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Abstract— The new concept of industrial hemp genetic 

selection examines the relationship levels of the Human Wellbeing 
Coefficient (K), and the variables grouped in three dimensions of 
promotion and protection human health with legality framework. 
The industrial hemp population was 47 hybrids. Eighteen samples 
were made for each hybrid during six weeks of evaluation. The 
Hewlett Packard 1100 HPLC equipment was used to analyze the 
fresh inflorescence samples during the 2019-2020 agricultural 
season in Montevideo, Uruguay. The hypothesis test, linear 
regression analysis, ANOVA, Decision Tree, PCA, HCA and 
Nearest Neighbor Analysis were used as statistics. The coefficient 
K has a statistically significant positive correlation with the variable 
Total Cannabidiols -TCBD (CC = ,978; p <.005). It also with the 
Total Tetrahydrocannabinols - TTHC variable (CC = ,936; p <.005) 
and with the Full Protection Projection -R1s variable (CC = ,979; 
p <.005). It is observed that the K coefficient is negatively correlated 
with the Coefficient of Promotion – R9. When K values increase, 
the probability of increasing the promotion and protection of 
human health is higher (R2=0,99; F(4,841) = 30.974.72; Sig = 
,000). Hybrids whose K values >4.82 were selected. From the 
analysis of PCA and HCA, it has been possible to select the six best 
hybrids and were grouped into two categories. The first group of 
superior hybrids. This analysis confirmed the potency of the K 
Coefficient to select hybrids that contain the highest capacity to 
promote and protect human health. 
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I. INTRODUCTION  

The concept of the Human Well-being Coefficient (K) 
establishes a new method to select genetic material from the 
concentration of cannabinoids in the inflorescences of 
industrial hemp. The hypothesis is based on a relationship 
between the elements of promotion and protection of human 
health within the legal framework and the K coefficient. Along 
the same lines, the need arises to apply genetic selection to 
develop human well-being in the value chain. of industrial 
hemp. The present study complements the analysis of the 
concentration curve to identify the optimal harvest period of 
industrial hemp under controlled greenhouse conditions, 
which do not discriminate which group of individuals should 
be selected. This study works as a continuation for the 
development of the value chain. 

The concepts of protection and promotion of human health 
and well-being are not new [1-4] and adaptation to protect 
health has existed as a form of evolution [5-8]. Even less new 
are the concepts of genetic selection of plants to generate 
human welfare [9-12]. For its part, the hemp industry requires 
compliance with the legal regulations imposed by each 
country so that this productive activity is carried out with good 
manufacturing practices [13-19]. In addition, the human brain 

has an endocannabinoid system that develops the nervous 
system and activity in the brain, which is useful for new 
therapies as it is interrelated with treatment status, disease 
progression, and severity of symptoms. [20-22]. However, 
what is important about the system is the ability to 
complement itself with the homeostasis of the brain and its 
physiology, as well as with regulatory enzymes and peripheral 
tissues [23-28]. In the case of the cannabinoids required by the 
endocannabinoid system of the human brain, these are 
produced in an agricultural field. Cannabinoids are present in 
the industrial hemp plant and their production determines the 
power of each one to provide well-being [29-33]. They are the 
cannabinoids of importance for the protection of health, being 
these associated with Cannabidiol (CBD) and provide 
protection related to sleep, pain, inflammation, anxiety and 
seizures [34-44]. In the case of Cannabinol (CBN), it is 
associated with promotion, since it refers to neuroprotection 
and appetite stimulation [45-50], as well as Cannabigerol 
(CBG) is related to health promotion, referring to digestive 
and antibacterial benefits [51-54]. 

Cannabidiol (CBD) protection is expressed within a 
known treatment range in all in vitro and in vivo assays 
performed and is associated with vibinilloid, serotonin, 
activated gamma, and adenosine receptors. Also, it may have 
receptor-independent bioactivity on cells [55-57]. In addition, 
CBD treated between 2.5 and 30 µM (30 min - 10 h) is useful 
for a wide variety of disorders [58-65]. Similarly, it increases 
the activity of the transport chain, mitochondrial biogenesis, 
the dynamics of the mitochondrial network and is involved in 
the differentiation of keratinocytes [66-71]. Cannabinol 
(CBN) is studied as neuronal protection, being a contribution 
to human health, as it is also understood as an attenuator of 
neurotoxicity and thus avoiding neurodegradation [72-74]. 
With this, its practical application is understood when 
generating the preservation of neuronal integrity and 
intervening on pathological proteins [75-76]. 

In addition, CBN stimulates hippocampal neurogenesis 
[77-78]. Also, CBN works effectively in the treatment of 
amyotrophic lateral sclerosis [79]. All these studies provide 
quantitative information on how CBN is used as a 
nutraceutical [80]. On the other hand, Cannabigerol (CBG) is 
currently labeled as the "mother of all cannabinoids" [81], and 
it is the one that decreases the presence of extrapyramidal 
symptoms (EPS) by reducing the expression of genes that 
regulate its production, which include gtfB, gtfC, gtfD, and ftf. 
This is important to allow antibacterial action [82]. Also, CBG 
has potential as an antimicrobial agent against pathogenic 
bacteria and fungi [83]. 

However, the legality of the productive activity of 
industrial hemp is limited by the Tetrahydrocannabinol (THC) 
content, according to the standards established by the 
countries [84-86]. Hence the importance of relating 
agricultural activity to the development of human well-being. 
This research aims to incorporate the elements of health 
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promotion and protection within the legal framework that 
States provide to select genetic material and thus maximize 
human well-being. Therefore, the research questions are: Is it 
possible to find a coefficient to select industrial hemp genetic 
material that provides maximum human welfare? Is the 
Human Well-being Quotient related to aspects of promotion 
and protection of human health? And, is it possible to combine 
statistical tools that make it possible to separate groups of 
advanced genetic material that provide the greatest human 
well-being? 

II. METHODS AND MATERIALS 

A. Factors, Dimentions and Variables Aspects 

To find significance between the variables under study, 
SPSS v.25 was used. The population corresponds to the 47 
asexual hybrids of industrial hemp, hypothesis testing, linear 
regression analysis, ANOVA, Tree, PCA and HCA were used 
as statistics. Three dimensions were designed for variable X 
"Welfare factors with respect to legal framework": (i) Health 
promotion (CBD), (ii) Health prevention (CBG & CBN); and 
(iii) Legal limit of the activity (THC); and one, for the variable 
Y "Production of industrial hemp for the development of 
human well-being": (i) Human Wellbeing Coefficient (K). 
Through the K Coefficient, a new model is proposed for the 
genetic selection of industrial hemp plants. The conceptual 
framework of the present investigation is reflected in Fig. 1 
and Fig. 2. Table I, shows the variables for the promotion and 
prevention of human well-being within the legal framework of 
industrial hemp; and, the K Coefficient as also the dimension 
analyzed. 

 
Fig. 1. Data analysis between variables. Source: Authors 

 
Fig. 2. Cannabinoids according to dimension analyzed. Source: Authors 

TABLE I 

DEFINITION OF VARIABLES, ACRONYM AND SOURCE. 

Dimension/Variable Acronym Source Unit Measure 

Protection       
Cannabidiol CBD AHP, 2014 % 
Cannabidiolic acid CBDa AHP, 2014 % 
Total Cannabidiols TCBD AHP, 2014 % 
Full protection projection R1s Authors 𝜃1 

Promotion      
Cannabinol CBN AHP, 2014 % 

Cannabigerol CBG AHP, 2014 % 
Promotion coefficient R9 Authors 𝜀 

Legal Activities      

Tetrahydrocannabinol THC AHP, 2014 % 
Tetrahydrocannabinolic acid THCa AHP, 2014 % 
Total Tetrahydrocannabinols TTHC AHP, 2014 % 
Full legality projection R2s Authors 𝛿1 

Dependent variable      

Human Wellbeing Coefficient R17-P1 Authors K 

 Source Authors 

B. Human Wellbeing Coefficient (K) 

The Human Wellbeing Coefficient (K) incorporates the 
components of health promotion and protection. It is designed 
to improve the genetic selection of industrial hemp plants.  

The K coefficient identifies the plants that have the highest 
content of the 3 main groups of cannabinoids that benefit 
human health with a maximum of legality. It was calculated 
using (1): 

𝐾⏟
max

0<δ1<1
δ1

=  1 [
ϵ1 + 1

ϵ1 + θ1

]⁄                     (1) 

𝛿1: Projection of full legality. Frame allowed by law. Expressed in 
% Total Tetrahydrocannabinol (TTHC). It is calculated using (2). 
Ɵ1: Health protection for sleep problems, pain, inflammation, 
anxiety and seizures. Expressed in % of Total Cannabidiol 
(TCBD). It’s calculated with using (3); 
ɛ1: Promotion coefficient. Expressed as the sum of Cannabinol 
(CBN) and Cannabigerol (CBG) per unit of Cannabigerol. t’s 
calculated using (4). 

 

Total Tetrahydrocannabinol data was normalized 
calculated with a linear regression respect the 
Tetrahydrocannabinolic acid content (R2=0,97; F(1,844) = 
23.555,17; Sig= ,000). The coefficient K is calculated in plants 
containing Total Tetrahydrocannabinol <1%; With this, the 
plants that are below these levels were selected to be within 
the Peruvian legal framework (it can be modified to the Total 
Tetrahydrocannabinol content level of the countries where the 
K coefficient is required to be applied). It was calculated using 
(2): 

δ1 = 0,035 + 0,913 𝑥2                      (2) 
 
𝛿1: % of Total  Tetrahydrocannabinol 
x2:  % of Tetrahydrocannabinolic acid. 

 
Total Cannabidiol data was normalized calculated with a 

linear regression respect to the Cannabidiolic acid content 
(R2=0,99; F(1,844) = 82.749,97; Sig= ,000). It was calculated 
using (3): 

θ1 = 0,054 + 0,912 𝑥1                      (3) 
 

Ɵ1: % of Total Cannabidiol; 
x1:  % of Cannabidiolic acid. 

 
The promotion coefficient ɛ, was designed to identify the 

potential increase in total human health promotion per unit of 
neuronal promotion provided by industrial hemp. The 
coefficient is expressed in (4): 

ε = (β1 + β2) 𝛽1                    (4)⁄  

 
β1: Health promotion for digestive and antibacterial 
benefits. It is expressed in % of Cannabigerol -CBG; 
β2:  Health promotion for neuroprotection benefits and 
appetite stimulation. It is expressed in % of Cannabinol – 
CBN. 
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C. Sample collection and preparation 

A total of 846 cannabis samples (fresh inflorescences) 
were collected from an authorized producer in Uruguay. 
Sample names were provided by licensed grower and different 
names may not necessarily represent different cultivars. The 
samples arrived in sealed and labelled craft paper bags. They 
were stored in a cold and dry environment facility prior to 
analysis. The raw material samples were treated in a humidity 
dryer for 24 h in a forced atmosphere at 35 °C. Next, the dried 
samples were crushed and homogenized. We proceeded to 
weigh 0,1 g of sample three times and place it in a 20 ml glass 
tube. The methanol was previously sonicated for 11 minutes 
at 60-65 °C and then 20 ml were used to add it to the 
homogenized and weighed sample; vortexed and passed 
through a 0.22 µm pore size nylon filter. Next, the filtrate was 
placed in a 2 ml vial that was then placed on the HPLC, 
starting the analytical technique. 

D. HPLC Chromatographic Profiles. 

Chromatographic methods are used to verify trace 
identification and the relative profusion of cannabinoids in the 
assayed sample [87-91]. For classification purposes, Total 
CBD corresponds to the potential that CBD in the acid state 
can be transformed into CBD without degrading. The same is 
true for Total THC. The samples were compared against a 
solution showing the main peak interrelated to the retention 
time [92]. The principles of standards identity, quality control 
and analysis are regulated by the Classification System of 
specific chemotypes for cannabis inflorescences [93]. 

E. HPLC systems and Analytic technique  

For this study, a Hewlett Packard (HP) 1100 HPLC 
equipment was used, composed of the following elements: (i) 
Solvent degasser (G1322A), (ii) Tank pump (G1312A), (iii) 
WPALS (G1367A), ( iv) Column compartment (G1316A), (v) 
HP 1100 series photodiode array detector (DAD) (G1315A) 
and (vi) C18 short column (Raptor ARC-18 2.7 µm 150 mm 
X 3.0 mm). The cannabinoid reference standards for CBN, 
CBG, CBD, Δ9-THC, CBDA; and, all standards were ≥98% 
pure. It was used: For the HPLC grade methanol extractions, 
for the mobile phase methanol and HPLC grade water; also, 
formic acid. All reagents were purchased from Grupo 
Químico SRL (Montevideo, Uruguay). The order of elution 
with a relative retention time per cannabinoid was as follows: 
CBDa = 1; CBG = 1.08; CBD = 1.14; CBN = 1.46; THC = 
1.69; THCa = 1.96. 

F. Method validation  

For the validation of the method, the standards of the 
Association of Official Analytical Chemists were used [94]. 
To validate the reference standards, a PPM ≥ 950 was used as 
a coincidence factor and a PPI ≤ 1% as a standard deviation 
[95]. For the measurement of the calibration based on linearity 
ranges, concentration magnitudes of 5 to 1000 µg / mL were 
imputed for each cannabinoid standard used. Interday and 
intraday precision was calculated. The first, three days a week 
with 18 repetitions per day. The second, a validation sequence 
with 6 repetitions in a row (calculating the area of peaks 
expressed in mg / 100mg) [96-101]. 

G. Measured variables 

The data collected included quantitative variables CBDa 
CBD, CBDa, TCBD, THCa, THC, TTHC, CBG and CBN. 
Forty-seven hybrids were evaluated for 42 days making a total 
of 846 HPLC analyzes of their inflorescences. The first week 

of measurement started when 50% of the plants contained 
inflorescence buds formed. Six consecutive weekly 
measurements were carried out on three different parts of each 
asexual hybrid totaling 18 repetitions for each hybrid 
evaluated. 

H. Experimental Unit 

The production of hemp inflorescences and their 
corresponding cannabinoid concentration evaluation were 
carried out under controlled conditions (greenhouse and 
laboratory). For the experiment, asexual reproduction was 
used as the propagation technique of the initial genetic 
material. Cuttings were collected from 5 plants of the cultivar 
Romalex registered in the National Registry of Cultivars 
(Uruguay). Each plant was grown in separate pots at a rate of 
1.3 plants per m2. Table 1, show the list of 47 evaluated 
hybrids, according to asexual collection material. 

TABLE 1 

LIST OF EVALUATED HYBRIDS, ACCORDING TO ASEXUAL COLLECTION 

MATERIAL 

Mother code / Hybrid code 

PA-172-B PF-652-B PG-411-A PJ-062-A PR-452-B 

1. 5583 11. 6215 19. 551 28. 5206 37. 545 

2. 5585 12. 6298 20. 746 29. 5235 38. 634 

3. 5595 13. 6302 21. 753 30. 5265 39. 1006 

4. 5597 14. 7009 22. 5551 31. 5501 40. 1124 

5. 5601 15. 7039 23. 5559 32. 5504 41. 1222 

6. 5609 16. 7055 24. 5561 33. 5511 42. 1232 

7. 5617 17. 7095 25. 5573 34. 5548 43. 1302 

8. 5629 18. 7157 26. 5576 35. 6312 44. 1312 

9. 5639  27. 5690 36. 6387 45. 2586 

10. 5643    46. 2763 

    47. 2814 

Source Authors 

I. Statistical design 

Three samples were obtained for each of the 47 hybrids 
measured during 6 weeks. The data obtained were ordered in 
an Xnxl data matrix, where n is the number of rows (samples) 
and l is the number of variables in this investigation 
(cannabinoids levels and coefficients), resulting in a total of 
846 samples and 37 measured variables (predictors). With the 
30,456 data from this matrix. The statistical model Y = Xß + 
ε was used to analyze the linear regression [102, 113]. Three 
regression models were explored to determine the 
confirmation of the relationship between variable X: "welfare 
factors with respect to legal framework " and variable Y: 
"industrial hemp production for the development of human 
well-being". A tree-based classification model was created to 
group cases and predict values of the dependent variable (in 
this case: K coefficient) based on values of independent 
variables (predictors).  

The confirmatory classification analysis was validated. 
The use of this tool has been used for data reduction and 
classification of variables by selecting a useful subset of 
predictors from a large set of variables and has been used to 
create a formal parametric model [103]. To determine the 
fusion of the categories that are not significantly different, the 
CHAID method was used. [104-105]. With the formal 
parametric model obtained during the classification of the tree 
process, the linear regression was calculated, the respective 
coefficients that make up the equation that best estimates the 
dependent variable (DV) [106, 114]. ANOVA was calculated 
with 95.0% confidence interval for B. With this validation, the 
K coefficient was calculated for each of the 47 asexual 
hybrids. The highest value obtained in the previous reduction 
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and classification process will serve as a reference for the 
selection of the genetic material evaluated. With this 
information, Principal Component Analysis (PCA) was 
carried out, since it is a useful and quick tool that serves as a 
guide to group hemp plants according to their chemical profile 
[107-109]. HCA has proven to be a powerful sample grouping 
tool to genetically classify individuals [110-112]. The mean 
value of the components was set at 1. Eigenvalues greater than 
unity were selected. The problem to be solved is to find a space 
with a smaller dimension that adequately represents the data 
[113]. To clarify the true value, the PCA was supplemented 
with HCA, using the method of Ward's linkage (with squared 
Euclidean distance and z-score standardization, KMO and 
Bartlett test). Finally, it was proposed to carry out the NNA. 
The level of sadistically significance used for this 
investigation, was set at 0.05. The hypothesis where it is 
possible to establish the Human Wellbeing Coefficient as a 
new way of genetic selection that incorporates the elements of 
promotion and protection of human health and to develop the 
cultivation of Hemp in that direction. 

J. Instruments 

For variable X, “Welfare factors with respect to legal 
framework” the following sources were used: 

1. Hewlett Packard 1100 HPLC equipment and 

cannabis standards. 

2. American Herbal Pharmacopeia - AHP, 2014. 

Cannabis Inflorescence: Standards Identity, Analysis 

and Quality Control. 

3. Association of Official Agricultural Chemists - 
AOAC, 2012. Official methods of analysis of AOAC 
International, 2012.  

Equation (1) was used for evaluated the variable Y, 
"Industrial hemp production for the development of human 
well-being" "; it is also, a dimension of the analyzed problem. 

III. RESULTS  

The forty-seven cuttings evaluated were collected from 
five plants registered in the National Registry of Cultivars of 
Uruguay. They were raised, under controlled greenhouse 
conditions, by an authorized producer in Uruguay. The 
sampling process lasted 42 days and began when the threshold 
of 50% of plants with flower buds was exceeded. For asexual 
hybrid, 18 samples (repetitions) were collected. The HPLC 
system was validated. The cannabinoid analysis was carried 
out under laboratory conditions. The collected data was 
entered into the Matrixnxl and analyzed. Hypothesis tests, 
linear regression analysis, ANOVA, decision tree, PCA, HCA 
and NNA  were performed to find the statistical significance 
between variable X "welfare factors with respect to legal 
framework" and the variable Y "industrial hemp production 
for the development of human well-being". 

In Table III, the summaries of Model (1) and Model (2) for the 
dependent variable K (Human Wellbeing Coefficient) were 
calculated. In Table IV, the ANOVA of K was calculated with 
respect to the selected predictors for both models. In Table V, 
the coefficients of the predictors of both models with respect 
to the dependent variable K were calculated. 

TABLE III 

SUMMARY
c
 OF THE MODELS FOR THE HUMAN WELLBEING COEFFICIENT - 

K 

Model R R square 

R square 

adjusted 

Standard error of the 

estimate 

1 ,99a 0,99 0,99 0,10 
2 ,99b 0,99 0,99 0,07 

a. Predictors: (Constant), TTHC, CBN, CBG, CBD, THC, CBDa. 

b. Predictors: (Constant), R1s, R9, TTHC, TCBD. 

c. Dependent variable: Human Wellbeing Coefficient - K  (R17-P1). 
Source: Authors 

 

TABLE IV 
ANOVAa

 BETWEEN HUMAN WELLBEING COEFFICIENT AND WELFARE 

FACTORS WITH RESPECT TO LEGAL FRAMEWORK 

Model 
Sum of 
squares 

Gl 
Quadratic 

mean 
F Sig. 

1 Regression 532,27 6 88,71 9.646,61 ,000b 

Residue 7,72 839 0,01   
 

Total 539,98 845     
 

2 Regression 536,34 4 134,07 30.974,73 ,000c 
 Residue 3,64 841 0,00    

 Total 539,98 845      

a. Dependent variable:  Human Wellbeing Coefficient – K (R17-P1). 

b. Predictors: (Constant), TTHC, CBN, CBG, CBD, THC, CBDa. 
c. Predictors: (Constant), R1s, R9, TTHC, TCBD. 

Source: Authors. 

TABLE V. 
COEFFICIENTS

a
 BETWEEN HUMAN WELLBEING COEFFICIENT

 
AND WELFARE 

FACTORS WITH RESPECT TO LEGAL FRAMEWORK 

Model 

Non-standardized 
coefficients 

T Sig. 

95% confidence 
interval for B 

B 
Dev. 

Error 

Lower 

limit 

Upper 

limit 

1 (Constant) 0,52 0,02 29,55 0,00 0,48 0,55 
CBDa 0,43 0,00 117,89 0,00 0,43 0,44 

CBD 0,02 0,02 1,07 0,28 -0,02 0,07 

THC -0,00 0,20 -0,01 0,99 -0,40 0,40 
CBG 2,38 0,09 25,31 0,00 2,20 2,56 

CBN -30,69 0,84 -36,78 0,00 -32,33 -29,06 

TTHC 0,10 0,06 1,54 0,12 -0,03 0,22 
2 (Constant) 1,69 0,02 80,88 0,00 1,65 1,73 

TCBD 0,06 0,01 4,33 0,00 0,03 0,09 

TTHC 0,13 0,04 3,16 0,00 0,05 0,21 
R9 -0,96 0,01 -68,33 0,00 -0,99 -0,94 

R1s 0,39 0,01 28,66 0,00 0,37 0,42 

a. Dependent variable: Human Wellbeing Coefficient - K  (R17-P1). 
Source: Authors. 

 

The Multiple Linear Regression of Model (1) and (2), are 
capable of reducing the prediction error by almost 99% 
(square R value) in both cases when information from the 
predictors of each model is taken. As the value of F, in both 
models, they are statistically significant (R2=0,99; F(6,839) = 
9,643.61; Sig = ,000); and, (R2=0,99; F(4,841) = 30.974.72; 
Sig = ,000 respectively). With these results, exist a 
relationship between the Human Wellbeing Coefficient - K. 
and the predictors of both models. In Figure 3, the 
standardized P-P normal regression residual was calculated by 
model. 

 

Fig. 3. Regression normal P-P plot standardized residual, by model.              
Source: Authors 

Model (3) was developed for later use in the Decision Tree 
classification process. Ordinary least squares regression was 
calculated to predict, in this Model (3), the value of the 
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dependent variable, Human Wellbeing Coefficient – K (R17-
P1) for given values of Total Cannabinoids – TCBD. In Table 
VI, relationship between the dependent variable K and the 
independent variable – TCBD was calculated. In Table VII, 
ANOVA of dependent variable K was calculated. In Table 
VIII, the coefficients of Model (3) were calculated.  

TABLE VI 

SUMMARY
b
 OF THE MODEL FOR THE COEFFICIENT K 

Model R R square 
R square 

adjusted 

Standard error of the 

estimate 

3 ,98a 0,95 0,95 0,18 

a. Predictors: (Constant), Total Cannabidiol – TCBD. 
b. Dependent variable: Human Wellbeing Coefficient - K  (R17-P1). 

Source: Authors. 

TABLE VII. 
ANOVA

a
 BETWEEN HUMAN WELLBEING COEFFICIENT AND TOTAL 

CANNABIDIOL  

Model 
Sum of 
squares Gl 

Quadratic 
mean F Sig. 

3 Regression 513,06 1 513,06 16080,73 ,000b 

Residue 26,93 844 0,03     

Total 539,99 845       

a. Dependent variable: Human Wellbeing Coefficient – K (R17-P1).  
b. Predictors: (Constant), Total Cannabidiol – TCBD. Source: Authors 

 

TABLE VIII 
 COEFFICIENTS

a
 BETWEEN HUMAN WELLBEING COEFFICIENT

 AND TOTAL 

CANNABIDIOL 

Model 

Non-standardized 
coefficients 

t Sig. 

95% confidence 
interval for B 

B 

Dev. 

Error 

Lower 

limit 

Upper 

limit 

3 (Constant) 0,48 0,03 17,11 0,00 0,42 0,53 
TCBD 0,47 0,00 126,81 0,00 0,47 0,48 

a. Dependent variable: Human Wellbeing Coefficient - K  (R17-P1).   

 Source: Authors 
 

According to the results, the Multiple Linear Regression 
Model (3) fits the data since it is capable of reducing the 
prediction error by almost 95% (R squared value) when the 
information from the predictor TCBD is taken into account. 
As the value of F, in this case, is statistically significant 
(R2=0,95; F(1,844) = 16.080,73; Sig=,000), for this Model (3), 
the most critical level, the t statistic of the regression 
coefficient is nonzero; therefore, there is a relationship 
between Total Cannabidiol – TCBD; and, the Human Well-
being Coefficient - K. The positive relationship between the 
TCBD and the K coefficient is expressed in (5). 

𝑦 =  0,476 + 0,473 𝑇𝐶𝐵𝐷                    (5) 

With equation (5), the value of the dependent variable K 
was calculated. It is statistically significant (R2=0,95; F(1,844) 
= 16.080,73; Sig=,000), that, for each unit of TCBD, the 
coefficient K changes 0,47 times; and, is equal to 0,48 when 
TCBD is equal to zero. In Fig. 4, was calculated a clustered 
dispersion of TCBD by K Coefficient (R17-P1), according to 
starting genetic material. 

 
Fig. 4. Statically positive significance relationship between Total 

Cannabidiol -TCBD and Human Wellbeing Coefficient - K. Source: Authors 

With the application of the Decision Tree procedure, 
Model (4) was created parametrically using the predictor 
selected from Model (3). To predict the K variable based on 
the TCBD values, 10 groups were classified since their 
relationship was statistically significant in the regression 
analysis. Values higher than those obtained in the tenth block 
of the Decision Tree analysis (in this case, K> 4.82), allowed 
the identification of the hybrids that obtained the greatest 
potential to provide protection and promotion of human health 
within the legal framework. (F = 904.3, Sig = .000). In Table 
IX, the K division values of the Model (4) was calculated. 

TABLE IX. 

DECISION TREE RESULTS CONSIDERING GROUPING OF COEFFICIENT Ka 

Node 
Mean 
TCDB 

Desv. 
Deviation 

N Percentage 
Kb Division 

values 

0 7,28 1,65 846 100%  

1 4,22 0,69 84 10% <= 2,79 
2 5,55 0,56 85 10% (2,79, 3,29] 

3 6,31 0,43 85 10% (3,29, 3,59] 

4 6,84 0,44 84 10% (3,59, 3,79] 
5 7,24 0,37 85 10% (3,79, 4,01] 

6 7,62 0,33 85 10% (4,01, 4,19] 

7 8,00 0,33 84 10% (4,19, 4,36] 
8 8,34 0,31 85 10% (4,36, 4,55] 

9 8,77 0,36 84 10% (4,55, 4,82] 

10 9,96 0,90 85 10% > 4,82 

Growth method: CHAID.  

a. Bonferroni adjusted. Statically significance: ,000. 

b. Human Wellbeing Coefficient 
Source Authors 

 

Model (4) analyzed the statistically significant relationship 
between the K coefficient and the predictors under study, the 
K coefficient was calculated with the 846 samples collected 
from the 47 asexual hybrids. A factorial analysis was 
performed to explain the greater variance in the total variables 
intervened. Principal Component Analysis (PCA) was carried 
out, since it is a useful and quick tool that serves as a guide to 
group hemp plants according to their chemical profile. For the 
PCA, the correlation matrix was calculated with the predictors 
of Model (2). The variables were standardized before 
calculating the components. The mean value of the 
components was set at 1. Eigenvalues greater than unity were 
selected. 

It was possible to establish a statistical significance (R2 = 
.99) between the values of K and the values of the “Welfare 
Factors With Legal Framework” (WFWLF). When K values 
increase, the probability of increasing the promotion and 
protection of human health is higher. In Table X, the 
correlation matrix derived from the PCA was calculated. 

TABLE X.   

CORRELATION MATRIX
a 

  TCBD R1s Kb TTHC R9 

Correlation TCBD  1,00 0,99 0,98 0,96 0,01 
 R1s 0,99 1,00 0,98 0,95 0,0. 

 R17-P1 0,98 0,98 1,00 0,94 -0,17 

TTHC  0,96 0,95 0,94 1,00 0,01 
R9 0,01 0,03 -0,17 0,01 1,00 

Sig. 

(unilateral) 

TCBD   0,00 0,00 0,00 0,47 

 R1s 0,00  0,00 0,00 0,43 
 R17-P1 0,00 0,00  0,00 0,12 

TTHC  0,00 0,00 0,00  0,47 

R9 0,47 0,43 0,12 0,47  

a. Determinant = 9,839E-7 
b. Human Wellbeing Coefficient – K (R17-P1)  
Source: Authors 

The K coefficient has a significant correlation with the 
variables Total Cannabidiols -TCBD (CC = .978; p <.005); 
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and, with the variable Total Tetrahydrocannabinols - TTHC 
(CC = .936; p < .05): Also, a strong positive with the Full 
Protection Projection - R1s variable (CC = .979; p < .05). It is 
observed that the coefficient K is negatively correlated with 
the Coefficient of Promotion – R9. 

The variables were standardized before calculating the 
components. The first principal component was defined as the 
linear combination of the original variables that has maximum 
variance. Those components associated with eigenvalues 
lower than the mean variance were discarded. The mean value 
of the components was set at 1. Eigenvalues greater than unity 
were selected. In Table XI the total explained variance was 
calculated. 

TABLE XI  

TOTAL EXPLAINED VARIANCE 

Component 
Initial eigenvalues Extraction 

Total % Var. 
% 

Accum. 
Total % Var. 

% 
Accum. 

1 3,90 77,99 77,99 3,89 77,99 77,99 

2 1,03 20,53 98,51 1,03 20,53 98,51 

3 0,07 1,36 99,87    

4 0,07 0,11 99,98    

5 0,00 0,01 100,00    

Extraction method: Principal Component Analysis – PCA. 
Source: Authors 

According to the results, the PC1 explains 77% of the 

variability calculated on the data; and, PC2, explains it in 21%. 

The cumulative proportion of consecutive PCs was calculated 

at 98%. Eigenvalues greater than unity were selected. In Fig. 

5, the variance explained by each component referred to each 

independent variable of Model (2) was calculated. 

 
Fig. 5. Component chart. Source: Authors 

 

The hybrids whose K values > 4,82 that were selected in 

the decision tree procedure are the same as those hybrids with 

eigenvalues greater than unity in the PCA. In Figure 6, the 

clustered dispersion of PC 2 (21%) by PC 1 (78%) was 

calculated according to genetic selection by means of the K 

Coefficient. 

 
Fig. 6. Clustered dispersion of PC 2 (21%) by PC 1 (78%) according to 

Selection by Coefficient K. Source: Authors 

 

Hierarchical Clustering Analysis (HCA) has proven to be 

a powerful sample grouping tool to genetically classify 

individuals. The identification of relatively homogeneous 

groups was analyzed using the hierarchical cluster procedure 

and was based on the predictors and dependent variable of the 

Model (2). From the analysis of PCA and HCA, it has been 

possible to select the six best hybrids. Also, with the 

predecessors of the Model (2), the NNA was carried out. The 

test scores of the hybrid with the highest Human Wellbeing 

Coefficient - K, were compared with those of the 5 closest 

neighbors. In Table XII, the k closest neighbors and their 

respective distances were calculated. The six hybrids were 

grouped into two categories. Category A, corresponds to the 

first group of superior hybrids with a distance less than 1; and, 

category B to the second with a distance greater than 1. The 

feature space plot and the quadrant map were calculated in 

Figures 7 and 8. 
TABLE XII 

NEAREST NEIGHBOURS AND DISTANCES, ACCORDING TO INITIAL FOCAL 

REGISTER 

 Nearest 

Neighboursa 

Nearest 

Distances 

Selection 

Categoryb 

Focal Registry 18. 7157  A 

1 11. 6215 0.71 A 

2 45. 2586 0.76 A 

3 44. 1312 1.05 B 
4 15. 7039 1.31 B 

5 14. 7009 1.36 B 

a. Number of cases evaluated and corresponded to the order of the list 

of hybrids described in Table 1. 
b. According with de Human Wellbeing Coefficient – K.  
Source: Authors 

 
Fig. 7. Space of three predictors selected according to Coefficient K.                 

Source: Authors 

 
Fig. 8. Quadrant map: Target values by predictors for Initial focal record and 

nearest neighbours. Source: Authors 

With this statistical analysis, records 18, 11 and 45 were 
selected and cataloged within the group of superior hybrids. A 
correlation was found with the previous HCA analysis in 
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which the same records stand out (see Fig. 8). In a second 
group, records 44, 11 and 15 were selected. 

IV. DISCUSSION 

It has been possible to find a coefficient for selecting hemp 
genetic material that provides maximum human welfare [5-8]. 
The K coefficient is related to the dimensions of legality, 
protection, and promotion of human health based on industrial 
hemp [9-19, 84-86] and contributes to improving human well-
being. This is how the K coefficient is linked to TCBD, CBG, 
CBN and TTHC [34-83]. The novelty raised in this study lies 
in the relationship between cannabinoid-producing 
agricultural activity and the requirement of the 
endocannabinoid system of the human brain. Although there 
are studies on the importance of the endocannabinoid system 
in the human brain [20-33], the K coefficient has managed to 
generate a new tool to understand the influence of legality, 
increase protection and promotion of health, as well as 
encourage multidisciplinary research that encompasses the 
agricultural field, health, or neurochemistry. 

 
On the one hand, the combined use of statistical tools 

provides the ability to separate genetic material. In this way, 
the PCA allows the selection of material according to its 
chemical profile, and the use of HCA enables the genetic 
classification of the individuals with the best profile [110-
113], as well as the separation of two groups by using NNA 
analysis. From another perspective, the strength of the study is 
that, as K values increase, the probability of increasing the 
promotion and protection of human health is greater. 
Likewise, it constitutes a coefficient to select superior hybrids 
within a determined population. Another strong point is the 
number of analyzes carried out, since they indicate the 
consistency of the work. In addition, this research will be 
useful for geneticists, agricultural producers, industrial 
producers, and the general population. On the other hand, the 
limitations found are related to the heterogeneity of the initial 
genetic material and the precision of the weight of the samples, 
as well as the storage conditions for their subsequent analysis. 
However, the K coefficient allows a broader view of both 
agricultural activity and the endocannabinoid system of the 
brain. 

 
As a synthesis, the K coefficient allows selecting the 

individuals that contain the greatest potential to provide 
human well-being. Likewise, the present study has 
implications in the method of selection of genetic material and 
in the maximization of the potential that industrial hemp has 
to contribute to human well-being from the perspective of 
health. The next logical step is to establish gene banks that 
allow the production of quality seeds to expand the 
possibilities of the industrial hemp value chain, with the aim 
of generating improvements in agriculture and human health. 

V. CONCLUSION 
Based on the results, the new concept of Human Well-

being Coefficient - K arises. To arrive at its construction, a 
method has been designed to incorporate variables grouped in 
the dimensions of promotion, protection, and legality, in terms 
of the productive activity of the industrial hemp. In this way, 
individuals with the potential to improve human well-being 
linked to the field of health have been identified. This is how 
it is verified that, by increasing the values of K, the probability 
of protection and promotion of human health also increases. 
In the same way, the highest values of the K coefficient 

generate an increase in the promotion of human health, with 
greater digestive and antibacterial protection per unit of 
neuronal protection. In addition, the HPLC as an instrument to 
identify data levels, and the articulation of certain statistical 
tools, allowed the selection of superior hybrids, as well as 
promising advanced material. 

 
With the aforementioned, the relevance of the connection 

between agricultural production and the understanding of the 
endocannabinoid system of the human brain is highlighted. In 
the present work, it has been possible to include variables such 
as sleep problems, pain, inflammation reduction, anxiety, 
neuroprotection, appetite stimulation, antibacterial and 
digestive benefits, and legal activity. This highlights the 
versatility with which this study could be used and in the 
various areas in which it could be involved such as agriculture, 
genetics, neurosciences, chemistry, medical health, and 
mental health. 
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