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A B S T R A C T 

To determine the effect of vegetation season and fertilization on the yield and yield components of winter wheat, a field 
experiment was conducted at the Small Grains Research Center in Kragujevac (Serbia) to examine eight fertilization treatments 
during three growing seasons. The experimental study was performed on a degraded acidic vertisol. Annually, nitrogen 
fertilization rate was 80 kg ha-1 N, which was applied in combination with phosphorus (60 kg ha-1 and 100 kg ha-1) and potassium 
(60 kg ha-1). Grain yield, 1000 grain weight, and hectoliter weight were analyzed. Grain yield in all treatments in the 2014/15 
growing season was significantly higher than in the other years of the study. The yield, thousand grain weight, and test weight of 
winter wheat significantly varied across years and treatments. The highest yield was achieved in the treatment NPK, with 
phosphorous applied at 100 kg ha-1 (4.024 t ha-1). Thousand grain weight was the highest in N80P60K60 (39.06 g). During the test, 
significantly higher values of test weight were found in P60 (76.36 kg hL-1). The statistical analysis showed a highly significant 
effect of year on grain yield, thousand grain weight, and test weight. Fertilization had the most significant impact on grain yield. 
Positive and highly significant correlations between yield and thousand grain weight were found in all investigated treatments, 
except for the control and the variant fertilized with 60 kg ha-1 of phosphorus, where significant correlations were found. 

Keywords: fertilization, nitrogen, yield, wheat  

И З В О Д  

Да би се утврдио утицај вегетационе сезоне и ђубрења на принос и компоненте приноса озиме пшенице, постављен је 
експеримент у Центру за стрна жита у Крагујевцу (Србија), где је испитано осам третмана ђубрења током три 
вегетационе сезоне. Студија је изведена као експеримент заснован на деградираном киселом вертисолном земљишту. 
Годишња стопа ђубрења азотом износила је 80 кг ха-1, која је примењивана у комбинацији са фосфором (60 kg ha-1 и 
100 kg ha-1) и калијумом (60 kg ha-1). Анализиран је принос зрна, маса 1000 зрна и хектолитарска маса. Принос зрна код 
свих третмана у вегетационој 2014/15. био је значајно већи у односу на остале испитиване године. Принос, маса хиљаду 
зрна и хектолитарска маса озиме пшенице значајно су варирали током испитиваних година и третмана. Највећи принос 
је остварен код третмана NPK, где је фосфор примењен у максималној количини од 100 кг ха-1 (4,024 t ha-1). Маса хиљаду 
зрна била је највећа код третмана N80P60K60 (39,06 g). Током испитивања утврђене су највеће вредности хектолитарске 
масе код третмана P60 (76,36 kg hL-1). Статистичка анализа је показала веома значајан утицај године на принос зрна, масу 
хиљаду зрна и хектолитарску масу. Ђубрење је имало најзначајнији утицај на принос. Позитивне и високо значајне 
корелације између приноса и масе хиљаду зрна утврђене су код свих испитиваних третмана, осим код контроле и 
варијанте ђубрене са 60 kg ha-1 фосфора, где су утврђене значајне корелације. 

Кључне речи: ђубрење, азот, принос, пшеница  

 
1. Introduction  
 

Effective nitrogen (N) fertilization is of crucial 
importance for the economical production of winter 
wheat and the protection of underground and surface 
waters from nitrate leaching occurring due to 
excessive and inadequate nitrogen use (Đekić et al., 
2014; Jelić et al., 2015; Khan and Mohammad, 2016; 
Jamil et al., 2017; Rajičić et al., 2019; Lalević et al., 
2019). Nitrogen shows the greatest effect through its 
joint use with phosphorus and potassium, while 
applying these two elements without nitrogen not 

only hampers significant yield increases, but also 
often reduces grain yields (Jelić et al., 2015; Khan et 
al., 2017).   

A degraded Vertisol is characterized by very 
unfavorable physical, agrochemical, and 
microbiological properties. The greatest problems of 
this soil type are a low pH value and a further increase 
in its acidity, mostly because of irregular fertilizer 
application during the years. The low production 
ability of a pseudogley is the result of poor physico-
mechanical, thermal, and moisture-aeration 
properties. Of all macro-elements, nitrogen, 
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phosphorus, and potassium affect the normal growth 
and development of wheat the most. However, the 
influence of nitrogen on grain yield significantly 
decreases in the absence of other nutrients, especially 
phosphorus (Jelić et al., 2014).  

Nutrient amounts absorbed by wheat during 
vegetation depend on yield level and underground 
mass. The most commonly applied quantities of 
nitrogen in Serbia range from 80 to 120 kg ha-1, 
depending on the agrochemical properties of the soil 
(Jelić et al., 2015; Đekić et al., 2017; Rajičić et al., 
2020; Terzić et al., 2022). Furthermore, Đekić et al. 
(2014) and Terzic et al. (2018) drew attention to the 
point that determining the dose of nitrogen 
administered in combination with phosphorous and 
potassium fertilizer could increase the reliability of 
fertilizing programs. Of all nutrients, nitrogen has the 
most important role in increasing yield. Nitrogen use 
efficiency decreases with an increase in nitrogen 
fertilization level (Terzic et al., 2018; Tmušić et al., 
2021). However, the effect of nitrogen on grain yield 
significantly decreases without other nutrients, 
especially phosphorus. Hence, there is a growing 
emphasis on applying larger amounts of phosphorus 
fertilizers, i.e., NPK fertilizers with a higher 
proportion of phosphorus, because the influence of 
phosphorus nutrition is particularly pronounced on 
acidic, as well as on most other degraded soils (Đekić 
et al., 2014; Jelić et al., 2015; Terzić et al., 2018; Rajičić 
et al., 2019). Decreases in wheat yield can also result 
from the use of large quantities of fertilizers, harmful 
both economically and ecologically, which is a 
common cause of pollution of the agroecosystem. 
Nutrient use efficiency and yield formation are largely 
affected by weather conditions and the specific 
characteristics of the location (Biberdžić et al., 2019; 
Lalević et al., 2022; Zang et al., 2022).  

The primary aim of the research was to 
determine the influence of the long-term use of the 
same amounts and rates of nitrogen, phosphorus and 
potassium on the yield and grain quality of the winter 
wheat variety ’Kruna’, during three growing seasons 
(2012/13, 2013/14 and 2014/15) at a location in 
Kragujevac in the Republic of Serbia. 

 
2. Materials and methods 
 
2.1. Еxperimental design and soil analysis 

 
This study, located near Kragujevac in Serbia, 

was conducted in a stationary experiment established in 
1970 on a Vertisol. An experimental field trial was 
carried out at the Small Grains Research Center in 
Kragujevac from 2012 to 2015. The winter wheat 
cultivar used in the experiment was ’Kruna’. The trial 
was set up in a randomized block design with five 
replications. Plot size was 50 m2. Fertilization was 
regular and followed a long-term scheme. The rate of 
nitrogen application was 80 kg ha-1 N, which was applied 
either individually or in combination with two P2O5 rates 
and one rate of K2O fertilizer. Eight treatments of mineral 
fertilization were applied: N80 (80 kg ha-1 N), P60 (60 kg 
ha-1 P2O5), P100 (100 kg ha-1 P2O5), N80P60K60 (80 kg ha-1 
N, 60 kg ha-1 P2O5,  and 60 kg ha-1 K2O), N80P100K60 (80 kg 
ha-1 N, 100 kg ha-1 P2O5,  and 60 kg ha-1 K2O), N80P60 (80 
kg ha-1 N and 60 kg ha-1 P2O5), N80P100 (80 kg ha-1 N and 
100 kg ha-1 P2O5), and untreated control. Total amounts 
of phosphorus and potassium fertilizers and half of the 

nitrogen rate were regularly applied during seedbed 
preparation. Planting in all years of the study was 
performed in the second half of October, with a sowing 
density of 500 germinating grains per m2. The crops 
were harvested at full maturity (dates of harvesting: 
July 10, 2013; July 23, 2014; and July 6, 2015). The 
study analyzed grain yield (t ha-1), 1000 grain weight 
(g) and test weight (kg hl-1).  

The trial was set up on a degraded Vertisol with a 
heavy texture and very coarse and unstable structure 
(humus 2.2%, nitrogen 0.13%, phosphorus 
2.0 mg 100 g-1 soil, potassium 20.0 mg K2O 100 g-1 soil, 
and pH in H2O 5.19). 

 
2.2. Climatic characteristics 
 

This study was conducted at the Kragujevac 
location in the Šumadija region, Serbia, on a Vertisol. 
Kragujevac has a temperate continental climate, with 
an average annual temperature of 11.76°C, and an 
annual sum of precipitation of about 550 mm. The 
meteorological station in Kragujevac is located at 44º 
02' latitude, 20º 56' longitude, and 185 m altitude. 

In the vegetation period 2012/13, the sum of 
precipitation in Kragujevac was higher than the long-
term data (1961–2011). The weather data for January 
to March 2013 were characterized by above-average 
rainfall. Such climatic parameters indicated that the 
conditions for germination, shooting/emergence, and 
tillering were extreme. During tillering and stem 
elongation in March 2013, the weather was 
characterized by low temperatures and high rainfall 
compared to the long-term average. In April 2013, the 
precipitation was below the long-term average. In May, 
June, and July 2013, the values were above the long-
term average. Despite the slightly higher precipitation, 
this period marked by the stages of fertilization and 
grain filling can be characterized as favorable. During 
the ripening phase in June, the average temperatures 
were at the long-term average level. The average air 
temperature was lower by 0.03°C, and the sum of 
rainfall precipitation was higher by 86.8 mm in 2013 
than the long-term average (Table 1). 

The amount of precipitation in the vegetation 
season 2013/14 was significantly higher than the 
values in the first and third year of the study, and the 
long-term average (Table 1). The period of 
germination, shooting, and tillering (from November 
2013 to February 2014) was characterized by mean 
temperatures above the long-term average. The 
amount of rainfall was significantly below the average, 
which provided poor conditions for the growth and 
development of plants in these phenophases. The 
period of intensive growth of the vegetative mass 
(April) was characterized by poor weather conditions 
with temperatures above the long-term period. This 
caused lodging on individual plots as well as the 
sporadic occurrence of diseases. Precipitation in July 
exceeded long-term values, which to some extent 
caused slight lodging. The main problem was the 
enormous amount of precipitation that caused 
additional lodging and the incidence of rot. All this 
postponed the wheat harvest, and thus made it more 
difficult. During 2013/14  (October 2013 to July 2014), 
the recorded total of 747.0 mm of precipitation was 
higher by 232.4 mm than the long-term average, and 
very unevenly distributed across months. April to May 
2014 received 129.0 mm and 227.0 mm of rainfall, 
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respectively, which was 77.1 mm and 169.4 mm more 
than the long-term average. In other words, the total 
amount of precipitation was reflected in the long-term 

average, but the distribution, especially at critical 
stages of development, was significantly disturbed in 
2014.  

 
Table 1.  
Mean air temperature and amount of precipitation during the study and long-term periods (data from Kragujevac 
Experimental Station’s meteorological site)  

Months X XI XII I II III IV V VI VII Aver. 

Mean monthly air temperature (oC) 

2012/13 13.5 9.5 1.7 2.9 4.0 6.5 13.4 18.2 19.9 21.9 11.15 

2013/14 13.5 9.2 2.4 5.0 6.9 9.0 12.2 15.3 19.7 21.8 11.50 

2014/15 12.6 9.1 3.5 3.0 3.2 6.7 19.8 17.4 19.9 24.4 11.96 

Average 12.5 6.9 1.9 0.5 2.4 7.1 11.6 16.9 20.0 22.0 10.18 

The amount of precipitation (mm) 

2012/13 56.2 17.7 16.4 65.8 84.4 102.9 41.2 70.8 85.4 60.6 601.4 

2013/14 41.7 61.2 6.4 21.2 9.0 67.1 129 227 45.8 138.6 747.0 

2014/15 50.4 18.9 98.7 44.9 46.2 98.8 35.8 93.6 113 25.4 625.7 

Average 45.4 48.9 56.6 58.2 46.6 32.4 51.9 57.6 70.4 46.6 514.6 

 
In the vegetation period 2014/15, the sum of 

precipitation in Kragujevac was higher than the long-
term data. The mean temperatures were higher than the 
long-term data (Table 1). The period of germination, 
shooting and tillering (from November 2014 to February 
2015) was characterized by mean temperatures above 
the long-term period. The amount of precipitation was 
significantly above the long-term average (December 
2014), and the average level (January to February 2015), 
which provided good conditions for the growth and 
development of plants in these phenophases. In March 
2015, the temperatures were comparable to the long-
term average, while precipitation was significantly above 
it. The period of intensive vegetative growth (April) was 
characterized by favorable weather conditions with 
above-average temperatures. Precipitation was 
significantly lower. In May and June 2015, the 
precipitation was above the long-term average value. 
During the ripening phase in June 2015, the mean 
temperatures were at the long-term average level. The 
average air temperature was higher by 0.78°C, and the 
sum of rainfall was higher by 111.1 mm in 2014/15 than 
the long-term average, and with a very even distribution 
across months. 

With respect to total precipitation and its 
distribution during vegetation, and temperature 
conditions, the 2014/15 vegetative period was the most 
suitable for the wheat. Temperature, precipitation, and 
the amount of water in the soil are the three most 
important factors that affect yield stability in Serbia. In 
the ecological conditions of Serbia, high temperatures 
and water deficit in June lead to reduced yields and 
deterioration of quality properties of grains, which is 
why the extension of the total vegetation period cannot 
result in the prolongation of the grain filling period to 
increase the yield (Đekić et al., 2017; Kandić et al., 2018; 
Biberdžić et al., 2019; Grčak et al., 2020; Rajičić et al., 
2021; Matković Stojšin et al., 2022). 

 

2.3. Statistical analysis  
 
Experimental data were analyzed by descriptive 

and analytical statistics using the GenStat (GenStat, 

2013) for PC/Windows 7. To evaluate significant 
differences between environments and treatments 
(year-fertilization combination), a two-way analysis of 
variance (ANOVA) was performed. When ANOVA 
revealed significant differences, t-test was used to 
estimate the significant differences between the means 
of the environments and treatments. The differences 
between the genotype means for grain filling 
parameters were tested by Tuckey’s test. Letter 
groupings were generated by using a 5% level of 
significance. Pearson's correlation coefficient was 
tested at the 5% and 1% levels of significance.  

 
3. Results and discussion 
 
3.1. Grain yield, 1000 grain weight and test 
weight  

 
In our research, the highest values of grain yield 

were obtained in 2015. The highest average grain yield 
of 3.597 t ha-1 was recorded in 2015, and it was 
significantly higher than the yield in 2013 (2.962 t ha-1) 
and the yield in 2014 (1.500 t ha-1). Across treatments, 
grain yield significantly varied, and it was highest in 
N80P100K60 (4.024 t ha-1) (Table 2).  

The thousand grain weight of winter wheat 
significantly varied across years, from 30.31 g in 
2014 to 41.95 g in 2013. The thousand grain weight 
varied across treatments, from 36.18 g in N80 to 
39.06 g in N80P60K60.  

The test weight significantly varied across years 
(from 69.03 kg hl-1 in 2014 to 83.81 kg hl-1 in 2015), 
and across treatments (from 72.69 kg hl-1 in N80P60 
to 76.36 kg hl-1 in P60) (Table 2). 

The results clearly indicated that year had a 
highly significant effect on grain yield (F=30.501**), 
thousand grain weight (F=457.198**), and test weight 
(F=416.131**). Furthermore, grain yield (F=12.302**) 
was significant among the fertilization treatments 
(Table 2). 
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Table 2.  
Mean values for grain yield, 1000 grain weight and test weight  

Years 
Grain yield (t ha-1) 1000 grain weight (g) Test weight (kg hl-1) 

x  S x  S x  S 

2013 2.962B* 1.176 41.95A 1.907 70.29B 2.132 

2014 1.500C 0.486 30.31B 0.716 69.03C 3.798 

2015 3.597A 1.712 41.55A 2.703 83.81A 0.626 

F 30.501**  457.198**  416.131**  

P - value <  0.001  <  0.001  <  0.001  

Treatments 

C 1.150C 0.373 38.25A 6.951 76.16A 6.233 

N80 2.286B 0.615 36.18A 5.128 73.86A 7.929 

P60 1.722BC 0.488 38.58A 6.074 76.36A 5.821 

P100 1.937BC 0.464 37.80A 5.821 75.95A 6.008 

N80P60K60 3.851A 1.806 39.06A 6.554 74.11A 7.341 

N80P100K60 4.024A 1.730 37.96A 5.390 72.88A 7.445 

N80P60 3.193A 1.322 37.28A 5.305 72.69A 8.261 

N80P100 3.329A 1.390 38.39A 5.461 73.00A 8.385 

F 12.302**  0.344ns  0.690ns  

P - value <  0.001   0.932   0.680  
*Means within columns followed by different lowercase letters are significantly different. P<0.01 very significant (**); P<0.05 
significant (*); P>0.05 non-significant (ns) 

 
Climate change on the global level creates hotter 

summers and mild winters, which will lead to 
alterations in sowing and heading dates in the future, in 
the production regions of wheat. In Serbia, drought 
occurs almost every year. In years with normal spring 
precipitations, winter wheat finishes vegetation mostly 
before the first severe moisture deficiency; otherwise, 
it uses moisture accumulated during the winter (Jelic et 
al., 2015; Đekić et al., 2017; Kandić et al., 2018; Rajičić 
et al., 2019; Sekulić et al., 2022; Terzić et al., 2022). The 
highest average grain yield of 3.597 t ha-1 of the studied 
wheat was recorded in 2015, and it was significantly 
higher than the yield in 2014 (1.500 t ha-1), which can 
mostly be associated with higher precipitation during 
the second vegetation period. Variations in 
temperature, the amount of precipitation during 
vegetation, and soil moisture content are the most 
important factors causing grain yield instability in 
wheat. In the ecological conditions of Serbia, high 
temperatures and water deficiency during June 
decrease both grain yield and grain quality properties; 
therefore, prolonged vegetation and grain filling 
periods do not improve crop yield (Đekić et al., 2017; 
Kandić et al., 2018; Grčak et al., 2020; Rajičić et al., 
2021; Matković Stojšin et al., 2022). In addition to being 
the necessary reserve for the spring part of the growing 
season, winter precipitation greatly influences the 
distribution of readily available nitrogen in the soil 
(Jelic et al., 2015; Rajičić et al., 2020). Grain yield is 
strongly modified by an environment with different 
temperatures and weather conditions (Zafaranaderi et 
al. 2013; Al-Ashkar et al., 2020). It is rarely an acting of 
a single stress factor; often, plant development is 
affected by a combination of a few different stresses, 
which makes an evaluation of plant adaptability more 
complex (Zeeshan et al., 2020; El Sabagh et al., 2021). 
Drought has become a main limiting factor for the 
world plant production, and it decreases yields in 
countries with developed agriculture, too. Commonly, 

drought induced stress is followed by high 
temperatures, which increase its impact additionally 
(Wahid et al., 2017).  

During the first year (2013), grain yield 
significantly varied across treatments, from 1.284 t ha-1 
in control to 4.358 t ha-1 in N80P100K60. In the second 
year (2014), grain yield varied across treatments, from 
0.863 t ha-1 in the control to 1.955 t ha-1 in N80P100K60. 
In 2015, significant variations across treatments 
ranged from 1.303 t ha-1 in control to 5.758 t ha-1 in 
N80P100K60 (Table 3). 

To achieve high and stable grain yields, new 
cultivars demand more precise and more complex NPK 
nutrition. Furthermore, a good soil supply with P2O5 
and K2O is very important (Jelić et al., 2014). Nitrogen 
application has a crucial role. Precision in N application 
(timing, amount, and quality) is a specific problem in 
stress years. Possible losses under excessive soil 
moisture conditions as well as insufficient efficiency 
under drought conditions necessitate improvement of 
N application methods, especially in-season 
application. Furthermore, the application of NPK 
fertilizers requires greater precision. A more careful 

choice of cultivars and respect for their specificities could 

contribute to a higher and stable wheat yield in Serbia 

(Đekić et al., 2017; Terzić et al., 2018; Đurić et al., 
2020).  

The thousand grain weight of winter wheat 
significantly varied across years and treatments – in 
2013, from 39.90 g in P100 to 44.86 g in N80P60K60; in 
2014, from 29.14 g in control to 31.08 g in 
N80P100K60; and in 2015, from 36.76 g in N80 to 44.68 
g in the control (Table 3).  

Mineral fertilization had a significant impact on 
1000 grain weight, i.e., grain weight was significantly 
higher in more intensively fertilized variants, especially 
those treated with nitrogen (Terzić et al., 2018). The 
contribution of fertilization to thousand grain weight 
was 15% higher in the treatment without fertilizer 



Acta Agriculturae Serbica, 30 (59), 33‒42, 2025 

37 

 

compared to nitrogen treatment in grain yield variation 
(Khalilzadeh et al., 2013). 

The test weight of winter wheat significantly varied 
across years and treatments - in 2013, from 68.03 kg hl–1 
in N80P100K60 to 71.89 kg hl-1 and 71.97 kg hl-1 in 
N80P60K60 and P60, respectively; in 2014, from 

65.57 kg hl–1 in N80P100 to 73.25 kg hl-1 in control; and in 
2015, from 82.78 kg hl-1 in the triple treatment NPK 
where phosphorous was applied in the maximum 
amount of 80 kg ha-1 N, 100 kg ha-1 P2O5 and 60 kg ha-1 
K2O to 84.46 kg hl-1 in control (Table 3). 

 
 
Table 3. 
Mean values of yield and quality across fertilization treatments and vegetation seasons  

2013 

Grain yield (t ha-1) 1000 grain weight (g) Test weight (kg hl-1) 

x  S x  S x  S 

C 1.284E 0.328 40.92CD 1.665 70.77AB 1.480 

N80 2.593C 0.293 41.86BC 1.320 69.33BC 1.842 

P60 1.874DE 0.408 40.88CD 1.927 71.97A 0.867 

P100 2.116CD 0.195 39.90D 0.689 71.45A 1.918 

N80P60K60 4.233AB 0.802 44.86A 0.737 71.89A 1.345 

N80P100K60 4.358A 0.836 43.58AB 0.864 68.03C 0.524 

N80P60 3.585B 0.308 41.60CD 1.518 68.43C 1.806 

N80P100 3.656B 0.228 42.02BC 1.033 69.41BC 1.889 

F 28.122**  7.555**  6.134**  

P - value < 0.001  < 0.001  < 0.001  

2014 

C 0.863B 0.175 29.14D 0.336 73.25A 0.848 

N80 1.554A 0.328 29.92C 0.492 67.94B 3.269 

P60 1.376AB 0.548 30.66AB 0.646 72.93A 1.480 

P100 1.452A 0.498 30.18BC 0.295 71.73A 3.254 

N80P60K60 1.688A 0.211 30.30BC 0.255 66.98B 2.789 

N80P100K60 1.955A 0.526 31.08A 0.327 67.79B 3.146 

N80P60 1.518A 0.370 30.18BC 0.228 66.02B 2.809 

N80P100 1.595A 0.554 31.04A 0.643 65.57B 2.360 

F 2.669*  10.700**  7.051**  

P - value  0.027  < 0.001  < 0.001  

2015 

C 1.303E 0.440 44.68A 1.359 84.46A 0.261 

N80 2.713C 0.337 36.76E 0.568 84.30A 0.510 

P60 1.918D 0.373 44.20AB 0.693 84.18AB 0.642 

P100 2.243CD 0.133 43.34B 1.280 83.66BCD 0.456 

N80P60K60 5.633A 0.852 42.03C 0.851 83.46D 0.167 

N80P100K60 5.758A 0.506 39.21D 0.461 82.78E 0.363 

N80P60 4.476B 0.353 40.05D 0.472 83.62CD 0.228 

N80P100 4.736B 0.191 42.10C 1.300 84.02ABC 0.228 

F 76.761**  41.053**  9.833**  

P - value < 0.001  < 0.001  < 0.001  
*Means within columns followed by different lowercase letters are significantly different. P<0.01 very significant (**); P<0.05 
significant (*); P>0.05 non-significant (ns) 

The average value of the productive grain yield of 
the investigated winter wheat grown at the Center for 
Small Grains, in Kragujevac (Serbia) in the experiment 
was 5.758 t ha-1 in N80P100K60 treatment, with a range of 
1.955 t ha-1 in the second year to 4.358 t ha-1 in the first 
year of the study. The results of the present study 
clearly suggest that maximum grain yield on Vertisol 
can be obtained with the NPK fertilizer (80 kg ha-1 N, 
100 kg ha-1 P2O5 and 60 kg ha-1 K2O). Đekić et al. 

(2014) also found that grain yield increased with 
NPK fertilizer application.  

Achieving high wheat grain yields with desirable 
quality requires a proper cultivar choice and optimal 
growing conditions, i.e., production technology. New-
generation cultivars exhibit a high degree of tolerance to 
temperature shocks during the grain forming and filling 
phase as well as to drought (Matković Stojšin et al., 
2022). Early ripening cultivars finish the synthesis of 
most of the dry matter before the start of the drought 
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period but they have lower yield potential because of the 
positive correlation between vegetation length and grain 
yield (Djuric et al., 2018). It is known that the effect of 
individual or combined abiotic stress factors (high and 
low temperatures, drought, acidic and saline soil) in 
different wheat growth stages limits the expression of 
maximum grain yield potential (Biberdžić et al., 2019; 
Grčak et al., 2020; Zeeshan et al., 2020; El Sabagh et al., 
2021; Rajičić et al., 2021).  

 

3.2. Analysis of variance of the analyzed traits 
 

The two-way ANOVA (Table 4) showed that the 
effect of the year was highly significant (P<0.01) for all 
the traits. The highly significant influence of the year x 
fertilization interaction on grain yield, 1000 grain 
weight, and test weight indicated that there was a 
difference among the investigated treatments in their 
response to the vegetation period. Furthermore, the 
effect of fertilization was not significant (P>0.05) for all 

the traits except grain yield, which was very significant 
(P<0.01).  

A considerable variation in yield depending on the 
study year was determined by Jelic et al. (2015) and 
Terzić et al. (2018). Similarly, in the study by Đekić et 
al. (2014), the highly significant effect of the year on 
grain yield (P<0.01) was associated with changes in 
vegetation seasons as a result of changing 
environmental conditions. The present results confirm 
the findings of many authors that grain yield, thousand 
grain weight, and test weight are genetically 
determined, but are strongly modified by nutrient 
status, weather conditions, and soil salinity (Khan and 
Mohammad 2016; Khan et al., 2017; Wahid et al. 2017). 
Đekić et al. (2014) and Terzić et al. (2018) found that 
the application of mineral fertilizers had a significant 
impact on grain yield, and that thousand grain weight 
was significantly higher in more intensively fertilized 
variants.

 

Table 4. 
The analysis of variance for the tested parameters in Kragujevac, Serbia 

Effect  df Mean sqr Effect Mean sqr Error F p-level 

The analysis of variance for grain yield  

Year, (Y) 2, 117 46.275 1.517 30.500** 0.000 

Fertilization, (F) 7, 112 16.770 1.363 12.302** 0.000 

Year x Fertilization, (YxF) 14, 96 2.881 0.206 13.983** 0.000 

The analysis of variance for 1000 grain weight 

Year, (Y) 2, 117 1745.57 3.818 457.198** 0.000 

Fertilization, (F) 7, 112 11.845 34.419 0.344ns 0.932 

Year x Fertilization, (YxF) 14, 96 19.700 0.917 21.493** 0.000 

The analysis of variance for test weight 

Year, (Y) 2, 117 2686.11 6.455 416.131** 0.000 

Fertilization, (F) 7, 112 36.194 52.447 0.690ns 0.680 

Year x Fertilization, (YxF) 14, 96 14.286 3.144 4.543** 0.000 
ns-non-significant, *-P<0.05, **-P<0.01, ***-P<0.001

3.3. Correlation between the analyzed traits 
 

As shown in Table 5, grain yield in 2012/13 was 
positively and highly significantly correlated with 
thousand grain weight (0.648**), and negatively but 
significantly correlated with test weight (-0.389*). 
Thousand grain weight was negatively correlated with 
test weight (-0.186) (Table 5).  

Wheat yield in 2013/14 was positively and highly 
significantly correlated with thousand grain weight 
(0.493**), and negatively correlated with test weight 
(‒0.082). Thousand grain weight in 2014 was 
negatively correlated with test weight (‒0.231) 
(Table 5).  

The correlative dependence of grain yield in the 
2014/15 vegetation season was negatively and 
significantly correlated with thousand grain weight 
(‒0.392*), and negatively but highly significantly 

correlated  with  test weight (‒0.641**). Thousand grain 
weight in 2015 was positively but non-significantly 
correlated with test weight (0.242) (Table 5).   

Grain yield in all vegetation seasons (2012–2015) 
in Table 5, was positively and highly significantly 
correlated with thousand grain weight (0.514**) and 
test weight (0.375**). Thousand grain weight in all 
vegetation seasons was positively and highly 
significantly correlated with test weight (0.468).  

The study results indicated that grain yield in all 
vegetation seasons was positively and highly 
significantly correlated with 1000 grain weight, except 
in the 2015 season. The positive and significant 
correlation with grain yield and thousand grain weight 
was established by Terzić et al. (2018). Đekić et al. 
(2014) determined a negative and significant 
correlation between thousand grain weight and test 
weight. 
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Table 5. 
Correlations between the traits analyzed in three vegetation seasons  

Traits Grain yield 1000 grain weight Test weight 

Correlations between the traits analyzed in 2012/13 

Grain yield  (t ha-1) 1.00 0.648** -0.389* 

1000 grain weight (g)  1.00 -0.186ns 

Test weight (kg hl-1)   1.00 

Correlations between the traits analyzed in 2013/14 

Grain yield  (t ha-1) 1.00 0.493** -0.082ns 

1000 grain weight (g)  1.00 -0.231ns 

Test weight (kg hl-1)   1.00 

Correlations between the traits analyzed in 2014/15 

Grain yield  (t ha-1) 1.00 -0.392* -0.641** 

1000 grain weight (g)  1.00 0.242ns 

Test weight (kg hl-1)   1.00 

Correlations between the traits analyzed in 2012–2015 

Grain yield  (t ha-1) 1.00 0.514** 0.375** 

1000 grain weight (g)  1.00 0.468** 

Test weight (kg hl-1)   1.00 

 
Grain yield in the control was positively and highly 

significantly correlated with thousand grain weight 
(0.586*), and positively and significantly correlated 
with test weight (0.537*). A positive and highly 
significant correlation with grain yield and thousand 
grain weight (0.729**) and a significant correlation with 
yield and test weight (0.604*) were determined in 
treatment N80. The correlative dependence of grain 
yield in treatment P60 was positive, with a medium 
significant correlation also found with test weight 
(0.524*), and positive and highly significant 
correlations with thousand grain weight and test 
weight (0.613**). In treatment N100, there was a positive 
and highly significant correlation with grain yield and 
thousand grain weight (0.764**), and a significant 
correlation with test weight (0.592*). Moreover, 
positive and highly significant correlations were found 
with thousand grain weight and test weight (0.699**). 
Treatment N80P60K60 led to positive and highly 

significant correlations with yield and thousand grain 
weight (0.801**) and test weight (0.826**). The 
correlative dependence of thousand grain weight had a 
positive and significant correlation with test weight 
(0.575*). In treatment N80P100K60, there were highly 
significant and positive correlations with yield and 
thousand grain weight (0.721**) and test weight 
(0.748**). The correlative dependence of yield in N80P60 

and N80P100 was positive, and highly significant 
correlations were also found between thousand grain 
weight (0.879** and 0.923**) and test weight (0.765** 

and 0.853**) (Table 6). 
The correlative dependence of yield in all 

treatments was positive, and significant correlations 
were also found for thousand grain weight. Many 
authors have reported positive correlations of grain 
yield and 1000 grain weight in treatments with 
nitrogen and phosphorus (Đekić et al., 2014; Terzić et 
al., 2018). 
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Table 6. 
Correlation coefficients for the traits analyzed across treatments  

 Grain yield 1000 grain weight Test weight 

Correlations between the traits analyzed in the unfertilized control 

Grain yield  (t ha-1) 1.00 0.586* 0.213ns 

1000 grain weight (g)  1.00 0.537* 

Test weight (kg hl-1)   1.00 

Correlations between the traits analyzed in treatment N80 

Grain yield  (t ha-1) 1.00 0.729** 0.604* 

1000 grain weight (g)  1.00 0.155ns 

Test weight (kg hl-1)   1.00 

Correlations between the traits analyzed in treatment P60 

Grain yield  (t ha-1) 1.00 0.524* 0.276ns 

1000 grain weight (g)  1.00 0.613** 

Test weight (kg hl-1)   1.00 

Correlations between the traits analyzed in treatment P100 

Grain yield  (t ha-1) 1.00 0.764** 0.592* 

1000 grain weight (g)  1.00 0.699** 

Test weight (kg hl-1)   1.00 

Correlations between the traits analyzed in treatment N80P60K60 

Grain yield  (t ha-1) 1.00 0.801** 0.826** 

1000 grain weight (g)  1.00 0.575* 

Test weight (kg hl-1)   1.00 

Correlations between the traits analyzed in treatment N80P100K60 

Grain yield  (t ha-1) 1.00 0.721** 0.748** 

1000 grain weight (g)  1.00 0.188ns 

Test weight (kg hl-1)   1.00 

Correlations between the traits analyzed in treatment N80P60 

Grain yield  (t ha-1) 1.00 0.879** 0.765** 

1000 grain weight (g)  1.00 0.475ns 

Test weight (kg hl-1)   1.00 

Correlations between the traits analyzed in treatment N80P100 

Grain yield  (t ha-1) 1.00 0.923** 0.853** 

1000 grain weight (g)  1.00 0.646** 

Test weight (kg hl-1)   1.00 

 
4. Conclusion 

 
The effects of the mineral nutrition efficiency of 

wheat have been studied in the stationary field trial of 
the Small Grains Research Center in Kragujevac (Serbia) 
for three vegetation seasons. Nitrogen had the most 
significant impact on the yield of wheat. The average 
grain yield of all treatments in the 2015 growing season 
was significantly greater than in the following years. The 
highest average yields were obtained by the treatments 
N80P100K60 (4.024 t ha-1) and N80P60K60 (3.851 t ha-1) in 
three years. The average grain yield, thousand grain 
weight, and test weight were significantly higher in 
2015.  

The analysis of variance indicated highly significant 
effects of year on grain yield, thousand grain weight, and 
test weight. Furthermore, the effects of fertilization on 
grain yield were significant. The positive and highly 
significant correlations between yield and thousand 

grain weight ranged from 0.493** in 2014 to 0.648** in 
2013. 
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