lower rate (N80) was only 
0.8%. The same trend was reported by Tedone 
et al. (2018). However, the results of our study 
differ from those of Panayotova & Kostadinova 
(2015). The authors report that the application 
of N80 leads to an increase in GY by 25-29%, 
N120 by 40-43%, and N180 by 45-46%. 
Application of P results in a decrease of GY. 
Three of the tested rates showed lower values 
compared to the control, as follows: P40 by 
11.0%, P80 by 14.9% and P180 by 12.5%. Only 
the norm of 120 kg P ha showed a slight 
increase, but the difference of 3.0% remained 
outside the statistical reliability. The results 
obtained are contrary to the statement of Nesme 
et al. (2014) that P levels always strongly 
influence yield. 
Combined NP fertilization had the greatest 
effect on GY. Average test period the rate of 
N80P40 showed the best results, increasing the 
values by 64.5% above the control. It is 
important to note that the highest grain yield 
was obtained at the lowest NP combination. 
Panayotova, Kostadinova & Manolov (2018) 
reported similar results at the same fertilization 
rates. Analysis of the variance showed a 
medium degree of influence (P=1%) when 
fertilizing with N120P120K80.  
Plant height (Table 3) ranged from 74.6 to 
102.6 cm. As expected, the lowest plants were 
reported from the non-fertilizing variant. From 
the independent application of fertilizers, the 
greatest effect was nitrogen fertilization at a 
rate of 120 kg/ha. This variant exceeds the 
control by 35.5%. Chipsa et al. (2017) observed 
a similar trend, reporting that as the nitrogen 
rate increases, plant height also increases. Desta 
& Almayehu (2020) also confirm our results. 
The authors reported that the higher plants have 
been measured at the highest N rate. Only the 
rate of 40 kg/ha remained from the independent 
application of P with confirmed statistical 

impact. Highest plants were observed at 
fertilization N180P120. Under this variant, the 
plants were 37.5% high than the control plants. 
 

Table 3. Grain yield (kg ha) and plant height (cm) 
average for the period 

Fertilization 
rate 

GY, 
kg/ha 

% of 
control 

PH, 
cm 

% of 
control 

Control 2,117.4 100.0 74.6 100.0 
N40 2,643.5* 124.9 92.4*** 123.9 
N80 3,289.4*** 155.4 98.4*** 131.9 
N120 3,307.7*** 156.2 101.1*** 135.5 
N180 2,997.7*** 141.6 100.3*** 134.5 
P40 1,885.4ns 89.0 81.6* 109.4 
P80 1,801.4ns 85.1 79.6ns 106.7 
P120 2,181.2ns 103.0 79.0ns 105.9 
P180 1,853.0ns 87.5 80.0ns 107.2 

N80P40 3,482.8*** 164.5 99.0*** 132.7 
N80P80 3,426.2*** 161.8 96.3*** 129.1 
N80P120 3,375.2*** 159.4 96.0*** 128.7 
N80P180 3,217.4*** 152.0 96.7*** 129.6 
N120P80 3,457.8*** 163.3 99.9*** 133.9 
N120P120 3,407.0*** 160.9 98.2*** 131.6 
N180P80 3,322.4*** 156.9 99.3*** 133.1 
N180P120 3,107.7*** 146.8 102.6*** 137.5 
N180P180 3,124.8*** 147.6 99.0*** 132.7 

N120P120K80 2,891.2** 136.6 99.2*** 133.0 
LS

D
 5% 459.4 21.7 6.4 8.6 

1% 608.6 28.7 8.5 11.4 
0.1% 786.7 37.2 10.9 14.6 

ns - no significant; *, **, ***significant at P = 5%, P = 
1% and P = 0.1% 
 
The analysis of variance averaged over the test 
period showed a high degree of confidence in 
the length spike (Table 4). The shortest spike 
was reported in the control – 5.3 cm. This trait 
two types of fertilization have the strongest and 
equal influence – N180 and N180P120. In both 
fertilization rates, a 58.5% longer spike than the 
control was reported. This result gives grounds 
to report that the additional imported P 
fertilizer is unjustified. 
The number of grains per spike varies from 
25.2 to 43.2, on average for the test period 
(Table 4). The lowest values were reported 
from the control. Fertilization with N180P120 
resulted in the highest NGS, with the value 
being 71.4% above the control. Of all the 
studied variants with unproven impact, the self-
application of P at a rate of 40 kg/ha. The 
positive effect of mineral fertilization in LS and 
NGS has been confirmed by many researchers 
(Esaulko et ai., 2015; Litke et al., 2017; Chibsa 
et al., 2017). 
The results of the dispersion analysis for grain 
weight per spike, on average for the test period, 
were similar in terms of the significant effect of 
mineral fertilization of LS and NGS (table 4). 
The lightest grains showed the variant without 
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applied mineral fertilizer. The best results and 
with 98.47% heavier grains than the control 
was the treatment with N180P120. With this trait 
the influence of P fertilizer was proved 
statistically for all studied rates. Ibragimov & 
Mirzaev (2016) confirm that mineral 
fertilization has a strong effect on GWS. 
 

Table 4. Length spike (cm), number of grain per 
spike and grain weight per spike (g) average for the 

period 

Fertilization 
rate 

LS, 
cm 

% of 
control NGS % of 

control 
GWS, 

g 
% of 

control 
Control 5.3 100.0 25.2 100.0 1.31 100.00 

N40 7.2*** 135.9 35.3*** 140.1 2.07*** 158.02 
N80 7.7*** 145.3 38.7*** 153.6 2.35*** 179.39 
N120 8.2*** 154.7 39.8*** 157.9 2.33*** 177.86 
N180 8.4*** 158.5 42.6*** 169.1 2.44*** 186.26 
P40 5.8ns 109.4 26.5ns 105.2 1.70* 129.77 
P80 6.2** 117.0 32.4** 128.6 1.83** 139.70 
P120 6.2** 117.0 31.4** 124.6 1.72* 131.30 
P180 6.1* 115.1 31.7** 125.8 1.83** 139.70 

N80P40 7.0*** 132.1 35.5*** 140.9 2.00*** 152.67 
N80P80 7.4*** 139.6 35.3*** 140.1 1.95*** 148.86 
N80P120 7.6*** 143.4 37.8*** 150.0 2.10*** 160.31 
N80P180 7.7*** 145.3 38.0*** 150.8 2.32*** 177.10 
N120P80 8.0*** 150.9 39.2*** 155.6 2.35*** 179.39 
N120P120 7.8*** 147.2 38.3*** 152.0 2.20*** 167.94 
N180P80 8.1*** 152.8 41.0*** 162.7 2.36*** 180.15 
N180P120 8.4*** 158.5 43.2*** 171.4 2.60*** 198.47 
N180P180 8.3*** 156.6 42.7*** 169.5 2.32*** 177.10 

N120P120K80 7.9*** 149.1 42.2*** 167.5 2.42*** 184.73 

LS
D

 5% 0.7 13.2 4.7 18.7 0.33 25.19 
1% 0.9 17.0 6.2 24.6 0.44 33.59 

0.1% 1.1 20.8 8.1 32.1 0.57 43.51 
ns - no significant; *, **, ***significant at P = 5%, P = 1% and P = 0.1% 
 
Table 5 shows the correlation coefficients of 
the studied traits. The analysis reveals that on 
average over a 6-year period, positive and 
proven correlations were found between all 
yield components.  
 

Table 5. Correlation coefficients between the studied 
traits 

  GY PH LS NGS GWS 

GY 1     
PH  0.908***      1        
LS  0.818***   0.952***      1       
NGS  0.733***   0.905***   0.973***      1      
GWS  0.698***   0.907***   0.955***   0.961***      1     

*** significant at 0.01% level of probability 
 

The strongest relationship was observed 
between LS and NGS (0.973***). This result is 
confirmed by the study of Bilgin et al. (2008). 
On the other hand, Moosavi et al. (2020) 
reported an unproven correlation between the 
two traits in bread wheat. The lowest was the 

relationship between GY and GWS (0.698***). 
GY showed the strongest connection with PH 
(0.908***). The study of Turan (2018) reaches 
the same strong connection between the two 
traits. 
 

CONCLUSIONS 
 
Based on the results obtained, it can be 
concluded that the yield has been affected to 
the greatest extent by fertilization with N80P40. 
The greatest impact on plant height was 
reported by the variant N180P120. The 
fertilization with N180 and N180P120 had the same 
effect on the length of spike. Combined 
fertilization N180P120 had the greatest impact on 
the number and weight of grains per spike. 
Correlation analysis showed a strong and 
proven relationship between all studied traits, 
but the highest correlation coefficient was 
found between the length spike and the number 
of grains per spike. 
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