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Abstract. Modern agriculture faces critical challenges due to soil degradation and the urgent need for sustainable practices to 

preserve the environment. This study analyzed the impact of organic fertilizers, including vermicompost, compost, manure, and 

control, on the development of Lupinus mutabilis and Pisum sativum. Different groups were evaluated based on chemical and 

physical soil properties, plant attributes, and crop cycles using Neutrosophic SuperHyperSoft Sets. The results demonstrated that 

vermicompost is the most effective option for optimizing soil properties and improving crop yields. In conclusion, the use of 

vermicompost and other organic sources is proposed as an effective strategy to enhance soil fertility and crop productivity, 

particularly in degraded lands, while fostering the adoption of more sustainable agricultural practices. 
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1 Introduction 

Soil desertification due to erosion is a critical environmental challenge that affects the productive 

capacity of land, particularly in areas with slopes exceeding 40% [1]. This process, driven by inadequate 

agricultural practices, limits food production and triggers economic and social issues such as poverty, 

migration, and family disintegration, perpetuating the vulnerability of communities [2]. Therefore, it is 

urgent to adopt comprehensive measures that combine soil restoration with sustainable development 

to ensure the well-being of affected populations [3]. 

In Ecuador, soil erosion is especially critical in areas with slopes greater than 12%, where soil losses 

range between 5 and 50 tons per hectare per year. Approximately half of the agricultural soils exhibit 

some degree of degradation, affecting soil fertility and productive capacity [4], which negatively im-

pacts rural communities [5]. Furthermore, the expansion of agricultural frontiers, extensive livestock 

farming, and unplanned urbanization have increased the rate of degradation, affecting nearly 47% of 

the country’s soils [6]. 

Hence, this study analyzes the impact of organic fertilizer sources on the development of Lupinus 

mutabilis and Pisum sativum in the Salache region [7]. The objective is to evaluate their effect on soil 

fertility properties, crop yields, and the efficiency of the applied treatments. The study proposes the use 

of tools such as Neutrosophic SuperHyperSoft Sets (NSHSS) to assess multiple attributes in modeling 

the complexity and uncertainty inherent in sustainable agricultural practices, as well as statistical anal-

ysis of the treatments involving organic fertilizers [8], such as vermicompost, to restore eroded soils [9]. 

2 Preliminaries 

2.1 Neutrosophic SuperHyperSoft Sets. 

This section serves the purpose of remembering the basic notions of Fuzzy Extension SuperHyper-

Soft Sets and neutrosophic theory [10]. 

Definition 1 ([1, 9, 10]). Given U is the initial universe set and E is the set of parameters. A pair 
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(F, E) is called a soft set (over U) if and only if F is a mapping of E into the set of all subsets of U. 

That is to say, having a set E of parameters and fixing a parameter ε ∈ E, then F(ε) ∈ 𝒫(U), where 

𝒫(U) denotes the power set of U and F(ε) is considered the set of ε-elements of the Soft Set (F, E) or the 

set of ε-approximate elements of the Soft Set [11] [12]. 

It is not difficult to realize that fuzzy sets are soft sets, this is a consequence of the α-levels definition 

of a membership function μA using the following formula: 

F(α) = {x ∈ U | μA(x) ≥ α}, α ∈ [0, 1]. Thus, if the family F is known, the function μA can be recon-

structed using the following formula: 

𝜇𝐴(𝑥) = sup 𝛼

                         
𝛼 ∈ [0, 1]

𝑥 ∈ 𝐹(𝛼)
  

Thus, a fuzzy set is a (F, [0, 1]) Soft set. 

Given a binary operation * for subsets of the set U, where (F, A) and (G, B) are soft sets over U. Then, 

the operation * for soft sets is defined as follows: 

(F, A) ∗ (G, B) =  (J, A ×  B), where J(α, β) =  F(α) ∗ G(β); α ∈ A , β ∈ B, and A × B is the Cartesian 

product of the sets A and B. 

Definition 2 ([2, 3, 11, 12]). Let U be a universe set, 𝒫(U) the power set of U. Let 𝑎1 , 𝑎2 , … , 𝑎𝑛 , for 

𝑛 ≥  1 , be 𝑛  distinct attributes, whose corresponding attribute values are respectively the sets 

𝐴1, 𝐴2, … , 𝐴𝑛, with 𝐴𝑖  ∩ 𝐴𝑗  =  ∅, for 𝑖 ≠  𝑗, and 𝑖, 𝑗 ∈  {1, 2, . . . , 𝑛}. Then the pair (𝐹, 𝐴1  × 𝐴2  ×  … × 𝐴𝑛), 

where:  𝐹: 𝐴1  × 𝐴2  × … × 𝐴𝑛  →  𝒫(U) is called a HyperSoft Set over U. 

Definition 3 ([2, 3, 11, 12]). Let U be a universe set, 𝒫(U) the power set of U. Let 𝑎1 , 𝑎2 , … , 𝑎𝑛 , for 

𝑛 ≥  1 , be 𝑛  distinct attributes, whose corresponding attribute values are respectively the sets 

𝐴1, 𝐴2, … , 𝐴𝑛 , with 𝐴𝑖  ∩ 𝐴𝑗  =  ∅, for 𝑖 ≠  𝑗, and 𝑖, 𝑗 ∈  {1, 2, . . . , 𝑛}. Then the pair (𝐹, 𝒫(𝐴1)  ×  𝒫(𝐴2)  ×

 … × 𝒫(𝐴𝑛)), where: 

𝐹: 𝒫(𝐴1)  ×  𝒫(𝐴2)  ×  … × 𝒫(𝐴𝑛)  →  𝒫(U) is called a SuperHyperSoft Set over U. 

Definition 4 ([4, 5, 13-15]). Let U be a universe set, 𝒫(U) the power set of U. Let 𝑎1 , 𝑎2 , … , 𝑎𝑛 , for 

𝑛 ≥  1 , be 𝑛  distinct attributes, whose corresponding attribute values are respectively the sets 

𝐴1, 𝐴2, … , 𝐴𝑛 , with 𝐴𝑖  ∩ 𝐴𝑗  =  ∅, for 𝑖 ≠  𝑗, and 𝑖, 𝑗 ∈  {1, 2, . . . , 𝑛}. Then the pair (𝐹, 𝒫(𝐴1)  ×  𝒫(𝐴2)  ×

 … × 𝒫(𝐴𝑛)), where: 

 𝐹: 𝒫(𝐴1)  ×  𝒫(𝐴2)  × … × 𝒫(𝐴𝑛)  →  𝒫 (U(𝑥(𝑑0))) is called a Fuzzy_Extension SuperHyperSoft Set 

over U. 

Where 𝑥(𝑑0) is the fuzzy or any fuzzy extension degree of appurtenance of the element 𝑥 to the set 

U. Fuzzy extension means Fuzzy Set or Intuitionistic Fuzzy Set, Pythagorean Fuzzy Set, Fermatean 

Fuzzy Set, Neutrosophic Fuzzy Set, Plithogenic Fuzzy Set, etc [13]. 

Before concluding, let us recall some fundamental definitions of neutrosophic sets: 

Definition 5 ([8]). The Neutrosophic set 𝑁  is characterized by three membership functions [14], 

which are the truth-membership function 𝑇𝐴, indeterminacy-membership function 𝐼𝐴, and falsity-mem-

bership function 𝐹𝐴, where 𝑈 is the Universe of Discourse and xU, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)] 0− , 1+[, and 

0−  inf 𝑇𝐴(𝑥) + inf 𝐼𝐴(𝑥) + inf 𝐹𝐴(x)  sup 𝑇𝐴(x) + sup 𝐼𝐴(x) + sup 𝐹𝐴(x) 3+ [15]. 

See that according to the definition, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), and 𝐹𝐴(𝑥) are real standard or non-standard sub-

sets of ] 0− , 1+[ and hence, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥) and 𝐹𝐴(𝑥) can be sub-intervals of [0, 1]. 0−  and 1+ belong to the 

set of hyperreal numbers. 

Definition 6 ([8, 16, 17]). The Single-Valued Neutrosophic Set (SVNS) 𝐴  over 𝑈  is 𝐴 =  {<

𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥) > : 𝑥𝑈} , where 𝑇𝐴: 𝑈→[0, 1] , 𝐼𝐴: 𝑈→[0, 1]  and 𝐹𝐴: 𝑈→[0, 1] . 0 𝑇𝐴(𝑥) + 𝐼𝐴(𝑥) +

𝐹𝐴(𝑥) 3. 

Single-Valued Neutrosophic Sets (SVNS) were introduced with the idea of applying neutrosophic 
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sets for practical purposes. Some operations between SVNSs are expressed below:  

Given A1 = (a1, b1, c1) and A2 = (a2, b2, c2), two SVNNs, the sum of A1 and A2 is defined as:  

𝐴1  𝐴2 = (𝑎1 + 𝑎2 − 𝑎1𝑎2, 𝑏1𝑏2, 𝑐1𝑐2) (1) 

Given A1 = (a1, b1, c1) and A2 = (a2, b2, c2), two SVNNs, the multiplication of A1 and A2 is defined as:  

𝐴1  𝐴2 = (𝑎1𝑎2, 𝑏1+𝑏2 − 𝑏1𝑏2, 𝑐1 + 𝑐2 − 𝑐1𝑐2) (2) 

The product of a positive scalar SVNN, A = (a, b, c) is defined as:  

  𝐴 = (1 − (1 − 𝑎), 𝑏, 𝑐) (3) 

The Single-Valued Neutrosophic Number (SVNN) is symbolized by 

𝑁 =  (𝑡, 𝑖, 𝑓 ), such that 0 𝑡, 𝑖, 𝑓  1 and 0 𝑡 + 𝑖 + 𝑓3. 

3 Results 

3.1 Description of the experiment. 

The study employed essential tools such as labels, drip tape, an A-frame level, stakes, string, a 

shovel, a hoe, a rake, and a measuring tape, complemented by native forest plants, an auger, and organic 

fertilizers (vermicompost, poultry manure, and bovine manure). The experimental material included 

bench terraces cultivated with Lupinus mutabilis and Pisum sativum. These resources and practices 

were applied to plots designed to evaluate the recovery of eroded soils and sustainable agricultural 

yields. 

The experimental design was conducted at the Technical University of Cotopaxi following a split-

plot scheme in a completely randomized block design with three replications, resulting in 24 experi-

mental treatments. The analyzed factors included terrace management (single crop of Lupinus mutabilis 

and associated crop with Pisum sativum) and organic nutritional sources (no fertilizer, vermicompost, 

poultry manure, and bovine manure). 

During the trial, three soil samplings were performed to assess changes in initial conditions, after 

the first crop cycle, and at the end of the second. The indicators measured included germination, plant 

height, number of branches, flowers, and pods, as well as yield, demonstrating the effectiveness of the 

applied practices in improving soil fertility and agricultural productivity. 

3.2 Modeling with Neutrosophic SuperHyperSoft Sets 

The study proposes determining the elements of the study universe for the types of fertilizers and 

crops to be applied, as outlined in Table 1. Additionally, it establishes the structure of the attribute 

groups (super-attributes) of the Neutrosophic SuperHyperSoft Sets (see Table 2). 

 
Table 1: Types of fertilizers and crops in the experimental design. Source: Own elaboration. 

 

Fertilizers and crops Code Items 

Organic sources FO1 Vermicompost 

FO2 Compost (bovine) 

FO3 Manure (poultry) 

Soil texture S1 Sandy loam (sand (62%), silt (32%) and clay (6%)) 

Terraces Z1 Cultivation with Lupinus Mutabilis 

Z2 Growing with Pisum sativum 
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Table 2: Structure of the attributes of the neutrosophic SuperHyperSoft sets. Source: Own elaboration. 

 

Super-attributes Code attributes Sub-attributes (𝒙(𝒅𝟎)) 

Chemical and physical properties (𝑎𝑖) for 

the 𝑃(𝐴𝑖) 

a1 pH Fertilizer extract: water 

1:2.5 

SVNN 

a2 Electrical conductivity 

(EC) 

Fertilizer extract: water 

1:2.5 

a3 MO % 

a4 Nitrogen (N) % 

a5 Phosphorus (P) % 

a6 Potassium (K) % 

a7 Calcium (Ca) % 

a8 Magnesium (Mg) % 

a9 Copper (Cu) % 

a10 Iron (Fe) Ppm 

a11 Manganese (Mn) Ppm 

a12 Zinc (Zn) Ppm 

Plant indicators (𝑏𝑖) for the 𝑃(𝐵𝑖) b1 Germination % 

b2 Number of floors Average 

b3 Height Cm 

b4 Number of branches Average 

b5 Number of flowers Average 

b6 Number of Pods Average 

Crop cycle (𝑐𝑖) for the 𝑃(𝐶𝑖) c1 First cycle 04/18/2017 to 04/02/2018 

c2 Second cycle days 

 

It is observed in Table 2 that there are 3 Neutrosophic SuperHyperSoft Sets, defined by the attributes 

𝑎𝑖, 𝑏𝑖, and 𝑐𝑖. Each super-attribute is composed of the following pairs: 

𝐹: 𝒫(𝐴1)  ×  𝒫(𝐴2)  × . . .× 𝒫(𝐴12)  →  𝒫 (U(𝑥(𝑑0))) 

𝐺: 𝒫(𝐵1)  ×  𝒫(𝐵2)  × . . .× 𝒫(𝐵6)  →  𝒫 (U(𝑥(𝑑0))) 

𝐻: 𝒫(𝐶1)  ×  𝒫(𝐶2)  →  𝒫 (U(𝑥(𝑑0))) 

The following treatments are proposed based on the combinations of each element in the set P(Fi) 

= {{FO1}, {FO2}, {FO3}}, P(Si) = {{S1}}, and P(Ti) = {{T1}, {T2}}. Thus, a new classification or grouping of 

elements is sought by considering the fertilizer and the crop type of P(Ti). Another important point is 

that the soil type has been restricted to sandy loam, based on the experimental conditions of the study. 

Therefore, the following elements and treatments (T) are proposed over the universe U, as well as each 

subsection of the study development (see Table 3). 

Table 3: Complexity of the set of elements and 𝑃(𝑇𝑖) treatments in the study. Source: Own elaboration. 

 

Subsection Description Code 𝑷(𝑻𝒊) 

▪ 3.3 Physical and chemical analysis of 

treatments. 

▪ 3.4 Yield of the treatments. 

Without subscription S1 {𝑆1, 𝐴𝑖} 

Vermicompost FO1 {𝐹𝑂1, 𝐴𝑖} 

Bovine manure FO2 {𝐹𝑂2, 𝐴𝑖} 

Poultry manure fertilizer FO3 {𝐹𝑂3, 𝐴𝑖} 

▪ 3.5 Yield of the treatments in relation 

to crop development. 

Lupinus Mutabilis Cultivation  {{{𝑆1, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍1}} 

 {{{𝐹𝑂1, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍1}} 

 {{{𝐹𝑂2, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍1}} 

 {{{𝐹𝑂3, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍1}} 

Pisum sativum cultivation  {{{𝑆1, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍2}} 

 {{{𝐹𝑂1, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍2}} 
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Subsection Description Code 𝑷(𝑻𝒊) 

 {{{𝐹𝑂2, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍2}} 

 {{{𝐹𝑂3, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍2}} 

Crop cultivation of Pisum sativum and 

Lupinus mutabilis. 

 {{{𝑆1, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , {𝑍1, 𝑍2}}} 

 {{{𝐹𝑂1, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , {𝑍1, 𝑍2}}} 

 {{{𝐹𝑂2, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , {𝑍1, 𝑍2}}} 

 {{{𝐹𝑂3, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , {𝑍1, 𝑍2}}} 

3.3 Physical and chemical analysis of treatments 

The physicochemical analysis of the organic fertilizers evaluated (vermicompost, bovine manure, 

and poultry manure) revealed significant differences in their attributes 𝑎𝑖 (see Table 4). The vermicom-

post exhibited a pH of 7.26, lower than that of the other fertilizers, with 7.39 and 8.84 for bovine manure 

and poultry manure, respectively. In terms of electrical conductivity, bovine manure reached the high-

est value at 15.56 ms/cm, followed by vermicompost and poultry manure. Organic matter ranged from 

18.4% in poultry manure to 20% in vermicompost. Regarding macronutrients, vermicompost stood out 

in potassium (0.53%) and iron (400 ppm), surpassing the other fertilizers. These results highlight the 

advantages of vermicompost as a viable option to enhance soil fertility and provide essential nutrients. 

Table 4: Results of physical and chemical analysis of organic fertilizers. Source: Own elaboration. 

 

𝒂𝒊 Unit Vermicompost Bovine manure Poultry manure  

pH  7.26 7.39 8.84 

EC ms/cm 10.47 15.56 10,10 

MO % 20,00 20,31 18.40 

Total N % 0.77 1.03 0.90 

P % 0.59 0.27 0.80 

K % 0.53 0.19 0.12 

AC % 0.75 0.65 2.30 

Mg % 0.37 0.43 0.94 

Cu Ppm 8 8 2 

Faith Ppm 400 120 200 

Mn Ppm 40 95 20 

Zn Ppm 18 10 32 

3.4 Yield of the treatments 

The soil analysis in the control treatment showed an initially high pH (9.59 in M1 and 9.05 in M2), 

with a slight decrease by the end of the second cycle (9.09 and 8.90, respectively). Electrical conductivity 

was low, with slight increases in both treatments. The sandy loam texture remained constant, while 

organic matter increased at the end of the first cycle but decreased by the end of the second, reflecting 

the dynamics of input and decomposition (see Table 5). Macronutrients such as nitrogen, phosphorus, 

and potassium decreased over time, attributed to crop uptake. Meanwhile, calcium and magnesium 

showed significant declines. These results underscore the need for sustainable practices to preserve soil 

fertility and optimize its management in agricultural systems. 

Table 5: Yield of the control treatment from the soil analysis over two crop cycles. Source: Own elaboration. 

 

S1: Control treatment Start End of the 1st Cy-

cle 

End of the 2nd Cy-

cle 

Start End of the 1st Cy-

cle 

End of the 2nd Cy-

cle 

Analysis Unit Level Level Level Level Level Level 

pH  AL 9.5 AL 8.87 AL 9.0 Al 9.0 AL 9.02 LAL 8.90 

EC. mmhos/cm NS 0.2 NS 0.3 NS 0.3 NS 0.1 NS 0.5 NS 0.1 

MO % M 4.9 A 6.7 M 4.7 B 2.8 A 5.8 M 4.1 

TOTAL N  ppm M 36.7 M 50.2 M 35.6 B 21.3 M 43.3 M 31.1 
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S1: Control treatment Start End of the 1st Cy-

cle 

End of the 2nd Cy-

cle 

Start End of the 1st Cy-

cle 

End of the 2nd Cy-

cle 

P ppm A 89 A 85 A 53 A 103 A 88 A 26 

K meq/100 g A 0.5 A 1.1 A 1.5 A 1.4 A 0.6 A 0.5 

AC meq/100 g A 22 A 17 A 16 A 22 A 8 A 10 

Mg meq/100 g A 1 A 3.7 A 1.7 A 2 A 2.1 A 1.9 

Cu ppm A 8 M 2 M 1 A 8 M 2 M 1 

Mn ppm M 5 M 5 B 4 M 5 B 2 B 4 

Zn ppm M 3 B 1 B 1 M 3 B 1 B 1 

Ca/Mg meq/100 g A 21 0 5 A 10 A 11 O 4 O 5 

Mg/K meq/100 g B 2 0 3 B 1 B 1 O 3 O 4 

Ca+Mg/K meq/100 g A 46 0 18 0 12 O 17 O 16 O 26 

 

The use of vermicompost improved the chemical and physical properties of the soil by reducing pH 

and stabilizing electrical conductivity. Organic matter increased significantly, enhancing cation ex-

change capacity and the availability of essential nutrients. These structural improvements favored ger-

mination, growth, and crop resilience.   

Agricultural yield also increased, reaching 0.98 kg of Lupinus mutabilis and 1.19 kg of Pisum sa-

tivum in dry grain at the end of two cycles. Overall, vermicompost emerges as an effective treatment to 

optimize soil quality and crop productivity (see Table 6). 

Table 6: Yield of vermicompost from the soil analysis over two crop cycles. Source: Own elaboration. 

 

FO1: Vermicompost Start 
End of the 1st Cy-

cle 

End of the 2nd Cy-

cle 
Start 

End of the 1st Cy-

cle 

End of the 2nd Cy-

cle 

Analysis Unit Level Level Level Level Level Level 

pH  Al 9.23 AL 9.3 AL 8.9 AL 9.41 AL 8.76 Me AL 8.41 

EC. mmhos/cm NS 0.42 NS 0.6 NS 0.3 NS 0.28 NS 0.3 NS 0.3 

MO % M 4.2 A 9.2 M 4.8 B 2.8 A 7.7 M 4.2 

TOTAL N  Ppm M 31.1 A 69.3 M 36.1 B 20.7 M 57.8 M 3 117 

P Ppm A 137 A 205 A 99 A 84 A 171 A 75 

K meq/100 g A 1.5 A 1.3 A 1.8 M 2.5 A 1 A 1.9 

AC meq/100 g A 10 A 14 A 17 A 22 A 12 A 14 

Mg meq/100 g A 1.5 A 3.3 A 2.4 A 1.5 A 3 A 2.6 

Cu Ppm A 5 M 2 M 1 A 10 M 2 M 2 

Mn Ppm M 10 M 5 B 4 M 8 B 3 B 4 

Zn Ppm M 5 B 1 B 2 M 3 M 4 B 2 

Ca/Mg meq/100 g A 7 O 4 A 7 A 15 O 4 O 5 

Mg/K meq/100 g B 1 O 3 B 1 B 1 O 3 B 1 

Ca+Mg/K meq/100 g B 7 O 14 O 11 B 9 O 15 B 9 

 

The application of poultry manure reduced the soil pH from 9.18 to 8.5 and decreased the electrical 

conductivity from 0.75 to 0.2 mmhos/cm at the end of the second cycle. It also increased organic matter 

and improved the availability of macro and micronutrients by optimizing the structure, stability, and 

fertility of the soil. These changes favored cation exchange capacity and biological development, boost-

ing agricultural productivity (see Table 7). 

Table 7: Yield of poultry manure from the soil analysis over two crop cycles. Source: Own elaboration. 

 

FO2: Poultry manure Start End of the 1st Cycle End of the 2nd Cycle Start End of the 1st Cycle End of the 2nd Cycle 

Analysis Unit Level Level Level Level Level Level 

pH  AL 9.18 AL 8.85 Me AL 8.41 Al 9.03 AL 8.41 Me AL 8.25 

EC. mmhos/cm NS 0.75 NS 1 NS 0.3 NS 0.52 NS 0.8 NS 0.2 

MO % M 3.3 A 7.4 M 4.2 B 2.8 A 5.7 M 3.8 

TOTAL N  Ppm B 24.5 M 55.5 M 31.8 B 21.2 M 43.1 B 28.8 

P Ppm A 50 A 330 A 231 A 94 A 418 A 183 

K meq/100 g A 1.8 A 1.9 A 1.9 A 3.7 A 1.7 A 1.5 

AC meq/100 g A 10 A 14 A 19 A 20 A 12 A 14 
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FO2: Poultry manure Start End of the 1st Cycle End of the 2nd Cycle Start End of the 1st Cycle End of the 2nd Cycle 

Mg meq/100 g A 1.1 A 2.7 A 3.9 A 1.6 A 4 A 2.4 

Cu Ppm A 10 M 2 M 3 A 13 M 2 M 2 

Mn Ppm M 5 M 5 M 9 M 10 M 10 M 5 

Zn Ppm M 3 A 7 M 6 M 3 A 11 M 3 

Ca/Mg meq/100 g TO 9 O 5 O 5 TO 12 O 3 TO 6 

Mg/K meq/100 g B 1 B 1 B 2 B 0.4 B 2 B 2 

Ca+Mg/K meq/100 g B 6 B 9 O 13 B 6 O 10 O 11 

 

On the other hand, bovine manure reduced the soil pH from 9.6 to 9.04 and the electrical conduc-

tivity from 0.34 to 0.2 mmhos/cm after two cycles, by increasing organic matter and available nutrients. 

Therefore, this fertilizer improves soil properties, reduces the need for chemical fertilizers, and contrib-

utes to a more sustainable and efficient management of agricultural resources (see Table 8). 

Table 8: Yield of bovine manure from the soil analysis over two crop cycles. Source: Own elaboration. 

 

FO3: Bovine manure Start End of the 1st Cy-

cle 

End of the 2nd Cy-

cle 

Start End of the 1st Cy-

cle 

End of the 2nd Cy-

cle 

Analysis Unit Level Level Level Level Level Level 

pH  AL 9.6 AL 9.39 Me AL 8.34 A 9.57 AL 9.44 AL 9.04 

EC. mmhos/cm NS 0.34 NS 0.6 NS 0.2 AL 0.67 NS 0.7 NS 0.5 

MO % B 2.9 A 6.1 M 4.2 A 7.8 A 7.4 A 5.2 

TOTAL N   Ppm B 21.4 M 45.7 M 31.4 M 58.7 M 55.5 M 39 

P Ppm A 83 A 134 A 65 A 99 A 125 A 99 

K meq/100 g A 0.6 A 1.4 A 2.1 A 1 A 1.7 A 2.2 

AC meq/100 g A 22 A 13 A 17 A 17 A 13 A 16 

Mg meq/100 g A 1.1 A 1.9 A 3.4 A 1.3 A 2.1 A 2.1 

Cu Ppm A 10 M 2 M 1 A 10 M 2 M 3 

Mn Ppm M 5 B 3 B 3 B 3 B 1 B 4 

Zn Ppm M 3 B 1 B 1 M 3 B 1 B 1 

Ca/Mg meq/100 g A 20 A 7 O 5 A 13 A 6 A 7 

Mg/K meq/100 g B 2 B 1 B 2 B 1 B 1 B 1 

Ca+Mg/K meq/100 g 0 37 O 11 O 10 O 18 B 9 B 8 

 

3.5 Yield of the treatments in relation to crop development. 

The use of organic fertilizers significantly influenced the variables evaluated in two crop cycles of 

Lupinus mutabilis. According to the results obtained, the humus treatment stood out with the highest 

germination percentage (89%), followed by bovine manure (83.62%), poultry manure (78.98%), and the 

control treatment (73.39%). On average, the plant height reached 86.81 cm, with 11.63 branches, 21.59 

flowers, and 21.75 pods per plant. These values reflect that treatments with organic matter, especially 

humus, improved yield compared to the untreated soil (see Table 9). 

 
Table 9: Yield of the treatments over two cycles of Lupinus mutabilis cultivation. Source: Own elaboration. 

 

Treatments Germina-

tion (%) 

Number of 

plants 

Height 

(cm) 

Number of 

branches 

Number of 

Flowers 

Number of 

Pods 

 CH average CH average CH aver-

age 

CH aver-

age 

CH aver-

age 

CH average 

FO1: Humus 89 73 87 12 22 22 

FO2: Bovine manure 83.62 67.63 87.28 11.83 21.55 20.90 

FO3: Poultry ma-

nure 

78.98 63.79 85.54 11.48 21.55 21.32 

S1: Control treat-

ment 

73.39 59.88 87.08 11.25 21.30 22.40 
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Treatments Germina-

tion (%) 

Number of 

plants 

Height 

(cm) 

Number of 

branches 

Number of 

Flowers 

Number of 

Pods 

Total 325.47 263.83 347.23 46.52 86.37 87.00 

Average 81.37 65.96 86.81 11.63 21.59 21.75 

 

For its part, the yield in Pisum sativum also showed a favorable response to the use of organic ferti-

lizers. Humus was the most efficient treatment, with an average germination of 84.47%, while the other 

treatments (bovine manure, poultry manure, and control) showed decreasing values. The average plant 

height was 99.78 cm, with 11.64 branches, 21.19 flowers, and 18.79 pods per plant. The observed im-

provements are associated with the ability of organic fertilizers to stabilize the chemical and physical 

properties of the soil by optimizing fertility (see Table 10). 

Table 10: Yield of the treatments over two cycles of Pisum sativum cultivation. Source: Own elaboration. 

 

Treatments 

Germina-

tion 

(%) 

Number of 

Plants 

Height 

(cm) 

Number of 

branches 

Number of 

Flowers 

Number of 

pods 

 CH average CH average CH aver-

age 

CH aver-

age 

CH aver-

age 

CH aver-

age 

FO1: Humus 84.47 68.25 100.39 12.18 21.32 19.13 

FO2: Bovine manure 81.06 64.25 99.49 11.12 21.02 20.63 

FO3: Poultry ma-

nure 

77.65 61.50 99.73 11.32 21.25 18.38 

S1: Control treat-

ment 

74.81 59.58 99.49 11.95 21.18 17.00 

Total 317.99 253.58 399.10 46.57 84.77 75.15 

Average 79.50 63.40 99.78 11.64 21.19 18.79 

 

In terms of average yield, Pisum sativum showed a net yield of 1,080.67 kg/ha over the two crop 

cycles, equivalent to 90.06% of the probable yield (1,200 kg/ha). In contrast, Lupinus mutabilis presented 

a net yield of 746.32 kg/ha, reaching only 54.73% of the probable yield. These results reflect significant 

differences in the response of both crops to soil conditions and fertilization sources (see Table 11). 

Table 11: Average yield of two crop cycles of Pisum sativum and Lupinus mutabilis. Source: Own elaboration. 

 

Indicators Total yield Pisum sativum Total yield Lupinus mutabilis 

Total, in kg. 11.67 16.12 

Average in kg/Terrace 0.97 0.67 

Total, land use in 108 m2 in 216 m2 

kg/ha Probable Yield 1 200 1 363.64 

Net yield obtained from the crop per 

hectare 

1 080.67 746.32 

Production percentage 90.06 54.73 

 

Neutrosophic membership degree: The neutrosophic membership degree of each intersection of 

the sets of 𝑃(𝑇𝑖) is determined as shown in Table 12 (intersections within the scope of the study). For 

this, the 𝑡𝑛𝑜𝑟𝑚 and 𝑡𝑐𝑜𝑛𝑜𝑟𝑚 were used to determine the intersection through the aggregation operation, 

which is the value (𝑚𝑖𝑛𝑗{T𝑖𝑗}, 𝑚𝑎𝑥𝑗{I𝑖𝑗}, 𝑚𝑎𝑥𝑗{F𝑖𝑗}). Each resulting value is defined by a single-valued 

neutrosophic number (SVNN) that reflects the level of membership of this element or set within 𝑃(𝑇𝑖). 

 

 



Neutrosophic Sets and Systems, {Special Issue: Advances in SuperHyperStructures 

and Applied Neutrosophic Theories)}, Vol. 74, 2024  

 

Jorge F. Troya S. Julio C. Alegre O. Evaluation of Sustainable Agricultural Practices Using Organic Fertilizers for Soil Re-

covery in Salache: A Neutrosophic Superhypersoft Set Approach 

283 

Table 12: Neutrosophic membership degree of each set of 𝑃(𝑇𝑖). Source: Own elaboration. 

 

𝑷(𝑻𝒊) 𝒙(𝒅𝟎) 𝑷(𝑻𝒊) 𝒙(𝒅𝟎) 

{𝑆1, 𝐴𝑖} (0.38,0.54,0.63) {{{𝑆1, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍1}} (0.38,0.54,0.63) 

{𝐹𝑂1, 𝐴𝑖} (0.98,0,0.03) {{{𝐹𝑂1, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍1}} (0.88,0.04,0.13) 

{𝐹𝑂2, 𝐴𝑖} (0.78,0.14,0.23) {{{𝐹𝑂2, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍1}} (0.78,0.14,0.23) 

{𝐹𝑂3, 𝐴𝑖} (0.68,0.24,0.33) {{{𝐹𝑂3, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍1}} (0.68,0.24,0.33) 

{𝐶1} (0.68,0.24,0.33) {{{𝑆1, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍2}} (0.38,0.54,0.63) 

{𝐶2} (0.88,0.04,0.13) {{{𝐹𝑂1, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍2}} (0.78,0.14,0.23) 

{𝐶1, 𝐶2} (0.88,0.04,0.13) {{{𝐹𝑂2, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍2}} (0.78,0.14,0.23) 

{𝐵𝑖} (0.88,0.04,0.13) {{{𝐹𝑂3, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , 𝑍2}} (0.68,0.24,0.33) 

{𝑍1} (0.88,0.04,0.13) {{{𝑆1, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , {𝑍1, 𝑍2}}} (0.38,0.54,0.63) 

{𝑍2} (0.78,0.14,0.23) {{{𝐹𝑂1, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , {𝑍1, 𝑍2}}} (0.88,0.04,0.13) 

{𝑍1, 𝑍2} (0.88,0.04,0.13) {{{𝐹𝑂2, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , {𝑍1, 𝑍2}}} (0.78,0.14,0.23) 

  {{{𝐹𝑂3, 𝐴𝑖}, 𝐶𝑖}, {𝐵𝑖 , {𝑍1, 𝑍2}}} (0.68,0.24,0.33) 

 

 

The results of the neutrosophic membership degrees have highlighted two points of interest within 

𝑃(𝑇𝑖) . For example, the intersections between the set groups {{{𝐹𝑂1, 𝐴1}, 𝐶2}, {𝐵1, 𝑍1}} , as well as 

{{{𝐹𝑂1, 𝐴1}, 𝐶2}, {𝐵1, {𝑍1, 𝑍2}}}, are defined by a membership degree of (0.88, 0.04, 0.13). Therefore, ver-

micompost emerges as the most efficient organic source, due to its consistent effects on the soil, regard-

less of the management used, confirming its positive impact compared to other treatments. 

On the other hand, the correlation analysis revealed that the weight and number of grains of Lupinus 

mutabilis correlate 1, with weight being a key indicator of yield. Parameters such as electrical conduc-

tivity (0.96), organic matter (0.69), and nitrogen (0.71) showed significant positive correlations with yield. 

Meanwhile, phosphorus (1) and zinc (0.83) influenced germination, which correlated 0.60 with produc-

tion. Consequently, the use of organic fertilizers consolidates as a key strategy to optimize agricultural 

productivity and preserve the quality of the degraded soils of Salache. 

4 Conclusion 

The study confirmed that the use of vermicompost as an organic fertilizer source significantly im-

proves soil properties such as pH, electrical conductivity, organic matter, and essential nutrients, which 

positively impacts the yield of Pisum sativum and Lupinus mutabilis. The applied dose (30 tons per 

hectare) achieved outstanding results, reaching 90% and 55% of the average for each crop, respectively, 

demonstrating its effectiveness in degraded soils. Furthermore, the analysis using Neutrosophic Super-

HyperSoft Sets allowed for the identification of set groups corresponding to chemical and physical 

properties (𝑎𝑖), as well as plant indicators (𝑏𝑖) and crop cycles (𝑐𝑖). This enabled the design of a structure 

for evaluating multiple attributes, with neutrosophic membership degrees inherent in sustainable agri-

cultural practices. Lastly, it is suggested to explore new organic sources and promote the use of decom-

posed fertilizers in eroded areas, to encourage sustainable soil management for resilient agriculture. 
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