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Abstract       The study evaluated the variation of wheat grain quality in terms 
of hectoliter weight in relation to mineral and foliar fertilization. The Alex 
cultivar was used in culture, within the Experimental Didactic Resort of 
BUASVM Timisoara. Mineral fertilization was done with nitrogen, in the form of 
ammonium nitrate, in doses between 0 - 200 kg ha-1. Foliar fertilization was 
done with the Super Fifty biofertilizer, in concentrations between 0 - 5 l ha-1. 
From the combination of the two types of fertilization, 30 variants resulted, in 
three repetitions. The hectolitre weight (HW) was determined in relation to the 
two fertilizers types. The HW variation was found between 69.47 - 74.07 ± 0.81 
kg hl-1 on the N0-SF0 variant, and 77.27 ± 0.32 kg hl-1 on the N100-SF3 variant. 
Based on the coefficient of variation (CV), there was a higher variability of HW 
on the N0 level (CVN0 = 2.52401), and a lower variability on the N150 level 
(CVN150 = 0.93259). The variation of HW depending on the concentration of the 
SF product was described by polynomial equations of degree 3 on levels N0 
and N50, respectively by polynomial equations of degree 2 on levels N100, N150 
and N200, in all cases in statistical safety conditions (R2 = 0.700 on the N100 
level at R2 = 0.997 on the N50 level). The regression analysis facilitated the 
obtaining of an equation that described the variation of HW according to N and 
SF (as direct action and interaction effect), in conditions of statistical safety (R2 
= 0.932, p <0.01, F = 69.0745). Graphical models of variation of HW according 
to N and SF were obtained, in 3D and isoquants form. Optimal values for N 
and Sf were found, in relation to HW, xopt = 123.99 kg N a.s. ha-1, respectively 
yopt = 2.92 l ha-1 SF. The cluster analysis facilitated the obtaining of the 
grouping of variants in relation to SF, based on the degree of similarity in 
relation to the HW values, in conditions of statistical safety, Coph.corr = 0.864.   
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Wheat occupies a major place in crop plants, 

due to its importance in human nutrition, as animal 
feed or as a resource for industrialization [28]. 

Wheat grains are characterized by different 
indices in relation to different reference criteria, such 
as molecular indices and genetic diversity [9; 20], 
morfological indices [19; 15; 20], biological indices 
[2], biochemical indices [21; 11; 35], or chemical 
indices [13; 6; 23]. 

Characterization and quality indices for wheat 
grains vary in relation to species, variety, genotype 
(hybrid, cultivar) [8; 22], climatic conditions [17; 34], 
soil conditions [16], irigation [12; 36], fertilization and 
mineral elements [24; 25; 32; 32], stress factors [1; 3], 
plants health [29]. 

Different methods and models have been used 
in studies to evaluate wheat production and quality in 
relation to natural and technological factors of 
influence [26; 18; 7]. 

Fertilizers are an important input for wheat 
cultivation. The influence of wheat fertilizers has been 

studied on different varieties, in relation to 
physiological indices, elements of productivity, 
production and quality indices [14; 27; 5]. 

The present study evaluated the variation of 
hectoliter weight in wheat depending on the nitrogen 
fertilization and foliar fertilization with a product based 
on algae extract. 

 
Material and Method 
 

The study analyzed the variation of the 
hectoliter weight of wheat grains, under the influence 
of mineral fertilization with nitrogen and foliar 
fertilization with a bioprefertilizer based on algae 
extract. The Alex wheat cultivar was cultivated, in the 
chernozemic soil conditions, within the Didactic and 
Experimental Resort of BUASVM Timisoara. 
 Mineral fertilization was done with 
ammonium nitrate, in doses that provided nitrogen in 
the range 0 - 200 kg N a.s. ha-1 (a.s. - active substance). 
Nitrogen fertilizer (ammonium nitrate) was applied in 
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the spring. The Super Fifty biofertilizer was applied in 
six concentrations (0 - 5 l ha-1). The application of the 
SF product was made according to the 
recommendations given by the manufacturer 
(BioAtlantis). 
 A  suitable technology for wheat cultivation 
was provided in terms of plant protection. The crop 
was conducted in an unirrigated system. 
 The hectolitre weight (HW) was evaluated as 
an important index on the quality of wheat grains, 
especially for bakery. According to STAS, the value of 
the hectoliter mass (HW) is min 75 kg hl-1 (SR EN ISO 
7971-3:2019 Cereale). 

The safety of the experimental data, as well as 
the presence of the variant in the data set, were 
evaluated by the ANOVA Two-Factors test (Alpha = 
0.05). 

Regression analysis, as mathematical 
instrument, was used in order to evaluate the variation 
of hectolitre weight (HW) in relation to nitrogen (N), 
and the foliar biofertilizer Super Fifty (SF). Cluster 
analysis was used to evaluate the degree of similarity 
and the way of associating the variants in relation to 
the HW values. To evaluate the safety of the equations 

and the values obtained, parameters R2, p, Coph corr., 
were used. 

Data analysis and processing was done with 
PAST software (Hammer et al., 2001) and the 
calculation module from EXCEL. Some graphical 
representations were made with Wolfram Alpha 
software (2020). 
 
Results and Discussions 
 

The analysis of the experimental data on the 
influence of mineral nitrogen fertilization and foliar 
fertilization with Super Fifty biofertilizer, on grain 
quality, in terms of hectoliter weight (HW), led to the 
values presented in Table 1. The average values and the 
standard error (SE) in relation to the experimental 
variants are presented. The SF product determined the 
HW variation between 69.47 - 74.07±0.81 kg hl-1 on 
the N0 level, between 70.80 – 74.97±0.74 kg hl-1 on the 
N50 level, between 74.97 - 77.27±0.32 kg hl-1 on the 
N100 level, between 75.67 – 76.77±0.29 kg hl-1 on the 
N150 level, and between 73.60 – 74.97±0.44 kg hl-1 on 
the N200 level respectively. 

 
Table 1. Hectolitre mass values for wheat, Alex variety, depending on fertilization 

Experimental 
variants 

SF0 SF1 SF2 SF3 SF4 SF5 

N0 69.47±0.81 70.43±0.81 72.53±0.81 73.03±0.81 74.07±0.81 73.51±0.81 

N50 70.80±0.74 71.30±0.74 72.67±0.74 74.33±0.74 74.97±0.74 74.77±0.74 

N100 74.97±0.32 75.67±0.32 76.07±0.32 77.27±0.32 75.73±0.32 75.40±0.32 

N150 75.67±0.29 76.37±0.29 76.47±0.29 76.77±0.29 75.43±0.29 74.93±0.29 

N200 73.60±0.44 74.70±0.44 76.20±0.44 76.13±0.44 74.97±0.44 73.90±0.44 
N0 – N200, nitrogen fertilization variants, in the range of 0 – 200 kg ha-1 N a.s. 
SF0 – SF5, fertilization variants with Super Fifty foliar biofertilizer in the range of 0 – 5 l ha-1 

 
The ANOVA, Two-Factor test confirmed the 

presence of the variance in the experimental data set 
and also confirmed the statistical safety of the data (F> 

Tcrit, p <0.001 for columns, p = 0.049916 for rows, in 
conditions of Alpha = 0.05), table 2. 

 
Table 2. ANOVA Two-Factor 

Source of 
Variation 

SS df MS F P-value F crit 

Rows 88.83911 4 22.20978 15.48967 6.41E-06 2.866081 

Columns 19.44478 5 3.888956 2.712258 0.049916 2.71089 

Error 28.67689 20 1.433844    

Total 136.9608 29     

Alpha=0.05 
 

 
Statistical analysis showed different variability 

of HW results under the influence of SF in relation to 
N doses. Thus, based on the coefficient of variation 
was found a higher variation at N0 level and a lower 
variation at N150, CVN0 = 2.52401, CVN50 = 2.48402, 

CVN100 = 1.03615, CVN150 = 0.93259, respectively 
CVN200 = 1.45441. Diversity profiles graphically 
illustrate the variability within the HW values, on N 
fertilization levels, figure 1.  
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Figure 1. Diversity profiles for HW under the influence of SF on different levels of N  

  
 

The variation of HW under the influence of 
SF on each level of N was described by equations (1) - 
(5), in statistical safety conditions. 

At level N0, the polynomial equation of degree 
3, equation (1) described the variation of HW 
depending on the SF concentration used, in conditions 
of R2 = 0.979, p = 0.0310, F = 31.32. At the N50 level, 
the polynomial equation of degree 3, equation (2) 
described the variation of HW depending on the SF 
concentrations, in conditions of R2 = 0.997, p = 0.0036, 
F = 273.13. At level N100, the polynomial equation of 
degree 2, equation (3) described the variation of HW 

depending on the SF concentrations, in conditions of 
R2 = 0.700, p = 0.164, F = 3.5012. At level N150, the 
polynomial equation of degree 2, equation (4) 
described the variation of HW depending on the SF 
concentrations, in conditions of R2 = 0.876, p = 
0.04319, F = 10.685. At the N200 level, the polynomial 
equation of degree 2, equation (5) described the 
variation of HW depending on the SF concentrations, 
in conditions of R2 = 0.938, p = 0.01534, F = 22.789. 
As a sample, a graphical distribution of HW in relation 
to SF is shown for the N50 level, figure 2.  
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Figure 2. HW variation in relation to SF on the N50 level 

 
The regression analysis regarding the 

variation of hectoliter weight (HW) in relation to N and 
SF, led to the equation (6), in statistical safety 
conditions, according to R2 = 0.932, p <0.01, F = 
69.0745. The variation HW in relation to N and SF is 
shown graphically in 3D format in figure 3, and in the 
form of isoquants, in figure 4. Based on the values of 
the coefficients of equation (6), the optimal values for 

x and y were calculated, and xopt = 123.99 kg N as ha-1, 
respectively yopt = 2.92 l ha-1 SF were found. 

From the analysis of the values of the 
coefficients of equation (6), based on the ANOVA test, 
the statistical certainty was found in the case of all the 
values of the coefficients of equation (6), according to 
p = 0.0565 to; p = 0.03836 for b; p <0.01 for c, d, e. 

 

fexydycxbyax  22HW          (6) 

 
where:  HW  - hectoliter weight (kg hl-1); 

x – N – nitrogen doses, kg ha-1 a.s.; 
y – SF – Super Fifty, l ha-1; 
a, b, c, d, e, f – coefficients of the equation (6); 
a= -0.0017417; 
b= -3.1426486; 
c= 0.7205786; 
d= 30.6141471; 
e= -0.0987666; 
f= 0 
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Figure 3. 3D graphic model of HW variation according to N (x-axis) and SF (y-axis), 
Alex wheat cultivar 

 
 

 
 

Figure 4. Graphic model, in the form of isoquants, of HW variation according to N (x-axis) and SF (y-axis), 
Alexwheat cultivar 

 
The cluster analysis facilitated the obtaining of 

the grouping of variants in relation to SF, based on the 
degree of similarity in relation to the HW values, in 
conditions of statistical safety, Coph.corr = 0.864. The 
dendrogram obtained is shown in figure 5. It was found 
the formation of two distinct clusters in relation to N 

and two clusters in relation to SF, in relation to the 
level of similarity of the variants for the formation of 
HW. A high level of similarity was recorded between 
variants SF4 and SF5, SDI = 1.3629. The SDI values 
recorded at the level of all variants, in relation to SF 
are shown in table 3. 
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Figura 5. Dendrogram of the cluster grouping of the variants, two-way mode 
 

Table 3. SDI values between experimental variants depending on SF 
 SF0 SF1 SF2 SF3 SF4 SF5 

SF0  1.8335 4.6336 6.1673 6.4079 5.7363 

SF1 1.8335  2.9507 4.5504 5.2610 4.9309 

SF2 4.6336 2.9507  2.1308 3.2205 3.6716 

SF3 6.1673 4.5504 2.1308  2.6465 3.5042 

SF4 6.4079 5.261 3.2205 2.6465  1.3629 

SF5 5.7363 4.9309 3.6716 3.5042 1.3629  

 
 

Conclusions 
 

Mineral fertilization with N, and foliar 
fertilization with the Super Fifty (SF) biofertilizer lead 
to the variation of the hectoliter weight (HW) in wheat, 
the Alex variety, in statistical safety conditions. 

Of the 30 experimental variants, at 12 
variants, HW values were obtained above the 
recommended STAS values. 

Nitrogen applied alone ensured only for the 
N150 variant HW values at the considered quality level. 
The SF product did not alone ensure quality values of 
HW at the quality reference level. 

The best values of HW were obtained from the 
combination of the two fertilizing resources. 
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