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ABSTRACT. In order to characterize the growth and 
harvest index of local maize varieties (Zea mays L.), field 
experiments through a randomized blocks were designed at 
the villages of "Agua Dulce Dos" and "24 de Febrero", in 
the Frailesca region of Chiapas, Mexico. All the varieties 
were selected following a Research-Action and Participatory 
Learning process (RAPL) and oriented to the Participatory 
Plant Breeding (PPB) and Conservation Agriculture (CA). 
In both villages, a similar pattern of  plant growth was 
observed, excepting for plant height, being taller plants 
belonging to the Campeón  variety in "Agua Dulce Dos" 
(236 cm at 60 days) and Z-30 and Morado in "24 de Febrero" 
(120 cm at 60 days). Both, leaves number and stem diameter 
were similar in all varieties ranging between 11 and 12 leaves 
per plant and 1,7 and 2 cm of stem diameter respectively. 
The harvest index in "Agua Dulce Dos" was higher for the 
Macho variety and negatively correlated with plant height. 
The Campeón, Negro and Jarocho varieties accumulated 
higher plant biomass, while the Jarocho variety accumulated 
a higher stem biomass and negatively correlated with the 
harvest index. In "24 de Febrero" village, the harvest index 
ranged between 18 and 23 %; it was higher for the Morado 
and Parraleño varieties and negatively correlated with plant 
biomass. The leaves and stem biomass significantly varied 
among varieties, and a correlation with the harvest index 
was not observed. 

RESUMEN. Con el objetivo de caracterizar el crecimiento 
y el Índice de Cosecha (IC) de variedades locales de maíz 
(Zea mays L.), se diseñaron experimentos de campo en 
bloques al azar en las comunidades “Agua Dulce Dos” y “24 
de Febrero” de la región Frailesca de Chiapas, México. Las 
variedades estudiadas se seleccionaron a partir de un proceso 
de Investigación-Acción y Aprendizaje Participativos 
(IAAP) entre investigadores y productores orientado hacia 
el Fitomejoramiento Participativo (FMP) y la Agricultura 
de Conservación (AC). Las variedades que mayor altura 
de la planta mostraron fueron la Campeón en "Agua Dulce 
Dos", con 236 cm a los 60 dds y Z-30 y Morado en "24 de 
Febrero" con 120 cm. El número de hojas por planta y el 
diámetro del tallo fueron similares en todas las variedades 
y oscilaron entre 11 y 12 hojas por planta y 1,7 y 2 cm de 
diámetro respectivamente. El IC de las variedades cultivadas 
en "Agua Dulce Dos" fue mayor en la variedad Macho y 
se correlacionó negativamente con la altura de la planta. 
Las variedades Campeón, Negro y Jarocho fueron las 
que mayor cantidad de biomasa por planta acumularon, 
mientras que la variedad Jarocho acumuló mayor cantidad 
de biomasa en el tallo en detrimento del índice de Cosecha. 
En la comunidad "24 de Febrero", el índice de cosecha osciló 
entre 18 y 23 %, siendo mayor en las variedades Morado y 
Parraleño y se correlacionó negativamente con la masa fresca 
de la planta. La acumulación de biomasa en hojas y tallo 
varió significativamente entre variedades y no se observó 
un patrón definido que mostrara correlación alguna con el 
índice de cosecha.
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INTRODUCTION
Maize (Zea mays L.) is a species domesticated 

in Mexico about 9,000 years ago (1, 2) and it is 
the third most important cereal after wheat and  
rice (3-6). Its grains represent the foodstuffs of 
Mexican indigenous peoples and food security 
of families living in rural areas depends on its 
production (7). Chiapas is the fifth largest maize 
producing state of the nation (8), with 1,700,000 t 
in 2011 and its production system constitutes 
the employment basis for three out of five field 
producers.

Today, it is one of the most significant cereals 
in the world, due to its richness for human and 
animal nutrition (6, 9). In many countries, it is 
mainly obtained for forage, for its high stubble 
production (10, 11), that is a raw material of 
processed foods, ethanol production and human 
consumptionA. In Mexico, there is a strong cultural 
and historical tradition, due to its uses, mainly for 
feeding (12).

Since its origin, maize has been grown and 
improved through selection processes based on 
man’s needs and tastes, which has led this grass to 
have an enormous richness, considering local and 
improved varietiesB. The former ones have a broad 
adaptive form that makes them favorable to multiple 
agroecological conditions, whereas the latter ones 
have more homogeneous characteristics and are 
created for a single purpose, that is, its adaptation 
to very specific conditions, such as drought, pest 
and disease resistance as well as higher yields.

At present, local maize has a high scientific 
interest, from the viewpoint of its preservation, 
management, culture, marketing and breeding. 
These studies are joined to those related with 
molecular characterization and potentialities of 
use in the Frailesca region of ChiapasC. Some 
early studies showed its great richness and 
ethnobotanical diversity (13). More recent studies, 
mainly in Chiapas, have been based on collections 
and characterizations reporting up to 11 races of 
local materialsD. 

Chalqueño, Conico, Celaya, Bolita, Tuxpeño and 
Comiteco have been intensively used in breeding 
researches, so as to obtain improved varietiesE. 
However, there is still a lack of information about 
local materials, its current genetics, environmental 
performance and different managements, as well 
as its relationship with their multiple uses they have 
or represent.

Results shown in this paper form part of a study 
conducted in several communities of the Frailesca 
region of Chiapas, aimed to generate and develop an 
Action-Research and Participatory Learning (IAAP) 
process to help rescue and improve local varieties, 
based on Participatory Plant Breeding (FP) and 
Conservation Agriculture (AC), mainly due to the 
need of having scientific evidence on local maize 
varietal characterization. Therefore, plant growth 
and harvest index of local varieties are described, 
as a criterion of production efficiency and its 
methodological value for comparing varieties with 
breeding purposes.

MATERIALS AND METHODS

Location
The study was conducted in “Agua Dulce Dos” 

and “24 de Febrero” communities, which belong to 
El Parral and Villa Corzo municipalities respectively, 
located in the Frailesca region of the state of 
Chiapas, from June to November, 2013.
“Agua Dulce Dos” Community

It is located in the Central Depression of El 
Parral municipality at 860 m above sea level. The 
climate is warm sub-humid with abundant rains in 
summer and mean annual rainfall of 1,248 mm, 
mean annual temperature of 25 °C and heat range 
of 8 °C (14).

Based on laboratory tests, it was shown that 
eutric Regosol is the predominant type of soil (15) 
with strongly acid pH (5,2), sandy loam texture, 
moderate salinity level, high organic matter, low 
hydraulic conductivity and mean level of available 
nitrogen. Phosphorus levels are moderately low, 
very low potassium and medium magnesium, 
whereas micronutrient availability, without apparent 
iron limitations. Zinc is present at a moderately 
low concentration, without apparent manganese 
limitations; copper is present at a moderately low 
concentration and boron at a very low concentration. 

A Serratos, H. J. El origen y la diversidad del maíz en el continente 
americano. Ed. Review-Greenpeace, 2009, México, D. F, 33 p.
B Los autores adoptan el término de variedades locales y no criollas por la 
imprecisión que puede causar tal denominación producto del proceso de 
cruza o mejoramiento autóctono que se produce de manera espontánea o 
inducida por parte de los productores.
C Hernández, R. A. Maíces locales con potencial de uso múltiple en un 
área natural protegida de Chiapas. Master Thesis, Universidad Autónoma 
de Chiapas, 2014, México, 156 p.
D Perales, H. y Hernández, C. ‘‘Diversidad de maíz en Chiapas’’. En: eds. 
González E. M., Ramírez M. N., y Ruiz M. L., Diversidad biológica de 
Chiapas, Ed. Plaza y Valdés-ECOSUR-COCYTECH, México, D.F., 2005, 
pp. 337-355.

E Espinoza, C. A.; Taedo, R. M.; Sierra, M. M.; Gómez, M. N.; Coutiño, E. B. 
y Palafox, C. A. ‘‘Mejoramiento genético y conservación de biodiversidad 
del maíz en México’’. En: XIII congreso nacional de Divulgación de la 
Ciencia y la Técnica Divulgación, agua, energía y Biodiversidad, 2004.
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“24 de Febrero” community
I t  is located in Vi l la Corzo municipal i ty, 

in the southeastern state of Chiapas, which 
is geographical ly cal led Central Depression. 
The climate is warm sub-humid with rains and 
heat waves in summer, with lower winter rain 
percentage than 5 %. Annual rainfal l  ranges 
between 1,200 and 2,000 mm. Mean annual 
temperature varies from 24 °C to 28 °C (14).

The type of  so i l  is  Leptosol  (15) ,  w i th 
s t rong ly  ac id  pH (5 ,2 ) ,  loam tex tu re  w i th 
mode ra te  sa l i n i t y  l eve l ,  mode ra te l y  h i gh 
organ ic  mat ter,  moderate ly  h igh hydrau l ic 
conductivi ty with medium level of avai lable 
nitrogen, low phosphorus, very low potassium 
and medium magnesium. As for micronutrient 
avai labi l i ty, without apparent iron l imitat ions, 
z i n c  i s  p r e s e n t  a t  a  l o w  c o n c e n t r a t i o n , 
wi thout apparent l imi tat ions of  manganese 
and copper, as well  as boron at a very low 
concentrat ion.

Experimental design and measured variables
In both communit ies,  f ie ld exper iments 

were  des igned in  randomized b locks  w i th 
three replicates. Treatments consisted of four 
local maize variet ies for both communit ies, 
whose  o r i g in ,  p roduce rs ’  p re fe rence  and 
characteristics are presented in Table I, which 
provides relevant data, as varietal selection 
was  ca r r i ed  ou t  acco rd i ng  t o  p roduce rs ’ 
interests. In those communities, experiments 
were seeded by hand at a space of 0,75 m 
between rows and 0,30 m between p lants 
on June 23 and 25, 2013 respectively. Plot 
dimensions were 2159 m2 in “24 de Febrero” 
and 1120 m2 in “Agua Dulce Dos” community.

A g r o n o m i c  m a n a g e m e n t  o f  b o t h 
exper iments  was per formed by  combin ing 
t rad i t i ona l  p rac t i ces  o f  each  loca l i t y  and 
applying chemical and organic products, as 
well as temporary production system. Seeding 
was done by hand and direct with minimum 
ti l lage, whereas chemical weed control with 
glyphosate applied twice at a rate of 2 L ha-1.

Table I. Local maize varieties studied, their origin and main characteristics

Community Variety Community 
of origin

Reasons referred by producers 
for its seeding

Characteristics

“24 
de Febrero”

Macho “24 de 
Febrero”

Better adaptability to different 
types of soil, better taste

Plant 200-230 cm high, with cobs 15 cm long and 14 white 
grain rows. Resistant to adverse climatic conditions

Morado “24 de 
Febrero”

Better taste in tortilla, sweeter, it 
is destined for self-consumption

Plant 250-300 cm high, of purple color, thin cobs and 12 
cream grain rows

Z-30 “24 de
 Febrero”

Sweeter, it is destined for self-
consumption for its better taste 
in tortilla

Plant 250-300 cm high, thin cobs 15 cm long and 14 cream 
grain rows

Parraleño “24 de 
Febrero”

Preferable for self-consumption 
and animal feeding

Plant 180-200 cm high, thin cobs 15 cm long and 16 white 
grain rows

“Agua
 Dulce Dos”

Campeón “Agua
 Dulce Dos”

Highly accepted by animals, 
higher amount of protein

Plant 212 cm high, thin cobs 15 cm long and 14 yellow 
grain rows

Negro “Agua 
Dulce Dos”

More delicious for tamales, it is 
destined for self-consumption

Plant 239 cm high, thin cobs 15 cm long and 12 black grain 
rows and full to its tip

Jarocho “Agua 
Dulce Dos”

Preferable for self-consumption, 
sweet variety

Plant 273 cm high, thin cobs of 12 white grain rows

Macho “24 de
 Febrero”

Well adapted to different types 
of soils and its characteristics, 
higher pest and disease resistance

Plant 200-230 cm high, with cobs 15 cm long, resistant to 
adverse environmental conditions and white grains
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In both locations, chemical and organic 
fertilizations based on urea (“24 de Febrero”) 
and ammonium sulfate (“Agua Dulce Dos”) were 
combined at a dose of 140 kg ha-1 N applied  
20 days after seeding (das). The second fertilization 
was performed at 40 days with vermicompost at 
a rate of 250 g per plant. Besides, liquid humus 
was applied to foliage three times at a rate of  
2 L pump-1 at 20, 40 and 60 das.
Growth and harvest index

Plant height (AP, cm), leaf number per plant 
(NHP) and stem diameter (DT, cm) were measured 
20 das and at the same interval of time, until 
completing three samplings in ten plants per 
treatment.

At  60 das,  a destruct ive sampl ing was 
performed to ten selected plants, for determining 
total fresh weight of plant aerial part (MFP, g), as 
a result of adding leaf fresh weight (LFW, g) and 
stem fresh weight (MFT, g). In addition, cob fresh 
weight without bracts (MFM, g), cob peduncle 
length (LPM, cm), cob length (LM, cm), cob 
diameter (DM, cm), stem node number (NNT) and 
spike fresh weight (MFE, g) were also determined. 
Harvest index was calculated by dividing cob fresh 
weight by the biomass of plant aerial part (16).
Statistical analyses

Variance analyses were performed and 
correlation matrices calculated for all variables 
evaluated per community, whereas means were 
compared through Tukey test (p≤0,05), after 
comparing variance homogeneity and normal 
data distribution. STATISTICA was the statistical 
program employed (17).

RESULTS AND DISCUSSION

“Agua Dulce Dos” community
Campeón variety reached the greatest plant 

height  under “Agua Dulce Dos” community 
conditions, both at 40 and 60 das, with values of 
183 and 236 cm respectively. The other varieties 
did not exceed 150 and 200 cm during those 
periods (Figure 1).

T h e  a m o u n t  o f  l e a v e s  p e r  p l a n t  w a s 
statist ical ly the same among varieties. This 
indicator ranged from 10 to 11 leaves per plant 
for all varieties at 60 das, which was lower than 
that reported in a study with local varieties at 
the communities from “La Sepultura” Biosphere 
Reserve Protected Natural Area (REBISE) of 
Chiapas, MéxicoC, where Jarocho variety also 
showed higher growth.

Stem diameter ranged between 1,7 and 2 cm, 
providing some wind susceptibility to plants and 
consequently causing the characteristic lodging 
of local varieties in the region, which was one of 
the features that could be identified during IAAP 
process, as a key problem for producers of both 
localities. Hence, plant height reduction was 
considered one of the objectives of participatory 
p lant  breed ing and convent iona l  breed ing 
programsF, because landraces are precisely the 
varieties exceeding 250 cm high (18), compared 
to  improved ones,  which genera l ly  do not  
surpass 160 cm (19).

In a comparative study with Cacahuacintle 
landraces in Toluca Valley of Mexico, varieties 
exceeding 250 cm high were reported (18), 
meanwhi le  improved var ie t ies  obta ined in 
INIFAP did not surpass 160 cm at 55-64 days to 
anthesis (19), which confirm the results shown 
over here related to height differences between 
local and improved maize plants.

Leaf  f resh weight  (MFH) d id  not  d i f fer 
significantly among varieties, with values ranging 
from 150 to 206 g. Significant differences were 
neither observed in stem node number (Table II).

Vertical bars represent mean standard error

Figure 1. Growth performance of local maize 
varieties under soil and climatic conditions 
of "Agua Dulce Dos" community, Chiapas, 
Mexico

F Ovando, C. J.; Rodríguez, L. L.; Marto, G. R. y Guevara, H. F. 
Investigación Acción para el mejoramiento del sistema de producción de 
maíz con Agricultura de Conservación y Fito-mejoramiento Participativo 
en las regiones Centro y Frailesca de Chiapas, México. Línea Base de 
Proyecto SAGARPA-CIMMYT-MasAgro-RED, A.C., 2013, p. 49.
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No statistically significant differences were 
found between variables that morphologically 
characterized maize cob (Table III). Cob fresh 
weight (MFM) ranged from 130 to 200 g, whereas 
length and diameter showed less variability, ranging 
from 15 to 20 cm long and from 4,20 to 4,80 cm 
diameter. Peduncle length ranged between 6,77 and  
11,33 cm. Spike fresh weight was significantly higher 
in Jarocho, Negro and Macho varieties, compared to 
Campeón, which only reached 16,67 g fresh weight 
(Table III).

S im i l a r  r esu l t s  r ega rd ing  t he  g row th 
characteristics of local varieties in this research 
were obtained in a recent study that compared local 
maize varieties with multiple use potentiality for rural 
areas of ChiapasC.

Harvest index (IC) was significantly higher in 
Macho variety, followed by Campeón and Negro 
varieties. Jarocho variety showed the least IC, 
indicating its poor efficiency due to the lower cob 
fresh weight proportion per plant fresh weight unit, 
unlike 23 % IC of Macho variety (Table III).

The most correlated growth variables with 
IC were plant height and stem fresh weight, 
both in a negative sense, as well as cob fresh 
weight, which was positively correlated with IC 
(Table IV); however, due to its concomitance  

with IC, it is worthless to reach a conclusion, either 
methodologically or physiologically. Nevertheless, 
these variables are involved in the matrix, so as to 
find possible correlations with other non-concomitant 
and interesting variables for varietal characterization.

Other interesting correlations were observed 
between node number and leaf fresh weight, as 
well as between the latter one and cob fresh weight 
(Table IV).

Results of this analysis confirm that the greatest 
plant height shown by local varieties is not a desirable 
indicator in maize crop. Hence, stem biomass 
accumulation is one of the largest influencing factors 
on IC reduction under soil and climatic conditions of 
“Agua Dulce Dos” community.

In connection with these results and because 
of IC significance, some authors report a series 
of evidence about its usefulness to model maize 
varietal growth (20). Others suggest that this indicator 
behaves relatively constant within the economically 
interesting fields where fertilizers are used, as well 
as types of hybrid varieties and landraces, which 
does not correspond to the results shown over here. 
Moreover, these same authors confirm that landraces 
are higher, but have lower grain yield potential. In a 
study where different sowing dates were compared, 
IC ranged from 0,37 to 0,44 (21).

Table II. Growth parameters of local varieties grown in “Agua Dulce Dos” community
Variety Plant fresh weight 

(g)
Leaf fresh weight 

(g)
Stem fresh weight 

(g)
Node number

Campeón 1140 a 196,67 423,33 b 14,00
Maíz negro 1140 a 206,33 450,66 b 14,33
Jarocho 1160 a 126,67 763,33 a 15,33
Macho   760 b 150,00 293,33 b 14,33
Standard mean error   0,06 *   41,74 ns   61,44 *   0,58 ns

* Different letters in superscripts mean that there is significant difference for p≤0,05

ns: no significant differences

 
Table III. Harvest Index and growth parameters of cob and spike of maize varieties grown in  

“Agua Dulce Dos” community

Variety H a r v e s t 
index

Cob weight 
(g)

Spike f resh 
weight (g)

P e d u n c l e 
lenght (cm)

C o b  l e n g t h 
(cm)

Cob diameter (cm)

Campeón 0,17 b 200 16,67 b 6,83 18,33 4,80
Maíz negro 0,18 b 210 28,00 a 11,33 20,00 4,57
Jarocho 0,11 c 130 28,33 a   6,67 17,00 4,37
Macho 0,23 a 180 26,67 a   7,57 15,00 4,20
Standard error 0,05 * 0,02 ns   9,50 * 1,86 ns   2,11 ns 0,26 ns

* Different letters in superscripts mean that there is significant difference for p≤0,05

ns: no significant differences
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Table IV. Correlation matrix between growth variables, harvest index and some cob morphological 
characteristics in maize landraces of “Agua Dulce Dos” community

 IC AP NN NH MFP MFH MFT MFE MFM LPM LM

AP -0,62

NN -0,44 0,42

NH 0,20 -0,05 -0,03

MFP -0,46 0,28 0,09 0,18

MFH 0,46 -0,45 -0,61 0,11 0,32

MFT -0,76 0,56 0,55 -0,20 0,55 -0,42

MFE -0,15 0,47 0,58 -0,10 -0,11 -0,65 0,17

MFM 0,71 -0,43 -0,41 0,42 0,29 0,74 -0,45 -0,22

LPM -0,03 0,23 -0,28 0,40 0,03 -0,09 0,01 0,06 -0,01

LM -0,10 0,17 0,22 0,28 0,42 0,19 -0,03 0,39 0,27 0,13

DM -0,13 -0,30 -0,14 0,13 0,42 0,48 -019 -0,41 0,24 -0,04 0,34

Figure 2. Growth performance of maize landraces 
under soil and climatic conditions of "24 
de Febrero" community, Chiapas, Mexico

Vertical bars represent mean standard error

Luis Rodríguez Larramendi, Francisco Guevara Hernández, Jesús Ovando Cruz, Juan R. Marto González and Rodobaldo Ortiz Pérez

“24 de Febrero” community
The highest varieties were Z-30 and Morado 

in this community at  61 das, wi th 120 and  
40 cm more than Parraleño and Macho varieties 
(Figure 2). Regardless that experiments were 
not designed for comparative purposes between 
communities, it is striking that Macho variety, the 
only one seeded in both locations, showed lower 
height under the soil and climatic conditions of 
“24 de Febrero” community, which indicates a 
possible genotype-environment effect previously 
recorded by other authors (2), whose results are 
also added to others in Mexico (18, 22-24).

However, this performance was not the 
same for leaf number per plant, as results were 
similar to those observed in “Agua Dulce Dos” 
and ranged between 11 and 12 leaves per plant 
at 61 das for all varieties, suggesting that plant 
height is more easily modified than leaf number, 
depending on the prevailing soil and climatic 
conditions. Similar results were obtained for 
stem diameter. At 61 das, the four varieties 
developed stems with diameters ranging from 
1,7 to 2 cm.

Biomass accumulation in leaves and stem 
was signi f icant ly di fferent among variet ies. 
Z-30 and Parraleño showed the highest values 
of leaf fresh weight, while Z-30 and Morado 
accumulated higher stem biomass. As for node 
number, it was significantly higher in Macho and 
Morado varieties (Table V).

Accord ing to corre lat ion matr ix  resul ts 
(Table VI) ,  h igher p lants produced smal ler 
cobs, whereas stem fresh weight increased 
with node number. Cob fresh weight increased 
s ign i f i cant ly  when s tem f resh weight  a lso 
increased.  Besides,  a negat ive corre lat ion 
was observed between cob fresh weight and 
peduncle length.

Cob  g rowth  pa ramete rs  d id  no t  show 
significant differences among varieties. Only 
spike fresh weight was statistically higher in 
Morado var ie ty  and Parra leño showed the 
lowest spike fresh weight (Table VII).
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Table V. Growth parameters of local varieties grown in "24 de Febrero" community

* Different letters in superscripts mean that there is significant difference for p≤0,05

ns: no significant differences

Variety Plant fresh weight (kg) Leaf fresh weight (g) Stem fresh weight (g) Node number

Macho 1150 b 196,67 b 516,67 b 15,00 a

Morado 1110 b 173,33 b 540,00 a 15,00 a

Z-30 1330 a 320,00 a 576,67 a 14,67 ab

Parraleño   970 c 273,00 a 297,33 c 13,33 c

Standard error   0,03*   14,06*   28,44*   0,37*

Table VI. Correlation matrix between growth variables, harvest index and some cob morphological 
characteristics in maize landraces of “24 de Febrero” community, Chiapas, Mexico

 IC AP NN NH MFP MFH MFT MFE MFM LPM LM

AP -0,16           

NN -0,37  0,36          

NH -0,02  0,52 -0,24         

MFP -0,76  0,41  0,46  0,16        

MFH -0,52  0,22 -0,39  0,54  0,34       

MFT -0,42  0,61  0,74  0,16  0,81 -0,10      

MFE  0,15  0,23  0,48 -0,31 -0,05 -0,65  0,30     

MFM  0,32  0,33  0,20  0,14  0,37 -0,33  0,59  0,19    

LPM  0,08  0,06 -0,32  0,15 -0,50  0,26 -0,52 -0,35 -0,62   

LM  0,09 -0,59 -0,50 -0,25 -0,28  0,18 -0,48 -0,49 -0,30  0,26  

DM  0,23  0,35  0,32  0,34  0,11 -0,16  0,42  0,27  0,49 -0,42 -0,52

Variety Harvest index Cob fresh weight 
(g)

Spike fresh 
weight

Peduncle length 
(cm)

Cob length (cm) Cob diameter 
(cm)

Macho 0,21 bc 250 15,00 b 6,17 19,67 4,83
Morado 0,23 a 250 16,67 a 5,33 18,50 5,17
Z-30 0,18 c 240 15,00 b 6,17 19,00 4,83
Parraleño 0,23 a 222   9,67 c 7,67 20,50 4,70

Standard error 0,01* 0,01 ns   5,11 * 0,88 ns   0,78 ns 0,23 ns

Table VII. Harvest index and growth parameters of cob and spike of maize varieties grown in, "24 de 
Febrero" community

* Different letters in superscripts mean that there is significant difference for p≤0,05

ns: no significant differences
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Morado and Parraleño variet ies showed 
the highest IC, with significant differences with 
Macho and Z-30, the latter with only 18 %. Plant 
fresh weight was greater in Z-30, while Parraleño 
had the lowest accumulated biomass per plant  
(Table VII).

Although high CI values presumably indicate 
higher yields, available data in this research do not 
allow deepening on the productive performance 
of local varieties. Subsequent studies under the 
same conditions with emphasis on yield would 
provide further evidence upon the productive 
potential of these varieties.

However, despite the questioning of local 
varieties due to their low yield potential, results 
of this study demonstrate a stable behavior of 
vegetative and cob growth among all varieties in 
both locations. It is true that CI values are low 
and variable among varieties, compared with 
improved ones; however, producers’ selection, 
seeding and preservat ion of local var iet ies 
follow a logic that rarely is part of scientists’ 
interests (25).

In addition, so as to change this logic by 
introducing improved materials, we must take 
into account that the presence of hybrids and 
transgenics in agricultural production systems 
has ra ised a warn ing about  the r isky loss 
of a worldwide important germplasm, which 
has resulted in approaching strategies for its 
preservationG.

CONCLUSIONS
♦ Local maize varieties grown in “Agua Dulce 

Dos” and “24 de Febrero” communities show 
similar growth patterns, except plant height. 
Leaf number and stem diameter ranged from  
11 to 12 leaves per plant and 1,7 to 2,0 cm 
diameter respectively.

♦ Harvest index did not exceed 23 % in all 
varieties of both communities and it was higher 
in Macho variety of “Agua Dulce Dos” community, 
meanwhile it was negatively correlated with 
plant height. In “24 de Febrero” and considering 
IC values, the most eff icient variet ies were 
Parraleño and Morado. Maize leaf and stem 
biomass accumulation in “24 de Febrero” varied 
significantly among varieties, without any definite 
pattern showing correlation with harvest index.

♦ Varietal diversity and its differences between 
plant height and harvest index show that there is 
genetic potential at the studied areas, so as to start a 
Participatory Plant Breeding process focused towards 
those morphological parameters leading to increase 
its agro-productive efficiency, without forgetting its 
potentialities of multiple use and cultural tradition. 
This breeding process could consider introducing new 
improved and local maize genes from other regions, 
adaptable to the agro-climatic conditions studied 
and with desirable traits according to producers’ 
perceptions involved in the process.

ACKNOWLEDGEMENTS
This research study was funded by the Action-

Research project for breeding maize production system 
with Preservation Agriculture and Participatory Plant 
Breeding in communities of Frailesca and Central 
regions of Chiapas (TTF-2013-056), implemented 
through the Sustainable Modernization Program of 
Traditional Agriculture (MasAgro).

BIBLIOGRAPHY
1. Hellin, J.; Erenstein, O.; Beuchelt, T.; Camacho, 

C. y Flores, D. ‘‘Maize stover use and sustainable 
crop production in mixed crop–livestock systems in 
Mexico’’. Field Crops Research, vol. 153, septiembre 
de 2013, pp. 12-21, ISSN 0378-4290, DOI 10.1016/j.
fcr.2013.05.014.

2. Ortiz, T. E.; López, P. A.; Gil, M. A.; Guerrero, R. J. 
de D.; López, S. H.; Taboada, G. O. R.; Hernández, 
G. J. A. y Valadez, R. M. ‘‘Rendimiento y calidad de 
elote en poblaciones nativas de maíz de Tehuacán, 
Puebla’’. Revista Chapingo. Serie Horticultura, vol. 
19, no. 2, agosto de 2013, pp. 225-238, ISSN 1027-
152X, DOI 10.5154/r.rchsh.2012.02.006.

3. FAO. ‘ ‘Perspect ivas de cosechas y si tuación 
alimentaria’’. Sistema Mundial de Información y Alerta 
sobre la Alimentación y la Agricultura de la FAO, no. 
4, diciembre de 2010, [Consultado: 3 de junio de 
2016], Disponible en: <http://www.fao.org/docrep/013/
al972s/al972s00.pdf>.

4. Bakht, J.; Shafi, M.; Rehman, H.; Uddin, R. y Anwar, S. 
‘‘Effect of planting methods on growth, phenology and 
yield of maize varieties’’. Pakistan Journal of Botany, 
vol. 43, no. 3, 2011, pp. 1629–1633, ISSN 0556-3321.

5. Guevara, F.; Rodríguez, L. L.; Ovando, C. J.; 
Gómez, C. H.; Ocaña, G. M. y Camacho, C. V. C. 
‘‘Implicaciones socioeconómicas y ambientales del 
uso y manejo del rastrojo en la región Frailesca, 
Chiapas, México’’. En: Reyes M. L., Camacho V. T. 
C., y Guevara H. F., Rastrojos Manejo, uso y mercado 
en el Centro y Sur de México, Ed. Instituto Nacional 
de Investigaciones Forestales, Agrícolas y Pecuarias 
(INIFAP), Pabellón de Arteaga, Aguascalientes, 
México, 2013, p. 252, ISBN 978-607-37-0170-9.

G Turrent, F. A.; Wise, A. T. y Garvey, E. Factibilidad de alcanzar el 
potencial productivo de maíz de México. Mexican Development Research 
Project, no. 24, 2012, p. 38.



145

Cultivos Tropicales, 2016, vol. 37, no. 3, pp. 137-145                                                                                                                            July-September

6. Khalili, M.; Naghavi, M. R.; Aboughadareh, A. P. y 
Rad, H. N. ‘‘Effects of Drought Stress on Yield and 
Yield Components in Maize cultivars (Zea mays 
L.)’’. International Journal of Agronomy and Plant 
Production, vol. 4, no. 4, 2013, pp. 809–812, ISSN 
2051-1914.

7. Luna, M.; Rodríguez, H. A. M.; Ayala, G. J. O.; 
Castillo, G. F. y Apolinar, M. C. J. ‘‘Perspectivas 
de desarrollo de la industria semillera de maíz en 
México’’. Revista Fitotecnia Mexicana, vol. 35, no. 
1, 2012, pp. 1-7, ISSN 0187-7380.

8. Díaz,  de la V. G. P. Atlas agroalimentario 2013. 1.a 
ed., Ed. Servicio de Información Agroalimentaria 
y Pesquera, 19 de agosto de 2013, México, ISBN 
978-607-9350-00-0.

9. Aikins, S.; Afuakwa, J. y Owusu-Akuoko, O. ‘‘Effect of 
four different tillage practices on maize performance 
under rainfed conditions’’. Agriculture and Biology 
Journal of North America, vol. 3, no. 1, enero de 2012, 
pp. 25-30, ISSN 21517517, 21517525, DOI 10.5251/
abjna.2012.3.1.25.30.

10. Muñoz, T. F.; Guerrero, R. J. de D.; López, P. A.; Gil, 
M. A.; López, S. H.; Ortiz, T. E.; Hernández, G. J. 
A.; Taboada, G. O.; Vargas, L. S. y Valadez, R. M. 
‘‘Producción de rastrojo y grano de variedades locales 
de maíz en condiciones de temporal en los valles altos 
de Libres-Serdán, Puebla, México’’. Revista Mexicana 
de Ciencias Pecuarias, vol. 4, no. 4, diciembre de 
2013, pp. 515-530, ISSN 2007-1124.

11. Alikwe, C. N. P.; Ohimain, E. I. y Aina, B. J. A. 
‘‘Comparative digestibility of maize stover, rice straw, 
malted sorghum sprout in west african dwarf (wad) 
sheep’’. International Journal of Plant, Animal and 
Environmental Sciences, vol. 4, no. 2, 2014, pp. 590-
594, ISSN 2231-4490.

12. Vázquez, C. M. G.; Guzmán, B. L.; Andrés, G. J. L.; 
Márquez, S. F. y Castillo, M. J. ‘‘Calidad de grano 
y tortillas de maíces criollos y sus retrocruzas’’. 
Revista Fitotecnia Mexicana, vol. 26, no. 4, 2003, pp. 
231–238, ISSN 0187-7380.

13. Hernández, X. E. ‘‘Exploración etnobotánica y sus 
metodología. Xolocotzia’’. Revista de Geografía 
Agrícola, vol. I, 1985, pp. 163-188, ISSN 0186-4394.

14. Mosqueda, G. M. de L.; Rodríguez, C. J. G.; 
Hernández, G. A.; Soriano, C. R. G.; Méndez, L. J. 
A.; Hernández, O. M. A. y Hernández, P. N. Anuario 
estadístico de los Estados Unidos Mexicanos 2011. 
Ed. Instituto Nacional de Estadística y Geografía, 
2012, México, 155 p., ISBN 978-607-494-350-4.

15. IUSS Working Group WRB. World reference base for 
soil resources 2006. A framework for international 
classification, correlation and communication. (ed. 
Micheli E.), (ser. World Soil Resources Reports, 
no. ser. 103), 2.a ed., Ed. Food and Agriculture 
Organization of the United Nations, 2007, Rome, Italy, 
128 p., ISBN 978-92-5-105511-3.

16. Morales, R. E. J.; Escalante, E. J. a. S. y López, S. J. A. 
‘‘Crecimiento, índice de cosecha y rendimiento de frijol 
(Phaseolus vulgaris L.) en unicultivo y asociado con 
girasol (Helianthus annuus L.)’’. Universidad y Ciencia, 
vol. 24, no. 1, 2008, pp. 1-10, ISSN 0186-2979.

17. StatSoft. STATISTICA (data analysis software system) 
[en línea]. versión 8.0, [Windows], Ed. StatSoft, Inc., 
2007, US, Disponible en: <http://www.statsoft.com>.

18. Arellano, V. J. L.; Gámez, V. A. J. y Ávila, P. M. A. 
‘‘Potencial agronómico de variedades criollas de maíz 
cacahuacintle en el valle de Toluca’’. Revista Fitotecnia 
Mexicana, vol. 33, no. SPE.4, septiembre de 2010, pp. 
37-41, ISSN 0187-7380.

19. Luna, F. M.; Gutiérrez, S. J. R.; Peña, R. A.; Echavarría, 
C. F. G. y Martínez, G. J. ‘‘Comportamiento de variedades 
precoces de maíz en la región semiárida y árida del 
Centro-Norte de México’’. Revista Fitotecnia Mexicana, 
vol. 28, no. 1, 2005, pp. 39-45, ISSN 0187-7380.

20. Monteith, J. L. ‘‘The Quest for Balance in Crop Modeling’’. 
Agronomy Journal, vol. 88, no. 5, 1996, p. 695, ISSN 
0002-1962, DOI 10.2134/agronj1996.0002196200880
0050003x.

21. Turrent, F. A.; Barrios, A. A.; Otero, S. M. A.; Ariza, F. R. 
y Michel, A. A. C. ‘‘Efectos de la interacción genotipos 
x prácticas de manejo sobre el índice de cosecha de 
híbridos de maíz bajo riego’’. Interciencia: Revista de 
ciencia y tecnología de América, vol. 31, no. 7, 2006, 
pp. 530-544, ISSN 0378-1844.

22. Macchi, L. G.; Rincón, S. F.; Ruiz, T. N. y Castillo, G. 
F. ‘‘Selección y mantenimiento de poblaciones. Una 
perspectiva para la conservación in situ de la diversidad 
genética del maíz’’. Revista Fitotecnia Mexicana, vol. 
33, no. Especial 4, 2010, pp. 43–47, ISSN 0187-7380.

23. Coutiño, E. B.; Vidal, M. V. A.; Cruz, G. B. y Cruz, V. C. 
‘‘Aptitud combinatoria general y específica del contenido 
de azúcares en maíces criollos eloteros’’. Revista 
Fitotecnia Mexicana, vol. 33, no. SPE.4, septiembre de 
2010, pp. 57-61, ISSN 0187-7380.

24. Valdivia, B. R.; Caro, V. F. de J.; Medina, T. R.; Ortiz, 
C. M.; Espinosa, C. A.; Vidal, M. V. A. y Ortega, C. A. 
‘‘Contribución genética del criollo jala en variedades 
eloteras de maíz’’. Revista Fitotecnia Mexicana, vol. 
33, no. SPE.4, septiembre de 2010, pp. 63-67, ISSN 
0187-7380.

25. Hernández, C. N. y Soto, C. F. ‘‘Influencia de tres 
fechas de siembra sobre el crecimiento y rendimiento 
de especies de cereales cultivados en condiciones 
tropicales. Parte I. Cultivo del maíz (Zea mayz L.)’’. 
Cultivos Tropicales, vol. 33, no. 2, junio de 2012, pp. 
44-49, ISSN 0258-5936.

Received: January 27, 2014
Accepted: October 30, 2015


