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Abstract 

 

The genus Eucalyptus has shown great potential for the 

establishment of commercial forest plantations, it is one of the 

most widely planted worldwide, it is planted in different regions 

of the planet, which indicates its ability to adapt to various 

environmental conditions. Eucalyptus urophylla is a species of 

this genus that adapts to tropical and subtropical regions, in 

suitable sites it can achieve high growth rates. It is one of the 

species with the most research in breeding programs in the world, 

mainly due to its capacity to hybridize naturally, since it 

generates populations with high genetic diversity, coupled with 

its ability to reproduce asexually. In Mexico, the breeding 

programs for Eucalyptus urophylla are in the initial phase, 

although plantations are already managed under clonal 

silviculture, controlled crossing are just beginning, so pollen 

management and crossing techniques are the most important 

activities in these programs. Since there is currently no 

information about the management of pollen for Eucalyptus 

urophylla in Mexico, the aim of this paper is to show a 

methodology based on the information documented in other parts 

of the world and the recent experience acquired in the collection 

and management of pollen, as well as the controlled pollination 

techniques recently employed in the breeding programs of 

Eucalyptus urophylla in southeastern Mexico. 

 

 

 

 

Eucalyptus urophylla, Controlled pollination, Cloning 

Resumen  

 

El género Eucalyptus ha demostrado un gran potencial para el 

establecimiento de plantaciones forestales comerciales, es de los 

géneros más plantados a nivel mundial, se cultiva en diferentes 

regiones del planeta, lo cual indica la capacidad que tiene para 

adaptarse a diversas condiciones ambientales. Eucalyptus 

urophylla es una especie de este género que se adapta muy bien 

a regiones tropicales y subtropicales, en sitios idóneos puede 

lograr altas tasas de crecimiento. Es una de las especies con 

mayor investigación en programas de mejoramiento genético en 

el mundo, debido, principalmente a la facilidad para hibridarse 

de forma natural; ya que genera poblaciones con alta diversidad 

genética, aunado a su capacidad de reproducirse asexualmente. 

En México, los programas de mejora genética de Eucalyptus 

urophylla se encuentran en fase inicial, aunque ya se manejan 

plantaciones bajo silvicultura clonal, recién se están empezando 

los programas de cruzamientos controlados, por lo que el manejo 

de polen y las técnicas de cruzamiento son de las actividades más 

importantes en estos programas. Debido a que actualmente no 

existe información respecto al correcto manejo de polen para 

Eucalyptus urophylla en México, el objetivo del presente trabajo 

es mostrar una metodología basada en la información 

documentada en otras partes del mundo y a la experiencia 

adquirida hasta el momento en la colecta y manejo de polen, así 

como las técnicas de polinización controlada empleadas 

recientemente en el mejoramiento genético de Eucalyptus 

urophylla en el sureste de México.  

 

Eucalyptus urophylla, Polinización controlada, Clonación
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Introduction 
 

Eucalyptus urophylla S.T. Blake is a 

commercially important fast-growing species in 

Mexico's forestry industry. Currently it is one of 

the main species most planted in our country due 

to the quality of its wood for various purposes. 

 

The success of the plantations lies in the 

use of improved forest germplasm obtained from 

genetic improvement programs. At present, 

almost all of the Eucalyptus urophylla 

plantations in Mexico are established with 

rooted cuttings (clones) of trees selected in 

breeding trials and local plantations established 

from propagation material of seminal origin. 

 

Through the use of clones, the genetic 

gains of the improvement programs have been 

maximized, the yield and some morphological 

traits (crown and stem) of the trees have been 

increased, which has allowed to have more 

homogeneous and larger plantations. 

productivity. Despite this, the establishment of 

monoclonal plantations brings about a drastic 

decrease in the genetic diversity of the system 

(Bonnin et al., 2020). 

 

This decrease in genetic diversity 

eliminates the possibility of using the best 

genotype in each site (Bonnin et al., 2020), in 

addition, the use of the same genotype has a 

negative effect on production, since the presence 

of an event extreme climate, or the appearance 

of a pest or disease increases the risk of mortality 

of the trees (Larjavaara, 2008). 

 

One way to improve the disadvantages 

caused by the use of pure clones is to perform 

controlled crosses between selected genotypes 

with outstanding characteristics. This technique 

has made it possible to improve adaptation to 

sites or the productive characteristics of the most 

commercially important species (Rojas, 2014). 

 

Controlled pollination allows the 

characteristics of superior trees to be mixed. 

From the mixture, individuals with the traits 

transmitted by their parents are obtained. The 

main approach that has been given to this 

methodology is obtaining hybrids to improve the 

adaptive capacity of trees that present some 

operational disadvantage as a pure species.  

 

 

The main characters that have been 

improved with hubriding are: productivity, wood 

quality, resistance to pests and diseases, and 

resistance to adverse climatic effects such as 

frosts or prolonged droughts (Medina et al., 

2014). 

 

The use of hybrid clones obtained 

through controlled crosses is very widespread. 

Of the genera with the greatest advance in the 

use of hybrid clones is Populus, 100% of the 

plantations are made with hybrid materials 

(Medina et al., 2014). Although the development 

has been more recent, in Pinus hybrids have also 

been obtained that are currently being used by 

some companies worldwide such as: the hybrids 

Pinus elliottii x Pinus caribaea var. 

Hondurensis, Pinus patula x Pinus tecunumanii 

and Pinus patula x Pinus oocarpa (Medina et al., 

2014). 

 

In Chile, through controlled pollination, 

the adaptation of Eucalyptus globulus to areas 

with adverse conditions has been improved 

through the generation of hybrids with other 

species resistant to frost (Eucalyptus nitens) and 

droughts (E. camaldulensis) (Rojas, 2014). 

Some particular cases such as Brazil, 100% of 

the plantation programs with Eucalyptus are 

sustained with the use of hybrid clones obtained 

in controlled crossing programs (Medina et al., 

2014). 

 

Although controlled pollination has been 

developed for some decades now, in Mexico, 

this methodology is new and is still beginning to 

be implemented in some species such as 

Eucalyptus urophylla. 

 

According to the diagnosis made by 

CONAFOR & AMEPLANFOR (2016), the 

projections indicate a demand for forest 

germplasm of Eucalyptus urophylla to plant 

around 3,000 ha during the next few years. 

Therefore, it is important to accelerate genetic 

improvement programs, which is possible if the 

reproductive biology of the species is known 

(Espejo et al., 1996). In our country, the purpose 

of implementing controlled pollination is to 

obtain highly productive genotypes of 

Eucalyptus urophylla, resistant to pests and 

diseases, and to improve the characteristics of 

the wood for alternative uses to that which is 

currently being given in the production of chips 

for the manufacture of medium density 

fibreboard (MDF). 
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Since there is no detailed information in 

this regard, the following work aims to describe 

a methodology for the collection and 

management of pollen, as well as to describe the 

controlled pollination techniques that are 

currently being implemented in Eucalyptus 

urophylla in southeastern Mexico. The 

methodology that is described is based on the 

experience recently obtained in Mexico carrying 

out controlled crosses in Eucalyptus urophylla, 

however, it was developed taking as a reference 

the controlled pollination techniques 

documented in other countries, for other species 

of the genus Eucalyptus. 

 

Importance of controlled crosses 

 

The importance of implementing controlled 

crosses is to obtain genetic material for the 

establishment of progeny trials, which will serve 

as a basis for obtaining advanced generations 

that provide valuable information regarding the 

genetic quality of the parents currently selected 

in plantations and breeding trials. The second is 

the production of material of high genetic value 

of Eucalyptus urophylla as a pure species and its 

hybrids to guarantee forest production in the 

medium and long term, promoting sustainable 

development through the establishment of 

highly productive forest plantations. 

 

Pollen management  

 

Seed production through controlled pollination 

may have losses if proper pollen management is 

not done, especially in Eucalyptus that presents 

floral asynchrony (Espejo et al., 1996). Correct 

handling will be essential to guarantee the 

success of pollination in controlled crossing 

programs. 

 

Pollen collection 

 

The first stage in collecting pollen is the 

selection of genetically superior trees. Currently 

almost all of the Eucalyptus urophylla trees in 

Mexico are selected in genetic improvement 

trials (provenances, progeny, clonal) and in a 

lower percentage of local plantations with 

materials from seminal origin. The trees that are 

chosen are those that express the characteristics 

of interest for timber production. 

 

 

 

In any genetic improvement program, 

selection is one of the most important stages 

where you must be very careful since the 

selected trees will form the base population that 

will provide the genes for the controlled 

pollination program. 

 

Trees from breeding trials are selected 

based on a genetic ranking, after statistically 

analyzing each of the trials, comparing the 

development and quality, in terms of volume and 

shape, of each of the trees (Rojas et al. , 2007). 

Selection in operational plantations is carried out 

with the method of comparison between the 

candidate tree and its five best neighbors, this 

method is generally known as mass selection 

(Rojas et al., 2007), since the trees are selected 

only by their phenotype regardless of 

information about the performance of their 

ancestors, progeny or other selected individuals. 

It is the recommended method when the 

relationship of the trees is unknown (Rojas et al., 

2007). For timber production, the trees have to 

be dominant trees, with a straight cylindrical 

stem, showing resistance to pests and diseases, 

with a leafy and round crown, with a diameter 

and height above the population average. 

 

To collect pollen, the flowering of the 

trees is monitored, although in Mexico, there is 

no detailed study of the phenology of Eucalyptus 

urophylla, it has been seen that flowering begins 

in the month of May (personal observation). The 

inflorescence is an umbel organized in an odd 

number of flower buds, generally five to seven, 

rarely three buds per umbel. The bud is made up 

of a receptacle covered by the operculum, the 

operculum covers the pistil and the stamens of a 

hermaphroditic flower that detaches when 

mature to release pollen (van Wyk, 1977). 

 

To collect pollen, the buttons have to be 

in the pre-synthesis stage (Espejo et al., 1996), 

almost at the moment the operculum begins to 

detach, a clearly identifiable visual sign is the 

yellow coloration of the flower button, this stage 

it is reached between the month of August and 

September (personal observation). There are two 

ways to collect pollen. The first is by cutting the 

branches directly from the tree, for this, the trees 

are climbed to where the branches with the 

mature flower buds are. Specialized equipment 

is used to climb, the essential accessories are: 

helmet, gloves, climbing spurs, harness, safety 

rope and descent rope.  
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Figure 1 Climbing equipment for pollen collection in 

selected trees of Eucalyptus urophylla 
 

When the branches are cut, the leaves are 

cut 50% in order to reduce evapotranspiration 

(Espejo et al., 1996). To cut the branch it is 

necessary to guarantee that more than 60% of the 

buttons are in the pre-synthesis stage. Flowers 

are isolated before anthesis because insect visits 

contaminate and also reduce the amount of 

available pollen (van Wyk, 1977). The branches 

are kept in polyethylene bags and placed in a 

cooler with enough ice, fully identified with 

indelible ink. 

 

Pollen management in the laboratory 

 

In the laboratory the branches are placed in 

buckets with water, the base of the branch must 

be in direct contact with the water so that the 

material maintains its vigor and continues the 

normal flowering process. After a few hours, 

when the operculum begins to detach, it is cut 

with a scalpel or nail scissors to detach it 

completely. 
 

 
 

Figure 2 Detachment of the operculum and cutting of the 

stamens with the anthers 

 

Another way to collect pollen is to 

emasculate the flowers on the ground (Espejo et 

al., 1996). This is possible if the genotype is very 

valuable and does not have a sufficient number 

of buds, to avoid waste and collect buds in the 

maturing process, this procedure can be carried 

out. 

 

The open buds are emasculated in the field 

and the stamens are collected with the anthers, 

they are placed in Petri dishes that are later 

transported in coolers to the laboratory. In 

Mexico, this process is less used due to the 

complexity of carrying it out. The top trees that 

are selected are adult trees that have to be 

climbed in order to collect pollen. Emasculating 

the flower in the field in these trees is an 

impractical and dangerous procedure to carry out 

in the heights. However, in breeding trials it has 

been seen that some genotypes produce some 

buds after the first year (personal observation), 

when the trees are low in height, under these 

circumstances it is possible to emasculate in the 

field to take advantage of the maximum amount 

of pollen. 

 

Pollen drying 

 

The extracted anthers are placed in a Petri dish 

with the base covered with aluminum foil. 

Subsequently, the Petri dish is placed in a 

desiccator with a silica gel at the base to extract 

the moisture. The estimated time for the 

moisture to be completely extracted from the 

anthers is around 48 h (personal observation). 

All pollen information is written on a label for 

identification; the number of the tree, family or 

clone, date of collection and date on which it was 

put to dry. 

 

Pollen storage 

 

Correct pollen management will have a positive 

impact on the result of controlled crosses, these 

results will guarantee the efficiency and costs of 

genetic improvement programs (Medina et al., 

2014). Storage is an important stage of pollen 

management, the correct use of materials and 

temperature are crucial to maintain viability. 

 

Once the moisture has been removed 

from the anthers, they are passed through sieves 

with different mesh openings to extract the 

pollen grain. The mesh apertures used in 

Eucalyptus urophylla are 250, 212 and 180 µm. 

With the opening of 250 µm, the remains of 

stamens that remain in the sample are 

eliminated, then the pollen is passed through the 

212 µm sieve and at the end through the 180 µm, 

with this last sieve the pollen grain is obtained 

completely clean. 
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The sieves must be used by genetype, 

each time the pollen is changed, the sieves must 

be washed carefully with normal water and 

distilled water to avoid contamination between 

the pollen of the different genotypes. The 

collected pollen is stored fully identified in gel 

capsules or any other vial, they are stored by 

family or clone as appropriate. The vials are 

placed in a refrigerator at a temperature of 2 to 4 

°C (Dickinson et al., 2010). 
 

 
 

Figure 3 Pollen storage in fully identified plastic vial 

 

Controlled pollination 

 

Controlled pollination is a way to increase the 

genetic variability of the population, especially 

in genetic improvement programs that have a 

narrow genetic base (Rezende et al., 2014). In 

the long term it is a way of maintaining an elite 

unrelated population for the benefit of the 

genetic improvement program. When the genetic 

base is narrow, a viable option is to recombine 

the best existing commercial clones (Rezende et 

al., 2014). 

 

One of the great challenges faced by 

breeders is to get the parent trees to flower as 

soon as possible and in a uniform way to be able 

to carry out controlled crosses. In this sense, 

there has been a lot of progress in recent decades, 

the times from 4-8 years that it normally takes 

for the genus Eucalyptus to flower have been 

reduced to 2-4 years through different 

techniques that involve the use of grafts, water 

management. and nutrition, and hormonal 

treatment (Rezende et al., 2014). In Eucalyptus 

urophylla in Mexico, the method used is the use 

of grafts of cuttings from adult trees treated with 

paclobutrazol to stimulate flowering.  

 
 

Figure 4 Flowering of grafted Eucalyptus urophylla 

 

Throughout the process of genetic 

improvement in Eucalyptus, different techniques 

have been developed to carry out controlled 

crosses. The traditional method (van Wyk, 1977) 

was the first to be used. The method consists of 

removing the stamens with the anthers 

(emasculation) once the operculum has 

detached, then the emasculated buds are covered 

with a cloth bag to prevent the entry of unwanted 

pollen and wait for the receptivity of the stigma, 

this process it takes three to four days after 

emasculating. When the stigma is receptive 

(increased thickness), the pollen is placed and 

covered with the bag, after a period of two to 

four weeks the bag is removed, this period is 

considered sufficient for the pollen to germinate 

and fertilize the ovule for the process of seed 

formation to take place (van Wyk, 1977). 

However, given that this technique requires a lot 

of effort and time, in addition to the fact that 

there is a lot of manipulation of the flower bud, 

which ultimately impacts seed production, the 

single visit pollination technique (OSP, for its 

acronym in English) as an alternative to improve 

the production of Eucalyptus globulus in Chile 

(Harbard et al., 2000). With this technique it is 

possible to emasculate and pollinate at the same 

time. It arises from the theory that it is not 

necessary to wait for the normal process of 

receptivity of the stigma, and that the bag is not 

the only object to avoid contamination by 

foreign pollen (Harbard et al., 2000). The 

technique consists of emasculating immediately 

when the operculum has detached, a cut is made 

at the tip of the stigma of 1 to 2 mm, the pollen 

is placed and covered with a plastic tube to avoid 

the entry of pollen other than the desired one. All 

at the same time. The use of this technique 

allowed to drastically reduce costs in the 

Eucalyptus globulus controlled crossing 

programs in Chile (Rojas, 2014), since the entire 

operation is carried out in a single visit.  
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Although in Mexico, there is no history 

of the use of this technique in Eucalyptus 

urophylla, the preliminary results obtained in 

recent trials are promising and suggest that it is 

possible to obtain improved seed in controlled 

crossing programs, hybrids of Eucalyptus pellita 

x Eucalyptus urophylla have been obtained in 

trees grafted under greenhouse conditions in 

Huimanguillo, Tabasco. More recent trials (still 

under evaluation) show promise in obtaining 

hybrids of Eucalyptus urophylla x Eucalyptus 

grandis with the OSP technique. 
 

 
 

Figure 5 Emasculation and pollination of Eucalyptus 

urophylla 

 

Although the OSP technique originated 

as a way to improve the controlled pollination of 

Eucalyptus globulus, the results have allowed it 

to be used with other species such as Eucalyptus 

grandis (Harbard et al., 2000), the technique has 

also been extended to the generation of hybrids 

of Corymbia (Dickinson et al., 2010). However, 

in experiments with small-flowered species such 

as Eucalyptus nitens, the technique has not been 

successful due to the low number of seeds that 

have been obtained (Williams et al., 1999). 

 

To solve this problem, the artificially 

induced protogyny (AIP) technique emerged 

(Assis et al., 2005). According to Assis et al., 

(2005) the low seed production with the OSP 

technique in Eucalyptus with small flowers is 

due to the fact that the flower receives damage at 

the time of emasculation, because the base from 

where the seeds originate has to be cut stamens. 

If you do not have the appropriate tool or the 

management is not appropriate, you run the risk 

of having a low seed production. With AIP the 

damage to the flower is less, since only the tip of 

the stigma is cut and it is not necessary to 

emasculate. This technique yielded favorable 

results in Brazil in the controlled pollination of 

Eucalyptus urophylla and the hybrid Eucalyptus 

grandis x Eucalyptus urophylla when they were 

used as mothers (Assis et al., 2005). 

In Mexico, trials with the AIP technique 

have begun in Eucalyptus urophylla. The results 

look promising, however, more research is 

needed.  
 

 
 

Figure 6 AIP technique in Eucalyptus urophylla 
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Conclusions 

 

Since there is no research in this regard in 

Mexico, the methodology described in this work 

is the result of the experience recently achieved 

in controlled crossbreeding programs with 

Eucalyptus urophylla in Mexico. However, it 

was developed based on other documented 

controlled crossing programs for other 

Eucalyptus species around the world. It is 

recommended to continue carrying out research 

on the subject, since it is still possible to make 

adjustments for a better adaptation of the 

methodology to the conditions of Eucalyptus 

urophylla in Mexico.   
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Abstract 

 

This research aims to identify the characteristics of the 

population in the agricultural sector of Aguascalientes. 

This entity has comparative advantages due to its strategic 

geographic location to supply a demanding market for 

food products. It is estimated that there are approximately 

17,234 heads of households dedicated to agricultural 

businesses with an average age between 49 and 57 years. 

Furthermore, 36.43% of the members have food insecurity 

problems (mild, moderate, severe). We used a logistic 

regression model; socioeconomic variables of the sector 

are analyzed. The results show that the agricultural 

population has high levels of social service deficiencies. It 

is suggested the importance of undertaking social public 

policies that address problems related to the rational use of 

water, protected agriculture, access and quality of public 

services, promote value chains in the sector, and undertake 

a process of productive reconversion. 

 

 

 

 

Agricultural households, Aguascalientes, Food 

insecurity 

Resumen  

 

Esta investigación tiene como objetivo identificar las 

características de la población en el sector agropecuario de 

Aguascalientes. Esta entidad presenta ventajas 

comparativas por su ubicación geográfica estratégica para 

abastecer un mercado demandante de productos 

alimentarios. Se estima que existen aproximadamente 

17,234 jefes de hogares dedicados a los negocios 

agropecuarios con una edad promedio entre 49 y 57 años; 

además, presentan un 36.43% de los integrantes tienen 

problemas de inseguridad alimentaria (leve, moderada, 

severa). Mediante un modelo de regresión logística se 

analizan variables socioeconómicas del sector. Los 

resultados arrojan que la población agropecuaria cuenta 

con altos niveles de carencias de servicios sociales. Se 

sugiere la importancia de emprender políticas públicas 

sociales que enfrenten de problemáticas relacionadas con 

el uso racional del agua, agricultura protegida, acceso y 

calidad de servicios públicos, para impulsar las cadenas de 

valor en el sector y, emprender un proceso de reconversión 

productiva. 

 

Hogares agropecuarios, Aguascalientes, Inseguridad 

alimentaria 

___________________________________________________________________________________________________ 
 

Citation: VÁZQUEZ-ELORZA, Ariel, ROMERO-ROMERO, Yair and ARAOZ-BALTAZAR, Iván. Characteristics of the 

agricultural sector of Aguascalientes, challenges and perspectives. Journal of Natural and Agricultural Sciences. 2021. 8-22:8-

17. 

___________________________________________________________________________________________________ 

 

 

 

 

 

 

 

 

 

___________________________________________________________________________________________________ 

† Researcher contributing as first author. 

 

 

© ECORFAN-Bolivia                                                                                 www.ecorfan.org/bolivia 



9 

Article         Journal of Natural and Agricultural Sciences 

June 2021, Vol.8 No.22 8-17 

 

 

ISSN: 2410-356X 

ECORFAN® All rights reserved. 
VÁZQUEZ-ELORZA, Ariel, ROMERO-ROMERO, Yair and 

ARAOZ-BALTAZAR, Iván. Characteristics of the agricultural 

sector of Aguascalientes, challenges and perspectives. Journal of 

Natural and Agricultural Sciences. 2021 

Introduction 
 

The objective of this research is to identify the 

main social and economic characteristics of the 

population dedicated to agricultural activities in 

the state of Aguascalientes. It is well known that 

the conditions of the Mexican countryside, for 

the most part, go through high levels of 

marginalization, lack of infrastructure in basic 

services and, above all, productive and 

marketing problems, fundamentally in medium 

and small productive units. To make the 

foregoing visible, quantitative analyses are 

carried out, in addition, a logistic regression 

model was generated to identify the prevalence 

conditions of food insecurity and its 

relationships with marginalization and 

socioeconomic characteristics of the sector. In 

this way, it seeks to have a contribution to 

decision makers of agricultural public policies so 

that they have the necessary tools in making 

efficient decisions for the benefit of the 

agricultural sector. 

 

In the last decade, the state of 

Aguascalientes has presented an important 

economic growth promoted essentially by the 

automotive sector. This situation has allowed the 

entity to grow at a higher rate at the national 

level; For example, in the second quarter of 2019 

the entity obtained an annual percentage 

variation of 1.35%, placing it in sixth place 

nationwide. In addition, the GDP of the primary 

activities in agriculture, breeding, and 

exploitation of animals, forestry, fishing and 

hunting, in 2019, generated a positive variation 

of the Gross Domestic Product (GDP) of 1.53%, 

in 2018 it was 1.52 % and in 2017 1.50% 

(National Institute of Geography and Statistics 

(INEGI, 2021). Of the three sectors of the 

economy, the primary sector, that is, agriculture, 

animal husbandry and exploitation, forestry, 

fishing and hunting These are strategic areas in 

expansion, above all, because in the entity there 

is an industry in gradual growth; likewise, the 

secondary sector is transcendental to offer added 

value to primary products. However, we must 

bear in mind the problems that Aguascalientes 

faces regarding the capture and exploitation of 

water resources (water) in order to guide 

sustainable technological strategies in 

municipalities with growth potential in the 

primary and agro-industrial sectors. 

 

 

INEGI (2021) indicates that 1.4 million 

people live in the entity, representing 1.1% of the 

country's total. Of this total, 84% live in urban 

areas and 16% in rural areas, with an area of 

0.3% compared to the national area. When 

examining the Module of Socioeconomic 

Conditions of the INEGI-MCS (2015) it is 

obtained that, in the entity, there were 

approximately 341,687 heads of households; and 

of this total, 5.04% (17,234) indicated carrying 

out activities related to the agricultural sector. 

 

In 2017, the Non-Economic Active 

Available Population (PNEAD) in the primary 

sector reached 33,456 people and 55,497 for 

2018 according to the Center for Public Finance 

Studies (CEFP) of the Chamber of Deputies, 

(2018). This situation is considered positive 

since the primary sector has human capital to be 

included as it begins to demand more labor. In 

addition, it is pointed out that the distribution of 

state employment is distributed as follows: 

50.5% are paid subordinate formal workers, 

5.8% are paid independent formal workers and 

43.6% are employed informal workers (of which 

29.2% are paid subordinates, 12.4% paid 

independent and 2.0% unpaid); For its part, the 

female gender presents high levels of problems 

framed in employability for the primary sector 

(CEFP, 2018, p. 29). 

 

Characteristics of the agricultural sector 

 

Regarding the primary sector, in 2019 the 

agricultural sown area was 128,199.70 hectares 

(ha) with a production of 2,447,498.88 tons (t) 

and a production value of 3,543 million pesos at 

current prices (SADER-SIAP, 2019). It must be 

recognized that the population dedicated to the 

primary sector faces daily market uncertainty 

(supply and demand) that translates into losses 

in marketing margins due to high transaction 

costs in agricultural businesses. 

 

According to data from SADER (SIAP, 

2018) the state of Aguascalientes, in 2017, 

reached 3.2 million tons (t) of agricultural 

production, 15.8 million tons in livestock and 

3,763 tons in the fishing sector. These figures 

place the entity in the 21st place nationwide with 

a total agricultural production value of 19 billion 

pesos (current pesos); 29th in the agricultural 

sector; 8th in livestock and 32nd in fishing.  
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Regarding bovine milk production, it 

presented a production value of around 2,670 

million pesos (current), which represented 

3.78% of national production. For its part, the 

production of honey produced 29.8 million 

pesos, generating 652.75 t. Regarding the 

production of poultry meat, a value of 9,546 

million pesos (338,387 t) was generated, which 

allowed the entity to occupy the 4th place 

nationwide in this item; egg production 

generated 143.9 million pesos (7,195.63 t); 

Bovine meat generated 2,852 million pesos 

(39,537.3 t; goat meat reached the value of 11.2 

million pesos (185.4 t); sheep meat 34.7 million 

pesos, and pork meat 589 million pesos (table 1). 

 
Product Production 

value 

(millions of 

pesos -mdp- 

current) 

Production Place it 

occupies 

at the 

national 

level 

Bovine 

milk 

2,670 432,041.01 

liters (lts) 

8 

Honey 

bee 

29.8 652.75 t 18 

Bird 

meat 

9,546 338,387 t 4 

Egg 143.9 7,195.63 t 20 

Beef 2,852 39,537.3 t 18 

Goat 

meat 

11.2 185.4 t 23 

Sheep 

meat 

34.7 530 t 24 

Pork 589 15,207.8 t 15 

 
Table 1 Agricultural productive characteristics in the state 

of Aguascalientes (2017) 

 Source: Own elaboration based on data from SIAP-

SADER, 2017 

 

It is important to note that the entity 

reached 3,208 million pesos at current prices in 

the value of total agricultural production in 2017 

(data obtained from SIAP, 2018) within an area 

of 27.24% of the entity's total (143,153.06 

hectares - ha- sown) considering autumn-winter 

OI crops with 9,394 ha, spring-summer PV 

(115,453.69 ha) and perennials (18,305.37 ha). 

On the other hand, the entity has various factors 

(internal and external) that have had a downward 

impact on trends in the agri-food area planted, 

such as the lack of credit, profitability, reduced 

levels of marketing margins for small 

businesses. producers, climate, low rainfall; 

Namely, there is a reduction of the surface at an 

average annual growth rate (TCMA) of -0.53% 

in the rainstorm cycle and, a precarious increase 

of 0.43% in the irrigation cycle corresponding to 

the period from 1980 to 2017. 

The reduction of the area dedicated to 

agriculture in the state (from 105,128 ha in 1980 

to 86,427 ha in 2017), shows a gradual loss of 

land dedicated to seasonal agricultural activity 

coupled with an increase in the problem of the 

water deficit. According to Sainz-Santamaria & 

Martinez-Cruz (2019) they state that in the 

Aguascalientes Valley there is an extraction of 

more than 80% above natural recharge, which 

highlights the need to establish actions and new 

green technologies to a rational use of this vital 

liquid. In contrast, the value of real agricultural 

production increased by 0.57% in irrigation and 

3.22% in seasonal (BANXICO, 2020; Base = 

100 2QJuly, 2018).  

 

Following the information from SADER 

(2017b), the participation of women in the value 

of agricultural production has been maintained 

in the last three years as follows: in 2015 it was 

6%, 2016 6.48% and, 2017 6.12%. For its part, 

modernization, machinery, process plants and 

agricultural equipment, represents a real 

challenge in Aguascalientes due to the needs for 

efficiency over water resources. 

 

According to SADER (2017) of 100% of 

the area sown with agricultural products, 93.94% 

is in mechanized conditions, placing the entity in 

25th place in the country. Likewise, of the total 

of mechanized hectares, only 37.65% 

corresponds to irrigation and 62.35% to 

temporary. This reality is in tune with the 

edaphological characteristics and soils in the 11 

municipalities. 

 

On the other hand, it is necessary to 

consider the importance of soils to generate 

sustainable and sustainable agriculture. In this 

case, according to the National Commission for 

the Knowledge and Use of Biodiversity 

(CONABIO), Environmental Institute of the 

State of Aguascalientes (IMAE), Universidad 

Autónoma de Aguascalientes (UAA) it is 

contextualized that “In Aguascalientes there are 

thirteen of the 25 types of soils recognized 

worldwide. 
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The most important due to their occupied 

extension are the Pheozems, Lithosols, 

Planosols and Xerosols, which together cover 

almost 80% of the state surface” (National 

Commission for the Knowledge and Use of 

Biodiversity -CONABIO-; State Environmental 

Institute de Aguascalientes -IMAE-; 

Autonomous University of Aguascalientes -

UAA-, 2008, page 29), of this total the types of 

soils Feozem and Litosol concentrate 42.03% of 

the total, also being those such as Planosol, 

Xerosol, Regosol, Cambisol, Luvisol, Fuvisol, 

Rendzina, Castañozem, Bodies of water, 

Ranker, Yermosol and Acrisol. 

 

Regarding the aquaculture sector, the 

entity contributed only 0.083% of the national 

fish production in 2014 and 0.93% in 2016; this 

represented 0.086% and 0.075% respectively 

considering the value of production in the 

national total (3.8 million pesos in both years). 

This situation shows a potential opportunity to 

establish growth strategies and supply the 

demand in the central western region of the 

country with a high demand. The entity has 102 

ha of records of facilities for Shadow House, 

Greenhouse, Macrotunnel, Microtunel, Pavilion, 

Shadow Roof, Nursery established (SADER, 

2015). The production of fruit and vegetables 

stands out, such as strawberry, zucchini, green 

chilies (habanero, apple tree, bell pepper, 

poblano), cucumber, ball tomato, saladette, 

mainly. Protected agriculture also represents an 

area of opportunity to increase productivity and 

profitability levels, mainly to make the water 

resource more efficient, a situation that affects 

the entity. The implementation of technological 

projects in these two sub-branches of the 

economy will have very positive social effects 

and impacts for regional development. 

 

Without a doubt, the most valuable of the 

primary sector in Aguascalientes is its people 

and its human capital. For this reason, an 

analysis of the conditions presented by the 

population engaged in agricultural activities will 

be carried out below. On these studies, there is 

evidence that focuses on examining the 

relationships between development conditions 

in the primary economic and social sector 

through logistic regression models, such as 

(Giannakis et al., 2018); Hernandez ‐ Aguilera et 

al. (2018). 

 

 

 

Methodology 

 

To obtain the analyzes, it was necessary to work 

with the free access information from the 

Socioeconomic Conditions Module (INEGI-

MCS, 2015) of the National Institute of Statistics 

and Geography and the Ministry of Agriculture 

and Rural Development. Those socio-economic 

variables representative of the agricultural 

population of Aguascalientes were selected; 

Likewise, the SIAP-SADER databases were 

analyzed. A logistic regression model was 

generated using the Stata® statistical program, 

where from the survey, the population variables 

were correlated; such as: vulnerability and food 

security, levels of education of the head of the 

household, size of the locality, number of 

household members, gender, age, mainly, to 

understand the relationships that households 

have and their income from direct support to the 

field (Procampo), Livestock Program 

(PROGAN), agricultural income, among others. 

To do this, we resorted to examining related 

research by other authors (Morales et al., 2000; 

Gutiérrez & Limas, 2008). 

 

Two tools were used to analyze the 

information. On the one hand, by means of a 

logistic regression model, it was possible to 

determine the effects and probabilities of 

occurrence that a household has food insecurity 

because social development is related to the 

feeding circumstances given certain 

socioeconomic characteristics; and on the other 

hand, the food insecurity indicators were 

generated following the methodology of the 

Latin American and Caribbean Food Security 

Scale (ELCSA) proposed by the Food and 

Agriculture Organization of the United Nations 

(FAO, 2012). For this, algorithms were built in 

the Stata® V.24 program to construct the 

variables from the Socioeconomic Conditions 

Module (INEGI-MCS, 2015). The ELCSA 

establishes a classification in households, such 

as: Security, Slight Insecurity, Moderate 

Insecurity and Severe Insecurity. This 

measurement uses 15 questions that classify 

them into a) households made up of adults, and 

b) households made up of adults and those under 

18 years of age, according to the qualitative 

response score (Annex 1). For the analysis of the 

database, the following procedure was followed: 
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a) A descriptive analysis of the population 

was carried out with 17,234 heads of 

households dedicated to agricultural 

production in Aguascalientes (INEGI-

MCS, 2015). It is important to note that the 

expansion factor was used to create the 

representativeness of the households under 

study in the entity). 

 

b) The information from the municipalities 

on the indicators of marginalization in the 

population from the CONEVAL (INEGI-

MCS, 2015) was considered. 

 

c) A logistic regression model was generated 

on the population responsible for 

agricultural households that stated that 

they were in conditions of prevalence of 

food insecurity, in addition, variables 

related to marginalization and 

socioeconomic characteristics of the sector 

were examined.  

 

Logistic regression model 

 

To identify the probabilities of occurrence of a 

phenomenon, it is essential to have tools that 

facilitate its understanding and relate the 

socioeconomic variables of the sector with food 

insecurity. The scientific contribution of this 

research will be relevant because it can be 

replicated in other federal entities and will help 

to study the phenomena that people and 

households in the agricultural sector present 

from a multifactorial perspective. In this context, 

it was necessary to generate a logistic regression 

model including mainly binary, quantitative and 

qualitative variables. In Equation 1 the set of 

selected variables are mentioned and in Table 2 

they are described. It should be noted that the 

dependent variable was constructed from the 

results of the INEGI-MCS questions, (2015) on 

the qualitative aspects of household food 

insecurity and, on the basis of the ELCSA 

methodology.  

 
𝑃𝑟 (𝑈𝑛𝑠𝑎𝑓𝑒𝑡𝑦% =

1

𝑋
) = 𝐶(𝛽0 + 𝛽1𝐸𝑗 + 𝛽2𝐴𝑛 + 𝛽3𝑂𝑑 + 𝛽4𝑂𝑒 + 𝛽5𝑃𝑖 + 𝛽6𝑃𝑟 + 𝛽7𝑃𝑡 +

𝛽8𝐴𝑡 + 𝛽9𝑇𝑟 + 𝛽10𝑃6 + 𝛽11𝐴𝑔 + 𝛽12𝑇𝑖 + 𝛽13𝐺𝑡 + 𝛽14𝑇𝑒 + 𝛽15𝑆𝑒 + 𝛽16𝐷𝑎 + +𝜀𝑖)                (1) 

 
 
 
 
 
 
 
 
  

Variables Indicator Indicator Indicator 

Unsafety Food insecurity. 1 = Yes, 0 = No. 

0 "Security", 

1 "Slight Insecurity" 

1 "Moderate insecurity" 

1 "Severe insecurity". 

Frequency 

10,956 

3,992 

1,491 

795 

Percentage 

63.57 

23.16 

8.65 

4.61 

Accumulated 

63.57 

86.74 

95.39 

100 

Ej Age of the head of the household 54.90  27.00  91.00  

An Percentage of the population aged 15 

years or more illiterate 

3.24 2.06  4.92  

Od Percentage of occupants in homes 

without drainage or toilet where the 

head of household lives 

1.20  0.31  4.89  

Oe  Percentage of occupants in homes 

without electricity where the head of 

household lives 

0.50  0.16  1.97  

Sp Percentage of the population aged 15 

years or over without complete 

primary education where the head of 

the household lives 

14.38 9.54 24.18 

Pi  PROGAN Program Income 986.07  0.00  35,000.00  

Pr PROCAMPO Program Income 2,388.59  0.00  90,000.00  

Pt  Percentage of quarterly agricultural 

income and total quarterly income 

33.83  0.00  100.00  

At Time that the dwelling has since it has 

been built by the head of the 

household dedicated to agricultural 

activity 

30.85  2.00  99.00  

Tr Number of people living in the house 4.38 1.00  10.00  

P6 Household members who are 65 years 

of age or older 

0.54  0.00  2.00  

Ig  Quarterly Farm Business Income 963.79 0 17,056 

Gt Quarterly Farm Business Expenses 12,122.98  0.00  196,721.30  

Te Total personnel in agricultural activity 1.15  0.00  10.00  

Se  Gender 

1 "Man" 

2 "Woman" 

Frequency 

16,192 

1,042 

Percentage 

93.95 

6.05 

Accumulated 

93.95 

100 

Da Households with water supply every 

third day 

1 "Yes" 

2 "No" 

3,704 

13,530 

21.49 

78.51 

21.49 

100 

 

Table 2 Variables of the logistic regression model 

Source: Own elaboration with data from the National 

Population Council (CONAPO, 2015); INEGI-MCS 

(2015) 

 

The Dependent Variable (insecurity) was 

formed with the population of heads of adult 

households and those under 18 years of age 

dedicated to agricultural activities and who 

present mild, moderate or severe food insecurity. 

On the other hand, the independent and 

relational variables were determined considering 

variables that seek to explain the objective of this 

research work. Núñez et al. (2011, p. 504) point 

out that a “logistic regression model is 

appropriate when it comes to a binary endpoint 

[…]. The only thing we need to know about the 

endpoint is whether it is present or absent in each 

individual at the end of the study. " In addition, 

through this tool it is possible to model the 

probabilities on the occurrence events based on 

other factors that influence the dependent 

variable (Mercado et al., 2012). Odds Ratios are 

values of the ratio of ratios expressed as the 

variations in the rate of occurrence of the event 

given the change in the independent variables 

(Long & Freese, 2014) (Equation 2). 

 

Results 

 

In the state of Aguascalientes there are 17,234 

heads of households dedicated to agricultural 

businesses, of which 93.95% are led by a male 

head of household (16,192) and 6.05% by a 

female head of household (1,042).  
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The highest concentration of households 

according to the educational training of the head 

of the household is observed in those with 

incomplete primary (34.99%, with a total of 

6,030), followed by households with completed 

primary (25.15%, 4,335), complete secondary 

(24.56%), 4,232), incomplete secondary (6.58%, 

1,134), without instruction (5.16%, 890), 

incomplete professional (2.36%, 407), complete 

high school (1.20%, 206), according to data 

examined from INEGI-MCS (2015). 

 

When classifying the dwellings by the 

number of members, it is evident that as the 

number of members increases, the 

socioeconomic challenges also increase; 

namely: households with 6/10 members are 

characterized by obtaining, on average, lower 

income from sales in agricultural production, 

mainly in the case of female heads of household 

compared to households with 1/5 members ($ 

700 versus $ 12,378 quarterly pesos). On the 

other hand, the percentage of total quarterly 

income derived from agricultural activities is 

reduced to 29.98% for households with 6/10 

members, in contrast to those with 1/5 members 

(35.26%); likewise, the average age is 49 years 

versus 57, respectively. On the contrary, the 

levels for quarterly income received by the 

population in the agricultural sector of the entity 

in government benefits are, on average, in a 

range of $ 2,453 and $ 2,050 pesos (quarterly 

currents) (data obtained from the analysis of the 

INEGI-MCS, 2015). 

 

Of the total population dedicated to 

agricultural activities that has no education, 

there are 890 heads of households, of this total, 

572 households have a destination for drainage 

to the public network and 318 have a pipe that 

will lead to a ravine. It should be noted that the 

total has a daily supply of water, in contrast, with 

3,704 agricultural households whose supply of 

water has every third day. It is important to 

highlight that in the entity a very particular 

phenomenon occurs with the population that 

does not have educational instruction since the 

890 households dedicated to primary activities 

present food security; This reality shows the 

dedication that the population has to its activities 

regardless of educational levels.  

 

 

 

 

Regarding food security for adults and 

children under 18 years of age, the distribution 

behaves as follows: food security with 10,956 

heads of households representing 63.57%, mild 

food insecurity 3,992 (23.16%), moderate food 

insecurity 1,491 (8.65 %) and severe food 

insecurity 795 (4.61%) (data obtained from the 

INEGI-MCS analysis (2015). 

 

The results of the logistic regression 

model between the variables specified as 

dependent and independent are shown in Annex 

2. With a confidence level of 95%, the model is 

significant if p <= 0.05. In this case, it can be 

seen that the relationship between the 

coefficients of the model and the probability of 

finding a household in food insecurity 

(moderate, mild, severe) is Prob> chi2 = 0.000, 

which means that it is statistically significant. On 

the other hand, the Pseudo R2 = 0.436, this is 

43.6%. With this, it is recognized that the model 

fits the data and the analysis continues. 

 

The frequency of occurrence of an event 

is represented by the Odds Ratio (OR), then it 

can be noted that households with occupants in 

homes without drainage or toilet where the head 

of household (Od) lives increases the food 

insecurity ratio by 5,133 times, keeping the other 

variables constant (p <0.01). Similarly, 

households with water supply every third day 

(Da) increase the OR ratio of food insecurity 

with a factor of 3,764 times, representing a 

vulnerable sector in society. Likewise, for each 

additional unit of household member (Tr), the 

OR ratio increases by 2,055 times the prevalence 

of being food insecure in the entity. 

 

In Annex 2, the columns of the OR 

coefficients, value (z), probability (P> | z |) of 

each of the analyzed variables are shown. In 

addition, changes in the reasons for an increase 

in the independent variable of a standard 

deviation (% StdX) and the percentage change 

levels (%) are appreciated. It stands out that 

those households located in municipalities with 

high levels of occupants in homes without 

electricity where the head of the household lives, 

the percentage of having food insecurity (Oe) 

increases greatly by 413.3%, as well as those 

families that have an agricultural business (Ig) 

276,400% and with members of the household 

who are 65 or over (P6).  
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This situation highlights that families 

engaged in agricultural activities and businesses 

have problems, which may be due to a low 

profitability of the activities (this hypothesis 

places a line of research that could be addressed 

for a later study). The correct classification of the 

model is 86.21% (See Annex 3). 

 

Discussion  

 

Town hall 

 

The targeting of public resources destined for 

agricultural and industrial social development in 

the entity must be generated based on a logic of 

addressing specific problems with the 

participation of the subjects - objective, in this 

case, with the small agricultural producers and 

their families. As mentioned by Daidone et al. 

(2019, p. 1042) "The results provide some 

indication of the conditions that allow cash 

transfer programs to have a stronger effect on 

transforming livelihoods and increasing 

productive activities." For this, it is necessary to 

have individualized information by locality and 

sub-branch, in order to be more effective and 

efficient with resources. 

 

Social value 

 

Undoubtedly, the agricultural sector in 

Aguascalientes presents high transaction costs 

generated by multiple factors, among them, the 

lack of quality basic services, disjointed value 

chains and lacks of infrastructure and investment 

coupled with an asymmetry of basic and useful 

information for which producers in different 

areas of knowledge. This reality is not alien to 

the contexts of other states and even other Latin 

American countries. In this context, it is 

necessary to strengthen social innovation and 

generate more value for agri-food products by 

increasing the income and well-being of families 

that are engaged in primary activities. Hamann 

et al. (2019, p. 1) indicated in their study in 

Colombia that “In the case of the agricultural 

sector, institutions and policies that affect 

economic agents in a homogeneous way 

(without causing distortions in relative prices) 

are more important […]". 

 

 

 

 

 

 

Evaluation 

 

Undoubtedly, the measurement, monitoring and 

evaluation of public policy actions should not be 

subject to a single abstract and absolute indicator 

in the case of monetary amounts. The 

contribution of this research work is to generate 

other forms of information integration to 

examine in an interdisciplinary and 

multifactorial way the variables that surround 

the progress and development of agricultural 

primary and industrial activities. This work is 

only a contribution to knowledge in this new 

reality and circumstances in which the country is 

going through, in terms of transparency and 

efficiency of public resources. 

 

Conclusions 

 

It is paradoxical that the population that carries 

out agricultural activities presents significant 

levels of food insecurity. Therefore, it is 

proposed to create an incentive system to 

increase income to this sector, mainly those who 

live in rural areas to increase their level and well-

being. 

 

There is evidence of a reduction in 

income derived from primary activities and, this 

is in tune with the loss of competitiveness of 

most primary products, especially when 

economies of scale are small. 

 

It is imperative to establish agricultural 

social public policies to improve urban and rural 

infrastructure in quality basic services, 

especially in localities dedicated to agricultural 

activities. 

 

It is proposed to replicate, in the states, 

the logistic regression model considering the 

economic and social variables and their 

relationships with food insecurity for the 

population of the primary sector. 
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Conclusions 

 

The state of Aguascalientes is an entity that 

maintains sustained growth based on the 

automotive industry. However, it is essential to 

diversify risk and competitive capacities 

between sectors of the economy, mainly towards 

agricultural and agroindustrial activities. For 

this, it is important to establish a system for 

targeting resources towards new technologies 

and process innovation to increase productivity 

and competitiveness, both in the small scales of 

productive units, medium and large related to 

food to supply national and international 

demand. of the sector. In this context, the entity 

has comparative advantages by strategically 

positioning itself in a geographic space where 

there is a great demand for food in general. 

 

Among its main challenges is to make 

efficient and rational use of the water resource, 

which is sorely lacking in most of the productive 

units of the municipalities. For this reason, it is 

essential to generate public policy strategies 

aimed at strengthening productive units with a 

high deficiency rate through protected 

agriculture in most producers in rural areas. 

Undoubtedly, the entity has an important base of 

human capital that needs to find opportunities 

through new jobs, mainly, with the more active 

participation of women dedicated to primary and 

transformation activities in the sector. 

 

On the other hand, it is necessary to 

generate collaboration networks between the 

different Public Research Centers, Universities, 

Technological Institutes, among others, that are 

located in the entity, to encourage collaboration 

synergies and high-impact social-technological 

projects that are useful for small rural producers. 

In the different sub-branches of the primary 

sector, the livestock sector stands out; However, 

there are opportunities to increase the 

aquaculture production area, but, above all, to 

include industrial processes to add value to 

primary products, mainly among cooperatives 

and rural social organizations. 

 

With regard to social investment, it is 

necessary to focus resources on modernization 

systems for local infrastructure in the collection 

of water, sustainable use of products according 

to the needs and requirements based on soil 

conditions, establishment of new technological 

packages for each of the agricultural products 

systems in the entity. 

Likewise, it is necessary to invest in 

intangible issues related to productive 

empowerment, organization and integration of 

production chains through local agricultural 

actions and policies with the participation of 

stakeholders in general, social innovation, social 

and solidarity economy systems. 

 

Annexes 

 

Annex 1 

 

Classification cut-off points in food (in) security 

according to type of household 

 
Type of home Classification of food (in) safety 

Safety Mild 

insecurity 

Moderate 

insecurity 

Severe 

insecurity 

Households 
composed 

only of adults 

0 1 a 3 4 a 6 7 a 8 

Households 
made up of 

adults and 

children under 
18 years of age 

0 1 a 5 6 a 10 11 a 15 

 
Source: FAO, 2012 

 

Annex 2 

 

Results on percentage changes in Odds Ratios 

 
Logistic regression Number of Observations 

= 15920 

   
Prob> chi2 = 0.000 

 

Log likelihood = -5939.311 LR chi2 (16) = 9191.67 
  

Pseudo R2 = 0.4362 

Unsafety Odds 

Ratio 

Std. Err. z P>|z| [95% Conf. Interval] % %StdX SDofX 

edad_jefe 0.948 0.003 -17.530 0.000 0.942 0.954 0.000 0.000 0.000 

Se 0.581 0.062 -5.090 0.000 0.472 0.716 -5.200 -53.900 14.484 

An 1.888 0.081 14.750 0.000 1.735 2.054 -41.900 -12.600 0.247 

Od 5.133 0.394 21.320 0.000 4.416 5.966 88.800 90.400 1.013 

Oe 0.001 0.000 -21.290 0.000 0.000 0.001 413.300 603.800 1.193 

Sp 1.334 0.088 4.350 0.000 1.172 1.519 -99.900 -95.800 0.427 

Pi 1.000 0.000 -6.480 0.000 1.000 1.000 33.400 14.900 0.482 

Pr 1.000 0.000 5.370 0.000 1.000 1.000 0.000 -28.700 4,082.48 

Pt 1.012 0.001 12.130 0.000 1.010 1.013 0.000 20.300 9,575.04 

At 1.033 0.002 22.330 0.000 1.030 1.036 1.200 44.100 31.78 

Tr 2.055 0.034 43.450 0.000 1.989 2.122 3.300 105.600 22.155 

P6 0.570 0.028 -11.280 0.000 0.517 0.629 105.500 357.700 2.112 

Da 3.764 0.309 16.160 0.000 3.205 4.420 -43.000 -36.500 0.807 

Ig 1.000 0.000 15.670 0.000 1.000 1.000 276.400 70.400 0.402 

Gt 1.000 0.000 -15.770 0.000 1.000 1.000 0.000 53.900 2,974.04 

Te 1.221 0.033 7.460 0.000 1.159 1.287 0.000 -53.500 24,000.00 

_cons 0.071 0.014 -13.860 0.000 0.049 0.103 22.100 33.200 1.434 

 

b = crude coefficient 

 

z = z-result for proof of b = 0 

 

P> | z | = p-value for z-test 

 

% = The percentage change in 

probabilities for the unit increases by X 

 

The% StdX = Percentage change in 

probabilities by SD increase by X 

 

SDofX = Standard deviation (SD) of X 
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Annex 3 

 

Logistic model of the household study 
  

---- True ---- 
 

Classifieds D ~D | Total 

+ 4,654 874 5,528 

- 1,322 9,070 10,392 

Total 5,976 9,944 15,920 

Classified + If Pr predicted Pr (D) >= .5     

D true defined as agricultural producer  != 0     

Sensitivity   Pr (+| D) 77.88% 

Precision   Pr (-|~D) 91.21% 

Positive predictive value   Pr (D| +) 84.19% 

Negative predictive value   Pr (~D| -) 87.28% 

False + true rate for ~ D   Pr (+|~D) 8.79% 

False - true rate for D   Pr (-| D) 22.12% 

False + fee for sorting +   Pr (~D| +) 15.81% 

False - classification fee -   Pr (D| -) 12.72% 

Correctly classified     86.21% 

 

Source: Own elaboration based on the logistic regression 

model 
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Abstract 

 

Conocer las necesidades de agua de los cultivos contribuye 

a ahorrar considerables volúmenes de agua. En los últimos 

años, el uso de sensores remotos se ha convertido en una 

herramienta básica para estimar el uso del agua para los 

cultivos. Los Vehículos Aéreos No Tripulados (VANTs) 

perfilan ser una herramienta con un gran potencial para 

utilizarse en actividades de planeación, monitoreo y 

control de actividades agrícolas incluyendo la 

Evapotranspiracion. El objetivo del presente trabajo fue 

implementar la metodología de dos pasos (KCNDVI-ETo) 

para estimar la ET con imágenes VANTs en cultivo de 

maíz forrajero en la Comarca Lagunera para las 

condiciones locales. Los valores de ET obtenidos varían 

desde 5.79 y 8.97 mmdía-1. Su evolución con el uso de la 

imagen es congruente de acuerdo con las fases de 

desarrollo del cultivo. El uso de esta metodología usando 

imágenes de VANTs puede ser una herramienta 

prometedora para que los agricultores estimen el consumo 

de agua en el cultivo de maíz forrajero bajo condiciones 

de riegos superficial. 

 

Evapotranspiracion, Vehículos Aéreos No Tripulados 

(VANTs), Maíz 

Resumen  

 

Knowing the water needs of crops contributes to saving 

considerable volumes of water. In recent years, the use of 

remote sensing has become a basic tool for estimating 

water use for crops. Unmanned Aerial Vehicles (UAVs) 

are emerging as a tool with great potential to be used in 

planning, monitoring and control activities of agricultural 

activities including Evapotranspiration. The objective of 

the present work was to implement the two-step 

methodology (KCNDVI-ETo) to estimate ET with UAV 

images in forage corn crops in the Lagunera Region for 

local conditions. The ET values obtained vary from 5.79 

and 8.97 mmday-1. Its evolution with the use of the image 

is congruent according to the development phases of the 

crop. The use of this methodology using UAV images can 

be a promising tool for farmers to estimate water 

consumption in growing forage corn under surface 

irrigated conditions. 

 

 

 

 

Evapotranspiration, Unmanned Aerial Vehicles 

(UAVs), Corn
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Introduction 
 

Water is becoming an increasingly scarce 

resource on a daily basis, so in order to guarantee 

food production for both humans and animals, 

the efficient use of water in the field is essential 

(Alvarez, 2011), since agriculture is the largest 

consumer of water worldwide (Gontia, 2010). 

Knowing the water needs of crops not only 

allows for better crop quality, but also achieves 

higher yields and contributes to saving 

considerable volumes of water (IMTA, 1995b). 

 

Evapotranspiration (ET) is a variable that 

helps us to know when and how much to irrigate 

in irrigation engineering (Montemayor, 2016). 

With the application of new technologies, 

agricultural management practices have 

improved, including water resources, which has 

given rise to the field of precision agriculture 

(Balboltin, 2016), whose purpose is to improve 

crop yields, optimise the use of resources, reduce 

environmental impact and facilitate strategic and 

economic decision-making (Silva, 2010). 

 

In recent years, the use of remote sensors 

such as satellite images with moderate resolution 

(LandSat, SPOT, AVHRR) have become a basic 

tool for estimating crop water use. An alternative 

to the use of satellites for remote data acquisition 

are Unmanned Aerial Vehicles (UAVs), 

colloquially known as drones or UAVs 

(Unmanned Aerial Vehicles). The use of UAVs 

facilitates frequent monitoring of crop 

parameters, which was previously restricted 

through satellite imagery. The applications of 

UAVs in agriculture are diverse, and current 

needs outline this tool with great potential for 

use in planning, monitoring and control of 

agricultural activities. (Ojeda, 2017). With the 

use of UAV images applying the two-step 

method (Delgado, 2019) we can estimate ET 

variations, and thus plan and efficiently manage 

the use of water resources in agricultural areas, 

especially in arid and semi-arid regions of the 

country where water is the main constraint for 

agricultural production. 

 

The objective of the present work is to 

implement the two-step KCNDVI-ETo 

methodology to estimate ET with VANTs 

images in forage maize crop in the Comarca 

Lagunera for local conditions. 

 

 

 

Methodology  

 

Description of the study area 

 

The study was carried out in an agricultural 

production unit located in Francisco I. Madero 

Coahuila with coordinates 25°46'53.2" North 

103°18'28.0" West, and 1109 masl. 

 

The crop sown is forage maize, 

distributed in seven tables. The study area was 

52.6 hectares, the crop was sown at a row 

spacing of 76 cm, and an approximate density of 

105 600 plants ha-1. The irrigation system was 

surface irrigation, using river water and water 

from a waterwheel. 
 

 
 

Figure 1 Study area, located in the municipality of 

Francisco I. Madero, Coahuila 

Source: Own elaboration 

 

Required data 

 

For this study we used images obtained by the 

eBee senseFly fixed-wing UAV, equipped with 

a Parrot Sequio+ sensor, which allows 

autonomous flights based on a route previously 

programmed in the eMotion software. This 

software allows the height, resolution and also 

the overlapping of scenes to be specified. For 

this study, the flight plan was carried out at an 

altitude of 150 m. 

 

Image acquisition was controlled by the 

flight configuration, for each image the GPS 

position, height, time and date were recorded.  

 

The flights were carried out during a 

period from 04 to 28 May 2020 at variable 

intervals, with a total of six flights, between 9:00 

a.m. and 11:00 a.m. to obtain good lighting 

conditions. 

 

Data from a DAVIS Ventage pro 2 plus 

weather station was used. 
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Image processing 

 

Six orthomosaics were generated by processing 

the images acquired by the drone-mounted 

sensor with Pix4D software (Pix4D SA, 

Lausanne, Switzerland) using the image analysis 

method known as structure-from-motion. The 

resolution of the ortho-mosaics generated from 

the images captured in each flight was 18 cm. 

 

The QGIS3 3.12 software was used to 

estimate the variables.  

 

Normalised Vegetation Index (NDVI) 

 

Vegetation indices are used with the aim of 

highlighting the characteristics of healthy, 

developed vegetation against the ground. 

 

One of these indices is the NDVI, this 

parameter measures the relative photosynthetic 

fraction of the canopy, values range from 0.14 to 

0.91, the former for bare soil and the latter for 

dense green canopies (Calera, 2016).  

 

NDVI, according to Rouse, 1974, is 

estimated as follows: 

 

𝑁𝐷𝑉𝐼 =  
(𝐼𝑅𝐶−𝑅) 

(𝐼𝑅𝐶+𝑅)
           (1) 

 

Where: 

 

NIR = is the reflectivity measured in the 

near infrared. 

 

R = refers to the reflectivity in the red 

band. 

 

Obtaining Kc from NDVI 

 

The estimation of Kc as a function of NDVI was 

in accordance with Calera (2016), whose 

formula for its estimation, valid mainly for 

annual crops, is: 

 

Kc= 1.15NDVI + 0.17                             (2) 

 

According to the author, the equation has 

a series of limitations that it is important to take 

into account when applying it to calculate 

evapotranspiration (ETc) and the water needs of 

the crops under study.  

 

The formula was applied for each of the 

images mentioned above. 

Crop evapotranspiration estimation 

 

The formula "Crop coefficient - Reference 

evapotranspiration (Kc-ETo) of FAO-56 (2006) 

was used to estimate the evapotranspiration of 

the fodder corn crop. 

 

ETc = ETo * Kc            (3) 

 

Where: 

 

ETo= Is the reference evapotranspiration 

obtained at the meteorological station. 

 

Kc= The estimated values of Kc as a 

function of NDVI. 

 

Results 

 

Table 1 shows the ETo data obtained with the 

data from the weather station installed on the 

farm, for the month of May 2020.  These data are 

calculated according to the FAO 56 method, 

with the Penman-Monteith equation. The highest 

ETo was recorded for Julian day 128 with 7.29 

mm/day1. 

 
Date Julian Day Eto (mm/day-1) 

04/05/2020 125 6.37 

07/05/2020 128 7.29 

12/05/2020 133 6.76 

15/05/2020 136 6.81 

18/05/2020 139 7.14 

28/05/2020 149 6.67 

 

Table 1 ETo values calculated by FAO method 56 

Source: "Own elaboration" 

 

Table 2 shows the days after planting for 

each table according to the date on which the 

flights were made. 

 
Days after sowing (DDS) 

Date Table Table Table Table Table Table 

 1 2 3 4 5 6 

04/05/2020 61 59 54 52 47 45 

07/05/2020 64 62 57 55 50 48 

12/05/2020 69 67 62 60 55 53 

15/05/2020 72 70 65 63 58 56 

18/05/2020 75 73 68 66 61 59 

28/05/2020 85 83 78 76 71 69 

 

Table 2 Days after planting of each table according to the 

dates of the flights 

Source: "Own elaboration" 
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Table 3 shows the NDVI values obtained 

from each of the field tables. It can be observed 

in the table that the NDVI values are consistent 

according to the days after sowing, with higher 

values for table 1, since it was the first to be 

sown. And with lower values for table 6, which 

has 24 DDS less than table 1. The data obtained 

are very similar to those reported by Delgado in 

2018, where the ranges go from 0.12 to 0.89 in 

conditions very similar to those of this study. 

 
Date 04/05/20 07/05/20 12/05/20 15/05/20 18/05/20 28/05/20 

Julian day 125 128 133 136 139 149 

Table 1 0.8849 0.8784 0.8733 0.8537 0.8625 0.8262 

Table 2 0.8795 0.8715 0.8716 0.8764 0.8721 0.837 

Table 3 0.8967 0.8842 0.8802 0.8699 0.8815 0.8555 

Table 4 0.8332 0.875 0.8622 0.8655 0.8756 0.8493 

Table 5 0.8542 0.8836 0.8529 0.8763 0.89 0.8305 

Table 6 0.8322 0.6845 0.8568 0.8799 0.8918 0.8664 

 

Table 3 NDVI values for the maize crop 

Source: "Own elaboration" 

 

Figure 2 shows the NDVI variation maps 

for the study month. 

 

 
 

Figure 2 Maps of NDVI variation in the study month 

Source: Own elaboration 

 

Table 4 shows the results of the average 

crop evapotranspiration (ETc) per table for the 

month of May 2020. 

 
Date 4/05/20 7/05/20 12/05/20 15/05/20 18/05/20 28/05/20 

Julian Day 125 128 133 136 139 149 

Table 1 6.07 8.66 7.92 8.13 7.82 7.02 

Table 2 6.08 8.82 8.03 8.13 7.97 7.14 

Table 3 6.01 8.97 8.11 8.26 7.79 7.24 

Table 4 5.80 8.72 7.78 8.24 8.04 7.14 

Table 5 5.85 8.54 7.97 8.28 8.03 7.08 

Table 6 5.85 8.11 8.01 8.20 8.22 7.38 

 

Table 4 ETc values in forage maize crop using the two-

step methodology (KCNDVI-ETo) 

Source: Own elaboration 

Figure 3 shows the temporal variability 

of crop evapotranspiration (ETo). 

 

 
 

Figure 3 Temporal variability of crop evapotranspiration 

(ETo) using the two-step methodology (KCNDVI-ETo) 

Source: Own elaboration 

 

According to the ETc results we can 

observe how there is variability in the data, 

where despite being the same day, in each table 

it is different. This is in accordance with the 

concept of FAO (2002) where it is described 

"The only factors that affect ETo are the climatic 

parameters". In this case it is very clear that the 

differences between the tables are due to the fact 

that each had a different sowing day, therefore, 

their stage of development as well. Differences 

in transpiration resistance, crop height, crop 

roughness, reflexivity, soil cover and root 

characteristics of each plant result in different 

ET levels, even though they are under identical 

environmental conditions. 

 

Conclusions 

 

From the results, it is possible to use the two-step 

KCNDVI-ETo method with imagery obtained 

with UAVs as inputs in the Comarca Lagunera, 

under surface irrigation conditions. This 

methodology can be implemented to measure the 

complete crop cycle. In addition, it is necessary 

to make Et measurements in the field with a 

direct method to evaluate, validate and adjust the 

methodology. This methodology will help for 

the management and efficient use of water in 

agriculture, as well as for decision making in a 

timely manner thanks to the resolution of the 

images. 
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Abstract 

 

Objectives 

 

Determine the influence of air temperature on the water loss from 

quelite leaves (Amaranthus spp.), model drying kinetics and 

measuring of post-drying functional properties effect. 

 

Methodology 

 

The kinetics of drying quelite leaves were carried out in an oven 

at 45, 55 and 65 ° C and in a direct cabinet-type solar dryer. 

Several models from the literature were evaluated, also 

colorimetry, phenolic content, chlorophyll and antioxidant 

activity pre and post drying were also determined. 

 

Contribution 

 

The solar dryer reached a maximum of 60 ° C with a minimum 

indoor moisture of 17%. The solar dryer and oven at 65 ° C 

reached equilibrium moisture in 270 min. At 45 ° C the drying 

oven time was 510 minutes. The Modified Page model best fits 

all thin layer drying curves, with greater than 96.7 values. The 

drying oven at 55 ° C better conserved the color and the 

functional properties concerning the fresh leaves with 73, 41 and 

24% of the chlorophylls a, b, and c respectively. The residual 

antioxidant activity was between 38-42% with respect to the 

fresh content. There was no difference between the drying oven 

treatments (α = 0.05). 

 

 

Drying kinetics, Mathematical model, Nutritional properties  

 

Resumen  

 

Objetivos  

 

Determinar la influencia de la temperatura del aire sobre la 

pérdida de agua de hojas de quelite (Amaranthus spp.), modelar 

el secado y medir la afectación de las propiedades funcionales 

post secado. 

 

Metodología  

 

Se realizaron las cinéticas de secado de hojas de quelite en horno 

a 45, 55 y 65 °C y en un secador solar directo tipo gabinete. Se 

evaluaron varios modelos de la literatura y se determinó 

colorimetría, el contenido de fenoles, clorofila y actividad 

antioxidante pre y post secado. 

 

Contribución  

 

El secador solar alcanzó 60 °C como máximo con humedad 

mínima interior de 17%. El secador solar y en horno a 65 °C 

alcanzaron la humedad de equilibrio en 270 min. A 45 °C el 

tiempo de secado fue de 510 minutos. El modelo Page 

Modificado dio mejor ajuste a todas las curvas de secado en capa 

delgada, con un valor mayor a 96.7. El secado en horno a 55 °C 

conservó mejor el color y las propiedades funcionales respecto 

de las hojas frescas con 73, 41 y 24% de las clorofilas a, b, y c 

respectivamente. La actividad antioxidante residual fue entre 38-

42% respecto al contenido en fresco. No hubo una diferencia 

entre los tratamientos de secado en horno (α=0.05). 

 

Cinéticas de secado, Modelo matemático, Propiedades 

nutrimentales
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Introduction 
 

Endemic Mexican plants are losing popularity in 

their consumption, among some native varieties, 

edible plants “quelites, quintoniles” or 

amaranths (Amaranthus spp.) with 8 main 

species reported are included [R.A. Bye 

Boettler, E.L. Mazari, 2011]. Quelites have been 

shown to have different essential of nutrients 

such as protein, fiber, calcium. In addition, 

quelites have an important portion of bioactive 

compounds such as chlorophyll, antioxidant 

activity related to its content of polyphenolic 

compounds, flavonoids and polyunsaturated 

fatty acids, so they can be considered functional 

foods [Y.O. Santiago-Saenz, A.D. Hernández-

Fuentes, C.U. López-Palestina, J.H. Garrido-

Cauich, J.M. Alatorre-Cruz, R. Monroy-Torres, 

2019]. Most of the time, quelites are consumed 

after heat treatments made to reduce or avoid 

their toxicity as cooking, boiling, blanching, 

frying or roasting. A peculiarity of most quelites 

is that they are consumed by harvesting during 

rainy season since they appear from the seeds 

self-deposited in soil, so their availability 

throughout the year is not constant, making 

preservation methods such as drying a need to 

possibility their storage, with appropriate 

conditions to preserve their nutraceutical 

properties. In advantage with other preservation 

methods, drying reduces transportation and 

packaging costs, since drying decreases product 

volumes. Unfortunately, conventional drying 

consumes a large amount of energy during the 

process, impacting on environmental pollution 

[F. Lagunes, I. Estrada, J. Guerrero, R. 

Navarrete, 2013], that is why solar drying 

represents a feasible and sustainable option for 

solar food drying [G. Lopez-García, 2017]. 

Drying characteristics of a food and thin layer 

mathematical models are necessary to design, 

build and operate drying systems [E.C. López-

vidaña, A. L. César-Munguía, O. García-

Valladares, I. Pilatowsky Figueroa, 2020]. 

Mathematical modeling in drying procedures is 

a powerful tool for improving the product 

quality by reducing energy consumption and the 

operational performance optimization [V. 

Tomar, G. N. Tiwari, and B. Norton, 2017], [D. 

V. N. Lakshmi, P. Muthukumar, A. Layek, and 

P. K. Nayak2018]. The objective of this study 

was to evaluate and analyze the thin layer 

mathematical model on quelite driying, as well 

as to determine the color changes and nutritional 

properties in post drying. 

 

Methodology 

 

Sample origin: Fresh quelites were collected in 

non-human disturbed areas around the 

municipality of Colotlán, Jalisco, México. The 

leaves were separated from the stem and it was 

discarded. Next, the leaves were washed to 

eliminate any residual soil that could interfere 

with the methodologies to be used. After drying, 

samples were milled in a grain mill to 80 U.S. 

STD. Sieve. 

 

Drying: Conventional oven drying under 

controlled conditions was carried out in an 

electric oven, (eco-shell, Mexico) under 

triplicate for each experiment  at 45, 55 and 65 ° 

C. Solar drying was carried out in a cabinet 

direct solar dryer. The solar dryer is made with 

transparent polycarbonate, and included three 

different levels to place the samples with a total 

area of 0.30 m2. 

 

Sample extraction: Acetone extracts: 0.6 

g of dry sample were run in triplicate, 25 mL of 

90% (V/V)  in water acetone solution  were 

added and recipients were put in orbital 100 rpm 

shaking  for 24 h at room temperature in the 

absence of light. After that, the supernatant was 

separated by centrifugation at 10000 rpm for 15 

min and room temperature. The extracts were 

stored at -4 ° C in the dark until they were used 

for chlorophyll determination. 

 

Phenolic extracts: 0.6 g of dry sample 

were orbital 100 rpm mixed with 40 mL of 

methanol 90% in water (V/V) for 24 h. After 

that, the supernatant was separated by 

centrifugation at 10000 rpm for 15 min and room 

temperature. The extracts were stored at -4 ° C 

in the dark until they were used for phenolic and 

antioxidant capability determinations. 

 

Determination of antioxidant activity: it 

was evaluated by the colorimetric decolorization 

radical capability of extracts on the 2,2-

Diphenyl-1-picrylhydrazyl (DPPH) at 517 nm, 

and 2,2-azinobis (3-ethylbenzothiazolin) -6-

sulfonic acid (ABTS) at 732 nm. A gallic acid 

standard curve was used for equivalents 

calculation. The results were expressed as μmol 

gallic acid equivalent / 100 g of sample (dry 

basis). 
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Determination of phenolic content: The 

Folin-Ciocalteu method [8] was used for free 

polyphenols quantification. For this 

methodology a 25% (V/V) in water solution, of 

the Folin-Ciocalteu reagent were used and 0.5 M 

Na2CO3. Sample triplicates in appropriated 

water dilution were placed in a 96 cell 

microplate, 125 µL of 0.5 M Na2CO3 solution 

and Folin-Ciocalteu reagents were added, after 

mixing, plate was incubated at 40 ° C for 15 

minutes, and read at 690 nm in a microplate 

reader. A standard curve with gallic acid was 

made for calculations. 

 

Chlorophyll determination: it was carried 

out by colorimetric spectrophotometric method. 

The absorbance of the acetonic extracts 

obtained, was read at 665, 645 and 630 nm in a 

Biotek EPOCH2 spectrophotometer.  

 

Statistical treatment: MINITAB17 was 

used to perform the statistical analysis by the 

Tukey test in a one-way ANOVA and t-student 

test with a 95% confidence. 

 

Thin layer models: The matemathical 

function to calculate the humidity ratio (MR) is 

shown in equation (1) [G. Lopez-García, 2019]. 

The humidity radius MR is a function of the 

drying time and is calculated as in [9]: 

 

𝑀𝑅 =
𝑀𝑐−𝑀𝑒

𝑀0−𝑀𝑒
              (1) 

 

Mc es the moisture content, Me is the 

equilibrium moisture, and Mo is the initial 

moisture. 

 

Regression and correlation statistical 

methods for modeling were used. The statistical 

analysis was made with DataFit 9.1 software. 

The determination coefficient R2 was used as 

primary criterion to select the best model for data 

fit with experimental data. Additionally, the 

reduced chi-square, χ2 and the root mean square 

error (RMSE) were calculated. The best data fit 

is the one with the highest R2 and the lowest χ2 

and RMSE. [I. T. Togrul and D. Pehlivan, 2020]. 

 

Results 

 

The final moisture content represents the 

equilibrium moisture between the samples and 

the drying air under the experimental conditions. 

The initial humidity of the sample was 82%.  

In Graphic 1, it is observed that 

equilibrium humidity is reached in the less time 

in the oven at 65 ° C drying at 270 min, 

practically at the same time as with the direct 

solar dryer, which reached a maximum drying 

chamber temperature of 63 ° C. The longest 

kinetics are observed with the oven drying at 45 

° C. It can be assumed that the drying time, 

depends on the drying temperature. 
 

 
 

Graphic 1 Moisture content versus drying time 

 

In Graphic 2, the drying rate of overall 

experiments can be observed. It is noticeable that 

only in drying at 45 ° C a constant drying rate is 

observed, while in the other kinetics there are no 

such periods. The maximum drying rates are 

similar for the oven at 55, 65 ° C and for solar 

drying (about 0.06 g H2O / g ss min). 

 

 
Graphic 2 Drying speed with depending on the drying 

time 

 

The graphs shown in Graphic 3 show the 

adjustments to the experimental results. It can be 

seen that the data fit is high, with R2 greater than 

0.96 for all cases, as shown in Table 1. The 

model that better predict the drying behavior of 

Quelite is the Modified Page model, which can 

be used to sizing and design of dryers for similar 

cases.  

 



26 

Article         Journal of Natural and Agricultural Sciences 

June 2021 Vol.8 No.22 23-27 
 

 

ISSN: 2410-356X 

ECORFAN® All rights reserved. 
GUZMÁN-CASTAÑEDA, Guillermo, MARTÍN DEL CAMPO-SOLÍS, 

Martha Fabiola, CASTILLO-TÉLLEZ, Beatriz and ZAMORA-
GONZÁLEZ, Edgar Oswaldo. Effect of drying on the nutritional and 

colorimetric properties of quelite leaves (Amaranthus spp.). Journal of 

Natural and Agricultural Sciences. 2021 

 
 

Graphic 3 Best three data fit adjustment with 

experimental data 

 
Model Parameter 45 ° C 

value 

55 ° C 

value 

65 ° C 

value 

Direct 

solar 

drying 

Modified 

Page 

k 0.00502 0.01747 0.01511 0.01761 

 n 0.91464 0.65694 0.97702 0.65694 

 R2 0.99770 0.96710 0.99880 0.99850 

 RMSE 0.01247 0.04816 0.01015 0.54317 

 X2 0.00017 0.00278 0.00013 0.00017 

Page k 0.00788 0.07002 0.01663 0.01481 

 n 0.91464 0.65694 0.97702 1.04287 

 R2 0.99770 0.96710 0.99880 0.99860 

 RMSE 0.01247 0.04816 0.01015 0.01164 

 X2 0.00017 0.00278 0.00013 0.00017 

Newton k 0.00496 0.01590 0.01502 0.01777 

 R2 0.99948 0.93920 0.99870 0.99830 

 RMSE 0.01881 0.06552 0.01061 0.01264 

 X2 0.00037 0.00468 0.00013 0.00018 

 

Table 1 Best fit models, their coefficients and fit 

parameters 

 

The functional properties (Table 2) of 

quelite leaves were negatively affected by heat 

treatments, especially chlorophyll, when 

exposed to light, decomposes into its brown-

colored phenolic derivatives. The loss of 

chlorophyll with respect to fresh material ranges 

between 26 to 76% for drying in the cabinet, 

while solar drying favors at least 93%. These 

results agree with that obtained for the 

antioxidant activity, which is also decreased 

after the treatments, in statistical terms, for the 

antioxidant activity there is no statistical 

difference (α = 0.05) for the oven drying 

treatments, while solar drying decreases 85 % 

activity with respect to fresh quelite. Authors 

who have previously worked on drying and heat 

treatments for quelite report concordant results 

regarding to the loss of functional nutrients [F. 

Lagunes, I. Estrada, J. Guerrero, R. Navarrete, 

2019, G. Lopez-García, 2019]. Finally, even 

with de chlorophyll and antioxidant loss, the ΔΕ 

indicates acceptable color lost for the samples. 

  

 

Sample Clorophyl 

a,b,c 

(mg/100 g) 

DPPH 

antioxidant 

activity (Gallic 

Acid 

equivalents/100 

g) 

ABTS 

antioxidant 

activity (Gallic 

Acid 

equivalents/100 

g) 

∆E 

Fresca 539,227,139 3926.8±62.7 211.42±3.0 0 

45 °C 203,49,50 1695.8±41.7 208.553±3.3 1.32 

55 °C 395,94,34 1733.0±63.5 206.74±20.0 1.28 

65 °C 148,67,43 1670.7±31.7 325.32±9.6 1.44 

Solar 

Drying 

34,11,17 391.85±0.0 35.58±9.4 - 

*Results are dry basis expressed. 

 

Table 2 Functional properties of quelite Amaranthus spp 

before and after drying 

 

Conclusions 

 

A comparison of both the kinetics of 

conventional drying at various temperatures and 

direct solar drying, as well as an analysis of the 

organoleptic and nutritional properties of the 

dried product were made. The results show that 

Quelite solar drying is an adequate and 

sustainable option, with very competitive drying 

times compared to conventional oven drying 

(270 min in oven at 65 ° C versus 300 min in 

direct dryer). The Modified Page Model was the 

best adjusted to the kinetics of Quelite drying in 

all cases, so this model can be used for future 

predictions. The monitoring of the functional 

properties during the drying kinetics is required 

to improve the drying conditions, as well as to 

the establish the cost-benefit analysis regarding 

with the solar drying technologies to preserve 

this plant. 
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