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Abstract 

 
Synthetic maize varieties present advantages in 

adaptability, they can be used for several planting seasons, 

without affecting the yield and is easier the seed 

production. Thus, with the main objective of knowing the 

yield and agronomic traits of synthetic maize varieties for 

the tropic, during 2013 to 2018 there was conducted an 

experiment in Cotaxtla and Carlos A. Carrillo in Veracruz 

and Huimanguillo in Tabasco state locations. The 

experiment was distributed in complete blocks at random 

design with 21 entries and three replications in plots of two 

rows 5m long and 62,500 pl ha-1. The agronomic traits 
were: Grain yield, days to tassel and silking, plant and ear 

aspect and sanity, lodging, bad husk cover and ear rot. 

From the combined analysis for yield, there was found 

high significant differences for Varieties (V), For 

environments (E), and for the interaction VxE, and a 

coefficient of variation of 16.20%. The Carlos A. Carrillo, 

Ver., location in 2016B, recorded the highest yield with 

6.94 t ha-1. The best five synthetics at 0.05 of probability 

were: VS-536, Synthetic 2B, Synthetic 5B, Synthetic 2C 

and Synthetic 11C.  

 

 

 

Synthetic, Maize, Varieties 

Resumen  

 
Las variedades sintéticas de maíz presentan ventajas de 

mayor adaptabilidad, pueden ser usadas por varios ciclos 

de siembra sin que se afecte el rendimiento y es más fácil 

la producción de su semilla. Así, con el objetivo de 

conocer el rendimiento y características agronómicas de 

variedades sintéticas de maíz para el trópico, entre 2013 y 

2018 se condujeron experimentos en las localidades de 

Campo Cotaxtla y Carlos A. Carrillo en Veracruz y 

Huimanguillo en Tabasco. El diseño utilizado fue bloques 

completos al azar con 21 tratamientos y tres repeticiones 

en parcelas de dos surcos de 5 m de largo en una densidad 
de 62,500 pl ha-1. Las variables agronómicas fueron: 

Rendimiento de grano, días a floración, altura de planta, 

aspecto y sanidad de planta y de mazorca, acame, mala 

cobertura de mazorca y mazorcas podridas. Del análisis 

combinado para rendimiento, se encontró diferencia 

altamente significativa para Variedades (V), para 

Ambientes (A) y para la interacción VxA y un coeficiente 

de variación de 16.20%. La localidad de Carlos A. 

Carrillo, Ver., en 2016B registró el rendimiento más alto 

con 6.94 t ha-1. Los sintéticos superiores al 0.05 de 

probabilidad, fueron: VS-536, Sintético 2B, Sintético 5B, 

Sintético 2C y Sintético 11C.  
 

Variedades, Sintéticas, Maíz  
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Introduction 
 

In México, there are planted 8.2 million of 

hectares with maize where farmers produce 22 

million tons of grain and a per cápita apparent 

consume of 209.8 kg. (Morris and López, 2000). 

The principal use is the direct consume for 

human consumption, particulary, there were 

using 12.3 million of tons, which of them 36% 

correspond to flour industry and 64% to masa 

tortilla industry through the nixtamalization 

process (SAGARPA, 2016). 

 

In the tropical region there are planted 

3.2 million hectares with maize, which of them, 

one million are included in agronomic provinces 

of good and very good productivity, where is 

recommended the improved seed of synthetic 

maize varieties and hybrids (Sierra et al., 2019). 

 

In México exist 31 million of 

malnutrition people, which of them, 18 million 

with severe malnutrition (Espinosa et al., 2006). 

The consumption of high quality protein maize 

may contribute to get better the nutritional level 

in México, especially in children, mothers in 

lactation and old people (Espinosa et al., 2005). 

 

High quality protein maize is derived 

from the utilization of a mutant opaque gene 

o2o2, expressed in its homocigotic recessive 

version which present more Lysine and 

Tryptophan content, essential aminoacids for 

nutrition (Mertz, 1994; Vasal, 1994). Vasal and 

Villegas (2001), through traditional methods of 

maize breeding, incorporated special genes to 

the opaque gene o2o2 named modifiers genes in 

the endosperm texture. Maize with the opaque 

gene o2o2 content from 40 to 50% more Lysine 

and 35 to 40% more Tryptophan than the normal 

maize (Larkins et al., 1994; Sierra et al., 2011). 

 

Reyes, et al., in 2021, found response in 

yield, Protein, Lysine and Tryptophan content, 

essential aminoacids for nutrition, when they 

apply different doses of Nitrogen and 

Phosphorus in maize. 

 

Alternative management to conventional 

agriculture can be profitable, in addition to 

preserving the physical integrity, being 

beneficent to the environment, increasing the 

quality and added value for agricultural products 

and can be adopted by small, medium and great 

farmers (Álvarez, 2021).     

Synthetic maize varieties present 

advantages of greater adaptability to clime and 

soil conditions and agronomic management by 

farmers in their traditional system of planting in 

the humid tropic of México, (Nuñez and 

Navarro, 2021), besides, they can be used for 

several planting seasons without affecting the 

grain yield and is easier and cheaper their seed 

production; with these advantages is feasible to 

increase the use the improved seed (Madera and 

Múnera, 2021; Sierra et al., 2016; Reyes, 1985).  

 

The Synthetic maize varieties are the best 

way of using the good per se yield and general 

combining ability of inbred lines to form 

varieties with high yield and wide adaptation 

(Acevedo, 2021; Sierra et al., 2016; Andrés et 

al., 2017). Sprague (1955) define Synthetic 

maize varieties like the advance generations of a 

multiple hybrid, generally are formed for more 

than four inbred lines. 

 

Busbice (1970) indicated that the number 

of inbred lines used to form a synthetic maize 

variety depends on the inbreeding of their 

parents; It is needed more inbred lines when 

inbreeding is greater. Márquez et al., (1983), 

working with the basic inbred lines for the humid 

tropic in Campo Cotaxtla, Ver., and they found 

that the optimum number of inbred lines used for 

making a synthetic variety was between 8 to 12.  

 

VS-536, was developed from 1984 to 

1992, in Cotaxtla experimental station which 

belongs to INIFAP in México, and was formed 

through the genetic recombination of nine inbred 

lines, which were selected considering the per se  

behavior and the General Combining Ability 

(GCA): The inbred lines LE27, LE36, LE37, 

LE73, were formed in Cotaxtla, INIFAP; D471, 

D-539, D368, from Iguala, Gro., maize program; 

OCOT2 y LRB14-413-7 are lines from the 

Ocotlán, Jal., and Río Bravo, Tamps., programs 

respectively. The diversity in the genetic and 

geographic origin has been permitted to VS-536, 

greater adaptability (Sierra et al., 2016). 

 

Adaptability in genotypes permit to 

know the response to different environments, 

which are defined by clime and soil conditions, 

and agronomic management, (Eberhart and 

Russell, 1966).  
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The genotype environment interaction is 

the relative differential behavior from genotypes 

through different environments (Márquez 1992; 

Reyes 1990; Andrés et al., 2017; Sierra et al., 

2018). The objectives of this research were to 

know the yield and agronomic characteristics of 

synthetic maize varieties for the humid tropic. 

 

Materials and Methods 

 

Localization. This research was carried out 

during the spring summer season in 2013, 2016 

and 2018 and autumn winter season 2013/14, in 

Cotaxtla Experimental Station and Carlos A. 

Carrillo in Veracruz and Huimanguillo Tabasco 

state locations; The clime conditions are Aw1, 

Aw2 and Am for each location respectively, 

according with the clime classification described 

by Köppen modified by García (2004) and 

correspond to humid and subhumid warm 

conditions.  

 

Germplasm used. The germplasm used in 

this research were experimental synthetic maize 

varieties which were formed with experimental 

normal and quality protein inbred lines, which 

were selected through the per se grain yield and 

good general combining ability (GCA) 

(Acevedo, 2021), and they belong to the 

Tuxpeño race; Particulary, there are included 21 

synthetic varieties, which of them, 11 have been 

formed with lines converted to high quality 

protein character, on which we added the letter 

“C” as nomenclature, the rest of synthetics have 

normal endosperm; Finally, the synthetic variety 

VS-536, the most used variety in the southeast of 

México and V-537C, high quality protein variety 

were used as checks.     

 

Description of the experiments. The 

experiments of synthetic maize varieties were 

planted in plots of two rows 5 m long and 80 cm 

wide in a density of 62,500 pl ha-1. The weeds 

were controlled by Atrazine applied before 

emerging and there were controlled pests during 

developing crop. The fertilization was made 

according the recommendations of INIFAP for 

each location. In Cotaxtla experiment station 

was utilized the formula 161-46-00, applying all 

the Phosphorus and a third part of Nitrogen at 

planting moment, the rest of Nitrogen in bunchy 

stage using Urea as Nitrogen source. 

 

 

 

Variables and data recording. During the 

development of the crop and at the time of 

harvest, there were recorded in the experiments 

the following variables: Grain yield, days to 

tassel, days to silking, plant and ear height, plant 

and ear aspect, lodging, ears with bad husk 

cover, dry matter, and ear rot.  

 

Statistical methods. The experimental 

designs used were complete blocks at random 

with 21 treatments and three replications in plots 

of two rows 5m long and 80 cm wide. Individual 

analysis of variance was made for each 

experiment and a combined analysis for grain 

yield in the synthetic varieties across the six 

locations (Reyes, 1990). The variables recorded 

were analyzed statistically and for the separation 

of means, the significant minimum difference 

test was applied at 0.05 and 0.01 of probability. 

Besides, a stability parameters analysis by 

Eberhart and Russell (1966) was applied for 

grain yield and the varieties were described 

according with their response through the 

evaluation environments. 

 

Results and discussion 

 

From the combined analysis for grain yield in the 

synthetic varieties across the six locations 

evaluated, there were found statistical 

significance at 0.01 of probability for Varieties 

(V), for Environments (E) and for the interaction 

VxE (Márquez, 1992), with a Coefficient of 

Variation of 16.20%, value relatively low, and 

suggest that the results gotten and the 

management of the experiments are reliable 

(Reyes, 1990). In addition, the significance for 

interaction VxE, suggest that the grain yield in 

the synthetic varieties across the six locations 

evaluated were different (Table 1). The highest 

variance was recorded for the source of variation 

environments, factor valued in 127.12**, which 

means that these environments were different 

and important in the behavior of synthetic maize 

varieties (Reyes, 1990). 

 
Source of Variation  DF SS MS 

Varieties (V) 20 81.92 4.10** 

Environments (E) 5 635.61 127.12** 

Interaction VxE 100 198.78 1.99** 

Error 240  0.60 

DF=Degree of freedom; SS=Square Sum; MS=Mean Square; 
**=Significance for source of variation at 0.01 of probability 

 

Table 1 Combined Analysis of Variance for grain yield in 

Synthetic maize varieties across six environments in the 

humid tropic. CIRGOC INIFAP 2013-2018 
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Grain yield. In relation with grain yield 

(Table 2), and the stability parameters (Eberhart 

and Russell, 1966), Except Synthetic 3B, 

identified with better response in unfavourable 

environments and consistent, the rest of varieties 

were characterized as “Stables”, among this 

group were: VS-536 the most used variety in the 

southeast of México, Synthetic 2B, Synthetic 

5B, Synthetic 2C, and Synthetic 11C, these two 

last ones with high quality protein,  were 

statistically the best at 0.05 of probability 

(Reyes, 1990); This is why are considering as 

“Desirables” (Márquez, 1992; Sierra et al., 

2018). These results indicate that exist synthetic 

maize varieties feasible in using by farmers in 

the southeast of México, where is recommended 

the use of improvement seed of hybrids and 

synthetic maize varieties (Nuñez y Navarro, 

2021; Madera and Múnera, 2021; Sierra et al., 

2016; Andrés et al., 2017; Sierra et al., 2019). 
 

Entry Genealogy Cot 
2013B 

Cot 
2014A 

Cot 
2016B 

Carrillo 
2016B 

Huim 
2016B 

Cot 
2018B 

Mean Description 

20 VS-536 3.47 5.40 5.67 7.99 4.09 7.1 5.62* S 

2 SYNTHETIC-2B 3.75 5.40 5.58 6.99 3.44 7.09 5.38* S 

5 SYNTHETIC-5B 3.75 5.20 6.17 8.05 2.21 6.63 5.34* S 

14 SYNTHETIC-2C 3.80 4.70 4.85 6.77 4.67 6.73 5.25* S 

17 SYNTHETIC-11C 3.75 5.40 5.82 7.78 1.25 7.21 5.20* S 

1 SYNTHETIC-1BQ 4.32 4.50 5.63 7.55 3.6 4.94 5.09** S 

16 SYNTHETIC-

LPSC3 

3.10 3.90 5.25 8.70 3.59 5.67 5.04** S 

13 SYNTHETIC-9C 3.15 4.70 5.34 7.43 3.62 5.76 5.00** S 

3 SYNTHETIC-3B 4.30 4.90 5.69 6.32 4.36 4.4 4.99** BUC 

19 SYNTHETIC-10C 3.10 4.60 4.52 6.30 4.56 6.7 4.96** S 

10 SYNTHETIC-7C 3.25 5.10 5.13 7.04 4.01 5.22 4.96** S 

18 SYNTHETIC-8C 3.30 4.80 5.80 6.35 2.97 5.77 4.83 S 

21 V-537C 3.40 3.60 4.42 7.07 3.39 5.53 4.57 S 

4 SYNTHETIC-4B 3.90 4.90 4.13 7.68 2.53 3.94 4.51 S 

12 SYNTHETIC-1C 2.70 4.50 4.01 7.31 3.29 5 4.47 S 

15 SYNTHETIC-3C 3.55 5.10 4.94 7.86 0.98 4.32 4.46 S 

9 SYNTHETIC-4C 2.45 4.80 5.54 5.87 3.06 4.83 4.42 S 

11 SYNTHETIC-TS-
6 

2.70 4.10 4.19 5.57 1.91 7.19 4.28 S 

7 SYNTHETIC-5C 4.00 3.50 4.90 6.53 2.87 3.82 4.27 S 

8 SYNTHETIC-
3SEQ 

2.40 5.30 3.15 5.29 2.4 5.58 4.02 S 

6 SYNTHETIC-6C 2.55 3.60 5.48 5.33 2.86 3.1 3.82 S  
Mean 3.37 4.67 5.06 6.94 3.12 5.55 4.78  

 
MSE 0.40 0.47 0.35 0.89 0.68 0.82 0.60   
SMD 0.05 1.24 1.37 1.24 1.56 1.63 1.49 0.51  

 
SMD 0.01 1.64 1.82 1.69 2.08 2.16 1.99 0.67   
CV (%) 18.76 14.68 11.69 13.59 26.43 16.32 16.20   

* and **= Significance of the treataments al 05 and 0.01of probability; A= Autumn Winter season; B= Spring Summer season; Cot= Cotaxtla Experimental Station; Carrillo= 
Municipality of Carlos A. Carrillo; Huim= Huimanguillo, Tab.; S= Stable Variety; BUC= Better response in Unfavourable Environments and Consistent; MSE= Mean Square Error; 
CV= Coefficient of Variation; SMD= Significant Minimum Difference 

 

Table 2 Grain yield in synthetic maize varieties across the 
six environments. CIRGOC INIFAP 2013-2018 

 

Thus, it can be feasible to make use of the 

advantages in yield, adaptation and above all that 

these varieties can be used for several planting 

seasons without affecting the yield, in addition is 

easier and cheaper their seed production 

(Alvarez, 2021; Nuñez and Navarro, 2021; 

Madera and Múnera, 2021; Sierra et al., 2016; 

Sprague, 1955; Busbice, 1970; Marquez et al., 

1983; Reyes, 1985) 

 

Environmental indexes. In relation with 

the environmental indexes by Eberhart and 

Russell (1966), the location of the municipality 

Carlos A. Carrillo in Veracruz in 2016B, 

recorded the highest yield with 6.94 t ha-1 and the 

greatest environmental index 2.16**. Also, the 

environments of Cotaxtla, Ver., in 2018B and 

2016B and recorded high yield with 5.55 and 

5.06 t ha-1, for each environment respectively, 

with positive environmental indexes 0.77 and 

0.28.   

On the other hand, the locations Cotaxtla, 

Ver., in 2013B and 2014A and Huimanguillo, 

Tab., in 2016B, registered the lowest grain yield 

with 4.67, 3.37 y 3.12 t ha-1, and negative 

environmental indexes of -0.12, -1.42 y -1.67 

(Table 3). It suggest, that there are important 

differences in these environments in clime, soil 

and agronomic management for these 

experiments (Reyes, et al., 2021; Sierra et al., 

2018). 
 

Environment Grain 

yield 

t ha-1 

Environmental 

Index 

C.A. Carrillo, Ver. 2016B 

Cotaxtla, Ver. 2018B 

Cotaxtla, Ver. 2016B 

 Cotaxtla, Ver., 2014A 

Cotaxtla, Ver. 2013B 

Huimanguillo, Tab 2016B 

6.94 

5.55 

5.06 

4.67 

3.37 

3.12 

2.16** 

0.77 

0.28 

-0.12 

-1.42 

-1.67 

Mean 4.785  

**=Significance for Environmental index at 0.01 of 

probability 

 

Table 3 Environmental indexes in synthetic maize 

varieties CIRGOC INIFAP 2013-2018 

 

Agronomic performance and 

characteristics. From the combined analysis for 

agronomic characteristics, in Cotaxtla, Ver., in 

2016B and 2018B, there were found significant 

differences at 0.01 of probability for Varieties 

(V), for environments (E) and for interaction 

VxE for variables: Days to tassel, plant height, 

plant and ear aspect (Márquez, 1992); On the 

other hand, for plant and ear sanity there was 

found significance only for interaction VxE. 

Significance for the interaction, suggest that the 

agronomic characteristics of the synthetic maize 

varieties across the environments of evaluation 

was different (Table 4). The coefficient of 

variation recorded were 2.93, 7.76, 10.08, 12.98, 

15.06 and 15.22% for variables: Days to tassel, 

plant height, plant and ear aspect, plant and ear 

sanity, respectively, are values relatively low, 

that suggest that the results gotten and the 

management of experiments are reliables 

(Reyes, 1990; Reyes, et al., 2021). Also, with 

exception of the variables plant and ear sanity, in 

the rest four variables, the greater variance was 

doubt to environment source of variation with 

values of, 73.14**, 6051.42**, 2.05**, 0.738*, 

that indicates that the environments are 

significant different and important in the 

behavior of the synthetic maize varieties (Reyes, 

1990). 

 

 



5 

Article         Journal of Natural and Agricultural Sciences 

December 2021, Vol.8 No.23 1-7 
 

 

ISSN: 2410-356X 

ECORFAN® All rights reserved. 
SIERRA-MACIAS, Mauro, ANDRÉS-MEZA, Pablo, GÓMEZ-
MONTIEL, Noel Orlando and TADEO-ROBLEDO, Margarita. 
Yield and stability in synthetic maize varieties for the humid 

tropic in Mexico. Journal of Natural and Agricultural Sciences. 

2021 

Source of 
Variation 

D
F 

DT PH Pl asp1/ Ear 
asp1/ 

Pl 
san1/ 

Ear 
san1/ 

Varieties (V) 20 4.20*

* 

703.69*

* 

0.263*

* 

0.273

** 

0.196

NS 

0.174

NS 

Environment

s(E) 

1 73.14

** 

6051.42

** 

2.05** 0.738

* 

0.029

NS 

0.118

NS 

Interaction 

VxE 

20 10.50

** 

1324.11

** 

0.5055

** 

0.48*

* 

0.393*

* 

0.444*

* 

Error 40 2.27 259.18 0.0615 0.108 0.1231 0.1323 

CV (%)  2.93 7.76 10.08 12.98 15.06 15.22 

1/=Scale of qualification from 1 to 5 where 1 means the best and 5 the worst; *=Significance 
for the sources of variation at 0.05 of probability; **= Significance for the sources of 

variation at 0.01 of probability; DF=Degree of Freedom; DT=Days to Tassel; PH=Plant 

Height; Pl asp=Plant aspect; Ear asp=Ear aspect; Pl San =Plant sanity; Ear san=Ear sanity; 

CV=Coefficient of Variation 
 
Table 4 Mean square and significance in the combined 

analysis of variance for agronomic characteristics in 

Synthetic maize varieties Cotaxtla 2016B y Cotaxtla 

2018B. CIRGOC INIFAP 

   

In relation with the agronomic 

characteristics, the experimental synthetics 

recorded from 51 to 53 days to tassel, short plant 

height with 186 to 224 cm, which permit in 

natural way lodging tolerance promoted by the 

winds; Besides, they present good plant and ear 

aspect and plant and ear sanity (Table 5). The 

Synthetics 2B, 5B, 2C and 11C that were 

competitive in grain yield across the six 

evaluation environments, they present similar 

plant height than VS-536, the most used 

synthetic maize variety in the humid tropic in the 

southeast of México. 
 

Entry Genealogy DT PH Pl asp1/ Ear asp1/ Pl san1/ Ear san1/ 

1 SYNTHETIC-1BQ 51 203 2.58 2.35 2.33 2.44 

2 SYNTHETIC-2B 51 224 2.60 2.02 2.26 2.07 

3 SYNTHETIC-3B 52 205 2.60 2.64 2.25 2.28 

4 SYNTHETIC-4B 52 219 2.33 2.43 2.29 2.37 

5 SYNTHETIC-5B 53 222 1.88 2.21 2.07 2.30 

6 SYNTHETIC-6C 51 200 2.69 2.68 2.37 2.18 

7 SYNTHETIC-5C 52 194 2.63 2.51 2.50 2.45 

8 SYNTHETIC-3SEQ 52 215 2.44 2.59 2.45 2.43 

9 SYNTHETIC-4C 51 220 2.44 2.44 2.33 2.36 

10 SYNTHETIC-7C 52 204 2.62 2.58 2.58 2.44 

11 SYNTHETIC-TS-6 50 196 2.42 2.63 2.37 2.27 

12 SYNTHETIC-1C 50 196 2.78 3.03 2.78 2.76 

13 SYNTHETIC-9C 51 207 2.64 2.71 2.25 2.65 

14 SYNTHETIC-2C 52 215 2.42 2.31 2.50 2.28 

15 SYNTHETIC-3C 52 186 2.48 2.81 2.25 2.69 

16 SYNTHETIC-LPS-

C3 

50 207 2.61 2.55 2.42 2.31 

17 SYNTHETIC-11C 51 201 2.44 2.56 1.99 2.42 

18 SYNTHETIC-8C 51 196 2.22 2.50 2.09 2.44 

19 SYNTHETIC-10C 52 204 2.16 2.61 2.25 2.16 

20 VS-536 53 218 2.34 2.38 2.33 2.44 

21 V-537C 53 221 2.31 2.53 2.16 2.47 

  Mean 51.43 207.3 2.46 2.53 2.33 2.39 

  MSE 2.27 259.18 0.0615 0.108 0.1231 0.1323 

  CV (%) 2.93 7.76 10.08 12.98 15.06 15.22 

DT=Days to Tassel; PH=Plant Height; Pl asp=Plant aspect; Ear asp=Ear aspect; Pl San =Plant 

sanity; Ear san=Ear sanity; MSE= Mean Square Error; CV=Coefficient of variation; 1/=Scale 

of qualification from 1 to 5 where 1 means the best and 5 the worst 

 
Table 5 Agronomic characteristics in synthetic maize 

varieties. Cotaxtla 2016B y Cotaxtla 2018B CIRGOC 

INIFAP 

  

Quality protein. A sample of synthetics 

maize varieties formed with converted inbred 

lines to high quality protein character, among 

these, the synthetics 1C, 2C, 4C and 5C (Table 

6). There was found that these synthetics 

obtained from 36 to 55% more Lysine and from 

62 to 106% more Tryptophan than the normal 

maize (Sierra et al., 2011; Reyes, et al., 2021; 

Alvarez, 2021). 

This information suggest that these 

synthetics are characterized as quality protein 

maize and represent a possibility to get better the 

nutrition in Mexican people specially children, 

lactating mothers and old people which diet is 

based on maize. (Espinosa et al., 2006; Espinosa 

et al., 2005; Mertz, 1994; Vasal, 1994; Larkins 

et al., 1994; Vasal and Villegas, 2001). 
 

Genotype %  

Lysine 

%  

Relative 

Genotype % 

Tryptophan 

% 

Relative 

Synthetic 

1C 

0.390 155 Synthetic 

5C 

0.113 206 

Synthetic 

5C 

0.375 149 Synthetic 

1C 

0.095 173 

Synthetic 

2C 

0.359 142 Synthetic 

4C 

0.093 169 

Synthetic 

4C 

0.342 136 Synthetic 

2C 

0.089 162 

General 

mean 

0.367 
  

0.098 
 

Tuxpeño 

(normal) 

0.252 100 
 

0.055 100 

B= Spring summer season; The nomenclature of the Synthetics 1C, 2C, 4C and 

5C for indicating quality protein, it means that they were formed with converted 

inbred lines to quality protein character. 

 

Table 6 Lysine and Tryptophan content, in maize 

synthetics formed with inbred lines converted to high 

quality protein character. Cotaxtla 2010B. CIRGOC. 

INIFAP 
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Conclusions 

 

There were found experimental maize varieties 

with high grain yield and favourable agronomic 

characteristics across the six environments of 

evaluation.  

 

The synthetics 2B, 5B, 2C and 11C are 

competitive in grain yield and recorded short 

height plant with good plant and ear aspect. 

Besides, these experimental synthetics were 

characterized as “Stables”. 

 

The synthetic maize varieties represent an 

alternative of using in commercial maize 

production in tropical area for the southeast of 

México. 
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Abstract 

 

In this work, U. maydis-Arabidopsis pathosystem was 

used to evaluate the PLP2A Arabidopsis gene roll in 

response to U. maydis infection. For this, both wild-type 

and pla2a mutant plants were inoculated with a haploid 

strain of U. maydis, and the progress of the infection was 

followed, results show that transcript plays an important 

role in the establishment of the infection being evident in 

the mutant plant compared to wild-type plants. On the 

other hand, the orthologous gene was found in corn, the 
natural host of U. maydis, with 69% identity to the 

AtPLA2A gene. The PLP2A gene expression was analyzed 

by RT-PCR assays and the results showed that this gene is 

induced from the first day after inoculation, the transcript 

increases as the infection progresses; this supports the 

theory that the transcript AtPLA2A is involved in the 

mechanisms of resistance and susceptibility to the 

pathogen. The use of Arabidopsis has made it possible to 

understand the defense responses in the plant and the 

pathogenic process of U. maydis, therefore, the results 

obtained can clarify the role of PLA2A in a comparative 

and integrative way in host and non-host plants of U. 
maydis. 

 

 

U. maydis, Arabidopsis, Corn 

Resumen  

 

En este trabajo se utilizó el patosistema U. maydis-

Arabidopsis con el objetivo de evaluar el papel que juega 

el gen PLA2A de arabidopsis en respuesta a la infección 

por U. maydis. Para ello tanto plantas silvestres y mutantes 

en el gen pla2a, se inocularon con una cepa haploide de 

ustilago y el progreso de la infección fue seguido, los 

resultados muestran que el transcrito juega un papel 

importante en el establecimiento de la infección, siendo 

evidente en la mutante la susceptibilidad a la infección 
comparado con las plantas silvestres. Por otro lado, se 

encontró el gen ortólogo en maíz, huésped natural, con un 

69% de identidad al gen PLA2A. Por último, se analizó la 

expresión del gen PLA2A por ensayos RT-PCR y los 

resultados mostraron que este gen se induce a partir del día 

posterior a la inoculación, aumentando la expresión del 

transcrito conforme progresa la infección, esto apoya la 

teoría de que el transcrito AtPLA2A está involucrado en los 

mecanismos de resistencia y susceptibilidad al patógeno. 

El uso de arabidopsis ha permitido entender las respuestas 

en la planta y el proceso patogénico, por lo tanto, los 

resultados obtenidos podrán ser relacionados del papel de 
dicho transcrito en plantas de maíz y plantas no huésped 

de ustilago. 

 

U. maydis, Arabidopsis, maíz
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Introduction 
 

Ustilago maydis is a biotrophic fungus that 

infects corn plants causing disease, the most 

evident symptom is the development of globose 

and irregular tumors called sori in all the aerial 

organs of the plant, infecting both the leaf, stem, 

and reproductive organs. It has a complex life 

cycle, in its saprophytic stage; yeast form is 

characterized by haploid cells, which after 

recognition fuse to form a diploid mycelium that 

corresponds to the pathogenic stage of the 

fungus causing disease (Ferris and Walbo, 2020; 

Ruiz -Herrera 1998). 

 

Background 

 

To understand the relationships that exist 

between pathogenic fungi and their host plants, 

it is important to design strategies to control 

disease in important crops. One way to achieve 

this goal is the use of model systems that allow 

detailed molecular studies. In 2005, Méndez-

Morán et al. implemented the U. maydis-

Arabidopsis pathosystem, which described the 

infection of A. thaliana by U. maydis under 

axenic conditions. When seedlings were 

inoculated with the fungus, it was observed that 

managed to grow on the surface in the form of 

white mycelium and later stages, the invasion of 

the tissues, the symptoms of the disease included 

anthocyanin formation, development of 

chlorosis, increased formation of secondary 

roots, induction of leaf and petiole 

malformations, induction of tissue necrosis and 

growth retardation. In most cases, plants died. 

Naturally only diploid strains formed by 

conjugation of sexually compatible strains of U. 

maydis can infect maize, the natural host of the 

fungus, in A. thaliana haploid strains FB1 (a1b1) 

or FB2 (a2b2) were shown to be virulent. 

 

From a microarray analysis (unpublished 

data), several genes expressed during this 

interaction were located, in this work, the role of 

the PLA2A gene was analyzed, in both  mutant 

and wild type Arabidopsis plants in response to 

infection by U. maydis.  This article shows the 

findings and results. 

 

 

 

 

 

 

 

Methodology 

 

Growing Conditions for Plants and Fungi 

 

Arabidopsis thaliana L. wild-type Landsberg 

erecta (Ler) and pla2a mutant (SALK_059119c: 

Salk Institute for Biological Studies, Joseph R. 

Ecker, 2008) was used as a host for U. maydis 

infection assays. Seeds were soaked in 95% 

ethanol for 5 min, then in a solution of sodium 

hypochlorite (1.2% free chlorine) for 5 min, and 

washed at least three times with sterile distilled 

water. The seeds were placed on sterile solid 

medium plates (0.6% agar) MS Medium 

(Murashige, 1962) normally without sucrose (20 

seeds per plate) and incubated in a growth 

chamber at 25 to 26 ° C and 99% humidity with 

a photoperiod of 16 h light. 

 

Inoculation assays 

 

The seedlings were inoculated with the haploid 

strain a1b1 of U. maydis, for this, aliquots of the 

cell suspensions (described by Méndez-Morán et 

al., 2005) containing from 101 to 105 cells per 

inoculum, were deposited at the vegetative apex 

of 6 days old Arabidopsis seedlings with the help 

of a 2-μl micropipette equipped with a thin tip. 

Seedlings were incubated as described above in 

the previous section and observed periodically 

for signs and symptoms of infection. 

 

Molecular assays 

 

RNA isolation 

 

For the isolation of total RNA, 100-500 mg of 

frozen plant tissue was used and TRIzol reagent 

(Invitrogen, Carlsbad, CA, USA) according to 

the supplier’s recommendations with some 

modifications that consisted of adding 0.8 M 

sodium citrate salts. + 1.2 M sodium chloride 

and isopropanol in a 1:1 v/v ratio for 

precipitation for 15 min, subsequently it was 

purified with 8 M lithium chloride for one hour 

at 4°C, all samples were analyzed by gel 

electrophoresis to observe its integrity 

 

RT-PCR 

 

The synthesis of cDNA was carried out using 5 

µg of total RNA, 1 µL of Oligo dT, 1 µL of the 

dNTPs mixture was brought to a final volume of 

12 µL with sterile distilled water. A temperature 

of 65 °C was left for 5 min.  
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Then 4 μL of 5X buffer, 2 μL of 0.1 M 

DTT, and 1 μL of the reverse transcriptase 

enzyme were added. It was allowed to incubate 

for 50 min at 42 °C and subsequently 15 min at 

70 °C. 

 

Once the cDNA was obtained, the PCR 

reaction was prepared, for this, 1 μL of the 

cDNA was taken and the reaction mixture was 

added (sterile distilled water, 10x buffer, dNTPs, 

MgCl, Taq polymerase, and the corresponding 

oligonucleotides (Annex 1)). For amplification 

were used the following conditions: for each pair 

of oligonucleotides: 94 °C, 3 minutes; 35 cycles 

with a denaturation temperature of 94 °C, for 30 

s, corresponding alignment temperature for each 

gene for 30 s, and a final temperature of 72 °C 

for 30 to 45 s, followed by a final extension at 72 

°C for 10 min. 

 

Results 

 

Symptoms of disease in wild-type and pla2a 

plants 

 

To analyze the role of AtPLA2A gene in the 

establishment of U. maydis infection, we used 

Arabidopsis pla2a mutant, for this, infection 

tests were carried out using U. maydis a1b1 

strain and the comparison was made from days 

1, 6, 9, and 12 post-inoculation (dpi), in wild-

type and pla2a plants. The follow-up of the 

symptoms (Figure 1) shows that from day 1 after 

inoculation in wild-type plants it begins with the 

formation of mycelium, but it is even more 

evident in mutant plants. The most noticeable 

sign is at 6 dpi, where mutant plants show greater 

mycelium formation in leaves while in wild-type 

plants only at the apex. At 9 dpi the mutant plants 

begin to develop the fungus on the stems and at 

12 days the plant shows signs of chlorosis and 

necrosis while in the wild-type plants only 

maintains mycelium formation and anthocyanin 

pigmentation at the stems. 

 

These results are consistent with those 

previously reported by Méndez-Morán and 

collaborators in 2005, where Arabidopsis plants 

infected with U. maydis increase anthocyanin 

pigmentation, coincidentally the accumulation 

of these pigments is evident when there is 

infection by pathogens such as viruses (Cordero, 

2021).  

 

 

It has been observed that plants deficient 

in PLA2A showed a higher level of jasmonic acid 

and its methyl ester as well as intermediate 

compounds of the oxylipins pathway (Yang, et 

al., 2012). It has been observed that augmented 

levels of jasmonic acid, as well as other 

phytohormones, improve productivity in plants 

and reduce damage by pathogens (Martínez et. 

al., 2021). On the other hand, U. maydis is a 

biotrophic lifestyle pathogen; levels of jasmonic 

acid in the plant promote the development of the 

disease in mutant plants, making them more 

susceptible to infection (Glazebrook 2005). 

Although it has been suggested that haploid 

strains of U. maydis behave as a necrotrophic 

pathogen (Marínez-Soto et. al., 2013), it is 

interesting to monitor the symptoms in the non-

host plant and especially in the mutant plant ones 

and analyze how responses by the plant are 

modulated. 

 

 
 

Figure 1 Infection of U. maydis in wild-type and pla2a 

mutant. A) Wild-type arabidopsis plants, on the left side 

control plants inoculated with water are shown and on the 

right side, the plant inoculated with U. maydis. B) pla2a 
mutant plants, on the left side, control plants inoculated 

with water are shown and on the right side, the plant 

inoculated with U. maydis 

 

The orthologous sequence of PLA2A gene in 

corn 

 

The search for the PLA2A gene was carried out 

in the GenBank databases. The nucleotidic 

sequence in Arabidopsis has accession number 

NM_128213 and the orthologous sequence was 

found in corn with the accession number 

NM_001147354, with both nucleotide 

sequences an alignment was carried out (Figure 

2), with the BLAST® services (Altschul, 1990) 

and it is observed that there is a 69% identity (the 

complete alignment can be found in annex 1). 
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The gene is annotated under the locus: 

AT2G26560, encodes for a lipid acyl hydrolase 

with a broad substrate specificity that 

accumulates after infection by fungal and 

bacterial pathogens, contributes to resistance in 

plants. It has functions during cell death and 

affects the accumulation of oxylipins, at the 

protein level it is in the cytoplasm of healthy 

leaves and in membranes of infected cells 

(TAIR, s.f; La Camera et. al., 2009). It has 

several names among them, PATATIN-LIKE 

PROTEIN 2, PHOSPHOLIPASE A 2A, PLA 

IIA, PLA2A, PLAII ALPHA, PLP2. The 

Arabidopsis patatin-like gene family comprises 

nine members, two of which (PLP2 and 7) are 

strongly induced in response to fungal and 

bacterial pathogens (La Camera et. al., 2005). 
 

 
 

Figure 2 Alignment of the sequences of PLA2A gene of A. 

thaliana vs Zea mays. Arabidopsis sequence is shown in 

purple and the maize sequence is in black. Sequences have 

69% identity in nucleotides 239-521 and 256-542 
respectively, dissimilar nucleotides are shown in red 

 

Expression profile of PLA2A gene in 

Arabidopsis 

 

Specific oligonucleotides (Annex 2) were 

designed from the PLA2A sequence to perform 

expression analysis, for this, RT-PCR tests were 

carried out in wild-type Arabidopsis plants 

inoculated with haploid a1b1 strain of U. 

maydis. The expression was analyzed at 1, 6, 9, 

and 12 dpi, a strong expression is maintained 

from 6 to 12 days, compared to control plants 

inoculated with water. These findings indicate 

that the gene is involved with the susceptibility 

of U. maydis disease, the expression increases as 

the disease progresses, as do the results of the 

experiment in mutant plants (Figure 1) that 

support this result. This coincides with the report 

by La Camera and collaborators in 2005, when 

using pathogens with different lifestyles the 

lipolytic activity encoded by PLP2 can be 

exploited by pathogens to facilitate host 

colonization.  

For example, it has been documented that 

the NaPLP transcript modulates the jasmonic 

acid and ethylene pathways against the 

necrotrophic pathogen A. alternata in N. 

attenuata plants, negatively affecting the 

resistance of the plants against the fungus 

(Cheng et. al., 2018). Phospholipases from either 

plant or animal hosts are involved in the 

stimulation and resolution of the inflammatory 

response to pathogens. Although many 

pathogen-derived phospholipases also 

manipulate the immune response (Wilson and 

Knoll 2018), it is speculated that the PLA2A 

transcript is involved in the susceptibility 

response coincidentally by the results obtained 

in Arabidopsis plants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3 Analysis of PLA2A expression in arabidopsis 
plants infected by U. maydis. A) Control plants inoculated 

with water. B) Plants inoculated with a1b1 strain of U. 

maydis 

 

Annex 1. Alignment of full sequences of 

PLA2A gene of A. thaliana vs Zea mays with 

the CLC Workbench® program 

 

 
 

 

 

 

 

 

 1 dpi 6 dpi 9 dpi 12 dpi 

A 

AtPLA2A 

 

18S 

AtPLA2A 

 

18S 

B 
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Annex 2. Oligonucleotides list used for 

expression analysis by RT -PCR 

 
Gen   Sequence 

18S Forward CCT CCG GCG CTG TTA CTT TG 

Reverse TGT CGG CCA AGG TGT GAA 
CTC 

AtPLP2A Forward ATG CTC ACC GCG CCT AAT 
AAG 

Reverse TAT CAA CAG AAG CAG CAT 
CCC C 

 

Conclusions 

 

The comparative analysis of the symptoms 

between wild-type and pla2a mutant plants 

establishes that there is a relationship in the 

response to infection by U. maydis. 

 

The expression of the PLA2A gene seems 

to modulate the response to the pathogen since 

lipid degradation is related to resistance and 

susceptibility, as well as the immune response of 

the plant in response to infection by U. maydis. 

Additionally, it was possible to determine the 

orthologous sequence in corn, whose expression 

in corn will determine important results in the 

participation of PLA2A in the pathogenic process 

of U. maydis in its natural host. 

 

The use of A. thaliana is an important 

model that allows us to understand and elucidate 

the pathogenic process of U. maydis and the 

mechanisms of plant-fungus interaction. 

 

With the results obtained, it is interesting 

to carry out more detailed studies in Arabidopsis 

pla2a plants and types of U. maydis strain, since 

the fungus modifies its lifestyle depending on 

the ploidy, the gene modulates the plant immune 

response, therefore the study of the behavior of 

the transcript in its natural host, corn, may be of 

great importance in understanding the 

mechanisms of resistance and susceptibility to 

the pathogen. 
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Abstract 

 

The current interest in the ketogenic diet provides the 

industry with the opportunity to develop new and better 

products, such as gluten-free foods for celiac patients and 

low-carbohydrate foods for overweight people, which in 
turn help prevent diseases that this provocative suffering. 

The tortilla is a globalized food in the daily diet, which 

makes it possible to add alternative ingredients. The 

objective of this work was to make cauliflower flour to 

make tortillas with flaxseed and chia with low 

carbohydrate content to verify if it is feasible as a daily 

food for those suffering from celiac disease, incorporate 

them into the ketogenic diet and in turn prevent the 

diseases caused by being overweight. For this purpose, 

tortillas with a diameter of 12 cm. and a thickness of 1 mm. 

were made with 50% cauliflower flour, 25% powdered 

chia and 25% powdered flaxseed.  
 

 

 

Ketogenic diet, Cauliflower, Gluten-free, Flour, 

Tortillas 

Resumen  

 

El interés actual de la alimentación cetogénica 

proporciona a la industria la oportunidad de desarrollar 

nuevos y mejores productos, como son los alimentos sin 

gluten para pacientes celiacos y bajos en hidratos de 
carbonos para personas con sobrepeso que a su vez ayudan 

a prevenir las enfermedades que este padecimiento 

provoca. La tortilla es un alimento globalizado en la 

alimentación diaria, que hace que se le pueda adicionar 

ingredientes alternos. El objetivo de este trabajo fue 

elaborar harina de coliflor para realizar tortillas con linaza 

y chía con bajo contenido en hidratos de carbono para 

verificar si es factible como alimento diario para los que 

padecen la enfermedad celíaca, incorporarlas en la dieta 

cetogénica y a su vez prevenir las enfermedades 

ocasionadas por el sobrepeso. Con ese propósito se 

elaboraron tortillas con 12 cm de diámetro y 1 mm de 
grosor con un 50% de harina de coliflor, 25% de chía 

pulverizada y 25% de linaza pulverizada. 

 

Alimentación cetogénica, Coliflor, Libre de gluten, 

Harina, Tortillas
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Introduction 
 

Today, people not only seek to live, but also seek 

to live better and in a healthy way. 

 

According to (Díaz, Meléndez, & 

Darted, 2012) in the past, health meant the 

absence of diseases and the possibility of being 

healthy depended on genes. That is, they did not 

care about eating well (healthily), or how to 

prevent diseases, everything was related to the 

genetics of the family. 

 

On the other hand, healthy eating is 

important today during the COVID-19 

pandemic. What we eat and drink can affect our 

bodies' ability to prevent and fight infections and 

to recover from them. Although no single food 

or dietary supplement can prevent or cure 

COVID-19, healthy eating is important for the 

proper functioning of the immune system. 

Proper nutrition can also reduce the likelihood of 

other health problems such as obesity, heart 

disease, diabetes, and some types of cancer. 

Having some of these diseases increases the 

possibility of becoming seriously ill or dying 

from COVID-19 (Velázquez, Gasman, 

Martínez, & Gálvez, 2021). 

 

Recently (Paoli, Gorini, & Caprio, 2020) 

mention that there is a growing interest in the 

clinical use of ketogenic diets, particularly in the 

context of severe obesity with related metabolic 

complications. Ketogenic diets have been shown 

to be effective in rapidly reducing fat mass, 

preserving lean mass, and providing adequate 

nutritional status. In particular, the physiological 

increase in plasma levels of ketone bodies exerts 

important anti-inflammatory and 

immunomodulatory effects, which may prove to 

be valuable tools to prevent infections and 

possible adverse outcomes of COVID-19 

disease. That is, ketogenic diets are important for 

a rapid reduction of several critical risk factors 

for COVID-19, such as obesity, type 2 diabetes, 

and hypertension. 

 

Cauliflower contains vitamins B, C 

(Romo, Torres, Zires, & Valdés, 2020); folic 

acid, minerals such as potassium and 

phosphorus, glucosinolates, flavonoids (Ancos, 

Jalao, & Moreno, 2016). Among the properties 

it has is to be an antioxidan (Villena-Tejada, et 

al., 2021) so it is considered for use in relation to 

COVID-19. 

In the study they carried out (Villena-

Tejada, et al., 2021) in the population of Cusco, 

it uses complementary resources for the 

treatment of COVID-19, in a preventive way, 

relieving symptoms, strengthening the immune 

system and assisting in drug treatment. The 

study identified that cauliflower is among the 

functional foods that the population regularly 

consumes and this allows the use of functional 

foods to be re-evaluated in this period of 

pandemic.  

 

In addition, (Salusso, 2021) mention as a 

background that in a study by (Kiziloglu, Turan, 

Sahin, Kuslu, & Durson, 2008) they found 

modifications in the nutritional properties of 

cauliflower (Brassica oleracea L. var. Botrytis) 

irrigated with wastewater with primary 

treatment, observing a significant increase in the 

content of minerals such as N, P, K, Ca, Mg and 

Na. Chia is a complete and functional food due 

to its antioxidant content and it has been 

reintroduced into diets in order to improve 

human health, being recommended for its high 

levels of protein, dietary fiber, vitamins, 

minerals, does not contain gluten, but above all 

to its high content of omega-3 oil compared to 

other natural sources known to date (Guiotto, 

Capitani, Nolasco, & Tómas, 2016). 

 

Brown flax seeds have the highest levels 

of alpha-linolenic acid (omega-3) and, to a lesser 

extent, alpha-linoleic acid (omega-6). Both are 

essential fatty acids for people, which makes this 

food highly valued from a nutritional point of 

view (Morris, 2007). 

 

Due to the above, the objective of this 

research is to elaborate "gluten-free" cauliflower 

flour to make tortillas with flaxseed and chia 

with low carbohydrate content in order to verify 

if it is feasible as a daily food for people with 

celiac disease, incorporating them into the Diet 

ketogenic and, in turn, prevent diseases caused 

by poor diet and nutrition in Mexico. 

 

Diseases caused by poor diet 

 

According to the (World Health Organization, 

2021) overweight and obesity can be the 

consequence of an imbalance between calories 

consumed (too many) and calories expended 

(insufficient). Globally, people are consuming 

more caloric foods and beverages (high in sugar 

and fat) and have less physical activity. 
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On the other hand, (Rodríguez, et al. 

2006) mention that obesity increases the risk of 

developing complications associated with 

metabolic syndrome such as: dyslipidemia, 

arterial hypertension, cardiovascular diseases, 

and insulin resistance, decreasing longevity and 

quality of life. 

 

The Government of Mexico indicates 

that dyslipidemia is the presence of 

abnormalities in the concentration of fats in the 

blood (HDL [good] and LDL [bad] cholesterol, 

triglycerides), and the most common causes of 

dyslipidemia are excessive consumption of fats 

and sugars, excessive alcohol consumption, 

diabetes (insulin resistance) and being 

overweight. The high prevalence of 

dyslipidemia represents an important risk for 

health systems in Mexico (Pérez, et al., 2010). 

Particularly important is the association of 

dyslipidemia with other cardiovascular risk 

factors, such as diabetes, hypertension and 

obesity (Cázares & Peña, 2010). Cardiovascular 

diseases represent one of the most frequent 

causes of general morbidity and mortality in 

Mexico. The results of the ENEC-93 show that 

the prevalence of dyslipidemias is significantly 

higher in people with obesity or overweight than 

in the rest of the population (Pavía & S., 2020). 

 

Celiac disease 

 

Celiac Disease (CD) is an inflammatory disease 

of autoimmune origin that affects the mucosa of 

the small intestine in genetically susceptible 

patients and whose trigger is the ingestion of 

gluten. Celiac disease presents with great 

clinical heterogeneity in all age groups 

(Moscoso & Quera, 2015). 

 

Ketogenic diets 

 

The (Food and Agriculture Organization of the 

United Nations, 2021) indicates that: 

 
“Good nutrition is the first defense against 
disease and our source of energy to live and be 

active. Nutritional problems caused by 

inadequate nutrition can be of many types, and 

when applied to a whole generation of children 
it can reduce their learning capacity, thus 

compromising their future and perpetuating a 

generational cycle of poverty and malnutrition 
with serious consequences for people and the 

Nations " 

 

As a result of the above, a large number 

of proposals for therapeutic diets have emerged 

and the use of some existing diets that were 

originally used for the treatment of other 

pathologies has been adapted, in order to curb 

the increase in the prevalence of obesity, 

offering more effective treatments. 

 

An example of these therapeutic diet 

proposals are low-carbohydrate or ketogenic 

diets, whose carbohydrate content is usually less 

than 50-60 g per day (Gutiérrez et al., 2013). 

This type of diet has been the focus of attention, 

due to its association with rapid weight loss and 

apparently without side effects; In addition, 

other benefits have been attributed to it, such as 

greater effectiveness compared to conventional 

hypocaloric diets. 

 

Ketogenic diets can be effective in 

reducing fat mass, in addition to improving lipid 

components in the blood (Sumithran & Proietto, 

2008), but the most important thing is that a large 

number of studies have reported on their benefits 

in the maintenance of muscle mass. It is possible 

that the oxidation of fatty acids and the 

metabolism of ketone bodies are able to provide 

sufficient energy to compensate for the decrease 

in glucose availability, thus sparing muscle 

proteins and maintaining lean mass (Benoit et al, 

1965).  

 

In this context, ketogenic diets represent 

an intriguingly theoretically based nutritional 

approach to enhance the immune response to 

Sars-CoV-2 infection in high-risk populations 

(Paoli, Gorini, & Caprio, 2020). 

 

Materials and methods 

 

Process of obtaining cauliflower flour 

 

Four cauliflowers were selected and disinfected 

with BacDyn plus, then they were cut into pieces 

with approximately 2 cm (only the flower, 

without the stem), a blanching was carried out to 

shorten the dehydration process, this process is 

essential to avoid the loss of smell and taste. At 

the end of the blanching, the raw material was 

introduced into a Black + Decker brand food 

processor to reduce its size and reduce 

dehydration.  
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The dehydration took 24 hours in a 

Hamilton Beach dehydrator with 5 trays, then 

the pulverization was carried out in a niman 

brand pulverizer so that the product (cauliflower 

flour) was crushed, and finally it was sieved in 

an Ilko brand 18 cm strainer with pore number 

of 1 mm. to make the particles smaller, a total of 

130 g was obtained of cauliflower flour. 

 

Process for obtaining powdered linseed 

 

Flaxseed was used where 53 g was weighed. 

flaxseed on a truper scale. In a pulverizer mill the 

heavy product was introduced, this process was 

carried out until it was observed that the product 

was completely fine. In this process, 75 g were 

obtained of ground flaxseed. Finally, it was 

sifted to make the product finer. 

 

Process of obtaining powdered chía 

 

Chia was used where 90 g was weighed. In a 

pulverizer mill the heavy product was 

introduced, this process was carried out until it 

was expressed that the product was completely 

fine. In this process 89 g were obtained chia 

powder. Finally, the sieving was carried out 

where 80 g were obtained chia powder. 

 

Process of obtaining cauliflower flour tortillas 

with flaxseed and chía 

 

The mixing was carried out where the 130 g. of 

cauliflower flour was mixed with 65 g. flaxseed 

and powdered chia so that in total it is 50% 

cauliflower flour and 25% flaxseed and 25% 

chia. 260 g were obtained total. 440 mL of water 

and ¼ tablespoon of royal were added, it was 

kneaded and left to rest for 15 min. We 

proceeded to make the forming in a tortilla 

machine to proceed to the cooking and finally 

obtain 18 cauliflower flour tortillas with chia and 

flaxseed.  

 

Results 

 

Obtaining cauliflower flour 

 

Figure 1 shows the results obtained in each 

process to obtain cauliflower flour. 

 
 

Figure 1 Results of the process to obtain cauliflower flour 

 

In the cauliflower flour process, 138 g - 

8 g (container weight) = 130 g were obtained of 

cauliflower flour. 

 

Obtaining powdered linseed 

 

Figure 2 shows the results obtained to obtain the 

pulverized linseed. 

 

 
 
Figure 2 Results of the process to obtain powdered 

linseed. 

 

It was identified that there was an increase 

in the weight of flaxseed due to the humidity 

present in it, where 66 g. were obtained of 

ground flaxseed. 

 

Obtaining chia powder 

 

Figure 3 shows the results obtained to obtain 

powdered chia. 

 

 
 
Figure 3 Result of the process to obtain powdered chia. 

 

It was identified that there was only a loss 

of 9 g. of the raw material when the pulverization 

was carried out, 80 g was obtained chia powder. 
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Obtaining cauliflower tortillas with flaxseed 

and chía 

 

Figure 4 shows the final process to obtain 

cauliflower flour tortillas with flaxseed and chia. 

 

 
 
Figure 4 Results of the processes to obtain cauliflower 

flour tortillas with flaxseed and chia. 

 

As a final result, 18 tortillas weighing 

535 g were obtained in total, each tortilla with a 

diameter of 12 cm. and 1 mm. thick. 

 

Each tortilla contains 50% cauliflower 

flour, 25% powdered chia and 25% powdered 

flaxseed, thus obtaining an optimal result. 

 

Sensory analysis 

 

30 panelists were used, made up of 18 women 

and 12 men between 15 and 60 years of age, each 

panelist received half a tortilla to perform the 

sensory analysis.  

 

The applied sensory evaluation was 

divided into two parts: in the first part, five 

sensory characteristics (taste, color, smell, 

texture and appearance) were evaluated using a 

5-point hedonic scale and in the second part it 

was verified whether the product could be 

purchased by the panelists using a 5-point 

hedonic scale in the same way. 

 

Graphic 1 shows the result of the 30 

panelists with respect to the sensory analysis of 

the color of cauliflower flour tortillas with 

linseed and chia. 

 

 
 

Graphic 1 Result of the sensory analysis of color 

 

60% of the 30 panelists positively 

evaluated that they liked and loved the color, 

however, 33.33% do not care about the color of 

the tortilla, because they do not care about the 

color and the 6.66 % do not like the color, but it 

is a great advantage that the highest percentage 

is in "I like" and "I love it". 

 

Graphic 2 shows the result of the 30 

panelists regarding the sensory analysis of the 

smell of cauliflower flour tortillas with linseed 

and chia. 

 

 
 
Graphic 2 Result of the sensory analysis of the smell 

 

10% of the 30 panelists did not like it due 

to the intense smell of cauliflower, 20% did not 

like it, 40% and with a higher percentage if they 

liked it and 30% loved the smell of the product, 

we can see that a Most of the 30 panelists liked 

the smell of the tortillas. 

 

Graphic 3 shows the result of the 30 

panelists with respect to the sensory analysis of 

the taste of cauliflower flour tortillas with 

flaxseed and chia. 
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Graphic 3 Result of the sensory analysis of the taste. 

 

The 10% on the hedonic scale of "I don't 

like it" which indicates that alternatives have to 

be found to be able to improve this sensory 

aspect because the hedonic scale of "I don't care" 

also has 43.33% being the highest percentage. In 

this case, the hedonic scale "I like it" obtained 

30% and that of "I love it" 16.66%, being that as 

a whole it is less than 50%, that is, in this sensory 

analysis the result is less positive. 

 

Graphic 4 shows the result of the 30 

panelists with respect to the sensory analysis of 

the texture of cauliflower flour tortillas with 

linseed and chia. 

 

 
 

Graphic 4 Result of the sensory analysis of the texture 

 

In this sensory analysis, a good 

percentage was obtained in the hedonic scales in 

"I like" and "I love it", the first with 50% and the 

last with 43.33%, which indicates that it has a 

good degree of acceptability in this sensory 

aspect. Graphic 5 shows the result of the 30 

panelists with respect to the sensory analysis of 

the appearance of cauliflower flour tortillas with 

linseed and chia. 

 

 
 

Graphic 5 Result of the sensory analysis of the aspect 

 

On the hedonic scale of “I don't like it” it 

only obtained 3.33%, the hedonic scale “I don't 

care” with 30%, the hedonic scale of “I like it” 

obtained the highest percentage with 43.33% 

and finally the hedonic scale of "I love it" 

obtained 23.33%, which indicates that the 

general appearance has a higher degree of 

acceptability. 

 

Finally, Graphic 6 shows the result of the 

30 panelists regarding the possible purchase of 

cauliflower flour tortillas with linseed and chia. 

 

 
 

Graphic 6 Result of possible purchase 

 

The degree of possible purchase based on 

the 30 panelists is favorable, this indicates that 

the product would be highly accepted in the 

market. 
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Conclusions 

 

The product that was made has a high degree of 

acceptability according to the sensory analyzes 

that were evaluated, it has many nutritional 

properties, a low carbohydrate content, which is 

something positive for overweight people and 

does not contain gluten due to that the three raw 

materials that were handled do not contain it and 

that is very important for people who have celiac 

disease. 

 

It was verified that flaxseed and chia do 

help to bind the flour, which is a function that the 

egg does, and this is an advantage because the 

egg has cholesterol content and because it is 

replaced with more beneficial products for 

health, helps to counteract diseases of high 

cholesterol content. 

 

In addition to the fact that there is a 

history that cauliflower is a functional food, 

what is currently in the diet is important to add 

to our daily diet due to the COVID-19 pandemic. 

 

It is because of the above, that this 

product is feasible for ketogenic nutrition and as 

a daily food to improve people's health, they 

provide nutritional benefits such as high omega-

3 content that helps keep the heart healthy and 

protected against stroke. 

 

Finally, this product as a result obtained 

a high degree of possible purchase, which is 

something very positive to be able to launch into 

the market and thus help overweight people and 

the diseases that it entails. 
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Abstract 

 
The seed anatomy of eight species of ornamental 

cacti from the Chihuahuan desert was described, 

germplasm in the process of long-term conservation 

in the Germplasm Bank of the National Center for 
Genetic Resources of INIFAP; different qualitative, 

quantitative and pseudo-qualitative aspects were 

tested for the characterization of the seed, likewise it 
was supported with an X-ray equipment. The shape 

of the seed was varied as well as the size, probably 

associated with the ecological conditions in which 

species are distributed; X-rays provide important 
information on the development and condition of the 

embryo, however, it is not indicative of the viability 

of the seed. 
 

Anatomy, Seed, Characteristics 

Resumen  

 
Se describió la anatomía de semillas de ocho especies 

de cactáceas ornamentales del desierto Chihuahuense 

en proceso de conservación a largo plazo en el Banco 

de Germoplasma del Centro Nacional de Recursos 
Genéticos del INIFAP; diferentes aspectos 

cualitativos, cuantitativos y pseudo cualitativos 

fueron ensayados para la caracterización de la 
semilla, así mismo se apoyó con un equipo de rayos 

X. La forma de la semilla fue variada al igual que el 

tamaño, probablemente asociado a las condiciones 

ecológicas en las que se distribuyen las especies; los 
rayos X aportan información importante del 

desarrollo y condición del embrión, sin embargo, no 

es indicativa de la viabilidad de la semilla. 
 

Anatomía, Semilla, Características
___________________________________________________________________________________________________ 
 

Citation: QUINTANA-CAMARGO, Martín, VILLAVICENCIO-GUTIERREZ, Eulalia Edith, CALVILLO-AGUILAR, 

Francisco Fabián and GOMEZ-VELOZ, Alejandro. Chihuahuan desert ornamental cactaceae seed anatomy. Journal of 
Natural and Agricultural Sciences. 2021. 8-23:22-26. 

___________________________________________________________________________________________________ 

 

 

 

 

 

 

 

 

 
 

___________________________________________________________________________________________________ 

* Author Correspondence (Email: quintana.martin@inifap.gob.mx) 

† Researcher contributing as first author. 

 

 

© ECORFAN-Bolivia                                                                                 www.ecorfan.org/bolivia 



23 

Article         Journal of Natural and Agricultural Sciences 

December 2021 Vol.8 No.23 22-26 
 

 

ISSN: 2410-356X 

ECORFAN® All rights reserved. 
QUINTANA-CAMARGO, Martín, VILLAVICENCIO-GUTIERREZ, 

Eulalia Edith, CALVILLO-AGUILAR, Francisco Fabián and GOMEZ-

VELOZ, Alejandro. Chihuahuan desert ornamental cactaceae seed 

anatomy. Journal of Natural and Agricultural Sciences. 2021 

Introduction 
 

The family Cactaceae is native to the American 

continent from northern Canada to Patagonia in 

Argentina, comprising an estimated 1,480 to 

2,000 species (Goettsch et al., 2015; Rojas-

Aréchiga and Vázquez-Yanes, 2000). Cacti are a 

culturally significant group, perceived as one of 

the most charismatic plant taxa since most of 

their species have an ornamental use (Goettsch 

et al., 2015). This has given rise to the fact that 

cacti have a long history in human activity, as 

well as being an essential part of public or 

private collections; this has generated great 

concern from the conservation point of view, a 

situation that places cacti in fifth place as a 

taxonomic group given that 47% of the total 

number of species are threatened according to 

the criteria and categories of the International 

Union for Conservation of Nature (Goettsch et 

al., 2015). 

 

The Catalog of Mexican Cactaceae 

recognizes 913 taxa, of which 669 are species 

and 244 subspecies, grouped into 63 genera. Of 

these taxa, 25 genera are endemic to Mexico and 

include 518 species and 206 subspecies 

(Villavicencio, et al., 2010). The Chihuahuan 

Desert is the largest in North America and 

represents one of the main centers of diversity in 

cacti with 329, but it is among the least studied 

in the continent (Villavicencio, et al., 2010). 

 

For taxonomic classification, morphology 

has been one of the main criteria used, this has 

been favored with the development of electron 

microscopy, and the study of the seed in the 

family Cactaceae has been no exception to these 

advances (Rojas-Aréchiga, 2012). Cactaceae 

seeds present considerable variations in shape, 

size, structure, embryo anatomy, and testa color 

(Rojas-Aréchiga, 2012; Rojas-Aréchiga and 

Vázquez-Yanes, 2000). With respect to shape, 

seeds in the Cactaceae family can be kidney-

shaped, globular, ovoid, hat-shaped, pyriform, 

lenticular, etc., and in terms of color there are 

seeds of reddish, reddish-brown, blackish-

brown, black or white color and opaque or shiny 

appearance (Rojas-Aréchiga and Vázquez-

Yanes 2000), external characteristics that are 

nowadays used for the taxonomic classification 

of plants (Rojas-Aréchiga, 2012).  

 

 

 

In addition to the external physical 

analysis of the seed, the use of X-ray equipment 

specially designed for seeds, has come to 

complement the anatomical study of the internal 

structures of the seed, through a fast and non-

destructive method, with which it is possible to 

identify different conditions of internal 

development, which become evident through 

digitized radiographic images, so it is possible to 

identify full seeds, empty seeds, seeds damaged 

by insects or seeds with physical damage (ISTA, 

2017). However, it should be noted that the 

results of the X-ray equipment only show the 

internal morphology of a seed so it is not 

indicative if the embryo is alive or dead 

(Bruggink and Van Duijn, 2017). With the aim 

of providing new knowledge on seed anatomy of 

ornamental cacti, the following work is 

presented. 

 

Materials and Methods 

 

The research was conducted at the Orthodox 

Seed Laboratory of the National Center for 

Genetic Resources of INIFAP, Tepatitlán de 

Morelos, Jalisco, Mexico. 

 

Plant material 

 

Eight seed accessions of ornamental cacti from 

the Chihuahuan Desert under long-term 

conservation in the germplasm bank of the 

CNRG were analyzed: Astrophytum capricorne 

(A. Dietr), Astrophytum ornatum (DC), 

Aztekium hintonii Glass & Fitz Maurice, 

Echinocactus platyacanthus Link and Otto, 

Echinocactus grusonii Hildm, Ferocactus 

pilosus (Galeotti) Werderm, Leuchtenbergia 

principis Hook and Mammilloydia candida 

(SCheidw) Buxb. 

 

Metric analysis 

 

From each species, 10 seeds per accession were 

randomly selected. The quantitative parameters 

of length, width and thickness expressed in 

millimeters, were evaluated with the support of 

Zeiss Vision Axiovision software and with the 

help of a digital caliper model No. 50001, 50002, 

50003. 
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Seed shape and texture 

 

Qualitative character was evaluated with the 

support of a Zeiss stereoscopic microscope using 

the glossaries of botanical terms of Nancy P. 

Moreno (1984), 10 seeds were evaluated at 

random. 

 

Seed color 

 

Psedocualitative characteristic evaluated with 

the color code of the UPOV Test Guidelines 

TC/54/22 and RHS (UPOV, 2021). Ten seeds 

were evaluated at random. 

 

Physical integrity by X-ray 

 

Four replicates of 10 seeds were analyzed by 

means of a FAXITRON MX-20 brand 

equipment; full, empty, insect-damaged and 

physically damaged seeds were determined 

(ISTA, 2017). 

 

Results and Discussion 

 

Table 1 shows the physical and morphological 

characteristics of the seeds of the species under 

study. It is evident that the seeds of cacti are very 

small and present very diverse variations in 

shape and texture (Rojas-Aréchiga and Vázquez 

Yanes 2000). Regarding the small size, it has 

been established that it is an adaptation to 

environmental conditions, since the small size of 

the seed is related to the response to light 

(photoblastic), since when the mass of the seed 

increases, this important condition for desert 

ecosystems is lost (Rojas-Aréchiga and Batis, 

2001). Likewise, the seed coat for the species 

tested is thin. 

 
Species Size (mm) Texture Shape Color 

L W T 

A. capricorne 2.37 to 

2.68 

1.79 to 

2.14 

1.54 to 

1.81 

Reticulated Cymbiform RHS 183A 

Brownish 

purple 

A. ornatum 2.67 to 

2.99 

1.76 to 

2.12 

1.82 to 

2.13 

Granulose Navicular RHS 203C 

Black 

A. hintonii 0.77 to 

0.94 

0.54 to 

0.68 

0.57 to 

0.72 

Tuberculated Turbinada RHS 203C 

Reddish 

black 

E. 

platyacanthus 

2.48 to 

2.81 

1.57 to 

1.96 

1.13 to 

1.24 

Reticulated Ovada RHS 187A 

Brown 

Dark 
 

RHS 203C 

Black 

E. grusonii 1.51 to 

1.74 

1.13 to 

1.29 

0.71 to 

0.78 

Reticulated Ovada RHS 187ª 

Brown 

Dark 

F. pilosus 1.63 to 

2.08 

1.20 to 

1.59 

0.84 to 

0.95 

Foveoling Ovada RHS 203C 

Black 

L. principis 1.67 to 

2.10 

1.60 to 

2.07 

1.54 to 

1.80 

Granulose Cap RHS 152D 

Greenish 

Brown 

 

RHS N200A 

Dark brown 

M. candida 1.16 to 

1.36 

0.85 to 

1.17 

0.71 to 

0.84 

Reticulated Granulose RHS 203C 

Black 

 
Table 1 Physical (length L, width A, thickness E, texture 

T) and morphological (shape F) characteristics in seeds of 
ornamental cacti 

a)  b)  

 

c) d)  
 

Figure 1 Seed texture of different species of ornamental 

cacti: a) Reticulate (A. capricorne); b). Granular (L. 

principis); c). Tuberculate (A. hintonii) and d). Foveolate 

(F. pilosus). 

 

         a         b  

 

       c              d    

 

Figure 2. Seed shapes detected: a) Ovada (E. grusonii); 

b). Cymbiform or navicular (A. ornatum); c). Globose (M. 

candida) and d). Turbinate (A. hintonii). 

 

Astrophytum capricorne (A. Dietr) 

 

Common name: strop milkweed biznaga. 

  

The seed was 2.37 to 2.68 mm long, 1.79 

to 2.14 mm wide and 1.54 to 1.81 mm thick, with 

a reticulated texture that resembles a net, with 

little relief. Cymbiform or navicular shape. Its 

head is smooth, shiny, brownish purple (RHS 

183A). 

 

Astrophytum ornatum (DC) 

 

Common name: milkweed biznaga liendrilla. 

 

The seed was 2.67 to 2.99 mm long, 1.76 

to 2.12 mm wide and 1.82 to 2.13 mm thick, with 

a granular texture. Cymbiform or navicular 

shape (Figure 2b). Its testa is shiny black (RHS 

203C). 

 

Aztekium hintonii 

 

Common name: gypsum stone biznaga. 
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Seed size was 0.77 to 0.94 mm long, 0.54 

to 0.68 mm wide and 0.57 to 0.72 mm thick, 

tuberculate texture (figure 1c), rarely granular. 

Turbinate form (figure 2d and 1c), testa reddish 

black. 

 

Echinocactus platyacanthus 

 

Common name: giant biznaga or sweet biznaga. 

 

Seed size was 2.48 to 2.81 mm long, 1.57 

to 1.96 mm wide and 1.13 to 1.24 mm thick, 

reticulate texture. Ovate shape (Figure 2a). 

Black testa, shiny, rarely tend to present a dark 

brown color. 

 

Echinocactus grusonii 

 

Common name: mother-in-law seat, golden ball. 

 

The seed was 1.51 to 1.74 mm long, 1.13 

to 1.29 mm wide and 0.71 to 0.78 mm thick, 

reticulate texture. Ovate shape. Testa shiny, dark 

brown (Figure 2a). 

 

Ferocactus pilosus 

 

Common name: red biznaga, Mexican fire 

biznaga, or lime biznaga. 

 

 Seed size was 1.63 to 2.08 mm long, 1.20 

to 1.59 mm wide and 0.84 to 0.95 mm thick, 

foveolate texture (with small dimple marks). 

(Figure 1d) testa shiny black. 

 

Leuchtenbergia principis 

 

Common name: Biznaga palmilla de San Pedro. 

 

 Seed size was 1.67 to 2.10 mm long, 1.60 

to 2.07 mm wide and 1.54 to 1.80 mm thick, 

granular texture, rarely tuberculate. Cap shape, 

as reported by Bravo-Hollis and Sanchez-

Mejorada (1991). Testa greenish brown, rarely 

dark brown (Figure 1b). 

 

Mammilloydia candida 

 

Common name: snowball, old man's head. 

 

Seed size was 1.16 to 1.36 mm long, 0.85 

to 1.17 mm wide and 0.71 to 0.84 mm thick, 

reticulate texture. Globose shape, rarely ovoid 

(Figure 2c) testa shiny black color. 

 

The X-ray physical integrity test proved to 

be a useful method for the evaluation of 

Cactaceae seeds, as it is a non-destructive 

method that allows the conservation of 

germplasm, distinguishing the full seed that can 

be germinated from the empty seed (Figure 3). 

The seeds for all species showed excellent 

development, with very varied forms of embryo 

development and complete filling of the seed 

cavity, without damage from pests or 

malformations, so it is established that the 

conditions of development and maturation of the 

fruit together with the time of collection were 

adequate. 

 

    

    
 

Figure 3 Digitized radiographs of the seed of different 

species of cacti: a) A. capricorne, b) A. ornatum, c) A. 

hintonii, d) E. platyacanthus, e) E. grusonii, f) F. pilosus, 

g) L. principis, h) M. candida in the evaluation of physical 

integrity with X-rays. 

 

Conclusion 

 

The seeds under study presented variable 

characteristics in terms of shape and size even 

though they belong to the same taxonomic 

family. X-ray analysis provides important 

information regarding the physical and 

developmental state of the embryo; however, it 

is necessary to evaluate the physiological 

(standard germination) or biochemical 

(tetrazolium viability test) condition to 

determine whether the seed is viable or not. 
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