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Abstract. The yield and earliness of broad bean varieties have depended on key factors to enhance agricultural
productivity in various regions. Therefore, the objective of the study focused on evaluating the agronomic yield and
earliness of the INIAP 442-SULTANA and INIAP 440-QUITUMBE broad bean varieties under specific edaphocli-
matic conditions to determine their feasibility and potential for improving regional crop productivity. For this pur-
pose, a combination of varietal attributes and leaf stages was used to determine eight treatments through modeling
with Neutrosophic SuperHyperSoft Sets. Among the results, INIAP 442-SULTANA demonstrated higher earliness
and yield compared to INIAP 440-QUITUMBE. In conclusion, it was observed that the INIAP 442-SULTANA-green
treatment is a more viable option for improving broad bean crop productivity due to its higher yield and faster
harvest.
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1 Introduction

Broad bean cultivation in Ecuador is paramount to nutrition due to its high protein, carbohydrate,
vitamin, and mineral content, making it an essential food for the population's diet [1]. This crop repre-
sents a promising alternative to other traditional crops in the central region of the country, such as po-
tatoes, beans, and maize [2]. Crop rotation, in which broad beans can play a strategic role, not only
diversifies income sources for farmers but also contributes to soil sustainability by preventing overex-
ploitation and promoting enrichment with essential nutrients.

However, broad bean production faces various challenges [3], including limited access to modern
technologies and updated knowledge, which restrict the crop's optimization potential. Additionally,
adverse climatic factors such as heavy rains, prolonged droughts, frosts, pests, and diseases negatively
impact its yield. This limitation reduces opportunities for integration into broader and more efficient
markets [4], thereby decreasing the crop's profitability and competitiveness at both local and interna-
tional levels, despite demand from strategic external markets.

Consequently, strengthening the agroalimentary system through broad bean cultivation is an im-
portant step for achieving food sovereignty in Ecuador [5]. In fact, it not only generates employment
and additional income in rural areas, where agriculture is vital for subsistence but also reinforces the
economic resilience of farming communities [6]. To maximize this potential, it is necessary to train farm-
ers in advanced management techniques and develop varieties that combine characteristics such as ear-
liness, disease resistance [7], quality, and high yields.

Inter-institutional cooperation among entities such as the National Institute of Agricultural Re-
search (INIAP), the Technical University of Cotopaxi (UTC), and other organizations has made progress
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in developing new broad bean varieties possible [8]. Therefore, this study focuses on evaluating the
agronomic yield and earliness of the INIAP 442-SULTANA and INIAP 440-QUITUMBE broad bean
varieties under specific edaphoclimatic conditions to determine the best treatment for their viability in
improving productivity in the crops of the San José de Chanchald sector, in the Cotopaxi province. For
this purpose, Neutrosophic SuperHyperSoft Sets modeling was used to calculate the attributes and po-
tential treatments.

2 Preliminaries

For the evaluation of each attribute or parameter associated with the linguistic term used within the
single-valued neutrosophic set (SVNS), the decision-maker is able to assign, for each of the criteria con-
sidered and for each treatment, a value within the neutrosophic set of choice. Therefore, the following
guidelines are outlined to be considered in Table 1.

Table 1: Relationship between measurement ranges and neutrosophic scales. Source: Own elaboration.

Attributes(a;)/treatments SVNN Attributes (b;)

(0.95,0,0) Extremely High
(0.85,0.05,0.12) Very Very High
(0.75,0.15,0.22) Very High
(0.65,0.25,0.32) High
(0.55,0.35,0.42) Moderately Moderate
Medium (M) (0.45,0.45,0.52) Moderate
(0.35,0.55,0.62) Medium Low
(0.25,0.65,0.72) Low
(0.15,0.75,0.82) Very Low
(0.05,0.85,0.92) Very Very Low
(0,0.95,1) Extremely Low

Very important (VI)

Important (I)

Not important (NI)

Very Not Important (VNI)

2.1 Neutrosophic SuperHyperSoft Sets.

This section serves the purpose of remembering the basic notions of Fuzzy Extension SuperHyper-
Soft Sets and neutrosophic theory [9].

Definition 1 ([1, 9, 10]). Given U is the initial universe set and E is the set of parameters. A pair
(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 € € E, then F(e) € P(U), where
P(U) denotes the power set of U and F(¢) is considered the set of e-elements of the Soft Set (F,E) or the
set of e-approximate elements of the Soft Set [10] [11].

It is not difficult to realize that fuzzy sets are soft sets, this is a consequence of the a-levels definition
of a membership function p,, having the following:

F(a) = {x € U| pa(x) = a}, a € [0, 1]. Thus, the family F is known, then the function p, can be re-
constructed by using the following formula:

pa(x) = supa
a € [0,1]
x € F(a)

Thus, a fuzzy setis 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 x B), where J(a,B) = F(a) *G(B); « € A, B € B, and A X 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 a; ,a,, ..., a,, for
n = 1, ben distinct attributes, whose corresponding attribute values are respectively the sets
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Ay, Ay, .. Ay, With A; N A; = @, fori # j,andi,j € {1,2,...,n}. Then the pair (F,4; X A; X ..XAy),
where: F: 4; X A, X ..x 4, - 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 a,; , a,, ..., a,, for
n = 1, be n distinct attributes, whose corresponding attribute values are respectively the sets
Ay, Ay, ..., Ay, with A; N A; = @, fori # j,and i,j € {1,2,...,n}. Then the pair (F,?(Al) X P(4,) x
X IP(An)), where:

F:P(A)) X P(4,) x ..xP(4,) = 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. Leta,,a,, ..., a,, for
n = 1, be n distinct attributes, whose corresponding attribute values are respectively the sets
Ay, Ay, .., Ay, with A; N A; = @, fori # j,and i,j € {1,2,...,n}. Then the pair (F,P(A) x P(4,) x
X ?(An)), where:

F:P(A) x P(4,) X .xP(4,) » P (U(x(do))) is called a Fuzzy Extension SuperHyperSoft Set

over U.

Where x(d°) 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 [12].

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

Definition 5 ([8]). The Neutrosophic set N is characterized by three membership functions [13],
which are the truth-membership function T,, indeterminacy-membership function I,, and falsity-mem-
bership function F,, where U is the Universe of Discourse and VxeU, T,(x), I,(x), F4(x)c] 70,1*[, and
~0<infT,(x) + infI,(x) + inf F,(x) <sup T, (x) + sup I,(x) + sup F,(x) <3* [14].

See that according to the definition, T,(x), I;(x), and F,(x) are real standard or non-standard sub-
sets of ] 70, 1*[ and hence, T, (x),I,(x) and F,(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, Ty(x), 14(x), F4(x) > :xeU}, where T,:U—[0,1], I,;: U—>[0,1] and F,: U—[0,1]. 0 <T,(x) + L,(x) +
F (x)<3.

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

Given A1 = (a1, by, c1) and Az = (a2, b2, &2), two SVNNs, the sum between A1 and A: is defined as:

Ay Ay = (aq +a; — aqay, byby, ¢1¢5) (1)

Given A1 = (a1, by, c1) and Az2=(az, bz, c2), two SVNN, the multiplication between A1 and Az is defined
as:

A]_ AZ = (alaz, b1+b2 - ble! Cl + Cz - C1C2) (2)
The product of a positive scalar with an 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 ), suchthat 0<t,i,f<1and 0 <t +i + f<3.

Definition 7 ([8, 16, 17]). The single-valued triangular neutrosophic number, a = ((ay, a,.a3); Az, Ba, Ya),
is a neutrosophic set on R, whose truth, indeterminacy, and falsity membership functions are defined
as follows [15]:
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O/ x—a
a( 1
az—ay

),alsxsaz
Oy X = ay
Ta(X) = o ane
4 oy (%), az<x<as
0, otherwise

a,—x+Pz(x—a
(az Ba( 1)),31SXS32
az—ay

3 X=a
L(x) = an—a +B~(2 ) @)
S Rl S a, <x<aj
az—az

1, otherwise

(az—x+vz(x—a1))
ag-a,
YaX = Az

Ve (2 — 3)
(x=aztva(as=x) X)), a, <x <aj

,a S X< a,

Fa(x) =

az—az
1, otherwise

Where a3, B5,v5 € [0,1], a1, a5,a; € Rand a; < a, < aj.

Definition 8 ([8, 16, 17]). Given d = ((a;,a;,a3); a5, B3, va) and b = ((by, by, bs); ag, B, v5) two sin-
gle-valued triangular neutrosophic numbers and A any non-null number in the real line. Then, the fol-
lowing operations are defined:

1. Addition:  + b = ((a; + by, a; + by, a3 + b3); az A ag, Ba V Bs Ya V Vi),
2. Subtraction: @ — b = ((a; — bs,a, —by,a5 —by); a5 Aog, Ba V Bs Ya V Y5),
3. Inversion: 3~ = ((az ™', a;7 %, a;71); ag, Ba, va), where a;, az,a; # 0.
4. Multiplication by a scalar number:
)\5 — {(()\all )\32; )\33); aﬁf Bﬁl Ya),l > 0
((Aaz, Aaz,Aay); &z, Bz, vah A < 0
5. Division of two triangular neutrosophic numbers:
a; a, a
((b—lb—z,b—3) ;o5 Ao, Ba VBsYaVYg),az > 0and by >0
3 2 1
a dzg dz a1
T= ((E,E,b—l) i 0a A g, Ba V Bp,va VYp),a3 <Oandbs >0
az a, a;
((—,—,—) ;o A, BaV Bg YaVYyg),az <0andbs <0
by "b "bs
6. Multiplication of two triangular neutrosophic numbers:
((a;by,a;by,a3b3); a5 Aag, Bs V Bg, Ya vV ¥g), az > 0and bz > 0
b = { ((aibs,a,bz,a3b1); 03 A o5, B2 V Bg,va V ¥p) a3 < Oand by > 0
((azbs,azby,a1by); a5 A ag,BaVBsvaV YE), az < 0andb; <0

Where, A is a t-norm and V is a t- conorm.

3 Results
3.1 Details of the experiment

Study area: The research was conducted in the Salcedo canton, specifically in San José de Chan-
chalo, at an altitude of 3,134 meters above sea level. The climate in the area is cold, with temperatures
ranging from 12 to 18 °C, reaching highs of 20 °C and lows of 3 °C. However, annual precipitation varies
between 500 and 750 mm, while the average relative humidity is 40%, exceeding 70% during the winter.

The predominant soil type is Mollisol, characterized by its excellent properties for agricultural develop-
ment.
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Experimental design: The design included four replications, resulting in 16 experimental units,
each with an area of 25 m2. The Tukey test at 5% was applied to analyze the differences between means
with confidence intervals.

Factors under study: The seeds used were provided by the National Institute of Agricultural Re-
search (INIAP). The INIAP 440-QUITUMBE variety originated in San Isidro, Carchi province, and has
been previously evaluated in various locations in the Ecuadorian highlands. Meanwhile, the INIAP 442-
SULTANA variety resulted from a cross between the progenitors ECU 8395 and ECU 2522.

Field design and statistical analysis: The trial design included the distribution of treatments in
split plots. For statistical analysis, a variance analysis scheme (ANOVA) was used, considering the
sources of variation: replications, varieties, plant stages, and their interaction.

3.2 Modeling with Neutrosophic SuperHyperSoft Sets

The common bean (Phaseolus vulgaris L.) is one of the most significant crops in agriculture, both
in terms of production and its impact on food security. In various agricultural regions, the yield and
earliness of bean varieties are key factors for improving productivity, especially in environments with
variable edaphoclimatic conditions. In this regard, evaluating local varieties is crucial for determining
their adaptability and efficiency under specific conditions. This study addresses the comparative eval-
uation of two bean varieties, through the modeling of Neutrosophic SuperHyperSoft Sets, to analyze
their yield and earliness in a specific region, and how these factors influence the improvement of agri-
cultural productivity. To this end, the following bean varieties have been identified as viable alterna-
tives for bean farmers: INIAP 442-SULTANA and INIAP 440-QUITUMBE. For this purpose, they were
interrelated under the formation of the following attributes, as shown in Table 2.

Table 2: Attributes to define possible alternatives according to the varieties and the state of the leaves. Source: Own elaboration.

Attributes Name Items

a1 Varieties INIAP 442-Sultana, INIAP 440-Quitumbe
az Leaf sta- Green, dry
tus

In Table 2, the possible alternatives are represented, where the Neutrosophic SuperHyperSoft Sets
are defined for the following sets 4; with i € {1,2} corresponding to each a;. Therefore, the following
pairs are defined:

P(A) = {{INIAP 442 — Sultana}, {INIAP 440 — Quitumbe}, {INIAP 442 — Sultana, NIAP 440 — Quitumbe }}
P(A,) = {{Green}, {Dry}, {Green, Dry }}
As the study aims to determine the best bean variety, the analysis proceeds to define all the pairs
to be analyzed from P(U):
F:P(A)) x P(A;) - P(U)
= {{INIAP 442 — Sultana}, {INIAP 440 — Quitumbe}, {Green}, dry, {green, dry}, {INIAP 442
— Sultana, Green}, {INIAP 442 — Sultana, dry}, {INIAP 442 — Sultana, green, dry}, {INIAP 440
— Quitumbe, Green}, {INIAP 440 — Quitumbe, dry}, {NIAP 440
— Quitumbe, green, dry}, {INIAP 442 — Sultana, NIAP 440 — Quitumbe}, {INIAP 442
— Sultana, NIAP 440 — Quitumbe, verde}, {INIAP 442 — Sultana, NIAP 440
— Quitumbe, dry}, {INIAP 442 — Sultana, NIAP 440 — Quitumbe, green, dry}}

Once each element is defined, the pairs to be modeled are selected according to the sets defined as
treatments to be evaluated in the study. Subsequently, Table 3 presents the proposed treatments (L;,
where i € {1,2, ...,8}), along with the neutrosophic membership degree (see Table 1) and the correspond-
ing weight for each alternative, based on the attributes involved.
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Table 3: Alternatives depending on the variety and the state of the leaves. Source: Own elaboration.

Treatment (1;) Alternative set SVNN (x(d?))

T1 {INIAP 442 — Sultana, green, dry} (VNI NI, M, L. VI)
T2 {NIAP 440 — Quitumbe, green, dry} (VNI NI, M, L. VI)
T3 {INIAP 442 — Sultana, NIAP 440 — Quitumbe, green}(VNI, NI, M, L. VI)
T4 {INIAP 442 — Sultana, NIAP 440 — Quitumbe, dry} (VNI, NI, M, L. VI)
T5 {INIAP 442 — Sultana, Green} (VNI, NI, M, L. VI)
T6 {INIAP 442 — Sultana, dry} (VNI, NI, M, 1. VI)
T7 {INIAP 440 — Quitumbe, Green} (VNI, NI, M, 1. VI)
T8 {INIAP 440 — Quitumbe, dry} (VNI NI, M, L. VI)

To determine the best alternative, an evaluation is conducted based on the following attributes (b;)
or parameters represented in Table 4. Each alternative is assessed using the b;, where i € {1,2,...9}. Ad-
ditionally, each value can be represented as {[31.33 — 36.25],[(171.25 — 245)]} for one or more sets (see

Table 5).
Table 4: Attributes for evaluating each treatment. Source: Own elaboration.
attsr?l::te Name Description Worth
b1 Number of pods ~ Average obtained from 10-20 plants randomly selected per plot. (31.33-36.25)
b2 Days to harvest Time elapsed from sowing until 50% of the plants reached maturity in (171.25-245)
the green and dry states.
bs  Number of plants Total number of plants counted in each plot. (63.75-71)
bs  Pod yield Total weight of pods harvested in tender state, expressed in kg/ha. (6.35-23.54)
bs  Number of seeds  Average number of seeds obtained by shelling 10 randomly selected (2.9-3.75)
pods.
be Pod length Measurement in centimeters of 10 pods, excluding the tip. (8.48-12.58)
b7 Seed length Dimensions in centimeters obtained from 10 selected seeds. (1.92-2.85)
bs  Wide seeds Dimensions in centimeters obtained from 10 selected seeds. (1.2-1.92)
by Grainyield Total weight of seeds per plot, converted to kg/ha. (3.17-9.47)

Table 5: Evaluation of each treatment according to the attributes b;. Source: Own elaboration.

Alternatives/attributes b b, bs; by bs bs b; bg by

T1 34.61 199 71 16.86 3.63 11.86 2.83 1.77 7.71
T2 3341 21725 53.75 7.14 3.08 8.64 2.09 129 3.35
T3 35.88 180.38 62.38 15.73 3.38 10.69 2.36 1.56 6.32
T4 32.15 23588 62.38 827 333 981 256 15 474
T5 36.25 171.25 71 2354 35 1258 281 192 947
T6 32.98 226.75 71 10.19 3.75 11.15 2.85 1.62 5.95
T7 355 1895 5375 793 29 848 192 12 3.17
T8 31.33 245 5375 635 325 88 226 1.38 3.52

To evaluate specific differences between the means of the analyzed variables, the Tukey Test at 5%
was applied. The results, presented in Table 5, indicate that the INIAP 442-SULTANA variety (T1)
achieved a significant range in most of the evaluated variables, surpassing the INIAP 440-QUITUMBE
variety (T2). Regarding the plant state factor, the green state demonstrated a significant range in days to
harvest, pod yield, and grain yield, indicating its superiority over the dry plant state (T3 and T4).

In the green state, the combination INIAP 442-SULTANA GREEN (T5) obtained the highest range,
standing out for its superior performance in key attributes such as pod yield (bs) (23.54 kg) and grain
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yield (b9) (9.47 kg). Conversely, the combination INIAP 440-QUITUMBE DRY (T8) achieved lower
ranges, reflecting reduced performance in the analyzed attributes.

Comparison of agronomic parameters: In terms of agronomic parameters, the INIAP 442-SUL-
TANA variety (T1) exhibited superior values in pod length (bs) (11.86 cm), seed length (b7) (2.83 cm),
and seed width (bs) (1.77 cm), significantly outperforming INIAP 440-QUITUMBE (T2), whose values
were 8.64 cm, 2.09 cm, and 1.29 cm, respectively. Similarly, grain yield (bs) was notably higher in the
INIAP 442-SULTANA variety (7.71 kg/ha) compared to INIAP 440-QUITUMBE (3.35 kg/ha).

Effect of plant state (attribute az): The green state (T3) showed better performance in most of the
evaluated variables, particularly in grain yield (b9) (6.32 kg/ha compared to 4.74 kg/ha in the dry state
(T4)). However, the interaction between state and variety revealed that the dry state had less impact on
the INIAP 442-SULTANA variety, which exhibited intermediate ranges in the evaluations.

The results highlight the superiority of the INIAP 442-SULTANA variety, particularly in the green
state, and its consistent performance under dry state conditions. The interaction between factors con-
firms that both variety and plant state significantly influence productive and agronomic parameters.
This positions INIAP 442-SULTANA as a promising option to optimize productivity in crops under
different environmental conditions. Table 6 presents the variance calculations for the attributes b;.

Table 6: Analysis of variance (ANOVA) of each attributeb;. Source: Own elaboration.

FV Repetition Variety State Variety*state Error Total CV%

gl 3 1 1 1 9 15

bl 14.89 ns 5.76ns  55.5ns 0.81ns 15.6 11.61
b2 0.08ns 1332.25** 12321 ** 0.00ns 0.69 04
b3 31.58 ns 1190.25**  0.00 ns 0.00ns 26.97 8.33
b4 1.76 ns 37840 ** 222.83** 138.71*  0.67 6.8
b5 0.94 ns 121ns 0.01ns 0.36 ns 0.53 21.71
b6 0.89ns  4154*  3.08ns 1.22ns 2.19 14.45
b7 0.01 ns 2.18*  0.15ns 0.09ns 0.17 16.6
b8 0.06 ns 09*  0.01ns 0.23ns 0.07 16.92
b9 052ns  76.26*  10.06 ** 15 ** 0.2 8.16

Analysis of Variance (ANOVA): The results of the analysis of variance for the variables evaluated
showed statistical significance (p < 0.05) for the variety factor in the attributes days to harvest, number
of plants, pod yield, pod length, seed length, seed width, and grain yield. These differences highlight
the distinguishing effect of the varieties INIAP 442-SULTANA and INIAP 440-QUITUMBE. Addition-
ally, the plant state attribute (az) exhibited statistical significance in days to harvest, pod yield, and grain
yield, emphasizing the influence of green and dry conditions on these variables.

In the interaction of variety x state (attributes a1 and az), significant differences were identified in
pod yield and grain yield. The coefficient of variation (CV) ranged from a minimum of 0.4% for days to
harvest to a maximum of 21.71% for the number of seeds, indicating acceptable variability in the data.

Neutrosophic Membership Degree: Once the evaluation was defined, the neutrosophic member-
ship degree of each treatment was determined, as shown in Tables 7 and 8. Additionally, the most im-
portant treatment in the study was identified. To achieve this, the tnorm and tconorm were used to determine
the intersection  F (,1,,...,1,) N G(by, by, .... b)), through  the aggregation operation
(min{T;;}, max;{1;;}, max;{F;}). This value results in the single-valued neutrosophic number, represent-
ing the effectiveness and selection of the best treatment (see Table 9).
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Table 7: Neutrosophic Membership degree of each alternative based on a,. Source: Own elaboration.

Table 8: Neutrosophic Membership degree of each alternative based on a, (continued). Source: Own elaboration.

l/a,
T1 (0.55,0.35,0.42) (0.55,0.35,0.42) (0.95,0,0) (0.45,0.45,0.52)
T2  (0.35,0.55,0.62) (0.25,0.65,0.72) (0,0.95,1) (0,0.95,1)
T3  (0.85,0.050.12) (0.75,0.15,0.22) (0.35,0.55,0.62) (0.45,0.45,0.52)
T4 (0,0.95,1) (0,0.95,1) (0.35,0.55,0.62) (0,0.95,1)
T5 (0.95,0,0) (0.95,0,0) (0.95,0,0) (0.95,0,0)
T6  (0.25,0.65,0.72) (0.15,0.75,0.82) (0.95,0,0) (0.15,0.75,0.82)
T7  (0.75,0.15,0.22) (0.65,0.25,0.32) (0,0.95,1) (0,0.95,1)
T8 (0,0.95,1) (0,0.95,1) (0,0.95,1) (0,0.95,1)

ln /an bS b5 b7 bg bg
T1  (0750.15022) (0.750.15022)  (0.950,0)  (0.650.25032) (0.650.250.32)
v (0,095,1) (0,095,1) (0,095,1) (0,0.95,1) (0,0.95,1)
T3 (045045052) (0.45045052) (0.350.550.62) (0.350.550.62) (0.350.550.62)
T4 (0.35,0.55,0.62) (0.25,0.65,0.72) (0.55,0.35,0.42) (0.25,0.65,0.72) (0.15,0.75,0.82)
T5  (055035042)  (0.950,0) (0.95,0,0) (0.95,0,0) (0.95,0,0)
T6 (0.95,0,0) (0.55,0.35,0.42) (0.95,0,0) (0.45,0.45,0.52) (0.35,0.55,0.62)
7 (0,0.95,1) (0,0.95,1) (0,0.95,1) (0,0.95,1) (0,0.95,1)
T8 (025065072)  (0,0951)  (0250.65072) (0.150.75082)  (0,0.95,1)

Table 9: Degree of importance of each alternative. Source: Own elaboration.

l,/a, F 1yl ..,1,)NG(by,by,....b,) Position
T1 (0.55,0.35,0.42) M

T2 (0,0.95,1) NVI
T3 (0.35,0.45,0.52) M

T4 (0,0.95,1) NVI
T5 (0.65,0.35,0.42) I

T6 (0.15,0.75,0.82) NI
T7 (0,0.99,1) NVI
T8 (0,0.99,1) NVI

The results indicate that the variety INIAP 442-SULTANA demonstrates superior agronomic per-
formance (classified as medium importance) compared to INIAP 440-QUITUMBE (classified as very not
important). This advantage is attributed to its earliness, with an average of 199 days to harvest, position-
ing it as an earlier option compared to other varieties cultivated in the country. Differences in days to
harvest relative to previous reports highlight the influence of local edaphoclimatic factors, which affect
plant growth and development.

In terms of yield, INIAP 442-SULTANA achieved the best results in green pod yield (classified as
important, T5) and dry pod yield (classified as not important, T6). These outcomes reflect the productive
capacity of the T5 treatment of this variety, as well as its adaptability to the experimental environment's
conditions.

In contrast, INIAP 440-QUITUMBE did not outperform INIAP 442-SULTANA in any of the varia-
bles analyzed. This may be attributed to the fact that INIAP 440-QUITUMBE, being a variety with over
three decades in the field, has surpassed the optimal productivity period typically associated with
newly released resistant varieties. Consequently, the evaluated treatment T5 {INIAP 442-Sultana,
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Green} has been classified as important (0.65, 0.35, 0.42), standing out for its earliness and adaptability
to diverse edaphoclimatic conditions.

4 Conclusion

The modeling of Neutrosophic SuperHyperSoft Sets has enabled the evaluation and classification
of eight combined treatments to optimize agricultural productivity under varying cultivation conditions.
The INIAP 442-SULTANA variety (T1) stands out for its earliness and high yields compared to INIAP
440-QUITUMBE (T2). Additionally, the interaction between the attributes variety and plant state signif-
icantly influences yields, with INIAP 442-SULTANA demonstrating greater consistency in both states.
Furthermore, the evaluation of neutrosophic membership degrees identifies treatment T5 ({INIAP 442-
Sultana, Green}) as exhibiting resilient and adaptable performance, positioning it as a preferred option
for optimizing agricultural productivity under different cultivation conditions. Finally, it is suggested
to continue research to assess the impact of additional variables, such as soil type and pest resistance,
to refine the selection of varieties in environments affected by climate change.

References

[1] K Hu, H. Huang, H. Li, Y. Wei, and C. Yao, "Legume-derived bioactive peptides in type 2 diabetes:
opportunities and challenges," Nutrients, vol. 15, no. 5, p. 1096, 2023.

[2] ]. B. Johnson, T. Collins, D. Skylas, K. Quail, C. Blanchard, and M. Naiker, "Profiling the varietal
antioxidative contents and macrochemical composition in Australian faba beans (Vicia faba L.),"
Legume Science, vol. 2, no. 2, p. €28, 2020.

[3] M. K. Seliem et al., "Evaluation of Five Chrysanthemum morifolium Cultivars against Leaf Blight
Disease Caused by Alternaria alternata at Rooting and Seedling Growth Stages," Plants, vol. 13, no.
2, p. 252, 2024.

[4] D.Chalampuente-Flores, M. R. Mosquera-Losada, A. M. D. Ron, C. Tapia Bastidas, and M. Serensen,
"Morphological and Ecogeographical Diversity of the Andean Lupine (Lupinus mutabilis Sweet)
in the High Andean Region of Ecuador," Agronomy, vol. 13, no. 8, p. 2064, 2023.

[5] M.]J. Romero-Astudillo, C. Tapia, ]. Giménez de Azcarate, and D. Montalvo, "Diversity of Common
Bean (Phaseolus vulgaris L.) and Runner Bean (Phaseolus coccineus L.) Landraces in Rural
Communities in the Andes Highlands of Cotacachi —Ecuador," Agronomy, vol. 14, no. 8, p. 1666,
2024.

[6] G. Coronel Vargas, A. Izzotti, C. Rosano, and S. La Maestra, "Micronucleus Induction in Vicia faba
Root Tips by Crude Oil-Polluted Soil from Ecuadorian Amazon," Environments, vol. 10, no. 11, p.
195, 2023.

[7] A. Abdelkhalek et al., "Enhancing systemic resistance in faba bean (Vicia faba L.) to Bean yellow
mosaic virus via soil application and foliar spray of nitrogen-fixing Rhizobium leguminosarum bv.
viciae strain 33504-Alex1," Frontiers in Plant Science, vol. 13, no. August pp. 1-15, 2022.

[8] H. Skovgard and F. L. Stoddard, "Reproductive potential of the black bean aphid (Aphis fabae
Scop.) on a range of faba bean (Vicia faba L.) accessions," Legume Science, vol. 5, no. 4, p. €199, 2023.

[9] F. Smarandache, "Extension de Soft Set a Hypersoft Set, y luego a Plithogenic Hypersoft Set,"
Neutrosophic Computing and Machine Learning. ISSN 2574-1101, vol. 25, no. 2023, pp. 103-106, 2023.
[Online]. Available: http://fs.unm.edu/NCMI.2/index.php/112/article/view/294.

[10] F. Smarandache, "Soft set product extended to hypersoft set and indetermsoft set cartesian product
extended to indetermhypersoft set," Journal of fuzzy extension and applications, vol. 3, no. 4, pp. 313-
316, 2022. |

[11] Z. A. Ameen and M. H. Algahtani, "Baire category soft sets and their symmetric local properties,”
Symmetry, vol. 15, no. 10, p. 1810, 2023.

[12] E. Smarandache, "Foundation of the SuperHyperSoft Set and the Fuzzy Extension SuperHyperSoft
Set: A New Vision," Neutrosophic Systems with Applications, vol. 11, no. November, pp. 48-51, 2023.

Karina P. Marin Q, Cristian S. Jiménez J, Angel R. Murillo |, Isabel Ch. Evaluation of Agronomic Performance of two Vari-
eties of Faba Bean (Vicia faba L.), INIAP 440 - Quitumbe and INIAP 442 - Sultana, using Neutrosophic Superhypersoft sets


http://fs.unm.edu/NCML2/index.php/112/article/view/294

Neutrosophic Sets and Systems, {Special Issue: Advances in SuperHyperStructures 201
and Applied Neutrosophic Theories)}, Vol. 74, 2024

[13] M. Mohamed, A. Elmor, F. Smarandache, and A. A. Metwaly, "An efficient superhypersoft
framework for evaluating llms-based secure blockchain platforms,” Neutrosophic Sets and Systems,
vol. 72, no. 2024, pp. 1-21, 2024.

[14] E. Gonzalez Caballero, M. Leyva Vazquez, and F. Smarandache, "On neutrosophic uninorms,"
Neutrosophic Sets and Systems, vol. 45, no. 2021, pp. 340-348, 2021.

[15] S. Dhouib, "Optimization of travelling salesman problem on single valued triangular neutrosophic
number using dhouib-matrix-TSP1 heuristic," International Journal of Engineering, vol. 34, no. 12, pp.
2642-2647, 2021.

Received: July 12, 2024. Accepted: September 19, 2024

Karina P. Marin Q, Cristian S. Jiménez J, Angel R. Murillo |, Isabel Ch. Evaluation of Agronomic Performance of two Vari-
eties of Faba Bean (Vicia faba L.), INIAP 440 - Quitumbe and INIAP 442 - Sultana, using Neutrosophic Superhypersoft sets



