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Abstract 
 
The study evaluated the interdependence relationship between certain agrochemical indices of soil fertility. Soil 
reaction (pH), organic matter (H), nitrogen index (NI), base saturation degree (V), phosphorus (P) and potassium 
content (K) were analyzed. The variation of NI in relation to H was described by a polynomial equation of degree 2, in 
conditions of R2 = 0.876, p = 0.0151. Mobile phosphorus soil content (P) in relation to soil pH was described by a 
polynomial equation of degree 2, and from the derivation of the equation was obtained the value of pH = 6.77 at which 
P had high mobility in soil, and high accessibility for plants. The P variation was analyzed by regression analysis in 
relation to pH and V, under conditions of R2 = 0.817. The distribution in 3D form and in the form of isoquants of the P 
values in relation to soil pH and V was obtained. The variation of K was analyzed by regression analysis in relation to 
pH and P (R2 = 0.776), and in relation to pH and NI (R2 = 0.949) respectively. The graphical distribution in 3D and 
isoquants form of the K values in relation to pH and P, respectively in relation to pH and NI was obtained. 
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INTRODUCTION 
 
As a result of the process of paedogenesis (soil 
formation and evolution), agrochemical indices 
have been defined as concrete values under the 
influence of solification factors and 
anthropogenic factor, and define the natural and 
economic fertility of the soil (Di Falco & 
Zoupanidou, 2017; Meena et al., 2020). 
Agrochemical indices are important for 
establishing soil improvement measures and 
current fertilization works for crops 
(Marschner, 1995). 
Agrochemical indices have been studied and 
used for soil assessment and characterization in 
relation to soil type (Bakos et al., 2015), soil 
organic matter regime (Ravikumar & 
Somashekar, 2013; Takeshita et al., 2019; 
Piccini et al., 2020), soil microbiological 
activity (Bart et al., 2019; Meena et al., 2020), 
climatic conditions (Bünemann et al., 2018), 
plant structure and cropping systems (Feng et 
al., 2020), soil tillage systems (Deiss et al., 
2020), limiting factors of soil fertility (Bernal 
et al., 2015), pesticides and soil pollutants 
(Baćmaga et al., 2019; Bart et al., 2019; Meena 
et al., 2020), soil management (Cardoso et al., 
2013; Meena et al., 2020), agricultural land 

productivity (Munnaf et al., 2020), land 
sustainability (Huera -Lucero et al., 2020). 
The chemical properties of the soil are highly 
complex, and there are interdependent 
relationships between different agrochemical 
indices (Yavitt et al., 2009; Li et al., 2016; 
Saracut & Sala, 2020). 
Soil formation conditions have significantly 
contributed to the formation of the physical, 
chemical and biological properties of soils and 
the productive capacity of agricultural lands 
(Ugolini & Bockheim, 2008; Graf-Rosenfellner 
et al., 2016). 
The structure of crop plants, crop rotation, 
genotypes cultivated by the specific 
consumption of nutrients for the formation of 
production, contribute annually to the 
variability of agrochemical indices 
(Kwiatkowski & Harasim, 2020; Sainju & 
Alasinrin, 2020). 
Agricultural technologies, especially through 
the type and quantity of fertilizers also 
contribute to the variation of agrochemical, 
physical and microbiological indices of the soil 
(Lin et al., 2019; Hasnain et al., 2020; Shang et 
al., 2020; Iqbal et al., 2021). 
Due to the variation of the values of 
agrochemical indices, fertilization optimization 

 

studies in relation to soil type, agricultural 
crops and cultivated genotypes (varieties, 
hybrids) are permanently necessary for the 
profitability and quality of agricultural 
productions (Sala & Boldea, 2011; Rawashdeh 
& Sala 2014a; Jahan & Amiri, 2018; Tabak et 
al., 2020). 
The present study analyzed certain 
agrochemical indices in several different soils 
and tried to find models to describe the 
variation of some indices in relation to others, 
among those studied. 
 
MATERIALS AND METHODS 
 
The study aimed to evaluate the 
interdependence relationship between basic 
agrochemical indices used in the analysis and 
evaluation of soil fertility, and to find some 
descriptive models. 
Soil samples were analyzed from different 
locations, the area of Becicherecu Mic, Gataia, 
and Jamu Mare, Timis County, Romania 
(Figure 1). The soil samples were taken during 

the agricultural year 2013, and the lands under 
study are intended for field crops. 
The agrochemical indices considered and 
determined for the study were represented by: 
soil reaction (pH), organic matter (H, %), 
nitrogen index (NI, %), degree of saturation in 
bases (V, %), content of mobile phosphorus (P, 
ppm) and assimilable potassium content (K, 
ppm). 
The experimental data set was analyzed by 
specific methods in relation to the purpose of 
the study (ANOVA test, descriptive statistical 
analysis, correlation analysis, regression 
analysis).  
Appropriate statistical safety indices (standard 
error, correlation and regression coefficients, 
coefficient of variation) were used to evaluate 
and interpret the results. 
ArcGIS 10.6 software was used to locate the 
study area and create the worksheet (Figure 1). 
PAST software (Hammer et al., 2001) and 
Wolfram Alpha (2020) were used for data 
processing and interpretation. 

 
Figure 1. The area of the localities for the studied of soils samples
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RESULTS AND DISCUSSIONS 
 
The analysis of the soil samples led to the 
values of the studied agrochemical indices (pH, 
H, NI, V, P and K) presented in Table 1, with 
normal probability plot in Figure 2. The soil 
reaction had values between pH = 5.73 and          
pH = 7.89 ± 0.37, and the degree of saturation 
in the bases had values V = 60.33-100.00 ± 
7.32%. For the humus content were recorded 
values H = 1.69-3.60 ± 0.31%, and for the 
nitrogen index were determined values NI = 
1.04-3.27 ± 0.28%. The supply with mobile 

phosphorus showed values P = 13.16-135.00 ± 
19.74 ppm, and the supply with assimilable 
potassium of the soil registered values K = 
84.00-366.00 ± 33.07 ppm. 
The ANOVA test, highlighted the presence of 
variance in the analytical data set and statistical 
safety of the results obtained (p<0.001, F>Fcrit, 
in conditions of Alpha = 0.001). 
The studied agrochemical indices showed 
differentiated variability, highlighted both at 
the level of variation coefficients (Table 1) and 
through Diversity profile (Figure 3).  
 

 
Table 1. Values of the studied agrochemical indices of the soil, Timis County, Romania 

Statistical elements 
of analysis 

pH H NI V P K 
 (%) (%) (%) (ppm) 

Min 5.73 1.69 1.04 60.33 13.16 84.00 
Max 7.89 3.60 3.27 100.00 135.00 366.00 
Mean 6.64 2.55 2.01 79.51 76.58 189.73 
Std. error 0.37 0.31 0.28 7.32 19.74 33.07 
Median 6.05 2.22 2.17 68.6 65.32 186 
Coefficient of 
variation 14.77644 32.99257 37.16321 24.34457 68.20983 46.11831 

 

 
Figure 2. Normal probability plot for studied soil 

agrochemical indices 
 

 
Figure 3. Diversity profiles for the studied agrochemical 

indices 

Thus, a high level of variability showed 
phosphorus (P) with a value of the coefficient 
of variation CV = 68.20983, and low variability 
presented the reaction of the soil (pH) with the 
value of the coefficient of variation CV = 
14.77644. 
The correlation analysis highlighted different 
levels of correlation between the studied 
agrochemical indices.  
A very strong positive correlation was 
identified between V and pH (r = 0.976). A 
moderate positive correlation was recorded 
between IN and H (r = 0.735). Low correlations 
were identified between IN and pH (r = 0.596), 
between IN and V (r = 0.571), between K and 
V (r = -0.522). 
Regression analysis was used to assess the 
interdependence and variation of agrochemical 
indices. In the case of equations (2), (4), (6) 
and (7) up to 16 decimal of the coefficient 
values were used, for high accuracy. 
The NI variation in relation to H was described 
by a polynomial equation of degree 2, equation 
(1), under conditions of R2 = 0.876, p = 0.0151, 
F = 14.243. 
 

8.97H8.428H1.478NI 2 −+−=      (1) 

 
Multiple regression analysis evaluated the 
variation of the NI index in relation to H and P, 

 

and was described by equation (2) under 
conditions of R2 = 0.964, p = 0.226. The 
graphical distribution in 3D and isoquants 
form, of the NI variation in relation to H and P, 
is shown in Figures 4 and 5. 
 

fexydycxbyax +++++= 22NI            (2) 

 
where:  NI - Nitrogen Index 

x - organic matter content (H, %); 
y - phosphorus content in soil (P, ppm); 
a, b, c, d, e, f - coefficients of the equation (2); 
a = -0.0573405; 
b = -0.0001376; 
c = 0.7666231; 
d = 0.0140387; 
e = 0.0027825; 
f = 0. 

 

 
Figure 4. 3D variation model of nitrogen index (NI), 

depending on H (x-axis) and P (y-axis) 

 

 
Figure 5. Distribution in the form of isoquants,  

of NI according to H (x-axis) and P (y-axis) 
 
The variation of the phosphorus content in the 
soil (P) in relation to soil pH was described by 
a polynomial equation of degree 2, equation (3). 

3370103649.76P 2 −+−= xx       (3) 

where: x - soil pH 
 
From equation (3) was obtained the pH value at 
which P has high mobility in the soil, and 
maximum accessibility for plants. Thus, from 
the derivation of equation (3) and the 
subsequent calculations, the value pH = 6.77 
was obtained, at which phosphorus (P) from the 
soil had maximum availability, under the study 
conditions. 
The value obtained falls within the pH range 
specified by the literature on the mobility and 
availability of P in the soil, values that range in 
the interval pH = (6.00, 7.00), with an optimal 
pH = 6.5 (Price, 2006; Sala, 2011; Rusu et al., 
2005; Marschner, 1995). 
Multiple regression analysis took into account 
the studied agrochemical indices against which 
the P variation was analyzed. Thus equation (4) 
was obtained, which most appropriately 
described the P variation in relation to pH and 
V, under conditions of R2 = 0.817, p = 0.511,          
F = 1.7912. The graphical distributions of the P 
values in relation to pH (x-axis) and V (y-axis), 
were obtained, Figures 6 and 7. 
 

fexydycxbyax +++++= 22P      (4) 

where:  P - mobile phosphorus content in the soil (ppm) 
x -soil reaction (pH); 
y - degree of saturation in bases (V, %); 
a, b, c, d, e, f - coefficients of the equation (4); 
a = -1159.6092329; 
b = -3.4965460; 
c = 3896.7274744; 
d = -299.8188511; 
e = 134.8799331; 
f = 0. 

 

 
Figure 6. 3D distribution of P values  

in relation to pH (x-axis) and V (y-axis) 
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Figure 7. Phosphorus distribution in the form of 

isoquants in relation to pH (x-axis) and V (y-axis) 
 
In the case of potassium, the simple regression 
analysis evaluated the variation of the 
potassium content in the soil (K) in relation to 
NI and soil pH.  
An interdependence relation of K in relation to 
NI was found, equation (5), in conditions of          
R2 = 0.607, p = 0.154, both indices being 
important in expressed of soil fertility. 
 

7.6409.41856.86K 2 +−= xx      (5) 

 
where: x - nitrogen index (NI) 
 
Multiple regression analysis facilitated the 
description of the K variation in relation to pH 
and P, and in relation to pH and NI, 
respectively.   
The variation K in relation to soil pH and P was 
described by equation (6), under conditions of 
R2 =0.776. The distribution of K values in 
relation to soil pH and P is shown in Figures 8 
and 9. 
 

fexydycxbyax +++++= 22K      (6) 

 
where:  K - assimilable potassium content in the soil  

(ppm) 
x - soil reaction (pH); 
y - mobile phosphorus content in the soil  
(ppm); 
a, b, c, d, e, f - coefficients of the equation (6); 
a = 24.8703456; 
b = 0.0840032; 
c = -101.7442294; 
d = 27.2209759; 
e = -5.6549215; 
f = 0. 

 
Figure 8. 3D distribution of K values  

in relation to soil pH (x-axis) and P (y-axis) 
 

 
Figure 9. Distribution in the form of isoquants, of K 
values in relation to soil pH (x-axis) and P (y-axis) 

 
The variation of the assimilable potassium 
content from the soil (K), in relation to soil pH 
and nitrogen index (NI) was described by 
equation (7), in conditions of R2 = 0.949,           
p = 0.270. The distribution of K values in 
relation to soil pH and NI is shown in Figures 
10 and 11. 
 

fexydycxbyax +++++= 22K      (7) 

 
where:  K - assimilable potassium content in the soil  

(ppm) 
x - soil reaction (pH); 
y - nitrogen index (NI); 
a, b, c, d, e, f - coefficients of the equation (7); 
a = 29.6915535; 
b = 284.1914307; 
c = 10.0064542; 
d = 171.8017163; 
e = -206.9932874; 
f = 0. 
 

 

 
Figure 10. 3D distribution of K values  

in relation to soil pH (x-axis) and NI (y-axis) 
 

 
Figure 11. Distribution in the form of isoquants, of K 
values in relation to soil pH (x-axis) and NI (y-axis) 

 
 
 

From the analysis of the distribution of K 
values described by equation (6) in relation to 
soil pH and P, and by equation (7) in relation to 
soil pH and NI, a smaller variation of the assi-
milable potassium content of soil (K) in rela-
tion with soil pH and much wider in relation to 
P, and NI respectively, was registered. 
This shows a low independence of K in relation 
to soil pH in the case of the studied soils. 
Instead, the wide variation of K in relation to P 
and NI, respectively, shows the high weight 
and the association and interdependence of the 
three agrochemical indices in defining soil 
fertility. 
High soil fertility is expressed by high values 
of the three agrochemical indices, and the 
discrepancy between them shows imbalances in 
soil fertility. 
Ranking scaling analysis led to the diagram in 
Figure 12, with the representation and 
classification of the studied agrochemical 
indices. Ranked scaling has been used and is 
recommended for evaluating small differences 
in intensity between certain parameters or 
indices (Pecore et al., 2015). 
The values of agrochemical indices express soil 
fertility and influence plant nutrition and crop 
productivity. Their knowledge is important for 
the correct establishment of soil improvement 
and fertilization measures. 
Different methods have been used for the study 
and evaluation of soil and cultivated plants in 
relation to the crop system or vegetation factors 
(Malarino et al., 1999; Terra et al., 2014; 
Govedarica et al. 2015; Nascente et al., 2015; 
Drienovsky et al., 2017; Kwiatkowski & 
Harasim, 2020). 

 
Figure 12. Ranking-Scaling diagram for agrochemical indices studied  
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(ppm); 
a, b, c, d, e, f - coefficients of the equation (6); 
a = 24.8703456; 
b = 0.0840032; 
c = -101.7442294; 
d = 27.2209759; 
e = -5.6549215; 
f = 0. 

 
Figure 8. 3D distribution of K values  

in relation to soil pH (x-axis) and P (y-axis) 
 

 
Figure 9. Distribution in the form of isoquants, of K 
values in relation to soil pH (x-axis) and P (y-axis) 

 
The variation of the assimilable potassium 
content from the soil (K), in relation to soil pH 
and nitrogen index (NI) was described by 
equation (7), in conditions of R2 = 0.949,           
p = 0.270. The distribution of K values in 
relation to soil pH and NI is shown in Figures 
10 and 11. 
 

fexydycxbyax +++++= 22K      (7) 

 
where:  K - assimilable potassium content in the soil  

(ppm) 
x - soil reaction (pH); 
y - nitrogen index (NI); 
a, b, c, d, e, f - coefficients of the equation (7); 
a = 29.6915535; 
b = 284.1914307; 
c = 10.0064542; 
d = 171.8017163; 
e = -206.9932874; 
f = 0. 
 

 

 
Figure 10. 3D distribution of K values  

in relation to soil pH (x-axis) and NI (y-axis) 
 

 
Figure 11. Distribution in the form of isoquants, of K 
values in relation to soil pH (x-axis) and NI (y-axis) 

 
 
 

From the analysis of the distribution of K 
values described by equation (6) in relation to 
soil pH and P, and by equation (7) in relation to 
soil pH and NI, a smaller variation of the assi-
milable potassium content of soil (K) in rela-
tion with soil pH and much wider in relation to 
P, and NI respectively, was registered. 
This shows a low independence of K in relation 
to soil pH in the case of the studied soils. 
Instead, the wide variation of K in relation to P 
and NI, respectively, shows the high weight 
and the association and interdependence of the 
three agrochemical indices in defining soil 
fertility. 
High soil fertility is expressed by high values 
of the three agrochemical indices, and the 
discrepancy between them shows imbalances in 
soil fertility. 
Ranking scaling analysis led to the diagram in 
Figure 12, with the representation and 
classification of the studied agrochemical 
indices. Ranked scaling has been used and is 
recommended for evaluating small differences 
in intensity between certain parameters or 
indices (Pecore et al., 2015). 
The values of agrochemical indices express soil 
fertility and influence plant nutrition and crop 
productivity. Their knowledge is important for 
the correct establishment of soil improvement 
and fertilization measures. 
Different methods have been used for the study 
and evaluation of soil and cultivated plants in 
relation to the crop system or vegetation factors 
(Malarino et al., 1999; Terra et al., 2014; 
Govedarica et al. 2015; Nascente et al., 2015; 
Drienovsky et al., 2017; Kwiatkowski & 
Harasim, 2020). 

 
Figure 12. Ranking-Scaling diagram for agrochemical indices studied  
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Soil pH has an important role in the regime of 
mineral elements in the soil, and it has been 
studied in relation to the availability of 
nutrients, plant nutrition, and measures of soil 
improvement and remediation (Singh & 
Schulze, 2015; Neina, 2019; Schjoerrig et al., 
2019; Saracut & Sala, 2020). Also, different 
models were used to describe the variation of 
the soil reaction (Zhang et al., 2019; 
Baltensweiler et al., 2020). 
The nitrogen index is an important index of soil 
characterization, in relation to fertility, 
productive capacity, but also in relation to 
fertilizer management (Yanai et al., 2014; 
Figueroa-Viramontes et al., 2016; Folina et al., 
2021). 
The availability of phosphorus and the 
efficiency of phosphate fertilizers in relation to 
the soil reaction were studied in different 
conditions and soil types. The interaction 
between soil acidity or basicity and the 
availability of phosphorus for plant nutrition 
was studied, and different models of variation 
of the P regime in relation to soil reaction were 
formulated (Edwards, 1991; Deveau et al., 
2009; Barrow, 2017; von Tucher et al., 2017; 
Penn & Camberato, 2019). 
Regarding potassium, the availability of 
potassium has been studied and communicated 
in accordance with different soil types, with the 
type of clay minerals, agricultural crops or 
agricultural technologies (Goli-Kalanpa et al., 
2008; Raheb & Heidari, 2012; Madaras & 
Koubová, 2015; Rawashdeh & Sala, 2014b, 
2015). 
The results of the present study are confirmed 
by other results referred to in the consulted 
bibliographic resources and are in line with the 
trend of research in this field of soil properties 
and fertility. 
 
CONCLUSIONS 
 
The variability of the agrochemical indices was 
highlighted based on the coefficient of 
variation and the Diversity profile, as a 
graphical representation. 
Different equations and models were obtained, 
in statistical safety conditions, to describe the 
interdependence of the studied agrochemical 
indices and their variation in the form of 3D 
and isoquants models. 

From the equation that described the variation 
of the mobile P content in the soil in relation to 
the soil reaction, the pH value was found at 
which P showed the maximum availability in 
this study conditions. 
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Soil pH has an important role in the regime of 
mineral elements in the soil, and it has been 
studied in relation to the availability of 
nutrients, plant nutrition, and measures of soil 
improvement and remediation (Singh & 
Schulze, 2015; Neina, 2019; Schjoerrig et al., 
2019; Saracut & Sala, 2020). Also, different 
models were used to describe the variation of 
the soil reaction (Zhang et al., 2019; 
Baltensweiler et al., 2020). 
The nitrogen index is an important index of soil 
characterization, in relation to fertility, 
productive capacity, but also in relation to 
fertilizer management (Yanai et al., 2014; 
Figueroa-Viramontes et al., 2016; Folina et al., 
2021). 
The availability of phosphorus and the 
efficiency of phosphate fertilizers in relation to 
the soil reaction were studied in different 
conditions and soil types. The interaction 
between soil acidity or basicity and the 
availability of phosphorus for plant nutrition 
was studied, and different models of variation 
of the P regime in relation to soil reaction were 
formulated (Edwards, 1991; Deveau et al., 
2009; Barrow, 2017; von Tucher et al., 2017; 
Penn & Camberato, 2019). 
Regarding potassium, the availability of 
potassium has been studied and communicated 
in accordance with different soil types, with the 
type of clay minerals, agricultural crops or 
agricultural technologies (Goli-Kalanpa et al., 
2008; Raheb & Heidari, 2012; Madaras & 
Koubová, 2015; Rawashdeh & Sala, 2014b, 
2015). 
The results of the present study are confirmed 
by other results referred to in the consulted 
bibliographic resources and are in line with the 
trend of research in this field of soil properties 
and fertility. 
 
CONCLUSIONS 
 
The variability of the agrochemical indices was 
highlighted based on the coefficient of 
variation and the Diversity profile, as a 
graphical representation. 
Different equations and models were obtained, 
in statistical safety conditions, to describe the 
interdependence of the studied agrochemical 
indices and their variation in the form of 3D 
and isoquants models. 

From the equation that described the variation 
of the mobile P content in the soil in relation to 
the soil reaction, the pH value was found at 
which P showed the maximum availability in 
this study conditions. 
 
ACKNOWLEDGEMENTS 
 
The authors thanks to the GEOMATICS 
Research Laboratory, BUASMV "King 
Michael I of Romania" from Timisoara, for the 
facility of the software use for this study. 
 
REFERENCES 
 
Baćmaga, M., Kucharski, J., Wyszkowska, J. (2019). 

Microbiological and biochemical properties of soil 
polluted with a mixture of spiroxamine, 
tebuconazole, and triadimenol under the cultivation 
of Triticum aestivum L. Environmental Monitoring 
and Assessment, 191, 416. 

Bakos, S., Marghitas, M., Moldovan, L. (2015). 
Agrochemical characterization of soils and 
hydrophysical indices in Bistrita-Nasaud. 
ProEnvironment, 8, 270-274. 

Baltensweiler, A., Heuvelink, G. B. M., Hanewinkel M., 
Walthert L. (2020). Microtopography shapes soil pH 
in flysch regions across Switzerland. Geoderma, 380, 
114663. 

Barrow, N. J. (2017). The effects of pH on phosphate 
uptake from the soil. Plant and Soil, 410(1/2), 401-
410. 

Bart, S., Pelosi, C., Barraud, A., Péry, A. R. R., 
Cheviron, N., Grondin, V., Mougin, C., Crouzet, O. 
(2019). Earthworms mitigate pesticide effects on soil 
microbial activities. Frontiers in Microbiology, 10, 
1535. 

Bernal, A., Hernández, A., Mesa, M., Rodríguez, O., 
González, P. J., Reyes, R. (2015). Characteristics of 
soil and its´limiting factors of regional Murgas, 
Havana Province. Cultivos Tropicales, 36(2), 30-40. 

Bünemann, E. K., Bongiorno, G., Bai, Z., Creamer, R. 
E., De Deyn, G., de Goede, R., Fleskens, L., Geissen, 
V., Kuyper, T. W., Mäder, P., Pulleman, M., Sukkel, 
W., van Groenigen, J. W., Brussaard, L. (2018). Soil 
quality - A critical review. Soil Biology and 
Biochemistry, 120, 105-125. 

Cardoso, E. J. B. N., Vasconcellos, R. L. F., Bini, D., 
Miyauchi, M. Y. H., Santos, C. A., Alves, P. R. L., 
Paula, A. M., Nakatani, A. S., Moraes Pereira, J., 
Nogueira, M. A. (2013). Soil health: looking for 
suitable indicators. What should be considered to 
assess the effects of use and management on soil 
health? Scientia Agricola, 70(4), 274-289. 

Deiss, L., Kleina, G. B., Moraes, A., Franzluebbers, A. 
J., Motta, A. C. V., Dieckow, J., Sandini, I. E., 
Anghinoni, I., Carvalho, P. C. F. (2020). Soil 
chemical properties under no‐tillage as affected by 
agricultural trophic complexity. European Journal of 
Soil Science, 71(6), 1090-1105. 

 

Deveau, N., Le Cadre, E., Hinsinger, P., Jaillard, B., 
Gérard, F. (2009). Soil pH controls the environmental 
availability of phosphorus: Experimental and 
mechanistic modelling approaches. Applied 
Geochemistry, 24(11), 2163-2174. 

Di Falco, S., Zoupanidou, E. (2017). Soil fertility, crop 
biodiversity, and farmers’ revenues: Evidence from 
Italy. Ambio, 46, 162-172. 

Drienovsky, R., Nicolin, A. L., Rujescu, C., Sala, F., 
(2017). Scan LeafArea - A software application used 
in the determination of the foliar surface of plants. 
Research J. of Agricultural Science, 49(4), 215-224. 

Edwards, A. C. (1991). Soil acidity and its interactions 
with phosphorus availability for a range of different 
crop types. In: Wright R. J., Baligar V. C., Murrmann 
R. P. (eds) Plant-Soil Interactions at Low pH. 
Developments in Plant and Soil Sciences, 45, 299-
305. 

Feng, H., Abagandura, G. O., Senturklu, S., Landblom, 
D. G., Lai, L., Ringwall, K., Kumar, S. (2020). Soil 
quality indicators as influenced by 5-year diversified 
and monoculture cropping systems. The Journal of 
Agricultural Science, 158(7), 594-605. 

Figueroa-Viramontes, U., Delgado, J. A., Sánchez-
Duarte, J. I., Ochoa-Martínez, E., Núñez-Hernández, 
G. (2016). A nitrogen index for improving nutrient 
management within commercial Mexican dairy 
operations. International Soil and Water 
Conservation Research, 4(1): 1-5. 

Folina, A., Tataridas, A., Mavroeidis, A., Kousta, A., 
Katsenios, N., Efthimiadou, A., Travlos, I. S., 
Roussis, I., Darawsheh, M. K., Papastylianou, P., 
Kakabouki, I. (2021). Evaluation of various nitrogen 
indices in N-fertilizers with inhibitors in field crops: 
A review. Agronomy, 11, 418. 

Goli-Kalanpa, E., Roozitalab, M. H., Malakouti, M. J. 
(2008). Potassium availability as related to clay 
mineralogy and rates of potassium application. 
Communications in Soil Science and Plant Analysis, 
39(17-18), 2721-2733. 

Govedarica, M., Ristic, A., Herbei M. V., Sala, F. 
(2015). Object oriented image analysis in remote 
sensing of forest and vineyard areas. Bulletin UASVM 
Horticulture, 72(2), 362-370. 

Graf-Rosenfellner, M., Cierjacks, A., Kleinschmit, B., 
Lang, F. (2016). Soil formation and its implications 
for stabilization of soil organic matter in the riparian 
zone. Catena, 139, 9-18. 

Hammer, Ø., Harper, D. A. T., Ryan, P. D. (2001). 
PAST: Paleontological statistics software package for 
education and data analysis. Palaeontologia 
Electronica, 4(1), 1-9. 

Hasnain, M., Chen, J., Ahmed, N., Memon, S., Wang, L., 
Wang, Y., Wang, P. (2020). The effects of fertilizer 
type and application time on soil properties, plant 
traits, yield and quality of tomato. Sustainability, 12, 
9065. 

Huera-Lucero, T., Labrador-Moreno, J., Blanco-Salas, J., 
Ruiz-Téllez, T. (2020). A framework to incorporate 
biological soil quality indicators into assessing the 
sustainability of territories in the Ecuadorian 
Amazon. Sustainability, 12, 3007. 

Iqbal, S., Riaz, U., Murtaza, G., Jamil, M., Ahmed, M., 

Hussain, A., Abbas, Z. (2021). Chemical fertilizers, 
formulation, and their influence on soil health. In: 
Hakeem K.R., Dar G.H., Mehmood M.A., Bhat R.A. 
(eds) Microbiota and Biofertilizers, 1-15. 

Jahan, M., Amiri, M. B. (2018). Optimizing application 
rate of nitrogen, phosphorus and cattle manure in 
wheat production: An approach to determine 
optimum scenario using response-surface 
methodology. Journal of Soil Science and Plant 
Nutrition, 18(1), 13-26. 

Kwiatkowski, C. A., Harasim, E. (2020). Chemical 
properties of soil in four-field crop rotations under 
organic and conventional farming systems. 
Agronomy, 10, 1045. 

Li, F., Dong, S., Li, F., Yang, L. (2016). Is there an 
inverted U-shaped curve? Empirical analysis of the 
Environmental Kuznets Curve in agrochemicals. 
Frontiers of Environmental Science & Engineering, 
10(2), 276-287. 

Lin, W., Lin, M., Zhou, H., Wu, H., Li, Z., Lin, W. 
(2019). The effects of chemical and organic fertilizer 
usage on rhizosphere soil in tea orchards. PLoS ONE, 
14(5), e0217018. 

Madaras, M., Koubová, M. (2015). Potassium 
availability and soil extraction tests in agricultural 
soils with low exchangeable potassium content. 
Plant, Soil and Environment, 61(5), 234-239. 

Mallarino, A. P., Oyarzabal, E. S., Hinz, P. N. (1999). 
Interpreting within-field relationships between crop 
yields and soil and plant variables using factor 
analysis. Precision Agriculture, 1, 15-25. 

Marschner, H. (1995). Mineral nutrition of higher plants. 
Second Edition, Academic Press, Elsevier, 889 pp. 

Meena, R. S., Kumar, S., Datta, R., Lal, R., 
Vijayakumar, V., Brtnicky, M., Sharma, M. P., 
Yadav, G. S., Jhariya, M. K., Jangir, C. K., Pathan, S. 
I., Dokulilova, T., Pecina, V., Marfo, T. D. (2020). 
Impact of agrochemicals on soil microbiota and 
management: A review. Land, 9, 34. 

Munnaf, M. A., Haesaert, G., Van Meirvenne, M., 
Mouazen, A. M. (2020). Chapter five - Site-specific 
seeding using multi-sensor and data fusion 
techniques: A review. Advances in Agronomy, 161, 
241-323. 

Nascente, A. S., Stone, L. F., Crusciol, C. A. C. (2015). 
Soil chemical properties affected by cover crops 
under no-tillage system. Revista Ceres, 62(4), 401-
409. 

Neina, D. (2019). The role of soil pH in plant nutrition 
and soil remediation. Applied and Environmental Soil 
Science, 2019, 5794869. 

Pecore, S., Kamerud, J., Holschuh, N. (2015). Ranked-
scaling: A new descriptive panel approach for rating 
small differences when using anchored intensity 
scales. Food Quality and Preference, 40(B), 376-380. 

Penn, C. J., Camberato, J. J. (2019). A critical review on 
soil chemical processes that control how soil pH 
affects phosphorus availability to plants. Agriculture, 
9, 120. 

Piccini, C., Francaviglia, R., Marchetti, A. (2020). 
Predicted maps for soil organic matter evaluation: 
The case of Abruzzo Region (Italy). Land, 9, 349. 

Price, G. (2006). Australian soil fertility manual; 



26

 

Fertilizer Industry Federation of Australia, Inc. & 
CSIRO: Collingwood, Australia. 

Raheb, A., Heidari, A. (2012). Effects of clay 
mineralogy and physico-chemical properties on 
potassium availability under soil aquic conditions. J. 
of Soil Science and Plant Nutrition, 12(4), 747-761. 

Ravikumar, P., Somashekar, R. K. (2013). Evaluation of 
nutrient index using organic carbon, available P and 
available K concentrations as a measure of soil 
fertility in Varahi River basin, India. Proceedings of 
the International Academy of Ecology and 
Environmental Sciences, 3(4), 330-343. 

Rawashdeh, H. M., Sala, F. (2014a). Foliar application of 
boron on some yield components and grain yield of 
wheat. Academic Research Journal of Agricultural 
Science and Research, 2(7), 97-101. 

Rawashdeh, H., Sala, F. (2014b). Influence of iron foliar 
fertilization on some growth and physiological 
parameters of wheat at two growth stages. Scientific 
Papers. Series A. Agronomy, LVII, 306-309. 

Rawashdeh, H., Sala, F. (2015). Effect of some 
micronutrients on growth and yield of wheat and its 
leaves and grain content of iron and boron. Bulletin 
USAMV series Agriculture, 72(2), 503-508. 

Rusu, M., Mărghitaş, M., Mihăescu, T., Oroian, I., 
Dumitraş, A. (2005). Tratat de Agrochimie. Ed. 
Ceres, Bucureşti. 

Sainju, U. M., Alasinrin, S. Y. (2020). Changes in soil 
chemical properties and crop yields with long‐term 
cropping system and nitrogen fertilization. 
Agrosystems, Geosciences & Environment, 3(1), 
e20019. 

Sala, F. (2011). Agrochimie. Ed. Eurobit, Timisoara, 534 
pp. 

Sala, F., Boldea, M. (2011). On the optimization of the 
doses of chemical fertilizers for crops. AIP 
Conference Proceedings, 1389, 1297-1300. 

Saracut, P., Sala, F. (2020). Interdependence 
relationships between agrochemical indices for 
characterization an agricultural land. AgroLife 
Scientific Journal, 9(1), 296-305. 

Schjoerring, J. K., Cakmak, I. White, P. J. (2019). Plant 
nutrition and soil fertility: synergies for acquiring 
global green growth and sustainable 
development. Plant and Soil, 434, 1-6. 

Shang, L., Wan, L., Zhou, X., Li, S., Li, X. (2020). 
Effects of organic fertilizer on soil nutrient status, 
enzyme activity, and bacterial community diversity 
in Leymus chinensis steppe in Inner Mongolia, China. 
PLoS ONE, 15(10), e0240559. 

Singh, B., Schulze, D. G. (2015). Soil minerals and plant 
nutrition. Nature Education Knowledge, 6(1):1. 

Tabak, M., Lepiarczyk, A., Filipek-Mazur, B., Lisowska, 
A. (2020). Efficiency of nitrogen fertilization of 
winter wheat depending on sulfur fertilization. 
Agronomy, 10, 1304. 

Takeshita, V., Mendes, K.F., Alonso, F. G., Tornisielo, 
V. L. (2019). Effect of organic matter on the behavior 
and control effectiveness of herbicides in soil. Planta 
Daninha, 37, e019214401. 

Terra, V. S. S., Valgas, R. A., Reisser Júnior, C., Timm, 
L. C., Pereira, J. F. M., Carvalho, F. L. C., Oldoni, H. 
(2014). Multivariate analysis applied to the study of 
the relationship between soil and plant properties in a 
peach orchard. Revista Brasileira de Ciência do 
Solo, 38(3), 755-764. 

Ugolini, F. C., Bockheim, J. G. (2008). Antarctic soils 
and soil formation in a changing environment: A 
review. Geoderma, 144(1-2), 1-8. 

Von Tucher, S., Hörndl, D., Schmidhalter, U. (2017). 
Interaction of soil pH and phosphorus efficacy: Long-
term effects of P fertilizer and lime applications on 
wheat, barley, and sugar beet. Ambio, 47(S1), 41-49. 

Yanai, J., Omoto, T., Nakao, A., Koyama, K., Hartono, 
A., Anwar, S. (2014). Evaluation of nitrogen status of 
agricultural soils in Java, Indonesia. Soil Science and 
Plant Nutrition, 60(2), 188-195. 

Yavitt, J. B., Harms, K. E., Garcia, M. N., Wright, S. J., 
He, F., Mirabello, M. J. (2009). Spatial heterogeneity 
of soil chemical properties in a lowland tropical moist 
forest, Panama. Australian Journal of Soil 
Research, 47(7), 674-687. 

Zhang, Y.-Y., Wu, W., Liu, H. (2019). Factors affecting 
variations of soil pH in different horizons in hilly 
regions. PLoS ONE, 14(6), e0218563. 

***ESRI (2011). ArcGIS Desktop: Release 10. 
Redlands, CA: Environmental Systems Research 
Institute. 

***Wolfram, Research, Inc., Mathematica, Version 12.1 
(2020). Champaign, IL. 

 

  

 
SCREENING OF BACTERIAL CONSORTIA FOR A BIOAUGMENTED 

BIOASSAY OF FLUSHABLE WIPES BIODEGRADATION 
 

Oana Andreea CHEOAFĂ1, 2, Diana CONSTANTINESCU-ARUXANDEI2,  
Daria Gabriela POPA1, 2, Luminița DIMITRIU1, 2, Florin OANCEA2, 1,  

Călina Petruța CORNEA1 

 
1University of Agronomic Sciences and Veterinary Medicine of Bucharest,  

59 Mărăști Blvd, District 1, 011464, Bucharest, Romania 
2National Institute for Research & Development in Chemistry and Petrochemistry - ICECHIM 

Bucharest, 202 Splaiul Independenței, District 6, 060021, Bucharest, Romania 
 

Corresponding author email: florin.oancea@icechim.ro 
 
Abstract  
 
Wet wipes, used for hygienic and cleaning purposes, become a major technical problem for sewage and wastewater 
treatment facilities. In the meantime, these man-made products also represent a significant source of microplastic 
pollution in aquatic environments. The flushable wet wipes completely disintegrate, disperse, and biodegrade in the 
aquatic environment. Developing truly flushable wet wipes and reinforcing the regulation that should protect the 
sewage system and the environment requires bioassay for biodegradation. One of the main issues of the proposed 
standardized tests is the high variability of the microbial inoculum used for the biodegradation of the tested products. 
Our work aims to select bacterial consortia for a bioaugmented bioassay of the truly flushable wipes. We present 
preliminary results related to selecting such bacterial consortia. The bacterial strains were isolated from the biofilm 
formed in three wastewater plant. Consortia were formed based on mutual bacterial interactions. Biodegradation 
capacity was determined in a long-term experiment. The preliminary results support the idea of a bioaugmented 
bioassay of the flushable wipes. 
 
Key words: bacterial consortia, bioassay, bioaugmentation, biodegradation, flushable wet wipes.  
 
INTRODUCTION  
 
The market for wet wipes, used for hygienic 
and cleaning purposes, is forecasted to have a 
Compound Annual Growth Rate (CAGR) 
higher than 10% in the next year, exceeding the 
threshold of 5 billion USD (Zhang et al., 2021). 
Such wet wipes are made from nonwoven 
fabric and are a network of microfibers 
embedded with disinfectant and/or cleaning 
agents (Hemamalini & Giri Dev, 2021). The 
increased awareness of hygienic requirements 
during the SARS-CoV-2 pandemic and the 
utility of these products in household and 
personal cleaning are the main drivers for such 
significant growth (Hu et al., 2022). The first 
option is to flush the wet wipes used for 
cleaning and/or disinfection in the toilet, due to 
convenience and for hygienic reasons (Harter et 
al., 2021). This flush happens very often, 
although various wet wipes are considered non-
flushable and are visibly labelled with a “Do 
Not Flush” mark (Karadagli et al., 2021). Wet 

wipes that are not dispersive in water and are 
non-biodegradable have become a significant 
pollutant in the last decade (Munoz et al., 
2018). Due to their non-water dispersive 
characteristic, the wet wipes generate 
mechanical issues in the sewage system 
(Mitchell et al., 2020). In combination with oil, 
fat, and grease, the nonwoven wet wipes that 
are not dispersive in water due to the 
hydrophobic core generate massive sewage 
system blockage (Kusum et al., 2020). Such 
blockages were called fatbergs and were 
defined as “a very large mass of solid waste in 
a sewerage system, consisting especially of 
congealed fat and personal hygiene products 
that have been flushed down toilets” Oxford 
Dictionaries on-line, 2015. 
New technologies to produce “truly flushable” 
nonwoven wipes were developed. Non - woven 
industry association (INDA and EDANA, from 
the US and, respectively, Europe, Middle East, 
and Africa) developed standard tests for water 
dispersibility, such as the slosh box 




