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Abstract 
 
The long-term 33-year study was aimed at clarifying the impact of mineral fertilizers under the influence of different 
weather conditions. The experiment was conducted at the Field Crops Institute, Chirpan, Bulgaria. The data presented 
in this article are for the period 1990-2022 (33 consecutive years). The following nitrogen (N) and phosphorus (P) rates 
were applied: 40, 80, 120 and 160 kg ha-1. Each fertilizer rate was introduced alone and in combinations (25 variants). 
All fertilization rates were compared to non-fertilized variant (N0P0). The results showed that the conditions of the year 
(47.87% of the total variation) and fertilization (33.40% of the total variation) have a significant influence on the 
productivity of durum wheat. Furthermore, we reported that nitrogen fertilization had a stronger effect than phosphorus, 
but combined fertilization at the N120P120 rate had the highest grain yield. The correlation coefficient (R=0.897) and the 
coefficient of determination (R2=0.805) were proven. Through second-order polynomial equations, it was found that the 
optimum fertilization rate was in the range of 120-130 kg N ha-1. 
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INTRODUCTION 
 
For millennia, durum wheat has been an 
indispensible part of people's daily diet. The 
written history of wheat science began 2500 
years ago when Greek botanist Theophratus 
(371-287 BC) wrote the study “Enquiry into 
Plant's” (Xynias et al., 2020). Wheat was 
introduced into the Balkan Peninsula through 
migrations from Anatolia in the Neolitic area 
(Velimirovic et al., 2023). In Bulgaria it is a 
traditional crop that serves as a material for the 
production of pasta and is dispensable in this 
respect from common wheat (Dragov, 2022). In 
the past (unit 1943) in Bulgaria, the production 
of durum wheat grain amounted to 550-850,000 
tons. However, farmers' interest in this crop is 
declining with the development of high-yield 
varieties of bread wheat, and the cultivation of 
durum wheat remains in the background. At the 
end of the 1980s, there was grain an increase in 
interest and areas for cultivation. According to 
data from the Ministry of Agriculture and Food 
(2022) the total area sown with durum wheat in 
Bulgaria in 2022 was 8,962 ha, while the area 
sown with bread wheat was 1,208,457 ha. Wheat 
crops occupy about 218 million acres and 
account for 1/3 of the worlds' cereal production, 
with 771 million tons of production per year that 

satisfies the demand of 21% to 36% of the 
world's population (Ltaief & Krouma, 2023).  
While globally minor, accounting for less than 
7% of the total wheat produced worldwide, it is 
concentrated in relatively small geographic 
regions where it can be considered as a main 
cereal crop, contributing significantly to food 
production and agricultural income (Martinez-
Moreno et al., 2022).  
The need to study agrocenosis as a system with 
interacting components to identify function 
relationship and find the way to manage them 
led to the appearance of long-term field 
experiments more than 175 years ago 
(Romanenkov et al., 2020). Most of the older 
experiments were started to provide information 
on the amounts of nutrients and forms of 
fertilizer to use to increase crop yield (Jhonston 
& Poulton, 2018). These field trials provide 
valuable information on long-term crop 
production in a particular climate zone. Long-
term experiments provide of the means to 
measure sustainable management systems of 
agriculture (Patel et al., 2021). Challenges 
unique to a long-term experiment are discussed, 
including maintaining relevance to current 
farming issue, human error, and how changes 
have been implemented while maintaining the 
historic experiment treatments (Brooker et al., 
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2020). In recent decades, have attempted to 
developed various methods to optimize the 
application rate of chemical fertilizer to solve 
the associated economic and environmental 
problems caused by improper application (Hu et 
al., 2023). Results obtain from long-term 
experiments have already substantially 
improved our knowledge on changes in soil 
productivity with various fertilization practices 
(Cai & Qin, 2006). Also, long-term field 
experiments with different fertilization regimes 
can provide a good way to separate the impact 
of climate and soil properties and crop yields 
(Wei et al., 2021).   
In the natural environment, plants often face 
unfavorable factors affecting their growth and 
production (Zuluaga et al., 2023). Ambient 
temperatures and precipitation are some of these 
factors that cannot be adjusted. The main 
purpose of nutrient application is to increase the 
level of soil fertility and crop yield (Azeem et 
al., 2023). Furthermore, farmers have prioritized 
grain yield over grain quality, with large 
amounts of chemical fertilizers being used to 
increase grain production (Song et al., 2022). 
Nitrogen (N) is one of the most important 
essential nutrients in regular in crop 
physiological processes and determining grain 
yield (Li et al., 2022). Nitrogen is an element 
that has greatest influence on the vegetative 
growth of the plant, photosynthetic capacity and 
yield (Lalevic et al., 2019). The world applies 
more than 120 million tons of nitrogen fertilizer 
every year (Zhao et al., 2023). Given that 15 kg 
N ha-1 is lost at optimal N levels, farmers are 
probably used to spreading more N fertilizer 
than necessary to increase grain yield (Sarker et 
al., 2023). However Xing et al. (2023) warn that 
excessive blind application of N will fail to 
achieve the expected yield, and it will increase 
cultivation costs and decrease grower incomes. 
One of the main reasons for limited yield and 
grain quality is the lack of knowledge in 
nitrogen fertilization practice (Boulelouah et al., 
2022). Valuable information can be derived 
from long-term field experiments with different 
fertilization rates on the impact of synthetic 
fertilizers, with some of the most important 
issues being related to soil microbiota, 
groundwater and CO2 emissions. Of course, for 
scientists in the field of crop production, the 
question of grain production in quantitative 

terms and the optimal nitrogen rate remains the 
most important. 
The production of crops for food requires an 
adequate supply of phosphorus (P) in soil (Khan 
et al., 2018). P is vital for the growth of crops 
from seed to the harvest (Rehim et al., 2018). 
The authors add that it is essential for the 
transformation of energy and plays an important 
role in different metabolic processes in plants.  
Thus, in fear for P deficiency, excess P 
fertilizers are routinely applied by farmers for 
producing wheat (Mihoub et al., 2019). The 
authors add that, however, wheat plants take up 
and use a small amount of applied phosphorus. 
Indeed, the greater part of P remains in insoluble 
form in soil and, hence, unavailable for the plant 
(Cherchali et al., 2019). Moreover, Sanchez-
Rodriguez et al. (2021) estimated that <20% of 
all added P remained available to plants. For this 
reason, improvement in phosphorus 
management is of high priority (Kominko et al., 
2019). Long-term experiment, rather than short-
term ones are valuable for accurately assessing 
P-use efficiency (Khan et al., 2018). Unlike 
nitrogen, which can be restored by air fixation, 
phosphorus cannot be replenished without 
external sources (Arsad et al., 2022). For this the 
optimum rate of phosphorus is important for 
grain yield improving (Lalevic et al., 2019).  
The excess of the unused nutrients gets into 
ground and surface water as well as to the 
atmosphere (Piwowar, 2021). So increasing the 
use of fertilizers will cause more and more 
problems for the environment in the world in 
future (Ejraei, 2021). Agricultural policies 
aiming at lowering environmental impacts by 
limiting nutrient impost are a main reason for the 
stagnating yield increase in Europe countries 
(Kirchmann et al., 2020). Therefore, our long-
term 33-year study was aimed at clarifying the 
impact of mineral fertilizers under the influence 
of different weather conditions, as well as 
comparing different fertilizer rates of nitrogen 
and phosphorus applied alone and in 
combinations. 
 
MATERIALS AND METHODS 

 
Experimental location and experimental 
design  
The study was started as a multi-year fertilizer 
experiment in 1966 at the Field Crops Institute, 
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Chirpan, Bulgaria (42°11'58"N, 25°19'27"E). 
The data presented in this article was from 1990-
2022 (33 consecutive years). The experiment 
was a complete randomized block design with 4 
replications. Each plot was 10 m2 in size and was 
separated from the neighboring one by concrete 
slabs in the soil at a depth of two meters to 
prevent the passage of the imported mineral 
fertilizers. The experiment included the 
following rates of nitrogen (N) and phosphorus 
(P): 40, 80, 120 and 160 kg ha-1. Each fertilizer 
rate was applied individually and in 
combinations as follows: N40P40, N40P80, 
N40P120, N40P160, N80P40, N80P80, N80P120, 
N80P160, N120P40, N120P80, N120P120, N120P160, 
N160P40, N160P80, N160P120, and N160P160. All 
fertilization rates were compared with a non-
fertilized variant (N0P0). Phosphorous fertilizer 
(triple superphosphate) was incorporated with 
the last discing of the soil before sowing durum 
wheat. Nitrogen (ammonium nitrate) was 
applied in the tillering phase as an early spring 
top dressing. 
 
Soil analysis 
The soil type was Pellic Vertisols. In a depth of 
up to 20 cm there was a high content of humus - 
3.85%, and it decreased to 1.9% in the 80-100 
cm layer. Total carbonates were below 5% in the 

deep layers. The salt content was negligible. 
This shows that the soil have good drainage and 
there is no danger of a negative impact on the 
wheat. The soil reaction varies from 6.5 to 7.4 
pH and allows the introduction of all types of 
mineral fertilizers. At a depth of 30 cm, the soil 
had the following characteristics regarding 
macronutrients: well stocked with total nitrogen, 
as in the form of N-NH4

+ it was 3.2-3.6 kg ha-1, 
and in the form of N-NO3

- – 2.8-3.2 kg ha-1; the 
amount of P2O5 was 6.1 mg/100 g soil, with a 
large part of phosphorus bound in the form of 
primary phosphorus minerals, hardly soluble 
and poorly available to plants. The potassium 
content was significant at 24.1 mg/100 g soil. 
 
Meteorological data sources 
Bulgaria is divided into five climate zones, and 
the place of the experiment is qualified for the 
transitional-continental climate zone. Regarding 
temperature totals during the wheat growing 
season, seven of the observed years were very 
warm (2007, 2009, 2013, 2016, 2019, 2020, and 
2022), five years were warm, eight years were 
moderately warm, seven years were normal, 
three years were moderately cool and three years 
(1993, 1996 and 2006) were cold (Figure 1). 
According to the amount of precipitation, the 
years studied  

 

 
Figure 1. Temperature sum (°C) and precipitation (mm) during wheat vegetation for period 1990-2022  

 
were: very wet (2004, 2015 and 2022); wet 
(1998, 2008, 2014 and 2018); moderately wet 
(1991, 1999, 2010, 2012, 2013 and 2017); 
moderately wet (1995, 2019, 2020 and 2021); 
moderately dry (1997, 2000, 2002, 2005, 2006 
and 2016); dry (1992, 1993, 1994, 1996, 2001 
and 2003); very dry (1990, 2007, 2009 and 
2011). 

Statistical analysis 
A one-way ANOVA was used to analyze the 
differences between fertilization rates and 
combinations on average over the years of the 
study. For this purpose, each year was treated as 
a repetition. Comparisons were performed using 
least significant difference (LSD) (P ≤0.01). The 
regression model was done using Statistica 13. 
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RESULTS AND DISCUSSIONS 
 
The total variance presented in Table 1 revealed 
a statistically significant influence of both 
mineral fertilization and year conditions on 
grain yield (GY) formation. Moreover, the 
influence of weather conditions has a stronger 
effect (47.87% of the total variation) than 
mineral fertilization (33.40% of the total 
variation). However, year and fertilization were 
equally statistically significant at p≤0.001. 

On average, over a 33-year period, durum wheat 
realized a grain yield of 2,346 kg ha-1 without 
fertilization (Figure 2). When nitrogen 
fertilization was included, there was a tendency 
to increase the values up to the rate of 120 kg N 
ha-1 (3,987 kg ha-1). Increasing N to 160 kg ha-1 
resulted in lower GY – 3,795 kg ha-1, 
respectively. Phosphorous fertilization had a 
weak and unproven effect on the formation of 
grain yield. Moreover, when P40 was applied, 
GY was lower than the control. 

 
Table 1. Analysis of variance for durum wheat grain yield under NP fertilization, 1990-2022 

Source of variation df Sum of squares Sum of squares, % Mean squares F 

Total 824 1.037,193E+09 100   
Year 32 4.964,956E+08 47.87*** 1.551,549E+07 61.33 

Mineral fertilization 24 3.464,038E+08 33.40*** 1.443,349E+07 57.05 

Error 768 1.942,938E+08 18.73 252,986.7  

   **, *** – significant at p≤ 0.01 and p≤ 0.001 level of probability, respectively 
 

 
Figure 2. Durum wheat grain yield under nitrogen-phosphorus fertilization, 1990-2022 

 
The GY data showed that all N and P 
combinations tested had a statistically 
confirmed effect (Table 2). Analysis of 33 years 
of durum wheat fertilization showed that 
phosphorus had no significant effect even in 
combination with N. Therefore, nitrogen 
fertilization plays a major role in grain 
formation. The lowest GY was reported when 
fertilizing with N40P160 – 3,100 kg ha-1. An 
increase in grain was observed with increasing 
N dose up to 120 kg ha-1 and with the strongest 
effect on GY formation was fertilization with 

N120P120 – 4,229 kg ha-1. Exceeding this 
fertilization threshold resulted in a decrease in 
values. 
Since nitrogen fertilization had a major effect, 
the variation of GY under the influence of N was 
described by second-order polynomial 
equations (Figure 3). The correlation coefficient 
(R = 0.897) and the coefficient of determination 
(R2 = 0.805) were proven. The GY curve showed 
that the optimum fertilization rate was in the 
range of 120-130 kg N ha-1. 

 
Table 2. Durum wheat grain yield (kg ha-1) at NP fertilization, 1990-2022 

Fertilizer rate N40 N80 N120 N160 

P40 
P80 
P120 
P160 

3,143*** 
3,144*** 
3,192*** 
3,100*** 

3,835*** 
3,926*** 
3,939*** 
3,893*** 

4,100*** 
4,187*** 
4,229*** 
4,061*** 

3,968*** 
4,081*** 
4,001*** 
4,002*** 

LSD 5%, 1%, 0.1% = 243.1; 319.8; 409.0 
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Figure 3. Relationship between wheat grain yield and nitrogen rate 

 
Climate change is a major challenge for the 
world economy, especially for the agricultural 
sector, where climate conditions strongly and 
directly influence crop yields (Rapacz et al., 
2022). This statement fully coincides with the 
results of Table 1 of the total variance for a 
reliable and strong influence of years on GY, as 
well as the results obtained by Mangini et al. 
(2021). The authors reported that ANOVA 
confirmed the influence of year conditions. 
Zhang et al. (2018) reported that there was a 
large interannual variability within the same 
treatment, which was mainly due to rainfall 
during the growing season. Application of 
mineral fertilizers acted as a stabilizing element 
that reduced the degree of yield inter-annual 
variability (Hlisnikovsky et al., 2023). This 
explains the high reliability of applied mineral 
fertilization and the high percentage of impact 
from the total variance. In a long-term 
fertilization experiment started in 2007, a strong 
effect of year (**) was observed, but fertilization 
had a stronger effect (***) (Zhang et al., 2019), 
which was contrary to the results of this 
research. 
Efficient nitrogen fertilizer management is 
critical for wheat production and the long-term 
protection of the environment (Tedone et al., 
2018). The results obtained in this study for a 
decrease in GY with increasing N rate (Figure 2) 
were also reported in other studies. For example, 
Abera et al. (2021) reported that bread wheat 
GY was highest when fertilized with 92 kg N ha-

1 and increases above this rate indicated lower 
yield. Chen et al. (2022) obtained 1,933 kg ha-1 

GY from N65 fertilization, but increasing N to 
135 kg ha-1 reduced GY to 1,779 kg ha-1. From 
20 years of fertilization, Wei et al. (2021) 
reported that wheat yield showed significantly 
decreasing trends with N alone treatment. 
According to Kizilgeci et al. (2021) this may be 
due to the higher amount of N application 
causing more vegetative growth (more succulent 

leaves and taller strems) which delayed the 
reproductive growth and ultimately led to 
suboptimal reproductive yield attributes. 
Shuklina et al. (2021) even reported the highest 
GY under the influence of the low nitrogen rate 
studied (N60) – 3.70 t ha-1, while at the highest 
dose included in the study (N150) GY decreased 
to 3.62 t ha-1. However, this trend does not 
necessarily hold. For example, Mondal et al. 
(2022) observed that increasing the N rate from 
0 to 140 kg ha-1 resulted in an increase in GY and 
Ayadi et al. (2022) confirm the increase in 
values. Moreover, the authors reported that GY 
under the influence of N75 was significantly 
different from N150, 3.4 t ha-1 and 5.7 t ha-1, 
respectively. In other cases, as in the study by 
Tedone et al. (2018), increasing nitrogen rate 
increased GY, but the difference in grain 
between low and high fertilization rates was 
small. Staugaitis et al. (2022) reported that high 
nitrogen fertilizer rates (N180 and N240) had no 
difference in terms of GY, 7.39 t ha-1 and 7.31 t 
ha-1, respectively. This confirms the assertion of 
Guerrero et al. (2021) that plant response to N is 
limited by a threshold, N fertilization above this 
level does not further increase yield. 
After nitrogen stress, phosphorus is the second 
most widely occurring nutrient deficiency in 
cereal systems around the world (Awulachew, 
2019). In the study conducted, P fertilization had 
a weak and insignificant effect (Figure 2). This 
result confirms the claim of Gao & Grant (2012) 
that there was no statistically significant effect 
on grain yield of different P fertilization rates. 
Similar results can be found in the studies of 
Lakew (2019) and Chen et al. (2020) in bread 
wheat. In contrast to these results, Arsad et al. 
(2022) reported that P fertilization increased GY 
values proportionally with increasing rate. From 
the unfertilized control, the authors obtained a 
grain yield of 2,220 kg ha-1, and at the highest P 
dose tested (60 kg ha-1) GY was 3,523 kg ha-1. 
Chen et al. (2019) from a 3-year study on the 
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influence of phosphorus self-application 
obtained similar results. Arbacauskas et al. 
(2021) reported that 49 years of P fertilization 
resulted in soil P accumulation. Continuous 
application of inorganic P-fertilizer leads to 
significant accumulation of available P in the 
soil (Vishwanath et al., 2020). This 
accumulation may account for inefficient P 
fertilization. If sufficient resources are available 
in the soil, the effect of applying a given nutrient 
cannot be accounted for. 
The data from table 2 clearly show that the 
formation of grain yield was influenced to the 
greatest extent by nitrogen fertilization. Both in 
single and combined fertilization, the dose of 
120 kg N ha-1 has the strongest impact. Above 
this rate, grain yield decreases. Eshetu et al. 
(2022) observed the same response in bread 
wheat. The authors reported that GY increased 
up to N46P40 (7,018.6 kg ha-1), but when 
fertilization increased to N69P50, GY was lower 
by 1,355.2 kg ha-1 (5,663.4 kg ha-1). This result 
was also confirmed by the mathematical model 
in Figure 3 from the regression equation, where 
it can be seen that the rate of 120-130 kg N ha-1 
was optimal. Although P fertilization did not 
significantly affect GY in this study, Tudor et al. 
(2023) reported that phosphorus fertilizers aided 
plant rooting by increasing N efficiency. This 
statement was in sync and fully explained the 
results of this study. However, as a one of the 
essential nutrient element in the process of plant 
growth and development, nitrogen contributes 
40-50% to the final yield (Chen et al., 2022).  
 
CONCLUSIONS 
 
In this study, special attention was paid to durum 
wheat grain yield affected by the long-term 
application of mineral nitrogen and phosphorus 
fertilizers (33 consecutive years). The results 
showed that the conditions of the year (47.87% 
of the total variation) and fertilization (33.40% 
of the total variation) had a significant influence 
on the productivity of wheat. Furthermore, we 
reported that nitrogen fertilization had a stronger 
effect than phosphorus, but combined 
fertilization at the N120P120 (4,229 kg ha-1) rate 
had the highest grain yield. The regression 
model showed that the optimal fertilization rate 
was in the range of 120-130 kg N ha-1. 
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