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Abstract: The study evaluated the performance of mineral fertilization on wheat crop, Alex 

variety, in relation to the starch content of grains. Nitrogen was applied in five doses (0 – 

200 kg ha-1; variation step 50 kg). On each nitrogen level, the Super Fifty biofertilizer was 

applied in six doses (0 – 5 L ha-1; variation step, 1 L). The starch content in wheat grains 

was determined on the experimental variants. The Agronomic Efficiency (AF) and Partial 

Factor Productivity (PFP) indicators were calculated. Mann-Kendall train test confirmed 

the decreasing trend in the data series for AE in relation to the SF variable on nitrogen 

levels N0, N150 and N200 (S = -8, p = 0.042), and for PFP in relation to the SF variable 

(Super Fifty) on all nitrogen levels, (S = -10, p = 0.0083). Based on similarity, the 

experimental variants were grouped into three distinct clusters (Coph.corr. = 0.963). 

Polynomial models and graphical models in 3D format and in isoquant format described 

the variation of the AE and PFP indices in relation to the independent variables (N, SF) 

under statistical safety conditions. 
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INTRODUCTION 
 

Wheat is the main cereal crop in the world, with high importance for human 

nutrition, industrialization, animal feed, and a major role in food security [6,9,13]. Due to 

the importance of wheat for food security, new areas have been considered for the 

expansion of wheat cultivation [7,21]. Some studies have analyzed the distribution of 

wheat crops in relation to climate change and socio-economic conditions [17]. 

In different types of agricultural systems, conventional or organic, wheat is a crop 

that occupies an important place in the crop structure [4,11,15]. Wheat yield and quality 

indices were analyzed in relation to the agro-ecological conditions of the crop area, the 

impact of the environment, and agrotechnical cropping systems [8,22].  

Fertilizers are important inputs for wheat cultivation, in order to support yields and 

quality indices [12,19]. Testing new fertilizer resources and optimizing fertilizers in 

relation to the cultivated gau genotypes, the specifics of the cultivation locations in terms 

of soil and climate conditions, and crop performance are permanent concerns [14,20]. 

Wheat crop fertilization was evaluated both in relation to classic chemical 

fertilizers, but also in relation to new types of fertilizers and bioactive substances, in 

different combinations and application rates, in order to support crop performance, 

adequate quality indices, but also environmental protection and sustainable use of 

agricultural land [2,5,24,35]. Wheat grains present a series of quality indices (e.g. protein, 

gluten, starch, glutenins, gliadins, etc.), which vary in relation to the fertilization applied, 

and which are important for the quality of production, the way of capitalization, and the 

quality of finished products [1,27,34]. 

The study evaluated the efficiency of nitrogen fertilization and algae extract-based 

biofertilizer, at different application rates to wheat crops, based on two indices, Agronomic 

Efficiency (AE) and Partial Factor Productivity (PFP), calculated in relation to the starch 

content values in wheat grains. 
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MATERIALS AND METHODS 

The experimental wheat crop, the Alex variety, was placed within the University of 

Life Sciences "King Mihai I" from Timisoara, Didactic and Experimental Resort (DER), 

during the agricultural years 2018 - 2022. Nitrogen was applied in five doses 0, 50, 100, 

150, and 200 kg ha-1 a.s. (a.s. – active substance). At each nitrogen level, six doses of 

algae-based biostimulant (Super Fifty – SF) were applied in six doses, 0, 1, 2, 3, 4, and 5 L 

ha-1. This resulted in 30 experimental variants. The starch content ST, %) was determined 

from annual wheat grain samples, for each experimental variant. 

The efficiency of using the Super Fifty (SF) biostimulator on the starch content of 

wheat was evaluated by the Agronomic Efficiency (AE) index [10], [16], Equation (1), and 

the Partial Factor Productivity (PFP) index [16], Equation (2). 

 

( )/FSTSTAE 0−=         (1) 

where:  AE – Agronomic Efficiency; 

 ST – starch content on each SF (Super Fifty) variant, on N levels; 

 ST0 – starch content on the control variant (SF0); 

 F – SF dose corresponding to starch content (L ha-1). 

 
ST/FPFP =          (2) 

where:  PFP – Partial Factor Productivity; 

 ST – starch content on each variant fertilized with SF, on N levels; 

 F – SF dose corresponding to starch content. 

 

The experimental data calculated for the AE and PFP indices, based on the starch 

content values in relation to the SF and N products, were analyzed mathematically and 

statistically. Appropriate mathematical and statistical tests (e.g. ) were applied to assess the 

trend in the data series, differences between variants and the reliability of the data. 

Regression analysis was applied to assess the contribution of the two independent variables 

(N, SF) to the variation of the calculated indices (AE, PFP). The PAST software v4.17 

[18], the Mathematica software (2024) [32] and the mathematical calculation module in 

EXCEL were used for the analysis of the experimental data. 

 

RESEARCH RESULTS 

The results for Agronomic Efficiency (AE) calculated based on the starch content 

of wheat grains, in relation to the application rates of the Super Fifty biostimulator at each 

nitrogen fertilization level are presented in Table 1, Figure 1. 

Table 1.  

AE values calculated based on starch content in wheat, 'Alex' variety 
 N0 N50 N100 N150 N200 

SF0 - - - - - 

SF1 0.380 -0.037 0.231 0.392 0.317 

SF2 0.200 -0.046 0.257 0.273 0.229 

SF3 0.364 0.040 0.297 0.283 0.255 

SF4 0.143 0.049 0.076 0.125 0.196 

SF5 0.075 -0.099 0.012 0.123 0.113 

Source: original data 
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Figure 1. Graphical distribution of AE values for wheat, 'Alex' variety 

 

Kruskal-Wallis test for equal medians, indicated significant differences between the 

median values of the calculated AE index in relation to nitrogen doses, H(chi2) = 11.28, Hc 

(tie corrected) = 11.28, p = 0.0236. 

Mann-Kendall train test confirmed the decreasing trend in the AE data series in 

relation to the SF (Super Fifty) variable on nitrogen levels N0, N150 and N200 (S = -8, p = 

0.042). 

In the case of Partial Factor Productivity (PFP), calculated based on the starch 

content of wheat grains, in relation to the doses of the Super Fifty biostimulator, at each 

level of nitrogen fertilization, are presented in Table 2, Figure 2. 

Table 2.  

PFP values calculated for starch content in wheat, 'Alex' variety 
 N0 N50 N100 N150 N200 

SF0 - - - - - 

SF1 2.775 2.754 2.730 2.720 2.703 

SF2 1.388 1.376 1.371 1.363 1.354 

SF3 0.934 0.920 0.919 0.913 0.907 

SF4 0.696 0.691 0.683 0.681 0.680 

SF5 0.555 0.547 0.545 0.546 0.543 

Source: original data 

 

Kruskal-Wallis test indicated that there were no significant differences between the 

median values of the PFP index in relation to nitrogen doses, H(chi2) = 0.895, Hc (tie 

corrected) = 0.895, p > 0.05. 

Mann Kendall trend test confirmed the decreasing trend in the data series for PFP 

in relation to the SF (Super Fifty) variable across all nitrogen levels, (S = -10, p = 0.0083). 
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Figure 2. Graphical distribution of PFP values for wheat, 'Alex' variety 

 

 According to the Cluster Analysis, the variants were grouped based on similarity in 

different clusters and subclusters, in relation to the values of the AE and PFP indices 

(Coph.corr. = 0.963), Figure 3. 
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Figure 3. Cluster dendrogram based on AE and PFP indices 

 

Two distinct clusters resulted, and each cluster contained several variants, at 

different levels of similarity.  

On the left side of the dendrogram, five variants were grouped, with average values 

for the PFP index, ranging between PFP = 1.354 (SF2N200) and PFP = 1.388 (SF2N0). On 

the right side of the dendrogram, five variants were grouped with high values for the PFP 
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index, ranging between PFP = 2.703 (SF1N200) and PFP = 2.775 (SF1N0). In the central 

area of the dendrogram, 15 variants were positioned, based on similarity. 

The regression analysis described the variation of the AE and PFP indices in 

relation to the variables N and SF, according to Equation (3), and Equation (4), 

respectively, with the values of the coefficients of the equations and the statistical safety 

parameters in Table 3.  

 

fexydycxbyax +++++= 22AE                  (3) 

fexydycxbyax +++++= 22PFP                  (4) 

where:  AE – Agronomic Efficiency;  

PFP – Partial Factor Productivity;  

x – N doses (kg ha-1),  

y – SF doses (L ha-1);  

a, b, c, d, e, f - the coefficients of Equation (3), and Equation (4), with 

values in Table 3. 

 

Table 3. 

Values of coefficients and statistical safety parameters 

Equation coefficients and 

statistical parameters 

Coefficient values 

Equation (3) 

AE index 

Equation (4) 

PFP index 

a 0.00000967 0.00000035 

b -0.01380741 0.19092299 

c -0.00133754 -0.00043168 

d 0.03809667 -1.65872050 

e -0.00004101 0.00006902 

f 0.20858788 4.14499912 

R2 0.439 0.977 

p 0.0379 <0.001 

 

The graphical representation of the variation of the two indices in relation to N (x – 

axis) and SF (y – axis) is presented in Figure 4 (AE index) and in Figure 5 (PFP index). 

From the analysis of the values of the coefficients of Equation (3) and from the 

graphic representation (Figure 4), the divergent action of the two variables (N, SF) in the 

variation of the AE index was observed. 

From the analysis of the coefficient values of Equation (4) and the graphical 

distribution (Figure 5) it was observed the differentiated contribution of the two variables 

to the formation of the PFP values. 

A high contribution was recorded for the SF (Super Fifty) variable, which confirms 

the favorable influence of the treatment with the seaweed-based biofertilizer on the quality 

of wheat production. 
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(a) (b) 

Figure 4. Graphical distribution of AE index values in relation to N (x – axis) and SF 

(y – axis); (a) – 3D model; (b) isoquants model 

 
 
 

 

 

 
 

(a) (b) 

Figure 5. Graphical distribution of PFP index values in relation to N (x – axis) and SF 

(y – axis); (a) 3D model; (b) isoquants model 

 

Optimizing fertilization in agricultural crops is a permanent concern of farmers and 

researchers, in relation to new cultivated genotypes, types of fertilizers, and growing 

conditions [3], [30], [26], [20]. 

The starch content in wheat grains is an important carbohydrate, with a content of 

around 70%, but variable in relation to the wheat genotype, environmental and 

technological conditions [36], [23]. 

Experiments with mineral and organic fertilizers, in different combinations and 

application rates, have highlighted the variation of some quality parameters in grass 

cereals, including starch, and the quality of finished products [25], [33]. 

Productivity indicators, such as AE, and PFP, have been studied in relation to 

different fertilization rates in wheat in order to optimize crop technologies and production 

quality [31], [28], [29]. 

 In the present study, the fertilizers used (N, SF) in different combinations and 

application rates led to certain values of starch content in wheat grains, and the calculations 
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made showed the differentiated variation of the productivity indices, AE and PFP. 

The variations of the two productivity indices were more strongly influenced by the 

Super Fifty biofertilizer at the tested N levels. The data resulting from the calculation were 

within the limits of statistical safety, and showed a decreasing trend in relation to the 

fertilizer doses, under the study conditions. 

 

CONCLUSIONS 

Fertilization with nitrogen (N) and the Super Fifty (SF) biofertilizer, based on 

seaweed extract, influenced starch accumulation in wheat grains, Alex variety, in a 

differentiated manner. Based on starch content, agronomic efficiency (AE) and partial 

factor productivity (PFP) indices highlighted the performance of fertilization with the two 

products. 

Kruskal-Wallis test for equal medians, indicated significant differences between the 

median values of the calculated AE index in relation to nitrogen doses (p = 0.0236) and 

indicated that there were no significant differences between the median values of the PFP 

index in relation to nitrogen doses (p>0.05). 

Mann-Kendall trens test confirmed the decreasing trend in the AE data series in 

relation to the SF (Super Fifty) variable on nitrogen levels N0, N150 and N200 (S = -8, p = 

0.042), and the decreasing trend in the PFP data series in relation to the SF (Super Fifty) 

variable on all nitrogen levels, (S = -10, p = 0.0083). 

Cluster analysis generated the grouping of experimental variants based on 

similarity, in relation to the AE and PFP indices. Regression analysis led to polynomial 

models and graphical models (3D, isoquants), which described the variation of the AE and 

PFp indices in relation to the independent variables (N, SF) under conditions of statistical 

certainty. 
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